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64. Let p= ; :)1 ;2 , where o € R. Suppose 0= [qij] is a matrix such that PQ = ki, where k € R, k# 0 and / is the identity
3 50
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SECTION 1 (Maximum Marks: 12) )

This section contains FOUR (04) questions.

Each question has FOUR options (a), (b), (¢) and (d). ONLY
ONE of these four options is the correct answer.

For each question, choose the option corresponding to the
correct answer.

Answer to each question will be evaluated according to the
following marking scheme:

Full Marks : +3 If ONLY the correct option is chosen;

Zero Marks : 0 If none of the options is chosen (i.e. the
question is unanswered);

Negative Marks : —1 In all other cases.

A

. Three students S , S

. Let R denote the set of all real numbers. Leta,b, eR forie {1,2,3}.

Define the functions f: R—R, g: R—R, and 4 : R—R by:
Sx)=a,+10x + ax*+ax’+x*,
g)=b, +3x+bx*+ by’ +xt,
h(x) =flx+ 1) — gx +2).
If fix) # g(x) for every x € R, then the coefficient of x* in A(x) is
(a) 8 (b) 2 (c) 4 (d) -6
1»S,,and S, are given a problem to solve. Consider

the following events:
U: Atleastoneof S, S

1272
V: S, cansolve the problem, given that neither S, nor S, can solve
the problem,

and S, can solve the problem,

W: S, can solve the problem and S, cannot solve the problem,
T: S, can solve the problem.
For any event E, let P(E) denote the probability of E. If

P(U)=%, P(V)ﬁ,

then P(7) is equal to

1
and PW)=—
) D

13 1 19 1
(@) 36 () 3 (© w0 (d) 7

. Let R denote the set of all real numbers. Define the function f; R—R by

2—2)(2—x2sinl if x#0

S(x)= x
2 if x=0
Then which one of the following statements is TRUE?
(a) The function fis NOT differentiable at x =0
(b) There is a positive real number J, such that f'is a decreasing
function on the interval (0, 8)

(¢) For any positive real number 9, the function f'is NOT an
increasing function on the interval (—5,0)

(d) x=0is a point of local minima of /'

4. Consider the matrix

200
P={0 2 0
0 03
Let the transpose of a matrix X be denoted by X”. Then the number
of 3x3 invertible matrices Q with integer entries, such that

O '=Q"and PO= QP , is

(@) 32 () 8 () 16 d) 24

(ON©

SECTION 2 (Maximum Marks: 12) )

This section contains THREE (03) questions.

Each question has FOUR options (a), (b), (c) and (d). ONE
OR MORE THAN ONE of these four option(s) is(are) correct
answer(s).

For each question, choose the option(s) corresponding to (all)
the correct answer(s).

Answer to each question will be evaluated according to the
following marking scheme: -

Full Marks : +4 ONLY if (all) the correct option(s) is(are)
chosen;

Partial Marks :+3 If all the four options are correct but
ONLY three options are chosen;

Partial Marks : +2 If three or more options are correct but
ONLY two options are chosen, both of which
are correct;

Partial Marks :+1 If two or more options are correct but
ONLY one option is chosen and it is a correct
option;

Zero Marks : 0 If none of the options is chosen (i.e. the

question is unanswered);
Negative Marks: -2 In all other cases.
For example, in a question, if (a), (b) and (d) are the ONLY
three options corresponding to correct answers, then
choosing ONLY (a), (b) and (d) will get +4 marks;
choosing ONLY (a) and (b) will get +2 marks;
choosing ONLY (a) and (d) will get +2 marks;
choosing ONLY (b) and (d) will get +2 marks;
choosing ONLY (a) will get +1 mark;
choosing ONLY (b) will get +1 mark;
choosing ONLY (d) will get +1 mark;
choosing no option (i.e. the question is unanswered) will get 0
marks; and
choosing any other combination of options will get —2 marks. )




5. LetL, be the line of intersection of the planes given by the equations

2x+3y+z=4andx+2y+z=>5.

Let L, be the line passing through the point P(2,~1,3) and parallel
to L,. Let M denote the plane given by the equation

2x +y—2z=06.
Suppose that the line L, meets the plane M at the point Q. Let R be
the foot of the perpendicular drawn from P to the plane M .

Then which of the following statements is (are) TRUE?

(a) The length of the line segment PQ is 93
(b) The length of the line segment QR is 15

(c) The area of APQR is %\/234

(d) The acute angle between the line segments PQ and PR is

i

. Let N denote the set of all natural numbers, and Z denote the set of all
integers. Consider the functions /: N—Z and g : Z—N defined by

Fn)= (n+1)/2 i.fni.sodd, and
(4-n)/2 if niseven

(n) = 3+2n if n>0,

S 00 it <o

Define (g o f)(n) = g(f(n)) for all n € N, and (f 0 g)(n)
= flg(n)) for all n € Z.

Then which of the following statements is (are) TRUE?
(a) gofis NOT one-one and g o fis NOT onto
(b) fogis NOT one-one but f0 g is onto
(¢) gis one-one and g is onto
(d) fis NOT one-one but fis onto
. Let R denote the set of all real numbers. Let z =1 + 2i and z,=3i be
two complex numbers, where i = /—1 . Let
S={x, e RxR:x+iy—z|=2x+iy—z]}.
Then which of the following statements is (are) TRUE?

1 10
(a) Sis acircle with centre [—??j

18
(b) Sis a circle with centre (?;)

2

(¢) Sis acircle with radius 5

(d) S is a circle with radius 2

SECTION 3 (Maximum Marks: 24) )

This section contains SIX (06) questions.

The answer to each question is a NON-NEGATIVE
INTEGER.

For each question, enter the correct integer corresponding to
the answer using the mouse and the onscreen virtual numeric
keypad in the place designated to enter the answer.

Answer to each question will be evaluated according to the
following marking scheme:

Full Marks : +4 If ONLY the correct integer is entered,
Zero Marks 0 In all other cases.

/

10.

11.

12.

13.

Let the set of all relations R on the set {a,b,c,d,e,f}, such that R is
reflexive and symmetric, and R contains exactly 10 elements, be
denoted by S. Then the number of elements in S'is

. For any two points M and N in the XY-plane, let MN denote the

vector from M to N, and 0 denote the zero vector. Let P,Qand R
be three distinct points in the XY-plane. Let S be a point inside the

triangle APOR such that SP+550 +6SR =0 .

Let E and F be the mid-points of the sides PR and OR, respectively.

Then the value of length of the line segment EF s

length of the line segment ES

Let S be the set of all seven-digit numbers that can be formed using
the digits 0, 1 and 2. For example, 2210222 is in S, but 0210222 is
NOT in S.

Then the number of elements x in S such that at least one of the
digits 0 and 1 appears exactly twice in x, is equal to

Let o and f be the real numbers such that

Ll fap 1
115}7[51[1— 2aft+|3xcosx]—2.

Then the value of o + B is

Let R denote the set of all real numbers. Let f: R — R be a function
such that f(x) >0 forallx € R, and f(x + y)=f (x) f(y) for all x, y € R.

Let the real numbers a ,a,,...,a,, be in an arithmetic progression.

50
If f (a,) = 64 f (ay,), and Y f(a)=3(2% +1),then the value of
30 i=1
Zf (¢)is .
i=6
For all x> 0, let y,(x), ,(x), and y,(x) be the functions satisfying

%—(sinx)2 ¥, =0,y(1)=5,

d 1
%—(cosx)2 ¥, =0,»,(1) =3
dy, (2-x° 3
@5 —0.v. (1) ==
dx [ X ij ’yS( ) 5¢’

" (x)y2 (x)y3 (x) +2x
e sinx

respectively. Then lim

x—>0"

is equal to

00O

(@)

SECTION 4 (Maximum Marks: 12) A

This section contains FOUR (04) Matching List Sets.

Each set has ONE Multiple Choice Question.

Each set has TWO lists: List-I and List-I1.

List-I has Four entries (P), (Q), (R) and (S) and List-II has
Five entries (1), (2), (3), (4) and (5).

FOUR options are given in each Multiple Choice Question
based on List-I and List-II and ONLY ONE of these four
options satisfies the condition asked in the Multiple Choice
Question.

Answer to each question will be evaluated according to the
following marking scheme:

Full Marks :+3 ONLY if the option corresponding to the
correct combination is chosen;
Zero Marks 0 If none of the options is chosen (i.e. the

question is unanswered);

Negative Marks: —1 In all other cases.

/

o
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SECTION 1 (Maximum Marks: 12) )

This section contains FOUR (04) questions.

Each question has FOUR options (a), (b), (¢) and (d). ONLY
ONE of these four options is the correct answer.

For each question, choose the option corresponding to the
correct answer.

Answer to each question will be evaluated according to the
following marking scheme:

Full Marks : +3 If ONLY the correct option is chosen;

Zero Marks : 0 If none of the options is chosen (i.e. the
question is unanswered);

Negative Marks : —1 In all other cases.

A

. Let x, be the real number such that e +x; = 0 . For a given real

number o, define

g(x)

_3xe" +3x—oe’ —ax
3" +1)
Then which one of the following statements is TRUE?

for all real numbers x.

. x)+e®
(a) fora.=2 th =0
2 XX x_xo
. +e
®) fora=2, m[EDFT_y
XXy X=X,
. +e"
(¢) foroa=3, lim g rer] =0
XX X=X,
(@) fora=3, lim|[$®*+<"_2
XX, X=X, 3

Let R denote the set of all real numbers. Then the area of the region

{(x,y)eRx]R:x>0,y>l,5x—4y—1>0,4x+4y—17<0} is
x

17 33
~—log, 4 b) Z—log, 4
(@) 6 los. (b) g 0%
(©) —587—10g€4 @ —127 —log 4

. The total number of real solutions of the equation

0 = tan !(2 tan 0)— % sin! ( 6tan® j is

9+tan’0

(Here, the inverse trigonometric functions sin™' x and tan™!' x assume

values in | =, % | and | =2, 2| respectivel )
2’2 22) P v

(a) 1 (b) 2 (©) 3 (d) 4

. Let S denote the locus of the point of intersection of the pair of lines
4x -3y =12a,
4ox +30y=12,

where o varies over the set of non-zero real numbers. Let 7 be the
tangent to S passing through the points (p, 0) and (0, ¢), ¢ > 0, and

3
arallel to the line4x— —= y=0

Then the value of pq is
(b) -3\2

(@ -6v2 © 92 (@ -1242

y

o
o

SECTION 2 (Maximum Marks: 16) )

This section contains FOUR (04) questions.

Each question has FOUR options (a), (b), (¢) and (d). ONE
OR MORE THAN ONE of these four option(s) is(are) correct
answer(s).

For each question, choose the option(s) corresponding to (all)
the correct answer(s).

Answer to each question will be evaluated according to the
following marking scheme: -

Full Marks : +4 ONLY if (all) the correct option(s) is(are)
chosen;

Partial Marks :+3 If all the four options are correct but
ONLY three options are chosen;

Partial Marks :+2 If three or more options are correct but
ONLY two options are chosen, both of which
are correct;

Partial Marks :+1 If two or more options are correct but
ONLY one option is chosen and it is a correct
option;

Zero Marks : 0 If none of the options is chosen (i.e. the

question is unanswered);
Negative Marks: —2 In all other cases.
For example, in a question, if (a), (b) and (d) are the ONLY
three options corresponding to correct answers, then
choosing ONLY (a), (b) and (d) will get +4 marks;
choosing ONLY (a) and (b) will get +2 marks;
choosing ONLY (a) and (d) will get +2 marks;
choosing ONLY (b) and (d) will get +2 marks;
choosing ONLY (a) will get +1 mark;
choosing ONLY (b) will get +1 mark;
choosing ONLY (d) will get +1 mark;
choosing no option (i.e. the question is unanswered) will get 0
marks; and
choosing any other combination of options will get —2 marks.

1 0 20 Xy
. Let I = and P= .Let 0= for some non-
0 1 0 3 z 4

zero real numbers x, y, and z, for which there is a 2 x 2 matrix R
with all entries being non-zero real numbers, such that OR = RP.

Then which of the following statements is (are) TRUE?

(a) The determinant of Q — 2/ is zero

(b) The determinant of Q — 6/ is 12

(¢) The determinant of Q — 3/1is 15

(d) yz=2

Let S denote the locus of the mid-points of those chords of the
parabola y? = x , such that the area of the region enclosed between

the parabola and the chord is % . Let R denote the region lying in

the first quadrant, enclosed by the parabola y* = x , the curve S, and
the lines x = 1 and x = 4.
Then which of the following statements is (are) TRUE?

(@ @4,\3)es (b) 5.~2)es
(c¢) Areaof Ris %—2\/5 (d) Areaof R is %—\/5

o
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Solutions Paper-1

—

1L(b) fix+1)=a, +10(x + 1) +a,(x+ 1)+
Ax+ 1P+ (x+ 1)
Coefficient of X’ in flx + 1) = a, + 4
gx+2)=5b+3(x+2)+b(x+2)>+
b(x +2) + (x +2)*
Coefficient of X’ in g(x +2) = b, +8
= Coefficient of x* in A(x) = coefficient of
x¥in f{x + 1) — coefficient of x3 in g(x + 2)
=(a,+4)—(b,+8)=a,+4-b, -8
=a,—b,—4
But f(x) # g(x) V x
= flx) —gx) #0
= f{x) — g(x) = 0 have no real roots
(@, —b)+Tx+(a,—b)x*+ (a,— b)x*=0
have no real roots
Cubic equation will become zero at least
one value of x.
So, it will be quadratic.
=a,~b,=0
= Coefficient of x* in A(x) = —4
Option (¢) is correct.

2.

&
U=5,US,US,
P(U)-5
P(V)=P (stﬁ =%

Let P(Sﬁ(S2 US3)’) =p

1
P(SZUS3)=E—p

1 1
P(S,U8;) =1-|——p|=—=
= (2U 3) [2 Pj 2+P
P(Slﬂ(S2 US3)) 1
P(V)= L =1
P(S,US;3) ~4p
1
:>p=§
1
P(W)_P(Szmsg)_E
11 1
P(T)=P(S;) T
18-2-3 13
36 36

2
.10
0

3.

4.

222 - 2sint x#0

f(x) = X
2 x=0
lim f (x) =2=f (0) .. flx) is continous
x—0
_ f(n)-1(0)
Now, 7'(0)= LA AR WA
o £1(0)= Jim ==
2-2n% - p? sin[lj -2
. h
lim
h—0 h
()
—2h—hsin| —
= lim Y 74 =0
h—0 1

[ [sin%) oscillate between —1 and 1]

S f1(0)=0
. fix) is differentiable at x = 0
RHD = lim — h(2 + sin(l]] <0
h—0" h
= f(x) is decreasing for a interval (0, J),
where & > 0
LHD = lim — h[2 + sin[lD >0
h—0" h
= f(x) is increasing for a interval (-9, 0)
where 6 > 0
.. x=01s a point of maxima
option (b) is correct.

As PQ = QP
0 Olla b c a b cl|l2 00
2 0||d e fl=|d e f||0 2 0
0 3llg h i g h i||0 0 3
2a 2b 2c 2a 2b 3c
=|2d 2e 2f|=|2d 2 3f
3g 3h 3i 2g 2h 3i
=¢=0,/=0,h=0,g=0
a b 0
O=|d e O
0 0 i
Given QQ"=1
[a b 0][a 4 i] [1 0 0
=|d e 0||b e 0|=(0 1 O
0 0 i||[0 O ¢ 0 01

(2462 ad+be 0 1 o
=|ad+be d*+é* 1
0 o 2| [0 0

=Sa+b=1,ad+be=0,d*+e*=1,i’=1.

a b d e i

1 0 0 L-1 L-1
-1 0 0 L-1 L-1
o 1 L-1 0 L-1

0 -1 1.,-1 0 1,-1

Total 16 matrices.

(@, 0) L, :2x+3y+z=4

x+2y+z=5
Let, line L in standard form is 7 = a + th
The pointon L, is (-7, 6, 0)

i J ok
b=[2 3 1|=i-j+k
121

Ll:F=(—7f+6]’+01€)+t(f—]‘+l€).

x+7 y-6 =z
1 -1
And equation of line L, is
x=2 y+l z-3
1 -1 1

or, L :

=X

Equation of plane M : 2x + y—2z=6

Let coordinate of Q= (A +2,-A— 1,1 +3).
-+ Q lies on plane M

20 +2)+(-A-1)2(L+3)=6

=-A-3=6

=>A=-9

.. coordinate of Q = (-7, 8, —6).

For foot of perpendicular R(x , y,, z,)
-2 w+l z-3 —(4-1-6-6)

2 1 2 9

x,=4,y=0,z =1
.. Coordinate of R =(4, 0, 1)
P2,-1,3)

(-7, 8,-6) 4,0,1)

PO =197 +(=9)> +(9)" =9V3 units

Area (APQOR)

k
—l|P—Qxﬁ|—l—9 ; -9
2 2 | -

=% 234, sq units

Let 6 be acute angle between PQ and PR,
then

o
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Yy &

'.'|ﬁ|=6 :\/a2+a2+a2 =\/g

()

e +x
im e +1 0
Let, [, = -~ < | —form
2 XXy x— xo 0

Using L’Hospital rule we get
N G 1)(@“ + 1) - (e” + x)(e”) B

= (e"+1)°

=1 =

From equation (7)

3112‘1_3_1
3

3

For the case whose o = 3, the function g (x)
is given by

JEE Advanced Solved Paper-2025

/= lim
X—>X, X=X ‘
e +x
/= lim g _ e +1 .
XX x—X, ...(if)
e +x
fim e +1 0
Let,/, = " |-=——|,| —form
l x=x, | \0
Using L’Hospital Rule
=>1=1

From equation (i7)

=1=|1-1]=0

Lo =B=7v=+/2.
=|5]" =1and ¥ -7=0 ()~ (2) L =a=p=y=+2
o . Since, o =3
li]|[v|=|®| =|a|x1=V1+1+4 Whent=-1, = o+p+y=0. el
il = Whent=2,=2a+B+y=0,00—2p+y=0 =oa+B+y=0
:>|”|_‘/g P P ando+B-2y=0
+ =
iWw=0 =a+p-2y=0 SN =v=0 @ -1
2 a+PB+y=0
and to+B+y=0 ... (D) b =>PB+ty=—a=PE+y>=a>=3,
oa—tp+y=0 - ) = t-2p+y=0 =p=y - (R) > (4)
Ifoa=+v2 =t=2
a+B—1y=0 ... (iii)
a., B, y can not be simultaneously zero. =a=p=y =1+3=(2)+3=5,(5)>(5)
-
Solutions Paper-2
) . Lo A .
1. (c) The given equat-lon is e*O. x,=0 (et +1)— 3(ex+x) 2. (b)
For o = 2 the function g (x) is defined as g(x)= Sy—dy—1=0
3(e"+1) Y
3x(e" +1)—2(e" +x)
gx) = .
3(@ +1) ex+x
=g)=x- )
x e +1 =1
2( e +x > )
=g =x-3 -
3[ex+1] The limit / is defined as
The limit /, is evaluated as [ lm g(x)+e® 4x +4y —17=0
X XA)XD x_x
=hL=" g +e 0 Required Area =
*% Substituting the expression for g(x) and J‘Z[S)‘_l _ljd,ﬁ_r(” —4x _ljdx
2[ & +x] using the condition e = —x,, the limit / is. o4 X ? 4 x
J— + Xo
: 3 x+1 X 4
e e =] [] S S BN RCA
X=X, e ﬁ’:% e +1 8 4 .
X—Xx,
2 o = (4 £—1n2 - 2—l—lnl
)| X 8 4 8 4
(.X Xo)
) 3l ¥ +1 ¥
L = lim oy 2fe+x
X=X, (x xO) 3 e 41

+(17-8—1In4)—- LU
r-se-{-2-w]

=£—ln4
8

3. (c) Leta = lsin’l [6ta—n?)
2 9 +tan” 0

= 0 =tan' (2tanb)-a
= 0+ o =tan"' (2tan0)
= tan (0 + o) = 2tand
- tanbrtana o0 )
l—tanotan©

6tan®  2tana
9+tan’0 1+tan’a
= 3tan6 + 3tand tan’c. = 9 tana, + tano. tan’0
= 3(tand — 3tana) = tana. tan6 (tand — 3tanar)

= sin2 o=

= tan0 = ortan0 =3tana

tan o
Case-I: tanf = 3 tana




QUADRATIC EQUATIONS

ﬁ JEE-Advanced —

Nature of Roots, Relation Between Roots and
Coefficients

Single Correct

1. Suppose a, b denote the distinct real roots of the quadratic
polynomial x> +20x — 2020 = 0 and suppose ¢, d denote the distinct
complex roots of the quadratic polynomial x> — 20x + 2020 = 0.
Then the value of ac(a — ¢) + ad(a — d) + be(b — ¢) + bd(b — d) is

C-41.95 W-32.92 UA-25.13 [JEE Adv. 2020]

(@ 0 (b) 8000
(c) 8080 (d) 16000

2. Let —% <0< —%. Suppose o, and B, are the roots of the equation
x? —2xsecO0+1=0, and o, and B, are the roots of the equation
x* +2xtan0-1=0. If a, > B, and a, > B,, then o + B, equals
C-18.36 W-48.75 UA-32.89 [JEE Adv. 2016]
(a) 2(secO —tan0) (b) 2secO
(¢) —2tan 6 @ 0

3. In the quadratic equation p(x) = 0 with real coefficients has purely
imaginary roots. Then, the equation p[p(x)] = 0 has

C-14.2 W-56.37 UA-29.43 [JEE Adyv. 2014]
(a) Only purely imaginary roots
(b) All real roots
(¢) Two real and two purely imaginary roots

(d) Neither real nor purely imaginary roots

4. Let p and ¢ be real numbers such that p # 0, p* # gand p* = —q.
If o and B are non-zero complex numbers satisfying o+ =—p

and o + B° = ¢, then a quadratic equation having % and — as its
roots is [IIT—JEE 2010]
@ (PP +9¥ (P’ +2g)x+(p*+9)=0
®) (P +9)x* = (P’ ~2q)x+(p’ +9) =0
(o) (p3 —q)x2 —(Sp3 —2q)x+(p3 —q) =0
@ (P’ -1’ ~(5p’+2q)x+(p’ —q)=0

5. Let a.,f be the roots of the equation x? —px+r=0 and %,2[3

be the roots of the equation x* - gx+r =0. Then, the value of 7 is
[IIT-JEE 2007]

10.

11.

12.

13.

(@) %(p—q)(Zq—p) ®) g(q—p)@p—q)

(c) %(q—2p)(2q—p) (d) %(2p—q)(2q—p)

If a, b, ¢ are the sides of a triangle A4BC such that
x? —Z(a +b+ c)x+ 37»(ab+ bc+ ca) =0 has real roots, then

[LIT-JEE 2006]
5
@ r<t ) a2
3 3
45 15
er ve(12)
(©) 33 (d ke 33
If one root is square of the other root of the equation x> + px+q=0,
then the relation between p and g is [IIT-JEE 2004]

@ p'-q(3p-1)+¢’=0 (b) P’~q(3p+1)+q’ =0

© PP+qBp-D+¢*=0 (@ p +q(B3p+1)+q° =0

The set of all real numbers x for which x*— [x+2][+x>0
[IIT-JEE 2002]

(@ (=0,-2)U(2,) ) (~0—2)u(¥2,)

(© (=0,~1)U(1,0) @ (V2,%)

The number of solutions of log, (x—1)=log, (x-3) is
[IIT-JEE 2001]

(a) 3 (b 1 () 2 (@ 0
For the equation 3x” + px+3 =0, p > 0, if one of the root is square
of the other, then p is equal to [IIT-JEE 2000]
(a) 173 b)) 1 © 3 d 2
If o and B(a. < P) are the roots of the equation x> +bx + ¢ = 0, where
c<0<b,then [IIT-JEE 2000]
(@) 0<a<pP (b) a<0<B<|ol

(¢) a<P<0 d a<0<|a|<B
The equation /x+1—+/x—1=+/4x—1 has [IIT-JEE 1997]
(a) no solution (b) one solution

(¢) two solutions (d) more than two solutions

o 2egg 0P Hogy x>

The equation x* 4 =2 has [ITT-JEE 1989]

(a) atleast one real solution
(b) exactly three real solutions
(c) exactly one irrational solution

(d) complex roots



14.

15.

16.

17.

18.

19.

20.

21.

22.

If o and B are the roots of x* + px+¢ =0 and o* B* are the roots
of x*—rx+s=0, then the equation x? —4gx+2¢> —r=0 has
always [IIT-JEE 1989]

(a) two real roots
(b) two positive roots
(c¢) two negative roots

(d) one positive and one negative root

The equation x—i =1 2 has
x—1 x—1
(a) one solution (b) no solution

[IIT-JEE 1984]

(¢) two equal roots (d) infinitely many roots

(x—a)(x—b)
(x=c)

For real x, the function will assume all real values

provided [IIT-JEE 1984]
(@) a>b>c () a<b<c
(¢) a>c<b (d a<c<b

The number of real solutions of the equation | x|* —3|x| +2=0is
[IIT-JEE 1981]

(a) 4 b 1 (¢ 3 2

Both the roots of the equation
(x=b)(x—c)+(x—a)(x—c)+(x—a)(x—b)=0 arc always
[IIT-JEE 1980]

(a) positive

(¢) Real

Let a>0,b>0 and ¢ > 0. Then, both the roots of the equation
[LIT-JEE 1979]

(b) have negative real parts

(d) None of the above

(b) negative
(d) None of the above

ax’ +bx+c=0
(a) are real and negative

(c) have positive real parts

Comprehension/Passage Based

Let p, g be integers and let o,  be the roots of the equation,

x* —x—1=0 where a#p.Forn=0,1,2,...,1et g, =pa” +¢B".

FACT: If a and b are rational numbers and a+b«/§ =0, then
a=0=bh.

a,= C-28.59 W-67.14 UA-4.27 [JEE Adv. 2017]
(@) a,+2a, (b) 2a,*a,
() a,— 4y, (d) au+ a,

FACT: If a and b are rational numbers and @ +b\/§ =0 then
a=0=bh.

If a; =28 then p+2q =
C-28.59 W-67.14 UA-4.27 [JEE Adyv. 2017]

(a) 14 b 7 (o) 21 d 12
Assertion Reason/Statement Based
Let a, b, ¢, p, q be the real numbers. Suppose o, § are the roots of

1
the equation x? + 2px + ¢ = 0 and a,z are the roots of the equation
ax® +2bx+c=0, where % ¢ {~1,0,1} .

Statement-I (p2 - q)(b2 - ac) >0
[IIT-JEE 2008]

Statement-II b # pa or ¢ # qa

23.

24.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

(a) Statement-I is true, Statement-1I is also true; Statement-II is
the correct explanation of Statement-1

(b) Statement-I is true, Statement-1I is also true; Statement-II is
not the correct explanation of Statement-I

(c¢) Statement-I is true; Statement-II is false
(d) Statement-I is false; Statement-II is true.

Fill in the Blanks
The sum of all the real roots of the equation | x —2 |2 +|x—2|—2 =0

S, [IIT-JEE 1997]

If the products of the roots of the equation x* —3kx +2¢? Ik _1=0
is 7, then the roots are real for k= ....... [IIT-JEE 1984]

. If 2+iy/3 isaroot of the equation x> + px+q =0, where p and ¢

are real, then (p,q)=(...,...). [IIT-JEE 1982]

The coefficient of x* in the polynomial (x - 1) (x - 2) .. .(x - 100)
is.... [IIT-JEE 1982]

True/False
If P(x) = ax? + bx + ¢ and Q(x) = — ax? + dx + ¢, where ac # 0, then
P(x) O(x) has atleast two real roots. [IIT-JEE 1985]
There exists a value of 0 between 0 and 2 that satisfies the equation
sin*® — 2sin’0 + 1 =2. [IIT-JEE 1984]

The equation 2x* + 3x + 1 = 0 has an irrational root.
[IT-JEE 1983]

Numerical/lnteger Types

Let fix) = x* + ax® + bx* + ¢ be a polynomial with real coefficients
such that f(1) = —9. Suppose that iv3 is a root of the equation
4x3 + 3ax? + 2bx = 0, where i=+/—1 . If o, o, o, and o, are all
the roots of the equation f{x) = 0, then |o |* + [ov | + |ot > + |or,[* is

equal C-9.3 W-60.69 UA-30.01 [JEE Adyv. 2024]

Subjective

If x2 — 10ax — 115 = 0 have roots ¢ and d. x* — 10cx — 11d = 0 have
roots @ and b, then find a + b+ ¢ +d. [IIT-JEE 2006]
If ¥2 + (a —b)x + (1 —a _b) =0 where a,b € R, then find the values
of a for which equation has unequal real roots for all values of b.

[LIT-JEE 2003]
If o, B are the roots of ax® +bx+c= 0,(a # 0) anda+5,B+6

are the roots of Ax> + Bx+C = 0,(A * 0) for some constant §,
then prove that [IIT-JEE 2000]

b*—4ac  B*-4AC

a? A%

Let f ( x) = Ax% + Bx+ C where 4, B, C are real numbers. Prove

that if /() is an integer whenever x is an integer, then the numbers
24, A + B and C are all integers. Conversely, prove that if the
numbers 24, A + B and C are all integers, then f (x) is an integer
whenever x is an integer. [IIT-JEE 1998]

Find the set of all solutions of the equation P |2y o 1| =2ty
[IIT-JEE 1997]
2x 1

_ >
2x3+5x+2  x+1

[IIT-JEE 1987]
[IIT-JEE 1987]

Find the set of all x for which

Solve [x* +4x + 3| +2x+5=0
2 2
Solve for x:(5+2v/6)" > +(5-2/6)" 7 =10 [IIT-JEE 1985]

o
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57. If a+b+c=0,then the quadratic equation 3ax® +2bx+c =0 has 63. The function f*(x) is [UT-JEE 2010]

[IIT-JEE 1983] . . 1 . ( 1 t)
(a) at least one root in (0, 1) (a) increasing in —t,—z and decreasing in s
(b) one root in (2, 3)and the other in (-2, —1) 1 1
(¢) imaginary roots (b) decreasing in (_t’_Z] and increasing in (—Z,t)
(d) None of the above (¢) increasing in (-, f)
58. The largest interval for which x'? —x” +x* —x+1>0 is o
[IIT-JEE 1982] (d) decreasing in (- ¢, t)
(@) -4<x<0 (h) 0<x<l Passage 2
(¢) =100 < x <100 (d) —o<x<m If a continuous function f defined on the real line R, assumes

positive and negative values in R, then the equation fix) = 0 has a
root in R. For example, if it is known that a continuous function f’
on R is positive at some point and its minimum values is negative,
then the equation f{x) = 0 has a root in R, Consider fix) = ke* — x
for all real x where £ is real constant.

Multiple Correct

59. Let S be the set of all non-zero real numbers a such that the
quadratic equation o’ — x + o = 0 has two distinct real roots x,
and x, satisfying the inequality |x, —x,| < 1. Which of the following

interval(s) is/are a subset of § ? 64. The line y = x meets y = ke* for k<0 at [IIT-JEE 2007]
[JEE Adv. 2015] (a) no point (b) one point
(¢) two points (d) more than two points
(a) [_l’_LJ (b) (_L, j 65. The positive value of k for which ke* — x = 0 has only one root is
27 5 NG [IIT-JEE 2007]
0 1 11 1
(©) N (d) 52 (a) - b 1 (c) e (d) log2
60. Leta e Randf: R - R be given by fix) =x* — Sx +a 66. For k> 0 the set of all values of k for which ke* —x =0
' ’ [IIT-JEE 2007]
Then, C-32.05 W-56.96 UA-10.99 [JEE Adv. 2014] | | .

(@) fix) has three real roots, if @ > 4 (@) [O’Z) ®) (;’1] (© (; ’wj @ (0, 1)

(b) fix) has only one real root, if a > 4 N ical/Int T
umerical/integer es
(¢) fix) has three real roots, if a <—4 ? P

67. For R, the number of real roots of the equation
(d) fix) has three real roots, if -4 <a <4 T e . au

3x2—4|x2—1|+x—1=0 is

Comprehension/Passage Based
(C-38.81 W-55.58 UA-5.61 [JEE Ady. 2021]

Passage 1

. . True/False
Consider the polynomial f{ix) =1 + 2x + 3x? + 4x°. Let s be the
sum of all distinct real roots of f{x) and let ¢ = |s|. [IIT-JEE 2010] 68. If a <b<c<d, then the roots of the equation
61. The real numbers s lies in the interval (x—a)(x—c)+2(x—b) (x—d)=0 are real and distinct.
( 1 0) ( " 3) 31 1 [IIT-JEE 1984]
@ (7% & (7@ [‘Z"E] @ [O’Zj Subjective
62. The area bounded by the curve y = f(x) and the lines x =0, y = 0 and 69. Let a, b and ¢ be real numbers with a#0 and let o, B be the
x =1, lies in the interval [IIT-JEE 2010] roots of the equation ax® +bx+c=0. Express the roots of
@ [ 3, 3] ® ( 21 ’1_1) @*x* +abex+¢* =0 in terms of o, P [IIT-JEE 2001]
4 64 16
21 70. Let—1<p < 1. Show that the equation 4x*> — 3x — p = 0 has a unique
(¢) (9,10) (d) (O,aj root in the interval [1/2, 1] and identify it. [IIT-JEE 2001]

o \ ANSWERKEY  \ 0

1. (d) 2. (¢ 3. ) 4. (b) 5. (d) 6. (a) 7. (a) 8. (b) 9. (b) 10. (c)

11. (b) 12. (a) 13. (b) 14. (a) 15. (b) 16. (d) 17. (a) 18. (¢) 19. (b) 20. (d)
21. (d) 22. (b) 23. [4] 24. [2] 25. [{-4,7}] 26. [-5050] 27. [True] 28. [False] 29. [False] 30. [20]
43. (b) 44. [-1] 45. [False]  46. (b) 47. (d) 48. (a) 49. (b) 50. (b,c,d) 51. [2] 55. ()
56. (d) 57. (a) 58. (d) 59. (a,d)  60. (b,d)  61. (c) 62. (a) 63. (b) 64. (b) 65. ()
66. (a) 67. [4] 68. [True]
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