Quadratic and Other Equations

We have already seen in the Back to School part of this
block the key interrelationship between functions, equa-
tions and inequalities. In this chapter we are specifically
looking at questions based on equations—with an emphasis
on quadratic equations. Questions based on equations are
an important component of the CAT and XAT exam and
hence your ability to formulate and solve equations is a key
skill in the development of your thought process for QA.

As you go through with this chapter, focus on
understanding the core concepts and also look to create
a framework in your mind which would account for the
typical processes that are used for solving questions based
on equations.

(s THEORY OF EQUATIONS

Equations in one variable

An equation is any expression in the form f(x) = 0; the type
of equation we are talking about depends on the expres-
sion that is represented by f(x). The expression f(x) can
be linear, quadratic, cubic or might have a higher power
and accordingly the equation can be referred to as linear
equations, quadratic equations, cubic equations, etc. Let us
look at each of these cases one by one.

Linear Equations

2x + 4 = 0; we have the expression for f(x) as a linear
expression in x. Consequently, the equation 2x+4 = 0
would be charaterised as a linear equation. This equation
has exactly 1 root (solution) and can be seen by solving
2x+4 = 0 — x = -2 which is the root of the equation.
Note that the root or solution of the equation is the value
of ‘x> which would make the LHS of the equation equal
the RHS of the equation. In other words, the equation is

satisfied when the value of x becomes equal to the root of
the equation.

The linear function f(x) when drawn would give us a
straight line and this line would be intersecting with the
x-axis at the point where the value of x equals the root
(solution) of the equation.

Quadratic Equations

An equation of the form: 2x* — 5x + 4 = 0; we have the
expression for f(x) as a quadratic expression in x. Conse-
quently, the equation 2x>—5x + 4 = 0 would be charaterised
as a quadratic equation. This equation has exactly 2 roots
(solutions) and leads to the following cases with respect
to whether these roots are real/imaginary or equal/unequal.

Case 1: Both the roots are real and equal;

Case 2: Both the roots are real and unequal;

Case 3: Both the roots are imaginary.

A detailed discussion of quadratic equations and the
analytical formula based approach to identify which of
the above three cases prevails follows later in this chapter.

The graph of a quadratic function is always U shaped
and would just touch the X-Axis in the first case above,
would cut the X-Axis twice in the second case above and
would not touch the X-Axis at all in the third case above.

Note that the roots or solutions of the equation are the
values of ‘x’ which would make the LHS of the equation
equal the RHS of the equation. In other words, the equation
is satisfied when the value of x becomes equal to the root
of the equation.

Cubic Equations

An equation of the form: x* + 2x? — 5x + 4 = 0 where the
expression f(x) is a cubic expression in x. Consequently,
the expression would have three roots or solutions.



Depending on whether the roots are real or imaginary
we can have the following two cases in this situation:

Case 1: All three roots are real; (Graph might touch/cut
the x-axis once, twice or thrice.)

In this case depending on the equality or inequality of
the roots we might have the following cases:

Case (i) All three roots are equal; (The graph of the
function would intersect the X-axis only once as all the
three roots of the equation coincide.)

Case (ii) Two roots are equal and one root is distinct;
(In this case the graph cuts the X-axis at one point and
touches the X-Axis at another point where the other two
roots coincide.)

Case (iii) All three roots are distinct from each other.
(In this case the graph of the function cuts the x-axis at
three distinct points.)

Case 2: One root is real and two roots are imaginary.
(Graph would cut the X-axis only once.)

The shapes of the graph that a cubic function can take
has already been discussed as a part of the discussion on
the Back to School write up of this block.

Note: For a cubic equation ax’ + bx* + cx + d = 0 with
roots as /, m and n:

The product of its three roots viz: [ X m X n = —d/a;

The sum of its three roots viz: [ + m + n = —bla

The pairwise sum of its roots taken two at a time viz:
Im + In + mn = cla.

s THEORY OF QUADRATIC EQUATIONS

An equation of the form
ax* +bx+c¢=0 (1)

where a, b and c are all real and a is not equal to 0, is a
quadratic equation. Then,

D = (b* — 4ac) is the discriminant of the quadratic
equation.

If D < 0 (i.e. the discriminant is negative) then the
equation has no real roots.

If D > 0, (i.e. the discriminant is positive) then the
equation has two distinct roots, namely,

x,=(b+VD)2a, and x,=(-b—D)2a
and then a’+bxte=a(x-x)x-x) ()

If D=0, then the quadratic equation has equal roots given
by
X, =x,=-b2a

and then a’+bx+c=al(x fxl)z 3)

To represent the quadratic ax® + bx + ¢ in form (2) or (3)
is to expand it into linear factors.

Properties of Quadratic Equations
and Their Roots

(1) If D is a perfect square then the roots are rational
and in case it is not a perfect square then the roots
are irrational.

(i) In the case of imaginary roots (D < 0) and if p + ig
is one root of the quadratic equation, then the other
must be the conjugate p — ig and vice versa (where
p and ¢ are real and i = \/—_1)

(i) Ifp + \/; is one root of a quadratic equation, then
the other must be the conjugate p — \/5 and vice
versa. (where p is rational and \/} is a surd).

(iv) If a=1, b, c € I and the roots are rational numbers,
then the root must be an integer.

The Sign of a Quadratic Expression

Let filx)=y = ax® + bx + ¢ where a, b, c are real and a # 0,
then y = f{x) represents a parabola whose axis is parallel to
y-axis. For some values of x, f(x) may be positive, negative
or zero. Also, if a > 0, the parabola opens upwards and for a
<0, the parabola opens downwards. This gives the following
cases:

(i) @ > 0 and D < 0 (The roots are imaginary)
The function f{x) will always be positive for all real values
of x. So fix) > 0 V x € R. Naturally the graph as
shown in the figure does not cut the X-Axis.

X X

(i1)) When a > 0 and D = 0 (The roots are real and identi-

cal.)
f(x) will be positive for all values of x except at the vertex
where f(x) = 0.
So flx) 2 0 V x € R. Naturally, the graph touches the X-
Axis once.
X X

(iii)) When @ > 0 and D > 0 (The roots are real and dis-
tinct)



Let f{x) = 0 have two real roots ¢ and 3 (o < fB) then f{x)
will be positive for all real values of x which are
lower than o or higher than f; f{x) will be equal to
zero when x is equal to either of o or f3.

When x lies between o and S then f{x) will be negative.
Mathematically, this can be represented as

f(x) >0V x € (o0, o) U (B, )

and f{x) <0V x € (o, ) (Naturally the graph cuts the
X axis twice)

X X
a\__/B
(iv) When a < 0 and D < 0 (Roots are imaginary)
fix) is negative for all values of x. Mathematically, we can

write f{x) < 0 V x €R. (The graph will not cut or
touch the X axis.)

X X

(v) When a < 0 and D = 0 (Roots are real and equal)

f(x) is negative for all values of x except at the vertex where
fix) = 0. 1ie. flx) <0V x € R (The graph touches
the X axis once.)

X X

(vi) Whena <0and D >0
Let f{x) = 0 have two roots o and 3 (o < ) then f{x) will
be negative for all real values of x that are lower
than o or higher than B. f{x) will be equal to zero
when x is equal to either of « or . The graph cuts
the X axis twice.

v a /_\ ﬁ N

When x lies between o and S then f{x) will be positive.
Mathematically, this can be written as

fX) <0V xe (oo, ) U (B, ) and fix) >0V x €(c, P).
Sum of the roots of a quadratic

Equation = —b/a.

Product of the roots of a quadratic equation = c¢/a

Equations in more than one Variable

Sometimes, an equation might contain not just one variable
but more than one variable. In the context of an aptitude
examination like the CAT, multiple variable equations may
be limited to two or three variables. Consider this question
from an old CAT examination which required the student
to understand the interrelationship between the values of
x and y.

The question went as follows:

4x — 17y = 1 where x and y are integers with x,» > 0
and x, y < 1000. How many pairs of values of (x, y) exist
such that the equation is satisfied?

In order to solve this equation, you need to consider the
fact that 4x in this equation should be looked upon as a
multiple of 4 while 17y should be looked upon as a multiple
of 17. A scan of values which exist such that a multiple of
4 is 1 more than a multiple of 17 starts from 52 — 51 =1,
in which case the value of x = 13 and y = 3. This represents
the first set of values for (x, y) that satisfies the equation.

The next pair of values in this case would happen if
you increase x from 13 to 30 (increase by 17 which is the
coefficient of y); at the same time increase y from 3 to 7
(increase by 4 which is the coefficient of x). The effect
this has on 4x is to increase it by 68 while 17y would also
increase by 68 keeping the value of 4x exactly 1 more
than 17y. In other words, at x = 30 and y = 7 the equation
would give us 120-119 = 1. Going further, you should
realise that the same increases need to be repeated to again
identify the pair of x, y values. (x = 47 and y = 11 gives
us 188-187 = 1)

Once, you realise this, the next part of the visualisation
in solving this question has to be on creating the series of
values which would give us our desired outcomes everytime.

This series can be viewed as

(13,3); (30,7); (47,11); (64,15)....and the series would
basically be two arithmetic progressions running parallel
to each other (viz: 13, 30, 47, 64, 81,....) and (3, 7, 11,
15, 19,...) and obviously the number of such pairs would
depend on the number of terms in the first of these arithmetic
progressions (since that AP would cross the upper limit of
1000 first).

You would need to identify the last term of the series
below 1000. The series can be visualised as 13, 30, 47, 64,...
999 and the number of terms in this series is 986/17 + 1 =59
terms. [Refer to the chapter on arithmetic Progressions for
developing the thinking that helps us do these last two
steps.]



©) WORKED-OUT PROBLEMS

Problem 15.1 Find the value of \/6++/6++6+...

(a) 4 (b) 3
(c) 3.5 (d) 2.5
Solution  Lety =+/6++/6+/6+...
Then, y=406+y = or y27y76=0

o, +2)(y-3)=0 = y=-2,3
y =-2 is not admissible
Hence y=3

Alternative: Going through options:

Option (a): For 4 to be the solution, value of the whole
expression should be equal to 16. Looking into the
expression, it cannot be equal to 16. So, option (a) cannot be
the answer. Option (b): For 3 to be the solution, the value of
the expression should be 9.

So, the expression is = /6 + /6 + /6 + ...
But V6 ~2.4,hence= /6 + 8.4 = \89+-.- =3

(Since, the remaining part is negligible in value)

Problem 15.2 One of the two students, while solving a
quadratic equation in x, copied the constant term incorrectly
and got the roots 3 and 2. The other copied the constant
term and coefficient of x correctly and got his roots as —6
and 1 respectively. The correct roots are

(a) 3,2 (b) 3,2

(c) —6,-1 (d) 6,-1
Solution Let o, 8 be the roots of the equation. Then
o+ B=5 and o8 =—6. So, a possible equation is x* — 5x — 6
= 0. The roots of the equation are 6 and —1.

Problem 15.3 If p and ¢ are the roots of the equation
X+ px+q=0
(@ p=1
(c) p=-2 (d p=—=2o0r0

Solution Since p and ¢ are roots of the equation x> +
px+q=0,

(b) p=10r00r—%

p2+p2+q=0 and q2+pq+q=0
= 20°+¢=0 and glg+p+1)=0
= 20°+¢=0 and g=0org=-p-I1
When we use, g=0 and 2p°+¢=0
we get p =0.
g=-p—-1 and 2p°+¢=0
2p* —p—1 =0 — which gives us

or when we use
we get
p=lorp=-1/2

Hence, there can be three values for p

. 1
re.p=1,p=0, 0rp=—5

Problem 15.4 If the roots of the equation a(b — ¢)x*
+ b(c — a)x + c(a — b) = 0 are equal, then a, b, ¢ are in
(a) AP (b) GP
(c) HP (d) Cannot be determined
Solution Since roots of the equation a (b — o’ +
b (¢ — a)x + ¢ (a — b) = 0 are equal

= b (c—a)’ —4acb—c)a-b)=0

= bc+a)’ —4abc(a+c)+ 4P =0

= [b(c+a)-2ac’=0 = b(c+a)—2ac=0

= b=Qac)(a+c) = a,b,c,arein HP

Problem 15.5 The number of roots of the equation

2 2
1

X— =1- is
(x=1) (x=1)
(a) 0 (b) 1
(c) 2 (d) infinite

Solution The equation gives x = 1.

But x = 1 is not admissible because it gives x — 1 =0
which, in turn, makes the whole expression like this: x-2/0 =
1-2/0. But 2/0 is not defined. Hence, no solution is possible.

Problem 15.6 If the roots of the equation x> — bx + ¢ = 0
differ by 2, then which of the following is true?

(@) *=4(c+1) (b) B*=4c+4

(c) *=b+4 (d) B*=4(c+2)
Solution Let the roots be o and o + 2.
Then a+oa+2=b = a=(b-2)2 (1)
and  o(a+2)=c = od+20=c )

Putting the value of & from (1) in (2).
(B=2)2*+2(b-2)2)=c

=  (b*+4-4b)A+b-2=c
= P +4-8=4c
= b =4c+4

Option (b) is the correct answer.

Problem 15.7 What is the condition for one root of the
quadratic equation ax® + bx + ¢ = 0 to be twice the other?

(a) b*=4ac (b) 2b*=9ac
(c) *=4a+b (d) *=9a-b
Solution
a+2o0=—(bla) and ax22o=cla
= 3a=—(bla) = a=-b3a
and 202 =cla = 2(-b3a)’ =cla



= 26%194% = cla = 2% = 9ac

Hence the required condition is 25* = 9ac.

Alternative: Assume any equation having two roots as 2 and
4 or any equation having two roots one of which is twice the
other.

When roots are 2 and 4, then equation will be (x — 2)
(x—4)=x>—6x+8=0.

Now, check the options one by one and you will find only
(b) as a suitable option.

Problem 15.8 Solve the system of equations

1/x+1/y=3/2,
/x> +1/y* =5/4
Solution Let 1/x = u and 1/y = v. We then obtain
u+v=3/2,
u® +v*=5/4
From the first equation, we find v =(3/2) — u and substitute
this expression into the second equation

WP+ (B32)—uy=5/4or2u* —3u+1=0
when u; = 1 and u, = 1/2; consequently, v, = 1/2 and v, = 1.
Therefore, x; = 1,
yi=2 and x,=2,p,=1

Answer: (1,2) and (2, 1).
Problem 15.9 The product of the roots of the equation
mx® + 6x + (2m — 1) = 0 is — 1. Then m is

(a) 1 (b) 1/3

(c) -1 (d) -1/3
Solution We have 2m — 1)/m =-1 => m = 1/3

Problem 15.10 If 13x + 17y = 643, where x and y are

natural numbers, what is the value of two times the product

of x and y?
(a) 744 (b) 844

Space for Rough Work

(c) 924 (d) 884

Solution The solution of this question depends on your
visualisation of the multiples of 13 and 17 which would
satisfy this equation. (Note: your reaction to 13x should be
to look at it as a multiple of 13 while 17y should be looked
at as a multiple of 17). A scan of multiples of 13 and 17
gives us the solution at 286 + 357 which would mean 13
x 22 and 17 x 21 giving us x as 22 and y as 21. The value
of 2xy would be 2 X 22 x 21 =2 x 462 = 924.

Problem 15.11 If [x] denotes the greatest integer < x,

then
[1} [1 1} {1 2} {1 198}
| = || = |+ —|=
3 3 99 3 99 3 99
(@) 99 (b) 66
(c) 132 (d) 167

Solution When the value of the sum of the terms inside
the function is less than 1, the value of its greatest integer
function would be 0. In the above sequence of values, the
value inside the bracket would become equal to 1 or more

from the value [l+§il .
3 99

Further, this value would remain between 1 to 2 till the

[1 164}
term | —+——|.
3 99

There would be 99 terms each with a value of 1 between
66/99 to 164/99. Hence, this part of the expression would
each yield a value of 1 giving us:

1 66 1 67 1 164
[—+—}+[—+—}+---[—+—] =99
3 99 3 99 399

1 165 1 167 1 198
Further, from [—+—]+[—+—} + ---[—+—}
39 3 99 399
=2x34=068
This gives us a total value of 99 + 68 = 167 which means
that Option (d) is the correct answer.




LEVEL OF DIFFICULTY (1)

1.

Find the maximum value of the expression

1
x2 +5x+10

15
2

4 1
(©) 5 (d) 3

Find the maximum value of the expression (x* + 8x
+ 20).

(a) 4 (b) 2

(c) 29 (d) None of these

Find the minimum value of the expression (p +1/p);
p>0.
() 1
(c) 2
(d) Depends upon the value of p

If the product of roots of the equation x* — 3 (2a + 4)
x +a* + 18a + 81 = 0 is unity, then a can take the
values as

(@ (b) 1

(b) 0

(a) 3,-6 (b) 10,—8
(c) —10,-8 (d) -10,-6
5. For the equation 2+ =4“*2 _ 48, the value of a will be
-3
(a) o3 (b) 3
(c) 2 (d) 1

6. The expression @’ + ab + b’ is for a <0,
b<0
(a) #0 (b) <0
() >0 (d) =0

7. If the roots of equation x* + bx + ¢ = 0 differ by 2,
then which of the following is true?

(@) @**=4(1+c¢) (b) 4b+c=1
(c) *=4+b (d) B*=4(c+1)

8. If fix) = (x + 2) and g(x) = (4x + 5), and A(x) is
defined as A(x) = f(x)-g(x), then sum of roots of /4
(x) will be

3 13
(a) 2 (b) )
-13 -3
©) v (d) 1
9. If equation P +br+12=0 gives 2 as its one of

the roots and x> + bx + q = 0 gives equal roots then
the value of b is

14.

e —

49
(a) T

(c) 4

(b) -8

25
(d) 5

. If the roots of the equation (@® + bHx* = 2(ac + bd)x

+ (¢* + d*) = 0 are equal then which of the following
is true?

(@) ab=cd
(c) ad= Jbe

(b) ad=bc
(d) ab= ed

. For what value of ¢ the quadratic equation x> — (¢

+ 6) x + 2(2c¢ — 1) = 0 has sum of the roots as half
of their product?
(a) 5
(c) 7

(b) —4
(d) 3

. Two numbers a and b are such that the quadratic

equation ax® + 3x + 2b = 0 has — 6 as the sum and
the product of the roots. Find a + b.

(a) 2 (b) 1

(c) 1 (d) -2

. If o and B are the roots of the Quadratic equation

5> = 7y + 1 = 0 then find the value of L %
o

7

(a) 35 (b) =7
-7

() P (d) 7

Find the value of the expression

Wrt Wr+ (r )

(a) %[2\/(2x—1)+1] (b)
(c) %[2\/(2x—1)—1] (d)

S +1]
%[\/(4%1) ~1]

. Ifa=+/(7 +4+/3) , what will be the value of (a + l) ?
a

(a) 7
(c) 3

(b) 4
(d) 2

. If the roots of the equation (¢ + b%) x> — 2b(a + ¢)

x + (b* + ¢*) = 0 are equal then a, b, ¢, are in
(a) AP (b) GP
(c) HP (d) Cannot be said

. If a and B are the roots of the equation ax* + bx +

. 1
¢ = 0 then the equation whose roots are o + — and

1.
B+ — is
o



18.

19.

(@) abx® +b(c+a)x+(c+a)*=0

(b) (c+a)x*+bc+a)x+ac=0

(c) cax2+b(c+a)x+(c+a)2=0

(d) cax®+b(c+a)x+clc+a)=0

If ¥’ + ax + b leaves the same remainder 5 when
divided by x — 1 or x + 1 then the values of a and
b are respectively

(a) 0and 4 (b) 3and 0

(c) Oand3 (d) 4and 0

Find all the values of b for which the equation x* —
bx + 1 = 0 does not possess real roots.

(@) -1<b<l (b) 0<b<2
(c) 2<bh<2 d) -1.9<bH<19

Directions for Questions 20 to 24: Read the data given
below and it solve the questions based on.

If o and B are roots of the equation x* + x — 7 = 0 then.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Find of + 3

(a) 10 (b) 15

() 5 (d) 18

Find o + B

(a) 22 (b) 22

(c) 44 (d) 36

For what values of ¢ in the equation 2% — (c3 + 8¢

— 1x + ¢® — 4¢ = 0 the roots of the equation would
be opposite in signs?

(a) ce (0,4) (b) ce (-4,0)

(¢) ce (0,3) (d) ce (4,4

The set of real values of x for which the expression
x> — 9x + 20 is negative is represented by

(a) 4<x<4 (b) 4<x<5

(c) x<4orx>5 (d) -4<x<5

The expression x> + kx + 9 becomes positive for
what values of & (given that x is real)?

(@) k<6 (b) k>6

(c) [k<6 (d) [k =6

If 9“2 + 3¢** = 81" then find the value of 3¢
+ 3976,

(a) 972 (b) 2916

(c) 810 (d) 2268

Find the number of solutions of a* + 2! = 4%, given
that » is a natural number less than 100.

(a) 0 (b) 1

(c) 2 (d) 3

The number of positive integral values of x that
satisfy x° — 32x — 5x” + 64 < 0 is/are

(a) 4 (b) 5

(c) 6 (d) More than 6

Find the positive integral value of x that satisfies the
equation x> — 32x — 5x° + 64 = 0.

(@) 5 (b) 6

(c) 7 (d) 8

29.

30.

o 1 1 1
If a, b, ¢ are positive integers, such that _+Z+_
a c

29 .
= E’ how many sets of (a,b,c) exist?

(a) 3 (b) 4
(¢) 5 (d) 6
The variables p, ¢, r and s are correlated with each
other with the following relationship: s*/p = g/r*.
The ranges of values for p, ¢ and r are respectively:

—0.04<p<-003,-02529g<-009,1<r<7
Determine the difference between the maximum and mini-

Directions for questions number 31 to 34:

mum value of s?
(a) —0.2
(¢) 0.1

(b) 0.02
(d) None of these

If graph

of y = f(x) is shown in the diagram below, then answer the
following questions

31.
32.
33.
34.
35.

36.

37.
38.

39.

Y

(0,1)

('1 10)

/
/ (1,00 /(3,0

If f{lx) = 0 has ‘n’ real roots then n =

Sum of all roots of f{x) = 0 is:

Total number of roots of f{x) = 2 is:

Total number of roots of f{|x|) = 0 is:

If m, n are the roots of px* + gx + r =0 and m + k,

n + k are the roots of the equation ax’ + bx + ¢ =0
then k = ?

b g by L4a_b
@ 2[a p] ® 2[}? a]

1
© _[1+2]
2lp a
If m, n are the roots of the equation px*> + gx + r =
0 and km, kn are the roots of the equation ax’ + bx

+¢ =0, then k =

(d) None of these

(a | b |
ar ap

(c) |9P (d) None of these
cr

For how many real values of x, is X = |x|

For how many different values of p, does the equa-
tion 16x* + px + 9 = 0 have equal roots.

If m, n are the roots of the equation x> — 6x + 3 = 0,
then the equation whose roots are m> n* could be:
(@ ¥*=36x+9=0 (b) ¥*—18x+6=0

() x**~42x+9=0  (d) None of these



40.

41.

42.

43.

44,

If m, n are the roots of the equation X Hax+b=
0 and m, n, a, b all are real numbers then which
of the following options can never be a value for
(a, b):

(@ (1, 1) (b) (3,2)

() 4.4 (d) (7,3)

If a and b are roots of the equation x* + ax + b =0
then:

(@ a=1,b=-2 (b) a=0,b=-2

() a=1,b=0 (d) None of these

Find the numbers of real roots of the equation x* +
3 +2=0

The number of real roots of the equation

X+ 1)+ x-272=0

The numbers of real solutions of the equation
32x2+3x+1 -0

2

Directions for question number 45-46: fix) = -x~ +
x — 4, then answer the following questions.

45.

If x € R, then which of the following statements is
true about f{x) if f{x) = 0 has no real root.

Space for Rough Work

46.

47.

48.

49.

50.

51.

(a) The Graph of f{x) = —x + x — 4 opens upward &
f(x) =0 has no real root.

(b) Graph of fix) = —x* + x — 4 opens downward &
f(x) =0 has 2 real roots that are equal.

(c) Graph of f{x) = —x* + x — 4 opens downward &
f(x) = 0 has no real root.

(d) None of these

If a, b are two positive integers and both a and b

are greater than 1000 then fla).f(b) is

(a) >0 (b) <0

() =0 (d) <0

Find the number of real roots of the equation |x|*

-2x|-3=0.

For how many real values of x is 3°-2x-1 _g

For how many values of &, the absolute value of the

difference between the roots of the equation x> + kx

+15=01is 2

If fix) = x* — 8x + 12, then for how many integer

values of x is f{x) < 0.

In the above question for what value of x, does f{x)

attain it’s minimum value.




LEVEL OF DIFFICULTY (1)

1. In the Maths Olympiad of 2020 at Animal Planet,

two representatives from the donkey’s side, while

solving a quadratic equation, committed the follow-

ing mistakes:

(i) One of them made a mistake in the constant term
and got the roots as 5 and 9.

(i1) Another one committed an error in the coefficient
of x and he got the roots as 12 and 4.

But in the meantime, they realised that they are
wrong and they managed to get it right jointly. Which
of the following could be the quadratic equation?

(@) X*+4x+14=0 (b) 22 +7x—24=0

(¢) ¥ —14x+48=0 (d) 3x*—17x+52=0

. If the roots of the equation a,x* + a,x + a; = 0 are
in the ratio 7,:7, then

@) riryal’ =0 +r)a’

(b) ’”1"’2'“22:(’”1+”2)201'a3

(© riryay=(ry+a)’ ay-a,

) riryal’=(r+r) aa

. For what value of a do the roots of the equation

22 + 6x +a = 0, satisfy the conditions (%) +

#)-

(a) a<00ra>% (b) a>0

() -1<a<0 (d) -1<a<l1
. For what value of b and ¢ would the equation x> +
bx + ¢ = 0 have roots equal to b and c.

(a) (0,0) (b) (1,-2)

(©) (1,2) (d) Both (a) and (b)

. The sum of a fraction and its reciprocal equals 85/18.
Find the fraction.

(@) (b)

oI N
Ol Wl

(© (d)

. Ajourney between Mumbai and Pune (192 km apart)
takes two hours less by a car than by a truck. De-
termine the average speed of the car if the average
speed of the truck is 16 km/h less than the car.

(a) 48 km/h (b) 64 km/h

(¢) 16 km/h (d) 24 km/h

. If both the roots of the quadratic equation ax® + bx
+ ¢ = 0 lie in the interval (0, 3) then « lies in

. Ifx% — 3x + 2 is a factor of x* — ax® + b

_—

(@ (1,3) (b) (-1,-3)

(¢) (-~121/91,- /8) (d) None of these

If the common factor of (ax> + bx + ¢) and (bx* +
ax +c) is (x + 2) then

(@) a=b,ora+b+c=0

(b) a=c,ora+b+c=0

(c) a=b=c

(d) b=c,a+b+c=0

If P = 2%+ 2! then which of the following is true?
(@ p’—6p—6=0 b) pPP—6p+6=0

() PP+6p—6=0 (d) pP’+6p+6=0

. If fx) = x* + 2x — 5 and g(x) = 5x + 30, then the

roots of the quadratic equation g[ f(x)] will be
(a) —1,-1 (b) 2,-1
(©) -1++2,-1-+v2 @) 1,2

. If one root of the quadratic equation ax’ + bx + ¢

= 0 is three times the other, find the relationship
between a, b and c.

(a) 3b°=16ac
(c) (a+c)*=4b

(b) b*=4ac
(d) (@ +Aac=

TRLSARS

0 then
the values of a and b are

(a) -5,-4 (b) 5,4

(c) -5,4 (d) 5,-4

. Value of the expression (> = x + D)/(x — 1) cannot

lie between

(a 1,3 (b) -1,-3
() 1,-3 (d) -1,2
. The value of p satisfying log, P +4p+12)=2
are
(a) 1,-3 (b) -1,-3
(c) —4,2 (d) —4,-2

. If g, r > 0 then roots of the equation X+ gx —r =

0 are

(a) Both negative (b) Both positive
(c) Of opposite sign but equal magnitude
(d) Of opposite sign

. If two quadratic equations ax® + ax + 3 = 0 and x*

+ x + b =0 have a common root x = 1 then which
of the following statements hold true?

(@) a+b=-35 (b) ab=3
a_3 =

(c) 2 (d) a-b 0.5

(a) 4,B,C (b) B,C,D

() 4,C,D (d) 4,B,D



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

If the expression ax® + bx + ¢ is equal to 4 when
x = 0 leaves a remainder 4 when divided by x + 1
and a remainder 6 when divided by x + 2, then the
values of @, b and ¢ are respectively

(a 1,1,4 (b) 2,2,4

(c) 3,3,4 (d) 4,4,4

If p and ¢ are the roots of the equation x> — px + ¢
= 0, then

(@ p=1,g=-2 (b) p=0,9=1

(© p=-2,9=0 (d) p=-2,9=1

Sum of the real roots of the equation x* + 5|x| + 6
=0

(a) Equalsto5 (b) Equalsto 10

(c) Equals to—5 (d) None of these

The value of p for which the sum of the square of
the roots of 2x> — 2(p — 2)x — p — 1 = 0 is least is

@ 1 (b) %

(c) 2 (d) -1

For what values of p would the equation x* + 2(p —
I)x + p + 5 = 0 possess at least one positive root?
(@) Pe (—,-5) (b) Pe (oo, 1]

() Pe (1,00) (d) Pe (-5,1)

Ifa, b e {1, 2,3, 4}, then the number of the equa-
tions of the form ax® + bx + 1 = 0 having real roots
is

(a) 10 (b) 7

(c) 6 (d) 12

If a* + b* + ¢* = 1, then which of the following can-
not be a value of (ab + bc + ca)?

(a 0 (b) 12

-1
© - (d) —1

If one root of the equation (/ — m) CHlk+1=0
is double of the other and is real, find the greatest
value of m.

(@ (b)

Wnla Q|

(©) (d)

The set of values of p for which the roots of the
equation 3x* + 2x + p(p — 1) = 0 are of opposite
sign is

(@) (=, 0) (b) (0, 1)

(¢) (1, ) (d) (0, )

One day each of Neha’s friends consumed some cold
drink and some orange squash. Though the quanti-
ties of cold drink and orange squash varied for the
friends, the total consumption of the two liquids was
exactly 9 litres for each friend. If Neha had one-ninth
of the total cold drink consumed and one-eleventh of
the total orange squash consumed. Find the ratio of

AN oo|\©

27.

28.

29.

the quantity of cold drink to that of orange squash
consumed by Neha on that day?

(a) 3:2 (b) 5:4

(c) 2:1 (d) 1:1

0,(x) and Q,(x) are quadratic functions such that
0,(10) = O,(8) = 0. If the corresponding equations
0,(x) = 0 and Q,(x) = 0 have a common root and
0,(4) x O,(5) = 36, what is the value of the common
root?

(a) 10 (b) 6

(c) Either 9 or 6 (d) Cannot be determined
For the above question if it is known that the coef-
ficient of x? for 0, (x) =0 1is 1/15 and that of O,(x)
= 0 is 1, then which of the following options is a
possible value of the sum of the roots of O,(x) = 0?
(a) 18 (b) 36

(c) 25 (d) 11

Which of the following could be a possible value of
‘x’ for which, each of the fractions is in its simplest
form, where [x] stands for the greatest integer less
than or equal to ‘x’?

[x]+7 [x]+18 [x]+31 [x]+46  [x]+1489 and

o7 17127 137739

[x]+1567
40

(a) 95.71 (b) 93.71
(c) 94.71 (d) 92.71

30. x—y=8and P = 7x* — 12)°, where x, y > 0. What
is the maximum possible value of P?
(a) Infinite (b) 352.8
(c) 957.6 (d) 604.8

31. If the equations 5x + 9y + 17z = a, 4x + 8y + 12z
= b and 2x + 3y + 8z = ¢ have at least one solution
for x, y and z and a, b, and ¢ # 0, then which of the
following is true?
(a) 4a-3b-3¢c=0 (b) 3a—4b—3c=0
(¢) 4a—3b—4c=0 (d) Nothing can be said

32. If the roots of the equation x* — ax® + bx — 1080
= 0 are in the ratio 2 : 4 : 5, find the value of the
coefficient of x°.
(a) 33 (b) 66
(c) -33 (d) 99

33. If the roots of the equation px® — 20x* + 4x — 5 = 0,
where p # 0, are /, m and n, then what is the value
of i.}.i.kl 9

Im mn In

(@) 5 (b) -4
(c) 4 (d) 8

34. The cost of 10 pears, 8 grapes and 6 mangoes is

% 44. The cost of 5 pears, 4 grapes and 3 mangoes
is ¥ 22. Find the cost of 4 mangoes and 3 grapes, if
the cost of each of the items, in rupees, is a natural
number and the cost of no two items is the same.



35.

36.

37.

38.

39.

40.

41.

42.

43.

(a) 17 (b) %18

(c) %14 (d) Cannot be determined
The number of positive integral solutions to the
system of equations a; + a, + a3 + a, + as = 47 and
a,+a,=1371s

(a) 2376 (b) 2246

(c) 2024 (d) 1296

If f(x) is a quadratic polynomial, such that f(5) =
75 and f(-5) = 55, and f(p) = f(q¢) = 0, then find
p X g, given that the value of the constant term in
the polynomial is 10.

(a) 2 (b) -3
(c) 5 (d) Cannot be determined

If |a| + a + b =75 and a + |b| — b = 150, then what
is the value of |a| + |b|?

(a) 105 (b) 60

(c) 90 (d) Cannot be determined
If [x] represents the greatest integer less than or equal

1 1 1
to x, then the value of [3153]+[3163J+[3173]+

1
...+[5153] is
(a) 1383 (b) 1379
(c) 1183 (d) 1351
a, b, ¢, d and e are five consecutive integers a < b
<c<d<eand d®+ b + ¢ = d* + ¢*. What is/are
the possible value(s) of d?
(a) —2and 10 (b) —l and 11
(c) Oand 12 (d) None of these
The 9 to 9 supermarket purchases x litres of fruit
juice from the Fruit Garden Inc for a total price of
$ 4x” and sells the entire x litres at a total price of
$ 10 x (15 + 16x). Find the minimum amount of prof-
it that the 9 to 9 supermarket makes in the process.
(a) 1700 (b) 1,000
(c) 1,750 (d) 1,300
If o, B are the roots of the quadratic equation x> +
mx +1=0and v, § are the roots of the equation x°
+ nx + 1 = 0, then the value of (. —7) (B — 7) (o
+ 8)(B + ) is equal to IIFT 2006
(a) n* —m~ (b) m*—n.
(c) 2m*-n* (d) None of the above
Find the roots of the quadratic equation bx? - 2ax +

a=0 IIFT 2010

AR R S I
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If x> + 3x — 10 is a factor of 3x* + 2x* — ax’+ bx
— a + b — 4, then the closest approximate values of
a and b are IIFT 2013

44.

45.
(I-p

46.

47.

48.

49.

50.

51.

52..

53.

(a) 25,43 (b) 52,43

(c) 52,67 (d) None of the above

If x is real, the smallest value of the expression 3x°
—4x + 7 is: IIFT 2013
(a) 2/3 (b) %

(c) 7/9 (d) None of the above

If 0 < p <1 then the roots of the equation

)X+ dx+p=0are 2 XAT 2008

(a) Real and of opposite sign.

(b) Real and both negative

(c) Imaginary

(d) Real and both positive

The number of possible real solution(s) of y in the

equation > — 2y cos x + 1 =01is___ ? XAT 2008

(a 0 (b) 1

(c) 2 (d 3

A polynomial ax’ + bx* + cx + d intersects the x—axis

at 1 and —1, and y-axis at 2. The value of b is:
XAT 2014

(a) =2 (b) 0

() 1 (d) 2

If x> — mx® + nx — p = 0 has three roots a, B, v. If

we add 3 in each of the roots of x* — mx® + nx — p

= 0 then we get the roots of the equation x° — ax’

+ bx — 27 = 0. What is the value of p + 9m + 3n.

(@) 0 (b) 1

(c) =54 (d) 54

If the roots of the equation x° + gx* + rx + s = 0 are

in GP, then which of the following is true:

(a) = qzs (b) = q3s

(c) r= qs2 (d) r= qs3

The graph of ax® + bx + ¢ is shown below. Then

which of the following is true?

Y-Axis

X-Axis

|
(B 0)/ (-3,0) 0 (o, 0)\(2,0)

(@) a<0,6<0,c>0 (b) a<0,b<0,c<0
() a<0,6>0,c>0 (d) a<0,b>0,c<0
If ‘x’ is a real number then what is the number of

solutions for the equation: o+ 12)” 2=x*-2
(a) 0 (b) 1
(c) 2 (d) Cannot be determined

How many integer values of ‘p’ are there such that
the inequality x> + 4px + (p + 3) > 0 is true for all
values of x?

If g(x)=x>— px> —LX_ can be factorized as (x
2

-p) (x—¢q) (x —r), then f[4) =7



54.

The roots of x* — px* + gx — r = 0 are a, b, ¢ while
the roots of x* + wx>+ yz —47 =0 are a + 2, b +
2, ¢+ 2,

Then the value of 4p + 2g + r=?

Directions for question number 55-56: One of the
roots of the equation x°> + bx + 3b = 0 (b < R) is thrice
the other root, then answer the following questions.

55.
56.

57.

What is the value of 3b.

Which of the following options correctly represents
roots of the equation x> — 33x + 176 = 0

(a) b,b+1 (b) b-1,b

() b—1,b+1 (d) None of these

The roots of x* + 5x + a = 0 are p and g while the
roots of x* + 23x + b = 0 are q and r. If p, q, r are
in anArithmetic Progression then the value of |a X
bl =7

58. f(x) = (x = 2)(x* + 2x + 5)
If a, b, ¢ are the roots of f{x) = 0, then the value of @ +

59.

60.

b* + ¢ would be equal to?

If Ax) = px*> + gx + r and f{x) is exactly divisible by
(x + 2) and (x + 3) but leaves remainder of 7 when
divided by (x — 1), find the approximate value of ¢?

If f(x)=4x- 7/x, which of the following statements
is true about the roots of the equation f{x) = 2.

(a) It has only one real root which is not an integer.
(b) It has no real root

Space for Rough Work

61.

62.

63.

64.

65.

(c) It has one real root which is a positive integer.

(d) It has two real roots.

If the equation ax® + bx + a = 0(a > 0) has real and

positive roots then which of the following is always

true?

(a) b<2a (b) b<O

(c) b<-2a (d) All the options are true.

If p, g, r are real and (x — p)(x — ¢)+(x — ¢)(x —

rH+(x — r)(x — p)=0 if p # q # r then which of the

following options is true?

(a) Roots of the given equations are imaginary.

(b) Roots of the given equation are real.

(c) Roots of the given equation are equal.

(d) None of these

If fix) = px* + gx + r and g(x) = rx* + gx + p.If one

root of f{x) = 0 is 2 and one root of g(x) = 0 is %,

then find the sum of the roots of f{x) and g(x).

The number of distinct points at which the curve y*

- 4y2 +x2 - 5x+ 3y = 0 intersects either the y-axis

or the x-axis is.

If the sum of the roots of the quadratic equation px”

+ gx + r = 0 is equal to the sum of the square of

their reciprocals, mark all the correct statements.
IIFT 2006

(a) r/p, p/q and g/r are in 4. P.

(b) p/r,q/p and r/q are in G. P.

(¢) p/r,q/p and r/q are in H. P.

(d) Option (a) and (c) both.




1.

2.

Directions for question number 4 & 5::

LEVEL OF DIFFICULTY Qi) -~

fix)=ax* +bx +c & a <0.

The equation f{x) = 0 has two distinct roots which is
from the set { =2, —1, 0, 1, 2}. How many different
pairs of roots of f{x) are possible such that f{0) is
greater than or equals to 07.

(a) 4 (b) 6

(c) 8 (d) 10

px* + gx + r = 0 has one root greater than 3 and
other root less than 1. Which of the following is
necessarily true?

(@) pAp+2g+r)<0 (b) p4p+2q+r)>0

(©) p(4p=2q+r) <0 (d) p(Op—3q+r)<0

. If fix, y) = 48" +x¥ then what is the total number

of solutions for the equation f{x, y) = 5.
(a) 0 (b) 1
(c) 2 (d) More than 2.

If “d’ is a root

of the equation ax’ + bx + ¢ = 0 and ‘¢’ is a root of the
equation ax> + bx + d = 0 and if ¢ # d then answer the
following questions:

4.

. Find all values of ‘a’,

Find the value of ¢ + d:
(@ ab-1)
1-b
) —
a

a

(d) None of these

. Which of the following equations has roots —c, —d.

(@) ax*+a(b-Dx+b—-1=0
(b) ax’*—a(l-bx+1-b=0
(¢) ax*+a(l-bx+1-b=0
(d) None of these

. The values of a quadratic function f{x) is a positive

for all values of x, except for x = 4. If f0) = 10.
Find the value of f{ —4).

such that 4 lies somewhere
between the roots of the equation 3x* + 4ax + (a +
3) = 0 for all values of x.

(a) a<-3 (b) a<-=2

() a>3 (d) a>2

. fl0)=x* = (5 + k)x* + (6 + 5k)x — 6k, where ‘k’ is an

odd prime number and &k > 3. What is the range of
values of x for which f{x) < 0.

(a) 2<x<3orx>k (b) x<2,3<x<k

(c) x<3,x>k (d) none of these

. flx, p) = a(x — p)* + b(x — p) + ¢, where a, b, ¢ are

constants and a < 0 and ‘p’ is a natural number. It
is given that the roots of the equation ax’ + bx +
¢ = 0 are 3, 4. Then,the value of x at which f{x, 5)
attains its maximum value is:

(a) 9 (b) 8.5

10.

I1.

(c) 7.5 (d) 5.5

fx) = [x]* = 11[x] + 30, where [x] represents the
largest integer less than or equal to x, then what is
the sum of all integer solutions of the equation f{x)
=0

If all the three roots of the equation x> — 12x% + px
— 42 = 0 are unequal and prime. Then p =

Directions for question number 12&13:

12.
13.
14.

15.

If fix) = x° — px* = 2gx + r and

g = (x = p)x = g)x = 1)

Answer the following questions.

The value of p + ¢ for which f{x) = g(x) is:

The value of f(4) if flx) = g(x) is:

If fix) = (b — Dx* + (¢ + d)x + e and a:b = 1:2, bic
= 2:3, c:d = 3:4, d:e = 4:5. Then find the square of
difference of the roots of the equation f{x) = 0.
logy x x logz ¥ + logy z X log; xy = 11, where x, y,
z all are real numbers.

If (logyx)* + (logs ) = 14 — (log; 2)°

and xyz = k' = k3 then k, +k, =

Direction for 16 and 18: f(x) =ax’ — 150x + 5b where
a and b are two positive integers. Then answer the follow-
ing questions

16.
17.
18.

Directions for question number 19 & 20:

For how many ordered pairs (a, b) will (x — 3) be
a factor of f{x).

Maximum possible value of @ + b for which (x — 3)
is a factor of f(x)

If @ & b are integers then for how many ordered
pairs (a, b) will (x — 3) be a factor of f{x)

(@ 9 (b) 18

(c) 180 (d) None of these

if flx) =

x* = 12x* + 47x — 60 then answer the following questions:

19.

How many quadratic equations of the form x* +bx
+ ¢ = 0, can be formed such that both the roots of
the quadratic equation are common with the roots of
fix) =07
(a) 3
(c) 6

(b) 5
(d) None of these

. If the product of all the roots of the quadratic equa-

tions of the form x? + bx + ¢ = 0, that can be formed
such that both roots of the quadratic equation are

common with the roots of fx) = 0 is p then p* =2
(a) 30 (b) 40
(c) 50 (d) 60

Direction for 21 and 22: If all the roots of (x — k)* (x - 7)
— 27 = 0 are integers then answer the following questions:



21.
22.

23.

24.

How many integer values can k have?

Difference between the maximum and minimum pos-
sible values of & is

The Value of p for which the sum of the square of
the roots of the equation X - @-3x+p@-4-=
0 is minimum is.

If flx) = x%,g(x) = x> — 2, where x is a positive integer
then for how many values of x, is flx) = g(x)

Directions for question number 25-26: 1If h(x) is a
quadratic function which attains it’s maximum value of
10 at x = 4. If #(x) is a function such that 3/(x) + 5¢(x) =
0 then answer the following questions:

25.

26.
27.

Which of the following option is true?

(a) h(x) and #(x) have roots of opposite sign.

(b) Sum of roots of 4(x) and #(x) is 0.

(c) Sum of roots of /(x) is equal to the sum of roots
of #(x)

(d) None of these

Minimum value of #(x) is_

The curve shown below can possibly represent which

of the following equation (Assume the curve does

not exist at x = 0)

Space for Rough Work

\ /

-3\/ -2

\ /.

2\/3

6 6

(a) —=5+|x] (b) ——=5—|x|
| |
6

(c) ﬁ= 5—|x| (d) None of these
X

28. If fix) = max(]x* — 4|, 2x + 4) then find the number

. . 5
of solutions of the equation f (x)= 5

29. Find the number of real solutions of the equation

Il = 1] = ¢"

30. Find the number of real solutions of equation

1X
—1|-2|=[=
Ii-1-21=(5)
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45 (b) 46 (c) 47 (a) 48 (a)
49 (b) 50 (a) 51 (a) 521
53 31.5 54 39 5548 56 (a)
57 1568 58 30 59 2.92 60 (c)
61 (d) 62 (b) 63 6.75 645
65 (d)
Level of Difficulty (lll)
1. (¢) 2. (a) 3. (d) 4. (c)
5. (¢c) 6. 40 7. (a) 8. (b)
9. (b) 10. 11 11. 41 12.3/2
13. 54 14. 29 15. 36 16.9
17. 86 18. (d) 19. (¢) 20. (d)
21. 4 22. 52 23. 4 24. 1
25. (c) 26. -6 27. ¢ 28.2
29.3 30. 5

Level of Difficulty (I)

1.

For the given expression to be a maximum, the de-
nominator should be minimized. (Since, the function
in the denominator has imaginary roots and is always
positive). x> + 5x + 10 will be minimized at x = —2.5
and its minimum values at x = —2.5 is 3.75.
Hence, required answer = 1/3.75 = 4/15.

2. Has no maximum.

10.

11.
12.

13.

14.

{1’

15.

. The minimum value of (p + 1/p) is at p = 1. The

value is 2.

The product of the roots is given by: (a* + 18a +
81)/1.

Since product is unity we get: a* + 18a + 81 = 1
Thus, a* + 18a + 80 = 0

Solving, we get: @ = —10 and a = — 8.

Solve through options. LHS = RHS for a = 1.

For a, b negative the given expression will always
be positive since, a*, b* and ab are all positive.

. To solve this take any expression whose roots differ

by 2.

Thus, (x-3)x-5=0

= ¥ -8+ 15=0

In this case, a = 1, b = -8 and ¢ = 15.
We can see that b> = 4(c + 1).

h (x) = 4x* + 13x + 10.

Sum of roots — 13/4.

. x>+ bx + 12 =0 has 2 as a root.

Thus, b = -8.
Solve this by assuming each option to be true and
then check whether the given expression has equal
roots for the option under check.
Thus, if we check for option (b).
ad = bc.

We assume a = 6, d =4 b =12 ¢ = 2 (any set of
values that satisfies ad = bc).
Then (a®+ b%) x> —2(ac + be) x + (¢ +d*) =0
180 x* — 120 x + 20 = 0.
We can see that this has equal roots. Thus, option (b)
is a possible answer. The same way if we check for
a, ¢ and d we see that none of them gives us equal
roots and can be rejected.
(c+6)=12%x2Q2c-1)=c+6=2c—1=c=7
3la=-6 = a="Y%,
2bla = -6 and a = 5
Givesus b =-1.5.
a+b=-1.
Vo + 1/ = (o + B)of
= (7/5)/(1/5) = 1.

V= Nx+vVx+dxdeoe
y= ey
y=x+y
Y -y-x=0

Solving quadratically, we have option (b) as the
root of this equation.
The approximate value of @ = v13.92 = 3.6 (approx).
a+ l/a=3.6+1/3.6 is closest to 4.



16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Solve by assuming values of a, b, and ¢ in AP, GP and
HP to check which satisfies the condition.
Assume any equation:
Say x* — 5x + 6 =0
The roots are 2, 3.
We are now looking for the equation, whose roots
are:
2+ 1/3) =233 and 3 + 1/2) = 3.5.
Alsoa=1,b=-5and c = 6.

Put these values in each option to see which gives
2.33 and 3.5 as its roots.
Remainder when x> + ax + b is divided by x — 1 is
got by putting x = 1 in the expression. Thus, we get.
a+b+1=5and
b-—a+1=5
= b=4anda=0
PP —4<0=>-2<h<2
(@ + ) = (o + By — 20P
=12 -2x(-7)=15.
(o + B’y = (a+ By’ - 3af(a+ P
= (-1 =3 X (-7) (-1
=-1-21=-22
For the roots to be opposite in sign, the product
should be negative.
(F—40)2<0 = 0<c<4.
The roots of the equation x> — 9x + 20 = 0 are 4 and
5. The expression would be negative for 4 < x < 5.
The roots should be imaginary for the expression to
be positive
ie. F-36<0
thus —6<k<6or|k|<6.
Simplifying the equation 9972 3°*4 = 81971 we will
get: 32074+ 30%4 = 3%~ Thig oives us:
2a-4 —a — 4 =4a-44 — a-8 = 4a-44 — 3a = 36
—a=12.
Hence, we have to evaluate the value of 3* + 3% =
81 + 729 = 810. Option (c) is correct.
In order to think of this situation, you need to think
of the fact that “the cube of a number + a power
of two” (LHS of the equation) should add up to the
fourth power of the same number.
The only in which situation this happens is for 8 +
8 = 16 where a = 2 giving us 2° + 2° = 2%,
Hence, Option (b) is the correct answer.
The values of x, where the above expression turns
out to be negative or 0 are x =2, 3,4, 5, 6, 7 or 8.
Hence, Option (d) is correct.
The value of the LHS would become 512 — 256 —
320 + 64 = 0 when x = 8.
The above equation gets satisfied at a =9, b = 8 and
¢ = 6. (In order to visualise this, look for sets of 3
numbers with an LCM of 72). All different arrange-
ments of (9, 8, 6) will be possible values of (a, b, ¢).

30.

31.

32.

33.

34.

35.

Possible arrangements of (a, b, ¢) are (9, 8, 6), (8,
9, 6), (6, 8,9), (8, 6,9), (6, 9, 8), (9, 6, 8). Thus,
there are a total of 6 such sets possible. So option
(d) is correct.

. . Pq
The equation can be rewritten as s =—5 or
2 r
(rq)
s=""7

P
The maximum value of s will happen when pq is maxi-
mum and 7 is minimum. pg is maximum when p =
—0.04 and ¢ = —0.25 and » = 1 similarly s will be
minimum when p = -0.03 and ¢ = - 0.09 and » = 7.

(-0.04 x —0.25)? (-0.03 x —0.09)?
_ o =

S

max 1 min — 74
(-0.04 x —0.25)*  (~=0.03 x —0.09)*
Smax — Smin ~ 1 - 74
~ 0.0001

Graph of f{x) = 0 cuts x-axis at three distinct points.
Therefore f{x) = 0 has three roots.
Sum of roots of f{x) =01is -1 + 1+ 3 = 3.

Y

y=2

(0.1)

('1 10) /
/| e

The y = 2 line intersects the curve y = f{x) at only
one point, hence total number of roots of f{x) =2 is
1.

Process to draw graph f{|x|)if graph of f{x) is given:
First erase the negative x portion of f{x) then take
a mirror image of positive X portion. Curve of y =
f(|x|) is shown below

Y

X

(-1,0) (1,0
(-3,0) (3,0)

X

Here we can see that the curve of y = f{|x]) cuts the
x-axis at four distinct points, hence y = f{|x|) has four
real roots.

man=—4 (i)

(m+k)+(n+k)=-2



36.

37.

38.

39.

40.

41.

m+n+2k=—9 (ii)
a
Subtract equation (i) from equation (ii):
2k = —2+1
a p
k= 1[1 _2]
2lp a
Option (b)is correct.
mn = (1)
p
(mk)(nk) = mnk* = <
a (i1)
Equation (ii) + equation (i)
P=5x?
a r

k=2
ar

Option (a) is correct.

Forx>0:x*=x

=x-x=0

=>xx-1)=0

=x=0,1

Forx <0 :x*=—x

= +x=0

=xx+1)=0

=x=0, -1

Therefore for three real values of x, we will get x*
= x|

16x* + px+9=0

For equal roots, the discriminant of the above equa-
tion must be zero.

PP-4x16x9=0

PP=4x16%x9

p=1t(2x4x3)==124

Therefore for two different values of p, 16x* + px +
9 =0, has equal roots.

m+n=6 mn=-3

(m+n)2=m2+n2+2mn

36=m>+n" -6

m? + n* = 42 (Sum of roots of the required equation)
Also, since mn = -3, the value of m*n* =9 (product
of roots of the required equation)

Therefore the equation must be x* — 42x + 9 = 0..
Option (c) is correct.

Checking from the options, if we put a =1 & b =
1 (from option (a)) then we get the equation, x> +
x + 1 =0, and this equation does not have any real
roots. So, this option is correct.
a+b=-a,ab=0>

42.

43.

44,

45.

46.

47.

48.

=ab=D>

=ab-b=0

=@-1D)b=0

This gives us two possibilities: b = 0 or a = 1
Forb=0,a+0=-a,=a=0
Fora=1,1+b=-1=b=-2

Option (a) is correct.

For x>0

=’ +3x+2=0

=X +2x+x+2=0

>x+2)x+1)=0

=x=-1or-2

But here x > 0, so these values of x are not possible
in this case.

For x< 0

= -3x+2=0

>x-2)x-1)=0

=x=1lor2

But here x < 0, so these values of x are not possible
in this case.

Therefore the given equation has no real root.
P+ +1)P+x=-272=0

It is possible when x =0, x + 1 =0, x — 2 = 0 (Since
each of the terms within the brackets in the given
expression is non-negative).

Thus we get the required values of x = 0, x = —1,
x = 2 all at the same time. It is not possible that a
variable would have the same. Therefore the given
equation has no real root.

a* can never be equal to 0 for any real value of x.
Therefore 32" *3**! can never be equal to 0 for any
real value of x. So the given equation has no real
solution.

fx)==x*+x-4

The discriminant of the equation f(x) = 0 is less than
zero. Therefore f{x) = 0 has no real root and the co-
efficient of x? is less than 0. Therefore f{x) = —x* +
x — 4 opens downward. Hence option (c) is correct.
fx) is less than 0 for all real values of x (As D <0,
a<o0).

Therefore fla) < 0, f{b) <0

fa). fib) >0

Hence option (a) is correct.

k=2 x| -3=0

= =3) (K +1)=0

= |x] =3, -1

|x] = =1 is not possible
= x| =3

=x=x3

Therefore for the given equation only two real roots
are possible.

3201 _g _ 32



49.

>3 -2x-1=2

=3 -2x-3=0

S>x-3)x+1)=0

=x=3, -1

The given equation has two solutions. Hence, there
are two values of x at which the equation is satisfied.
Let the roots of the equation x* + kx + 15 = 0 be m,
n.

m+n=—-k,mn=15 m-n=2

(m + n)2 —4mn = (m — n)2

K —-60=4
K =64
k=+8, -8

The Correct answer is 2.

50. flx) =x>—8x+12=(x—2) (x — 6)

2 3 4 6/
<

\/‘

T o

S fix)y<0forx=2,3,4,5and 6
.. Correct answer is 5.

51. fix) = 0 has two roots 2, 6 and curve of f{x) opens

upwards. So f(x) is minimum for f’(x) = 0. This gives
us 2x — 8 = 0. Thus, the function would attain it’s
minimum at x = 4

Therefore f{x) is minimum for x = 4.

Level of Difficulty (Il)

1.

(9,

From (i) we have sum of roots = 14
and from (ii) we have product of roots = 48.
Option (c) is correct.

. Assume the equation to be (x — 1)(x —2) =0

which gives a; = 1,a,=-3anda; =2 and r; = 1,
r, = 2. With this information check the options.

2 2
g+ﬁ<2%a+ﬁ <2
op
2 5 202
%(a+[3) 207 <9

off
Use the formulae for sum of the roots and product
of the roots.
Solve using options. It can be seen that at » = 0 and
¢ = 0 the condition is satisfied. It is also satisfied at
b=1and c=-2.
2/9 + 9/2 = 85/18.
Solve using options, If the car’s speed is 48 kmph,
the truck’s speed would be 32 kmph. The car would
take 4 hours and the bus 6 hours.
For each of the given options it can be seen that the
roots do not lie in the given interval. Thus, option
(d) is correct.
Usingx=-2,wegetda—2b+c=4b-2a+c=0.

10.

I1.

12.

13.

15.

16.

17.

18.

19.

20.

21.

Thus,a =band a + b + ¢c = 0.

Use an approximation of the value of p to get the cor-
rect option. Such questions are generally not worth
solving through mathematical approaches under the
constraint of time in the examination.

gAx) =5 +10x+5

Roots are — 1 and —1.

Solve using options.

For option a, 3b* = 16 ac

We can assume b =4, a =1 and ¢ = 3.

Then the equation ax > + bx + ¢ = 0 becomes:

X +dx+3=0=>x=-3orx=-1

which satisfies the given conditions.

x? — 3x + 2 = 0 gives its roots as x = 1, 2.

Put these values in the equation and then use the
options.

Trial and error gives us value as —1 at x = 0. If you
try more values, you will see that you cannot get a
value between —1 and 2 for this expression.

14. pPP+ap+12=9
= p’+4p+3=0
p =-3and- 1.

The roots would be of opposite sign as the product
of roots is negative.

Use the value of x = 1 in each of the two quadratic
equations to get the value of a and b respectively.
With these values check the options for their validity.
We get ¢ = 4 (by putting x = 0)

Then, atx=-1,a-b+4=4.Soa—-b=0.
Atx=-2,4a-2b+4=6>4a-2b=2=2a=
2 = a =1, Thus, option (a) is correct.

Solve by checking each option for the condition
given. Option ¢ gives: x> + 2x = 0 whose roots are
—2 and 0.

The following cases will arise

Case1: x>0

X +5x+6=0

On solving we get x = —2, —3 which is not possible
as x > 0.

Case 2: x <0

X —5x+6=0

On solving we get x = 2, 3 which is not possible as
x <0.

So no real root is possible. Option (d) is correct.
We have to minimize : R3 + R5 or (R, + R,)* -2
R\R,

=(p-2P7-2x(@+ DR =pP—4p+4
+p+1
:p2—3p+5.

This is minimized at p = 1.5. or 3/2.

Go through trial and error. At p = 2, both roots are
imaginary. So, option (c) is rejected.

At p = 0, roots are imaginary. So option (d) is
rejected.



22.

23.

25.

26.

27.

At p = —1, we have both roots positive and equal.
At p > —1, roots are imaginary Thus, option (b) is
correct.

b* — 4a > 0 for real roots.

If b = 1, no value possible for a.

If b=2,a=1is possible.

If b =3, a can be either 1 or 2 and if b = 4, a can
be 1, 2, 3 or 4.

Thus, we have 7 possibilities overall.

(a+b+c)Y=a*+b+c*+2(ab + be + ca)

= 1+ 2(ab + bc + ca).

Since, (@ + b +¢)> =20 = ab + bc + ca >—-1/2
Option (d) is not in this range and is hence not
possible.
p( — 1)/3 < 0 (Product of roots should be
negative).

= ppEp-1<0
pP-p<o.

This happens for 0 < p <I.

Option (b) is correct.

Let there be ‘n’ friends of Neha which would mean
that the amount of total liquids consumed by the group
would be 9n. Further let the total amount (in litres) of
cold drink consumed by Neha and her friends be ‘x’
litres. Then, the amount of orange squash consumed
by the friends will be 9n—x. As per the given infor-
mation, we know that Neha has consumed one-ninth
of the total cold drink (i.e. x/9) and also that she has
consumed one-eleventh of the total orange squash
(9n—x)/11. Also, since Neha has consumed a total of
9 litres of the liquids we will get:

x (On-x) _

—+ =9

9 11

= 1lx + 81ln — 9x = 891

— 2x +81n =891 — x = (891 — 81n) + 2.

In this equation, # is an integer and x should be less
than 9n. This gives rise to the inequality:
0<x<9m — 0<(891-81n)2 <9 — 0 < 891 -
81n < 18n.

The only value of n that satisfies this inequality is
at n = 10.

This means that there were 10 friends in the group and
the amount of liquids consumed in total would have
been 90 litres (9 litres each). Putting this value in the
equation, we get: 2x + 810 = 891 — x = 40.5. This
would mean that Neha consumes 40.5/9 = 4.5 litres of
cold drink and hence she would consume 4.5 litres of
orange squash. The required ratio would be 1:1.

Let the common root be ‘m’. Since we know that
0,(10) = 0, it means that 10 would be one of the
roots of Q;. By the same logic it is given to us that
8 is one of the roots of O,. Using this information
we have:

28.

29.

O, =c; X (x—-10) X (x —m)

and O, = ¢, X (x — 8) X (x — m). Note: ¢, and ¢, are
constants (each not equal to 0).

The only information we have beyond this is that the
product O, (4) X O, (5) = 36. However, it is evident
that by replacing x = 4 and x = 5 in the expressions
for O, and Q, respectively, we would not get any
conclusive value for m since the value of m would
depend on the values of ¢; and ¢,. You can see this
happening here:

G X—=6X@4-—m)yxcy;x-3x(5-m)=36

¢ X ¢, %X (20 — 9m + m?) =2

In this equation it can be clearly seen that the value
of the common root ‘m” would be dependent on the
values of ¢; and ¢, and hence we cannot determine
the answer to the question. Option (d) becomes the
correct answer.

Since we got: ¢; X ¢y X (20 — 9m + m?) = 2 as the
equation in the previous solution, we can see that if
we insert ¢; = 1/15 and ¢, = 1 in this equation we
will get:

m? = 9m +20 =30 = m*> — 9m — 10 = 0 — (m—10)
(m+1) =0 - m =10 or m = —1. i.e., the common
roots for the two equations could either be 10 or —1
giving rise to two cases for the quadratic equation
0, =0:

Case 1: When the common root is 10; O, would
become — (x — 8) (x — 10) = x, — 18x + 80. The
sum of roots for O,(x) = 0 in this case would be 18.

Case 2: When the common root is —1; O, would
become — (x — 8) (x + 1) = x, — 7x — 8. The sum
of roots for Q;(x) = 0 in this case would be 7.

Option (a) gives us a possible sum of roots as 18
and hence is the correct answer.

In order to solve this question, the first thing we
need to do is to identify the pattern of the numbers
in the expression. The series 7, 18, 31, 46 etc can
be identifiedas 7, 7+ 11 x 1; 7+ 12 x 2; 7+ 13 X
3 and so on. Thus, the logic of the term when 39 is
in the denominator is 7 + 39 X 38 = 1489 and the
last term is 7 + 40 x 39 = 1567.

The series can be rewritten as:

[x]+7’1+[x]+8’2+[x]+7’3+[x]+7m29+[x]+7
10 11 12 13 39
and 30 + x]1+7
40

For each of these to be in their simplest forms, the value of

[x] should be such that [x] + 7 is co-prime to each of
the 31 denominators (from 10 to 40). From amongst
the options, Option (c) gives us a value such that
[x] + 7 =101 which is a prime number and would
automatically be co-prime with the other values.



30.

31.

32.

34.

35.

36.

X —y =6 x =6+ y. Substituting this value of x in be given by ( —2m) X (—4m) X (—=5m) which would

the expression for the value of P we get: give us an outcome of —40m’ which is equal to
P =7(6+ y)* — 12)* —1080. Solving —40m* =—1080 — m = 3. Hence, the
P =252 +7y" + 84y — 12)% = 84y — 5)° + 252 roots of the equation being 2m, 4m and 5m would be
Differentiating P with respect to y and equating to 6,12 and 15 respectively. Hence, the equation would
zero we get: become (x — 6) (x — 12)(x — 15) = 0. The coefficient
84 — 10y =0 — y =84 of x* would be (—15x* — 6x* — 12x%) = —33x. Hence,

the value of ‘a” would be +33. Option (c) would be

The maximum value of P would be got by inserting
the correct answer.

v = 8.4 in the expression. It gives us:

1 1 1
84 x 8.4 — 5 x 847 + 252 = 705.6 — 5 x 70.56 + 33. The value of the expression —+—+—= Imn
252 = 957.6 — 352.8 = 604.8. S Im mn In .
Only in the case of Option (c¢) do we get the LHS U+ e mIEm = (1 ;r " +2n)/lmn. For any cubic
of the equation 4a — 3b — 4c¢ = 0 such that all the x, equation of the form ax™ + bx” + cx + d =0, the sum

v and z cancel each other out. Hence, Option (c) is of the roots is given by —b/a; while the product of
the sole correct answer ’ the roots is given by —d/a. The ratio (/ + m + n)/Imn

= bl/d = -20/-5 = 4.

The equation can be thought of as (x — 2m) (x — 4m) ) )
Option (c) is correct.

(x — 5m) = 0. The value of the constant term would

When you look at this question it seems that there are two equations with three unknowns. However a closer look
of the second equation shows us that the second equation is the same as the first equation-

ie. 10p + 8¢ + 6m = 44 and 5p + 4g + 3m = 22 are nothing but one and the same equation. Hence you have only
one equation with three unknowns. However, before you jump to the ‘cannot be determined’ answer consider this
thought process.

The cost of 10 pears would be a multiple of 10 (since all costs are natural numbers). Similarly, the cost of 8 grapes
would be a multiple of 8 while the cost of 6 mangoes would be a multiple of 6.

Thus, the first equation can be numerically thought of as follows :

By fixing the cost of 10 pears as a multiple of 10 and the cost of 8 grapes as a multiple of 8, we can see whether
the cost of mangoes turns out to be a multiple of 6.

Total cost | Total cost of 10 pears | Total cost of 8 grapes | Total cost of 6 mangoes

44 10 16 18 Possible

44 10 24 10 Not possible

44 10 32 2 Not possible

44 20 8 16 Not possible

44 20 24 0 Not possible

44 30 8 6 Not possible since both the cost of
mangoes and grapes turns out to be
% 1 per unit. (They have to be distinct.)

Thus, there is only one possibility that fits into the situation. The cost per pear = ¥ 1. The cost per grape = I 2 per
unit and the cost per mango = ¥ 3 per unit. Hence, the total cost of 4 mangoes + 3 grapes = 12 + 6 = ¥ 18.
Option (b) is correct.

There are 36 ways of distributing the sum of 37 be- f(5) =25a +5b+10=75

tween a; and a, such that both a; and a, are positive f(=5) =25a — 5b + 10 = 45

and integral. (From 1,36; 2,35; 3,34; 4,33...; 36,1) £(5) — f(-=5) = 10b = 30 — b = 3. The polynomial
Similarly, there are 9C2 (= 36) ways of distributing expression is: ax® +3x + 10.

the residual value of 10 amongst a5, 2, and as. Thus, Further, if we put the value of 4 = 3 in the equation

there are a total of 36 X 36 = 1296 ways of distribut- for £(5) we would get: 25a + 15 + 10 = 75 — 25a
ing the values amongst the five variables such that =50 — g =2.

each of them is positive and integral. Option (d) is
the correct answer.

Let the polynomial be f(x) = ax® + bx + 10.

Since f(p) and f(q) are both equal to zero it means
that p and ¢ are the roots of the equation 2x* + 3x
+ 10 = 0. Finding p x ¢ would mean that we have
The value of f(5) in this case would be: to find the product of the roots of the equation. The



37.

38.

39.

product of the roots would be equal to 10/2 = 5.
Option (c) is the correct answer.

The various possibilities for the values of a and b
(in terms of their being positive or negative) would
be as follows:

Possibility 1: a positive and b positive;
Possibility 2: a positive and b negative;
Possibility 3: a negative and b positive;
Possibility 4: a negative and b negative.

Let us look at each of these possibilities one by one
and check out which one of them is possible.

Possibility 1: If a and b are both positive the second
equation becomes a = 150 (since the value of |b| — b
would be equal to zero if b is positive). However, this
value of ‘a’ does not fit the first equation since the
value of the LHS would easily exceed 75 if we use
a =150 in the first equation. Hence, the possibility
of both @ and b being positive is not feasible and
can be rejected.

Through similar thinking the possibilities 3 and 4
are also rejected. Consider this:

For possibility 3: a negative and b positive the sec-
ond equation would give us ¢ = 150 which contra-
dicts the presupposition that a is negative. Hence,
this possibility can be eliminated.

For possibility 4: a negative and b negative- the
first equation would give us b = 75 (since the value
of |a| + a would be equal to zero if a is negative)
which contradicts the presupposition that b is nega-
tive. Hence, this possibility can be eliminated.

The only possibility that remains is Possibility 2: a
positive and b negative. In this case, the equations
would transform as follows:

|a| + a + b = 75 would become 2a + b = 75;

a + |b| — b = 150 would become a — 26 = 150.
Solving the two equations simultaneously we will
get the value of @ = 60 and b = —45.

The sum of |a| + |b] = 60 + 45 = 105

Option (a) is the correct answer.

The value of the expression would be dependent
on the individual values of each of the terms in the
expression. [315"] would give us a value of 6 and
so would all the terms upto [342” 3]. (as 6° =216 and
7 = 343) Hence, the value of the expression from
[315"%] + [316"3] +...+ [342"%] = 28 x 6 = 168
Similarly, the value of the expression from [343'3]
+ 3443 +...+ [511"3] = 169 x 7 = 1183.

Also, the value of the expression from [5121/3] +
[513'3] +..+ [515"3] = 4 x 8 = 32.

Thus, the answer = 168 + 1183 + 32 = 1383. Option
(a) is correct.

The five consecutive integers can be represented by:

40.

41

42.

43.

(c=2); (c—1),¢; (c+ 1)and (c + 2).

Then we have a® + b* + ¢* = d* + e? giving us:
(c=2P+@Cc-1 +P=@C+1)P+(+2>>
3¢ —6c+ 5 =2+ 6¢ +5 —

- 12c=0—>

c=0orc=12.

Hence, the possible values of d = ¢ + 1 would be 1
or 13.

Option (d) is correct.

The profit of the 9 to 9 supermarket would be:
Total Sales Price — Total cost price

=10 x (15 + 16x) — 4x

= —4x” + 160x + 150

The maximum value of this function can be traced
by differentiating it with respect to x and equating
to 0. We get:

—8x + 160 = 0 — x = 20. The maximum value of
Profit would occur at x = 20.

The maximum profit would be = —4 x 20% + 160 x
20 + 150 = —1600 + 3200 + 150 = 1750.

Option (c) is the correct answer.

o+ pB=-mand aff =1

=Y+ d=-nand y0 =1

(@ =B - Ve + 8B +8) = (&~ B+ (B~ )
(o +9)

= [ap + ad - yB — yS][ap + Bd — ay — vd]

=[l +ad—-vp - 1][1 + Bd — ya — 1]

=(ad = yB)(P3 — ya)

=1.8% -l = BAl + 921 = (8 + 7% — (o + B?)
= [(8 +-287] - [(a + B)* — 20p]

= [(=n)* = 2.1] = [(-=m)* = 2.1] = n* — m*

Option (a) is correct.
2a+~\4a® —4ab

Roots of the given equation =

2b
_ai\/az—ab
=

_«/Z(«/;ix/a—b)x\/;¢ a-b  a

N b JazNa-b NatJa—b

Option (c) is correct.

(? +3x-10)=0
x-2)x+5=0o0rx=2,-5

Therefore for x = +2 and x = =5

2 —at+bx—a+b-4=0

For x = 232" + 202 —4a +2b—a+ b - 4 =
0

48+ 16—-4a+2b-a+b-4=0

S5a — 3b =60 (D)

For x = -5,

3x (=5 +2x (=57 —ax(=57+bx(-5)
—a+b-4=0



44,

45.

46.

47.

48.

49.

50.

1875 - 250 - 25a - 5h—a+b-4=0

26a + 4b = 1621 ...(ii)

By solving equation (i) and (if) we get:
a=52b=67

Let fix) = 3x> — 4x + 7
f(x)=6x—4=0o0rx=2/3

The minimum value of f{x) would then be given by:
3(2/3)* — 4(2/3) + 7 = 17/3

Discriminant of the given equation is 16 — 4 (1 — p)
porlo—4p (1 —p)>0for O<p<1.

Sum of roots (( )<Ofor0<p< 1

1-p)

Product of roots (ﬁ]> Ofor0<p<I.
Therefore, roots of the given equation are real and
negative.

y2—2ycosx+1=0..(3)

For real y D > 0 we get that 4 cos’x > 4

This will be true when cosx 21 & cosx < —1

As —1 < cos x < 1: Hence, the only possible value
of cosx for which 4(c0s2x —1)=>0are 1 and —1.
Hence, number of possible real solutions are 2.
~.Option (c) is the correct choice.

We are given that the expression ax® + bx* + cx + d
intersects the x-axis at 1 & —1. It means that at x =
1 and —1 the value of the given polynomial is equal
to 0.

a+b+c+d=0&-a+b-c+d=0
s2b+d)=0

sb+d=0 (1)
We are also given that, ax® + bx’> + cx + d intersects
the y — axis at 2. This means that at x = 0, the value
of the given polynomial is equal to 2.

0+ d=2

sd=2 )
From equations (1) & (2), b = -2

(a+3)P + 3)(y + 3) =27

ofy + 9o + B +7) + 3(ap + Py + ya) + 27 = 27
P+ 9m + 3n = 0 (Note the product of the roots of
the equation x° — mx> + nx —p = 0 would be equal
to p, the sum of the roots would be equal to m, the
pair-wise product of the roots would be equal to n.
Using mathematical induction, let us assume the
roots to be 1, 2, 4.

The sum of theroots =1 +2+4=-¢qg > g=-7
The product of the roots = 1.24 =—-5 —> 5 = -8
The pair-wise product of the roots r =1 X 2 + 2 X
4+4x1=r=14

Only option (D) satisfies for r = 14, g = =7, s = =8
So option (b) is correct.

Graph opens downward, so @ < 0

51.

52.

53.

As we can see that o <2, B < -3.
So sum of roots of ax®> + bx + c is less than 0 or

_é<0
a

b
or—>0
a
Asa<0,s0b<0
Product of the roots is also less than 0.

a,B:£<0
a

Asa<0,s0c>0

Hence option (a) is correct.

x® + 12 is always greater than x*.

S4o (* + 12)"2 will always be greater than (x*)
X

x* will always be greater than xt-2

so (x* — 12)"* will always be greater than x* — 2.
Hence, the LHS and the RHS of the given equation
can never be equal to each other. This means that
there are no solutions for the given equation. Hence,
option (a) is correct.

For the inequality to be true for all values of x, the
quadratic expression x* + 4px + (p + 3) should have
imaginary roots. Using the Discriminant < 0, we get:
16p* — 4(p +3) <0

l6p> —4p — 12 <0

4p* —p-3<0

4p° —4p +3p =3 <0

dppp-D+3p-1)<0

4p +3)p-1)<0

pe (F3/4, 1)

Only possible integer value of p in this range would
be at p = 0.

Hence, there is only one integer value of p that satis-
fies the condition.

12 _

g(x>=x3—px2—%x—r=(x—p)(x—q)(x—r>
pt+tgq+r=p

q+r=0 (1)
1

pq+qr+pr=—%=>p(q+r)+qr=—%=>r=—§

ng

pgr=r
pg =1
p=2

A 2 1 1
§(4)= (4 -2 - L)+
6432141

2

=315



54.

55.

56.

57.

58.

59.

60.

(a+2)b+2)c+2)=147
abc + 4(a + b + c) + 2(ab + bc + ca) + 8 = 47

4p + 2q + r=39

Let the roots of x> + bx + 3b = 0 are a and3a.
a+3a=-b=4a=-b (1)
3a2=3b=da*=b (ii)

By solving equation (i) and (ii), we get
a=-4,b=16

Value of 30 =3 x 16 = 48

The given equation is x* — 33x + 17 X 16 = 0

X =33 -272=0

Roots of the equation are 16, 17 or b, b + 1. Hence,
Option (a) is correct.

p+qg=-5

q+r=-23
p+2g+r=—-28o0r(p+r)+2qg=-28-(i).
Since, p, g and r are in Arithmetic Progression, the
value of (p + ) = 2¢. Using this in equation (i), we
get:

4g = — 28 or g = —7. Using the logic of the Arith-
metic Progression, we can get the values of p and r
respectively as:

p=2,r=-16

la x b| = |pg % qr| = pg’r| = |2 x =7* x — 16| = 1568
fx)=(x =2)(0* +2x +5) =x> = 2x% + 2x% + 5x —
4x — 10

=x +x-10

a+b+c=0 abc =10
Ifa+ b+ c=0 then

@+ b+ =3abe =3 x (10) = 30

fx) is exactly divisible by (x + 2), (x + 3)
Therefore f{ =2) = A -3) =0

4p —2q +r=20 (1)
9 —-3¢qg+r=90 (i1)
Also, since the remainder of fix) when divided by
(x — 1) is 7, we can use f{1) = 7, which in turn gives
us that:

pt+tq+r=7 (ii1)
By solving equations (i), (ii), (iii) we get ¢ = 2.92
f(x)=4x-7Vx =2

Lett=\/;
=47 - T7t=2

=4 -Tt-2=0

= 4t-2)+1(t-2)=0

1
=>t=—-2
4

1 1
= \/; = —Z or 2. (However, the value of x/; = —Z

is not possible)
Jx=2 5x=4
Only option (c) is correct.

61.

62.

63.

64.

65.

b? —4a* 20 (roots are real)

(b —=2a)b+2a)=20

Both the roots are positive therefore the sum of the
roots must be greater than 0.

_é>0
a

But a > 0 so b must be less than 0.
nb—-2a<0orb<2a&b+2a<0orb<-2a.
Therefore all the options are true.

C-pPx-+ - -1+ x-rx-p=0
:>x2—(p+q)x+pq+x2—(q+r)x+qr+x2—
@+rx+pr=0

3 -2+ q+r)x+pg+qr+pr=20
Discriminant of the above equation = 4(p + ¢ + r)°
- 12(pg + qr + pr)

=4[p* + ¢* + 1 + 2pq + 2pr + 2qr — 3pq — 3pr —
3qr]

=4[p* + ¢* + ¥ — pr — qr — pr]

= =P +a-r* +(r-7]

=A@ -+ @ -n"+ (@ -]

As p, q, r are not equal to each other, so the dis-
criminant of the given equation is always greater
than 0, therefore the roots are real.

Option (b) is true.

1 1Y (1
() o)
X X X
=+ gx+p
=gx)
Therefore, the roots of g(x) and f{x) are the inverse

of each other.
.. The roots of f{x) =0 are 2 and 4

The Roots of g(x) =0 are %,%

Requiredsum =2+ 4 +%+% =6.75

When the curve intersects the x — axis, then y = 0
=X -5x=0

=S ®x-5=00rx=0,5

When the curve intersects the y — axis then x = 0
V-4 +3y=0

W =4y +3)=0

W -3 - 1)=0

y=0,1,3

Therefore number of required points are 5.

Let x and y be the roots of the given equation. Then,

- r
X+y=— and xXy=—
p p

1 _x2+y2 _(x+y)2—2xy

|
Now, —+—=
2y () (x)?




L))
p p
2
)
p
As per the question:
) -()
—9_\Pp p
")
p

= 2p2r = pq2 + qrz

2 2 2
P _pe

pqr pqr  pgr (dividing by pgr)

2
g, r n

qg 1 p
From equation 1 it is clear that L, L and Lare in

P q r
arithmetic progression so option (a) is correct.
2
p

As q_2 # Lyl = E, so option (b) is incorrect.

p- 7 q
Option (c): As L, L and 2 are in arithmetic

q r

progression, their reciprocals are in harmonic pro-
gression. Therefore this option is also correct.
Hence option (d) is correct.

Level of Difficulty (lll)
1. f{0) is greater than or equals to 0 means that the

value of ¢ > 0. Also, since ‘a’ is negative as given
. . . c
in the question, the product of the roots given by —

a

would be negative or zero. So the roots of f{x) =0
are of opposite sign or their product is zero.

So the possibilities for the two roots from the given
values are: (0, 2), (0, 1), (1, -2), (0, -1), (0, =2), (-1,
2), (=2, 2), (—1, 1). Therefore a total of 8 different
sets are possible for the roots of f{x) = 0.

Option (c¢) is correct.

. Let fix) = px® + gx + r

px2 + gx + r = 0. Here two cases are possible:
Casel: p>0

When p > 0 then px* + gx + r will open upward and
p X f2) <0 will give us that p(4p + 2qg + r) < 0.
This is the same value as option (a). Hence, option
(a) is correct. Option (b) is automatically rejected
since it is the opposite of option (a).

Note:Option (c) is rejected because In this case
whether p X f{ =2) [Which will give us p(4p — 2¢g

+ r] is greater than or less than zero depends upon
the location of the other root which is less than
1.Similarly, Option (d) is rejected as it is asking
you to commit about the value of p X f{ =3) < 0.
Whether this value is greater than or less than zero
depends upon the location of the other root of f{x)
= 0 (which is less than 1)

So option (b), (c), (d) are not necessarily be true.
CaseIl: p <0

When p < 0 then p f(2) < 0 [because f{x) will open
downward].

In this case whether p f{ =2), p f{ =3) will be greater
than or less than zero depends upon the location of
the other root of f{x) = 0. So only option () is cor-
rect in this case too.

3. flx,y) =5

¥y ¥y
4% +x% =5

If x = 1, then the above equation satisfies for any
integral value of y. So option (d) is correct.

. d is a root of the equation ax® + bx + ¢ = 0

nad® +bd+c=0 (i)
¢ is a root of the equation ax® + bx +d =0
sact +bc+d=0 (ii)

Equation (ii) — equation (i):
a(® = dyb(c —d)y+ (d-¢) =0
a(c —d)(c+d)+ blc —d) — (c — d)=0
(¢ —d)[a(c + d) + b — 1] = 0. In this expression, the
value of [a(c + d) + b — 1] has to be zero because
it is given that ¢ # d.

. 1-
Solving: [a(c+d)+b—1]=0,we get(c+d) = 1=b

a

Option (c) is correct.

—(c+d):E (iii) (From the solution of the
a

previous question) Note: This
gives us the sum of the roots
of the required equation, whose
roots are —c and —d.

Next in order to get the product of the roots of the

required equation: Divide equation (7) by d and equa-

tion (if) by ¢ and then by equating we get:

ad* +bd +c _ ac’ +be+d

d c

(ad+b+£)=ac+b+i
d c

a(c-dy= &4 _le=detrd)
d c¢ cd
od = c+d _ 1—2b
a @~ (iv) (product of roots of the re-

quired equation)



Equation whose roots are —c, —d is
x> — (sum of roots)x + product of roots = 0

ax* +a(l =bx+1-b=0
Option (c) is correct.

. Let fix) = ax® + bx + ¢
fld)y=16a +4b +c=0
A0)=c=10

[t x = 4 fix) =0].

| |
| |
| |
| |
| |
| |
| |
| |
| | |
(-4,00 | (4,0)
f(x) is symmetric about x = 4.
S3) =A5)
9a + 3b+c¢c=25a+ 5b + ¢
16a + 2b =0
8a+b=0
b=-28a
Sf4) =0
16a +4b+10=0
16a —32a +10=10
10 5
a=—=—
16 8
f—4)=16a —4b + 10

(12,0)

=16><§—4><(—8)><§+10
8 8

=10+ 20 + 10 = 40

Alternative method: the minimum value of f{x) must
be 0 and this minima occur at x = 4.

Let fix) = a(x — 4)

A0) =16a =10

5

8

a:
H > 2
ence f (x)=§(x—4)

=28 =40

. 4 lies in between roots of the equations so:
34 +4a (4) +a+3<0

48 + 16a +a+3 <0

17a + 51 <0

a<-3

Option (a) is correct.

) =x° = (5 + kx* + (6 + 5k)x — 6k
Letk=5

Ax) = x* = 10x% + 31x — 30

10.

I1.

12.

13.

14.

15.

By factorization we get:

S = (x = 2)(x = 3)(x = 5)

fix) <0 forx <2 3<x<35.

Similarly we can put few other values of x and
confirm that f{x) < 0 for x <2 and for 3 <x <k

Cflx, 5) =alx — 5 + b(x = 5) + ¢

ax’ + bx + ¢ has roots 3, 4. Then roots of f{x, 5) are
543,5+4=28,09.

fx, 5) attains it’s maximum value at 89 = 17
Option (b) is correct. 2 2
[x]* = 11[x] + 30 =0

[x]* = 5[x] — 6[x] + 30 = 0

(Ix] = 5)([x] = 6) =0

[x]=35,6

The integer solutions of x are at x = 5 and 6
So the required sum =5 + 6 = 11

If the three roots are x, y, z
=>x+y+z=12

Only one combination of (x, y, z) = (2, 3, 7) is pos-
sible.

Product of the roots =2 x 3 x 7 = 42.

So the chosen values are correct.
p=2%x3+3xT+2xT7=6+21+14=41
Ax) = g(x)

X —px = 2qx +r=(x - p)x - q) (x = 1)
pr+q+r=p=q+1r=20 (1)
pq + qr + pr=-2q

plg +r)+qr=-2q

=8.5

As g + r = 0 from equation 1 therefore gr = — 2¢
r=-2

q=+2

pqr=-r

rq =-1

p=-12

1
So therequired valueof p+¢q = —5+ 2= %

Jx) = g(x)
Jx) = g(x) = (x = p)x = 9)(x = 1)

f(4)= (4%)(4— 2)(4+2)

:2><2><6
2

=54

ab:c:de = 1:2:3:4:5

fx)=x>+7x+5

Let the roots of fix) = 0 be 4 and B
(A-B?=(A+ B -44B = (-7 -4x5=29
log;x X logyy + logyz X logzxy = 11

logsx X logsy + logsz [logsx + logyy] = 11

Let logsx = 4,logyy = Blogyz = C



16.

17.

18.

19.

20.

21.

AB + C[4 + B] =11

AB + BC + AC =11

&A4+B=14-C

A +B+C=14

This clearly identifies the values of 4, B and C as
1,2, and 3. Thus, we get x, y and z as 3, 9 and 27
in no particular order. Also

xyz =3 = (3" = (3%’

Therefore k, = 3°& k, = 3°

ki +ky=3"+32=27+9=36

(x = 3) is a factor of f{x) then f(3) =0

9a — 150 x3 +5b=0

9a —450 + 5 =0

a =50—§b
9

a & b are positive integers, therefore b must be a
multiple of 9.
Forb=9,a=45

bh=18,a=40
b=27,a=35
b=36,a=230
b=45 a=25
b=54,a=20
bh=63,a=15
b=72,a=10
hb=8l,a=5

Therefore total possible ordered pairs of (a, b) is 9
Maximum possible value of a + b = 81 + 5 = 86
If a & b are integers then a & b both can be nega-
tive then there are infinite pairs of (@, ») for which
(x — 3) is a factor of f(x).

Hence, option (d) is correct.

fx) = x° = 12x% +47x — 60 = (x — 3)(x — 4)(x — 5)
The possible equations are:

(= 3% = A% = 5% = 3)(x — 4).(x —4)(x -
5),(x — 3)(x — 5). We get a total of 6 such equations.
Hence, option (c) is correct.

Required product = 32 X 4% X 52 x4 X 5 X 3 X 5 X
3 x4

p =3* x 4* x 5%

P =3x4x%x5=60

Option (d) is correct.

x-k*@x-7)-27=0

(x— k)@ -7) =27

Roots of the equations are integers, which means
that x is an integer. Now the following four cases
are possible:

Case I: (x— k)’ =27, x-7=1
CaseI: (x -k’ =1,x—-7=27

Case III: (x — k)’ = 27x - 7=-1

Case IV: (x — k)’ = -1x—-7= —27

22.
23.

24.

25.

26.

27.

Casel:x—-7=1=x=8

(8 — k)’ =27
8—k=3
k=5

CaseIl: (x-7)=27=x=34
x-kP=1=34-k=1

k=33

Case III: (x — k)’ =-27,x-7=-1
Therefore, x = 6

x—k=-3

k=9

Case IV: x —7=-27,x=-20
x—k=-lork=x+1=-20+1=-19
Therefore four values are possible for .
Required difference = 33 — ( —19) =52.
Let the roots of the quadratic equation be a, b
a+b=(p-3)

ab=(p —4)

A+b=p-37-20p-4
=(p-3"-2p-4
=p-3P7-20-3)+1+1
=p-3-17+1
=(p-47>+1
(a2 + bz) is minimum for p = 4.

Sx) = gx)
P =x-2
X —x?=2%
Xx - 1)=2°
for x =2; x’(x — 1) = 2~
For x > 2, either x* or (x — 1) is odd and hence x*(x
— 1) cannot be equal to 2*. Therefore f{x) = g(x) only
for one value of x.
3h(x) + S5t(x) =0

t(x)= —%h(x)
Hh@r:—u—pnx—mﬂwntu)=§u—pr—m

Therefore roots of #x) and /A(x) are same, so their
sums are also equal. Option (c) is correct.
if A(x) is maximum at x = 4 then #(x) will be mini-

mum at ¢ = 4 and it’s minimum value will be —3
times of the maximum value of A(x). 5

3 3
t(x) |min= _gh(x) |max= _EXIO =-6

If we see the graph carefully, then we get:
Forx<O0filx)=x—-(-3) x-(-2)=x+2)x
+ 3)

For x > 0 flx) = (x — 2)(x =3)

= flx) = (k[ = 2)(xl = 3)

> =5k +6=0



A
|x]

*" Option (c) is correct.
Alternately, you can try to put the values of x as -2,
-3, 2 and 3 in the options to see which of the given
options satisfies the conditions of the problem.

28. fix) = max(x* — 4].2x + 4)

Y
f(x)
|2 - 4|
*4) 2x+ 4
(0,4)
7 y=5/2
\VERY }
(-2,0) | (2,0)

As we can see in the diagram shown above that

y= 3 intercepts _f{x) at two different points therefore
2

the given equation has two solutions.

29. || = 1] = ¢

[1x1-1]

Y

The Curve of ¢* cuts the curve of ||x] — 1| at three
points. Therefore, the given equation has three

solutions.

30. |lx]—1|would look like the figure shown below:

Y

0,1)

(-1 10)

(1,0)

[[x| = 1| = 2 would look like the figure shown below:

Y

(_310)

(3,0)

(0,1)

The graph of (1/2)" cuts the graph of ||x — 1| — 2| at
five distinct points. Therefore the given equation has

five solutions.
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