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Single Correct Answer Type

1.

If [, m, n are real [ # m, then the roots of the equation

(I-m)x*=5+m)x—2(l-m)=0 are
a. real and equal b. complex

d. none of these
(ITT-JEE 1979)

¢. real and unequal

. If x, v, and z are real and different and u = x* + 4y” + 97°

— 6yz — 3zx — 2xy, then u 1s always
a. non-negative b. zero

d. none of these
(IIT-JEE 1979)

C. non-positive

. Ifa>0,b>0and c >0, then the roots of the equation

a’ +bx+c=0
a. are real and negative
b. have positive real parts
¢. have negative real parts
d. none of these (IIT-JEE 1979)
The entire graph of the equation y = x> + kx — x + 9 is
strictly above the x-axis if and only 1f
a.k<7 b.-5<k<7
c.k>-5 d. none of these
(ITT-JEE 1979)

. Both the roots of the equation (x = b) (x — ¢) + (x — a)

(x=c)+ (x —a) (x - b) =0 are always
a. positive b. real
C. negative d. none of these
(IIT-JEE 1980)

6. If (x> + px + 1) is a factor of (ax’ + bx + ¢), then

10.

b.a’*-c*=-ab
d. none of these
(IIT-JEE 1980)

a.a’+c =—ab
c.a’-c’=ab

. Two towns A and B are 60 km apart. A school is to be

built to serve 150 students in town A and 50 students in
town B. If the total distance to be travelled by all 200
students is to be as small as possible, then the school be
built at

a.town B b. 45 km from town A
c. town A d. 45 km from town B
(IIT-JEE 1982)
The equation x .- =]- e has
x-1 x-=1

a. no root b. one root
¢. two equals roots d. infinitely many roots

' (IIT-JEE 1984)

. If ccand B are the roots of x* + px + ¢ =0 and o', B’ are

the roots of X — rx + 5 = 0, then the equation x° — 4gx
+ 2g° — r = 0 has always
a. one positive and one negative root
b. two positive roots
C. two negative roots
d. cannot say anything (ITT-JEE 1989)
Leta, b, ¢ be real numbers, a # 0. If azis a root of a*x” + bx
+c=0.Bistherootof a’x* —bx—c=0and 0 < a < f,
then the equation a’x* + 2bx + 2¢ = 0 has a root Y that
always satisfies

B

a.y=a+ﬁ h.y=a+5 C.y=0

d.a<y<f
(IIT-JEE 1989)



11.

12.

13.

14.

15.

16.

17.

18

19.

21.

Let a, B be the roots of the equation (x — a) (x = b) = c,
¢ # 0. Then the roots of the equation (x - @) (x = B) + ¢
= () are
a.a,c

b. b, c d.a+c.b+c
(IIT-JEE 1992)
The number of points of intersection of two curves
y=2sinxand y=5x"+2x+ 3 is

a.( b. | c. 2

c.a, b

d. oo

(ITT-JEE 1994)
If p, g, r are positive and are in A.P., the roots of qua-
dratic equation px” + gx + r = 0 are all real for

>4 3 b. >4.3

d.nopandr
(IIT-JEE 1994)

The equation \/Tﬂ -J; =4x—1 has

a. no solution b. one solution

¢. two solutions d. more than two solutions
(IIT-JEE 1997)

If the roots of the equation x* - 2ax + a* + a - 3 =0 are

real and less than 3, then

a.a<?2 b.2<a<3 ¢.3<a<4 d.a>4
(IIT-JEE 1999)

If o and B (& < P) are the roots of the equation x* + bx + ¢

= (), where ¢ < 0 < b, then

a. P_4
r

LW,
p

c.all pand r

a.0<a<f b.a<0<f<ldd
c.a< <0 d.oa<0<ld< p
(IIT-JEE 2000)

If b > a, then the equation (x — a) (x = b) = | =0 has
a. both roots in (a, b)
b. both roots in (—e, a)
¢. both roots in (b, 40)
d. one root in (-, a) and the other in (b, +e<)
(IIT-JEE 2000)
For the equation 3x* + px + 3 =0, p > 0, if one of the
roots is square of the other, then p 1s equal to
a. l/3 b. | c.3 d. 2/3
(IIT-JEE 2000)
Let fix) = (1 + b*)x* + 2bx + 1 and let m(b) be the mini-
mum value of fix). As b varies, the range of m(b) is

ot

d. (0. 1]

a. [0, 1]

iy

Let a, B be the roots of x’ — x + p =0 and ¥. é be roots of
¥ —4x+q=0.1f o, B, ¥ dare in G.P.. then the integral
values of p and g, respectively, are
a.-2,-32 b.-2,3 c.—6, 3

(ITT-JEE 2001)

d. -6, =32
(IIT-JEE 2001)
If {x) =2+ 2bx+2c? and g(x) =—x" — 2cx + b* are such that
min f{x) > max g(x), then the relation between b and c 1s
a. no relation b.0<c<b/2

c. lcl < 1bIV2 d. lcl > 1bN2 (IIT-JEE 2003)

22.

25.

27.

28.

29.

Range of the function f(x)= 11+ X+ 2

“+x+1
b.(1,11/7) c.(1,7/3]

.XER I8

d. (1, 7/5)
(IIT-JEE 2003)

a. (1, o)

. For all x. ¥ + 2ax + 10 = 3a > 0, then the interval in

which a lies is
a.a<-95
c.a>>5

b.-5<a<?2
d.2<a<5 (IIT-JEE 2004)

. If one root is square of the other root of the equation

X + px + g =0, then the relation between p and q is
a.p —-qg3p-1)+qg =0
b.p'=gBp+1)+4g =0
c.p'+q3p-1)+q =0

d.p'+gGp+1)+4 =0 (IIT-JEE 2004)

Let o, 8 be the roots of the quadratic equation ax” + bx + ¢
=0andA=b"-dac.fa+ B, o+ fF, ' + f arein G.P.,

then

a.A=0 b.A#0 ¢.hbA=0 d.cA=0

(IIT-JEE 2005)
Let a, b, c be the sides of a triangle, where a # b # ¢ and
A € R. If the roots of the equation x* + 2(a + b + ¢)x +

3A (ab + bc + ca) =0 are real. Then

4 5
s s
a. 1{3 b -‘-‘-‘*3
(1 5 4 5

(IIT-JEE 2006)
Let c, 8 be the roots of the equation x* — px + r = 0 and
a/2,2B be the roots of the equation x* — gx + r = 0.
Then the value of r1s

2 2
a o @-9)QCq-p) b. 5@- PYCp—q)

2
d. - @r-9)2Cq-p)

9
(IIT-JEE 2007)
Let p and ¢ be real numbers such that p # 0, p’ # g, and
p’ #—q. If aand B are nonzero complex numbers satisfy-
ing @+ f=-pand ' + ' = g, then a quadratic equation
having o/ and /& as its roots is

2
%3 @-2p)2q-p)

a. (p‘1+q}x: —{p't +2q}.r+(p3+q)=0
b. (p* +9)x* - (p* - 2¢)x+(p* +¢)=0
C. {p3 —q),rz—-(Sp}-Qq)x+(pj—-q)=[}

d. {p3 —w:;r),!r2 —(Sp3 +2q)x+(p3 -q)=0

(IIT-JEE 2010)
A value of b for which the equations x* + bx — 1 = 0,
x> + x + b =0 have one root in common is

a. -\/2 b. -iV3 c. V2 d. V3
(IIT-JEE 2011)



30. Let o and f3 be the roots of X* — 6x — 2 = 0, with a > f.

a,, —2ay
Ifa = a" - " for n 2 1, then the value of IS
2a,
a. | b. 2 c.3 d. 4
(IIT-JEE 2011)

31. The quadratic equation p(x) = 0 with real coefficients has
purely imaginary roots. Then the equation p(p(x)) = 0
has
a. only purely imaginary roots
b. all real roots
c. two real and two purely imaginary roots

d. neither real nor purely imaginary roots
(JEE Advanced 2014)

Multiple Correct Answers Type

(x=a){x=0) will assume all

1. For real x, the function

real values provided ree
a.a>b>c b.a<b<c
c.a>c>b d.a<c<b (IIT-JEE 1984)

2. Let S be the set of all non-zero real numbers such that
the quadratic equation ox” — x + o = 0 has two distinct
real roots x, and x, satisfying the inequality lx, — x,/ < I.
Which of the following intervals is(are) a subset(s) of §?

ARSI
oy el

(JEE Advanced 2015)
Matching Column Type

1. Match the statements/expressions in Column I with the
statements/expressions in Column I1.

Column I Column I1

2 , (p) O

3 x+4
(a) The minimum value of : +i;
) x+2

IS

(b) Let A and B be 3 x 3 matrices of real (q)1
numbers, where A 1s symmetric, B
is skew symmetric, and (A + B)
(A-B)=(A-B)(A+B).If (AB)' =
(-1)* AB, where (AB)' is the
transpose of the matrix AB, then the
possible values of k are

(c) Let a =log, log, 2. An integer k (r) 2
satisfying 1 < 203" < 2 must
be less than

(d) If sin @ = cos ¢, then the possible (s)3

values of l (9 + ¢ — E] are
/4 2

(ITT-JEE 2008)

Integer Answer Type

1. The smallest value of k. for which both the roots of the
equation x> — 8kx + 16(k = k + 1) = 0 are real, distinct
and have values at least 4. 1s (IIT-JEE 2009)

2. The number of distinct real roots of x* — 4x + 12¢ + x
~1=01s (IIT-JEE 2011)

Assertion-Reasoning Type

1. Let a, b, ¢, p, q be real numbers. Suppose . p are the
roots of the equation x* + 2px + ¢ =0, aand 1/ are the
roots of the equation ax’ + 2bx + ¢ = 0, where f8° ¢ (-1,
0, 1}.

Statement 1: (p* — g) (b° - ac) 20
Statement 2: b # pa or ¢ # ga

a. Statement 1 is true, statement 2 is true; statement 2 is
a correct explanation for statement 1.

b. Statement | is true, statement 2 is true; statement 2 1s |
not a correct explanation for statement 1.

c. Statement 1 is true, statement 2 1s false.
d. Statement 1 is false, statement 2 is true.
(IIT-JEE 2008)

Fill in the Blanks Type

1. The coefficient of x* in the polynomial (x — 1)(x = 2)--
(x =100) 1s (IIT-JEE 1982)

2. If 2 +iy/3 is a root of the equation x° + px + g = 0, where
p and g are real, then (p, q) = ( . ).

(IIT-JEE 1982)

3. If x<0,y<0,x+y+(x/y)=(1/2)and (x+y)(x/y)=—(1/2),

then x = andy=

(IIT-JEE 1982)

4. If the product of the roots of the equation x* — 3kx
+2¢*'"* —1 =0 is 7, then the roots are real for

(ITT-JEE 1984)

S. If the quadratic equations X’ + ax+ b=0and X’ + bx + a
= () (a # b) have a common root, then the numerical value

ofa+bis (IIT-JEE 1986)
True/False Type
1. The equation 2" + 3x + 1 =0 has an irrational root.

(IIT-JEE 1983)
2. If a < b < ¢ < d, then the roots of the equation (x — a)
(x=0¢)+ 2 (x-b) (x—=d) =0 are real and distinct.
(IIT-JEE 1984)
3. If n,, n,, ..., n, are p positive integers, whose sum is an
even number, then the number of odd integers among
them is odd. (IIT-JEE 1985)
4. If P(x) = axX’ + bx + ¢ and Q(x) = —ax’ + dx + ¢, where
ac # 0, then P(x) O(x) = 0 has at least two real roots.

(IIT-JEE 1985)



Subjective Type

1. Solve for x: 4% —3*"1/2=3x*1/2 _92x-1

(IIT-JEE 1978)
2. Solve for x: Jx+1 —-Jx—-1=1, (ITIT-JEE 1978)
3. Show that the square of

(y26-15v3) /(542 -[38+5.3)

is a rational number. (IIT-JEE 1978)
If a, B are the roots of x* + px + ¢ = 0 and ¥, J are the
roots of x* + rx + s = 0, evaluate (- P (x-=90) (B-7
(B - d) in terms of p, g, r, and 5. Deduce the condition
that the equation has a common root. (IIT-JEE 1979)

Prove that the minimum value of la+xio+x)
(c+ x)

x>—cis (Ja—c +b—c)’. (LIT-JEE 1979)
If one root of the quadratic equation ax” + bx + ¢ = 0 is

equal to the nth power of the other, then show that
! |

(ac”™)" "' +(a"¢c)" ' +b=0

.a,b>c,

(IIT-JEE 1983)

2 2
. Solve for x:(5+2J6)° 3 +(5-26)" *=10.

(ITT-JEE 1985)
For a < 0, determine all real roots of the equation
X —2alx—al-3a=0. (IIT-JEE 1985)

1. b.

10.

11.

12.

13.

14.

15.

16.

The real numbers x,, x,, x, satisfying the equation
x'—x* 4+ bx + y=0are in A.P. Find the intervals in which
P and ylie. (IIT-JEE 1996)
Let S be a square of unit area. Consider any quadrilateral,
which has one vertex on each side of §. If a, b, ¢, and d
denote the lengths of the sides of the quadrilateral, prove
that 2 < a* + b’ + ¢ + d* < 4. (IIT-JEE 1997)
Let fix) = Ax + Bx + C, where A, B, C are real numbers.
Prove that if f{x) is an integer whenever x 1s an integer,
then the numbers 2A, A + B, and C are all integers. Con-
versely, prove that if the number 2A, A + B, and C are all
integers, then f{x) is an integer whenever x is an integer.

(ITT-JEE 1998)
If «, B are the roots of ax’ + bx + ¢ =0 (a# 0) and a + 4,
B + & are the roots of Ax* + Bx + C =0 (A # 0) for some
constant 9, then prove that (b —44:1(.‘)!:13 :(33 —4A C)Mz.

(IIT-JEE 2000)
Let a, b, ¢ be real numbers with a # 0 and let &, 8 be the
roots of the equation ax’ + bx + ¢ = 0. Express the roots
of a’x’ + abcx + ¢ =0 in terms of ¢, B. (IIT-JEE 2001)
IfX+(@-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. (IIT-JEE 2003)

Let a and b be the roots of the equation x* — 10cx — 11d
= 0 and those of x* = 10ax = 11b =0 are c, d. Then find

9. Leta, b, c be real. If ax’ + bx + ¢ = 0 has two real roots o the valueofa+b+c+d, whenazb#c#d.
and B, where &< -1 and > 1, then show that (IIT-JEE 2006)
1+£+{2l<0 (IIT-JEE 1995)

a |a
Answer Key
JEE Advanced Fill in the Blanks Type
1. -5050 2. p=—-4,q=17
Single Correct Answer Type 3. x=-1/4andy=-1/4 4. 2 5. -1
1. ¢. 2. a. 3. c. 4. b. 5. b. mefFalse rl\ype
I 16 1o &, S, & % 8, 1% €. 1. False 2. True 3. False 4. True
11. c. 12. a. 13. b. 14. a. 15. a. | | ) '
16. b. 17. d. 18. c. 19. d. 20. a. Subjective Type
21. d. 22, C. 23. b. 24. a. 25. d. 3 3
26. . 27.d. 28 b 29.b 30 c L 5 2. >
o 4. g(r—py-pir—p) (s—q) +(s— g’
Multiple Correct Answers Type (g-5) =(r-p)(ps—qr)
1. c.,d. 2. a.d. 7. £2,+2
Matching Column Type 8. {a- aﬁ. —a+ a6}
1. (a)(r) 10. Be (—oo, 1/3], Ye [-1/27, =)
lnteger Answer T}’DE 14. a"'ﬁ, C!‘BI 15. a> 1 16. 1210
1. (2) 2. (2)
Assertion-Reasoning Type



- Hints and Solutions

JEE Advanced

Single Correct Answer Type

l.c.

I, m, n are real and [ # m. Given equation is
(=mxF=5+m)x=2(-m)=0
D=25(+my;+8U-my’>0,Y.me R
Therefore, the roots are real and unequal,

2.8, u=x +4y’+97 - 6yz - 3zx - 2xy

4. b.

5.b.

l ) 2 3 , _
_5[21 +8y" +182° — 12yz - 62x — 41y |

I 2 2
E[(;‘ - 4_1:}- + 4}"‘)+ (4_}‘2 + 9:1 =3 12_}'2)

I

+ (2 +92% — 6:.1:}]

l
= [{x -2y) +(2y-32)* +(3z - .t)z] 20

Hence, u is always non-negative.

. Asa, b, c>0,soa,b, c should be real (note that other relation

1s not defined in the set of complex numbers). Therefore, the
roots of equation are either real or complex conjugate.
Let a, B be the roots of ax® + bx + ¢ = 0. Then,

b
{I+ﬁ=——=‘vcandﬂﬁ=£=+ve
a a

Hence, either both a, B are —ve (if roots are real) or both «,
have —ve real part (if roots are complex conjugate).
Given equationisy=x + (k- 1)x+9.
Since coefficient of x* is positive, graph is concave upward.
If graph strictly lies above the x-axis, then we can say that
equation x* + (k — 1)x + 9 = 0 has imaginary roots.
W D=k-1Y-36<0
or -b6<k-1<6
or -5<k<7
The given equation is
x=b)x-c)+(x=-a)x=-c)+(x—a)x-b)=0(
= 3xX-2a+b+c)x+(ab+bc+ca)=0
D=4(a+b+c)—12(ab+ bc + ca)
=d[a’ + b’ + ¢’ = ab - bc - cal _
=2[(@a=-bY+(b-c)V+(c-a)]120,Va.b.c
Therefore, the roots of the given equation are always real.

6. c.

ax—ap

£ +p,r+l)m:3 +bx+c

ax’ + apx*® + ax

—apxz +(b—a)x+c

P 3
—-apx- —ap x —ap

(b—a+ap*)x+c+ap

Now, remainder must be zero.
or (b-a+ap)x+c+ap=0,Vxe R
Hence,b-a+ap’=0andc+ap=0

[

- b
= pz-:]- and pzzﬂﬂ

or (:E-] :ﬂ-b
a a

or ' =a —ab

or a-ct=ab

. Let the distance of the school from A be x. Therefore, the dis-

tance of the school from B is 60 — x. The total distance covered
by 200 students is

[150x + 50 (60 = x)] = [100x + 3000]
This is minimum when x = (. Hence, the school should be at
town A.

. Given equation is

2 2
xX— =]-
x -]

x—1
Clearly, the given equation is defined if x — 1 # 0. We can

cancel the common term —2/(x — 1) on both sides to get x = 1,
but it is not possible. So, given equation has no roots.

. @, Bare roots of x* + px + g = 0. Hence,

a+f=-pand aff=gq
o', B are roots of x* — rx + s = 0. Hence,
& +[=radf=¢q
Now for equation x* — 4gx + 2¢° — r = 0, the product of roots is
2¢°-r=2afy’ - (o + B
=o' - fy
<0
Therefore, the product of roots is negative. So, the roots must
be real and of opposite signs.

10. d. We know that if flar) and i) are of opposite signs, then there

must be a value ybetween & and f such that i) = 0. Here, a,
b, ¢ are real numbers and a # 0. As azis aroot of a* X* + bx + ¢
=0, so

aoc +ba+c=0 | (1)
Also, Bisarootof a’x’ —bx-c=0, so
afF-bf-c=0 (2)

Now, let fix) = a* x* + 2bx + 2c. Then,
flay=a’cc +2b o+ 2¢
=a’c? + 2(b a+ c)
=a‘od + 2(-a’ of)
=-aa <0

[Using (1)]

and

fiBy=afF +2bp+2



11. c.

12. a.

13. b.

=a'F+2bB+c)
= azﬂz + 2a’ ﬁz}l
=3a’fF>0
Since fla) and f B) are of opposite signs and ¥is a root of equa-
tion fix) = 0, ymust lie between axand . Thus, < y< 8.

[Using (2)]

&, B are roots of the equation (x —a) (x=b)=c¢, c 20.
(x=a)(x=b)-c=(x-a)(x- )

or (x-—-ax-B+c=(kx=-a)(x=b)

Hence, the roots of (x — a) (x — ) + ¢ = 0 are a and b.

Minimum value of 5x° + 2x + 3 is

D _ (2 -450)
4a 4(5)

where maximum value of 2 sin x is 2. Hence. graph of

> 2

¥ = 5x* + 2x + 3 lies above the graph of y = 2 sin x without

touching or intersecting. Therefore, the two curves do not meet
at all.

For real roots,
g —4pr20(
p+r : . .
= > —4pr3{] (".' p, g, rarein A.P.)
or p+r-14pr20
or Eoigfel e
re r

or (E—?'] -4820
r

or

14. a. The given equation i

15. a.

Squaring both sides, we gel

¥ 4+ 2=1=2Jxt =] =4x=]

= = D% -] =T ]

Again squaring both sides, we get
4 -1)=4r -4x + 1
or -—4x=-5
or x=35/4
Substituting this value of x in given equation, we get

ol

E i __2 (not satisfied)

Therefore, 5/4 is not a solution of given equation. Hence, the
given equation has no solution.
If both the roots of a quadratic
equation Ax” + Bx + C =0 are
less than k, then Aftk) > 0, p
-BI2A < k and D =2 0. Now,
fixy=x"-2ax+a +a-3
= fi3)>0,a<3,-4a+1220
= a-5+6>0,a<3, -4a+1220

= a<2ora>3,a<3,a<3
= a<?2
16. b. Here D = b° — 4¢ > 0 because ¢ < 0 < b. So, roots are real and
unequal. Now,
a+f=-b<0and aff=c<0
Therefore, one root is positive and the other root is negative,
the negative root being numerically bigger. As a < 8, so & is
the negative root while f3is the positive root. So, lod > S and &
<0< fi<lal.
17. d. Given equation is
(x=a)(x=-b)-1=0
Let fix)=(x=-a) (x=b) - 1. Then, v’
fla)=-1and fib) = - | A

Also, graph of fix) is \
da
X - +

concave upward; hence,
s + - X’
\ _(,)/

a and b lie between the
roots. Also, if b > a. then

one root lies in (—eeo, a) ¥
and the other root lies in ¥
(b, 4o2),
18. c. Let &, o be the roots of 3x* + px + 3 = 0. Now,
Sza+a=-p3,p=c’=1

e

= a=1,w « [wherem=

o+ 0o =-p/l3= 0+ w =-p/3
= =l=-p3=p=3
19. d. Minimum value of fix) = (1 + > >+ 2bx+ 1 is
mipy = - GO ZHIE) 1
41+ b°) 1+ b°

Clr:arly m(b) has range (0, 1).
20. a, Clearly, a+ =1, aff=p, y+ 6=4,¥09=qg (p.q € I).
Since a, B, 7. dare in G.P. (with common ratio r), so
a+ar=1,r+r)=4
= al+=Lar(l1+r=4
= rxl=4=r=4=r=2-2
If r=2

If r=-2,
a-20=1=a=-1
But p=afiel
A r=-2and a= -1
= p=-2,
g=or=1(-2)y=-32
21.d. fix) =2+ 2bx + 26
=(x+b)y +2c* - b
gx)=—=x =2cx + b’
=—x+c) + b+
Given that
min f{x) > max g(x)
= 2c-b'>b+c
or ¢>2°

= lcl> b2
A+ x+2
22.¢. We have v = r., L
x“+x+1

OfF YO+ W+y=x+x+2



23. b.

25. d.

26. a.

27. d.

or (y=IxX+(y—-Ix+y-2=0

Clearly y # |
Since x 1s real,

D=0
= (y=-1y-4uy-D(y-2)20
= (y=-Dly-1-4y+8]20
= (y-D@By-7)<0

ye (1,7/3)

C+2ax+10-3a>0,Vxe R
= D<0

= 4a -4(10-3a)<0

or a+3a-10<0

or (a+5)(a-2)<0

or ae (-5, 2)

. aand ¢ are the roots of the equation x* + px + ¢ = 0. Hence,

o+ o =-p (1)
and

ao =qora =gq (2)
Cubing (1),

o+ +3acd(a+ of)=-p’

or qg+q +3q(-p) = -p’
or p'+qg-9q3p-1)=0
a+ B, o + F. o + [ are in G.P. Hence,
&+ FY=(a+p(d+f)
= af(a-p’=0
= c¢cA=0
a, b, ¢ are sides of a triangle and a # b # c.
la-bl<lcl=c*+b*=2ab<c’
Similarly, we have
b*+ ¢ -2bc<a’
and
c+a -2ca<b
On adding, we get
@+ b+ <2ab+ bc + ca)

o a’ +b* +¢* 2 )
ab +bc+ca
Since the roots of the given equation are real, therefore
D=0
(a+b+c)y-3Aab+bc+ca)20
a’ +b* +¢
sl v e (2)
From (1) and (2), we get

31—2::20rl-c%

a, P are the roots of xX* — px + r = 0. Hence,

a+fpB=p (1)
and
ap=r (2)
Also, o/2, 2 are the roots of X’ — gx + r = 0. Hence,
2+28=¢ (3)
2
or
a+4B=2q
Solving (1) and (3) for a and J3, we get

ﬁ-l

2
= Efzq—p)and::*c:E{Ep—q)

29. b.

30. c.

31. d.

Substituting values of @ and f, in Eq. (2), we get

2
o@P—aX2q-p)=r

— {a+ﬁ)3 -3afi(a+P)=q
g+p’

=3 —p3+3paﬁ=q=?ﬂﬁ=
Required equation is

x° —(E+E]I+E.E=U

B «a B «a
2 2
I:_(ﬂ +P ).I'i-]:ﬂ
of
1—
— xz—[(a-'.ﬁ} 2aﬂ]x+l=ﬂ
af
3+q
pl_z(P
y 3p
= xh= 3 x+1=0
p +q
3p

o {Pl'l'fi‘)f“(3P3—2p3—2q}1+(p3+q}=0
= (P’ —(p’ - 29)x+(p’ +¢q)=0.

Y+bx-1=0
X+x+b=0
Commonrootis(b-1)x-1-b=0
b+1
=9 X=—
b-1
This value of x satisfies equation (2)
2
=3 lb+”.,+b+l+b=0
b-1) b-1
=  b=~3i.-+/3i,0
ﬂn=m_ﬁl

Also of —60t-2=0
Multiply with ¢ on both sides
= a'-6a’-20"'=0
similarly " - 68" -2 =0
Subtracting (2) from (1) we have
o’ -p-6("-F)=2a"-F)
ay — 2ay
2a,
Since p(x) = 0 has purely imaginary roots,

p(x) = ax’ + ¢, where a and ¢ have same sign.

Also, p(p(x)) =0

=  p(x) is purely imaginary

=  ax + cis purely imaginary

Hence, x cannot be either purely real or purely imaginary.

=  a,,-06a,=2a,= = 3.

- Multiple Correct Answers Type

1. c., d. Let

_@-a)@-b)
ST

(1)
(2)

(1)
(2)



or (x=c)v=x —(a+b)x+ab

or == (@+b+yix+ab+cy=0

Since x 1s real, so
D20

= (a+b+vy-4ab+cv)20.VyeR

or Vv4+2¥(a+b-20)+@=-br20.VveR

or 44a+b-=2cy=-4a-b)<0

or (a+b-=2c+a-b)la+b-2c—-a+b)<()
da-c)(b=-c)<)

or
= a-c<Qandb-c>0o0ra-c>0andb-c<0
=

a<c<bora>c>h
2- al’ dl I.ll "'.t:i ": I
(x, +x,) —4x,x, < |

(1)

= -—-4<|
X 4 __ _ 4
I F { i
— 5—*—2}0 “!:_ 0 _I___
a 'l VS
Sa” —
= = - I:a{}
o’
- ae[-=z)o(Fm
N WA
Also D>
| -4 >0

From (1) and (2)
o(-3%)FE
Matching Column Type

1. (a)=(r)

-

X+ 2y+4

We have v =

: X+2
= x+(2-y)x+4-2y=0
Since x is real.,

D20

= yY+4y=-1220
= yv<-6ory=22
minimum value is 2

Note: Solutions of the remaining parts are given in their respective

chapters.

Integer Answer Type

1L.(2) X -8Bkx+ 16 (K -k+1)=0 1
Since roots are real and distinct,
D>0
= 64k -64k-k+1)>0
= k>
Also, from the figure, we have
j >4 = E >4
2a
=5 k> 1
Further
fi4) 20

= 16-32k+16(K=-k+1)20

= kK -3k+220

= k<lork22 (3)
From (1), (2) and (3)
l‘:!'I"Il.al'l:E‘
2.b. Let fix)=x'"-4c'+12v+x-1=0

fix)=4x — 12X + 24x + |
ffx)=12¢-24x+24 = 12(x - 2x+ 2) >0
f”(x) = 0 has imaginary roots

f(x) = 0 has only one real root

fix) = 0 has maximum 2 distinct real roots.

b Uy

Assertion-Reasoning Type
1. b. Suppose the roots are imaginary. Then

B=G and ~ ===~

p p

which is not possible. The roots are real, so
(p*=q)(b*—ac)20
Hence, statement | is correct. |
Also, -2bla=a+ Pand /B =cla, a+ B=-2p. afi=q.
If =1, then :
a = q = ¢ = ga (which is not possible
Also,

= =,
5+1=;b=:—2p=;b=:rb=np
a a
(which is not possible)

Hence, statement 2 1s correct, but it i1s not correct explanation
of statement |.

Fill in the Blanks Type

1. Given polynomial is
(x=Dx=2)(x=3) - (x=100)
=™ (1424+3+ -+ 100)x"7 + (- )x" -+
Hence. coefficient of x” is
100 x 101

(1 +2+3+--+100)=

= -5050
2. As p and ¢ are real and one root 1s 2 + i /3, so the other root
must be 2 — i /3. Then.

p = —(sum of roots) = -4
q=pr0ductnfmms=f2+hﬁ }(Z—i\ﬁj=4+3=?
3. Givenx<0.v<()

x v I
x+y+—=—and (x + y)y-=——
oy, 2 ) 2
Let .
x+y=a and —=b (1)

7
Therefore., we get

I l
+b=—,ab=-—
4] ) 5 a

Solving these two, we gel

2
2a p.

2ac-a-1=0
a=1.-1/2
b=-1/2.1

U4



from (1) x4+ y=1 and £=_l o 41_i=3sf 4

y 2 3 z
. 3 l
] X X
NI 3 o Ja-y[HeL
X+ Yy ; and T l 5 [ Jj]
Butx, y<0 4
ut x,» g ) or %4I=3J—J=
x+y<0=>x+y=— and —=1 3
2 b 414 3.1-—]
On solving, we getx=-1/4 and y = -1/4. of 412 - 3
4. Given equation 18 o qi- 2= -2
2 =3kx+2" - 1=0 -
= C=-3kx+Q2K-1)=0 or [i) =]
Here, product of roots is 2k - 1. 3
2t -1=T7ork*=40rk=2,-2 or 1_1=0
Now for real roots, we must have
D20 or =312
= 9F-42K-1)20 2. We have,
— kK+420 ..f.x+1=l+..,/x—l
which is true for all k. Thus, k=2, =2. But for k=-2, In k 1s not Squaring both sides, we get
defined. Therefore, rejecting k = — 2, we get k= 2. ' c+l=14x-14+ 2\/;{

5. By observation, one rootis x = I,
= a+b=-1 or 1=2yx-1

or l=4(x-1)
True/False Type or x=5/4

1. False 3. Let
2 +3x+1=0 B J26-15J§

x_ e
= (x+DE+D=0 sﬁ_1/33+5‘j§

= x = -1, -1/2, both are rational | * 26—15J§
2. True. Given equation 1S or =
(x—a)(x-c)+2(x-b)(x—d)=0 50+33+5J§—m;i?ﬂ+10ﬁ

- fiy=(x-a)(x=c)+2(x—-b)(x—d) - 2"“5\6__
X)=(x—-a)(x—-c X - X - =
fb)y=(b-a)b-c)<0 88 + 53 — 1075+ 1+ 1043

fid)=(d-a)d-c)>0 )
Thus 2_6—15\6

fib) id) <0 B 88 + S\E -10 \)(5\5): +(1)1 +2 X SJI‘; X 1

Therefore, one root lies between b and d; hence, the roots are

real. _ 26 153
3. False. Consider N = n, + n, + n, + - + n, where N is an even 88 + 53 — 10y(5 V3 +1)?
number. Let k numbers among these p numbers be odd, then
26 - 153
p — k are even numbers. - L
Now, sum of p — k even numbers is even and for N to be an 88 +543 —10 (5v3 +1)
even number, sum of k odd numbers must be even, which is _ 261543
possible only when k is even. 78 —45.3
4. True. We ha':re P(x) = ax’ + bx + ¢, for which 261583 |
Dl":b*-q-d{.' (I} = J-—=§
and  Q(x) = — ax’ +dx + c, for which 326 -15V3)
D.=d + 4dac (2) which is a rational number
Given that ac # 0. Following two cases are possible. 4. o, 3 are the roots of ©* + px+q=0.
If ac > 0, then from Eq. (2), D, is +ve = Q(x) has real roots. a+p=-p, ﬂfP =4
If ac < 0, then from Eq. (1), D, is +ve = P(x) has real roots. Y. 6 are the roots of x* + rx + 5 = 0.
Thus, P(x) O(x) = 0 has at least two real roots. y+8=-r,Yo=s
Now,
Subjective Typ E=(a-9(@-8(B-1(B-9

| 1 =[a1—{}'+é)a+y6][ﬁl—(y+5)ﬁ+yﬁl
1, 4°-3 2=3 2._23%"! =[&+ra+s] [f+rB+s]



Also @ +pa+qg=0and f+pB+g=0
= E=[r-p)a+(-9llr-p) B+(s-q)]
=(r=p)af+(r-p)(s-¢q (a+ P +(s-q)
=q(r-p)y -p(r-p)(s—q) +(s-gq)°
Now if the equations ¥’ + px + g=0and X + rx + s=0 have a
common root say ¢, then
o +pa+qg=0
and
o +ro+s=0
=5 (q-—-s)lz (r=p)(ps—=qr),
which is the required condition.

_(a+x)b+x)

(c+ x)
letx+c=t

__(ﬂ—r+r)(b-c+r)
I
_Ptl@=c)+(b-o)k+(a-c)b-c)
[

—

r+(a-CHb-f}
[

+(a=c)+(b-0)

2
= (f - J(a = C]r(b = E)] +(Jla—=c) +J(b- f:')}3
Hence maximum value of y is (-Ja —-c++Jb- ::)z

when 1= \/{ﬂ = Cl(b —©) ;

. Let @, B be the roots of equation ax” + bx + ¢ = 0. Given that
B= o Also, a+ =~ bla, aff = c/a. Now,

1
C C C |n+l
off=—2aa"=—2a=|—
a a a

a+f=-bla=a+d" = =
a

or
1 n

‘ c)ﬁ [c)?ﬁ -
— 4+ | — .
- (a a a

or a[ﬁ}m +a(£J"*! +b=0
a al

n | 1 n

or a™e" ' va™ ™ +b=0

1 !
or '{ﬂ"c]”' +(a ¢ +b=0

. (5+2V6) (5-2V6)=25-24=1

1
— 5— ZJE =
5+26
Hence, the given equation is
2
5+2J6)" 7 + ' +—=10
(5+2V6)"
= ¥+ l=1[Il,, where }*=(5+2\(’E)’1"3

y
= yY-10y+1=0

10.

~10+,/100 -4

or

¥ 2
or y= 5+ 26
=  (5+2¥6)" 1 =5+2J6
= (5+2J6)" " =(5+2V6)
or

2 |
(5+2V6)" > =
5+26

= (5+2V6)° P =(5+2V6) or(5+2V6)" 2 =(5+26)"
= xr-3=lorxr-3=-1
= x=4orx =2

= x=+2o0rt 2
The given equation is
x =2alx—al-3a’=0

- Case I: If x — a 2 0, then Ix — al = x — a. Hence, the equation

becomes
©-2a(x-a)=3a*=0
or x-2ax-a'=0

or X

4q° 2
=2ai\/: +4a =ﬁa—a\/-2-

Case II: If x - a <0, then Ix — al = - (x — a). Hence, the equa-
tion becomes

©+2a(x-a)-3a’=0
or X +2ax-5a=0

~2a + \J4a* +20a’
or X = >

_=2atla J6

Z
=-a+a6

Thus, the solution set is {ﬂ—av&_.——ahu 6 ).

(‘" x=2a)

or

(' x<a)

. Let f(x)=x*+(b/a)x +(c/a). According to the question,

we have the following graph.

From graph, fi-1) <0 and fi1) <0. So, ﬂ\ }ﬁ
c b c b .l_y
l+—-—<0and l+—+—<0 K
a a a a
= l+£+E <0
a |a

Since x,, x,, x, are in A.P.

Letx, =a-d,x,=aandx;=a+d

Also, x,, X,, x, are the roots of x’ — x* + fix + y=0.
We have

Sumofroots =Xa=a-d+a+a+d=1 (1)
Sum of product of roots taken two at a time = Za f3

= (a-d)a+aa+d)+(a-d)(a+d)=p (2)
Product of roots = afly

= (a-d)a(a+d)=-y (3)

From (1), weget,3a=1=a=1/3
From (2), we get, 3a° -d*= B
= 313y -d==13-B=4



11.

_B>0

S
IV
&

1
3
= ﬁil
3
= fe (=<, 1/3]

From (3),a (a° - d*) = -y

0 . .
L e )
= 3(9 ) Y

=> ———d =-
27 3 f
= +—I- s
4 27 3
!
= }—i-
ST

1
= YE[—E. J

(0, 1) =1 —r——|<r>{(11)

—_—

|
-

--E:I-|-17

(1,0

a=p +(l -s)

b>’=(1-p)y+q
c=(l=-q)l+r
d=(-r+s

a+b+c+E =P+ =-p)V)l+[¢ + (1 -q))
+[F+(1=r)7]+[s+(1 =5)), where p,q, r.s€ [0, 1]
Now consider the function
y=x+(1-xP%0<x<1
= y=2-2x+1
which has vertex (1/2, 1/2).
Hence, minimum value is 1/2 when x = 1/2 and maximum
value is at x = 1, which is 1. Therefore, minimum value of a’

+b+c”+dis 112+ 1/2+ 1/2 + 1/2 =2 and maximum value
isl+1+1+1=4.

12. Let us consider the integral values of x as 0, 1, =1. Then f{0),

fil) and fi—1) are all integers. Therefore, C, A + B + C and
A = B + C are all integers.

Therefore. C 1s integer and hence, A + B is an integer and also
A — B 1s an integer,
2A=(A+B)+(A-B)

13,

14.

15.

16.

Therefore, 2A, A + B and C are all integers. Conversely, letn e [.
Then,

f(n)=An" +Bn+C = ZA[H(HZ_I}]+(A+H}H+C

Now, A, A + B, and C are all integers and

n(n—1) Even number
2 2
Therefore, fin) is also an integer.
We know that
(@- By =[a+d-(B+ )
= (a+p’-4af=(a+d+B+0' -4 (a+ 06 (B+ (1)
Now

= Integer

b C
a+ﬁ=—;.aﬁ=;

and
B £
{a+5)+(ﬁ+5)=~;*(a+6]{ﬂ +0)= v:
b’ —dac B’ -4AC
a+ﬁ=_—b.aﬁ=£
d a

Roots of the equation @* X* + abcx + ¢’ = 0 are

—abc t J(ubc }: -4a’c”

X=
i
2a

g

2\ a

(ax + B)(aP) £ J{cr + B)’ (af)’ - 4 (af)’

ﬂ

Lo+ P J@-pBy?)
2

= {aﬁ
- of [(a + ﬁ}j (a—pB)]
=o'f, off

The given equation is
¥+(@-b)yx+(1-a-b)=0,a,be R
For this equation to have unequal real roots V b,
D>0
= (a=-byY-4(1-a-b)>0
= a+b-2ab-4+4a+4b>0
= b +bd-2a)+a+4a-4>0 (1)
which is a quadratic expression in b, and it will be true V b € R.
Then its discriminant will be less than 0. Hence,

(4-2ay-4(@+4a-4)<0
or R-ay-(@+4a-4)<0

"or 4d4-da+ad-a-4a+4<0

or -8a+8<0
or a> |

Roots of x* = 10cx — 11d = 0 are a and b. Hence,
a+b=10candab=-11d

¢ and d are the roots of x* — 10ax — 11b = 0. Hence,
c+d=10aand cd=-11b



= a+b+c+d=10(a+c)and abcd = 121 bd = (@a+¢c)Y-22x121-99(a+¢)=0

= b+d=9(a+c)and ac =121 = a+c=12lor-22
Also, we have Fora + ¢ = =22, we get a = c. Rejecting these values, we have
a*-10ac - 11d=0and ¢* ~10ac - 11b =0 a + ¢ = 121. Therefore,

= a+c-20ac-11(b+d)=0 a+b+c+d=10(a+c)=1210



