
Hi everyone,

The real learning in mathematics happens when you actively engage with a problem, explore different
methods, and work through challenges. Therefore, we strongly encourage you to use this solution
key responsibly.

Please attempt all the problems on your own first, giving them your best and most honest effort.
These solutions are to help you get unstuck on a problem after you have already tried your best.

Your effort and dedication are the true keys to success.

Date of Exam: 05th October 2025
Syllabus: Quadratic Equation

Sub: Mathematics CT-08 JEE Main (Star) Solution Prof. Chetan Sir

Section A: Multiple Choice Questions

1. If two roots of the equation (x+1)(2x2−3x+4) = 0 coincide with roots of the equation x3+(a+1)x2+(a+b)x+b = 0
where a, b ∈ R, then 2(a+ b) equals:

(A) 4 (B) 2 (C) 1 (D) 0

Answer: (C)
Solution:

The first equation is (x+ 1)(2x2 − 3x+ 4) = 0.

For the quadratic part 2x2 − 3x+ 4 = 0, the discriminant is:

D = (−3)2 − 4(2)(4) = 9− 32 = −23 < 0.

This means its roots are non-real complex conjugates.

So, the roots of the first equation are x = −1 and two non-real roots.

Let the second equation be P (x) = x3 + (a+ 1)x2 + (a+ b)x+ b = 0.

Let’s test if x = −1 is a root of P(x):

P (−1) = (−1)3 + (a+ 1)(−1)2 + (a+ b)(−1) + b

= −1 + (a+ 1)− (a+ b) + b = −1 + a+ 1− a− b+ b = 0.

So, x=-1 is a root. This means (x+ 1) is a factor.

Factoring the second equation gives (x+ 1)(x2 + ax+ b) = 0.

The problem states that two roots of the equations coincide.

Since x = −1 is a common root, the other two roots must also be common.

Therefore, the roots of x2 + ax+ b = 0 must be the same as the roots of 2x2 − 3x+ 4 = 0.

Since both quadratics have real coefficients and non-real roots, they must be proportional.

1

2
=

a

−3
=

b

4

Solving for a and b:

a =
−3

2

b =
4

2
= 2

Finally, we calculate the required value:

2(a+ b) = 2

(
−3

2
+ 2

)
= 2

(
1

2

)
= 1.
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2. If one root of the quadratic equation x2 − x + 3m = 0 is 4 times a root of the equation x2 − x +m = 0, where
m ̸= 0, then m equals:

(A)
12

196
(B)

12

169
(C)

12

256
(D)

12

189

Answer: (B)
Solution:

Let α be a root of x2 − x+m = 0. Then α2 − α+m = 0 · · · (1)
Let 4α be a root of x2 − x+ 3m = 0. Then (4α)2 − (4α) + 3m = 0.

16α2 − 4α+ 3m = 0 · · · (2)
From (1), m = α− α2. Substitute this into (2):

16α2 − 4α+ 3(α− α2) = 0

16α2 − 4α+ 3α− 3α2 = 0

13α2 − α = 0 =⇒ α(13α− 1) = 0.

Since m ̸= 0, α cannot be 0, so α = 1/13.

Now find m using (1):

m = α− α2 =
1

13
−
(

1

13

)2

=
1

13
− 1

169
=

13− 1

169
=

12

169
.

3. If x ∈ R, then the range of f(x) =
x2 + 2x− 3

2x2 + 3x− 9
is:

(A) (−∞,∞) (B) R− { 1
2}

(C) R− { 4
9 ,

1
2} (D) R− { 3

2}

Answer: (C)
Solution:

First, factor the numerator and denominator.

f(x) =
(x+ 3)(x− 1)

(2x− 3)(x+ 3)
.

The expression is defined for x ̸= −3. For x ̸= −3, the function simplifies to:

f(x) =
x− 1

2x− 3
.

To find the range of this simplified function, let y =
x− 1

2x− 3
.

y(2x− 3) = x− 1 =⇒ 2xy − 3y = x− 1 =⇒ x(2y − 1) = 3y − 1.

x =
3y − 1

2y − 1
.

The denominator cannot be zero, so 2y − 1 ̸= 0 =⇒ y ̸= 1

2
.

Additionally, we must exclude the value that the function would have taken at the discontinuity x = −3.

Value at x = −3 (in the simplified form): y =
−3− 1

2(−3)− 3
=

−4

−9
=

4

9
.

Since x can never be -3, y can never be 4/9.

Therefore, the range is R− {4
9
,
1

2
}.

4. If the roots of the equation
1

x+ a
+

1

x+ b
=

1

c
are equal in magnitude but opposite in sign, then the product of

the roots is:
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(A) −(a2 + b2) (B) −1

2
(a2 + b2)

(C) a+ b (D) ab

Answer: (B)
Solution:

Let the roots be α and − α. Then the sum of the roots is α+ (−α) = 0.

First, convert the given equation into a standard quadratic form.

(x+ b) + (x+ a)

(x+ a)(x+ b)
=

1

c

c(2x+ a+ b) = x2 + (a+ b)x+ ab

x2 + (a+ b− 2c)x+ (ab− c(a+ b)) = 0.

The sum of the roots is − (a+ b− 2c).

Since the sum is 0, we have a+ b− 2c = 0 =⇒ c =
a+ b

2
.

The product of the roots is ab− c(a+ b).

Substitute the value of c:

Product = ab−
(
a+ b

2

)
(a+ b)

= ab− (a+ b)2

2
=

2ab− (a2 + 2ab+ b2)

2

=
−a2 − b2

2
= −1

2
(a2 + b2).

5. The range of p ∈ R for which the equation 2x2 − 2(2p+1)x+ p(p+1) = 0 has one root less than p and the other
root greater than p, is:

(A) −1 < p < 0 (B) p < −1 or p > 0
(C) p ≥ 0 (D) p = 0

Answer: (B)
Solution:

Let f(x) = 2x2 − 2(2p+ 1)x+ p(p+ 1).

The condition that one root is less than p and the other is greater than p means that p lies between the roots.

For a parabola opening upwards (coefficient of x2 is 2 > 0), this condition is f(p) < 0.

f(p) = 2p2 − 2(2p+ 1)p+ p(p+ 1) < 0

= 2p2 − (4p2 + 2p) + (p2 + p) < 0

= 2p2 − 4p2 − 2p+ p2 + p < 0

= −p2 − p < 0

=⇒ p2 + p > 0

=⇒ p(p+ 1) > 0.

This inequality holds when p < −1 or p > 0.

6. If the equation x2 + ax + b = 0 has one root equal to unity and the other root lies between the roots of the
equation x2 − 7x+ 12 = 0, then the range of a is:

(A) (−5,−4) (B) (−4,−3) (C) (−3,−2) (D) (4, 5)
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Answer: (A)
Solution:

Let f(x) = x2 + ax+ b. Since 1 is a root, f(1) = 0.

12 + a(1) + b = 0 =⇒ 1 + a+ b = 0 =⇒ b = −a− 1.

Let the other root be β. The product of roots is 1 · β = b.

So, the other root is β = b = −a− 1.

The roots of x2 − 7x+ 12 = 0 are given by (x− 3)(x− 4) = 0, which are 3 and 4.

The other root β lies between 3 and 4.

3 < β < 4

3 < −a− 1 < 4

Solving the inequalities separately:

3 < −a− 1 =⇒ 4 < −a =⇒ a < −4.

−a− 1 < 4 =⇒ −a < 5 =⇒ a > −5.

Combining the results, we get − 5 < a < −4.

7. Find the range of values of a such that the function f(x) =
ax2 + 2(a+ 1)x+ 9a+ 4

x2 − 8x+ 32
is always negative.

(A) a < −1/2 (B) a > 1/4 (C) −1/2 < a < 0 (D) a < −1

Answer: (A)
Solution:

Let the denominator be D(x) = x2 − 8x+ 32.

The discriminant of D(x) is (−8)2 − 4(1)(32) = 64− 128 = −64 < 0.

Since the leading coefficient of D(x) is positive, D(x) is always positive.

For f(x) to be always negative, the numerator must be always negative.

Let N(x) = ax2 + 2(a+ 1)x+ 9a+ 4.

For N(x) < 0 for all x, we need:

1. Leading coefficient a < 0.

2. Discriminant of N(x) < 0.

DN = (2(a+ 1))2 − 4(a)(9a+ 4) < 0

4(a2 + 2a+ 1)− 4(9a2 + 4a) < 0

a2 + 2a+ 1− 9a2 − 4a < 0

−8a2 − 2a+ 1 < 0 =⇒ 8a2 + 2a− 1 > 0.

The roots of 8a2 + 2a− 1 = 0 are a =
−2±

√
4− 4(8)(−1)

16
=

−2± 6

16
.

The roots are a = 1/4 and a = −1/2.

So, 8a2 + 2a− 1 > 0 implies a < −1/2 or a > 1/4.

We must satisfy both a < 0 and (a < −1/2 or a > 1/4).

The intersection of these conditions is a < −1/2.

8. Let α, β, γ be the roots of the equation x3 − x2 − 1 = 0. If Pn = αn + βn + γn, find the value of P4.

Answer: 5
Solution:

The equation is x3 − 1x2 − 0x− 1 = 0.
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From Newton’s Sums, the recurrence relation for Pn is:

Pn − Pn−1 − 0 · Pn−2 − Pn−3 = 0 (for n ≥ 3)

Pn = Pn−1 + Pn−3.

We calculate the initial values from Vieta’s formulas:∑
α = 1,

∑
αβ = 0, αβγ = 1.

P1 =
∑

α = 1.

P2 =
∑

α2 = (
∑

α)2 − 2(
∑

αβ) = 12 − 2(0) = 1.

Since α is a root, α3 = α2 + 1.

P3 =
∑

α3 =
∑

(α2 + 1) = (
∑

α2) + (
∑

1) = P2 + 3 = 1 + 3 = 4.

Now we find P4 using the recurrence relation:

P4 = P3 + P1 = 4 + 1 = 5.

9. If α, β are the roots of x2 + px + 1 = 0 and γ, δ are the roots of x2 + qx+ 1 = 0, then the value of (α − γ)(α −
δ)(β − γ)(β − δ) is:

(A) p2 + q2 (B) (p+ q)2 (C) p2 − q2 (D) (p− q)2

Answer: (D)
Solution:

Let f(x) = x2 + qx+ 1. The roots are γ, δ, so f(x) = (x− γ)(x− δ).

The expression can be rearranged as [(α− γ)(α− δ)] · [(β − γ)(β − δ)].

The first part is f(α) and the second part is f(β).

So we need to calculate f(α) · f(β).
f(α) = α2 + qα+ 1.

Since α is a root of x2 + px+ 1 = 0, we have α2 + pα+ 1 = 0 =⇒ α2 + 1 = −pα.

Substitute this into f(α) :

f(α) = (−pα) + qα = α(q − p).

Similarly, f(β) = β(q − p).

The required value is f(α)f(β) = (α(q − p))(β(q − p)) = αβ(q − p)2.

From the first equation x2 + px+ 1 = 0, the product of roots αβ = 1.

Therefore, the value is 1 · (q − p)2 = (p− q)2.

10. If α, β are the roots of the equation x2−x−2 = 0, then the quadratic equation whose roots are 2α+1 and 2β+1
is:
(A) x2 − 4x− 5 = 0 (B) x2 − 4x+ 5 = 0
(C) x2 + 4x− 5 = 0 (D) x2 − 4x− 9 = 0

Answer: (A)
Solution:

From the given equation, α+ β = 1 and αβ = −2.

Let the new roots be α′ = 2α+ 1 and β′ = 2β + 1.

Sum of new roots:

α′ + β′ = (2α+ 1) + (2β + 1) = 2(α+ β) + 2 = 2(1) + 2 = 4.

Product of new roots:

α′β′ = (2α+ 1)(2β + 1) = 4αβ + 2(α+ β) + 1
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= 4(−2) + 2(1) + 1 = −8 + 2 + 1 = −5.

The new equation is x2 − (Sum)x+ (Product) = 0.

x2 − 4x− 5 = 0.

Section B: Integer Type Questions

11. If the minimum value of the quadratic expression f(x) = x2 + (k − 1)x+ (k − 1) is equal to −k, find the sum of
all possible values of k.

Answer: 10
Solution:

The minimum value of a quadratic ax2 + bx+ c is given by − D

4a
.

Here, a = 1, b = k − 1, c = k − 1.

D = b2 − 4ac = (k − 1)2 − 4(1)(k − 1) = (k − 1)(k − 1− 4) = (k − 1)(k − 5).

Minimum value = − (k − 1)(k − 5)

4(1)
=

−(k2 − 6k + 5)

4
.

We are given that this minimum value is − k.

−(k2 − 6k + 5)

4
= −k

k2 − 6k + 5 = 4k

k2 − 10k + 5 = 0.

This is a quadratic equation in k. Let its roots be k1 and k2.

The sum of all possible values of k is k1 + k2 = −−10

1
= 10.

12. If α, β and γ are the roots of the equation 5x3 − qx− 1 = 0, (q ∈ R), then the value of
α2 − 3

βγ
+

β2 − 3

γα
+

γ2 − 3

αβ
is:

Answer: 3
Solution:

From the equation 5x3 − qx− 1 = 0, we have by Vieta’s formulas:∑
α = 0,

∑
αβ = −q/5, αβγ = 1/5.

The expression is
∑ α2 − 3

βγ
.

Taking a common denominator of αβγ :

=
α(α2 − 3) + β(β2 − 3) + γ(γ2 − 3)

αβγ

=
(α3 + β3 + γ3)− 3(α+ β + γ)

αβγ
=

∑
α3 − 3

∑
α

αβγ
.

Since
∑

α = 0, the expression simplifies to

∑
α3

αβγ
.

Since α is a root, 5α3 − qα− 1 = 0 =⇒ 5α3 = qα+ 1.

Summing over all roots:∑
5α3 =

∑
(qα+ 1) =⇒ 5

∑
α3 = q

∑
α+

∑
1.

5
∑

α3 = q(0) + 3 =⇒
∑

α3 = 3/5.
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The value of the expression is
3/5

1/5
= 3.

13. The number of non-positive solutions of equation e4x − 5e3x + 8e2x − 5ex + 1 = 0, x ∈ R is:

Answer: 2
Solution:

The given equation is e4x − 5e3x + 8e2x − 5ex + 1 = 0.

Let y = ex. Since x ∈ R, we must have y > 0.

The equation transforms to:

y4 − 5y3 + 8y2 − 5y + 1 = 0.

This is a reciprocal equation of Type I. Since y ̸= 0, we can divide by y2 :

y2 − 5y + 8− 5

y
+

1

y2
= 0(

y2 +
1

y2

)
− 5

(
y +

1

y

)
+ 8 = 0.

Let z = y +
1

y
. Then z2 = y2 + 2 +

1

y2
=⇒ y2 +

1

y2
= z2 − 2.

Substitute this into the equation:

(z2 − 2)− 5z + 8 = 0

z2 − 5z + 6 = 0

(z − 2)(z − 3) = 0.

This gives two possible cases for z.

Case 1: z = 2

y +
1

y
= 2 =⇒ y2 − 2y + 1 = 0 =⇒ (y − 1)2 = 0.

y = 1.

Case 2: z = 3

y +
1

y
= 3 =⇒ y2 − 3y + 1 = 0.

The solutions are y =
3±

√
9− 4

2
=

3±
√
5

2
.

Now we find the corresponding values of x from ex = y.

From Case 1: ex = 1 =⇒ x = 0.

From Case 2: ex =
3 +

√
5

2
=⇒ x = ln

(
3 +

√
5

2

)
. This is positive since the argument is ¿ 1.

And ex =
3−

√
5

2
=⇒ x = ln

(
3−

√
5

2

)
. This is negative since the argument is ¡ 1.

The solutions for x are 0, ln

(
3 +

√
5

2

)
, and ln

(
3−

√
5

2

)
.

Non-positive solutions are those where x ≤ 0.

The non-positive solutions are x = 0 and x = ln

(
3−

√
5

2

)
.

Therefore, there are 2 non-positive solutions.
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