Basic Mathematics and Logarithm

[ EXERCISES

ELEMENTARY

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q8
Q.9

Q.10

(3) Q.u

A
A & B aretwo rational number then B is

Also rational number if B = 0.

(4)
It is a property
Q.12
(4)
(rational) x (irrationa) =irrationd except whenx =0
x y
(1)
Every irrational number can be expressed on the
number line. This statement is always true.
(1)
Here (x = 1)2+ (x —2)?+ (x=-3)2=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.
(2)
aa-b)+b(b-c)+c(c-a)=0
= &+b?+c?-ab-bc-ca=0
Multiplying & deviding by 2,

% [(a2 + b%2—2ab) + (b? + c2 - 2bc) + (&2 + ¢2 — 2aC)]

20 Q.13

= % [(@=b)2+(b-c)2+(c-aF=0

= (a—b)?+(b-c)?+(c-a2=0=a=b=c
(1)

2x3 —5x2+x +2

=ax3+ (-b-2a) x?+ (a-1+2b) x + 2

On comparing coefficient of x3 & x, we get
a=2&b=1

(3)

Putting x = 1, remainder = 7

(3)

Let P(x) = x® — a2 + x + 2 be the given polynomial
Then by factor theorem, (x — a) is afactor of P(x) iff
P@ =0

> &-&.ata+2=0

= at+t2=0=a=-2

(1)

Q.14

Q.15

Q.16

43 X 43 =X 4
= x* :(x4’3) =x* =x3 :>x4’3=§X;

Also isan obvious solution.

)
(2)

log,4. log,5. log,6. log,7. log8. log9 =

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

=log,9=log, 3#=2.

(3)
a=log,, 12 logl2 _ 2log2+log3
log24 3log2+log3
3log2+log3
b=logg24d=—"———
936 2(log2+log3)
2(log2+1log3
c=|og4836=—( 92+10g3)
4log2+1log3
_ 2log2+log3
4log2+1og3
- 1+abC:6|092+2log3 _ .3|og2+|093:
4log2+1log3 4log2+1og3
(2)
Applying base change theorem,
= IoQabc \/b_C +|Ogabc\/a +|Ogabc\/£

=log,,. Jbe - vJca-/a =logy. abc=1

(3)
log,15 . log, 2 . 10g,1/6

log.15 log.2 log.1/6  log.15
~ loge 2 X log.1/6 x log.3 log. 3
l0g.(3x5)
= —Ioge3 =1+log)5
“ [1+logs5]=2
(2)

x =logbc = 1+ x=loga+logbc=log, abc
S (L+x)*t=log,a

L@+ (L+y)t+(1+2)t=log
log,,.c=log, abc =1.

a+log, b+

abc

(4)

2 2
1091000 x? = |09103 x? = 2|09103 X = 5'0910 X = 5y
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Q17 (1) Q.23 (4
L et x be therequired logarithm, then by definition log, (x—2)>-1
logzﬁ32§/Z=x 1-x>0=1>x=xe (-0, 1)-{0}

X —2>0= x>2No solution.

(22) =328 = (22"2) = 2°.2%"; . 27 5 Q.24 (2)

3 27
Here, by equatingtheindices, =X = — 2—log, (x*+3x) 20
2 S log,(x? + 3x) < 2
=>x?+3x<4
.'.X=§=3.6.
5
Q18 (1) Q
a+b) 1 4 =3 0 1
Ioge( 2 jzi('ogeaﬂogeb) =X+ 3x~4<0
=>xX+4)(x-1)<0
1 =X €[4, 1]
=§|Oge(ab)=|09e\/% and x2+3x>0= x € (=0, -3) U (0, ®)
Ans. : [-4,-3) U (0, 1]
a+b
> —=+Jab=a+b=2Jab
2 Ja Ve Q25 (2
:>(\/5—\/5)2 -0=>+Ja-Jb=0=a=b log 55 logs (VXx?+5+X) >0
019 (3) log, (WX?+5+x) <1
(x®*+5+x)?<5andx?+x+5>0
log, log, \ 7N/ 7\/7 =log, log, 7""® = log, (7/8) = X*+5+x<25

= X?+x-20<0

= — =1- B3=1—
log,7—log,8=1-log,2°=1-3log,2. — (X+5)(x-4) <0

= xe (54
... n=8
Q.20 (4) n
g1(1/10653) , o7l0gg36  4/l0g79 Q26 (2)
log (x2—6x+12) >-2 (i)
l 1/2 = &  aaea
_ 340935 +33'E'°9336 4+ 3Ploge7? For log to be defined, x*—6x + 12> 0

242> L
_ ouss , gouas®?  Jogs2 = (x—3)?+3>0, whichistrue vV x € R.

-2
1
=5 +36%2 472 =890 From (i), x2—6x+12§(—2]
Q.21 (3
= X?—-6x+12<4 = x>-6x+8<0
ox2 —0=
'097'095( X +5+X)_0"°g71 = (X-2)(Xx—4)<0= 2<x<4 .. xe[2,
, 12 4].
:IogS(x +5+x) =1=logs 5
- 27 (2
= (x2+5+x)¥2=5 Q _
= (4 xr9 =B i x- 2020 B e
>X-4HX+5)=0=>x=4,-5=>x=4 - - =
=Blxrd) (x-2y) (2x+y)=7
Q.22 3) X,y areintegers = x — 2y, 2x +y are aso integers
' o o _ Four cases are possible
y=3%x2"= log,y =12log,, 3 + 8 log,, 2 CaseI: x-2y=1,2x+y=7=>x=3,y=1
=12 x 0.47712 + 8 x 0.30103 X+y|=4
= 5.72544 + 2.40824 = 8.13368 9
-.Number of digitsiny =8+ 1=9. CaseIl : x—2y=7,2x+y=1= x= = reected

5
CaselIll: x—-2y=-1,2x+y=—7
=>x=-3,y=-1



Q.28

Q.29

Q.30

x+yl=4

9
CaseIV:x—2y=—7,2x+y:_1:x=_g re-
jected
Hence|x +y|=4

(2)

Taking log on both sides,

(3x2—10x +3) log [x —3| =0

logx —3|=00r3x2—-10x +3=0
Xx=3#0;x=3|=1lor(x—3)(3x-1)=0

X3 (X=3)=xlor x=3;x=

(SRR

X=2,40rx= [ x=3
Hence, three real solutions
(2)

[e] —[-n]

here e~ 2.7

n~3.14

oo [2.7] = [- 3.14]
=2-(4)=2+4=6
(1)

01
(0 05)Iog@(0.1+0.01+ ........ ) _ (ijmgzo(l-o.l)
' 20

— 20—2|0920(]J9) — 202|09209 — 20|092092 _ 92 -81

JEE-MAIN
OBJECTIVE QUESTIONS

Q.1
Q.2

Q.3

Q.4

(2)
It is a property
(2)

x and y are rational and

(X+y)+(x=2y) V2 =2x-y+(x-y-1) /6
Since real part of both sides are equal and
coefficient of irrational parts should be zero in
both sides

T X=2y=0 =>x=2

and x-y—-1=0 =>y=1..x=2
x=2,y=1

(1)

Let any two distinct odd number be (2n + 3) and
(2n + 1) whenn e W

Now According to question (2n + 3)2 — (2n + 1)?
=(4n2+ 12n + 9) — (4n? + 4n + 1)

N2 +12n+9-4n>-4n-1
=8n+8=8(n+1)

Which is always divisible by 4 & 8.

(1)

4(x2+2)

- [2(X2*2))2 9280

(x2+2)

-9.2 +8=0

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10
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Put 2(x2+2)2

y=8y=1

=y.Then y? —9y+8=0, which gives

wheny=8= 22 =g = 22 =8 5 x2 4 2=

3

=>Xx=1l=>x=1,-1.

when y=1= 29?2 =1= 22 =2

=Xx2+2=0 = x2=-2,whichisnot

(D)

(a-b’+(b-c)’+(c-a)° _
(a—b)(b—c)(c-a) -

Lea—-b=A,(b-c)=B,(c-a=C
[“A+B+C=0 = A3+ B3+ C3=3AB(C]

(a-b)’+(b-c)+(c-a)° 3ABC _
(a—b)(b—c)c-a) _ _ ABC _°

S—1 lo l+Io E+Io §+ +lo 9
T3 Ty

100
1 123 99
==llog=.—.—........... —
3 °232 100
Liog, £ =22 A
3 W00 3 AN
(4)

. 1
Given, log, log, (/2 + /8) = 3
=log;g (/2 +22)=x¥3=l0g,g3./2 =x3

1/3

/ 2
— (3V2)2= (18X”) — 18= 182"
1 1
203= 12 x18= = x = = 1000x= 125

8
(3)

J10g10(—X) = log,,/x?

= x<0

J10950(=X) = log,(-X)

= log? () —log,(-x) = 0
= log,(=x)=0,1=x=-1,-10
two solution

(4)

_ 2Iogz(a4) _ 3Iog3(a2+1) _2a

_a'-(@®+1)-2a
a’-a-1

71007(a%) _ 5 _q
_(@%)*-(a+))?

(a*-a-1)
(2)

3og(*) —2x—=3=0

—&+a+1l
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Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

= x2-2x-3=0

= xX=-3y(x+1)=0

= x=-1,3 (x=—1regect - x>0)
number of values of x is one

(3)

log,7 = log,4 <log,7 < log,8

= 2<log,7 < 3i.e. not integer

p
Letlog,7 = a (where p and g are coprime)
= 2P0=7 = 2P=71

which is not possible so log,7 isanirratoinal number .18
(2
A 2

l0g,.10g; ....l0dgg 10009 10097 - log, log, -~--|09999998l
[log,,,100 = 1]

9897
= log,.l0g;....10geg

2 Q.19

96’
= log,.log,...loge, " =log,logy 3
=log,2'log,3=1og, 2= 1.

(4)

log,(x +5) =6 —-X =X +5=2"= x + 5= 6427
Lety =x + 5,y = 64.2* will intersect at one point.
Number of solutions = 1.

(3)

= antilog,; 0.75 = (16)°7°

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

(3)

Let X =2m

= log,, x =mlog,, 2 =0.3010 m

: Char =[0.3010 m]

[0.3010m] +1=4 = 3<0.3010m<4
9-...... <m<13-......

m = 10, 11, 12, 13

Q.20

=
=

(3)
4
A = Antilog,, (0.8) = (32)°8 = (25)5 =24=16

B = 5*1 - 5%= 3125 — 625 = 2500
1
7 J—
C:_|()g7 [ |093 \/\/9 j :_|()g7 |Og3 gl | =

1.

So unit digitof A+B+C is 7

(1)

Domainx?+4x-5>0= X € (-, —=5] U [1, ©)
Casel :

X € (—o,=5] U[L3) Q.21
—ve <+ veaswaystrue

. Xe(=0,-5UlL3) ..(1)

Casell :

X € [3, ©) . ()

X—=3< \x24+4x-5=>X2—6Xx+9<x2+4x -5
7 .

:>X>§ ()

(i) A (i) x € [3, ») (2

(1) U (2) X € (=00, — 5] U [1, ®)

(1)
X2—4>0= X € (0, =2) U (2, ©)
log(x*—4)>0=x*-4>1=x*-5>0

=X e (=0,—/5) U (5,®)
Now

log, log, (x* — 4) > log, 1 = log,(x*—4) <1
xX2—-4<5=x>-9<0 , X € (-3, 3)

- Ans.: (—3, —\/3) U (JE 3)

(3) .
Iogo,o4(x - 1) 2 |Ogol2(X - 1) (I)
For log to be defined x—1>0=x>1

From (i), |09(0_2)2 (x=1) 2 logy, (x-1)

1
= §|Ogo,2(X—1) 210gp,(X-1) = Jx-1<(x-1)

=>VX-11-Vx-1)<0=1-/x-1<0

= Ix-121= X=2 .. xe[2,0)

(1)
loggs(x—1) < Iog(o_s)2 (x-1

1
logg3(x—1) < > 10903 (X 1)

logg 3(x —1) <log gz (X -Y?

here base is less than 1, therefore the inequality is

reversed
(x=1) > (x -1)*?
(x— 12> (x-1)

X2 1-2x—-x+1>0
X2 =3x+2 >0
X2—=2Xx—-x+2>0
X(x=2)-1(x-2)>0
x-1) (x-2)>0
+, =, +

1 2

X € (=00, 1) U (2, )

v X=1>0=>x>1
than x e (2, )

(3) 3
When x < _Z —4x—-3-3x+4=12-11=7X



Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

3 4
When—z <x< 3 ;AX+3-3x+4=12
X = 5 will not satisfy

4
Whenx>§4x+3+3x—4:12

13
7x=13=>x= 7
(4)
XP-3x|+2=0 = (X|-2) (x|-1)=0
>K=12= x=+1,+2
.. number of real rootsis 4.
(1)
Since (X2 +Xx-2) - (x?-2x-8)=3x + 6 =3(x+2)
So(x2-2x-8) (X2 +x-2)<0
e (x-4x+2)(x+2)(x-1)<0

. Solution setis [1,4] v {-2}
(2)
[x-1]-1<1
=>-1<|x-1]-1<1
=>0<|x-1]<2

= -2<x-1<L2
=-1<x<3

~ Ans.: x e [-1, 3]

(4)

2{x}?-5{x} +2=0
=2f2—4f—f+2=0
=2 (f-2)-1(f-2)=0

1 1 .
—f= E’2, f¢2(0Sf<1)3f=§ = oo solution
(1)
(i) —x*+5x-6>0=x € [2, 3]
1

(iN2{x} <1=0<{x} <7

by (i) & (ii)

T Xe [2,2] v {3}

(2)

Clearly Domainisx >0and x = 1

x2>0, x=z=0

(3)

49 149
Zf n) =0= Zf(n) =100
n=1 =0

151
= > f(n) =104
n=1

—f (150) + f(151) = 4
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JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

(B)

‘P(4) = k43 + 342 -3& Q(4) =243 -54+Kk

remainder is same

P4)=Q4) = 64k+48-3=128—-20+k
63

= 63k=108-45= k= —- =1

63
(D)

We have, x = |Ogg(§j =—1 = x=-1
c 3

-1 1\3 (3=
Let '090.125y:? = yzigj :(23) 3 =

2
So,y=2
Hence, xy =—1(2) =—2.

(D)
1 1
log,°+log,?+10g,° ¥ log.+log.2+log,”

+

1
log,®+log,°+log,°

1 1 1
= log, abc * log,abc * log, abc

log,,.b+log,.c+log,. a=log,abc=1

(A)

3Iogsx +32Iog3x +33Iog3x -3

= X+x2+x3=3 =
+(X2-D+(x¥-1)=0

= X-1D)(1+x+1+x2+x+1)=0
= X=1(x2+2x+3%0)

(x - 1)

(B)

log(xy3) =1
xy3=10......()
1 +@
y? =X
y>=10
x = 10%5
log(xy)® = log(10%5 )> = 3

log(x%y) =1

= y=10"

(B)
log;12 - log,36 — log,4 - 109,108 = 2 (2log,2 + 1)
(logg2 + 1) — (2log,2) (3 + 2log,2)
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Q.7

Q.8

Q.9

logg(2) +1095(x +2) = log;(3—2y)
2 g%y = 0

Q.10

Q.11

Let log,2=t
L2+ (t+) -2t (2t +3) =222+ 3t+1-2t2
-3)=2x1=2.

(A)
1 1 1
Let X = E\/150+§\/150+§\/150+ ......

= %\/150+ X

= 4x°—-x-150=0 = 4x?—-25x+24x-150=0
25

= (X-25)(x+6)=0= X:Z

x>0
25
. Given expression = 7 + 10g,,¢ I =7-2=5
(B)
SolAs, /X +1>1  (whenever defined)
Iogz(\/;+1) >0 Vx>0
X <1 (whenver defined)
logs (1-~/x ) <0 v x [0,1)

So, the given equation will have exactly one real
solution i.e, x=0.

Also, 1 -

(D)

1% gives log,(x + 2) = logy(3 — 2y)
: X+2=3-3y
x+2y=1 ... (©)]

2 gives x+y=(3-Yy)3
X+y=9-3y
X+4y=9 .. 4

(4 —-(3)gives 2y=8 =

: X==7

y—x =11 but x =—7 to beregected.

y=4

(D)
1

4< |091/4N <5

4<log,N<5
44<N< 4

256 < N < 1024

N = 768

(D)

Ioglxl(x2+x+ >0
D: |x]#0,1

Q.12

Q.13

Q.14

Q.15

case-l: if [x]<1
X2+x+1<1l=>x(x+1)<0
X e (-1, 0)

caselll : if [x]| > 1
X+x+1>1=>x(x+1)>0
= X € (-, -1) U (0, w)

" X e (-0, -1) U (1, )
(A)

Denomender is always positive if 4 —x®>0
x*-4<0

= X < 4¥

N is positiveif [x + 2| —|x|>0
= |[X+2|> x|

= X € [-1, x)

...(B)

AN B=xe[-1,4¥)
(A)

J(x=8)(2-x)

0905 2 (10g;5-1)
= J(x-8)(2—x)<0

{ l0gy 3 (g(log2 5—1)) < 0}

= x=2,8 . ()
Now 2*-*> 31 = (x — 3) > log, 31

>0

= x> 3+ log,2*° (approx)
x>7.9
X=8
(D)
sinx#1,2—cos?x>1-sinx
snPx+sinx>0
snx (snx+1)>0
= sinx>0

(o5

(A)

log, (x*+1) >0V x e R-{0}
log, (4x? —x —1) > log, (x* + 1)
42 —x—-1>x2+1>0
I2—x-1>x2+1
x2-x-2>0
X2-3x+2x-2>0
X(x-1)+2x-1)>0

L R R

- 1
< or >
X 3 X

U
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True for

Q.16 (B) x<1
f(x)=Ix=1]+x =2| + [x - 3] Q.20 (D)
—X+1-X+2-Xx+3=6-3x, x<1 3
) x=1-x+2-x+3=4-x 1<x<2 2 7
| x-1+x-2-x+3=x 2<x<3 1 ~//
X-1+Xx-2+x-3=3x-6  x>3 ANZ
o 1 2 3
min f(x) = 2. _
Q.17 (D) 1+1+1=3
JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING
Q1 (AB)
[2x + 3] + |2x — 3| y .
06) X
2312 32 =y=x2 [+ x=(]
y=px+6 =y=0
=+ X2>0=>y>0 y=-1
For more than 2 solution p =0 Q.2 (A, B, C)
Q.18 (C) 5 ]
[2x] -3{2x} =1 XZ(|092X)2+|092X-Z -2
(29 = 21 3 5
Xy = 2 1
3 |:Z(|092X) +|092X—Z} log,x = log, /2 = 5
0<{2x} <1
= 1<[2x] <4 Letlog,x =t
= [2x]=1,23 (Bt2+4t-5)t=2=3t3+4t?-5t-2=0
if[2x] =1,{2x} =0 1
1 t=1,—2,—§=logzx
=2x=1+0=x= ¢
2 1
—o = -1
, 1 X=4 423
if [2x] =2;{2x} = 3 03 (A, B)
5
1 7 7 2 _
=2X=2+ §:Zx= E:XZ s (log,x)? + log,, X =1
= (logx)* + log, 5 —log, x = 1
2
if[2x] =3, {2x} = 5 log. X
[2x] {2 =3 ~ (log, X+ logs 5 _ Os _
logs5+logsx  logs 5+ logs x
2
:Zx:3+§wegetthreevalueofx 1
loges X
Q19 (D) = (logx)? + - 2 =
[x+[2x]] <3 ° 1+logsx  1+logsx
Letlogx =t
3 -
1 t
2 Lttt —— —-—=1
3 / 1+t 1+t
1/2
lwz 132 t2(1+t)+1—t
= —f =
1+t
[x] +[2x] <3 S+ +1-t=1+t
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Q.4

Q5

Q.6

Q.7

t?+t2-2t=0
t(t?+t-2)=0
t(t—1) (t+2)=0
t=0,1,-2

» logx=0,1,-2

. —15i
- XT L9 5

(A,B,C,D)

= 109,135 log;15 — log,5 109,405

=log,(5 x 33) - log(5 x 3) —log, 5. log, (5 x 3%

= (logg5 + 10g,3%) (logg5 + logs3) — log,5 (logs5 +
log,3%) =(Xx+3) (x+1)—x(x+
4) {Letlog,5=x}

=x2+4x+3-x2-4x=3

which is Prime, rational Integer and natural number
(A.B)

= loggxy = 2log,3 + log,2

= loggxy =logy(2x9) = xy=18 .. (i)

2
and log,,(x +y) = = = x+y=27%43

3
= X+y=32

from equation (i) & (ii)
LX2-9x+18=0= (x-6)(x-3)=0
= X=6,3 s0(Yy)=(63)=(36)

= X+y=9 ... (i)

(A,B,C,D)

log, 64
+
log, 2x

4
> log, 2

2xlog, 2 6109, 2
= S *iriog, 27 3
X Ox

Let o =log,2

o
20+ —— =

1+ o
200+ 202+ 600—3-30=0
=202+50-3=0
= (a+3)(2a-1)=0=>a=-3,1/2
" log,2 =-3 = x=2"V3(Irrational)

1

or log,2= > = X = 4 (Integer)
(A,B,CD)
Taking log, on both sides

2 9 3
[(logz x) - 5 logs x +5] (logs X) = 5

Letlogx = a

(20 -902+100) 3
= ==
2 2

=203 -902+ 100.—3=0

Q.8

Q.9

Q.10

= (a-1)(202-a+3)=0
1

= (-1 (a-3)(20—-1)=0= a=1,3, E

1
" loggx =15 logox = 35 loggx =

2
= x=3; x=33=27;x= /3
Exactly three solution, one is irrational solution
and every real number is also complex.
(AQ)
Let N, =3%
. log,oN; = 40log,,3 = 40 x 0.4771 = 19.084

So,L =20

Let N, =30

= log,oN, = —40 x log,,3 = — 40 x 0.4771 = —
19.084=-19-1+ (- 0.084) + 1 =—20 + 0.916

= 20916

So, M =19.

Now, verify aternatives.

(A.D)

x =100 € = log,;x =2+ 23log,,e=2+23

x 0.434 = 11.982
Now y=¢e2

= N=12,

= log,y =—23log,,e =—9.99
=>M=9

Now verify the options.

(C.D)

log, , 5(x*—x) <1

X(x—=1)>0 = x>1or x<0
(1)
let x+3>1 = X>—2
herewehave  x2—-x<x+3 = X2 — 2x
-3<0 = x=3)(x+1)<0
hence xe(-1,0 U (4,3 = (©), (D)
 —
-1 0 3
P :
-2 0
7
0 1
again,
let O0<x+3<1
-3<x<-2 ..(1
then x2—-x>x+3 = Xx2—2x—-3>0
= x=-3)(x+1)>0 ...(2)
hence xe (-3,-2) = (A)
— —
-1 0 3
-
3 2

15> ot
—o-



Q.11

Q.12

Q.13

(A, C)
1
5 %

:>{x}<l:{x}<0.5

2
x=n {x} =0.14

1
x=—1+ﬁ:[x]=—1:{x}=x—[x]=—1+
1 11
277272
) 1
= + a5
X E

1 1 1
= {x} g3 S g7 T 2
_e_2n1 135
T2 2 %7
= {x} =0.35
(A,B,D)

1 1 12 1 2
5 <log, x<2= 0 2X2 0

2
(A, B)

B 1
10g,, X +¥1= 5
o X +y|=100v2 = 10
o x+yl=10
And log, )y —log, x| = log, 4

— 2 _
= log,y —log, x| = '09(10)2 2° =

y _
= log,, m = log,,2
L:Z :;y:2|x|
| x|
..... (2)
From (1) & (2) |x + 2|x|| = 10
Casel:
If x>0
3x =10
10,20
XT3 4V

Q.14

Q.15

Q.16

Q.17

Basic Mathematics and Logarithm

Casell
If x<0O
© X=-10&y=20
(B, C)
[x — 6|+ |x +6]=12
Casel : x<-6
-X+6-x-6=12
= X =—6 (rejected)
1 —6<x<6
-X+6+x+6=12
12=12
. X e[-6,6]
Case-lll : x>6
X—6+Xx+6=12
= X = 6 (rejected)
. X e[-6,6]
. Number of integral solutionsis 13,
{-6,—-5,...... 5, 6}
and sum of these integral solutions is zero.
(A, B)

Case-ll

‘Iogﬁx—Z‘ — logzx-2 =2

= [2logx — 2| - [log,x — 2| = 2
casel If log,x-2>0 = logx > 2
Then2logx —2—logx+2=2
= logx =2

v logx=2=x=3=9

= x=9

casell 1<logx<?2

. 2logx—-2+logx—2=2
= 3log,x =6 = logx =2
which is not possible

case Il If logx < 1
the—2logx + 2 +logx —2=2
—logx =2

= logx =-2

form=1,-1,2

we will get two solution
(A,B,C,D)
[2-x]+2[x-1]=>0
[1-x]+2[x-1]+1>0
case-l :if x g1
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—[x-1]-1+2[x=-1+1>0 x e (-1,0)u (0, 3
= [x=-12>0 by comparing
= x2>1 it with (a, 0) U (0, by wegeta=-1,b=3
case-ll :ifxel o la+tbl=F1+3=2
—[x=-1]+2[x-1+1>0 v la+bl=2
=> x-1)=>-1 loggla+b] _ »logs5
X=0,1,2 0 ° +log, ja+bl-2
X e[l,0)u{0} = 5032 +log,2— 210835 — q
(x+1)2<(7x=23)
Q.18 (A,Q = X2+ 2X+1<(7x-23)
f(x) = cos 9x + cos (—10x) — x2—5x+4<0
f(x) = cos 9x + cos 10 x = (x=1) (x-4)<0
- on = xe(l,49
f(—j:cos? +cosbn=-1 L c=1d=4
. a+tb+c+d=—-1+3+1+4=7
f(r) =cos9n +cos10n=—1+1=0
f(-m) =cosOn + cos10n=—-1+1=0 Comprehension # 2 (Q. no. 22 to 24)
T 9 10rn 1 1 Q.22 (O
fl—|=cos— +cos — = = +0= —= Y 3y = _3¥
( j 4 2 \/E NA log(3™" . 3) = log(108 — 377)

1

I+—
2X = _ 3
Comprehension # 1 (Q. No. 19 to 21) 3 108 -3

Q.19 (B) Let 3" =t
Q.20 (A) 3t=108 -t
Q.21 (A) On solving, we get

Sol. (19, 20, 21)

t=9=3"%=9= - =2
CaseIwh 1+§>0 X+3>0 2
aselwhen X = X LX=14=>A=14
= Xe (o3 U0w) ... (i) Q.23 (A )
Now for aboveinterval 50gx-log”x =53 glogx-1
3 3 3 Iogx—logzx=—3+logx—1
Li>2=1+>2 =1-- <0 o x = 4
= xe€(0,3) logx =2
..... (i) - 100 1
from (i) and (i) x € (0, 3) ... (A) =25 700
3 B=2
Case IT when 1+; <0thenx € (-3, 0) Q.24 (C)
..... (iii) . 10UM)Z+6/nx-16 _ 10
3 Lett=Inx
Now |1+— >23—(1+;J>2 £+6t-16=0= (t+8) (t-2) =0
t=-38,t=2;/nx-2
3 x:e2:C[-_-C>l;£nx:—8isrejected)
= 3+— <0
X 1 s
s.d=log - e =4
= xe(-1,0) 2
..... (iv) Total Distance = 8
from (iii) and (iv) x € (-1, 0).... (B)
*. Solution set for Comprehension # 03 (Q. no. 25 to 27)
3 Q.25 (B)
1+ > 2s Q.26 (A)

10



Q.27
Sol.

Q.28

Sol.

Q.29

(D)

X = 3l0g5-log7

y= 5log7—log3 (A)
z= 7Iog3—|ogS

T Xry-z=1

 A=1 ®)

log, (6log, | x | -3) —log, (4 log | x | -5) =1log, 3

6I092|x|—3_3
_ ©)
let log, [x|=1
Cbt=3_4
4t-5

6t—3=12t—15, 6t=12
wt=2, log, [x[|=2,
SoX=x4
B=16+16=32

log, (log,3) + log, (logy4) + log, (log,5) + log,
(logs6) + log, (logs7) + log, (log,8)

= log, (log,8) = log,3

C=1

(A) = (1), (B) = (), (C) > (), (D) > (9)

(D)

Ix|=4

Q.30

3
(A)log, (x +1) (x+8) = 5 =>x*+9x+8=8

=x=0,-9 but x=-9

is extraneous.
1
(B)x<0=5-2x=6 =x=-7
34 52 2* ®)
C)3log, —4— +5log, —5— +7log, —
(3108, Sag % 533 %35
=3(4log,3—-4log,2~-log, 5) +5(21log,5-3
log, 2 —log, 3) +7 (4 1og, 2 -1og, 3 -1log, 5)
=log,2=1
on (4] ( (4]
(®) 2) L 2 2
1 1 1
=—— + - +—-+1
16 8 4
_—1+2+4+16 21 ©

16 "~ 16
(A) = (p), () — (p), (C) = (s), (D) — (q)

antiIogS(I 0, (5)'*% 36)

Basic Mathematics and Logarithm

logz 7 1 1
g/5%%7 ¢ = g7~ _
\/ J—log,,1/1 V1

% = 2Ans.

3
2

As log,3=4 =3=b* and 109, 27=— =

3a
IOQ@Z?ZE = a=4

Hence, (&2—-b* =16-3=13.
Clearly, d=12,c=6
So, (d—c)=12-6=6.

N = antilogs(logt;(\/gjogslmj -

antilogs(l 095 36) =
antilog,(2)

N=9

characteristic of log,9 = 3.

(A) > (g), (B) > (1), (C) - (s), (D) > (p)
(A)Wehave y =logx, X € [a 24
Maximumvalueof logx occurswhen x=2a and
minimumvalueof logx occurswhen x=a

w p,=log2+1and q,=1

) 1 1
Given p,—q,= E = log2+1-1= E

= log2

1
2532:\/5'

Hence a=4. Ans.

1023

Wehave > Iogz(1+ 1]
n

n=1

1 1
= log, 1+1 + log, 1+§ + o, + log,

=log, 1024 =10Ans.
A

= Iog@)(S)]/z+Iog@(3)]/4+Iogﬁ(3)]/8+Iogﬁ(s)]/16
8+4+2+1 15

=1+—+—4+=- = ———— =
2 8 8 8

11
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(D)

Iogﬁ(8A+1) = Iogﬁ(16) - 8
Ans]

(log, (x—1) +log, x)* — 4log, (x—1) log, x =1

= (logy(x-1)-log, x)* =1

= log,(x—1) —log,x = +1 Q.4
() If log,(x—1) —logx =1
x-1
= S =2 = x-1=2x
X =—1 (rejected)
~.novaueof x.
(i) If log,(x —1) —log,x=-1
x-1 1
> =57 > X-2=X =
X 2
x = 2 is the only value satisfy the given
equation.
Hence Q,R, S, T]
NUMERICAL VALUE BASED
Q1 [3
x-1
5. xfgx1 =500 = 5¢. 8 x =53, 22
3x-3 3x-3
= 59,2 =1 = 569 T2 o
5 & 2 are coprime no. If their multiply is one. So
individual power of 5 & 2iszero Q5
X-3
x—-3=0,— =0 = x=3
X
Q2 [g
(xX2=x=-1)(x*-x-7)+5<0
Let x2—x =y
(y-D(y-7)+5<0 = y? -8y +12<
0
(:y—6(y—2 <0 :>: 2<y< Q6
@ i >
-2 1 0 2 _ 8502 y<p
X2—x—-2>0 andx?* —x —6< 0
xX=-2)x+1)>0 and (x 3)(x+2)<0
xe(-2,-)u(2 3
Q3 [0]
x2-16>0

12

x=-4)(x+4)=0
X € (—oo, —4] U [4, )

(x? + 2)(vx? —16)
X + (X -3)(x+3)
+ - _t
-3 3
X € (-3, 3)

By (1) and (2) x € {4, 4}

[6]

For domain 21 —4x-x2>0

= X2+4x—-21<0

= x+7)(x-3)<0 = X e [-7,
3]

case-l : =7<x<-1 then 1— \/o1_4x_x2 <0
= 1< 21-4x-x2

= X2+ 44X — 200 => (x+2)2-24
<0

=>((x+2+2/g)(x+2-2./g) <0
= xel[2-26.26 -2

xe[-2-26,-1)
case-ll : =1<x<3thenl1l>21-4x-x?
= xX2+4x-20>0=>
X € (—oo,—2—2\/6] U[Z\/é -2, )
LXe [2\/5—2, 3}

xe[-2-2V6.-1) U[2v6-23]
hence the integers satisfying this inequality are —
6, -5, -4, -3, -2, 3i.e. they are 6 in number.

[24]
o =109 4515=1+10g,,3—-10g;5 2
B =4log,2

4log,3=4a+p -4
we required those elements of A which can be written
interms of log, 2 & log,, 3.

i.e number of integers which are divisible 2 or
3, or 5only.
required numbers = 24
[0]
[X]?+ (x)*<4
if x € I, then [X] = (x) =X
X2<2 e —-J2 <x<2ie
x=-1,0,1
if x ¢ I, then (x) =1+ [x]

[X]?+ (1 +[x])* <4
i.e 2[x]?+2[x]-3<0



Q.7

Q.8

Q.9

. —2—-/28 —2+/28

i.e — <[X]< ——
4 4

ie. _1;ﬁ <[x] < _1+2ﬁ

i.e [x]=-1,0
: Solution set is [-1, 1]
A+u=0

[2]

a, b € R greater than one
JceR'&c=1

such that 2 (logc + log,c) = 9 log,,C

Iogacj 9log, ¢

log,c+—2—| =
32[ 92" 1og,b ) = (L+log, b)

olog.c| 1110920 _ 9log, ¢
= ga Ioga b - (1+ |Oga b)

= 2(1+logb)>=9logp {A=logb}

= 2A%2+4A +2=9A = 2A?-B5A+2=0

= 2A2_4A-A+2=0

1
= 2AA-2)-1(A-2)=0 => A=20rA=

Largest value of A= log_bis 2.
[9]

Xy+22:[|0923—4|og 5 3} 2Iog3[|n§J
(Infj 4

4

+ 2Iogz[log5 e}
4

= 2Iogz(lngj -8- 2Iogz[lngJ = _8

Ixy+2z|=8 ]

[7]

2nx =3y . (@)
Taking In both the sides
InX-In2=Iny-In3 =
Inx=1log,3-Iny
Put in eqaution
In?x = Indy = Iny= |og§3

=Inx= |og§3:>

log,3 + log,3 = log,9

Basic Mathematics and Logarithm

=a=9,b=2
a-b|=]9-2|=7

Caserl: Ift>22=2(t-1)-(t-2)=2=>t=2=

Caselll: If1<t<2=2(t-1)+(t-2)=2=>1t=

Caselll: Ift<l=—-2(t-1)+t-2=2=t=-2

Q.10 [9]
Given eguation is written as
| 2logx —2 | —]logx —2 =2
Letlogx =t
L 2)t=1]—-|t=-2]=2
X=9
2=>x=9

1

=X 9° ]

KVPY

PREVIOUS YEAR'S

Q1 (A)

Qz (O

Q3 (A)

Q4  (B)

Q5 (B)

Q6 (B)

Q7 (O

Q8 (B)

Q9 (A)

Q.10 (A)

Q11 (O

Q.12 (D)

Q.13 (C)

Q.14 (A)

Q.15 (D)

Q.16 (C)

Q.17 (C)

Q.18 (C)

Q.19 (B)

Q.20 (A)

Q.21 (D)

Q.22 (D)

Q23 (B)

Q.24 (C)

Q.25 (B)

Q.26 (C)

Q.27 (B)

Q.28 (C)

Q.29 (B)

Q.30 (A)

Q.31 (D)

Q.32 (B)

Q.32 (C)

Q.34 (A

Q.35 (O

Q.36 (D)

Q.37 (D)

Q.38 (C)

Q.39 (O

13
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Q.40
Q.41
Q.42
Q.43
Q.44
Q.45
Q.46
Q.47
Q.48
Q.49
Q.50
Q.51
Q.52
Q.53

Q.54

Q.55

Q.56

Q.57

14

(D)
(D)
(D)
(B)
(A)
(B)
(©
(B)
(©)
(D)
(A)
(B)
(D)
(B)
(D)
165=3x5x%x 11
© X +ydividesxn+yn
. 32+ 1divides 3211 + 111
Hence N, is multiple of 33, simultaneously unit digit
in N1is9 soit not the multiple of 5
Hence HCF of N, & N, is 33
(B)
Obviously p, =2 & oneof p,, p,isaso 2 (say p,)
sop=p,+2=p;—2
= p,, p, p; are 3 consecutive odd numbers
= atleast one of them is divisible by 3
= p,=3=p,=5andp,=7
Hence only one specia prime exists
(©)

\/B+\/a+ reQparteQ

let Jp+q+/r =t
i =t 4

P+a+2Jpg =C+r- 2t Jr
Jpg +tJr €Q=12eQ

pq =h-tJr

pg =A%+ 2r—2it |y

= Jr eQsimilaly \/p and \Jq €Q
hence \/p,\/q,vF €Q

Q.1

Q.2

(B)

x3+y3=65

(x+y)(x2+y2—-xy)=65x1
=13x5
=5x13
=1x65

clearly x2 +y?—xy >0
C-1: x+y=5andx?+y?—xy=13

X2+ (5-x)?2-x(5-x) =13
3x2-15x+12=0
x2-5x+4=0=>x=14
(xy) = (1,4) and (4,1)
; X+y=13andx2+y?—xy =5
X2+ (13-x)2-x(13-x) =5
3x?.39x + 164 =0, x ¢ | (Not possible)
X+y=21andx?>+y?>—xy =65
X2+ (1-x)2.x(1—x) =65
3x?—3x—-64=0, x ¢ | (Not possible)
X +y=65andx?+y2.xy =65
No solution
so two ordered pair satisfy the relation

C-3:

C4:

JEE-MAIN
PREVIOUS YEAR’S

2

X#-4

(XI-3)(Ix +4) =6
6

= K-3= |X+4]

No. of solutions = 2

1

>3]
y

y
4=
y (5y +1)
5y2—-20y-4=0
y_20+\/480

10
y-20- /480
10

|480
y=2+,—
100

Correct with Option (A)

y=4+

— rejected



Q.3

Q.4

Q.5

Q.6
Q.7

Basic Mathematics and Logarithm

1) JEE-ADVANCED
PREVIOUS YEAR'S

1

4+;1 Q1
3+

4+ 1
3+..0

1 1
S0, X‘3+4 13 2%t
X X

Let x=3+

- (x-3)= (4x +1)

= (4Ax+1) (x-3)=x
= 4X2-12Xx+Xx-3=X
= 4x2-12x-3=0

12+, (2)° +12x4 12+ A2(16
12502 +1204 \ﬁ8<>

2x4

12+4x23 3423
8 2

ngi\/ézl.Si\/g,

So,x=15+ /3

A A
o

w=(12-8)4! =424
z=(7-4)3'=36
hencey = (5—3)2! =22

[0]

P(x) = f(x°) +xg(x°)

P(1) = /(1) +9(1) ...(1)

Now P(x) isdivisibleby x>+ x + 1

= P(X) =Q(X)(X2+x + 1)

P(w) = 0 = P(w2) where w, w? are non-real cube
roots of units

P(x) = f(x°) +xg(x°)

P(w) = f(w°) +wg(w®) =0

(D) +wg(1)=2..(2

P(w?) = f(W°) + wig(w®) =0

f(1) +w?g(1) =0...(3)

(2 +(3)

= 2f(1) + (w+w?’)g(1) =0

2/(1) = 9(1) ...(4)

-0

= w-w?g(1)=0

g(1) =0=£(1) from (4)

from (1) P(1) = f(1) +9(1) =0
[13]
[924]

Q.3

[4]

1 | 1 f 1
Let \/4—$ 4—$ ....... -t= 4_ﬁt
1

=t 34—mt=t23

1
P+ 3o t=-4=0=3/2F +t-12/2 =0=t=

141+ 4x3/2x12J2  —1#17
2x 32 T 2x3J2

16 18 8 -3 -3

t:w,m:tzﬁ,ﬁmdﬁis
1

rejected
4
s06 +log,, 3\/§>< =6+log,, (g =6+

o, (5] ] =o-2=4

(A,B,C)
F=&"=x=(x-1)log4 = x(1 - 2log,2)
= -2log,2

8
N2

2log; 2

X= —2Iog32—1 Ans. (A)

Againxlog,3=(x-1)-2 =x(log3-2)= -2

2
3Ans, (B)

= X= 2-log,

1
1—%Iogz3 1-log,3

X = Ans.(C)

(8]
2 12
log, 9109 71097

1
2
09052 % 75"’974

2|
=(log, 9)
=4x2=8

15



Trigonimetric Ration and Identities

( EXERCISES

ELEMENTARY Q8
Q1L 4
We have,
sinf+cosecH=2 = sSn?0+1=2sn0O
= 8n20-2sn0+1=0 Q.9
= (sn0-12=0 = sn6=1
Required value of sinl® 0 + cosecl® 9 = (1)10 +
1 —
Q2 (4
tanA+cotA=4
=tan®A +cot’ A + 2tanA cotA =16
=tan®A+cot’ A =14 =tan* A + cot* A +2=196
=tan* A +cot* A =194
Q3 (2
Thetruerelation is sin 1> sin 1° Q.10
Since value of sin 0 isincreasing [Oﬁg}.
Q4 (3
24 25
(N
=
A1
Secez§ Q
tanezﬁ
7
oo + o = D424 B2 49
S T 2
Liesin second Quadrent than secO + tand = —7
Q5 (2
. . Q.12
COSA +8in(270°+ A) —sin(270° — A) + cos(180° + A)
COSA — COsSA + cosA —cosA =0
Q6 (1)
Sin (x + 0). sin (n —0). cosec? 0
= (—sin 0) (sin 0) cosec?d
= —sin®0 cosec?d = -1 Q.13

Q7 (1)
cos (540° — 6) — sin (630° — 0)
=—c0s0—(—cosb) =0

16

)
(4)

glogiotan 1°+logygtan 2°+logyg tan 3°+........ +logy g tan 89°

— glogio(tan 1°tan 2° tan 3°....tan 89°) _ glod101
(4)
We know that sin(A + B) =sinA cosB + cosAsinB

11t
N RN T

r[\rﬁr T

=e°=1

sin(A+B)=sin%

T

A+B=—

Hence, 2
(2)

1 1
We have tanA = 5 and tanB = -3

11
Now, tan(A +B) = tnA +teanB 2_ 3S_1
1-tenAtanB 111
2'3
= tan(A+B)=tan37n. Hence, A+B:3—:.
(3)
Ztm(A_B)zz(Mj
1+tanAtanB
(2tanB+cotB-tanB) _ tanB+cotB
1+(2tanB+cotB)tanB  2(1+tan’B)
2
:cotB(tan 2B+1) _ cotB
(1+tan“B)
(2)
sin?A-sin?B _ 2sin(A+B)sin(A-B)
sinA cosA —sinBcosB sin2A -sin2B
_ ZSIH(A-I-B)SI.I’\(A—B) _ tan(A+ B)
2cos(A +B)sin(A -B) '
(1)
tanA + tan2A
tan 3A =
Since 1—tanA tan2A

= tan 3A —tan 2A —tanA =tan 3Atan 2A tanA



Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

(2
3 4
Wehave €0s0 = T and cos¢ = 5

Therefore cos(6 — ¢) = cosOcosd +sinbsing

34.43_2
55 5

- 24 49
Zcosz(—(l)) =1+cos0-¢) =1+ —=—
But (0 — ¢) > =50

2
0-— 49 _
0052(—(’)) =——. Hence, cos(%j = L.

)
sin40 = 2sin 20 cos20

= 2.25in0cosO(1- 2sin?0)

= 4sin0(1-2sin®0)y1-sin%0

(3
\V2+4/2+2c0s40 = \/ 244/ 2.2c0s% 20
=4/2+2€0s20 = V4cosze =2c0s0 -

(3)
1-tan?15°
———5.— = C0s (2 x 15° = cos 30°
1+tan“15°
(4)
tan?0 = 2tan’¢ + 1 . (i)
C0S 20 + sin?¢ = L tan” +sin? ¢
1+tan0

1-2tan’p-1 . —2tan? ¢ -

T 1+2tan®p+1 tentg = 2 (L+tan” §) tsinto

=—sin?¢ +sin?¢ =0
which is independent of ¢
(2)

1
We have X+—=2c0s6 ,

X

() (e )
Now X™+—==| X+— -3X—| X+—
X X X X

= (20056)3 —3(2cos0) = 8cos®0 - 6cosd
= 2(4cos3 0 —3cosb) = 2c0s30 .
Trick: Put x =1 = 9=0

1
Then x3+—3= 2=2c0s30
X

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Trigonimetric Ration and Identities

(2)

1
We have tanA =3

31
2 =
1-3.=
4

12-1 11
2 2

_ 3tanA-tan°A

1
8 _
1-tan® A 1

= tan3A
(3
(5o vanl 5
tanx + tan| — + X | + tan| — + X
3 3

. tanx ++/3 . tanx — /3

=tanx
1—\/§tanx 1+\/§tanx

8tanx  3(3tanx - tan® X)
1-3tan®x 1-3tan®x
Therefore, the given equation is 3tan3x = 3

= tan3x =1

(4)

sin 47° +sin 61° — (sin11° + sin 25°)
= 2 sin 54° cos 7° -2 sin 18° cos 7°
=2 cos 7° (sin 54° —sin 18°)

=2cos7°.2cos36°.sin 18°

J5+1 45-1

= 4.cos 7°. :

4 " 4
(4)

sin| 23 5) .8
b8 27 4n ( 7 sin 7 1
COS? . COS7 .COS— = = —

=tanX + = 3tan3x

=cos 7°.

(3
1sin2A +sin2B+sin2C
LH.S == - - - =2
2 ssnAsinBsinC
(1)

We know that A + C=180°, since ABcD isacyclic
quadrilateral. = A =180°-C

= COSA = cos(180° — C) = —cosC

= cosA+cosC=0 ... 0

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

COSA — cosB + cosC—cosD =0.

(3)
L.H.S.

= 2cos(A + B) cos(A — B) + (2cos? C—1)

=-1-2cosCcos(A - B) + 2cos’ C
17



Trigonimetric Ration and Identities

Q.27

Q.28

Q.29

Q.30

=-1-2cosC[cos(A - B) + cos(A + B)]

=-1-4cosA cosBcosC

4

sin2A +sin2B-sin2C =

2sinA cosA + 2cos(B + C)sin(B-C)
{-A+B+C=mx,".B+C=n-A,cos(B+ C) =cos(n— A),
cos(B+C) =-cosA,sin(B+ C) =sinA}

= 2c0sA [sinA —sin(B-C)]
=2cosA[sin(B+C)-sin(B-C)]

= 2c0sA.2cosB.sinC = 4cosA.cosB.sinC.

4

Maximum value of f(x) = y12 +1% =2

(2

Maximum distance — ,[(\/5)2 +@%=2.

Hence, in the graph of function /3sinx + cosx »
maximum distance of a point from x-axisis 2.

(1)

\/Ecos(x+%—9 = \/Ecos(x—%j _

Hence maximum value will be at X :%

JEE-MAIN
OBJECTIVE QUESTIONS

Q.1

Q.2

Q.3

18

(2)

4

3tanA +4=0=tanA :—g

= SnA=%

tana + coto = a
By squaring both side, we get
= tanfo + cot?a = & — 2
By squaring both sides again, we get
= tan‘a+cotta+2=a'—4a2 +4
= tanfo + cotfo = &t — 4ad + 2
(1)
acos+bsn®=3& asnO-bcos6=4
By squaring both side and adding, we get
@+b2=32+42=25

tanA

+

Vitan?A

(Q Aisin 2" quadrant)

3
and COsA = o Thus, 2cot A —5cosA +sinA

1

3

4

4

3

5

)

4 23
===
5 10

“J1+16/9 5

Q.4

Q.6

Q.7

Q.8

(4)

2n

3n

4

T
cosO+cos— +C0S—= +COS—= +00S—= +C0S—= +

7

COS—~

I
=1+ cos7 +cos

7

7

2n
7

7

3n
7

(5 ) [+3)

7

7

3n

—~+ 00s—~ + CoS [“‘7) + COs

ot e e e T e &
= oS + 008+ 005~ —00S —~ —C0S — —
2o
cos - =
(4)
b 3n .3 Tm
tan| X —— |cos| — +X |—=9IN”| — =X
2 2 2
o 3n
cos| X —— |.tan| — +X
gl 3]
_ (=cotx)(sinx) — (—cos3x)
- sinx(—cotx)
_—cosx+cos3x_—cosx(l—coszx)_ .5
= = =gn° X

~COSX
(4)

. T .
sin?= +sin?
8

3

+sn
8

. oM . 23m
—gn?Z ygn2t

8

= Z(sin2£+sin23—n] —2x1=2
8 8

(2)

8

Given expression
= 3 [costo + sinto] — 2 [cosPa + sinfay)
=3[1+2cos? o sin?a] —2[1+ 3 cos? a sin? o]
=3+6c0s?aSin?o—2-6cos?asin?o=1

(1)

—COSX

25—n+sjn
8

+sin23—7t
8

tan(180° — 25°) — tan(90° + 25°)

2/n
8

+sn

1+ (tan (180° — 25°) tan(90° + 25°)

—tan 25°+

tan 25°

B 2

2T

8



Q.9

Q.10

Q.11

Q.12

Q.13

(1)
sin 24°cos6°—sin 6°cos4°
sin 21° cos39°—sin 39°cos21°

sn(24°-6°)  sinlg°
= Sn(21°-3%°) ~ sin(-18°) -~

1

4) _
.+ 3sina =5 sinB
sna 5

= Snp =3

Sino+sinf g _\N £ J
= Sino—sinp ~ 2 = tan(a_ﬁj =4

(1)
tanA+tanB=a
tanAtanB=b

a

3tan(A+B)=E

N

PO N L

. sin?(A+B) = 2+ (1_D)?
a2

T a2 +(1-b)?

(2)
- tanA<0 and A+ B +C=180°

= A>90° =B+ C<90°
tanB +tanC
= tan(B+C)>0 :m>0
= 1-tanBtanC> 0= tanBtanC<1
(3)
tanA —tanB = x
cotB —cotA =y
tanA —tanB
tanA tanB Y
= tanAtanB:;
Now cot(A—B)=m
1+ %
_ 1+ tanAtanB _ ; 1 1
TA-taB T, Ty

Q.14

Q.15

Q.16

Q.17

Q.18

Trigonimetric Ration and Identities
(2)
© cot (A +B)=cot225°=1
CotA cotB -1 _
COtA +cotB
— cotAcotB=1+cotA +cotB

cotA.cotB
1+ cotA + cotB + cotA cotB

Now

1+ cotA +cotB 1
= 2(1+cotA +cotB) ~ 2
(4)
sinasinf—cosa cosB+1=0
= —cos(a+PB)+1=0= cos(a+P)=1
= sn(a+p)=0

cososinf

thenl+cotatanp=1+ g - s

sinacosp +cosasinB  sin(a +p)
~ sinacosp T 0

sinacosp

(2)

_ (cos6x + cos4x) +5(cos4x + cos2x) +10(cos2x +1)

€c0s5x +5c0s3x +10cosx

2c0s 5xcosx + 10cos3x cos X + 20coszx
cosbx + 5cos 3x + 10cosx

2cosx[cosbx +5c0s3x +10cosx]
~  [cosbx +5cos3x +10cosx] 2 cosX

(3)

Given, cos (A —B) =

Ul w

3
= cosAcosB+snAsnB= 5 ()]

Also, tanAtanB =2
= 2cosAcosB—-sinAsinB =0 ...(ii)
From (i) and (ii), we get

1
cosA cosB = 5 & sinAsnB =

agalN

*. co0SAcosB-sinAsnB =

gl

5

1
= cos(A+B)=—g
(1)

sinA=—4 5
5

COSA=—
5




Trigonimetric Ration and Identities

Q.19

Q.20

20

Q.21

4
tanA = 3 = A — Il quadrant

5sin 2A + 3 sinA + 4 cosA
=10 sinA cosA + 3 sinA + 4 cosA
=10 sinA cosA + 3 sinA + 4 cosA

=0
—10><i1x_—3+3xi1+4x_—3
- 5 5 5 5
+120 12 E—o
- 25 5 57

(1)

s
o e [E'“]y= Vi+sina —+1-sina
= y?=1+sna+1-sina

—-2\1+sina J1-sina
= y2=2-2 1_sn?q * {¥1-sin®a =-coso}

Q.22
s
= y2=2(1+cosa) ; ae |5
2 o a |* X
:y—2.200322, 2€|:42
= -+Zcosg: —Zcosg
y== 2 7 Y7 2
(1)
We h ino +si -4
ehave, sna +sinf = 65
% cose + cos i = 2
cosa +CosP = 65 023
Squaring and adding both sides, we get '
2+2 008 (o= B) 212 + 277
= a—B)=———
65°
2(1 + cos (a. — B)) 20+ 27
= a—-B)=———
65°
a-B)  3F(7*+9?)
= 2.2cosz(7j = T e Q.24
(a;j_+&/13o _, 3
=2 )T 130 7T 1m0
£< e <ﬁ : - 0
> 5 > 0S5 <
)
Hence cos 2 = 30

2
. 1
O<x<n&cosx+smx:5

By squaring both sides, we get

= 1+sin2x—1 = Sn2x= E
T4 T4

n<2x<2n:>%<x<n sotanx <0

-3 2tanx 3
Now,sin2x=—= """ 5, =——
47 1+tan®x 4 2%

= 3tan®x+8tanx +3=0
—8++/28

47
= tanx=———

(3)

,tanx <0

COSA =

. A . bBA
-32sn— sn —

16 cos®
co 2 2

16(1+ cosA
= 16(1+ cosA) 5 ) —16 (cos 2A — cos 3A)

16(1+ cosA
- %—16 {(2co8’ A — 1) — (4 cos* A — 3

cosA)}

=8 1+§ -16 2xg—1—4x£+3x§ =3
4 16 64 4

(2)
cos 30 = 4 cos’0 — 3cosb = cosb (4 cos’0 — 3)

2
= 1 (a+£j {4x1(a+lj —3}
2 a 4 a
D D P 1 S PN S
2 a al 2 ad

(3)

gl

sint + cost =

2tan%+1—tan2

N |~

_1
1+tan? L 5
2

t t t
1 2 _ 415 2 — =1+ 2
= 10 tan > 5-5tan > tan >



Q.25

t t
6tan®> - —10tan - —4=0
= 6tan® 2 an 5

t t t
:>3tan2§—6tan§ +tan§—2=0

t t t
— |tan=-2 tan ——2| =
[ do2) oy (2]

t 1
3tan—=2,tan—=—§

2 2
(4)
cot x + cot (60° + X) + cot (120° + X)

P— + tan (30° — x) —tan (30° + X)

1 1 —+/3tanx 1+ +/3tanx

tanx +(\/§+tanxJ_£\/§—tanx]

3— tanx + +/3tanx — 3tanx — tan®x + +/3tan®x — 4/3tan®x — 3tan®x — tan®x

Q.26

Q.27

tanx(3 — tan’x)

_ 3-9tan’x
" 3tanx — tan®x

(2)

1+cos1 1+cos;3—7c 1—005;3—1t 1—cos;1
10 10 10 10

—[1-cos? | | 1-cos? 3
10 10

came T e T
=Ssn 10 . SIn 10

2
J5-1 5+1 (4)2 1
- 4 4 “\16) 16
(4)
sin12°. sin48° sin54°
Multiplying & dividing by 2, we get

1
5 (2sin 120 sin 48°) sin 54°

1
> [cos36° — cos 607 sin54°

:% |:COS36°—%i| sin 94°

1
=Z [2 cos 36° sin 54° — sin 549

1
= Z[sin 90° + sin 18° — sin 549

Q.28

Q.29

Q.30

Q.31

Trigonimetric Ration and Identities

S ECE
2 8

4

4

(3)
A =tan 6° tan 42°
B = cot 66° cot 78°

A
B = tan 6° tan 42° tan 66° tan 78°

A  tan6°tan(60°—6°) tan(60° + 6°)
=B tan54° :
tan 78° tan 42°

A tan 18°. tan(60° —18°) tan (60° +18°)

=B tan 54°
tan 54°
~ tan54°
A 1=A=B
= —=1= =
B
(4)
n 2n an 8n 16m
COS 75 + COS 75 - COS 77 - €COS 7 - COS 1
Sn25£ Sn32J Sin(37'[+2ﬂ:j
10 1 10 1 10
T ®sn ™ T 32 sn T 32 sn| ™
10 10 10
2sin-* cos -
1 10 10 1 n
Y sn-- 16 “®10
10

=-— é J10+ 2.5

(1)

cat+tBty=2n = g+E+l=7t
’ 2 2 2

@ p ¥ o p Y
—+ 4+ - = — — -
:>tan2 tan2 tan2 tanztanztanz

3
IfA+B+C:7nthen

2 cos (A +B) cos (A —B) + cos2C
=—2sin Ccos (A —B) + cos2C
=—-2snCcos (A —B) +1-2sin’C
=1-2sinC[cos (A —B) +sinC]
=-2sinC[cos(A —B) +sin[3n/2 - (A + B)]]
=1-2sinCJ[cos(A —B) —cos (A + B)]
=1-2snC.2snAsnB

21



Trigonimetric Ration and Identities

=1-4snAsnBsnC
Q32 (3)
f(0) = sin‘D + cos?0
=sin?0 (1 — cos?0) + cos’0
= sin%0 + cos?0 — sin%0 cos?0

1
f(0) =1- — sin?2
(6) 4sm 0

0<sin20<1
F(0) e =
1
f = — =3/4
0)., = -2 3/

13
. Rangeis 2

Q33 (1)
T << n_ Sin0+sin20
2 2" 1+c0os0+cos20

Sin6+2sin0cos  sin@(1+ 2cos6)

~ oS0+ (1+C0S20) ~ cosf+ 2c0s? 0

sin0(1+ 2cos0)

~ cosO(1+2cosh) (- cos6 # _)

—-T T
= tan 0 e (—o, ) for vV e K——]

2 2
Q34 (4
Each side of hexagon (inscribe the circle)

60° 30°

is equal to radius of circle

each side of dodecagon subtends

an angle of 30° at centre of circle

and other two angles are 75° & 75° .. PQ = OP cos
75°+0Q cos 75°

J3—1=rcos 75°+r cos 75°

22

r /30°\r

75° 755

P Jfz-1 @

3-1
= 2r (\/2:/5) =(J3-1) =r=2

Which is the side of hexagon

Q35 (2

Hypotenuse is 2 /2 times of BD

AC=2.2 BD

b=2/2p

A

D
b
C
p
B a C

In ABCD, g =snC ..(I)

In AABC, B =cosC ..(i0)

1
=snCcosC= 2\/5 = sn2C= >

T T
=2C= 2 = C= X
JEE-ADVANCED
OBJECTIVE QUESTIONS

Q1 (©

A=

U
>
I

o©|a
oo|§_’,°

T
2

Cosec A + cot A = E

2
CoseC A —Ccot A = 1—1

pogpc 2 107
= COR=5"11" m



Q.2

Q.3

Q.4

Q.5

a4

= COtA=E

(A)

2cosx—1=snx

by sgquaring both sides, we get
4c08? X —4cosx +1=sin?x
= 5c0s2x—4cosx =0

= cosx (5cosx—-4)=0

4
s.cosx=0o0r cosx= E

Given (sin x + cos x) = 1 — cos x

Now 6(sin X + cos x) + cos X = 6(1 — cos X) + cos X

=6-5c0sx=6-50)=6

or=6-4=2

(D)

snA /3 .
S - > L) &
cosA _ 5 i
0SB - 2 (i)

Multiplying (i) & (ii), we get
sinA  cosA 3 2 tanA 3
Y X/ = — X T D> T ==
sinB  cosB 2 J5 tanB 5
Applying componendo, we get

tanA+tanB  3+5
= = ()

tan B 5

Now from (i) & (ii), 4sin?A = 3sin?B ....(iv)

& 4 cos?A =500s%B ...(V)
By adding (iv) & (v), 4 =3+ 2 cos’B

1
= cos?B = E:seczB:Z
= ta®B=1=tanB=1

V3+45

Put these valuesin (iii), tan A + tan B = T

(A)

3sinx+4cosx=5

By squaring both sides,

9 sin?x + 16 cos?x = 25 — 24sin X €oS X

= 9 (1-cosX) + 16(1 —smx) = 25— 24 SN X cos X
= 9+ 16 —25=9 cos’ + 164X — 24 SN X CoS X
= 0=(4sinx-3cox)2 = 4snx—-3cosx=0
©

acos’a + 3acosa Sinfe = m

()

asin®o + 3acos’a sina. = n ... (ii)

then (m + n)?% + (m —n)?®

Q.6

Q.7

Q.8

Trigonimetric Ration and Identities

= (a(cos’a + sin®a) + 3a cosa sina (coso + sina)
)?® + (a (cos’o — sina) + 3a cosa sina (Ssino —
cosa) )23

= @ [{cos’a + sina. + 3cos a sin o (Cos o + sin
a)}?® + {cos’a — sino. — 3cosa. sina (coso —
sina)} 2]

= a® [{(cosa + sina)%}?® + {(coso — sina)%} %9

= a3 [(cosa + sina)? + (coso — sina)?] = a2° [1 +
1] =2a®

©

Wehave,

3
O°<x<90°;cosx=ﬁ,then

log,, sin x + log,, cosx + log,, tanx
=log,, Sin X cosx tan x

sin?x = 1—3 - ;2 1
= 10 10 =log,ysin°x =log,, 10)°

-1

(A)

Given that,

1
coto+tana +=mé& —cosa=n
coso
cosa  sino sin®a

= =n...()

- + =m
Sino cosa cosa

1
= — =sSinX cosX (2
m

From (1) & (2)

1

1

1 1 1

cosO = — [2]3 & snd = [ﬂjs
m{n m

U
=1
/TN
s |3
N

@
I/
3>
N
[ZIRN]
11
H

1+ m23 n%3 = m¥3 n23

=
= m¥3n23 _m23nd3=1
= m(mn)¥B _n(m2n)¥3=1
(A)

15
2 sec?a, — sec?o — 2 cosec?o + cosecta = ”n

= — o + 25c%0 — 1 + 1 + coseco — 2 cosec?a, =

23



Trigonimetric Ration and Identities

E
4
= — (sec?a. — 2sec?o. + 1) + (cosec?a — 2c0S%a + 1)
_15
T4
15
= —(sec?o — 1)2 + (cosec?o — 1)2 = 7

15
—tan%a + cota, = "

— 4tan8o + 4 = 15tan“a
4tanBo + 15 tan%a. —4=0
(tanfo + 4) (4tan‘ac —1) =0

1
= tanfo=—4or tanfa=—

4
t 2 —+l t _+i
= anoc—_z = an(x—_\/z
Q9 (B)
cos’0sin®0tan®®
(—sin®6) cos? B(—tan° 0)
Q.10 (B)

— sin(810° + 60°) — cosec(720° — 60°) — tan(720° +
135°) + 2 cot(720° + 120°) + cos(360° + 120°)

+ sec(720° + 180°)
—sin(810° + 60°) — cosec(720° — 60°) — tan(135°)
+ 2 cot(120°) + cos(120°) + sec(180°)

1 2 2 1
T2t 3tttz
.. Absolutevalue=|-1|=1.
Q11 (B)
L 1t
0s290° | /3sin250°

1 1
= c0s(270°+20°) © /3sin(270° - 20°)

1 1 (/30s20°—sin 20°)
T sin20° " 4/3c0s20°  (+/3sin20°cos20°)

2sin(60°—20°)

V3
= (\/§an400
2

2 —coszoo—isinZOO
2 2

\/§ sin 20°cos20°

24

Q.12

Q.13

Q.14

Q.15

_ Asnd 4 3 43
= J3snae T3 B3T3
B

Giventhat,

. ) 2n . 4An
f(0) =sin?0 + sin2 9+? +sin? 9+?

2 e
=1+sin260 —[cos? [9+?j —sin26(9+§]]

T

=1+sn?0—cos (20 + 1) cos 3

co0s20

=1+sn?0+
. 1
=1+sm26+5—sm29=

&3
Hence, f 15 _E

2

(A)

we have, 3 cos + 2 cos 3x = cosy

and3sinx+2sin3x=sny

Squaring and adding both sides, we get

(3cosx + 2 cos3x)2+ (3sinx + 2 sin 3x)2
=cofy +siny

= 9+4+12cosxcos3x +12sinxsin3x=1

= 12cos(3x—-x) =12 = cos2x =-1

(B)
\/Zcotoc+ - 12 = \/2905a+ - 12
sin“ o sina  sin“a

[2sina.cosa +1 (sina.+cosa)?
sin?a sina

In given Interval
_ I(sina+cosa)| J|sina | cosa |

sina & sina.+coso. < 0
(sina + cosa)
=——————=—-(1+cota)=—1-1cota
sino

(B)

Given expression

=ten - +2tan —+4
Sl e ety

s
=tan 7 +2(J2 -1)+4



Q.16

Q.17

Q.18

(Let 1/16 =6 = n = 16 6 = /2 = 86)

=tan0+2(,2 +1)
=tan 6 + 2 cot 20

2(1—tan’0)

=tan o +
2tan6

tan®0 +1 — tan?0 e
=—=cotO=cot -

tanf 16
(B)
Giventhat, cosa + cosp=a& sna+snf=b, & a
-B=20

Squaring & adding both sides,
(cos?a + sin®a) + (cos? B + sin? B)
+ 2(cos o cos B + sin o sin B)
=& +D?

= 1+1+2cos(a—P)=a+b?
=& +Db?

= 2(1 + cos20) = & + b?

= 4.c0s%0 = & + b?

Now cos 30 = 4 cos® 6 — 3 cosd

= 2+2cos(20)

cos30
cos6

=4cos’0 —-3=a+b?-3

(A)
c0sA cosB cosC = A (cos 3A + cos 3B + cos 3C)
= cosA cosB cosC = A (4 cos®A — 3 cosA + 4 cos®
B -3 cosB + 4 cos*C - 3 cos C)
= CO0SA cosB cosC = A (4(cos® A + cos® B + cos®
C)-3x0)

* COSA + cosB + cosC =0

= c0s*A + cos® B + cos’C = 3 cosA cosB cos C
= COSA cosB cosC = 12 A cosA cosB cosC = A

1

T 12

(B)

Given that, sin26 = k
tan> 0 cot® 0

(1+tan26) * (L+cot26)

.3 3
sin® o cos’ 0
cos20 +

3 : sin%0
cos” 0 sn°“ 0

2(sin* 0+ cos’ 0)
2(sinBcoso)

Q.19

Q.20

Trigonimetric Ration and Identities

_ 2[(sin®6+cos® 0)” — 2sin” fcos” 0]
- sin20

1.,
B 2[1—2 n 29} _2-sn?20 _ 2-K?

Sn20 sin20 k
(A)
cos 19 cos 19 cos 9 T cos 19
2sin -~
_ 19 n 3n 5n 17n
= g |COS——+C0S—+COS—+...+COS——
2¢in = 19 19 19 19
19
. 2n (.41: .2nj (.Gn .41:]
In—+| 9INn——-9n— |+| INn——-9n— |+....
1 19 19 19 19 19
" ogn ™ ....+(sin%—s‘n%j
19
sin8" Sin(rc—n] sin~
19 19 19 1
= .omT = T = . T ==
2sin— el 2sih— 2
19 29" 19

Aliter : Use sum of cosine series

(A)
GivenA+B+C=n

sin(A +Cj
2

N
sin| —
2

=k

By applying componendo & dividendo,

sin A+E —sin <
2 2) k-1
sin(A+CJ+sin(CJ kel
2 2

A C). (A
2c0S8| —+— |9n| —
2 2 2 k-1
= =
Zsin(A+C)cos(A k+1
2 2 2
tanA
o k-1 2 k-1
T k+1 n B)  k+1
2 2 2 2

25



Trigonimetric Ration and Identities

Q.21

Q.22

Q.23

Q.24

26

A B kot
2 2

tan
= k+1

4
4c0s° X -sin’ x

p(X) = sec?x - cosec?x =

_ 4
P00 = sin? 2x
p(x) |min. =4

(B)

7+6tan0—tan®0
E= >
sec” 0

=7c0s?’0+6sn06 cosO
—sin%

7 1
= E (1 +cos20) +3sin 29—5 (1 — cos 20)

=3+3sn20+4cos20=3+5
=>M=8 m=-2
=M-m=10.

(A)

w2 = 5+ 2/(ucos’6—sin?6)4sin?0+cos? 6)

= 5+2,/(4-3sin?6)1+3sin?6)

= 54+ 2,/4+9sin?0-9sin%0

-5+2 4—9(sin49—sin29+£—£j
4 4
2
= 5+ 4—9[sinze—1j 2
2 4
2
uz= 5+2 §—9(Sin29—1j
4 2

max =5+2-—- =10
2

min=5+2.2=9

(A)
Letlog,A =log,B =logyg(A + B) =x
=>A=4% B=6andA + B =9

-3
wehavetofind — =| =

A 2
=4+ X=X =22 4 XL X = 3
let 2X=a 3F=b

=
2
B b o b 1
ac a a 2
b J5+1 (3)"_B
YT o :{2) A 2 cos 36
Q.25 (B)
Wehave log_., (gsin XJ — 109, (tan x) = 2
J3(sinx
or Iogcosx7(w cosxj =2

= Iogcosx[gcost =2

3
= —— COSX = COS?X. = COSX [COSX—EJ =0
2 2
J3
= cosx=0 or cosx:7

T
6
JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING

TX=

(x:gisrejected)_

Q.1 (B, D)
M = tanx sec? + sec? = sec?x (1 + tanx)
COS” X
= (1 + tan®) (1 + tanx)
Q.2 (A,B)
1=1[(sec A —tan A) (sec B —tan B) (sec C —tan
0)J?
= (sec A—tan A) (sec B —tan B) (sec C —tan C)
=1
So each sideisequal to+ 1
Q.3 (B, C)

1radian ~ 57° (approx.)

sinx

X

e \\/

0




Q4

Q.5

Q.6

Q.7

Q.8

CosX

X

0

sinl > sinl®

cosl® > cosl
(A, B, C,D)
rtanll (450 + 119 = tan 56°
1-tanll® ~ -
(C, D)
0<0<n/2

tan20 + tan©6

tan 36 =tan(26 + 0) = T - o6tane

= tan 30 —tan 6 tan 20 tan 30 = tan 20 + tan 0
= tan 36 —tan 26 — tan 6 = tan 0 tan 26 tan 30
= tan 30 + tan 30 = tan 6 . tan 26 tan 30
(- giventhat tan 6 + tan 26 + tan 36 = 0)
=tan 30 (2—-tan 6 tan 20) =0
= tan 30 =0 or tan 6 tan 26 = 2.
(C, D)
COS’X + COS?y + C0S?Z — 2 COSX COSy COSZ
(Givenx +y =2)
=1+ cos(x +Yy) cos (X —y) + cos?’z — 2 cOSX cosy
cosz
=1+ cosz [cos (X —Y) + cos (X +y)] — 2 cos X
Cosy cosz
=1+ c0oSz . 2C0SX COSy — 2 COSX COSy COSZ
=1
=cos(X +y—2)
(B,C)
y=acos’x +2bsinx cosx +csin?x & tanx =
2b
a—-c
z=asin?x —2b sin X cos X + ¢ cos? X
> y+z=a+c

and y—-z=(a-c) (cos2 X —sin? x) + 4b sin x cos
X
=(a—-c)cos2x +2bsin2x (- 2b=(a-c) tan
X)
= (a—c) [cos 2x + tan x.sin2x] = (a - ¢)
[20052x+ﬂsin2x}
COSX
_ (a—c)cos(2x —x)
- COSX

%))
Js 5%

=(a-c).

(B, D)

>
+
(o8]

Zcos(

A

+
vs]

Zcos(

N

Q.9

Q.10

Q.11

Trigonimetric Ration and Identities

. (A+BJ (A—Bj "
29n .COS|
2 2
) (A+Bj . (A—B)
-29n .8n
2 2
. (ﬂj - (ﬂj
cot 5 + (-1)" cot 5

/O in e’ odd
o A58)

;N e even
(A,B)
3snp=sn (2o + B)
sin(2a + B) 3
sinp T 1
Applying componendo & dividendo
sin(2a+pB)+sinB  3+1 2
= sin(a+p)-sinp - 3-1 1

2sin(a + p).cos a
= 2cos(a+p)sina —

= tan(a+P)=2tana
= tan(a+p)—2tana =0
Hence, independent of o & f both.

(C,D)
0<0<n/2
tan© +tan 20 + tan30 =0

clearlytan6¢0andtan26¢0for0<9<g

Now,tan 30 =tan (20+0)0<20<n

tan26 +tan6 0<30< 3n
1-tan26tan® 2

Given that (tan 6 + tan 20) + tan 30 = 0 (by using
given condition)

= tan30 (1-tan 20 tan 6) +tan 30 =0

= tan30[2—-tan20tan 6] =0

= tan30=0o0rtan26 tan 6 = 2

= tan 30 =

(B, D)

Lettang =t
5 =

(@a+2)2t+(a-1) (1-t))=(2a+ 1) (12+ 1)
= 2at+4t+2a—-2at?-1+t?=2a+1+2at*+
t2

= 4att-2t(2+a +2=0=>2at?-2t—at+1
=0

S 2t(a-1)-1l(@-1)=0=>t=12/2,t=1a
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Q.12

Q.13

Q.14

28

. ~ 2tana/ 2
= A= o/ 2

o 22
=Ene= T "

. ~ 2/a ~ 2a
orfne= 12 T 21
(B,C)

Giventhat,
2b
tanx= —— ,ad#C

& y=acos?x + 2bsinx cosx + ¢ sin’x
& z=asin®x —2b sinx cos X + C cos?X
By adding (i) & (ii), we get
(ytz)=a+c

Subtracting (i) & (i)
(y—2)=(a—c) cos?x—(a—c) Sr#x + 4b Snx cosx
= (y—2) =(a—c) (cos? x —sin®x) + 2b sin 2x

0
(i)

(option B correct)

a_CJZSnx cosX]

2b
=y-z=(a-0)[1-2srX +(

=y-z=(a-0)[1-2sin® + tanx 2 sin X cosx]
=y-z=(a-0c)[1-2siNx +2sin%]
=y —z=a-c (option C correct)

(B.D)
Given expression
00S — cos 2n cos an cos 8z cos 16n
10 10 - 10 - 10 10
sin 2(16ch sin 527 —sin £
= 10 = 10 = 0 = -
Ssin| ™ 25sin ~ 25sin -
2°sin (1()} 10 10
—cos(n/10)
T (B)

16

Now,cos%:M:\/@
T 4

T

N —COSE _ —\10+ 245
16 64

(D)

(A, B)

tanA+tanB+tanC—-tanAtanBtanC=0
= cosAcosBcosC (tanA+tanB +tanC—tanA

Q.15

Q.16

Q.17

Q.18

Q.19

tanBtanC) =0

= sin(A+B+C)=0=>A+B+C=nn,nel

(A, B)

tanA+tanB+tanC=6,tanAtanB =2

Inany AABC,

tanA+tanB+tanC=tanAtanBtanC

=> 6=2tanC=tanC=3

. tanA+tanB+3=6

= tanA+tanB =3 & tanA tanB =2

Now (tan A —tan B)?= (tan A + tan B)? — 4tan A

tanB=9-8=1

= tanA-tanB=z%1

. tanA-tanB=1
tanA+tanB =3

on solving on solving
tanA=2tanA=1
tanB=1 tanB =2

(A, C)

h=

\/{cosm +c0s2B +2cos(a + B)}? +{sin20. + sin 2B + 2sin(a + )}

= h=[4cos* (o + B) (cos (o — B) + 1)+ 4 sin?

(o + B) (cos (o — B) + 1)?]*?

= h=[4{cos(a—-p)+1}? {cos’ (o + B) + sin?

(o + B)}HY2

> h=2(@1+cos(a—-p) = h=2x2cos

[—m;Bj:>h:4cos2 (a;B]

(B,D)
LetY=1+4sn0+3cos0

ortanA-tanB=-1
tanA+tanB =3

Max valueof asin 0 + b cos0 =

Max valueof Y =1+ /42,32 =6

Minvaueof asin® +bcos0 =—,/32 ;+ p2

Minvalueof Y =1-,/42 ,32 =1-5=-4
(A,D)
LetY=1+4sn0+3cos0O
z=3sin?0 +3sin20 + 11 cos? 6
=3+3sin20+8cos?0=3+4(1+cos20)+3
sin 20
=7+3sin20 + 4 cos 20

= maximum value=7 + \/32 +4° = 12,

minimum value = 7—\/32 +4% =2

(B, D)

Sin®x + cos’x = &

= (sin?x + cos?X) (sin*x + cos* X — sin?X cos?x)
=&

= (sin?x + cos? x)?—3sin?x cos? X = &= 1-3
Sin? x cos® X = &

a’ +b?



Q.20

Q.21

Q.22

4(1—a?) Q23

= sin? 2x
3

= 1-—snm2x=a& =

wlh dMw

= 0<— (1-)<1

N

1-a&>0 and 4—-4a2<3
1
&<1land Z <&

1 1
—1<a<landa> — or as<- —
2 2

o [3] o [24
(A, )

f(x) = cos 9x + cos (—=10)x

= cos 9x + cos 10x Q.24

fE = %+ bn=-1

5| =cos 2 cos br = —

f(r) =cos9n +cos10n=-1+1=0
f(—m) =0

f[zj -cos% +(:055—7t -cosg—n
4) " 4 2 4

i P 1
= 2n+— = —_ = =
COos [ 4j COS 2 \/E

Comprehenssion # 1 (Q. No. 21 to 23)
(©)

p
tanAtanBtanC:tanA+tanB+tanC:a

(B)
tanAtan B +tan B tan C + tan Ctan A

sinAsinBcosC + cosAsinBsinC +cosBsinCsinA
cosA cosBcosC

sinB.sin(A + C) +cosBsinCsinA
q

1-cos’B+cosBsinCsinA
q Q.25

1+ cosB (sinCsinA —cosB)
q

1+ cosB cosCcosA
q

149
q

Trigonimetric Ration and Identities

(D)

tan® A + tan® B + tan® C — 3tan A tanB tanC
=(tanA +tan B +tan C) {(tan A + tan B + tan C)?—
3(tanAtan B +tan B tan C + tan Ctan A)}

-3 4]

. tan*A +tan®B +tan®C

3 P
=gt P-30-30)
_ 3pg”+p’-3pq-3pq” _ p*-3pg
B q’ q’

Comprehension # 2 (Q. No. 24 to 26)
(©

Given cosa +cosf =a

o+p o—P
= 2c0s 2 Cos 2 =a
..... 0

andsna+snf=b

= 2sin (OHBJ cos (a;B] =b
..... (i)
by (i) & (ii)
o+p b
tan 2 —g
b
= tan06=—
a
.. Sin20 + cos20
b 2
ol 2 b
(aj 1—;? 2ab a? — p?
= + = =
b? b2 a’+b’ a’+b’
l+72 1+7
a a2
a’+b’—-2b%+2ab . 2b(a—h)
a’ +b? - a +?
.h=2
(A)
sin"A=x
=sin?A =X
oo SnNAsSn2A sin3Asin4A

=sinA(2sinAcosA) (3sinA—4sin®A) (4sinA cos
A(1-2sn?A))

=8sin*A(l-sin?A) (1-2sin?A) (3—4sin?A)

If we put sin? A = x, then given expression is a
polynomial of degree 5in x.
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Q.26

Q.27

Q.28

30

(B)

If p=5

..sinx + (p-5), cosx, tan x
= sinx, cosx, tanx arein GP.
oL cog X =sinXxtan x
CoS® X =sin? x

2. cos® X =1 —cos? X
scosXx+cogx=1

taking cube both sides

. coX +cosx +3co’x=1
= co’X+cos®x+3cos"x—1=0

(A) > (@), (B) > (1), (C) — (q), (D) — (p)
(A) sin 420° cos 390° + cos (—660°) sin (—330°)
= sin (360° + 60°) cos (360° + 30°) + cos 660°

(=sin 330°)
= sin 60° cos30° — cos (720° — 60°) sin (360° —
30°)

_ 3B RPURNNE B B
= ———cosGO (-sin 30°) = 2 + 23 "
1

(B) tan 315° cot (—405°) + cot (495°) tan (-585°)
= tan (360° — 45°) (—cot (360° + 45°)) + cot (360°
135°) (—tan (720° — 135°))

(~tan 45°) (—cot 45°) + cot 135° tan 135° =1 +

+

=

=2
(C) 37° = 45° — 8°

1-tan8° 2

0= ———— 0= ——
= tan 37 1+tan8° = 1+tan37 1+tan8°

2
1+tan22°

(1+tan8°)(1+tan37°) _
(1+tan22°)(1+tan23°) ~

(D) F} + {lsinzx} =0+0=0
4 3

(A) = (a, 9), (B) = (p), (C) — (), (D) — (p)

Similarly 1 + tan 23° =

1
(A) x + ” =2cos6>2o0r<-2

=cosO=1or-1
(B) sin© + cosec 6 = 2

1
S|ne+— >20r<-2

0o 2
but giventhat sin® +cosec6=2=sin6+ —— Sino
=2
which is possible only whensin 6 = 1

1
S SiN%% @ + cosec®®) =sin?®+ ——5g =1+ 1

Sin

=2
(C) sin*0 + cos*0 = (sin?0 + cos?0)? —
0

2 sin? 0 cos?

=1 lsinzze
T2
.+ 0<sin?20<1

: 1 <1 1sin22(9<1
.5 S 2 <
. maximum value =1

(D) 2sin?0 + 3 cos?0 =2sin?0 +3—-3sin20
=3-sin?6
- 0<sinP6<1
. 2<3-s8inP0<3
", least value=2

NUMERICAL VALUE BASED

Q.1
Ans.
Sol.

Q.2

Ans.
Sol.

Q.3

Ans.
Sol.

Q.4

Ans.

Sol.

Find the value of tan 1°tan 2°tan 3°..... tan 89°is

1

tan 1°tan 2°tan 3°.... tan 89°

= (tan 1°. tan 89°) . (tan 2° tan 88°) (tan 3° . tan 87°)
...... (tan44° tan 46°) tan 45°

* tan 89° = tan (90° — 1°) = cot 1°
=1.1.1...1=1

The value of the expression cos 1° cos 2° ......... cos
179°
0
cosl® cos2° ... cos179°
= €0s1°c0s2°... cos 90° ... cos 179° =0 (- cos 90°
=0)

Find the value of tan 203° + tan 22° + tan 203° tan
22°.

1

203° + 22° = 225°

= tan (203° + 22°) =tan 225° =1

tan203° + tan22°

1-tan203°.tan22°
= tan 203° + tan22° + tan 203°

=

Ltan22° =1

2n 47
Ifx= y COs 5~ =Z00s 5~ , find the value of xy +
yZ + ZX.
0

1 1 X y _ 2
wr[Beald) o511 e
(say)

Xy +yzZ+2zx==202+4)\2-202=0



Q.5

Ans.
Sol.

Q.6

Ans.
Sol.

Q.7

Ans.

Sol.

Q.8

Inany triangle ABC, which is not right angled find
the value of X cosA . cosec B . cosec C.

2

AABC, XcosA . cosec B . cosec C

2sinAcosA
2sinAsinBsinC

_Z COSA ><sinA_
~ 4sinBsinC ~ sinA

_Z Sin2A _ sin2A +sin2B +sin2C
T 4= 2sinAsinBsinC~  2sinAsinBsinC

_ 4sinAsinBsinC _

" 2sinAsinBsinC

IfA+B+C=n& cosA=cosB.cosCthenfindthe
valueof tan B . tanC .

2

Giventhat,

A+B+C=n& cosA=cosBcosC

= —cos(B+C)=cosBcosC

= —cosBcosC+sinBsinC=cosB cosC

= sinBsnC=2cosB cosC

sinBsinC

—_— =2 B =2
= cosBcosC = tnBtnC

3n
If x e (Tf?j then find the value of 4 cos?

4
2

3
X e [TE. _J , then

[E—gj+\/4sin4 X +sin? 2x .

2

T X
4 cos? 4 2 +\/4sin4x+sin22x

(1 X 1 . sz
= 4| —C0S—+—sin—| +

J2 2 22

\/4sin4 X + 4sin® xcos? x

2
4 X . X
= — | COS—+SInN— +
2 ( 2 2]

\/4sin4 x(sin? x + cos? X)

=2(1+sinx) +2jsinx|
=2+2snx—-2sinx=2

{x e Il quadrant}

c0s20°+8.sin10°sin50°sin70°
sin? 800

Q.9

Q.10

Trigonimetric Ration and Identities
€0s 209+ 8sin10°sin(60°-10°)sin (60°+100°)
sin® 800
cos20°+ (8sin30°) /4
cos?® 100

cos200+1

2c0s?10° _
cosZ100 -

cos?10°

5

— /32142 <3sSiNX+4COSX< /32 442

—5 <3sinx+4cosx<5

7
1 1 1
AA, T AA; * AlA,
OA,=0A,=0A_=0A, =r (say)
_ 27 _ 47
ZAloAZ— 7,4A10A3— 7, ZA10A4
_6n
" n
1 1 1
= r - _2n T an
Sin— sin— sSin—
n
. 2n| . 3t . m| . 3w . =«
= sin — |sin—-sin—| =sin — .sin —
n n n n n
21 . W
- sin 2n {Zcos—.sm—} = sin 3n sin
n n n n
r
n
2n . 3r
= 2sin — cos — =sih —
. 4n . 3
= sSin — =sin —
n n
47 3
=>—=n-—
n n
= di=nn—-3n=>n=7

31



Trigonimetric Ration and Identities

KVPY
PREVIOUS YEAR'S
Q1 (D)
tan 81° — tan 63° — tan27° + tan9°
tan(90° — 9°) —tan (90° — 27°) — tan 27° + tan9°
cot 9° — cot 27° —tan 27° + tan9°
By solving we get
=4
Q2 (A

NG

tanezﬁ; sinezﬁ; cosezﬁ

J7 V12 V12 Q4

In AAPB using sinerule
X 4x J7
sn® sino.  sin(180°—(0+a.))

4 5 25 20

. 4 .
sho=—SnN0=—x

3 3 V12 33 27

= Cosa =

sl

& 3xsin(0+a)= \/7sino

= 3x (cosa +cotO sina) = /7
N

“X[E*Eﬁ}ﬁ

= 3X><i=l

NE
1

X=—

w

BP_ 4 1
PC J12-4x 23 , 6-4

4133

Q3 (O
Q.1

32

'E'is mid point of AD.

1 1
c0526=:—% :2c0329—1=§
2 V2
= C0s?0 = 5 = c0s0= ﬁ
2 1
ing=1-==—
sino 3 \@
ED_ 1
1 3
DH =ED sec 0
_ 1.8
V3 V2
21
NA
©
1 1 1
+ + +
cos0°cosl® cosl®°cos2° cos2°cos3®
1
+—
c0s44° cos45°
Multiply and divided by sin1°
1 sinl1° N sinl° sinl°
sin1°| cos0°cosl® cosl°cos2°  cos44°cosdse
1 | sin°-0°) N sin(2°-1°) N sin(45° —44°)
sin1°| cos0°cosl® co0s1°cos2°  cos44°cos4se

— - [tanl® —tan0°® +tan2° —tanl® + ....tan45° —
sinl

tan44°]

Sno [tan 45°]

1
= m = 57.2987

Integral part = 57

JEE MAIN
PREVIOUS YEAR’S

(1)

1 1

X =1+cos0 +cos*0 + ......... = 1-co?0 = Snto

1 1
y=1+sn% +sin*y +......... =1-sn’) = cofo

z = 1 + sin?cos?0 + sin*p cos*0 + ......... =



1 1 Xy
1-sin’gcos’ ~,_ 11 727 xy-1
Xy

Q2 (4
—J3F + 4% <3snx+4cosx< |3 + 42
-5<(k+1)<5
-6<k<4
Q3 (4
15sin“a + 10cos'a. = 6
15sin*a. + 10cos'a = 6(sin“a. + cos?a)?
(3sin?a. — 2cos’a)? = 0
2 3
tan®a=—. cot’a=—
2 2
= 27sec’o. + 8cosecta
= 27(secta)® + 8(cosec®n)®
= 27(1 + tan?0)3 + 8(1 + cot?a)®
=250
Q4 (2
Q5 (3
Q6 (4
JEE-ADVANCED
PREVIOUS YEAR'S
Q.1 0007

Q.2

Q.3

Letcotn/n=0
1 1 1 sin30-sin® 1

SN0 sn30 sn20 — sne.sn3  Sn20
sn40=sn30=70=x

0 = /7, So n = 0007

ACD

2cos9(1 — sing) = 2sinf cosdp — 1
2cos0+1=2sn(0+¢)

1
> =gin(0 + ¢) —cos O

tan(2r - 0) >0,tan 0 <0

NE

=-1<snf<—
2

270° < 9 < 300°
(BC)
1-a 2 O
coso=| — |; a=tan“—
1+a 2
1-b > B
co b=tan" =
= (1 bj 2

(M)

Q.4

Trigonimetric Ration and Identities

= 21-b)(1+a)—(1-a) (1+a)+(1-a) (1-
b)=(1+a) (1L+b)
2(l+a—b—ab—(1+b-a-ab))+1-a—b+ab
=l+a+b+ab
4(a-b)=2(a+ b)

2a—2b=a+b
a=3b
tan2 3tanZE

tan% = +/3tan (Bj

(A,B,D)

Z[cos(nz

n
k=0

3
f(n) = n
Z(l— cos[ 2k+2 nj

Sm((n+1)nj
(n+1)cos T n+2 cos(n+3jn

+2 sin( T j n+3
n+2
Sin((n+1)n

n+2 ] COS[Z(n+2)nJ

sin(nj ' 2(n+2)
n+2

(n+1)cos( T j+cos( T j
_ n+2 n+2

f(m) = (n+D+1

(n+1) -

Y
= g(X) = cos (mj
_ T
(A) sin (7005 1cos7j =snt=0

n_+3

(B) f(4) = cos Ty
T
@ )

(D) o = (cos cos—j flzo”l J2
a?+200-1=0
33



Trigonometric Equation

| EXERCISES

)

ELEMENTARY

Q.1

Q.2

Q.3

Q4

Q.5

Q.6

Q.7

Q.8

34

(3)

2tan’0=sec’0 = 2tan’0 =tan’0+1
- tanzezlztanz[zj:G:nniﬁ_
4 4

(2)
J3tan20 ++/3tan30 + tan20tan30 =1

tan26+tan36 1 {50 = tan ™
= 1-tan20tan30 3 %

- 56:nn+g:6=(n+}jE

6)5
(1)

T
tan20 = coto = tan20=tan (E_QJ

~ 0=+l g=e="CF,T
2 36

(2)

4+2sin’x=5
:Sin2X=£:Sin2£:>X:nni‘£

2 4 4
(1)

T TT T
We have ZCOtG:E_Ztane = tanO+cotf=2

. . T T

sn20=1=sn—=0=nn+—
= 2 4
(4)

€0s20 = cos(g - ocj =20=2nn i(g - q}

3e:nni[g_gj
(1)

tan56:tan(g—29] 50— nn+g—29

T nm T

M=n+-=0=—+—

= S Y
(2)

(2cosx —1) (3+2cosx) =0

Th COSX = 1 aS COSX # is
en, 2 2

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

5n

forn=0,x=—=,—
3

wla

:>x=2nn4_r—;
forn=1x=

w| g

(3)

2 1

COt6+tan6 =2 cosech = o= oo o

1 . T
= Cosezzor S|n9:02>9:2nni§:>6:nn
(3)

secze+ta129:§,alsosecze—tan26:1

N tanzez:—]a':tanz(%jjeznnig .
(1)

tan?0—tan®—~/3tan0+~/3=0

= tanO(tan0—1) —+/3(tan6—-1) =0

Y T
= (tan0—+/3) (tn0-1) =0=0=nn+-, N+

(3)
2J3c0s%0 =sin® = 2/35n%0+sn0-2y3=0

. -1+7 . -8
:S'ne:ﬁﬁﬂne:m-(lmpossible)
. 6 3 T
SnN0=—==—-—"— = 0=nn+(-1)"=
and a3 2 o=y

(1)
4-4c0s?0+2(\3+1)cos0 = 4++/3

= 4c0s?0-2(\/3+1)cosf++/3=0

2(3+1) +/4(/3+1)2-16v3
8

= €0s0 =

= cosezg 0r1/2:9=2nni% or 2nn+xw/3

(1)
2-2c0s?0++/3c0s0+1=0
= 200s%0-/3c0s0-3=0

_ cosh— V3143+24 _3(1£3) _ ﬁ(‘%
4 4 2
5n
0="x
"6



Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

(2)

3sin?x +10cosx —6=0

3(1-cos? x) +10cosx —6=0

On solving, (cosx —3)(3cosx-1)=0
Either cosx =3, (which is not possible)

_1
or cosx =
(4)

Wehave, cos?0+sin0+1=0

= 1-sin?0+sin0+1=0

= §in20-gnf—-2=0 = (SN6+1)(sn6-2)=0

sin@ =2, whichisnot possibleand sing =-1.
Therefore, solution of given equation lies in the

5t Tn

interval [77} .

(3) 12cot?0 - 31cosecH +32=0
12(cosec?0 —1) — 31cosec H+32=0
12cosec?0 —31cosec 6+20=0
12c0sec?0 — 16 cosec 0 —15c0%ec0 + 20 =0
(4cosecO —5)(3cosecO —4) =0

cosecezg,ﬂ- : sinezil,§
4 54

(2)

5-5sin20+7sin0=6=2sin’6 =1
) 1 . 2(nj I
—9n“0===9n°|—|=>0=n+t—
2 4 4
(3)
Sin40 = cosO — cos 76 = Sin40 = 2sin(40) sin(30)

. 1 (n
= sin40=0= 40=nm Or S|n39:§:gn 5

= 3=nm+ ()" 2= 0=C8 T ()" 2
(4)

€0s6 + c0s260 + cos30 = 0

= (cos6 +cos30) +c0s20 =0

= 2co0s20cosf+cos20=0 =
€0s26(2cos6+1) =0

n

T T
c0s20 = 0=cos— 0= 0=2mr+—
= 2= VT4 7 "=

or cosez_?l:cosﬁ = e:2mn4_r2—?:c,

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Trigonometric Equation

(2)

tan(cot x) = cot(tanx)

— tan(cotx) = tan(% —tan xj

T T
= cotx:nn+5—tanx:cotx+tanx:nn+5

4

is .
=nNn+—=9N2X = =
2 T (2n+Dn

= sin2x 1
2

(4)
%COSG-F%S"]G :%{dividing by

J&R2+12 =2

N sin(e+%j:%:sin(gj

0= nn+(—1)”%—£

3
(4)
3cosx +4sinx =6

3 4. 6 6
2COSX +—SNX =— — COS(X —0) = —
=5 5 5 = 0x-0)=¢

[where 6 = cos %(3/5)]
So, that equation has no solution.
(4)
Given equation is \/3sinx + cosx = 4
which is of theform asinx + bcosx = ¢ with
a=+3,b=1c=4.

Here a2 + b? = 3+1=4< c?, therefore the given
equation has no solution.

(1)

1 3
f(X)=cosx—x+=_f(0)==>0
) 5 fO0=2

f(ﬁj:o_ﬁ+izl_—n<o (-:n:g nearlyj
2 2 2 2 7

e
. Oneroot liesin the interval {OE}
(3
SeCcX cosbx = —1=> cosbx = —cosx
_ (2n+D)n or (2n-Dr
6 4
~nmn 3¢ 5t 51 7n 7n 9n 1ln

=5x=2nm*(n-Xx) =X

Hence, X

35



Trigonometric Equation

Q.27 (4)

. 1 . b8 . T
sSnO=—==9Nn| —— |=9N | T+—
2 ( 6) ( 6)

tane:i:tan[EJ:tan(nJrEj:9:(n+£]
J3 6 6 6

. r
Hence general value of 8 is 2nm +€

Q.28 (2)

3n 5

1 T 5n
cosb=—"—==0=—,— - tanf=1=0==—,—
V2 4" 4 R

5
. The general valueis 2nn+7n or (2n +l)n+§

Q.29 (2

and cos@:__f: CO: TC——)

5
Hence principal valueis 6= Sl

6
Q.30 (3)
2 st —1
1+ cos?0+cos*0 + ....... w=4 = 1—00329
. 1 . 2T
=4 s cosec?d =4 = sn?d=— =9SnN"—
4 6
T
= 0=nx +—,
6
Q31 (3)
. 1
<=
smx_2
=Xe O,E U E,Zn
6 6
y=1/2
Ofn/6 snloN__/

Possible integral values of x are 0, 3, 4, 5, 6.

Q.32 (A)
sinx(1+2cosx)>0
P S S
0 2 m 4n 21
3 3

36

JEE-MAIN
OBJECTIVE QUESTIONS

Q.1

Q.2

Q.3

Q.5

Q.6

(4)
4sin0.cosh — 2cosh — 2.,/3sind +./3 =0

= 2cosd (2sin® 1) — /3 (2sin6@ -1) =0
= (2sin6 -1) (2cosd — /3) =0

V3 4l

ino 1 0 e
sind= =, cos0 = — —
= 2 2 = 6

5 1in
6' 6

1
2sn0+tan0=0=>sn06=0o0r2+ =0
coso

1 1

=0=nmmor2=—-———=c¢c0s0=—-—— =0=2mn
cos0 2

2n

3

(1)

Givencot 30 —cot 0 =0

= cot30 = cot 6

=30=nt+0:nel

= 20=nr ;nel

+

3B#nmor6=mn
nm

"nel|gx

= 9=(2n—1).%;nel
(1)

2cog(n+x)+3sin(n+x)=0
=200 X—-39Nx=0=2-2smx-3snx=0

1
=29mMx+3sinx—-2=0=sinx=-2, P

=Ssnx=

(1)
cos20+3cos0=0=>2coss0+3cos0-1=0

3+.9+8  —3+.17
4

4

_n 5
= X= 6

N

K2
6 i)

= C0S0 =

As -1<cosf<la .. cosO=— only

3+\/ﬁ
4

V17 -3

4

= 0=2nt+ o wherecosa =

(2)

sin@+7cosO0=5



Q.7

Q.8

Q.9

Q.10

Q.11

2t 7(1—t2)
RETEC

= 2t+7-Tt2=5+ 52

0
=5wheret =tan (E]

0
= tan 5 isrootof 12t?—-2t—-2=0

or6t?—t—1=0.

(4)

Given

SiNn30=4sn0.sin20sin40, where 0<0<n

= 3sin0 —4sin®0 —4sind sin 20 sin 40 = 0

= sin 0 [3—4sin%0 — 4 sin20 sin 40]

= snH[3—-2+2c0s20 -2 cos20 + 2 cos 60]

= snb[l+2cos60] =0

= sn0=0 orcos60 =— > Q.12
06=0,7 or

0<0<m
0,mel0,x or 0 <60 < 6r (3 rounds)

Number of solutionsin 1 round =2

total number of solutionsin 6 € [0, n]

=2+6=8

(3)

T 21
tan X + tan X+§ +tan X+? =3

= 3tan3x=3= tan3x=1 Q.13

L
SX—?’ 12,”6
(2)

Given, 2 cos 2x = 3.2 cos’x — 4

= 2cos2x=3(cos2x + 1) -4

= cos2Xx=1=2x=2nt;nel
=X=nn;nel

(3)

SinxX + sinbx = sin2x + sin4x

= 2sin 3x cos 2x = 2 sin 3X Cos X
= sin3x =0 or cos2x = cosxX

= 3X=ng or 2Xx=2nw £ X

nm 2nm

X = — -
= 3 2 T3 Q.14

nm
X=—

3 (It includes all three possible)

=
(2)

_ 00830 L 4 cos0 - 3 cos 0) = 2 (2
2c0s20-1 - p = 24 cos0 —3cos0) =2 (

cos?0 —1) -1

Trigonometric Equation

= 8c0s°0 —4cos’0 —6cos0+3=0

1
= (4cos’0)—3) (2cosH—-1)=0= cos 6 = o

NE

+ 32
2

But when cos 0 = + then2cos20-1=0

V3

2
_— . 1. .

. rejecting this value, cos 6 = 5 isvalid only

:>6:2nni£,nel
3
(1)

) tan3x — tan2x
Given =1
1+ tan3x x tan2x

= tan(3x—2x):1:>tanx:1:tan%

T
= x=nn+ZneI

But at thisvalue of x, tan 2x = oo
which is not acceptable

(3)

3sn6—-4cosf=4a-3
ondivided by 5, we get

3 4 4a-3

g sme—g cos0 = 5

Xeo

5
Equation has solution, then

4a-3
5

=>sn0®-a)= (tana = §)

=-1< <1 =-5<4a-3<5

= -2<4a<8 = 71 <ax<?2

Positive integral value 1, 2.

(4)

Given sind + 2sin20 + 3.sinO + 4sin46 = 10 in (0, x)
Using boundary of SM

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

(Using boundary values)

= sSnB=1&sSn20=1&sn30=1& sin46=1

0= 2mn+—, 20 = 2nm +—, 30 = 2k +—
T AT, AT, U= AT

49 = 2pr +—
2 37



Trigonometric Equation

melnel kelpel

N A L I

X € { } number of solutoinsis zero.
Q.15 (3

1
Given,tan 0 = -1 &cos 0 = —2

principa solution

& Tn

0 go=2 I
T4 4

x m
T4 4

- .. In
common principal solutoin is 7

. n
then general solution is 6 = 2nx + 72 nel

Q.16 (1)
. cot39+3\/§ =0 :cotez—\/§ =tan 6 =
-1
V3

and cosec®0 + 32=0=cosecH = -2 = sin 0O =
-1
2

-7
. Common value of 6 = —— in (- =, «|

6

T
. General solution will be0 =2nt— <, n e l.

6
Q17 (2
Given 4 cos®x — 4 cos’x — cos(m+x) —1=0
= 4 cos®x —4c0s?x + cosx —1=0
A.M. of roots x € [0, 315]
= 4005 (cosx —1) + (cosx—1) =0
= (cosx—1) (4cos’x +1) =0

1
= cosx=1 or cos?x=-— 2 (not possible)
x=2nm,nel
0<2n<100x € [0, 315]
0<n<50o0r [0, 100n]

X =0, 2r, 4x, 6m, ..., 100«
_ 2n[0+1+2+3+...+50]

AM =
_ 2t 50x51 _
51 p T

38

Q.18

Q.19

Q.20

(4)

Givena, +a, cos2x +a,sin’x =0
a +a,(1-2sin’X) + a;sin’x = 0
(a, +a) = (28, —a,) sin’

a +3,
2y — .. )
sSin°x = 2a, —a 0<snx<1
a +a,
0< 2a, -2, <1
O<aq +a,<2a,—a,
f%zo
()]
2a,-a;20
(i)
& +8-8;>0
()
Nr<Dr

homogenous system of equations

1 1 0][a] [O

0 2 -1] |a|. |0

-1 1 1| |ag 0
[A|=1(-2+1)-1(0-1)+0=-1+1=0
So number of solution isinfinite
(4)
Given |cosx| = cosx — 2sinx
Case-l : if cosx > 0, then cosx = cos x — 2 sin X
= snx=0
= X=nr butcosx >0
so only even integral multiple of = is acceptable
L X=2nm ;s nel

Casell :

if cosx < 0,then —cosx = cosXx —2 Sin X —2 cOsX = —
2sinx

= tanx=1

= X=nn+ %(xcanbeinl & 111 quadrant)

But cosx <0 So x will bein Il quadrant
s.t. n should be odd integer

x=(2m+1)n+% mel

(2)
y=sinx
1
2n X
of n/2 %R 3
) / N
y=cosx y=—sinx
1
0] w2 i Y X
i 3n/2 2n
-1
y=— COsX




3n n
Clearly fromthegraph x e | O, vy U R 2n
Ans]

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1

Q.2

(B)

Givensinx \/8cos? x =1

= 8sn?xcosx=1 = 2sn®x=1

1
= sin®2x = 5 Xe [0, 2n]

1
3sin2x=iﬁ
ox=l 3% 5m Im
=X a0,
3n n
4 2
Sn n
4 4
_x 3n 5t 7m
—X=g'g '8 '8

Common difference

N

T
d=% -573%

(A)
Given 2 cosx = /24 24n2x ; X € [0, 2r)

= 4cos?X=2+2sn2Xx = 2 cos?X — 1 = sin 2x

Y
=> €0S 2X = Sin 2X =>C0S 2X = CoS E—ZX

T
=2Xx=2nm (E_ij

:>2x:2nn+g—2x&2x:2nn—g +2x

(not possible)
~ (4n+1j7T ~ (4n+1j7T
4x = 2 =>X= 8

an+1 an+1
S 0< 8 T<2r =0< 8 <2

15

4~ 4

Q.3

Q.4

Trigonometric Equation

5n
8
I
8
9
8 13r
8
n=0,1,23
x € [0, 2n)
)1 5t 9 13t
4°8'8' 8
51 9% o .
Forx= ) andx = g 100X will give negativevaue
_ & L&n
X“8 8

(©)
ta? o +2,/3tana—1=0

—2J3+\12+4 _ -23+4

= tanao = > 5 =—\/§
+2
=2~ 3.~(2+8)

= tan 15° — cot 15°

T -5n
=tan E ,tan 12

NP

L T RELLD

orn+1(2n 1)£+l
LTS 2 12
AL oot &

ZeT T T Y T

L om

T T

(D)
. . n
Given 20 sin?0 + 21 cosd —24=0& T<6<2n

= 20-20c0s%0 + 21 cos6 —-24=0
= 20c0s?0—21cosH +4=0
= (5cos0—-4)(4cosb6—-1)=0

1
= cosO=— - 0¢ (E,an
4 4

4 cosg— }cose+1
5 2V 2

cos0 = — Now

39



Trigonometric Equation

Q.5

Q.6

40

0 3
— =%
COS2 _\/E
6 _ 3 96(7_“ “j
COSE__\/E 2 8’
.6 1
SmE—\/E
= cotg— 3

5 =
(B)

. . 1 . m
leen,sm(2A+B)=Ezsm(ZA+B)=smg

o
orsin &

T .

But2A +B = 5 isnot possible

2A+B—E i

=% (i)

Given that
2B=A+C
(i)
We know
A+B+C=n oo (i)

.. T
From (ii) & (iii) 3BB=n= B= 3
From() 2A= = - % o A=Z
rom (i) =% "3~ =2

T T
From (iii) C:n—(A+B):n—(§+zj = C=
Sr
12
©

n
snx (sinx+cosx)= — = 2sin’+ 2snxcos

4

_n
X= 9

1—-cos2x +sin2x = = SIN2X—C0S2X =

NS
NS

1
For the solution to be exists

n
—\/ESE—lsx/E

Q.7

Q.8

= 2(1-+/2)<n< 2(//2+1)
= —-0.828<n<4.828
Number of integral valuesof nis5

(D)

201472 _
2C0S22X — 2¢0s 2x COS| ————— | = — 2sin?2x
X
[2014n2j
= 2=2c0s2X COS| — | =1
X

20147
Hence, cos2x =1 and COS| ——— | = 1.
X

Both equals to — 1 reject.
2014n”

s X=nrand =2km, k el

1007n
X =
k
. X =m, 53r, 197, 1007
Sum =n (1 + 19 + 53 + 1007) = 1080r.

= 1007 =19x53x 1

(©)

Given, 2+/cos®0—sin®0 = (1 + cos 26)

Now squaring on both sides, we get

3.
4 [1—Zsm2 29} = (1 + 2008 20 + c0s26)
= 4-3(1-c0s%20) =1+ 2c0S 20 + C0s?220 = 2
cos 20 (cos20 —1) =0
. Eithercos26 =0 or cos20=1

Now,cos20=1 =20=2mn,me |l = O0=mn, m
el

I8

Also, cos20 =0 = 29=(2n+1)§,nel = 0
b

=(2n+1)z,ne|

T
But,forG:(2n+1)Z,nel

L.H.S. of equation (1) equalsOand R.H.S. of equation
(2) equals 1



Q.9

Q.10

Q.11

So,L.H.S.#RH.S.

Hence, 6 =mn, m e |

So, possible solutionsare 6 = —, O, .
Hence, number of solution are three.

(©

cosz(% (cosx +sin x)j
=1+ tanz(x+£tan2 xj
4
2( T .
= COS (Z(cosx+smx)] =1 ad
tanz(x +%tan2xj =0

T
= — (cosx +sinx) =nrx

4

= CcosX+sSnx=4n=cosx+snx=0
T

:tanx=—1:x=nn—z

all of which satisfy (1) aso
.. Number of solutionsin [- 2r, 2] is 4.

(©

2
2sin® o+ 27 F - ey+iy+l

<3 [
>3

The equation will satisfy when sina =1, cos’$ =0
and =1

3 m3m
2’ 2P 22
.. Number of ordered triplets (o, B, y) is4. Ans]

= a= and y=0

(D)

cos2x + asinx =2a-—7

= 1-2sin’x +asinx=2a-7

= 2sin’x—-asinx+2(a-4)=0 ... D

at.a’-16(a-4)

= sinx=
4
_a+y/(a-8° _a*(a-8 _ 2a-8 8
T4 T 4 T 4 a4
a-4 a-4
i = — - -1< <1
= sx=—— = 5
= 2<ac<b6

= a=2345,6

Q.12

Q.13

Q.14

Trigonometric Equation

.. No. of solutions=5

(B)

Given 4 cosec? (n (a+ X)) + & —4a=0
= 4 cosec? (n (a+x)) = da— &

sn? (t (a+ X)) =
= (m ( ) da_a?

0<sin?x<1

0< <1

4a-a’

0<4<da-&

da—a>4

= (a-2220

ax>2

if a=1

4<(4-1)1

4£3
= a<2does not satisfy the inequation
Loa=2

(©
Period of sin2x =n
and period of tanx=n

.. Common period =LCM of (n, ) ==«

3

.'.23in2x+\/§:0:> sinZX:T = 2X=
4 St 2n 5n
3| 3 = X= 31 6

-1 5n

6

.. The most general value of x given by x = (common
period) n + common value

and \/3tanx+1=0 :tanx:T = X=—
3

on
=nrm+ F,n el.
©
cos? X — sin? my = 1
2
T 1
cosm (X +Y) cos(gj = E

cos(m) (x+y)=1
= n(x+Yy)=2nmt; wheren € |

1
= x+y=2n and x—y:§
e b
:>x—n+6,y—n—6,(nel)

41



Trigonometric Equation

Q.15

Q.16

Q.17

Q.18

42

1 1
x,y) € (I’H-E, n—gj which is satisfied by 3

optionforn=2. ]

(©)

[sinx| = | cos3x|

T
sinx=1:x=§ & siny=1
_ L n 3n
sny=% ==
= y = y=5

4 Hence number of ordered pair (X, y) in [0, 2n] is 2.
|cos3x|
: JEE-ADVANCED
: > MCQ/COMPREHENSION/COLUMN MATCHING
_2 - 0O 2n T 27
n . n Q.1 (B,D)
. . . 1 1
Number of solutionsin [0, ©] = 6 sn(x-y)= > andcos(x +y) = 5
-, Number of solutions in [-2r, 2n] = 24
(B) _ T 9T _ T 9m
a—acos?x +|cos x| —2a=0 =SX-y=g, 5 adx+y= 2, =
az 1COSX| Addinaoxe ® o E o ME o Tn
1+ COS? X ing2x= 2 Or = or == =X = o 5
(For a= 0 equation has solution)
w il
_ 1 12
COSX |+ ——— -ty
l I 0SX Whenx-4,y_12

[cosx| e [0,1] = |cosx|+

= ae (0, 1:|
2

1
Hence complete set of values of ais [0, —}

: [2,0)
| cosx | =l

Q.2
2

©

(sin 3x + cos 2y)? + (cos 2y + tan 4z)2 + (tan 4z + sin
3x)2<0

sin3x =0, cos2y =0, tan4z=0

T 2n w3 _Tom3m
X_3| 31n1y_4| 412_4121 4,TE
Therefore total number of ordered triplets (X, y, z) =

24
©) Q.3

(w/SiHZX—ZSinXJrS —Zsinzyj
2

<1

\/SihZX—ZSinX+5 -2siny<0

J(sinx=1)?+4<2sin?y

%,_/
22 <2

7
when x = é no value of y is possible.

31

wh x-ﬁ =
VX=T YT

(A,B,C,D)
cos 15x = sin 5x

T 3n
coc 15X = cos §—5X or cos 7+5X

i 3
15x = 2ng + E_SX or 15x = 2nrm + 7+5X

L VL O L
:X—lo 40,ne ,X—5 20,ne
dx=" T ladx= 3T
anx—5—20,ne an X—10—4O,ne
(8. C)

Sin? X — oS 2X = 2—sin 2x

= sn?x—(1-2sin?x) =2—2sin X €os X

= 3sn’x+2snxcosx =3

case-l : cosx#0 .. 3tan?x+2tanx =3 (1 +tan?x)

tan x 3
= =—
2

case-ll : cosx =0 ..
true

3(1) + 2(+1) (0) = 3 which is

L ox=(@2n+ 1)%



Trigonometric Equation

(C,D) Q9 (B,D)
SNPXx+2sinxcosx—3cos?x=0 sinx+sn2x+sin3x=0

case-l : cosx = 0 = 2dn2xcosx+sn2x=0
L talx+2tanx—-3=0

-1

T =sn2x=0 or cosx=—.

:>tanx:3,1:>x:nn+tan-1(—3),nn+Z 2

case-ll : cosx=0=1+0-0=0not true. Q.10 (A,B,Q)
(A, C) C0s4x cos8x — cosbx cos9x = 0

= 2c0s4x c0s8x = 2c0sbx €oSs 9x
5 SiNx +/3 sinx cosx + 6 cos’x = 5 = C€0sl2x + cos4x = cosldx + cosAx
Case-l cosx=0= 5+0+0=5 14x = 21 + (12%)
= = T T
x=nn+g = 2X=2nmt or 26X =2nn
Case-ll cosx #0 «=nm or nw
= =nn P
- Btar?x + /3 tanx + 6 =5 (1 + tan’) 13
.o sinx=0 or sin13x =0
o tanx= - Q.11 (AQ
\/§ COSX COSBX =—1 = 2COSX - COSBX = —2
(A, B) = COSX 7X + Ccos5x =2
Let E=sinx—co?x —1 It is possible only when
= E=snx—-1+sm®x—-1=smx+sinx-2 Cos/x=-1& cosd>x=-1
X=2n+1D)n& 5x=2m+ x;n,me I
= sinx+12 9 I al T T
= 2] ~ 2 assumes least value X:(2n+l)7&X=(2m+1)g
1 n w-f 3t b5n 9m, _m8m Tn On
Whensmx=—E:x=n7r+(—1)n "%/ 77077 5’5 "5 5
common solution in one round is &
(A.B,C,D) Ingeneralx=(2nx 1) n,nel
25in5 Ccos?X + sin’x =2 sini Sin?x + cos?x
2" 2" Q.12 (A, Q

COSX.Cos6Xx = -1
X : _
= 2sin— (COS? — sin®X) = COs*X — Sin? = Either cosx =1 and cosbx -1
2 or cosx=-1 and cosbx =1
= X=2nrx and cosbx = -1

= sin2x=1or -1 omdcosx=1—23in2§ = or x=(2n+1)rn and cosbx =1
If x = 2nn then cos6x cannot be —1
1) 1 However if x = (2n +1)x then cosbx =1
1‘2(2}5 L x=@n+ 1
Xx=(2n-1) n isalso as above.
1 1
Cos2x = 2c08* X —1 = 2x Z—lz ~3 Q.13 (B, C)
(B, C.D) , 3x+1
2sin2x = sinx + sin3x Given, 2 cost = x—1
= 2sin2x = 2sin2x cosx
= sin2x=0 or cox=1 So, we must have -1 < 3X+1gl
= 2x=nm or 2X -2
X = 2mn .. On solving, we get
_nrn 3 1
:x-7,2mn X e _’g

options (A), (B), (C), (D) are all apart of x = ”_2“
43



Trigonometric Equation

Q.14

Q.15

Q.16

Q.17

Q.18

44

(B, C)
sinx +2cosk cosx =2
for real solution(s)

V1+4cos’k > 2

-11
Hence sink e 775

(B, D)
log,,(sin x) + log,(tany) +log,; 2=10

2sinxtany=1 ... (D] sinx >0
, tany>0
coty = 2J3cosx . 2
from (1) and (2) 2sinx = 23 cos x
L tanx = 4[3

T
= X=2nn + § nel {..sinx>0}

1 n

From (1) tany = \/5 = y=nm+ 6’ ne
I {.. tany >0}
(A,B,C)

(shx-1) cosx >0
= (1-sinx) cosx <0
=cosx<0

T 371
= Xe|—,>| ~ [157,4.71]
{2 2}

Comprehension # 1 (Q. No. 17 to 19)
(D)

4sindx + 2 sin2x — 2sinx — 1 = (2sin x + 1) (2sin2
x—1)=0

sinx = 1 + i
2'7 2
there are 6 solutions.

©

10tanx
1+ tan? x
i.e 3=1-2sin?22x +5sin2x

3 =cos4x + = cos4x + 5 sin 2x

i.e sin2x =

2X =

o Nk
oY

r
6 1
Thus there are two solutions.

Q.19

Q.20

Q.21

Q.22

Q.23

(B)

(i) when tan x > 0, then the equation becomes tan

X =tanx + =0 (not possible)

COS X
(ii) when tan x < 0, then the equation becomes —

COosX

1
tanx =tan x + i.e sinx:—E

COsS X

1in

X="g" is the only solution.

Comprehension # 2 (Q. No. 20 to 22)
(A)

Givensinx + cosx =1 + sin X cos X

2_
I |
t-12=0
t=1

sinx+cosx=1

T
S0 X =2nw and 2nmt + =

2
(B)
(cosx —sinx) (2sinx +1) +2cosx =0
sinx(2cosx —1) + 3cosx —2 (1 —cos? x) =0
sinx(2cosx —1) +2cosx (cosx + 2)
—1(cosx+2)=0
= (snx+cosx+2)(2cosx—1)=0

cosx—l
T2
= x=2nn1r%

©

Given sin® x + cos* = sin x cos x

(t?-1° _,
2

= t*-t2-2=0

Lett2 =u
w-u-2=0
u=2 or uz-1

t=+ 2

= sSnx+cosx=%,
= shn(x-n/4)=1

= 1- -1

X=nm+ T
= =nn —
4

Comprehension # 3 (Q. No. 23 to 25)
(D) ,
33(:0st . 34sn2x
33c0s2x-+4sin2x



Trigonometric Equation

minimum value of 3cos2x +4sin2xis-5

1 Q.27 (D)

so minimum value = 3° =543 cos2x +5cosx +3>0
Q.24 (D) — 2c0s’X +5cosx +2 > 0

When sinx =1, cos'x =0 = (cosx + 2)(2cosx +1) >0

s0in [0, 2x], number of solution = 2

whencos’ x =1, sin*x = 0 = 2c0sx+1>0

Soin [0, 2xt], number of solution = 2 (- cosx + 2> 0)

Total number of solution =4 .
Q.25 (D) o > L X e[__n _n}

Given cos (p sin x) = sin (p cos X) = -T2 3’3

. T Q.28 (D)
= cos(psmx):cos(i—pcosx)

T
2sin2 (x+zj + 3 cos2x >0

. T
= psz:E—pcosx

. : s s
= p(sinx+cosx)= B /-\ﬂ/zi /6 7x/6 | 3n/2

then maximum value of (sin x + cos x) will give i B
minimum positive value of p § |

T

Y
opx 2 =3.0=373

Y
= 1-cos (2“5] + /3cos2x > 0
Comprehension # 4 (Q. No. 26 to 28)

Q.26 (C) = 3cos2x+sin2x> -1
7 7
sin®x + cosfx < 6 = 1 — 3sin?x cos?x < 6 . £c052x+lsin2x > _1
3 3 1
= SIN’XCOSXX > — = Sin22x> — sinfox+F|>_2
16 4 = 2
1-cos4x S E 1 — cosdx > §
= 2 4 = 2

T b n

Z e|2nm—-—, 2Nt +—

< 1 = 2x+3 [ 6 6}
= COs4X -
2

= 2xe 2nrc—£, 2n7t+i
L 2n  4n 2 6
= Principal isvalue 4x € 33
b 5n
= Xe|nm—-—, Nu+-—
e
/i\ s/ O\ _ -] [mse) [ ]
___x(__//_ ________ P Yo = Xe ™ 12 Y 4’12 Y 4’ in
[ 7]
= Genera vaueis Q29 (A)—>().(B) = (N,(C) = (P. (D) = (N
on 4n (A) sin? 0 =sec? 0
4X€(2I"ITE+—, 2nn+—] = sn?fcos?H=1
3 3 — sn20(L-sn?0)=1
N N = sn*0-sn?p+1=0
= Xe —TE+£,—TE+E ,hel Letsind=t
2 6 2 3

45
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Q.30

46

t2—t+1=0:D=1-4=-3
Since D < 0, thereis no real solution
(B)snO+cosb=1
If sn® =0, then cos6 =1

In [0, 2xt], Number of solution = 2
and if sSn® =1thencos6 =0
. In[0, 2x], Number of solution =1
Total number of solution =3
(C)tan® +secH =2cos6

[sn6+1] =2cos6

cos 0
= 2sn?20+snH-1=0
= snoO= —1+3
4

2 real solutions
(D)3sn?0—-4sn®+1=0
If sin 6 =1, In[0, 2r] one solution

1
& sin6 = 3 in [0, 2rx], there are 2 solutions

Total number of solution = 3

(A) = (a), (B) > (9), (C) = (1), (D) —> (p)
(A) sinf9+3cos6=3 = 1-cosO + 3cosh =3
= €0s0 —3cos0 +2=0 = cosHh=1,2
= cosbh=1 (- cosO = 2)
= 0=0in [-x, 1]
No. of solution =1

Q.31

sin4x
cos4x
= Sindx sinx—cosAx cosx=0 = cosbx =0
= X=(2n+1)n/2 = x=(2n+1) n/10

(B) sinx.tan4x=cosx = sinx.

=COSsX

_ & 3 5t 7% Om. o
= X= 19" 10'10' 10 ' 10 MO™

N

So there are five solutions.
(C) (1—tar? 6) sec® + 22" 9= 0

— (L—tan* @) + 2@ 0=
= (1-x?)+2=0 wherex =tan?0
= 2%=x*-1 = x=3

= tan’0 =3 = tane:i\/g

A .
= _—E n 2’2

Number of solutions = 2
(D) [sinX] +[+/2 cosx] =-3
= [sinx]=—1 and [+2 cosx] =-2

= n<x<2r ad _2<.2cosx<-1

1
= —-2<CO0SX<———

72

1
= -1<cosx<—

72

n<X<2for
= TE0hy
5n
Xe[O,Zn]TESX<T,Xe[O,2n]

5n 5n
T<X<— 2N < 2X < —
4 = 2

= 0<sn2x<1= [sn2x] =0

(A)—(p), (B) — (a), (C) — (r), (D) — (9
(A) (2sinx —cosx) (1 + cosx) = sin?x
= (2sinx—cosx) (1+cosx)=1-cos?x =
(2 sinx —cosx) (1 + cosx)

=(1-cosx) (1+cosx)
= (1+cosx)(2sinx—-1)=0

. 1
sinx = 5 or cosx=-1

(B) 1 +sin2x = (cosx + sin x)

= (sinx+cosx)2=(cosx+sinx) = (cosx+sin
X) (cosx+sinx—-1)=0

So,cosx+sinx=1 & cosx+sinx=0
Stanx=-1

(C) 4x2+x%+ sin?5x=0
sin? 5x = -(4x* + x8) — always negative

A

always positive

So solution isx = 0 since LHS is always positive and
RHSisalwaysnegative.

1
(D) Given that, tan x = ﬁ = X=nnt

]

19
So, solution is Tn



Trigonometric Equation

Q32 (A)—>(.B)—>(p.ars9),(C)—>(a), (D) (9 1
(A) 3390X:3(secx¢_7]
_Ixd

3n

HE gl

101 = 1:0 R TR W V0 W0 W
I NN

Number of solutions = 6

1
= COSX= _
. 2+4/8 3
(B)smx=T\/_ =1+ 2
o 15n
—snx=1- 3 = 7 solutionsin | 0 —~
Assin x takes at |least four values - h=15.
&Y
Q.2 5
Sin X . tan 4x = coS X => SiN X Sin 4X = COS X COS 4x
27:/-\375 4n = cos 5x = 0 = five solutions.

in[O,nx] . n>4 5 5
(C) 1 + sin* x = cos? 3x

LHS >1andRH.S.<1

© LHS. =RHS. =1=sn*x=0andcos?3x =1
= X=nxand 3x = mn

= X=nxand 3x = mn

Q.3 5

sin7x+sin4dx+sinx=0

= 2sin4xcos3x +sin4x =0
mm

=X=nmandx=—5 = sin4x =0 0r cos 3 =~
= X=Nr
2n
—51 51 =4x=nm or3Xx=2nn + ——
=X =-2x, -, 0, 7, 21 in "5 3
2 2
. 2n 4
".. Number of solutions = 5. szﬂ, 2nm + 2n :o,E,E,?n,?n,
(D)A, B, CareinA.P. = B = 60° 43 ° 42
L Q4 2
Assin (2A +B) = = = 2A +B = 30° or 150° Giventanx +secx = 2 cosx
sinx+1
= 2A=-30°0r 90° = 2A =90° = A = 45° of — ___ =2C0SX
COSX
o 2co8?x=1+s
. C=180°-A-B=75°= — .. p=12. or < cos X snx.
12 P or 2—-2siMx=1+sinx
or2simx+snx-1=0
NUMERICAL VALUE BASED or 28 x+2snx—-sinx-1=0
Q.1 15 or (snx+1)(2sinx-1)=0
2ta X —5secX —1=0 = eithersinx=-1 or
= 2(sec?x—-1)-5scx—-1=0 sinx=1
= 2sec?Xx-5secx—-3=0 2
I S | :x—%
= ==, — =3, — =
2 2 2 2
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Q.5

Q.6

Q.7

48

T 5n
= X:E or E [+ x e (0, 2n)]
TC
but when x = E,tanxandsecxarenot defined.
o 5n
", solutions of given equation are E and E only

= number of solutions = 2

7
Given equation is
sinx[4(1-sin?x)—2sinx-3]=0
. snx=0 or
48 x+2snx—-1=0
snx=0 or

snx=0 or

or sinx=

. Genera solution is
X=nNn

b
or x=nn+ ()"~

10
3n
= 1\ ———
or x=nr+ (-1) 10 ,helZ
Forn=1,2
13n 17=n
X= " .
10 10
4
Given equation is
1+|cosx|+|cosx 2+ ...... =2
1
- — =2 = |cosx |z =
1-|cosx |
_ 1 _m2t_m_2n
= COSX =17 A Y
5

3+ c0s 2x = sin| = | + sin =
COS oX + COS 2X = 9N 2 S|n2

20X sk 2 g x
coszcosz— sm(x)cos2

X

:>cosE:0 or

5x ]
COS—~ =sinXx
2

X ) 17t
2_ =
:>2(n )2

CaEp— L
2—nTl',_2

= Xx=(2n+rn
Taking positive sign

7X T
— =2+

2 2

T
x:(4n+1)7

Taking negativesign

T _ T
—2nn—2 = x—(4n—1)3
0<x<2n, X
_ .1 51 9n 13t
I A A A
Q8 5
n
+
B a B a «
2 VT I/Z’T (“”‘ﬁj
=5 3
3
—4+7
tan(n—a) = ———,
3
—4-\7
t —B)= —
an (n —p) 3
7 7
tanoc=4—%, tanB=4+%

D X=(n—a)+n—P) + (21— ) + (21— B) = 6m

~2(c+B) (Wherea, B e [0,%})



e
N a

Now tano + 3 = 1-7=% = Means o+ 3 =

ol ©

(v o+Be(O, 71))
Therefore ZX =6n1 —2(a + B)

T
- Zx:en—z(zj — 5r

Hencethevaueof k =5. Ans.
KVPY
PREVIOUS YEAR'S
Q1 (A

x2+2xsin(xy)+1=0

2sin(xy) =— (14'%)

RH.S >2 or <=2
U U
LHS =R HS=2Sin(xy)=-1
U (x=1)

x=-1

sn(-y) =1 sny =-1
sny= -1

yzZnn—E,nel
2

Hence pair of straight lines.

Qz (A
Square & add both equations
9+16+24sin(A+B)=37

. 1 T 5n
sm(A+B)=§3A+B:E:C=€(Wr0ng)

:>A+B:@:C:E
6 6

5n
because C = 5

does not follow equation 3sinA + 4 cosB =6 {x}

Q3 (O

i +E =sin? X+E
sin x 2cosx-sm( 4)

. 1 1 T
sinX +— cosx = —| 1-cos| —+ 2x
2 2 2

1 1
sin x +§cosx = §(1+sin 2X)

2sinx + cosx =1 + sin X cos X
2sinxcosx—2sinx+1—-cosx=0
(1—cosx)—2sinx (1—cosx)=0
(1—-cosx)(1-2snx)=0
l1-cosx=0 1-2snx=0

Q.4

Q.5

Q.6

Trigonometric Equation

1

=1 i =—

COS X Sin X 2

0o X_ESTE

X= y 616
sum:0+E,E:

(D)

2sina+3cosB =32 ..(A)
3snpB+2cosa=1 ... (B)

sum of squares of equation (A) and (B)
4+9+12sin(a+p)=19

1
sin (@ + B) = 5 = o+ p = 150° or 30°

Ifa+p=30° = B=30—q
put in equation (A) and (B)
weget 7sina + 3,/3 cosa= g2
7cosa— 33 sna=2

005a:7+9\/6:.8<£

37 2
cosa<cos30° --a>30° Ta+p #30°
Ans: (D)

(B)

. 1 1
cos*x —sin*x =

sin?

X Cos’X
(coszx—sinzx)

sin? x cos® X

COS2X (1— 4 cosec? 2x) =0

cos2x =0

2X = 2nrciE
2

(B)
sin(ra) ~ cos(La)
sina

=r-1

cosa

49
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Q.7

Q.8

Q.9

Q.10

50

By observation

sin(Ao) coso — cos (Aa) sina = (A — 1)sino coso
sin(A — 1)a = (A — 1)sina. cosa

clearly A =1, A = 3issolution

(B)
D 6 C
h h
ar=s-e: 6 >
Solve @+ =9 (A)
ad  (6-ap+h=16 ..(B)

wewill geth=2.4

(@)
A (0, b)

P, (-, d)

P(c, d)

B(0,0) C(a0)

P, (c, d)
M is circumcentre of AABC

22

& N is circumcentre of AABC
N = (0, 0) = B (Mid-point of P, & P,).

AC
SOMN = —

2
(A)
€os (sin X) = sin (cos Xx)

sin[gisinxj:sin(cosx)
cosx:nn+(—1)”(g+sin xj,nel

. T
= cosXx tsinx = nrc(—l)"E,nel

AsLHSe [—\Eﬁ] and it does not satisfies RHS

So No solution possible

(B)

Q.11

: “54: /
VRN

Letf(x)=x3-27
f'(x)=3x2-27=3(x2-9)

Assum of therootsis zero, so if two roots are integer
then 3 root has to be Integer

Now put x = 6t

216t —-27x6t+k=0

54 (48-3t)+k=0

Put t = cos 6

54 cos 30 = -k

Now for 30 — 0, 2 we get integral solution
So two values of ‘k’

(D)

B

G

Join AN
.+ ZANB =90°
INAANB,

cosb =—
2r

BN = 2r cosd
BD = 2BN =4r cos a.
InABQD

BQ r

sSno=—=
BD 4rcos6

sinZE):1
2

0 =15°
Now similarly o = 15°=6 & AC = 4r cos a
.. Trapezium will be isosceles

- Z ADB = 30°

(A)

B

N P(o.K)

A M C

(0,0) (@0 (@0
Tofind S - % i
ofin MC ace | 0
.. ABAC~APMC



Q.13

Q.14

PM_BA
CM AC

k _BA
a—o a
ak

BA= ——
a—o

1 1 &
.. Areaof AABC=-AC.AB=—-a—
2 2 a-o

Also ANAM ~ABAC
AN _AB
AM AC
AN &k
o (a—a)a

ka

a-o
PUt in (iii)

1 1
Areaquad. BNMP = E(AB + PM) x AM — EAM X

AN
-1 i—i—k x —a X ka
T 2|la-a ¢ 2a a-a

1 2ako. — ko — ko2
2 a—o

_ aka—ka?
a—o
=ka
51 a%k

Given ok = 1_83.a—ot

%6 a

5 oa(a-a)
36ac. — 3602 = 5&
5a& — 36a0. + 3602 =0
5a — 30ac. — 6aa, + 3602 =0
5a(a—6a) — 6a(a—6a) =0
S5a=6a or a=6a

Not true as M is near to C than A

(A)
Make graph and observe yourself.

(B)
6SN0—2sin30—7snd ++/3cosh =0

Q.15

Q.16

Q.17

Trigonometric Equation

J3 cos®—sin®=2sin30

It can be written as

2 (sin (60°—0)) =2 sin 30

sin (60°—0) =sin 30

60° = 40

= 0 = 15°is one of the value

(B)

only possiblewhensin3x =1 & sn7x=1
sin3x=1

sn3x=sn(4n+1) g,nel
T T
3x=(4n+1) - =>x= (4n+1) <
2 6
. . T
sin 7x = sin(4m +1) E’mEI

x:(4m+1)§

For common solution

An+1) = = (4m+1) —

Solving these 1 = 3m—7n

First solutionism=5,n=2
Second solutionism=12,n=5
So two solutions are possible.

(B)

1
cos? (x sin 2x) + cos” X + 9862 X

1+x2

LHS<2 RHS> 2
LHS=RHS =2 = x =0 only solutions

(©)

2x2) . X X X
2C0oS| X + .Sin— = 2sin—.cos—
2 2 2

X X +2x32 X
= sSih—| cos =cos— (=0
2 2 2

2 2
4 4

X+ X?

sinézo
2

X - . X2
5 , T, 2T Or [ j or >

2
X =0, 2, 4n or Sin{x—i_x j=0,n,2n
X + X2
> =7 x2=2n
= X*+x-2n=0 = X= .21

51
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_—1+1+8n

X 2 2>\/ﬂ<3
V1+8rn ~+/25.14
~5.2
x=>2"1_22_5,
2 2

total number of solution lies between (2, 3) = 2

Q.18 (B)
sin”0+4cos” 0+4sincosd _ sin® 0+ 2cos” 0
9 B 3
= 2sin?0+2cos?0—4snOcos6=0
. T T
= sn20=1 = 20=2nw+ E:> 9=nn+z
r
= AN[0,x] = 2
Q.19 (B)
SN9x +sin3x=0
= 2sin6x cos3x =0
= 4sin3xcos?3x=0
= sn3x=0o0rcos3x =0
= 7+ 6 =13 solutions
Q.20 (D)
) . T CosO
sin(m — ncos?0) + sin(mcos’0) = 2cos 5
) T COSO
= 2sin(r cos?0) = Zcos( 5 j
i 5 COSO
— cos| =—mCos"0 | = cos
2 2
n 20 = o + TCOSO
= 5 -mcosh =2t —
1 cos0
= 5 —cos?0=2n+
= 1-2c0s%0 = 4n + cos O
= 2c0s?0 £ cosh =4k + 1
= 2c0s%0 + cosO = 1, 2c0s?0 —cos 6 = 1
1 1 .
= cos0 =-1, o 1, -3 = 7 solutions
Q.21 (C)
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60+/3+d
INOTE_ /3
5 V3

60+/3

= d=\/f3—_1
= h=60+/3 (“[3%1}

x3
N 90(+/3-1)

=3

60+/3

JEE MAIN-2021
PREVIOUS YEAR’'S

Q1 (M

tan 20 (1 + cos20) >0

T 3r 5n n
we (0] o[~ 3)v (5o [=F]

Q2 (3
X=y= g satisfy the equation
. J3 1 J3+1
snx+cosy=— + - =
2 2 2
Q.3 1

J3cos?x — (/3 —1) cosx—1=0

V3-)+(3-12+4/3
23

COSX =



Q.4

Q.5

C(WB-DEJ4+2y3 (B -D+ (341

23 2\/3
-1
= 1' \/é
T
sincex e [O'ﬂ
-1

= COSX = ﬁ not possible

cosx=1
= x=0
number of solution 1

(1)

e(Cos?0 + c0s* +....0) In2 = 2c0s?0 + €os*0 +....00
= 2cot?0

t2-9%t+8=0=1t=1,8

— 2000 = 1, 8 = cot20 = 0, 3

0<0< 2 = cof0 = |3

2sin0 2 > 1

sin® ++/3cose ~ 1++/3sn® ~ 4~ 2

1)

T

x+2tanx:E

= 2tanx=E—X
2

= tanx——l +E
2 4

-»

Number of soluitons of the given eauation is ‘3",
Ans. (1)

Q.6

Q.7

Q.8

Q.10
Q.11
Q.12
Q.13

Trigonometric Equation

1
If cotx > 0= ——— =0 (Not possible)
sinx

1
If cotx < 0 = 2cotx + — =0
sinx

= 2coX = -1

x=or 2T g t
(2)

(89" @)

cos?x

=30

i, (B)
(81) (18)Sm2x 30

(BJ)SmZX —t

t+8le30

£2-30t+81=0
t-3)(t-27)=0

@D =3 o (8" =3
34sin2>< — 31 or 34sin2>< :33
., 1 ., 3
sin°x== or sn®x=—
4 4
T Tota sol. =4
6] T
(3)
(4)
(1)
(2
(3
(1)
COSX
— =|tan 2x |
1+sinx

cos’ x/2—-sin’x/2
(cosx/2+sinx/2)

=|tan 2x |

= tan?® (%—gj = tan? 2x

= 2X = nni(i—ij
4

2
XX
X710 "6 '10
_—11n
or sum= 6 .
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Trigonometric Equation

JEE-ADVANCED
PREVIOUS YEAR'’S

Q1 (D)
P={6:sn6 —cos6= /2 cos 6}
sin6 = (/2 +1)cosd
=tan0= 2 +1

3n
= 6=nn+§;nel

Q={6:sinB+cosB = /2 sin6}
cosf=(\2 —1)sin6

1
=tn0= 5 =2 +1

3n
= 0=nn+— :;nel

8
o P=Q
Q2 (D)
sinx +2sin2x —sin 3x = 3.
sinx(lL+2cosx—-3+4sin?x) =3.
. 3
(4sin’x+2cosx—2)= ———
sinx
3

2—-4coX+2C0SX= ——
sinx

LHS<g
HS.= 7

No solution.

Q3 [g

5 : .
Zco§2x+cos4x+sm4x+cos6x+sm6x=2

5 1 3

— +1——sn2x+1-—sin®2x =
= 4COSZZX 1 2sm2x 1 4sm2x 2
= COS2X = Sin?2X
= tan’2x =1

Now 2x e [0, 4n] = X=

8 8 8 8 8 8 8 8
so number of solution
Q4 (O

J3sinx + cosx = 2c0s2x

= €0S2X = cos(X — 7/ 3)

=>x=2nm—-=n/3

or 1/3@2nt+n/3)

S X==m/3,-51/9,n/9,7n/9
Hence, (C)
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Q.5

Q.7

(©
X = sech + tanb

X = —tanb * secH
o, = Seco —tano

B, = —tand — secd
Hence, o, + B, = —2tan6
Hence, (C)
(©

2[1— cot(%ﬂ = 2[1—cot(i—72°ﬂ =231
[0.5]

«/§cosx+2—bsinx =<
a a

Now, \/§Cosa+2—bsinoc _c
a a

«/§cosB+2—bsinB _<

a a

\/§[COSOL—COSB]+ZT:(Sin0L—SinB) =0

I e

Q.8
Q.9

~3+2/3.2-0
E:E:O.S
a 2
(©
(2)
f(x) = sin (n cos x)
X {x:f(x) =0}
f(x)=0=sin(rcosx)x=n=cos=1,-1.0 = x=
E
2



Trigonometric Equation

X:{E:nEN}:{E,TC,s—TC,ZR ..... } cosx=0:>><=(2n+1)E
2 272 2

g(x) = cos (2r sin x) . . _ o L
Z ={x:g(x) =0} sn(2rsinx)=0=2psinx=np=sinx = > =-1
cos(2nsinx)=0:2nsinx=(2n+1)E:sinx _1 0 l 1
2 202
2n+1
:% W:{n—zﬂ:,nn“'nEl}—
11 -33 {nnsn 7n 3n }
snXx=——, >, o, — = Ty eeenenns
4°4° 474 6 2 6 6 2
Now check the options
.41 .43
z=<Mmntsin™| = |,nmtsin™| — |,nel
4 4 Q.10 [1.00]
Y ={X:f(x) =0} B -n It
Let nX—Z—O |:4 4}

T
f(x) =sin(r cosx) =0= mcosx =(2n+1) E =
So, (3—sin(g+ 29}) SN0 >sin(n+30)

(2n +1) 11
cosXx = = C0s X =— E E = (3—c0s20)sin0>-sin30
= sin0[3-4sin?0+3—c0s20]>0
nm, nn+ = sin0(6-2(1-c0s20)—c0s20)>0
= SinB(4+c0s26)>0
x E ﬂ E o = sin6>0
3’37337 :>9€[O,n]:>0SnX—ESn
W={x:g (x)=0}
g(x) = cos(2n sin X) = g'(x) = —sin (2r sin x). (2n :XEF 5}
cosx) =0 4'4

= p—o=1
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Solution of a Triangle

| EXERCISES |

ELEMENTRY Q5 (2
Q1 (3 A, B, CareinA. P.thenangle B = 60°,
sin’B-sin’A =sin’C-sin’B . 2+c?_p? |sinceA+B+C=180° and
. sin(B+A)sin(B-A) =sin(C+B)sin(C—B) OB A+C=2B= B=60°
inC(sinBcosA —cosBsinA ?+c?-b?
or sinC(sinBcosA —cosBsinA) jl_a +c°-b N S S S

=sinA(sinCcosB - cosCsinB) 2 28
. 2_ 2,2
Divideby sinAsinBsinC = b =a +c"-ac

.. cotA —cot B =cot B —cot C. Hencethe result. Q.6 )
2 1
N ( ). . _ (b? ) ot A = (b? - c?) cosA _ (b*-c*)(b®+c*-2%)
asin(B-C)+bsin(C—A)+csin(A-B) SnA oboka
=k(ZsinAsin(B-C) =k{Zsin(B+ C)sin(B-C)} 1

1 HenceL.H.S. :m
= k{Z—(COSZC— cosZB)} =

Q3 [(b*—c*)+(c* —a*) + (@* —b*) —{a%(b* - c?)
\/b+c \/sn3C+smC \/Zsinzpcosczcosc TP2(2 — %)+ (@2 —b2)}] =0.
4sinC 4sinC
Q7
b-c sin3C-sinC 2cos2CsinC A o .
= = —cos2C=sn> Largest sideis ,/p? + pg+g? . If largest angleis o,
2c 2sinC 2sinC 2 Prrpara
4 2 2,2 2 2
Q4 ¥ then cosp = P +a°—P°—pa-d =_1=COS(EJ
a b ¢ 5 g4 2pq 2 3
snA snB snC sin(n+B] sinB o 2
2 =Y=7
3
5 4 4 Q8 @
osB _snp’ - B3 b+c c+a a+b
Ccos sSn — — =) (Let)
i 5 11 12 13
tanA:tan(E+B]:—cotB=73 Cb+c=110 ()]
c+a=12 (D)
tanC = tan(n— (A + B)) = —tan(A +B), [A+B+C=1] and a+b=13) -
From (i) + (i) + (iii), 2(a+ b+ c) = 36A
5 4 sa+b+c=18r
— _i+i
__(tanA+tanB) ( 4 5)_3 Now, (iv) — (i) gives, a= 71
l-tanAtanB =7 1 1 "o (iv) —(ii) gives,b=62
(iv) —(iii) gives,c =51
1 Q.9 @
. (2-9) We have, b=+/3,c=1, ZA =30°
C=ten 7| . c=2tn(1
1(1) ... C= 5 b?+c?-a? _ V3 (3P +17 -
- = COSA=————— =" =
9 2hc 2 2{1
. a=1b=+3,c=1

b isthe largest side. Therefore, the largest angle B
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. a®+c?-b* 1+1-3 1
isgiven by cosB = = =—=

2ac 211 2
. B=120°
Q10 @
Za:sinA_B+C—2 snt—22 _ 2ac cosB
2 2 2
2acS T4 b =c?+a’-b?
2ca
Qu @
snB  b?>+c®-a®> b
COSA=——= =—
2sinC 2bc 2c
=p?+c?-a?-b’=0=>c?=2a°
Q12
a* +b* +c* —2a%c? — 2b°c? + 2a°h? = 2a%b?
=

(@2 +b?—c?)? =(\2ab)? = & +b? - @ = +/2ab

a+b?-c2 J2ab 1
2ab 2ab J2

= ¢0sC = c0s45° or cos135° = C = 45° or 135°

Q13 ()

. 1-cosA cosB
Fromthegivenrelation SNC=—————<1

sinAsnB

()]
= 1<cosAcosB+sinAsinB
= CoS(A-B)>1; - cosb»1
. A-B=00r A=B

....i)

1-co? A _sin®A
sn®A  sin’A

Hencefrom (i), SnC=

S C=90°=A+B=90°0r A =B=45°{by (i)}
Hence,

a:b:c=sinA:sinB:sinC=1:1:/2-

Q14 @
(B) . B . (C—Aj
tan | — sin—_sin
2 2 2

We have, (C—Aj_ B (C—Aj
cot | —— COS—COS | —
2 2 2

_sinC-sinA _kc-ka c-a 2 _2fee=2d

“sSnC+snA kcrka c+a 3a 3

Solution of Triangle

Q15 (3
2 2 2 2 2 2
cosB:a +c°-b _a —(b*-c9)
2ac 2ac
abc a2 X
Now ADZW . cosB = AD
-C 2ac
c
a- H 0
Also, AD =bsin23° -~ cosB = s;n23
C

a_sin(B+23")

By sine formul
y & sin23°

snB+2%) 1 |,
s§n23®  sn2® )

= §n(2® - B) = ~1=sn(-90°)

- CosB= [

= 23°-B=-90° Or B=113"

Q16 (2
b? +c? - a’
2bc

We have CosA =

= b®-2bccosA +(c*-a?) =0
Itisgiven that b, and b, are roots of this equation.
Therefore b, +b, = 2ccosA and bjb, =c? - a&?

= 3b; =2ccosA , 2b? =c? -a? (- b, = 2b, (given)

2
2(%003A] =c?—a’=8c%(1-sin’A) =9¢® - 9a°

Q17 (3
o4 B-C _B+C _ B-C
b-c snB-sinC _ sn 2 cos 2 _Sm 2
a SinA 25inécosé cosA
2 2 2
B-C

A .
b-c)cos— =asin
=(b-0) > 5

Q18 (1
acos?B + acos?C + cosA ccosC + b cosB cosA
=cosB (acosB + b cosA) + cosC (acosC + c cosA)
=ccosB+bcosC =a ]

Q19 (¥
ab? cosA + ba? cosB + ac® cosA + ca® cosC

+bc? cosB + b’ccosC
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Solution of Triangle

= ab(bcosA +acosB) + ac ¢(cosA + acosC) s—b 1
+bc(ccosB + beosC) - s "3 =3s-3p=s =2s=3p=a+b+c=
= abc+abc+ abc = 3abc 3b
=2b=a+c =ab,c areinA.P ]
Q20 M | . PN
c=5;a=9;b=7 (Using Napier'sAnaogy) L L
, , areinA.P.
gn22 'gn2B gn2C
A-B 2 2 2
e _ab_2 1 1 1 1 1
A+B B B = - = -
tan arb 16 8 dn2C gn2B gn2B gn2A
2 2 2 2 2
Q21 (O
t B-C) b-c tA - ab _ ac _ ac B bc
N TP = (s—a)(s—b) (s—a)(s-c) (s—a)(s—c) (s—b)(s—c)
o b(s—c)—-c(s—-b)
tan(ggj :j;j % (s a)[ (s—b)(s—¢) j_
( j[a(s b) — b(s a)j
3tan(%]—j_; L 3+122f 2.3 s—c)l (s-a)s-b)
+

= abs—abc— acs+ abc = acs— abc — bes+ abc

322150:,0\:300‘ —ab-ac=ac—-bc= ab+bc=2ac

11 2 . .
Q22 () or E+5:E’I'e" a,b,c areinH.P.
Wehave, 2s=a+b+c, A% =s(s—a)(s—b)(s—c) Q26 (2
~AM.>GM.
) A B \/(s—b)(s—c) ~ \/(s—a)(s—c)
s—a+s—b+s—cz§/(s_a)(s_ )(5-0) — 2 _ s(s—a) s(s—h)
3 tan%Hang \/(s—b)(s—c)+\/(s—a)(s—c)
_ 2,13 3 2 2 s(s—a) s(s—b)
3@3232(/1”)3 3%>A?:>A<3:/§)

023 @ _ (s—b)ys(s—c) —(s—a)ys(s—¢)
s-a=3=b+c-a=6 () (5-D)ys(s-0) +(s-2)s(s-0)
s-c=2=a+b-c=4 () _ Js(s—c)(s—b-s+a) a-b
Adding these two equations, we get h=5 _\/s(s—c) (s-b+s-a) ¢
SinceBisaright angle
R S S S e i) Q27 ()

Sol..ving, weget a=3,c=4 a+b+c_12

024 (@ a=3b=5c=4s > =6

A C 32
R I R

5 B /(s c)(s a) 23 \/I
2 12 V2
wosB_ [ss=b) _ [61 \F
2 ca 12 \2

B 2
. sin— B cost == =2
’ 2 2

NG

\/ (s-=b)(s=¢) (s=b)(s-a)

1
s(s—a) s(s-¢) "3
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Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

(2)

C \/ s(s—b) s(s—c)

B
cot—.cot— = .
2 2 (s—a)(s—¢) (s—a)(s—b)

s
:E{Since 3a=b+coOra+b+c=2s=4a}

=2ala=2

@
a=5k,b=6k and c=5k

o a+b+c 5k+6k+5k
2 2

r_é_\/s(s—a)(s— b)(s—©)
s s

8k

. \/Sk (8k —5Kk) (8K — 6K) (8k — 5K)

8k
SN L
3
B
A A A A

r=—,r,= M= M=
s'l s—a'2 s-pb’'3 s-c

A A A A

=11, T, = A2{A? = 5(s-3) (s—b) (s—0)}

A

A A A
> >
s—-a s-b s—¢C
= (s—a)<(s—b)<(s-0¢)

= —a<-b<-—<
= a>b>c

ifry>r,>ry =

@
C

r= 4RsinésinEsan

= r=4Rsin®30°, {A=B=C=60°
r=—

- 72

@

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

a:13,b=12,c=5,s:3—20=15

Solution of Triangle

A =15(2)(3)10 =3x2x5=30
R 13><12><5:1_3

4x30 2
Q34 (3
SinA:sinB:sinC:i:>SmA:i|:_|_C
a b c 2R 2R '
Therefore

oR2g . oo ZRZi.i.i :@:

sinAsinBsinC= 2R 2R 2R _ 4R

JEE-MAIN

OBJECTIVE QUESTIONS

Q1 (d
+ A:B:C=3:5:4

A=45°,B=75°,C=60°

from Sine-rule

a b ¢ i
sSnA " sinB ~ sinC
a b c
——=—F=—=—F= = k(" sin75°=din(45° +
RSN TE RN R (
V2 o2 2
30%)
20 22 T2
k (V3+1 ky3
LS AR ING
a+b+c/2 \/§+( Zﬁ]k+( 2][
k 3k(v3+1
(\/7+)—3b

:2_\/5[2+(\/§+1)+2\/§:|=—2\/§ =
Qz @

cosA cosB cosC

given b o
..... 0)
-+ a=ksinA,b=ksinB,c=ksinC
(i) becomes
cotA cotB cotC
k k k
A=B=C

.. AABCisanequilateral triangle
Q3
_ bcsin® A ~

cosA +cosBcosC

k*sinBsinCsin” A
—cos(B + C) + cosBcosC
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Solution of Triangle

o
_ k sm.Bsm.Csm A CKSTAZ _ 4A{aCOSC+CCOSA}:4A(Ej:4A
snBsinC b b

Q4 (3 Q8 (@
(a+b+c)(b+c—-a)=kbc 2A
= (b+c+a) (b+c—a)=kbc GivenlnaAABC, sinA= e
= (b+c)2—a=kbc c
= b2+ c2—-a+ 2bc=kbc 2 2 2
) a“—b”—c”+2bc
= b?+c2-a=(k-2) bc = SnA = 4 be ]
N b?+c?-a’> k-2 = sinA=2[2-2cosA] = SinA =4[1-cosA]
2bc 2 o A A 4o 2&
‘2 = 28n 5 cos 5 =4.28n% 5
o =1< <1
A 1
=-2<k-2<2 = 0<k<4 =5 =7
Q5 (2
BM =a2 A 1 1
BD=ccosB ~ 2tan~ A 1
= tanA= A" 7= 15 = >
pm=2 B Loty 1—(1) 16
= > —CCcos 2 4 16
8
A = tanA= E
Q.9 @
c b _at b+c
3
B . 2A 2A 2A
Altitudesare — ,—,—
D amM C a’'b Cc
3 6A
_a C(c2+a2—b2) H'M"i b ¢ T(a+tb+c)
T2 2ca 20 2A  2A
a’-c’-a’+bh”> b*-c? _(at+b+c) _3x2A
= e = (AM)X(HM)= "X o oy =2
6 Q10 (2
Q @ Givenc=5,b=12,a=13
o2 2P O ogeaB B
usetan——— = ——— COotl ¢ (0] —
2 Tasp U2 6
=60° and A+B=150° (given) D
= A =105° 5 13
Q7 (¥
. . 2 : 2 . A 12 C
a?sin2C+c2sin2A =a“(2sinCcosC) +c“(2sinA cosA)
=2a2(%cosc]+202(%cosA) 122 452 _13?
COSA = —2(12)(5) 0
1 . 1 . . 2A . 2A
*A==absinC==hcsinA, ..sinC=—,sinA=— i.e. A=90°
(-a=3 2 a o) e
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Solution of Triangle

AltitudeAD = 22 = 2230 _ 60 2he _c ,a-h
AL =" =13 " 13 = 2b(b+ra) " atb Fa-b

{A:%x5x12:30} c(a-b) _ c(a-b) _a-b

o1 @ a-b> ¢ c
+ s—a=3 (D) Q14 (2
ands—c=2 .(2) 2n 93
by (1)_(2), we get - A= ?,b—ng\/é and Area= T cm?
c-a=1
(1) + (2), weget 2s—a—c=5 1 o3 1 .
— b=5 AZE bcsinA = — = Ebc sin
.+ AABCisrightangled at B
@+c2=25 ..(3) 2n _
(c—a)?+2ac=25 3 —be=18
ac =12 ..(4)
al+a)=12=>a+a—12=0 g 2R _Pirci-at 1
=(a+4)(@a-3)=0 ' 3 2bc C2
= a=3andc=4.
Q.12 (1 (b-c)?*+2bc-a’ 1
= =——
A B 3 2bc 2
bc0525+a00525:§c. =a=9
Q.15 (2
bs(s—a) +as(s—b) =§c. b>-c* _ 4R*(sin®B-sin’C)
be a 2 2R~ 22RSnAR
S 3 s 3 . .
— — —bl=— = = — sin(B+C).sin(B-C
=  [s-—ats-bl=-c= - xc=5c¢ _ Sin(B+ C).sin( ):sin(B—C)
SinA
a+b+c 3c 16 (2
% = > = a+tbh=2c Q &
n b’+c?-a® 3
Cos - =——-—— =— = a=1
_ 6 2bc 2
=a,c bareinA.P.
Qi3 @& -2 L R=1
. SinA
AABC, ZA= - Q.17 (1)

acosA +bcosB+ccosC

a+b+c
R(sin2A +sin2B+sin 2C)
- 2R(sinA+sinB+sinC)
4sinAsinBsinC
= A B C
8Cc0sS—Cc0S—COS—
2 2 2
.
C r A 1b =4sin%sin%sin% :E'
—_ = — = = —DhC
tan2 s—c¢ S(S—C){ A 2 }
1 Q.18 (2
t C Ebc 2be Givena:b:c=3:7:8
an — = o " on? 4 onan A
2 (a+b+c)(a+b-c) 2b*+2ab Weknow R = — &r=->
2 2 2sinA S
{--&=b2+c%
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Solution of Triangle

JR__8&s _ a(j”b“) r=(s—b)tan%=(s—b)tan%
ro2ASnA 4 Thesin?A
2 _a+b+c ~ c+a-b _AB+BC-CA

a(a+b+c) 1 2 2 2
= m {A= 2 bcsnA} {--ra=3k,b=7k, Q.22 (1)

_ H isorthocentre of AABC
C=8Kk} Radiusof circumcircleof ABC,

b? +¢c?-a? BHC, CHA,AHB aresameand equal toR

-+ COSA = ~ obe Z/BHC=B+C

INnABHC, by sinlaw
_k® 49+64-9 104 13

_K _ _13 a ~ a
K2 278 278 14 = SnB+0) ~2R& goa =R
132 27 :sin(B+C)=sinA:>R1=R
L SMPA=1- > = — smilalyR,=R & R,=R
1414 Q23 (1) ’ :
R _ 3(3+7+8 Kk* _3x18x14x14 a-b_s-a (s-b)-(s-a) (s-a)
= ¢ T 2x7x8sn’A K2 | 2x7x8x27 b_c s_c — (5-¢)—(s-b) ~ (s-0)
= (s—b)(s—c)—(s—a) (s—¢)
Rl Rir=7:2 = (s-a)(s-0) ~ (s-a) (5-b)
r 4 2 = (s=b)(s=0)+(s—8) (s—b) =2(s—4) (50
Q19 (2 divided by (s—a) (s—b) (s—¢)
R=2 1 12
2 = (s—a) * (s—c) ~ (s—h)

A A 2A
= (s-a) T (s—c) ~ (s-h)

= r1+r3:2r2 = Iyl r3|nA.P.

s r=(s a)tané
- 2

C
Q24 (1
A a InABOD,
tan B=— -2
A c B 2 2

S—r
:r=(s—a):r=s—2R:R:T

Q.20 (3
GivenA=100sg. cm, r; =10cm, r,=50cm

A 100

I'1= < a = s—a= ﬁ = s—a=10....(1)

g b= s b=2..(2
R=g_p =5~b=75y = s-b= (2

(1)-(2)= b-a=10-2=8 StanA = tanA

21 (1) a b c abc

- — 4o t—=or

Q = f T2g " on " 8fgh
T

Given/B = P a
f
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Q.25

Q.26

()
6
21R=3+4+5 =>R=—

_ 3x 360 _3><360
T 3+4+5° 12

o

o =90, B =120, y = 150
AABC=AOBC +AOCA + AOAB

1 1 1
AABC=7 RRsino+2 RRsinB + RRsiny

1
= ERZ[sin 90°+sin 120°+ sin 1509

24

2 2 2| 2\=m 2

93
\/7(1+\/§)

2
T

36
) 3+ \/é )=
@)

r
In AOBM, cosA = R

A
= cosA+cosB+cosC=1+4nsn 2

r r
— +cosB+cosC=1+ —
~ R R

= cosB+cosC=1

Solution of Triangle

Q.27 @

2b* +2c%-a°

= 4AD? =202 +2c2 - &

= 4ABE2=2c2+ 282 —1?

= 4CF?=2a%+2p?—c?

- 4AD?+BE2+CF?) = 3(&2+ b2+ ¢?)
AD?+DE*+CF* 3 s

BC?+CA2+AB? 4 7

AD—1
2

Q.28 (3

risinradius

Circumradiusisx

r r r

X = y.y=—-7¢ &z=
2sin— 2sin— 2sin—
2 2
~ ré o1 2R
B 8 sinésin—sing 8 2!
2 4R
Q.29 (2
A a+b+c
r:—’rlz y =
s—a 2
r s—a 1
=/ =5 =>s=2a
1 S 2
¢ A
N5 s a

>

[tanEHanE}—_r [_r L }
tan> 2 2|7 s-al|s-b s-c

__r(2zs-b-¢)  r*(a+b+c-b-q)
~ (s—a)(s—h)(s-c)

A 2
SZ

S a
—2xa:—:—:—
A S

63



Solution of Triangle

Q.30 (4)
SineRulein AADE

A

2A 1
= DE=—38nA =2Ax — =
a R

JEE-ADVANCED
OBJECTIVE QUESTIONS
Q1 (©

A

“TB
80°, | 3 45°
B D c
if weapply Sine-Rulein A BAD, we get
2 AD
sna - Sin60°

(1)
if we apply Sine-Rulein A CAD, we get.

CD AD

sin ~ sin4k°

(2

divide (2) by (1)
sna ¢Ccp sin6Q°
snp * BD _ sin4s°
. 3
snoa 3 1
wSep X T T ox &
sinf 1 \/5
sina 1
snB 6

Q2 (©
a=1

SinA +sinB +sinC

(a+b+c)=6 3

2
= (a+b+c)= R (a+b+c)=>R=1

64

Q.3

Q4

Q.5

Q.6

a . _
_sinA_ZA = SinA=
(A)
2(2R)2=a +b? +¢?

N
U
>
1l
ola

A

R

a ) b\ ¢\

- (&) + (&) +[=) =2
= sinPA+sin?B+sin?C=2
®)

cosA  tanC cosA  tanC
a _ ¢  2RsnA _ 2RsnC
= sinA = cosA cosC
=sin(B+C)=cosAcosC

(A)

cot A =30k
cotA :cotB:cotC=30:19:6 cot B =19k
cot C =6k
-+ 2XCotAcotB=1
= 570k2+114k?+180k2=1
k2 1 k 1
=X "84~ " 126
cotA—i sinA—_z“/6 _ 106
T2l TN T T s
otpe 2 g 126 _12/6
BET A
cotC-i sinB= 2/6 146
T2 7T s T

a:b:c=snA:sinB:sinC
©

Greatest sideisBC> 1
A

sina cosa

B v1+sinacosa c

O<a<Z™
2



Q.7

Q.8

Q.9

sin? o+ cos? o —1—Sin o cosa
2sina.cosa

COSA =

1
cosA:—E:>A:120°
©

a
x3—11x2+38x—40=oéb
c
Ya=11, Xab=38,abc=40
COSA  COsSA cosB  cosC
= + +
a a b c

%[b2+02—a2+a2+02—b2+a2+b2—02]

abc

-239) 45 9

2.(40) ~ 2x40 " 16
(A)

asinB+bsinA 4
JsinAsnB
A
b ab ba
c - 2R 2R =4
B
2ab 2R
jﬁ ab—4 3\/%—2
1
a2+b2+cz=2ab00360°=2.4.5=4
=10:12:14 =5:6:7
D)
‘-~ a:b:c=4:5:6
. a=4k,b=5k,c=6k
- . c+a’-b*> 9
COSEE T T 16
Az b’+c®-a®  25+36-16 3
COSA= 2bc T 2x5x6 4
+ coS3A =4 cos’A -3 cosA
4 27 3 3 27 9
= X — —3X — = — — —
64 4 16 4

Q.10

Q.11

Q.12

Q.13

Solution of Triangle

_271-36 -9

16 16
cos 3A = —cos B = cos (t — B)
. 3A+B=n
©
a b ¢
— =—7==— =k
1 3 2

3+4-1 6 3 T
COA=TuB T4l T TR

B= 4-3 1 B—E' :
cos 512 2 = —3..0—
=A,B,CinA.P

(A)
(s—a),(s—b),(s—c)inGP.
(s—b)?=(s-a) (s-0)

c+a-b 2_ b+c-a) (a+b-c
2 - 2 2
= & +b?+c?+ 2ac—2ab—2bc = b>(a—c)?
= & +b?+c?+2ac—2ab—2bc
=h2—a—Cc?+2ac
a®+c® (2R)2[sin? A +sin? C] _
atrc 2 (2R)[sinA+sinC]

sin?A+sin’C _b g
snA+snC 2R
Aliter

o

S_
S_

S_
-b
-b

Apply C& D

%) Y

Zs—b—c C a

= a- b ~ " b-c —a-b _ b-c
= bc-c?=&-ab

= &+c?=b(a+0)

= & +c?=Db(a+c)
—(2R)2(SM2A+SPC) = (2R)2SnB (SnA +§nC)

sin?A +sin’C

- - =snB
sinA+sinC
B)
sinB ) )
COSA = — = 2snCcosA =snB
2sinC
c b>+c?-a b
o— — - "< _ - 2L 2_2=p2
= 2bc R TPPret-@=b

= c=a= AABCisisosceles
©
A+B+C=180°A,B,CinA.P
2B=A+C&C=2A

2B=3A



Solution of Triangle

Q.14

66

3A 9A
A+ 7 +2A=180° = 7 =180°
=A=40° .. B=60° C=80°

CD=2,/3 cm
£BCD —E / BCD =32° ~ DCA =48°
/DCA ~ 3~
InABCD (using sinerule)
c
2\/5 _ E
sin60° - sin32°
2\/3
= \/_ - 25|n32°

= c=8sin32°

(A)

4
We have, cos(A—B) = —

)
=)

A-B
tanz—
- [ 2 j

=

01|4>

1
9
1

tan? 228 | - tan[AZB) -1
or 2 —90I’ 2 —3

(Asa>b = A>B)

A-B a-b C
Ry cot—
Also, tan[ 2 J (a+bj 2

3 6+3 2
. C=90°
Hence, areaof triangleABC = E absnC=
sin 90° = 9.

1 6-3 C
:——[ jCOt— :Cotgzl

l63
563

Q.15

Q.16

Q.17

(A)

1
UsingA = E bcsnA

3 \/_\/§+1
T J3+1 43— 1=V3

= B-C=120°
also B+C=150°

= C=15°Ans]

(A)

a+b
> \Jab

2

2
C+22 c°+4
2 2
(AM > GM)
C2+4c+4>2c2+8
c2—4c+4<0
(c-2)2<0
c=2=a=b
2a=4 =

A= ?xazz\/é

a=2=b

A?=3,

(©)
bcotB +ccotC=2(r + R)

cosB SRSNC cosC
. + snC- —,
snB snC

2RsSnNB - =2(r+R)

r
cosB+cosC=1+ —
R



Q.18

Q.19

B C=1+4s A S gnS
cosB+cosC=1+4sin 5 sin;sin
2 2 2

cosB +cosC=cosA +cosB + cosC

C

SA=0=A T
S COSA=0=>A=
2

&=b%2+c? = b%+c2=100

Using AM >GM

b? +c?
2

> b2C2 =bc<50

1
Hence, areaof AABC= - bc=25

2
©
AD=P,,BE=P,,CF=P,
-+ P, P, PyinH.P

1 1 1 a b [
5,5, 5 INAP —, —, — IinA.P.
~ R'P R = 27’ 2A° 2A
=ab,cinA.P = sinA,sinB, sinCinA.P.

(A)

C A 3b
acoszi+ccosz5—7

S(S_C)+ s(s-a) _3b
287 ST T2

= 2s[2s—c—a] = 3b?
= (a+b+c)=3b

= a+c=2b

= ab,cinA.P

Solution of Triangle
Q.20 (D)
A B A A
1—tan5 tan > =1- 5-a Ss-b)

_ Az(s—c)
"1 Ss—a-bs-os
S—-C S-S+C C 2c
=]l-— =— =— =
S S s a+b+c
Q.21 (B)

412=2p2 + 22— &2
= 42=2(?+2-&) + &

= 4/2=a + 4bc cosA

Q2 (©
BC,.BA=BG.BB,

_E 32_4 2
.c—3£B.£B:> c-=4lg

<
2

—32=4, % (262422 —b?)

= c2+b2=2&
Q.23 (@B

N F

67



Solution of Triangle

sinB B sino snB B sin®
sSnC ~ sn20  snC _ 2sin6cosd

sinB 1 sinB 1
= = =

sSnC ~ 2cosd ~ sinC _ 2cos6

sinB 1 é
= §nc 2 X3

Q.24 (B)
r—EcotE R—EcosecE
) n'" 2 n
1+cos™ 20082 -
a n a 2n
+ = — = —
r+R 2 sn”™ 2 | 2sin—cos—
2n 2
cot —
2n
Q.25 (B
A
r=\/§,ID:IE=IF&r=E

= A=rs=[3s

B
INAIBD,tan15°= [b*/éJ
2

2
=b= 75 =22+ J3)

o= 208 L o0 )

=2 @+ BR=(+43)

A= 3 (7T+4./3)=12+7./3 sq. units

Q.26 (C)
- GM.>H.M.
3
(ryr,rp)= T 1 1 = (r,r,r)"#=3r
h 0
Lot
! r23 2 >27
Q.27 (D)
Ac

68

N

L I(rp+r) =

Q.28

Q.29

Q.30

A%abc A®(abo)s?
(s-a)°(s-b)*(s-0)* ~  A®
2
_ (@) s _ 4RA §° _ AR
A A
IT(r +15)
Rs? =4

_ 3. A . B . C_ 5
.1, 15=(4R) sm—smEsmE—16R r

2
®)

a=Rsn2A,b'=Rsin2B
¢ =Rsin2C,B'=n-2B

1
A= EstinZAsinZC.sinZB

A
(©)

o o
B 4cosa 4cosa C




abc A abc
A s T 2(a+b+o)

4.4.8coso 8.16cosa 8cosa
~ 2(8+8cosa) T 16(1+cosa) ~ 1+ cosa
JEE-ADVANCED

MCQ/COMPREHENSION/COLUMN MATCHING
Q1 AB

COsA cosB cosC
+

+
(A) a b c
_b?+c?-a? + c®+a’-b? + a® +b*-c?
- 2abc 2abc 2abc
_ a2+b2+c2
- 2abc
B sinA N sinB . sinC
® - a b c

a b C 3
“2R.at2RbT2R.c TR

COsA cosB _ cosC

(C)a:b c

= cotA=cotB=cotC = A=B=C
truefor equilateral triangleonly

sin2A  sin2B  sin2C

D) 2 - p2 T o2

2sinAcosA  2sinBcosB  2sinCcosC

k?sin’A  ~ k%sin’B ~  k%sin’C

= CcotA=cotB=cotC

= A =B = Ctruefor equilateral triangle only
Q.2 A,B,C,D

282+ 4b? + c2—4ab—2ac=0

(a—2b)2+ (a—c)2=0

= a=2b and a=c
a’+c?—-b?

cosB =
2ac

7
Cos —8

Hence,sin(A+C)=sin(n—B)=sinB

/1_4_9_ 1> _~15

8V5
sn(A+C)=5.

Hence,

Q4

Solution of Triangle

A-B a-b C )
(A) - tan > =la+b cot 2 e M

31
2[A—Bj 1-cos(A-B) 1_§ 1
tan® |7 L+cos(A-B) ~ | 31 ~ 63
32
[A—B) 1 ib
c.tan —2 __3\/7 ~a=5andb=4
.. fromequation (i), we get
1 5-4 c_ 1 C
3\/— 5.4 COt \/— ECOtE
c_23
jCOIE_ﬁ
C= 1-tan®C/2 1—7/9_3_1
C0S L= tan?ci2 T 1+7/9 16 8
ceosce DAt -c®
' B 2ab
=>c?=a?+b?’-2abcosC=c¢c=6
1 _ 1
(B), (C) -+ Area= 5 absinC - cosC= 3=
1 37
i =, Jl-— ==
sinC 64 8
1 37
A = — x5x4x
rea 2 3
Area= i sg. unit. - From Sinerule
a b c

SinA ~ sinB _ sinC
asinC _ 5><3\/7
c " 6x8

507

16

= SinA =

SinA =

A,C,D

2bc A
cos —

s~ btc 2
(A) correct
(B) incorrect

A A
abccosec > abccosec >

© Ro+e)

LA.(b+c)
69



Solution of Triangle

Q.5

Q.6

70

bc Zsin%cosg 2bc A

= (b+C) COos E

A
sin—.(b+c
5 0+0)

2A A bcsinA 1
(D) - (b+c) COSEC — =

In

2bc sinécosA
2 2

B 1 2bc A
T bro) g A b+c 057
A,C

Al _b+c_2.

ID™ a 1

Bl _a+c_ 7.

IE~ b 5

Cl _a+b_3

IF~ ¢ 1

b+c-a_1 a+c-b_1 a+b-c_1

2~ (b+c) sinA

b+c+a 3’ a+b+c 6’ a+b+c 2

A B C
= tan— tan—+ tan—=

2 2 M
_J@—@@—m@—@_

3

Q.7

Q.8

1 2 3
s_a s-b _s-c

0) (i) (iii)
From (i) and (ii) we get a-b=c/3...(1)
From (i) and (iii), weget 2a—b=2c ..(2)
From (ii) and (iii), wegeta—5b=-5¢c ...(3)
let c=k, thenfrom (1) and (2), we get

5k 4k
a= 3 andb—?
. a_5 a_>3
b4’ c 3
A,B,C,D
M A, A A A
()s—b s-c s-a s

1 1

= (s-b)(s-c) ~ s(s-a)

A
:>tan25 =1=>A=90°

(B) 4R?(sin’A + sin’B + sin®*C) = 8R?
1-(cos’A —sin’B) +sin’C=2
1-cos(A +B) cos(A —B) +1-cos’C = 2.
cosC cos(A —B) —cos’C =0
cosC[cos(A —B) —cosC] =0
cosC[cos(A —B) +cos (A +B)] =0
2 cosA cosB cosC =0
= A=90°0rB=90° or C=90°
©) r,=s.
stanA/l2=s=tanA/2=1= A=90°

a aA

(D) =

sinA s(s—a) = sinA

=tanA/2



Q.9

Q.10

= 2sinfA/l2=1
= 1-cosA=1=cosA=0=>A=90°

A,B

1-cosAcosB
sinAsinB

=cos(A-B)>1

=cos(A-B)=1

» sinC=

=A-B=0 =A=B
, 1-cos’A
wsnC=——— =
sin“ A
= C=90°
A,B.C.D

- FE=acosA=Rsin2A
DE=ccosC=Rsin2C
FD=bcosB=Rsin2B

R(4sinAsinBsinC)

2R 4cosécosEcosg
2 2 2

S(H sin g‘j (H cos 'gj .

2cos Acos ECos E R
2 2
(B) -- Areaof ADEF

= = FD x DEsin (n—2A)

b cosB.c cosC.sin 2A

Nl NP Nk

bc cosB.cos C.2 sin A.cosA

1 .
= Z(Ebc S'“A] cosA.cosB.cosC
=2A

cosA.cosB. cosC

1
(C) Areaof AAEF= EAE xAFsinA

Q.11

Q.12

Solution of Triangle

1
:E (ccosA) (bcosA)sinA

= (%bcsinAj oA
= A cos’A

FExDExFD

(D) Roge = 4Aper

_ abccosAcosBcosC
~ 4x2AcosAcosBcosC

abc _4RA R

“8A  8A 2

B,D
Product of distances of incenter from angular points

r3 r3

sinésinEsinE r/4R
2 2 2

=4Rr?

(abc)(r)
_ abc 2 A

== = °
_ (abc)(r)
== .

AB

cosA cosB cosC
+ +

(A) a b C

a2 ib?-c2+a?+c2-b?+b%+c?-a?

abc
=a2+b2+c2
2abc

sinA sinB sinC 1 1 1 3
(B) + + Sttt =

a b C 2R 2R 2R 2R
c sin2A _sinZB _sin2C
© 2 - p - &

2cosA 2cosB _ 2cosC
2Ra 2Rb  2Rc

cosA cosB cosC
a b = c
= AABCequilateral

71



Solution of Triangle

Q.13

Q.14

72

A,C,D

\ﬁn_e
E

if weapply m-n Rulein A ABE, we get
(1+1) cot6=1.cotB—1.cot®

2 cotb = cot B — cot0

3 cotd =cot B

tan6=3tanB

Similarly, if weapply m-nRulein AACD, weget
(1+1) cot (= —6) = 1.coto — 1.cotC.
cotC = 3 cotd =tan 0 =3tanC

form (1) and (2) we can say that
tanB=tanC=B=C
--A+B+C=n
~JA=ng-(B+C)
=n—-2B.--B=C
tan A = —tan2B

2tan0

__( 2tanB | _ _ 3
1-tan’B 1 tan® 0

9

6tano

A A Aa A
s(s—a) =atan 2

A B C
- I (r,—r)=abctan > tan — tan —

2 2

A
=abc1‘[tan5

A . B . C
sin— sin— sin—
2 2 2

=abc A B C
COS— COS— COS—
2 2 2
B (abe)r _ (abe)r
4R_(smA+s|nB+smC) R(i b Lj
4 2R 2R 2R

2(abc)r  4RAr
=————=——=4Rr
2s S

Q.15

Q.16

Q.17

Q.18
Q.19
Q.20

Comprehension # 1 (Q. no. 15 to 17)
(©)
bx cy . . .
— 4+ — +-—=bsnB+csnC+asnA=
c a b
b +c?+a®

2R
oo k=2R
©)

R
cotA+cotB+cotC= —— (P®*+c2—-a&+c2+&
abc

-b+&+b*-c?)

LR e R[4, 48 4N
= abe TFCTA)= e | y2  Z?

aNvR (101 01
= (_2+_2+_

abc \ X y z

1 1 1
=R A Zr | =a i2+i2+i2
abc X° y° oz Xc y© oz
k=A
D
csinB+bsinC X+ X
Z—X :ZT:G

Comprehension # 2 (Q. no.18 to 20)

A

D

B

_ a+c a
Given log a +log b =log 2
a+cC

= log T =log 2 = atc=2b ...(1)
=AP

Alsoa—ax?+2bx+c+cx?=0

(c—a)x2+ 2bx + (c+a) = 0 hasequal roots
D=0= 4b?-4(c?-a)=0

N - 4

(2

= AABCisrightangledat C = ZC=90°

From (1) and (2), b?=(c—a)(c+a)

= b2=(c-a)2b = 2(c-a)=b

..(3)

As ZC=90°=A+B=90°

From (3) using Sine Law

2(sinC-sinA)=sinB

C=90°=snC=1;A+B=90°

=B=90°-A

2(1-sinA) =sin(90° —A) = cosA



Q.21

Q.22

Q.23

squaring both sides

= 4(1-sinA)?=cos’A = (1-sin?A)
= 4(1-sinA)=(1+sinA)

= 3=5snA = snA=3/5

B=90-A
sinB=cosA=4/5 and sinC=1
c 3 4 12
snA+snB+snC=—+—- +1="—7
= 575 5

Comprehension # 3 (Q. no. 21to 23)

1 1 .
or —3bsmC(-.-A—EacsmB)

1
-+ Areaof AGPL = 3 (PL) (PG)

1 1
and Areaof AALD = —(DL) (AD) - PL = 3 DL

1
andPngAD

1
Area of AGPL E(PL) (PG)

Area of AALD %(DL) (AD)

1 1
3(OL)x 2 (AD)
(DL) (AD)

_1
9
B

-~ Areaof APQR =Areaof APGQ +Areaof AQGR +
Areaof ARGP...(1)

1
- Areaof APGQ = 5 PG.GQ.sin(£ PGQ)

= X A X —
3 3 Sln(TE )

Q.24

Solution of Triangle

128 28
128 2A
18 a ~p I

1 . 1 . .
%ab X EbcsmAx EacsmesmC
2

c
— sinA.sinB.sinC
18

2

a
Similarly Areaof AQGR = 18 sinA.sinB .sinC and

b2
Areaof ARGP= E sinA.sinB.sinC

.. Fromequation (1), we get

1
Areaof APQR = E(a2+ b2+ c?) sinA.sinB.sinC

(A)— (9, (B)— (p),
Q) —() D)—®

s 2n
(A) - ZB=A+C:B=§ andA+C=?
- P=ac
=sn?B=sinA.sinC

3
:>sinAsinC:Z

3 2n
= Ccos(A-C)—cos(A+C) = 5 A+C=?
=cosA-C)=1

A=C=~ =B
=>A=C=73=
—a=b=c
a’(a+b+c) _
3abc
(B) » @=b*+c? and 2R=a
a’?+b%+c? _2a®
R? “Rz 78
C
a
b
A c B
1 .
(© A:EbcsmA
A—lgsinA—gxi- a=2
=A=2.9. =5 X g v as
2RA =9

73



Solution of Triangle

Q.25

(D) - a=5b=3and c=7
and because we know that
bcosC+ccosB=a

.. 3cosC+7cosB=5

(A)—(9,(B) > (), (€)= (N,(D) ~>(9)

Match the column
(A) - AA, and BB, are perpendicular

&+ b?=5¢c?

N
a?+b’-c®> 16+9-5 5

v CSCE T e T 2x4x3 6
V11

inC=
sin _6

1
A—EabsmC—\/ﬂ

A2=11
(B) -. linejoining the circumcentreand orthocentreis
paralel tosideAC
= RcosB =2R cosA cosC
= —0s(A+C)=2cosAcosC
= sinAsinC=3cosAcosC
=

tanAtanC=3
C (s—a)(s—b)

.o 2 — = ——— .. g= =4-. =
© --tan > S(s—c) -a=5b=4--2s=9
+C
_(9+c-10)(9+c-8) -1
- (9+c)9-c)  81-c?

7ol ez om6
T 9T B1-¢? TP TT

(D) --2a + 4b? + c® = 4ab + 2ac.
= (a—-2b)?+(a-c)’=0
= a=2b=c

a?+c?-b?

. 7
cosb= 2ac 8

;. 8cosB=7

NUMERICAL VALUE BASED

Q.1

74

(4)

Letsidesarea, b & ¢
a+b=p
ab=q

Q.2

g=
(400)

Let all sidesareequal to x.
AB=BC=CD=AD=x.

LetAC=y BD=z
CABD abc xxz
AO == =—
4R; 4R,

XZZ
Areaof ABCD=2xAof ABD=——
2R1

Aofacp e RE XY

TETUR, AR,

X’z x% z Yy
= = — =

2R, 2R, 125 25

51
=20 _ T2 4 o 0 4
1-tan’0 . 1 3 5
4
BD _
sinze_2R



Q3

Q4

4
BD=2x125x ¢ =20=2,y=40

Areaof Rhombus
(AC)(BD) _ 800

=== =400
2 2

=22 (ac)BD)_
2
(18)

V2b?% +2¢% - a?

AD= , BE

2
_V2a?+2b%-c?

\2¢% +2a% - b?
2 2

ApplyingAM > GM inAD?, BE?, CF?

AD2+|33E2+CF2 . (AD - BE . G
§(a2+b2+c2)
4 > BE?
A
F E
B D C

@+b?+c?>4BE?=4x%81

Ja?+b®+c®=18 Ans.

)
A= cos‘l[ﬁJ _r
2 6
Area:—-bCSIHE=£a2
6 4
bc= /3 a?
snBsnC= ﬁ
4
B+C=150°
. . 3
sin B sin (150° —B) = T

Q5

Q.6

Solution of Triangle

snB 1cosBJrﬁsinB @
2 2 4

sin2B f ﬁ

4

—sn2B— \/_c0528:0:>tan28:\/§
ZB 68° or 240°
B =30°or 120°
When B =30° C =120°
When B=120°,C=30°
But b>c=B>C
A=30°,B=120°,C=30°
coseczA+seczB+cot2C 4+4+3=11. Ans]

(1 c0s2B)=

™

9+16-4 7
COsA = 2.3.4 =§
9
T2

D= ./9(s-a)s-b)s-c) = %

N

HA=2RcosA=2 | 7 | - coSA=2 4_%
4

7 14
8 ~ 15
JI5 HA
= 5 =7. Ans
)
AD=BD
A,
> =
A
2 A2fAl 1
gL C
A=2B

C=n-(A+B)=n—-3B
UsingsineRule, intriangleABC
sinB _ sin(n-3B)
1 2
= 2sinB=sin3B=(3sinB-4sn®B)

75




Solution of Triangle

Q.7

Q8

76

1
= 4sinZB=1:sinB=§
B =30°,A=60° C=90°.
1
A:_szlxsinA:g'nA:ﬁ
2 2
3
12A2:12><Z:9. Ans. ]\
0)
B=2A,C=4A
A+B+C=n
At gl
A A
1 1 1 1 1 1 1
—t——— =752 +— -
b ¢ a 2R|snB s9nC sSnA Q.9
_ 1
~ 2RsinAsinBsinC
[snAsnC+sinAsnB-sinBsinC]
~ 1
~ 2RsinAsinBsinC

(3o 7)
o Jan(3)-sn(5 o)

[ 3 571)

COS— —COS— |+

1 7 7

= 4RsinAsinBsinC b1 3n 2n 6n
cos;—cos7 - cos——cos7

=0. Ans.
(42)
Supposethat BD =,
CE=x+1andAF=x+2.Then

CD=CE=x+1
AE=AF=x+2
BF=BD=x
B
X
F
D
X+2
A C
E x+1

Hence a=BC=x+x+1=2x+1
b=CA=x+1+x+2=2x+3

C=AB=x+2+Xx=2x+2

a+b+c
s=T=3x+3

s—a=x+2,s—b=x, s—c=x+1

Snce 1= = LS a)(s- B)(s-0)

wegel 4= \/W

3X+3
X(X+2)
16=T = X2 +2x=48
i.e (x+8)(x-6)=0; X=6 or —8 but
X#-8 = X=6

Hence perimeter = 6(x + 1) = 42]

(42)
Given, theequation ax2+bx +c¢=0 hasequal roots, so
b?=4ac ... @

a’+c?-b?
AS, cosB = —
2aC
a +c? -4ac . _
= — (Using equation (1))
2aC
2, 2
a“+c
= 2005ZE —-1= -2 :>200s,2E
2 2ac 2
_ai+c?
C 2
B a+c® 1
= Ccos-— = -
2 4ac 2

B
As, O<c0325<1: 0

snA snC a
Tt T =~
snC snA c
(Using sinelaw in AABC)
From (2) and (3), weget

Also,



Q.10

snA sinC
2< —— < +
snC sinA
Hence, possibleintegersintherange =3,4,5.
o, sumof integers = 3+4+5=12. Ans.]

<6.

21 3n
Smilaly,A;A;=2Rsin — A /A = 2Rsm?
1 1 1
= +
A1A2 A1A3 A1A4
1 1 1
- 2 3
2Rsin " 2Rsn(nj 2R n[“j
n n
2n . 3¢ T
SnN—,SN—=89Nn—
n n n
( 3n nj
sn—+sin—
n n
3r 3n 21
:>2aB—sn———sn—— sin—
n n n
=

KVPY
PREVIOUS YEAR'S
Q5 (O

From angle bisector theorem

A

6

10 cm’

r_
6
qr=6p ...(1

Areaof AADC=10cm?

ko]

%@qmm:m

1 _
5 (@ () =10

qr=20

From(2)

=20=6p

20 10

"6 3
Q6 (B

A+Cj
2

LAIC:180°—(

:1800—(A + Cj
2

:90+E
2

Here:—90+%+B:180°

Solution of Triangle

77



Solution of Triangle

B = 60°
Thiswill be case of equilateral A
= /IFD=30°
Q7 (®
1x 1x
2 2
4 N
2 |x X
2 X
2
Herez[—l_xj =x’
(1-x)* =2x?
x=+2-1
Q8 (B)
0,2 =(1, 2
402 (L2
X
Qu
H K D(2, 1)
C(10
50,0
Equation of BF
y=2x
equation of AD
X+2y=4
52
X|=,=
55
1
ar(AAFX) 2X1X(2_j 1
ar(AABF) 11xo 5
Q9 (2
Q.10 (O
A
V2
22 D
V2
B C
78 2

We know
AB2+BC?=2(CD?+BD?

2
AB®+4= Z(AB +4J
4
AB?

+8
2

AB®+4=

AB?
2
AB2=8

AB =22
Now

4

Area:%x 2x+/7 =~/7 square unit.

A
22/ |\
B 1 C
E
D)
A B
LOoN)S
I‘|‘ \§\‘ C
‘,l \Q
P
E D
InAAPQ
AP=AQ= 2, ZAPQ=30°
INASRP
SR=SP=1, /RSP=30°
Z/FAB=120°

/BAS=/FAB - ZFAS=120°-90° =30°
Z/SAR=/BAR-ZBAS=60°

INAARS
1+1-SR?
C0S60° = — =" [.. AR=AS= 1]
211
=SR=1

Now, Z/RSP= Z/ASP- ZASR
=90°-60°=30°["- ASRisequilaterd]
J3-1

2.2

Now, from ASRP= RP=



Q.12

Q.13

INAAPR

(ﬁ)z+12—PR2
2J2

cos ZRAP=

= cos ZRAP=15°
/ZPAQ=/RAQ—-/ZRAP=45°-15°=30°

ar(AAPQ) %X\/EX\/ES“’\&)C’

NOW, =/ ammr = =2
a(ASRP) = 1 ) 1vsin30e
2
©)
D 1P 2 C
[ ] ]
a
¢
904 O
A a B
cp-2a =2
3 3
1
Let /PAD = ¢ tan = (In AAPD)

Now, ZDAP=ZQBA =¢
Required ratio

_areaof PQBC & —(area AADP+areaof AAQB)

- 2 2

a a
1 3\ 41
S1-| 2+ 2 |=—=
(6 20) 60
©
Case(l)
b+5=3b-2
.
=075
o secare 175
sdesare 2,2,2
Case (1)

1
b+5=6-b :>b—§

11 -an }
Sides 55" Not possible
Case(ll)3b—2=6-b
4b=8
b=2

Solution of Triangle

7,4,4
two cases are possible
Q.14 (A
1
Aad B(L1) |p CﬁlQ,l)
a
; Q a,—]
0 9
A(0,1)
X=a

1
areaof PQC = 5 areaof ABC

1 a 11
23 (1‘5] =772
(9-a32=36 =a=3

Q15 (A)

OD=Rsno0
AB=2Rcos6
ar(AOAB)
rOAB =
semi — perimeter

%XODXAB %x Rsin62R cosO

2R+AB 2R + 2R cosO
2 2
_ RsinBcosH

8 (1+cosb)

dr,

ons _ (1+€0S0)C0S260 —sin6cosO(—sino)

do (1+ 0039)2

J5-1
2

at coso =

Q.16 (D)

79



Solution of Triangle

Using M —N Rule

(1+1)cot (n—B)=1.cot B-cotC —a+b+2a=3b a+3—a:20
3cotB=cotC 2
5
tanB:3 —3a=2b —a=2c
tanC 2
:b—3—b c—§a
Q.17 (D) 5 a
BN %, 5
Nowb+C: 2 4 _6+45_11
a a 4 4
[
Q.19 (B)
AP=Rsind

areaof ring=(2n RsnB). RdO

Total arearequired, tR? =

0
j 2nstin6d9‘
0

.. AOAB should be equilateral

Now ZOBC=90°& AB=BC

= /BAC=/BCA =1%°

. ZBOF =30°& ZBOC = 45°{AOBC is right isosceles}

 /BOF _30° 2

Q.20 (C)

Q18 (B

cosB:g
3

| deividesAF 5 ) 5
b+c:a Alsocosleey +16y° -AC
| divided BD 2.4y.4y
c+ta:b
| dividesCEin 2_32y*-AcC?
a+b:c 3 32y?
c+a_ 3. a+b 2 64y?=96y?—3AC?
‘b 2 ¢ 1 3AC? =32y
2c+2a=23b. —=a+b=2c a2

AC=
NE y
80



Q.21

Q.22

Q.23

B C
Clearly ar (BCX) = ar (BCY)

{As between parallel lines & same base}

= [BCX] =[BCY]
(D istrue.
Check

1
(I ar (AACX) = EAC.AX sinA
1 .
a(AABY) = EAB.AY sinA.
1 .
ar (AAXY) = 5 AX.AY snA
1 .
ar (AABC) = 5 AB.ACsinA.

Clearly [ACX].[ABY] =[AXY].[ABC]
(I istrue.

(©)

20 + 20, = 180°
=0+ 0 =90
= ZA=90°
@

12

YA

X=4

A

8

Q.24

Q.25

Solution of Triangle
Clearlyx=4 =12-8
&y=3
areaof rectangle=12 x 9—areaof A

=108—%><3><4=102

. ar(pentagon) _102 17
ar(rectangle) 108 18

®)

ar(ABCD) 3A;+3A, 3

a(AMD)  Aj+A, 1
D)

\*
12 \
¢ y »l

Clearly

xX2—y2 =144

(X=y)(x+y)=144

X,y €l

So factorsize 144 into two even factors
X+y=72 X+y=36 Xx+y=18
X-y=2 X-y=9 x-y=18
x=37 x=20 x=13
y=35 y=16 y=5

NG DY

——35—p] ——16——>] ———5——3|

r=AJIs r=AJIs r=AJIs
3 1/2x12x 35 ‘e 1/2x12x16
- [12+35+ 37) - [16+ 20+12]
2 2
r=2
~12x35 r_12x16
84 T
r=5 r=4

81



Solution of Triangle

Q.26 (C) A

Formed triangle will beright anglewhose sides are 3,
4,5 D
lengthof hypotenuse
So. circumradius= g 2yp =25 A
Q27 (A £ =

B C D
A
X—X. X . Acantaketwo positionsif AABC~ADEF
Mid point (h, k) =(lel] We can arrange order of A, B, Cin 3! = 6 ways

Total positionswhichA cantake=6x2=12

Now (X +Xx,)*+ X >=(?
As2h+4k=x+x,2k =X, Q30 (©
So required locusis
A(h+ 2K)? + 4k? = (2 P
2
h2+5k2+4hk=€— \
4 L
2
x2+5y2+4xy=% Q M i
2 Let QR:pv PR:qv PQ:r
. / ; 2= Gyp2
WhosearealsnT Given P+ = & 2 2
Now QGZ+GM2:(%] +(%j
Q.28 (D) 2 2
_ N PM?
O 1 91 ° 1
i Y 2 2 2\, 2 2 2
i =3 4.4(2r +2p>—q )+4(2r +29° - p?)
p2
D :Z:QMZ
- HenceAngle QGM is90°.
CF=r (1-cosH secd)
EC=r(sing —cosh tan 0)
CD=rcosOtan¢
EC+CD=ED
. rsino
r=sing= 2 AsADismedium:AD<AB;AC
. ,(sno
d=sin 1(—) :>€<E
2 2
Q29 (O - +a a+b
Let triangle T is DEF possibilities Similarly m<——=andn<—

=/+m+n<a+b+c

82



Q.32

Q.33

/+m+n

a+b+c
AlsointheA BGC
BG+GC>BC

:>§(m+ n)>a

L 2

Similarly §(n+£)> b
2

and§(£+m)>c

Henceg(£+m+n)>a+b+c

/+m+n 3 .
TP (ii)

a+b+c 4
) A+m+n 31
By(l)and(n)me 7

©

R
N V=

P

2 S 1 ‘Q

< 3 >

PS=QR

PS+SQ=3

iNARSQ SQ=3-PS=3-QR

QR?=RS*+ SQ?

QR?=3+(3-QR)?
QR?=3+9+0QR?>-60QR
60QR=12
QR=2
Q=1
in ARSP
PR?=R&+ PSS
=3+4

PR2=7

PR=/7

D)
LetA (0,0), B(1,0), C(1, 1) & D(0, 1)

pPS=2

D = C
S Q
A F

=AreaABCD =1
Againlet Q (cosa, sina) & R (cosB, sinB)
= coordinate of P(coso. —sina, 0) & S(0O, sin 3 —cosP)

Q.34

Solution of Triangle

PQRSisasquare = PQ L OR

= dope of QR =-1=dopeof SP
snp-sina.

= COosp — cosa

= sinp—sina. = —cosp + cosa.

= sng-cosp=sha+cosa .. @)

andsna +sing=cosa.+cosp .. (i)

= cosa = sinp

= cosa, = cos(90 - B)

= a+p=90°

AlsoPQ=0QR

1o sinf —cosp
sina — cosa,

'[anoc—1
= 2

Areaof PQRS=2sin%0.= 2&)

Areaof POQRS _ 2/5 2
Areaof ABCD 1 5

(B)

Given: %(a+ b)xh=12

De—b—»C

¢—>—»

F 3

(a+b)xh=24

24x1
12x2
6x4
8x3

In height angle. AAED possible height for integer sides.
h=4,3

Casel :-Whenh=4

Then possibletriplet (3, 4, 5)
i.e DE=4,AE=3,AD=5
ifAE=3,2b=3

b=32

(Not possible because b 1)

Casell :-Whenh=3

ThenAE=4,2b=4
b=2
..CD=2,AB=6
. |AB—CD|=4
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Solution of Triangle

Q.35

(A)

= (a—b)(a +3b) =0

= a=b&c=a/2
= /A=/B=45°

Q.38 (B)
B
ab
X
b
D
B b C
. cota 2 LetAC=b& AB=BC=a
leen—tB=I
Givenizézbz=a2—ab:>9:_l+*/g
= cota=2cotf a-b b a >

AG®+AE*-GE® __ | AB®+AG®-BG”
2(AG)(AE)sina 2(AB)(AG)sin

Let D befoot at perpendicular from B

b 5-1

SII’] AABD =——= — = o
( ) a~ 4 —<ABD=18
2b%+2c?-a®> b? 2a%+2c¢®-b? .. ZABC=36°
9 it Q.39 (B)
= ]
2(AADC) A
D
, 2b%2+2c?-a? 2a%+2c2-b?
c+ -
_ 9 9
- 4 B 2 C
5 ¥(AADC)
2ac SB_ 3
= 4 2P + 20 —&) + WP — 22— 207+ P = 36C% + 4(30°—3) P E_ﬁ
= & +b?=5¢2
AG’+BG”-c? 4.2
0030 = T 2(AG)(BG) 4o |8
2+¢| 5.0, 3 | V2
><2><ﬁ
,A\GZ.|.|3G2_02:m+2a +2c7-b° _,
9 9 =c=3
AD 3
2, 1h2_ en2 Now S_AP L Ap_3
_a +b“-5¢C -0 oC >
9
= 0=90° :>b:§
Q36 (C) 2
Inan equilaterd triangleR = 2r 15
= perimeter = —
R 2,vVa 2
= —=2,
r Q.40 (B)
Q37 (B)

Substitute C2=2abin & + ¢2 = 3ab?
= &+2ab —3ab?=0

84

= 2b* +2¢” —a’
4
=144+ 64=2[?+(b—2)7



= 104=2?—4b+4
= ?-2b-50=0
= (b-1)2=51
=b=1+.51¢(8,9)
Q41 (A)

AABEisisosceles= BD =DE=7

AD
AADC: tan(90-26) = - ()
AB
AADE : tan(90-60) = - @
tan6 1 1tan’6 1
Divid _= _=
M 20 37 2 3
1

2
_ ——=>tan=—-—-=0=30°

AABD : cos(90-6) :B—CD:sine

C=7cosecO0=14

DC .
AADC: cos(90-20) = Y =sin20

b =21cosec20 = 21cosec%

b=22_143

V3

b+c=143 +14
[b+c] =38

Q.42 ©)

area(ADEF)
area(AABC)
Letarea(AABC)=A

1.
aca(ABED) ,%S"B 3
area(AABC) 1 20sing 10

>

1 4snA
aea(AADF) 7" 1
area(AABC) 124sinA 6

>

L gsnc
area(ACEF) %"~ 4
area(AABC) 1 30snc 15

>

3
area(ABED) = 154

A
area(AADF) = 5

4A
area(ACEF) = 15

3 1 4
area(ADEF)=A—[E+g+1—5JA
:A_[27+15+24JA

90

N e U
90, 90

area(ADEF) 24 4

area(AABC) 90 15

JEE MAINS
PREVIOUS YEAR'S
Q1 (15
1
A=~ 5128nA=30
A
5 12
B C
snA=1

A=90°=BC=13

Solution of Triangle



Solution of Triangle

BC=2R=13
_A 0,
S 15

2R+r=15

Q2 (@
4(x—1)=log,(x-3)
24D =(x—-3) herex>3
S0 no solution

Q3 (@

Q4 (1)

r

JEE-ADVANCED
PREVIOUS YEAR'S

Q1 (©)
a=2=0QR

Q4

b=— =PR

Nlo N~

c=

=PQ

a+b+c 8

2 4

2sinP-2sinPcosP  2sinP(1-cosP) _
2sinP+2sinPcosP ~ 2sinP(1+cosP)

l-cosp 2SN P Q.5

_(5=b)(s=0)  (s-b)*(s-0)* _
- s(s—a) A2 -

(33 (3

A2 4A

Q.2 (BD)
Q3 (B)
atb=x
ab=y A
xX2—c?=zy
(a+b)—c=ab Q6
Z+b?+ab=c? c b

@+2—c2=—ab

a +b%—c?
2ab

7
2

cosC= —
2

86

1 .
P Ax4A 4><Za2bzsm2C_ 3ab
R sxabc = (a+b+c)abc Ac(x+c)

Comprehension #1(Q.No.4to5)
A)

R

P Q
cos(P+ Q) + cos(Q +R) + cos(R + P) =—cosR —cosP—
cosQ

N | w

Inany A, max of cosP + cosQ + cosR =

3

So minimum value of the given expression is _E

A)

P
o
N
oY
Q x R
OX
cosR=—- OX.0Y

= lcosR|=|OX .OY |

OX xQY/| =jgnR|=[sin(x—(P+Q)|=sin(P+Q)|
=sin(P+Q)
(B,C.D)
e (10V3)° + (10)* — (PR)?
cos - 2><10\/§><10
F
1043 10
30°
Q 10 R
= PR=10

-+ QR=PR = /PQR=/QPR



Q7

ZQPR = 30°

1
(B)areaof A PQR = §X10\/§ x 10 x sin 30°

N

1
x10x10,/3 x 5 =253
Z QRP=180°—(30°+ 30°) = 120°

253 253

A

Or=—= =

@r=3 [10+10+10J§J 10+ 53
2

= 5/3.(2-/3) =103-15
a __ 10

2sinA  2sin30°

- Area=nR?=100n

(D) R=

(B.CD)

P o ado=l o =
:>—3or3anQ—6 6

Sincep>q=P>Q

or

T

So,if P= 3

andQ= % = R=% (not possible)

2n T
Hence, P= — andQ=R=

3 6
1 1
A Mzﬁ(z_\/ﬁ)
r=—= (\/54-2] 2
s 2

1
Now, areaof ASEF = 2 area of APQR

1 1
= areaof ASOE= 3 areaof ASEF = IR areaof APQR

Q.8

Solution of Triangle

|4
5%

Kle
LN

RS=

ol

J2B@)+2@) -1=
% J2()? +2(1)° -3 =

o)
W

PE=

wlr N
Wl
ol

B0

Y X Z

tan X+ tanZ- 2
2 2 X+y+z

AL A Yy
S(S-x) S(s-z) 2s

é{ 25— (x+2) j:é

S((S-x)(S-2)

sy
S(S-x)(S-2)

= A=(Sx)%(S-2)?

= SSy)=(5%) (S2)

= (xty+z)(x+z-y) = (y+zx)(x+y—2)

= (X+2)=y*=y*«(zx)?
= (X+2)*+(x—2)*=2y?

Y
S

=x+z2=y2 = LY :g
= LY=LX+/Z

X
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Solution of Triangle

Q.14

88

2XzZ

tan> =
2

X

2Xz

tan—=—5——
2 27°+2yz

X X

tan==——
2 y+2

@

B

y?+7° +2yz—-x*

(using y?=x?+z?)

Given ¢ =./23;a=3;b=4

CotA =

_b*+c

COtA =

Similarly, cot B =

cosA _ b*+c*—a’

snA

2 _g2
2.2A

2bcsin A

lbc sin A}
2

b?+c?-a’

4A

2

a?+c’-b?

& cotC=

4A

CCcotA+cotC _b*+c*—-a*+a +b* -

cot B

a’+c?-p?

2

a?+b?-c

Q.15

(A.B)
R
q p
P r Q
(A) Cop= T =P _a+rt Py P
2qr 2r  2qr  2qr

(asp?+g?= 2qr(AM>GM), so (A) iscorrect)

(B) (p+qg)cosR>(g-r)cos P+(p—)cosQ

= (pcosR+rcosP)+(gcosR+rcosQ)>gcosP+pcosQ
= qt+p>r

So (B) iscorrect

c g+r_sinQ+sinR _ 2ysinQxsinR
© p snP sinP
So (C) is incorrect

(D) cosQ > % = SiNR cosQ>sinP

= sinP+sin(R—Q)>2sinP

= sn(R-Q)>sinP

need not necessarily hold trueif R<Q
Hence(A), (B)



Q.1

Q.2

Q.3

Q4

Heights and Distance

.

EXERCISES

@

A
6
C 2\@ B
6

tan6 =77 = 0=60°
(©)

A

102

10

i 45

B 10 C

Total height of true=AB +AC =10(+/2 +1)
(2)

0 (\/§+1\
Required distance = 60cot15” = 60L\f3——1J

@

From first case, From second case,

5m
5m

Q.5

Q.6

Q.7

Q.8

8 3m ¢ B 4am
=AB=4m =BD=3m
L AD=4-3=1m.

)
(3)

OA = hcot60°,0B = hcot 30°
OB —0OA =20=h(cot 30°—cot 60°)

P

30 60
B 20m A %
ho 20 20,3 103
=g
J3

@
b= hcot60°,b+40 = hcot 30°

30° 60°
40m b

b cot60°
= b+40  cot30°

@
Let h bethe height of pillar

= b=20m

A B (0]
je—40m—>

OB = hcot30° and OA = hcot15°
= AB=0A - 0B = h(cot15° — cot 30°)
40

h=— —
cot15° — cot 30°
(4)

=20 metre.

h 1_ h
X460 3 x+60

X +60=+/3h, x =+/3h— 60

tan30° =

89



Height and Distance

A

60° 30°
B'x ¢ eom

[ e 35—

a
- Wi
70m
tan60° =— X =—=
X' \/5

tana = tan(p — 0)

h
:>\/§h—60=ﬁ33h—60\/§=h 20+h h
1__70 70
tano=—=—"2 10
60v/3 6 (20+hyh
h=-"""=30y3 = ~ 1450
=h=—= V3 = 51.96 ~ 52m 0y
Q9 (@ = (70)* + 20h + h* = (6)(70)(20)

= h? + 20h + 70(70—-120) = 0
= h? + 20h - (50) (70) = 0

. ~20% A0 @ET0)

2

Q12 @

By
h

h h h

B,
AB _ 0130° - cots? = h— 80 _ 806/3+D) 4 A
h J3-1  3-1 Zad B

3

d

_, h=30(/3+1)m
B,B, = h = (dtan45° —dtan30°)

Timetaken=10min

Q10 (O
T d(3-1)
= 4=—| T
| Rate= =15 "5 )
3 403
l — d=—222-20(3++/3)m.
60° V3-1
kﬁ h Q13 @
p o Let AC=x=CB,AP=3AB=6x .Let ~/ CPA=q,
In AACP,tano = > = 1
6x 6

(60+ h) cot 60° = hcot 30° = h = 30m

>D x 0O xXx ™

DA 2x 1
|nAABP,tan((l+l3)=&=§

90




tan(a +B) —tana
1+tan(o + B) tano

Now tanf = tan{(a +B)—o} =

1 18 3
=—X—=—

1
6
16 19 19
6

1
3 6
1+?]3'
Q14 (2

H
ECOtot=d and H cot B =d

H tana and H tanf
or —= and —=
d d Q.17

2 ol P
H® 4H d=20m

= H?-4dH +3d° =0
= H? —80H +3(400) =0
=H=200r60m

Q15 (@
H, = dtan60°, H, = dtan30 0.18

Hy

H, _tan60° _
H, _tan30° -

Pl w

Q.19

RV

|<— —)|(—6O x—)|

Height and Distance

tan60° =

><|:
H|w
1]
| =
y
>
1]
=)
X
p—g

tan30° = —" 1 N s0-x- J3h
60— x [ 60— x

From equation (i) and (ii), 60— x = +/3(+/3x)
—0 =x=>x=15

Then h=./3x = h=15,/3 metre.

@

12 12
h=12tan30° = — H=12tan60° + —
3 d NE

123+ 12 16+/3m
J3

30°

12m

@
H = (10tan60° +1.5) = (10/3+1.5m

10m

@

64coto=d

Also (100-64) tan 6=d
or (64)(36) =d?
c.d=8x6=48m.

@

Trick: From H =Itano.tanf, the height of tower is

h tan 30° cot 60° or g
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Height and Distance

Q.21

Q.22

Q.23

92

(2)
P
h
q |
A B

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

tang =
= q xcotp

= xcotp=(h+x)cotq Q.24

_ hcotq
~ cotp-—cotq

= h+X:ﬂ
COtp-Cth

@
Total distance from temple = /x? + (240)%> where

__h h
tan60° /3

/ 2
So distance = h?+(240)2

A

X

Q.25

h 1 h2

|h? VB 2 3
but ?4_(240)2 = %+(240)2

After solving, h = 60\/6 m.

©)

If OP=h, thenCP=h-100

Now equate the values of OA and BC.

(h-100)

100 100

hcota. = (h—100) cot

_100cotB
cot 3 —cota

@
(H-h)cot15° = (H + h) cot 45°

_ h(cot15° +1)
(cot15° -1)

H-h
e (H=h)
2500 |X.45° h

or

Since h = 2500 and substitute
COt15° = 2+ /3 Weget, H =2500+/3
@

o
From A CDA,x = hcot60° = 73

From ACDB, y=h cot30°= ,/3p
From AABC, by Pythagorastheorem

x?+3 =y?

DR
\ h(Tower)
v
\
X
30°," 607
\/ ‘(‘—
B 3 A

:[%}32 - (W)= h=¥km



Q.26

Q.27

Q.28

(3)

In

AC 1

X
AABC, tan30° = —or —=—, =
BC \/5 BC where AC=X 0.29

or BC=x3andin

a+ X

tan45° =
AADE , DE

a+Xx
or 1:x_\/§ or xJ/3=a+x: x(@—l):a

X = a
or \/é—ll

w
o
>,
Me—Q >e——i —>
)

Height and Distance

B 1 _ tana.tanf
(cota+cotP) tano+tanf

—h

@

40
From A O,AB, tan45° = - = X = 40m

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.

B
! Q30 @
45° Let thetwo roadsintersect at A. If the bus and the car
| \
D are at B and C on the two roads respectively, then
a ¢ ,=AB =2km,b =AC =3 km. Thedistance between the
Therefore height of the tower, a+X=a+ N twovehicles=BC=akm
Now CcosA = cos60° = M
_a V3-1+1 _ a3 X\/§+1_a(3+\/3_) - ~ 2bc
\/é_l \/§—1 \/§+1 B 2 . 2 2 2
1 3F+2°-a \/—
d, = hoot30° = 50043, d, = 22 JEE-MAIN
J3 OBJECTIVE QUESTIONS
Q1L
H=20=1+hl=—9  h_dtan30®
cos30°
h
60° 30°
dr d> ! h
30°
Diameter D:500\/§+@x/§=@m 4
3 V3
d, =hcota and d, =hcotf (sec30° + tan30°) 3
d, +d, =1 mile= h(cota + cot) 20
and hence h=dtan30° :?m
Q2 (I
I _ _
tan30°=h=h= }/\/5 km
"‘ p Q.3 €)
L dl . dZ |
I 1 mile |

d=hcot30° —hcot60° and time = 3min. 93



Height and Distance S

60° 30°
f—— g —

h(cot 30° — cot 60°)
3

It will travel distance hcot 60° in
hcot60° x 3
h(cot 30° — cot 60°)
Q4

Fromsinerule,

.. Speed = per minute

=1.5minute

Q7

BE _ BC
sin(180° -3a) Sna

=

AB  BC
sin3o.  sina
AB sin3a

= Ez sina

=3-2(1- cos2a) =1+ 2cos2a.
Q5 (2

(Since BE = AB)

=3-4sin%q

Q.8

X
Z - 0
If AABC 50 cot 15

3+1
=X= (2+\/§)60:£—_1.60metres

Q6 (M

94

300

|
15

100
BC =300 cot 60°= E

If ABCD |N="75| =100/3

©)

100

60°[ 45

v

B 100

h
100 =tan60° = h=100+/3

Height increased by (100+/3 —100)

=100(~+/3 —1)
@)

25m

225m N
(8]
B
2250 m -

250 1
ane= 50" 9

225 1
tenB= 250" 10



tano —tanp
o= 1 tana tanf

1 1
_9 10
1+i
90
tan9=a
1
tan6=—
= 91
Q9 )
2h
4
Q
(&)
3]
pd d N
o 26 = 2tan0
NE= 9 a0
tanZGZF
<
Nnev=y
2h ,
3 4 1_(2] _2
R T d) 3
o
1_h
= \/§_d
Q.10 (A)

Qu

INAACP

o AC _ABI2 _
NA=AP T nAP

INnAABP

AB AB 1
N+ P)= 2 p " aB -

ten (o) = >

tana+tanf 1
l1-tanatanp n

1
—+tan
2n_B=1

1 4
1-—tan

2n P
1+ 2ntanf

n 1

2n—tanB n

2n

n (1+ 2ntanp) = 2n—tanp

1

2n

n+ 2n? tanp = 2n—tanp

tanp (2 +1)=2n—n

n

n

Height and Distance

tanp = m
€)
N N
h-a
........ A SR
a
450 b {
< - >
1 _h-a
V3~ h

h=h,3-a\/3 = aJ3-h(/3-1)

a3
:h=m :a(S—\/é)

ho a3
(v/3-1)

95



Height and Distance

Q.12 (2 Q.15 (1)
INAABC at BCE
(y—h)coto=(y+h)cotd
y(cot 6 — cot ¢) = (cot ¢ + cot B)h

A

6m
4m F
y
. B l 15m \
h .
I b A«<—2——>B D C
y BD E:E
BC CD
: AD_BE
_ (cot+coto)h AC BC
Y= coto—cotd 4 _ 15
_ 2 4-y
- Sne+o) 6y
sin(¢ —6) 24X X
Q13 (1 3
4-y=15 = y=25= >
D
6x=8+4x
h B 8 =8
b n=4m
B o
< b cot B A Q16 (4
INAABC
AC=bcotp
hA ACD
h=Db cot B tan a.
Q14 @
H=dtanBand H-h=dtana
60  tanp he 60tano —60tanB
60-h tana tanp
: & H-=[Om Q17
h
B
d
60sin(p—a.) )
:>h=—sm[3:x:cos(xsm[3
CoSaL Cosp——
cosp
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InABCD INAACD
5 30
tanoa=— ; tan20= —
X X
2tana _@
1-tan’a X
5
25 x
1_7
X2
0 ¢ H
X2 (x2-25)  x = x?=3c*-75
75=2x2
3
=5 /=
=505
Q18 (2
A
Q.21
10 100
B™"a2 M a2 C
AM = [2(100)2 + 2(100)° - &
e AM 16 .
given h g5 @
h 5 ,
a2 15 e )
Q19 (1
PB = QC =1 (Length of ladder)
= PA =lcosa,QA = | cosp Q.22
5F
y
cd
fi] o
Q x P A

= AC=Isin,AB=Isina
=CB=AB-AC=I(sna—-snp)
=y=I(snha—-sinp)

and QP=x =AQ-AP=1, (cosp —cosa)
=

Height and Distance

CB sina-snf 'y zgn(a;[})m{“;ﬁ)

5 (o)

2

:>¥ = COt(a—;B) =>X= ytan(a_J“Bj

2
@
sin38° _ sin(SPO)

I 2.05

S 205m O

_ sin(180° - 38° - 90° -10°)
- 2.05

_ 2.05sin38°

= -
sin42°

(2

Z AQB=60° and AQ=BQ
= ABQisequilateral triangle
In ADPQ

AQ*=h?+AP

2
=+
@

Since the tower makes equal angles at the vertices of
the triangle, therefore foot of the tower is at the
circumcentre.

From AOAP, weh tano = 2
rom , We nave OA

= OP=0OAtana OP=Rtana 97



Height and Distance S

Q23 (3) KVPY
0 PREVIOUS YEAR'S
1 Q1 (A
i A
B 5723/3
2
ep 5 (V2 25+25-18 120X 2 o0x496-0 —x=8 12
T 296 50 x 8
Qz (O
32 16 o
cos 0 = 50 - 25 I
r
.24 4
Q @ ol
h
3
c B 50m A
DE=BC=r
tan 30°:£
[E} h 50
tan 5 =~ 5
V3
Areaof hexagen = —3r2 tan 60°= hr
2 50—r
Areaof circle=nr2 = A J3(50-r)=h+r
- 33 [é) _3/3x - «/§(50—r):%+r
2 ‘\m 2n 3
025 @3 3(50-r)=50+~/3r
100=(3+/3)r
. 100
A a B 3+4/3
a 100(3-3) 1
r=—— /=50 1-——
6 7
D C JEE MAINS
PREVIOUS YEAR'’S
Q1
=AP=AD=PD=a
= angle subtended 50
45°
do= X
by aside = 3 i
(- equilateral Au)
30 45°
A B
x Q
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Q2

INAABP Q.3
h 1

X yS 3=

X+y=/3n 0]
In AQBP

" 450 =1
~ = tan45° =
y

h=y ... (i)
X+y= .3y
x=(43 -1y
Let speedisv

X
—=20=>x=20Vv
\%

L 20v=({3 -1y Q.4
_ _ y 20
Time to cover y distance = voB-1°- 10(/3 +
1) sec
@
A B
h
h
£0° 30
P C D
1000 Q5
V=432 o5 “go M/sec =120 m/sec Q6
7
DistanceAB = v x 20 = 2400 meter 8-8
INAPAC
o h h
tan 60° = C = PC= N
InAPBD
tan30° = - PC=+3h
N e = Pes
PD=PC+CD
=t 2n
=73 +2400 =73 =2400

h=1200~/3 meter

Height and Distance

(1)

)
3h
h
0 90-0
75 75
av =75 T3y
(75)°
=)
= 3
h=25./3m
()
LetPD=h,R=2

P

Asangle of elevation

of top of polefrom

A, B, Careequa So

D must be circumcentre
of AABC
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Quadratic Equations

| EXERCISES

)

ELEMENTRY

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

100

(3)

Given equation is
(P—a)x* +(q—nNx+(r—p)=0

_ (—9)=y@-n* -4 —p(p-a)

2(p-0q)
_ (r-=9)£(q+r-2p) =P TPy
N 2(p—0) pP-q

(3)

Wehavedax? + 3bx + 2c= 0 Letrootsare o and B
Let D=B?-4AC=9b?-4(4a) (2c) =9? - 32 ac
Giventhat,(a+b+c)=0=>b=-(a+c¢)

Putting this value, we get

=9(a+c)?—-32ac =9(a—)*+ 4ac

Hence roots are real.

(4)

Given equation
2@+b)x2+2@+h)x+1=0
LetA=2(a2+b?),B=2(a+b)andC=1
B2—4AC = 4(a2 +b? + 2ab) — 4.2 (& + b?)1
= B?-4AC=-4(a-h)?<0

Thus given equation has imaginary roots.
(2)

The roots of the equations are given by
b+ b’ - 4ac
2a

(i) Letb?-4ac>0,b>0
Now ifa>0,c>0, b?—4ac < b?
= theroots are negative.
(ii) Let b?—4ac < 0,then the roots are given by

- bEGeoh) i

2a

X =

Which areimaginary and have negative real part
(-b>0)
.. In each case, the roots have negative real part.
(1)
Here(b+c—-2a) +(c+a-2b)+(a+b—-2c)=0
Therefore the roots are rational.

(3)

Thequadraticis(k + 11) x2—(k +3)x +1=0

Q.7

Q.8

Q.9

Q.10

Q.11

Accordingly, (k + 3)? —
=k=-7,5

(3)
Fromoptionsputk=3=x2+8x+7=0
>X+D)(x+7)=0=>x=-1,-7

means for k = 3 roots are negative.

(1)

Given equation (1 + 2k)x? + (1 — 2k)x + (1 — 2k) =0
If equation is a perfect square then root are equal

4k +11) (1) =0

ie, 1-2k)2-41+2k)(1-2k)=10
1 -
, k= 510" Hence total number of values = 2.

(2)

Let first root = o and second root =—

Then OL,E=ED|<=5
a 5

(1)
Given eguation 4x2 + 3x + 7 = 0, therefore

3 7
(1+B=—ZandOLB=Z

o+ -3/7
of 714

-3 4 3

—_—X—=——

4 7 7

1.1
Now o B =
(1)

c
Here oc+B:—E and Otl3=g
a

1
If roots are oc+E, B+l then sum of roots are
(03

[a+—} [[3+1J (a+PB)+ (©@*p) b(a+c)
p o ap

and product = {Ot + %} (B + 3

oc[3+1+1+i —24+5. 2
of a c

2ac+C*+a?

_(a+c)?
ac ac

Hence required equation is given by

(a+c)?

x2+£(a+c)x+ =0
ac



Q.12

Q.13

Q.14

= acx?+ (a+c)bx+(a+c)?=0
Trick: Leta=1,b =-3, c=2,thena=1,=2b
=-3,c=2,thena=1, =2

Therefore, required equation must be
x=3)(2x-3)=0 i.e2x2-9x+9=0
Here (1) gives this equation on putting
a=1,b=-3,c=2

(4)

o B a(ao+b)+p(aB+b)
NOW 8+b au+b  (aB+Db)(@x+b)

(b? - 22) b
a0 +p?)+ba+p)  © & +b["£]

apa’ +ab(o + B) + b? _[3a2+ab[—2]+b2

L
T ac-ap’+ab’
(3)

Leto and B betworootsof ax?+bx+c=0

. A
a’c a

c
Then a+[3=—9 and OLB=E
a

2 2 2 b2 C
= o’ +p? = (a+p)* —20f == - 2=
a a
So under conditiona + B = a2+ B% o+ p =a + B2
b b*-2ac
= —C= — = b(at+b)=2ac

a a
(2)

o, B betherootsof x2—2x+3=0,thena +p =2
and o = 3. Now required equation whose roots are

11
o7 is

a” B
xz—(iz+ﬁ—12jx +—21[32 =0
o o

L ( 2y 1
=X -|73 X+§=0:9x2+2x+1:0

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Quadratic Equations

(3)

According to condition

2m-1
—=-1=3m=1=>m=
m

Wl

(2)

o+ B° = (o + B)° — 3aP(c + B)
= (4~ 3 x 1(4) = 52

(1)

a 2 2B
Letrootsarea,  so, EZE ==
m
. +B3=—
*+P 12
28 m 5 m .
e -
=3P RT e, ®
5 2.5 , 5
== BB ==
adap=;=5P=5=F =3
=pB=+5/8
55 m
in (i), ~a> === m=5/10 ,
Put the value of Bin (i), 3\/; B 5J10

(2)

Given equation can be written as

6k +2)x>+rx+3k-1=0 .. 0)
and 2(6k + 2)x?+px +2(3k—1) =0 ... (i)
Condition for common roots is

12k+4 p 6k-2

=—= :2 —_ =
6kiz 1 3.1 -or-p=0

(1)

Let o isthe common root,

soo?+pa+gq=0 .. 0]
ando?+qoa+p=0 (i)

from (i) — (ii),

=((P-gQa+(@-p=0=>a=1

Put thevalueof ain(i),p+q+1=0.

(2)

Expressions are x2 — 11x + a and x>=14x + 2a will
have a common factor, then

x? X 1

j = =
-22a+14a a-2a -14+11

x> x 1 2 8a a
= —=—=—= X =—al’ldX=_
-8a -a -3 3 3
2 2
3[5) :8_a:a_:8—a2a:0,24.
3 3 9 3

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

Q.21

Q.22

Q.23

Q.24

Q.25

102

(2
Given, x+2> /x+4 = (x+2)* >(x +4)

SX+AX+4>X+4=>%x2+3x>0
>XX+3)>0=>x<-30rx>0=x>0

(2
Casel: Whenx+2>0i.e x>-2
Then given inequality becomes

X¥-(x+2)+x>0=> x*-2>0=|x|> /2

=>x< _J2orx>.[2

As x > — 2, therefore, in this case the part of the
solution set is [-2, —\/E)U(\/E,oo) .

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

Then given inequality becomes x? + (x +2) +x >0
=S>xX2+2Xx+2>0 = (x+1?2+1>0, whichistrue
for al real x

Hence, the part of the solution set in this case is (—
o0, —2]. Combining the two cases, the solution set is

(~o0,-2) U ([-2,~2] U (2,90) = (o0, ~/2) U (/2,0) .

(3)
If a, B,y aretheroots of the equation.
X3—px?+ogx—r=0

2

p’+q
SR R GRS Rl (A R v

Given,p=0,q=4,r=-1

p°’+q 0+4
- ——=——=4
pg-r 0+1
(4)
We know that the roots of the equation
ax®+ bx?+cx +d=0follows apy =—d/a
Comparing above equation with given equation
wegetd=1,a=1
So, afy=-lor o®p¥=-1
(3)

x> —=3x+4

Lety = x> +3x+4

= (y—=1)x%+ 3(y+1)x + 4(y —

=0

For x isreal D>0

= 9y +1)2—-16(y -1)*=>09(y + 1)> - 16(y — 1) >
0

= —7y?+50y—-7>0= 7y>-50y +7<0

= -7 (ty-1)<0

Now, the product of two factors is negative if onein
—veandonein +ve.

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

1
= y>7 and y27_ But it isimpossible

Q.26

Q.27

Q.28

Q.29

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

1 1
= y<7and y27:7sys7

. . . o1
Hence maximum valueis 7 and minimum valueis 7

D

2
x2—3x+3:(x—§) 3
2 4

3 3
Therefore, smallest value is Ve which liein [—3;]
(4)

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
so 4p-gq-16=0 ... 0]
andp-q-1=0 .. (i)
Solving (i) and (ii), we get (p, q) = (5, 4)

(4)

If the roots of the quadratic equation ax? + bx +¢c=0
exceed anumber k , thenak?+ bk +c>0if a>0, b?
—4ac>0 and sum of the roots > 2k. Therefore, if

the roots of x> + x + a= 0 exceed anumber a, then
&d+a+a>0,1-4a>0and-1>2a

1 1
:>a(a+2)>0,as:1 anda<—§

= a>0or a<—2,a<1 and a<—E
4 2

Hencea< - 2.

(4)

Let

f(x) = 4x? — 20px + (25 p? + 15p - 66) = 0 .....(i)
The roots of (i) are real if

b? — 4ac = 400 p? — 16(25 p? + 15p — 66)

= 16(66 — 15p) > 0

> p<25 L (i)

Both roots of (i) are less than 2. Therefore f(2) > 0
and sum of roots < 4.

20
= 4.22-20p.2+ (24 p? + 15p—66) > 0 and Tp<4
4

=S p*-p—-2>0andp< 5

4
=P+ (p-2>0 andp<g



4
=p<-lor p>2andp< 5 = p<-1...(ii)
From (ii) and (iii), weget p<—1i.e.p € (-0, -1).

JEE-MAIN
OBJECTIVE QUESTIONS

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

(2)

check by options
x =1 isroot

Let other root = a

i
(e

", Product of theroots = (1) (a) =

(o

—-C

a-b
= rootsarel, ——

"b-c
(1)
D = b? —4ac = 20d?

JD =254 here /5 isirrational
So roots are irrational. Q.9
(1)

D = b?—4ac = b? — 4a (—4a-2b)
=b? + 16&% + 8ab
Sinceab >0

..D>0
So equation has real roots.

(3)

For integral roots, D of equation should be perfect
9.

D = 4(1+n)

By observation, for n € N, D should be perfect sg. of
even integer.
So D = 4(1+n) = 62, 8, 102,122,142, 167, 182, 20°
No. of values of n = 8.

(2
a>0& c<O0issatisfied by (B) only

[~ f(O)=0& a>0]

Further in (B)

Q.10

—% >0=b<0[~ a>0].
(2)

Herefor D <0, entire graph will be above x-axis (-.
a>0)

= (k-1)2?-36<0

= (k=7)(k+5) <0

= —-b5<k<7

(1)

Letf(x) =ax?—bx + 1
GivenD<0& f(0)=1>0
*. possible graph is as shown

NS

— X
ief(x)>0y xeR
or f(-<1) >0

f-)=a+b+1>0

Q.11

Quadratic Equations

(3

a
2 —_
x2+ax+b 0<b
a+b =-a
=2a+b=0
and ab=b
ab-b=0
b(@a-1=0

= Either b=0 ora=1
But b = O(given)
woa=1
b=-2
fX)=x2+x-2

Least value occursat X = —

2
LeaStvaJue—i 1 5= 9
=2-3-2=-7
(3)
Graph is N
< \ """"""""""""""" il ‘
‘—4 -2 0 » X
-3

From this graph all the four options can be checked.
(2)

2-x)(x+1=p

xX-2)(x+1)+p=0

= xX*-x-2+p=0

0= p—-2>0
a

& D>0= 1-4(p-2)>0 = p<%

b -1
2a % 22-p) 70

Pe (2 )

Taking intersection of all p [2%)

(3)

x> +px+(1-p)=0
(1-p)’+p(A-p+(1-p)=0
(1-p)[l-p+p+1]=0=p=1

Q.E. willbe= x*+x=0 = x(x+1)=0
= x=0,-1

Aliter

otl-p=—7P=2a=-1

103



Quadratic Equations

Q.12

Q.13

Q.14

Q.15

Q.16

104

Satisfies
1-p+1-p=0=p=1
B=1-p=0=p=0
(3)

atb=-p

ab=q

g+d=-p

gd=-r
(a-g)(a-d)=&-a(g+d) +gd
—a+pa-r

a(@+p)-r

—ab-r

—-q-r

=—(q+n)

(1)
la—b|= 4= (a—b)>= 16

Q.17

Q.18

Q.19

= (a+b)?—4ab =16

7
= 9-4ab :16:>ab:—z = equation isx?—3x

7
r

(1)
C,; b®—4ac > 0,
ax®+bx +c=0 real roots C, satisfied

C,:a —b, caresamesign

Q.20

oc+[3>0:>_—b>0
a

ap>0= < >0
a

C, satisfied
C, & C, are satisfied

)
2 /&
X +2ax+b=0\B

D>0,|o—p|<2m

482 —4b>0

&-b>0

= b<d, a+p=-—2a af=b

o — B < (2m)?

(—2a)% — 4(b) < 4m?

@-b<m?

b>a&-m?

b e [&—-n?, &)

(3) Q.22

) -b o
ax +bx+c:0,a+[3:z,oc[3:—

a
o+ B%= (a0 + B) [(o + )* — 3ap]

w2

-b{b® 3c :—_b(b2—3ac) _ 3abc-b’
a a& @ 3

Q.21

(1)

xX2(6k +2) +rx + (3k-1) =0

X212k +4) + px +6k—2=0
For both roots common,
6k+2 r _ 3k-1 r
12k+4 p 23k-1) " p 2
= 2r—-p=0 Ans.

(1)

D, = 4a’b? — 8afb? = — 4&%b? < 0 img. root

D, = 4p°? — 4p*g? = 0 equal, rea roots

S0 no common roots.

(2)

For (p?—3p + 2)x>—(p*—-5p+4)x + p—p?=0to be

an identity

p?—-3p+2=0=p=1,2

..()

p’-5p+4=0=p=1,4

..(2)

p-p*=0=p=0,1

..(3)

For (1), (2) & (3) to hold simultaneously

p=1

(4)

x?+9<(x+3)?<8x+25

X>+9<x?+6x+9= x>0

& (x+3)%?<8x+25

x2+6x+9-8x—-25<0

x> —-2x-16<0

1-J17 <x<1+417 & x>0

= x e (0,1++17)
Integer x =1,2,3,4,5
No. of integer are= 5

(4)
5X+2<3X+8=>2Xx<6=x<3 (1)
X+2

<4 X+2 4<0 -3x+6
Xx-1 = x-1 = x-1

<0

X—-2 .
:ﬁ >0=> X e (—0,) U (2,0 ..(i)
Taking intersection of (i) and (ii) X € (-0, 1) U (2,
3)

(2)
xz(x2—3x+2)>0

x*-x-30

x2(x =1 (x-2)
= (x+5)(x-6) =0

X #-56

X € (=0, =5)U[L, 2]u (6, ) {0}
NN
-5\~ 1 2N\___“6



Q.23

Q.24

Q.25

Q.26

Q.27

(2)

= m>2&D<0
64—-4m—-2)(m+4) <0

16—-[m?+2m-8] <0

= m?*+2m-24>0

= (M+6)(MmM-4)>0

m e (—0 , —6) U (4, )

But m>2

= me (4, x)

Then least integral mism = 5.

(2

-1<|x-1]-1<1

= 0<|x-1<2

= 0<|x-1]

= XeR (D

and [x-1]<2

= 2<x-1<2

= -1<x<3 (2

DN

= xe[1,3].

(1)

| 3x-1

% 52 <1

3x-1
X+2

1
>0:>X€(—OO,—2)U(§'w

3x-1
X+2

8x-5
X+ 2

1
>_
3

>0
5
= Xe (=0 ,—2u [gaw] ..... (i)

() N (i) = x € (=0, —2) U [g w]

(2)
2—log, (x+3x)=0
= log, (x2+3x) <2
X2+ 3x>0
= Xe(—0,-3)uU(0,x)

and x2+3x <4
= xX-1D)(x+4<0

)N (i)=>xe[4-83)u(01]

(4)

log, ,(x-2)>0

X>2 (D)

(i) When 0<1—x<1 = 0<x<l1
S0 no common range comes out.

(M-2)x*+8x+m+4>0 VxeR

o

Q.28

Q.29

Q.30

Q.31

Q.32

Quadratic Equations

(i) When1-x>1 = Xx<Obutx>2
here, also no common range comes out. , hence no
solution.
Finally, no solution
(1)
l0gy3 (X — 1) <109, g9 (X —1)
logy 5 (X—1)
2
= logy;(x-1)<0 =>x-1>1
= X>2
(1)
log, 5 l0gs (x?—4) > log, 5 1
log, 5 logs (x>—4) >0
= X2-4>0=X e (~0, -2) U (2, ©) ....(>I)
logs (x*°—4) >0=x2-5>0
= Xe(—oo,—\/g) u(\/_,oo) (i)
logs (x> —4) <1
= X2-9<0=>xe (-3, 3 ..(i)
(i) M (i) N (i) > x e (<3, /5) U (45, 3)
(4)

376

here base is less than zero so inequality change
= X2-2x>2= x*-2x-2>0

8o 2++/4+8 2+243

2 2

a=1-+/3,b=1+3
x-a (x—-hb)y>0

XE(—OO, l—«/é)U<1+«/§, 00) X can bein (3, )

logys (x—1) <

1I—«/?_;I . 1+J§
—i!c') 1 23
(1)
6x*>—5x -3
Z—S
X°—2X+6
D"isalways>0

X2 —5X —3—4x2+8x—24<0
= 2X2+3x-27<0

& (2x+9)(x-3) <0 XG[‘_Z?,s}
least value of 4x® = 4.0°=0

92
Highest value of 4x? is = max 4-(—§j , 4.3
= max (81, 36) = 81

(3
Let the roots be a, B,
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Quadratic Equations

Q.33

Q.34

Q.35

Q.36

106

theno + Bp—PB=p

= a=p (D
and off —ap -p?=q
= p?=— (2

aso—ap?=r
= pg=r[using (1)].
(3)

X3—X—1:0§B

v Q.37
theno®—a—-1=0
............ (2)
l+a y-1
= o=
L l-a = y+1
y-1) (y-1
; 22 X2 21=0
from equation (1) (y+1] (y+1J
1+ a
T-a
I
YTy oy +1 =0 i)
\ﬂ
1—v
1+oc+1+[3+1+y
then oo 1-p 1-y =—7 Ans.
(4)
X' =3 +ax®+bx+1=0 Q.38
real & positive roots
o+B+r+d=4&afrd=1
= a:ﬁ:r:ﬁ:l
Yafp=a=>a=6
Sapr=-b=>b=-4
or x-1*=x*-43+6x>-4x+1
(4)
o
ax2+bx+c=0<B
sum of roots = (2o + 3B) + (3o + 2B)
= -5(_b
—5(oc+[3)—5( aj Q.39

Product of roots = 602 + 62 + 130 = 6(a + B)? +
af

2 2
a a

a a

2
Q.E. X +%X+%+%:O
a@x? + 5abx + 6b%+ac=0
(1)
(2x-1
X(2x% +3x +1)

(2x-1
X(X+1)(2x +1)
R SR
-1 7-1/2 0 1/

consontains (—oo, 7)

(3)
y=-2x2-6x+9

-b 6 3

C e 22 = 5 =L5
AY
(0,13.5)
(0,9)
< 5 O\ > X

& D=36-4(-2)(9) =36+72=108

D __ 1 _ 108

4 a2 8 —135
= ye(-»,13.5]
(1)

x? —x+1
T oxPx+1
= (K=1x2+(k+Dx+(Kk-1)=0
Q xisred

D>0

= (k+1)2—4(k-1)2>0
= (3k—-1) (k—3)<0

= ke {%v 3}
©)

_ 22X
Y= e X eR
=>yx?=2x+y=0
= D20=4-4y*>0
= (Y’-1)<0=ye[11]]
. Rangeof f(y) = y?+y -2

. ____—9
Min value = P
= e
y= 2e[—.]

f-)=1-1-2==2
f1)=1+1-2=0
max valueis=0

ay=—- =



Q.40

Q.41

Q.42

Q.43

-9
Range | —, O
9[4 }

(2)

X2 —xy+y?—4x -4y +16=0,%x,y € R

x> —X(y +4) + (y*—4y +16) =0 Q.44

.. (D

xeR=D>0

(y+4)2—4(y*-4y+16) >0

=y’ +8y+16—-4y>+ 16y —64 >0

= y?-8y+16<0 = (y-4)><0=y=4

Put is given equation (i)

x?—8x+16=0

= (x-4*=0=x=4

(4)

(Y- +(y+1x+(2cy—c)=0

D>0.. xeR

= (y+1)?-4y-1) (y-0) >0
y>+2y+1—-8cy?+12cy —4c >0
(1-8c)y?+ (2+12c)y + (1 —4c) > 0
VyeRD<KO

(2+12c)>-4(1-8c) (1-4c) < 0

(1+6c)>—(1-8c) (1-4c) <0
42 +24c < 0= c e [-6, 0]

& N" & D" have no any common root

(i) both common factor (root) (not possible)

Quadratic Equations

o A

» P

@) 7/3 11/4

Hence pe (-», 7/3) Ans.

4

x>+2(k-1x+k+5=0

Case- |

(i) D...O

= 4(k-1)?-4Kk+5)...0

= k?-3k-4..0=(k+1)(Kk=-4)..0
= ke (~0,-1] U4, x)

& (i)f (0)>0 = k+5>0 = k e (-5, )

“2(k 1)

2
= ke (=0, 1)k e [-5,-1]

>0

-b
& (iii) £>0:

Case-Il f(0)<0 =k+5<0
= k e(— 0, 5]

A@L
Finallyk e (Case-I) U (Case- 1)
k € (—o0, -1]

JEE-ADVANCED

OBJECTIVE QUESTIONS

1 -1 ¢
1 +1 2

(ii) If one common root is a.
(a>—a+c=0)x2

& o’+a+2c=0

Q.1

a’— 30.=0
a=0=c=0 Q2
or a=3=>c=-6
~ cx0&cCc=-b6
.. ce(-6,0)
(2)
2x2— (a8 +8a-1)x+(a2—-4a) =0
since the roots are of opposite sign,
f(0)<0
= a&-4a<0
= a(@a-4<o0
= ae (0,4
(2)
X2—2px +(8p—15)=0 Q3
f() <0 and f(2) <0
=>f(1)=1-2p+8p-15<0

AN
K
=>p<7/3
andf (2) =4—-4p+8p—-15<0
11

=4p-11<0 = p<Z

A
nX=—-2x>+6x-9
D=36-4(-2) (9 =36-72<0& a<0
So quadratic expression — 2x? + 6x — 9 is always
negative whereas n* is always +ve
. Equation will not hold for any x... x € ¢
So n*=—2x2+ 6x — 9 has no solution.
(©
Given equation
x—a (x=b)+(x-b)(x-c)+(x—-c)(x-a =0
can be re-written as
3x2—2(a+b+c)x+(ab+bc+ca)=0
A=4{(a+b+c}?2-3(ab+bc+ca)} (.- b>—4ac
:A)
=4(a +b*+c2—ab—bc—ac)
=2{(a-b)?>+(b—<)?+(c-a)?} >0
Hence both roots are always real.
(B)

a>0,b>0andc>0

/OL
ax2+bx+c=0\B

o+pB=—bla=-ve,
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Quadratic Equations

Q.4

Q.5

Q.6

Q.7

108

oo

of =
(B)

- rootsof ax?+bx+c=0aenotread = D <0
Alsogiven,a—b+c<0

= +ve-vereal part

= f(-1) <0
= Possible graph is as shown
y Q.8
O B
X
f(x) <0V x
= f(-2) <0

= da+c<2b.

(B)

A+2)(A-Dx2+(A+2)x-1<0VxeR

= A+2)(A-1)<0 Q.9
= 2<A<1 (1)

(@a<0)and A +22+4A+2)(A—-1)<0(D<0)

=> A+2)(A+2+40-4) <0

= A+2)(Br-2)<0

2
= —2<A< 5 (2

WM& Q=>nre (—2, gj

Also A =-2 = 0<1whichistrue
. Required interval is

A€ {_Z,Zj.
5
(A)
x2+px+12=0
= 4°+p4+12=0 = 4p=-28 = p=—7
Now second equation
= x?—7x+ =0 hasequa roots

49
= D=0=49-49=0 :q:T
(B)
a<0x?-2alx—a-3a%=0
fx=a= &-3&¢=0 = a=0x>a
= x?-2ax—a =0

/ 2 2
X:w:aiﬁa

2

Q.10

a+J2a<a= x=za+ +/2a

or a—+2a>a.. x=(01- «/E)a
x<a
X2+ 2ax -5 =0

o -2atv4a’+20a" _-2a+2,/6a

2 2
x=-azt./ga
x#=-a(l+ g) (. x<0)
or —a+ Jga<a .. x=(-1+ fg)a

(B)

M -9mx +5m+1>0V x e R
D<0& m>0

81 m?—4m (5m+1)<0

81 m?—20m?>-4m<0

61m? —4m < 0

m(6lm-4)<0= me (O, 4}
61

Ifm=0= 1>0VxeR = m=0

m e 0,i
61

(D)

Sum of roots < 1

M —-5L+5<1
A=-D(r-4<0

l<i<4 ..(2)
Product of roots < 1
2A2-30L—-5<0

@ -5 n+1)<0

L duuy

= —1<k<g (2
(1) & (2
:|_<7\,<E
= 2
©
1 a’+p?

1
otfB=—+=

o B (aB)

= (a+p)= —(oc+([2[3)—22a[3 = _Tab:—?c; a

2 b b
c c ¢ a




Q.11

Q.12

Q.13

Q.14

Cc .
— inH.P.

a b
= ¢ a b

(A)

By given condition

. —(3a-)) 20 = 2
0+20= 7 5ard) (¥ —5a+3)
P S 1

9(a2—5a+3)2 B (a2—5a+3)
= 9a&%—6a+ 1=9a—45a+ 27

2
= 39a=26=a=

3
(B)
Let ax?+bx+c=0

a+B:%b:a2+B2
= (o +B) [(o+B) —1] = 20
QB:%:QZBZ

of (ap-1)=0

= afp=0orap=1

If oaf=0(x+p)[(a+p)-1]=0
a+tpf=0,a+p=1

If oafp=1(a+p)P°—(a+P)—2=0
((0+B)=2) ((a+P)+1)=0
atf=2,a+pf=-1

Quadratic Equations are

(1) x*+0x+0=0
(2)x-x+0=0

B x?-2x+1=0
(4)x*+x+1=0

(A)
/Ot
x3+5x2+px+q:0<f:a+[3+x1:—5,a[3+

Bx, +ax =p..(1)
/(l
X2+ TIx2+px+r= 0<5 Sa+f+x,=—7,af +
X,
Bx, +ax,=p ..(2)
Subtracting (2) from (1)
(xﬁ+[3xl+(xx1:p
af+Bx,+oax, =p
a (X, —X,)+PB (X, —Xx,)=0
(X, =X,) (@=P)=0[x, #x)]
a+p=0=>x,=-5
X,==7
(B)
Let common roots is a
Using cross multiplication rule

o’ a 1

a-b 2-3 3b-2a

Q.15

Q.16

Q.17

Quadratic Equations

_a-b -1
a="7 &o=zr75,
1
a=b-a=-—ap

— (b-a) (2a-3b)=1
= Bab-2a%-3b°=1 Ans.
(A)

(x-8)(2-x)

10
|090.3(7 (log, 5- 1)J

>0

For /(x—8)(2-x) to be defined

(i) x=8)(2-x) >0

x-2)(x-8)<0 =2<x<8

10
Now Let say y = log,, 7(I0925 —log,2) = log,,

10
- (log,5/2)

Lety < 0 (assume)

10
then log,, - (log,5/2) <0

10 7
= = log, 5/2 > 1= log, 5/2 > 10

5 L
= > > 2019 which is true

So y<O0
so denominator is — ve and numerator is +ve, so
inequality is not satisfied,

thus /(x-8)(2-x) =0

x=28 .. 0)
Now 2¢-3> 31
= (x-=3)>log, 31 = x >3 + log,2*° (approx)
= x>79
= X=8

(B)
o
(x—a) (x—b) (x—c):déﬁ;d;to
Y

Now
(x—a) (x=P) (x=y) +d=0
= (x—a x-b)(x—c)—d+d=0
= (x—-a (Xx—b)(x—c)=0 rootsare a, b, c
(B)

f—Kx3+Kx2+Lx+M 0=
X4 —Kx3+Kx?+Lx+M =0
Ny

ZOL:K,ZOLB:K, Zaﬁy:—L
afyd =M
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Quadratic Equations

4b? —4ab < 0

O+ BB (at Bry+O) -2 ) ap (07— 2b) < 0
KZ-2K=(K-1)*-1 Case- 1l b<O=ax’+2bx +b<0
(P +pP+y?+ &), =-1 a<0, D<0
Q18 (A 4b? - 4ab < 0
Let o, B, y betheroots of xX*—Ax?+Bx—-C=0 b2 —ab<0
(1) In both case (b? — ab) < 0
theroots of x3+ Px2 + Qx — 19 = O will be (o + 1), (B Now bx?+(b-c)x+b—-c—a=0
+1), (y+1) D=(b—-c)’—4b(b-c—a)
(a+1)(B+1)(y+1)=19 D = b? + ¢ — 2bc — 4b? + 4bc + 4ab
= (@Bptrta+p+1)(y+1)=19 D = (b + c)? — 4(b? — ab)
= afytoy+Py+ofta+f+y+1=19 (b+c)?>0 & (b*—ab)<0
= C+B+A=18[using (1)]. = D > 0= rea & Distinct root
Q19 (B) Q.23 (D)
ax*+ bx3 + cx? + dx + f? is perfect square o
in the form xz—(a—2)x—a—1:0<[3

= (ax? + mx + f)?
= ax* + (2 am)x® + (m? + 2af)x? + 2mfx + f2
by comparision 2am = b,

a? + p? = (o +B)* - 20
=(a-2?%+2@a+1)

=a-2a+6
b
m= — substituting the value of min equation (2) , ¢ Min (o2 + p?) at §:+_22:1 —a=1
b? Q.24 (B)
_ 2 _ 0 2 _ 2
=’ +2af, c= 5 +2af 4de = b + 8a’f 2-x) x+1)=p
2. 12 =>x2-x+(p-2)=0 (D)

4a'c —b’ = gaf (1) has both roots distinct & positive
Q.20 (O o , Ly P

2+ +c2=1 . (()D>0 (i) f(O) > O(iii) 2a>0

(a+b+c)2=a+b?+c?+25ab

=1+ 2%ab
Sab - (a+b+c)* -1
=S ‘
X

= Min Zab:u:—%

. 9
Now %[(a—b)2+(b—c)2+(c—a)2]>O (i) D>0=p<

@+b?+c?—ab-bc—ca>0 = 1>3ab (i) f(0)>0=p>2

1 ..-b 1
. Zabe[—? 1} (III)2—a =5 > 0 (always true)

Q.21 (B) o 9
(@a-DP+x+1)°-(@a+1) x*+x2+1) =0 o () (i) N (i) =>pe (2' Zj'
(a—1)(x + x + 1)? 025 (D)
—@+D)(P+x+1) (x°-x+1)=0 : B
(C+x+1)[@a-1) (C+x+1) 4x*—16x+1.=0,1 € R
—(@+1) (C-x+1)]=0 l<a<2&2<B<3
X2+X+ 1>0V X e R E(]i)zf(Z)?\‘;(oj(-gé f(2}3)f(3) <0

—12 + ) (=16 +
= @-1)(P+x+1)—-(a+1) (x*-x+1)=0 & (164 1) (L12+2) = 0

= -2°+2x-2=0 = x°-ax+1=0 ~
D>0 = &2-4>0 12 < ) < 16 (Integer 1) = 13, 14, 15 Three vaues

ae (—o0, -2) U (2, ©) 1 \ > / 3
022 (B) N_B

Case-lb>0=ax?+2bx+b>0 Q.26 (A)

a>0,D<0 b>a
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Q.27

Q.28

Q.29

both roots liesin (a, b)

\ /(X—a)(x—b)=0
i/b » X
y=-1
7(x—a)(x—b)+1=0
(B)

X2—2mx +m2—-1=0
() D=0
4m? —4m?-1) >0

= 4>0=>meR (D

& (i)f(-2)>0

4+dm+m’=1>0 > m*+4m+3>0
(M+3)(M+1)=0=m e (—0, =3)U(-1, ®) ....(2)
& (iii)f (4) >0

16-8m+m?—-1>0

m?—8m+15>0

(m-3)(m-5>0

=>me (-0, 3)uU (o) ... (©)]

Q.30

Q.1

] -b
& (iv) 2< >a <4

—2< 27m <4d= me (-2 4)..(4)
taking intersection of (1), (2), (3) & (4)
findly m e (-1, 3)

(D)

ax®+bx+c=0 abceR

Q.2
b c

= x*+ - x+-=0
a a

=

, b c
= f(X)=x"+ = x+ =
a a

Df(-2)<0& (2 f(+2) <0
4a—2b+c<04a+2b+c<0

4—2—b+E<0 4+2—b+E<0
a a a a

(B)
(i) D=0

NG

1-4p>0=p<

N

(1)

Quadratic Equations

& (i) f(p) > 0
pP+p+p>0=p(p+2) =0
= pe (-0 -2),u (0 x)..(2)

b 1
& (i) 55 >p= =5 >p.(d)

taking intersection of (1), (2) & (3)
finaly p € (—0, -2)

©)

A+ 2x(k?+1) +k?—3k+2=0f(0) <0
=k?-3k+2<0

= k-2)(k-1)<0= ke (1,2

JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING

(A,B,D)
y=ax?+bx+c
Clearly a<0

d_—b<0
an 2a

AN

F N
=hb<0
asof(0)<0=c¢c<0
and D>0
.. (A), (B) and (D).

(A,B,C,D)
(A) a<0,

—_—b <0=>b<0
2a

/N

AN

& f(0)<0=c<0
abc< 0

(B) a<o0,

-b
—>0=>b>0
2a
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Quadratic Equations

—q.b
_p a_1(b g
h= > = Z(a pj Ans.

/ ‘ \ lo.— B =|(cv+ h) = (B+ )|

Jlo+h)+ B+ —4(a+h)(+h)

f(0)>0=c>0

= abc<O0
_ b 4 g 4 podac _ qP-4p
(€) a>0 “@ a P opT @ P
-b
25 >0 =b<0 Q6 (BCD)
(A) S=@+b2=a-2b
P=ab?=D?
. eguationisx?— (& —-2b) x +b?>=0
()_a B~ b’ " a B b
X+ —x+ - =0
f(0)>0c>0 b* " b
— abc<0 =>bx*+ax+1=0
2 2 2_2b
(D) a<0 (C)S:E+E:a +p” _a
b B« op b
—-<0=b<0
2a a B
P—B.E—l
a’-2

b
‘ X2 — Xx+1=0=bx’—(2—-2b)x+b=0

b
/\1\ (D)S=a+b—2=—a-2
P=(a=1) (b-1)

f(0)<0=c<0 fgb:;i;b)”
Q3 (A,D) X2+ (@a+2x+(@+b+1)=0.
Clearly a<0 Q.7 (A,D)
b o
£>O:>b>0 ac+bx2+cx+d=0 —F
¥
= (A), (D) Let ax® + bx? + cx + d = (X2 + X + 1) (A + B)
Q4 (A,B/D) Roots of x2 + x + 1 = 0 are imaginary, Let these are
XP+x|-6=0=[x|]=-3,2= |x|=2 o, B
=>Xx=%2 So the third root 'y' will be real.
Q5 (BD)
o - =
aC+bx+c=0 <B at+tB+y= a
a+b=-bla, ab=cla -b
_l+'\{: —
a+h a
2 —
px +qx+r—0\B+h acb
—q " a
+ =
(a+b)+2h D _d
Also afy = Y
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Q.8

Q.9

Q.10

Butap=1
—d

RS a
- Ansare(A) & (D).
(A,B,D)
1
5 <logygx <2

Lo b
= 100 " 10
(B,D)

o

x2+abx+c=o<B 1)

x2+acx +b= O<5 ..(2)

a+d=—ac,ad=b
a’+aba+c=0
a’+aca+b=0

a’ a 1
ab’—ac’ ~ c—b ~ ac-ab
,_ 2l =ch)
=®*= e-p) ~—(0+9)
c-b 1 1
& o= ac—-b) ~ a .. common root, o. = a

1
—(b+c)=¥ =

@(b+c)=-1

Product of the roots of equation (1) & (2) gives

1
BX;:C:B:aC

1
& 8><a=b:>8:ab.

.. equation having roots 3, 3 is
x2—a(b+c)x+abc=0
a(b+c)x?-a(b+c)?’x+a(b+c)athbc=0
a(b+c)x®+(b+c)x—abc=0.

(C.D)

D of x2 + 4x + 5 = 0 isless than zero
= both the roots are imaginary = both the roots
of quadratic are same

=k

alo

a b

2 _ — = — =
= b?’-4ac<0& 12
= a=k, b=4k, c=5k.

Q.11

Q.12

Q.13

Quadratic Equations

(A,D)

_n—
x2+px+q—0\[3

a+B=-paf=qandp’-49>0

= at+Pi=r, (@P)=s=

o (0 + B2 = 2ap)’ =1 =[(a + B)* - 20B]% -

20%B2=r
= (P°-20°*-2°=r
= (PP-200°=2¢°+r>0

Now, for x2—4gx + 2¢?-r=0
D = 1602 — 4(2¢? —r) by equation (2)
=82+ 4r=42q?+r)>0
= D > 0two real and distinct roots
Product of roots = 2¢2 — r
=207 - [(p* — 20)* — 207]
=4q - (p* — 20)°
=—p? (p?-4q) < 0from (1)
So product of rootsis—ve
hence roots are opposite in sign
(AD)

20x2 + 210x + 400=4500 = 2x% + 21x — 410=0

= (2x+41) (x-10)=0
-41

= X=——,xXx=10 = x=-205, x=10

2
(A,B,CD)

o=2

/ r
x2+bx’+cx—1=0—p=a
Nrca

-

a
& ?xaxarzl

a@=1= a=1

a a
& cataat+_-a=c

a2(}+r+1j:c
r

1 1
?+r+1:—b& T +r+l=c=>b+c=0

1 1
WeknowF+r>2:> (F+r+1j>3

H©>3=b<-3

1
& other two roots are ?& r

—b e (~0,-3)



Quadratic Equations

if

1
?>1:r<1 ifr>1=r<1

Q.14 (AB)

f(x)

= 3 + 4 + S =0
x-=2) (x=3) (x-4)

6x2 —14x —21x + 49 =0
(Bx=-7)(2x-7)=0

7

X=— X_Z
= ’_2

2

2<Z <33<Z <4
2 2

2nd
a(x)
-3)
a2
one
&

Method

=3(Xx—-3) (x—4) +4(x—2) (x—4) +5(x —2) (x
=0

>0,9(3) <0,9(4)>0

root lie b/w (2, 3)

other root lie b/iw (3, 4)

Comprehension # 1 (Q. No. 15 & 16)

15. (D)

= -1+q-r=0
= -25+50-r=0
q=6

r=5

f(x)

16. (B)
f(x)

= —x2 — 6x + 5 vertex is (-3, 4)

=px? —gx —r Sincef(0) f(1) >0 = (-r) (p -

g-rN>0=r(p—-q-r<0

Comprehension # 2 (Q. No. 17 & 18)

17. (A)
18. (A)
(17 & 18)

Let the coordinates of A(a, 0), B(2a, 0), C(0, 20).
Now y = x2 + bx + ¢ passes through C(0, 2a)

given equation of curvereducesto y =x?+ bx +

20.. Now it also passesthrough A & B

0=a?+ bo + 20 =

O=a+b+2 .. @)

&

0=402+20b+ 20 =

0=20+b+1 ... (i)
On solving (i) & (ii) fora & bweget a=1,b=-3

givencurveis y=x2—3x + 2

17. rootsof y =0 are{2, 1}
18. (a+B) = 3 ( a=2,p=1)

114

= (a-p) = 1
equation whoserootsare 3, 1is x2—4x +3=0

Comprehension # 3 (Q. No. 19 to 21)
19. (C)
20. (B)
21. (D)
(19 to 21)
X4—Ax2+9=0 = x2=t >0
= f(t)=t2-At+9=0

19. given equation has four real & distinct roots

/

v

l

0
D>0
= A -36>0

—

I
-6 6
I
0

_—b>0
2a

A
= E >0
= A>0
f(0)>0
= 9>0
A € (6,00)
20. Equation has no real roots.

N/

case-| D>0=A-36=0
—b
— <0 = A<O0
2a
f(0)>0 = 9>0.
A€ (—oo,—6]
case-| | D<O0
= A-36<0
= Le(-66)
? 9
| |
-6 6
D

|
0

union of both cases gives
A € (—x, 6)



21. Equation has only two real roots
case-| f(0)<0
9<0

which isfase

case-l| f(0)=0

andz<0

)

NZ X

No solution
Final answer is ¢

Comprehension # 4 (Q.22 to 24)
22. (B); 23. (A); 24. (C)

10
+—5=0=>x?

Sol. 22 Dividebyx23x2—10x+26—? »

1
X2

1
+ —1O(X+;j+26:0

1 1
t=x+—- = 2-2=x2+ —

X X
= t?2-2-10t+26=0

4
2 _ =
= 2-10t+24=0 <

t=4
1
x+;=4 = X2—-4x+1=0
= x=24_-\/§

1
t=6 x+;:6 = X2-6x+1=0

=x=31242.
Sol.23 By trail x =1isaroot divideby x —1
11 -5 9 -9 5 -1
x 1 -4 5 -4 1
1 -4 5 —4 1 0

(Xx=1) (x*—4x3+5x2—-4x+ 1) =0
= x=1

Sol.24

Q.25

Quadratic Equations

or
X4 —4x3+5x2-4x+1=0

4 1
X2—4x+5—-—+— =0
X X

1
= t=x+ —
X

1
SP=x2+ — +2
X
= t2-2-4t+5=0
1
= t2—4t+3=o<3

1
=> X+ —-=1x+—-=3
X X

X2—x+1=0, X2-3x+1=0
1+i/3 3+.5
= X= , X =
2 2
+i +
roots are 1, l_I\/E, 3_\/3.
2 2
Divide by x3
4 1
= x3—4x+ ——-—3 =0
X X
SN P
jX_F_Af X =0
1
Put t=x-—
X
= B=x3-3x2 — +3%x—>5 - 3 =x3-

t3+3t=x3-——3
X

Put in equation above t3+3t—-4t=0=t3-t=0
= 1t=01,-1

1 1 1
Xx—— =0, X—— =1, X——=-1
X X X
Xx=%1, Xx2—x—-1=0, x2+x-1=0
1+4/5 -1++5
X=%1, X = 2\/_, X= 2\/_

(A) = (P); (B) > (9): (C) » (Q); (D) » (R)

a
A) x>—bx+c=0
) <,

jo.~ Bl =1
= (a-py=1
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Quadratic Equations

Q.26

116

b?2—4c=1.

(B) Let o be common root then
oa’+an+b=0
a?+bo+a=0

a? o 1
~ Z-0° b-a b-a

a? o 1
~ @-p’ b-a b-a
= a=1anda=—(a+bh)

l1=—(a+bh).

(C) v a+tp=1landap =3
oot B = (02 + B2 — 202 B2
= [(o + B)* = 20B]? - 2(ap)?
=(1-62-2(9
=25-18=7

(D) “Xa=7
Zaf =16
Ya=12
SZat= (Z o) -2 (2 ap)
=49-32
Lol+ BZ4yi=17

(AQT; (B)-RPS, (O-PQS, (D)-RS
(A) 2= (3k—1) x + 2k~ 3k —2> 0
= [x—(k=-2)][x—(2k+1)]>0

-
k—z\/zkﬂ

./

N <0
fC)<o

Hence2k +1>1& k—-2<-1
e k>0& k<1

(B) 1+a> 2/a {AM > GM}
1+b>2/p ;1+c>2Jc :1+d> 24d

(1+a(1+b)y(1+c)(1+d)>16+abcd =16
min. value = 16

-2

=2 -2 2
(C) 5*2> 5~ :x+2>? :M>

X

0

2
= M'>O = X e (0,o)
(D) x2+1>1
= log, (3x* —x —5) > log, (x* + 1)
=>3X-X-5>x*+1=2x*-x-6>0
=>2x+3)(x-2)>0

Q.27

Q.28

3
R
(A) = (1,(B) = (P).(C) = (), (D) —> (p. 9)

c
2 _ =
(A) x2—8x +k 0<a+4=ﬁ

(B—o)?=(a + B)*—40B
= 16=64-4k =4k=48 = k=12
(B) v (XI-2) (x|-3)=0
= X=%2; X=%3

.0,
n=4. 2—

(C) - b=(3-i) (3+1i)
b=10

(D) x2—2kx + (k2 +k—5) =0

N

(i)YD=0

= 4k?2—-4(k?+k-5)=>0

=k-5<0

(ii) f(6) >0

= 25-10k+k?*+k-5>0

= k?-9% +20>0=(k-5)(k—4)>0

... b
(iii)— a <5= k<5

AN A

= ke(-mx,4)
So k may be 2, 3.
(A-R; (B)-QRST; (O-QRST; (D)-PQRST

(A) (2¥°+2)2 _got*+2) 4g= g

2
= y?—0y+8=0 = y=8, 1 (put 2% *2 =y)
wheny=8 = 2?=2 = x¥*=1=x=+1

wheny=1 = 2°2=2" = x*=-2
which is not possible.
Hence the equation has two solutions.



2ztan© B 2zsin0coso
1-tan’6  cos*6—sin’O

(B) Takingx=sin6 =

x(cos’ 0 —sin® )

= z= T oS0 (D)
Sirmilarl B 2zsin0
Ay, Y= o 0_sin?0

_ y(cos’6—sin”0)
B 2sin6 ~(2)
Compare (1) & (2), we get tan 6 = y/x

. 2xyz
Xsno = X y?
. yz 2xz
= sin6=——— similaly cos0 = ———
X< -y X -y
47° (x> +y?)

= (xP-y?)? T

(C) We have 4x% — 16x + 15 <0

= 25753

*. Integral solution of given inequality isx = 2.

Thustan o = 2. It isgiven that cos B=tan 45°=1
- sin(o+ ). sin (@ — ) =sin® o —sin®

1

_ oy 1 o 4
T Trcota T PETTO0%S

1+=
4

(D) For real roots, discriminant > 0
= " —4p=0 = g’ >4p
=1,¢°>4 = q=2,3,4
>8 = =34
>12 = q=4
>16 = q=4
Total seven solutions are possible

,qz
1q2
.q

NUMERICAL VALUE BASED

Q.1

Q.2

(2
x2+3x+2) (x2+3x) =120

X2+ 3x=y

y2+2y—-120=0

(y+12) (y-10=0
y=-12=x*+3x+12=0
Xed

y=10 = x*+3x-10=0
x+5 (x-2)=0

x={-5, 2}

=2, — 5 are only two integer roots.

—

bUULg

Uy

x

(8)

Q.3

Q.4

Quadratic Equations

2.3
(5+246) P T,
x°-3
(5+2J5)
1
= t"'; =10
= t?-10t+1=0
tIlOi\/%ZSiZ\/E
2
= (5+2/6)"° = (5+2V6)
1
or 5+2\/6
= x2-3=1 or X2 —3=—
= x=2o0r-2 or 2 or 2
Product 8
(11)
2x?+6x+a=0
Its roots are a, B
a
= a+pf=-3 & OLB:E
a B
_+_
B a <2
2
+B) -2
. (exp’-2ap
af
9-a 2a-9
= —<1 = >0
a a
9
= ae (-0, 0) U E:OO
= 2a =11 isleast prime.
(1)
a
x2+px+1:O\b atb=-p,ab=1
C
2 = = — =
X2+ox+1 O\d c+d g cd=1

atb=—p, db=1=c+d=—q,cd=1
RHS=(a-c) (b—c) (a+d)(b+d) =(ab—ac—bc
+c?) (ab+ad+bd + d?)

=(l-ac—-bc+c? (1+ad+hbd+d?

=1+ ad+ bd + d?—ac — acd — abcd — acd®>— bc —
abcd — b?cd — bed? + ¢2 + adc? + bdc? + ¢2d?
=l+ad+bd+d—-ac-a&-1-ad—bc—-1-b?—
bd+c?+ac+bc+1

[ ab=cd=1]
=c2+d?-a&-b?’=(c+d)?—2cd—(a+b)?+2ab=
P-2-p*+2=?—p?=LHS.  Proved.
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Quadratic Equations

2nd Method_:
RHS=(ab—c(a+b) +c?) (ab+d(ab +d(a+b) +
d)=(+pc+1) (1-—pd+d? (1)
Since ¢ & d are the roots of the equation
xX2+gx+1=0

S Ce+ge+l=0=>c2+1

=—qc & d*+qd+1=0

=>d*+1=—qd.

- (i) Becomes = (pc —qc) (—pd —qd) = c(p—q)
(=d) (p + q) =—cd (p* - &)
=cd (?-p?) =P—p?’=LHS.

Q5 (73

Proved.

o, parerootsof Ax2—(A—-1)x+5=0
N -1 dof = 2
o} B__k an OLB—}L

+E:4 =
a

=|Q

(0 +B) =60 P

M., A, areroots of (1) A+ A

1

Mo by (g EA)P-20,
2 7\’l - >\‘1>\‘2

Moyl

2_
I e 1 v BN L YD N
1 14

Q.6 (10)
oap=b;yd=b-2
= opyd =bb-2)=24

11
bx?+ax+1=0hasroots —+ 4
a p
1,1 _-a
= a b
11
(b—2)x?—ax+1=0hasroot —»7
Yy o
1.1__8
= y & b-2
1111 -a a 5
St =—t——=— .
y By 8 b b-2 6 '
+2a 5 +2a 5
b(b-2) 6 24 6
; a=10.
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2

Q.7

Q.8

Q.9

Q.10

3)
X2+ 2xXy +2y?+4y + 7= (X +y)2+(y+2)2+32>
0+0+3

. Least value = 3.

(13)

a@+bd+(-9°%=3-a-b(-9

= a+b-9=0 or a=b=-9

Which is rejected.
As a>b>-9

= a+b-9=0 = x = 1lisaroot
-9
other root = —.
a
-2 5o
a—a,B—

-9
343—3024—&(?) =4+9=13.

(6)

Let t2-2t+2=k

= a?—6ka-2=0=> a?-2=6ka
8, — 2398 = 1% — 2.g% — B0 + 2.B% = ¢%(q2 — 2) —
p(P — 2) = Bk(a™ - %)

Ao~ 2a98 = Gk'ag9

2
s e =6k = 6(2— 2t + 2) = B[(t — 1)2 + 1]
Qg9
-2
min. value of % is6.
(11)

Given that, roots of equation x2—10ax —11b=0 are
c,d
So c+d=10aand cd=—-11band a, b are the
roots of equation x2—10cx —11d =0
a+b=10c,ab=-11d
So atb+c+d=10(a+c) ad
(c+d)—-(a+b)=10(a-c)
(c-a—(b-d)+10(c-a) =0
= b+d=9(a+c) (i)
abcd =121 bd
= ac =121 (i)
b-d=11(c-4a) (100)
c & asatisfiesthe equation x? —10ax — 11b = 0 and x2
—10cx — 11d = 0 respectively
c?—10ac-11b=0
&-10ca-11d=0
(cc-&)-11(b-d)=0

(c-a)(c+a)=11(b—-d)=11. 11 (c—a)
(by equation (iii))

c+a= 121
= a+b+c+d=10(c+a)
= LT



KVPY

PREVIOUS YEAR’'S

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

(A)

f(x)=x®*+ax®+bx +c

f'(x)=3x2+2ax+b

D =4a&—-4.3b=4(2-3b)

If #<2b= &<3b= D <0= f'(x) =0hasnonreal
roots

()

X
Hencef (X) = 0 has 1 real and two imaginary roots

(B)
y=23+ax+b
No solution
23 +ax+b#2x¢+cx+d
ax+b=cx+d fornorea x
(a—c)x=d-b
d-b
X# ——
a-c
(@a-c?+(b-dy=0+6-1=5

y=23+cx+d

a==c¢

(D)

X2+ 2ax+b*=0 X2+ 2bx+c2=0

D,>0 D, >0
42 +b*>0 4%+ 4¢2>0
&> ... Q) b?>c? .. 2

From (1) and (2)
d>p>cP= @ > =>c-a&<0
X?+2cx+a&=0

D=4c?-4a&<0 No redl roots
(©

say f (x) =ax?+bx +c
f(x)=ax?+bx+c
f(2=4a+2b+c=10
f(-2)=4a-2b+c=-2

= 4b=12

b=3

(B)

X+2y+4z=9;

2xy +8yz+4xz=26;

(x) (2y) (42) = 24

say roots of P® —9P? + 26P — 24 = 0 are x, 2y and 4z
Here(P-2) (PP-7P+12) =0
P-2)(P-3)(P-4=0
nowd4z=4;2y=2;x=3then(3,1, 1)

3
X=2;2y=4;4z=3then (Z'ZEJ
©

fX)=x*+3x2+3x+3 =0
f-x)=3x-0

f(x) is Increasing function

Now f(—3) =—6 <02 + 6x + 3 = 3(x + 1)?
f—2=1>0

.. real root y lies between — 3 and — 2
a+pB+y=-3; -3<y<-=-2

Q.7

Q.8

Q.9

Q.10

Q.11

Quadratic Equations

a+Bf-3<a+Pft+ty<a+p-2
a+tpf-3<-3<a+p-2
—1<a+p<0

(B)
ax?+(a+hb)x+b=0

-b
(x+1) (ax+b)=0rootsare—1, =

(©
X(3x2=25) =

C-’»x(x2 —%) =-n

e

A

/N 9

/ @)

9

[ 250 250)

el == =2
9 9

S Butn el

Total integer = 55

(©)

r is root, therefore r> + 2r + 6 =0

r+2)(r+3)(r+4)(r+5=(*+2r+6+23r

(r> + 4r + 5r +20)

=(3r) (7r + 14)

=21 (r*+ 2r) = 21(- 6) = — 126

(D)

p(x) =x2—-5x +a,q(x) =x2-3x + b

{where, a, b e N}

hef (p(x), a(x)) =x -1

s0 x—1 isroot of both p(x) & g (x)

p(l)=1-5+a=0= a=4

g1)=1-3+b=0= b=2

p(X) =x?—5x+4=(x—-1) (x—4)

p(X) =x?—=3x+2=(x—-1) (x—-2)

k() = fem (p(x),0(x)) =(x-1) (x=2) (x—4)

(x=1)+k(x)=(x-1)+(x-1)(x=-2) (x—4)

=(x—1)[1+x2—6x + 8]

=(x—=1) (x*—6x+9)

=(x-1) (x—3)?

Root 1, 3, 3

Sumof roots=1+ 3 +3 =7

(B)

a+b+c=0
a=a&+b+c%;r=a+b*+c
P-2r=(@+b>+c)?-2a& +b*+c
= 2ab? + 2b’c? + 22— - bt —¢*

= 2&¢? + 2b’c? — (&2 — b?)? - ¢*
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Quadratic Equations

Q.12

Q.13

Q.14

120

=2¢% (& + b?) —c(a—-b)*-c*
=28+ 27— (a—h)?—c?]
c2ab + & + b? -7
c[(a+b)*—cF

0

®)

~

2 y?
X+y=a——+—=4
x-1 y-1

ae[, 2014]

Q.15

x+1+i+y+1+i:4
x-1 y-1

Hy-D+——=0

(x-1+ 5D

1
(x-1)

! +L: 0
(x-) (y-1
(a-2

x-D(y-1)

(a-2) {1+ ;} -0
xy+l-a

a= 2[for a= 2inf initely many solutions]|
xy+l—-a+1=0
Xx(@a-x)—a+2=0

(a-2)+

(a-2)+

= x’+ax-(2-a)=0

D=a’+4(2-a)=a’-4a+8
aways+ve

there two real solutions.
a=2and ae[l, 2014]

Total 2014 — 1 = 2013 values

(B)
The graph according to the quation is

AY
\ 2 /
©, EE\_/ ’

Clearly it can be observed
c<O0
a>0

_T:>O:—b>0:b<0

Q.16

Q.17

f(1)<0 =>a+b+c<0

ab<0

ac<0

bc>0

©

Let ‘a’ isthe common root

So, 02+ an+2=0 ... 0]
oa’+20+a=0 (i)
=>@-2a+2-a=0

= a = 1 is common root.

Q.18

L 1?’+a+2=0=>a=-3.
f(x) + g(x) =0

> 2¥+@+2)x+(@+2)=0
=2%*-x-1=0

1
= Sum of roots= .

2
(&)
P(x) = ax? + bx + ¢ = a(x— o) (x—B)
and o +B+of+l-1=(a+DPE+1) -1
_(a=b+c)
- a

1
b
:>0L+B+0LB: 5_1:}\,1_1

. b
ie., a isinteger = A,

Ifb=ah,
then, c = a(2i, — 1) { because g, b, ¢, arein A.P}
o P(X) = ax® + ah x + a(2h, — 1)
=ax?+Ax+ (20, —1)]
D =127 —4(2)h, — 1) is perfect square for intergral
roots
= D =A2-8\, +4isperfect square
LeeD=(r —-4*-12=k* {wherek ¢ 1}
=} -4-K (A -4+k)=12
Thisgivesi, —4—-k=2

&\, —4+k=6
= A4 =4& k=1
A, =8
Lo+tPB+ap=8-1=7

(B)
t?=at+b;ab el
t*=at?+ bt

=a(at + b) + bt
—2@t+bt+ab
= 3= (& + b)t + ab, check possibility for a, b € I*
from options.
(A)a+b=4

ab = 3 possible
(B)&+b=8

ab =5 not possible
(C)a&+b=10

ab =3 possible
(D)&+b=6

ab =5 possible

©

ad-a—-a=2;acR
Letf(d=ae—a+a—2;{ Notef'(@) >0 V a cR}
fora®=3= a=3" =1.2{use caculator}
we get f(1.2) <0 and at a= 46 = f(4¥6) > 0
so one root in ae(3,4)

(B)

D =49n - 4n?

=n(49 — 4n)

D = 0for any n € I*. So roots are distinct
For rootstoberead D > 0




Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Sonﬂ
<y

Soncanbe{1,23, ....12}
Clearly product of the roots is 1
©

a 1

1 (a+10)
&2+10a-1=0
two value of a

(A)

Given |a|=+4-+/5-a

sguaring
&= 4-+5-a
= &+16-82¢=5-a
= &-8x+a+11=0
Similarly squaring other given equations
& solving we can say that a, b, —c, —d are roots
of x*=8x?+x+11=0
.. product of roots
ab (<) (d)y=11
abcd =11
(B)
Xt=x2+2x-1=0
x>—(x-1)%=0
> X+x=-1D) xX-x+1)=0
X2+ X —1 =0 has two real roots.
(B)
Clearly statement 1 is false as they can have infinite
solutions statements 2 is also false as 13+ 142 =
365

©

S, :g[ZaJr(m—l)d} =n
S, =2[2a+(n—1)d] =m
By (1) and (2)
(m—n)a+(m—n){m+n—l}g:—(m—n)

=2a+(m+n-1)d=-2(m=n)

=S, = m;n[2a+(m+n—1)d] =—(m+n)

(B) o _

Product of digits of natural numebr will be a non
negative integer

s0,N>—10"-36> 0

=>ne (-0 5-/61] v (B+.61, )

butn e IN

son>13; wheren e N

case - 1 for al 2 digit natural numbers max value of
product of digits=9 x 9=81

son*—10n-36<81

=n e [5-142,5+142, ]

but nistaken as a2 digit natural no., s0 13<n< 17
= product of digits= 3, 4, 5 or 6 for 13, 14, 15 and

Q.25
Q.26

Q.27

Q.28

Q.29

Quadratic Equations

16 respectively checking n = 12

product of digits=1x 3=3

and 13?-10x3-36=3

so0 13 satisfies the given conditon

Hence it is a solution

checking for n= 14

product=1x4=4

142-10%x 14-36=196-140-36=20>6

and n?— 10n — 36 is increasing function for n>5; rest
of the 2 digit integerswon'’t satisfy the given condition
case-2 for all 3-digit integers max product = 9 x 9 x
9=1729

The smallest 3 digit no. is 100

f(n) = n2 — 10n — 36; f(100) =100?— 10 x 100 — 36
= 8964 > 729

and f(n) is increasing Hence no 3 digit Integers and
similary any higher integer will not satisfy = n =13

isthe only answer.

(B)
©)

8
Discriminant = b 5 O (for rea roots)

_ 2
_ (b 2)(bb+ 2b-+4) iy

= be(—oo,O)u(Z,oo)

which is a subset of solution set of b? —=3b+2>0
Hence (C).

(B)

If o, B are roots of p(x) =0

Rootsof g(x) =0 arex®=a, B

Hence only 2 real roots

2

further g(x)> b—aZVX eR

Hence |l & Il are correct.

(A)

Notethat p(x) —2x =a(x—1) (x—2) (x —3) (x —4)
since p(x) is a cubic polynomial, this is not possible.
(&)

a+b=5candab=-6d

c+d=5aand cd =-6b

= a =36

Now a satisfies first equation and ¢ second one, so &
—5ac-6d=0& c?—5ac—6b=0

adding these 2 are get
(a+c)2—-12ac-24(a+c)=0

= (a+c)2—-24(a+c)—12(36)=0

= a+c=360ra+c=-12(a=c=-6)
hencea+c=36sob+d=144
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Quadratic Equations

Q.30 (A)
()0, (X) + P,(X)0,(x) = x* . 3x + 2
P(X) —p,(x) =x* + (b, —b,)x + (¢, - c))
=0g(X=1&q,x)=.1
P (X) —p,(x) = (x=1) (x=2)

1
p,(x) = x3—2020x* + bx + C, <2
t

t+3=2020 = t = 2017

p,(X) = (x=1) (x =2) (x —2017)

Similarly p,(X) = (x = 1) (x —2) (x — 2018)
(A)  p,(3)+py1) +4028=0

p,(3) = 4028

p,(1) =0

Hence it is true

JEE-MAIN

PREVIOUS YEAR'S
Q1 (3
D<O
(2(3k —1))>—-4(8k>-7) <0
4(9k? -6k +1) —4(8k2-7) <0
k2—6k+8<0
k-4Hk-2)<0
2<k<4
thenk =3
Q2 (3
If theroot is 1 — 2i, the other rootsis 1 + 2i
Sum = 2, Product =5
quadratic equation z2—2z+5=0
= a=-2,p=5
a-B=-—2-5=-7
Q3 (1)

(a2 — B) —2(c® - B®)
3o’ - p7)

a’(o® — 2) —B°(B* - 2)
(o’ ~B°)

a(60) —BUEP)  6(a® — %)
ST oY) o) 2

Q4 (1

2b=a+c
2a+2 10

2b+c_7

122

11
Quadratic Equation is 4x2 + R 1=0

Thevaueof (o + B)2—3ap = s
256 4 256
Q5 (3
(P + 07)? — 2p°q? = 272
((p + 9)* - 2pg)* — 2p?g? = 272
16 — 16pq + 2p2cf = 272
(pa)* —8pq — 128 = 0
8+24
pq = =16,-8
2
pq =16
Q.6 (324)
Quadratic Equation whose roots are o, : x>x—1=0
sar=atl=at=a a2
B2=B+1 = ﬁn:ﬁn—l+ﬁn—2
Pn: I:>n—:L+ I:>n—2
= Pn+1=|:>n+Pn—1
= 29=P +11= P =18
= (Pn)=324
Q7 (1)
Q8 (1)
Q9 (1)
Q.10 (3)
Q.11 (1)
Q.12 (2
Q.13 (3)
Q.14 (1)
Q.15 (2
Q.16 (18)
Q.17 (66)
JEE-ADVANCED

PREVIOUS YEAR’S

Q.1

(©

x2—6x—2=0 havingrootso. and § = a®>—6a—2=
0

= a%-60° -208=0=>

ol —208=60°.... (i)

similarly p* —2p% = 6p° .... (ii)

by (i) and (ii)

(00— ) — 2(a®~ ) = 6 (a® — B°) = a,—23,= 63,

B0—28

28,4 3

=
Aliter

al0 B0 _ 2(o® — B8y . 10— B0 1 oB(af — )

2(a® -p°) 2(a®-p°)
_ @@ +B)-P(a+B)  a+p 6 _
2e°p%) ~ 2 ~2°°3



Q.2

Q.3

Q.4

Q.5

(B)

x?+bx-1=0
x*+x+b=0 b2+1  —(b+1)
x? X 1 = X pb+) 1-b

b2+1 -1-b 1-b

= (b*+1)(1-b) =(b+1)?
= PP +1-b=b*+2b0+1

= P*+3b=0 =>b=0;®=-3=b=0, +/3i
(D)

p(x) will be of the form ax? + c¢. Since it has purely
imaginary roots only.
Since p(x) iszero at imaginary values while ax? + ¢
takes real value only at real 'x', no root isreal.
Also p(p(x)) = 0 = p(x) is purely imaginary
= ax?+ ¢ = purely imaginary
Hence x can not be purely imaginary since x? will
be negative in that case and ax? + ¢ will be real.
Thus .(D) is correct.
(A,D)
(X, +x)?—4xx, <1

1

2" 4<1

D>0
1-402>0

11
oe [—EEJ (2

D&

) EE
2'y5) (B2
Comprehension #1 (5 and 6)
(D)

As o and B areroots of equation x>—x —1 =0, we get

o’—a—-1=0
B-p-1=0

=a’=a+1l
=>pB2=p+1

Quadratic Equations

Loa,ta, = pa + gp + pal®+ B
=pat® (a+ 1) +op (B +1)
=pol x o2 + P x B2
= pa? + B2 = o,
Q6 (D)
an+2 = an+l + an

a,=a+8a,=3a +28 =3pa+30B +2(p+0)
1+5 . 1-45
= > ,B_

2

a, = 3p{1+2\/gj+3q(1_2\/ﬂ+2p+2q =28

As a , Weget

3p_3q - ,
3[7"’7"‘2[3"'2(1—28)—0 ............... @)
3p_3q_
d 273 0 (i)

= p=q (from (ii))
= 7p =28 (from (i) and (ii))
= p=4 =q=4
= p+2g=12

Q.7 (1,2,9)
o, p areroots of x2—x —1

_ (ar+2 _Br+2)_(ar _Br)
a —a=
r+2 T a_B

~ (ar+2 _ar)_(BHZ _Br)

= a—B

_ o -D-BE -1 _a'a-p
- o—p - a-B

=——+ =a =>a

a_B r+1 r+2_a =48

r+1 G

n 2_qn2
L Y8 -2, -a,-8,,- b

r=1 O(’_B
=q,—(a+p)=a,-1

nh+2

. (o) _o(BY
NOWZan :rz_];(loj ;(10)

= 10 a—P

a B

10 10

L« B > B
10 10 _10-a 10-B _ 10 _Q
a-p  (¢-p)  (10-a)(10-p) 89

a p
© © —+ PN
an :Zan-1+an+1: 10 , 10 _12
n=1 1On n=1 10n 1_ l — E 89
10 10
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Quadratic Equations

Q.8

Q.9

124

Further,b =a , +a

h+1

~ (an—l_Bn—l)_'_(am-l_Bnﬂ)

= o p
@ap=-1=a™=—"B & p=—ap")
_a(e-p)+(@-pp"

= - =a"+ B

X2+ 20x — 2020 = 0 hastwo rootsab € R

x2 —20x + 2020 = 0 has two roots c,d € complex
ac(a-c)+ad(a—d)+bc(b—c)+hbd(b—d)
= @c —ac? + &d — ad? + b’c — be? + b?d — bd?
z2Z((c+d+b?(c+d)—c?(a+b)-d?*(a+b)
=(c+d) (@+b)—(ath)(c*+d)

=(c+d) ((a+ b)>—2ab) — (a+ b) ((c + d)?—2cd)
= 20 [(20)? + 4040] + 20 [(20)? — 4040]

= 20 [(20)% + 4040 + (20)? — 404Q]

= 20 x 800 = 16000

(4)

+x—-1=4x2-1]

Ifx e [-1,1],
X+X—1=-4x2+4=7x®+x-5=0
say f(X) =7x2+x-5

=3 f-1)=1;f/0=-1

[Two Roots]

If X € (—o0,—1] U[1, )
X+x—1=4x2—4=x2—x-3=0

Say g(x) =x?-x -3

9-1)=-19(1)=-3

[Two Roots]

TN

So tatal 4 roots.




