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: 28th September 2025
Syllabus: Quadratic Equation

Sub: Mathematics CT-05 JEE Advanced Solution Prof. Chetan Sir

Section 1: Single Correct Questions

1. If the quadratic equations z? — 7z + 3¢ = 0 and x? 4+ 2 — 5¢ = 0 have a common root, then for a non-zero real value
of ¢, the sign of the expression 22 — 3z + ¢ is:

(A) negative for all x € R (B) positive for all z € (1, 3)

(C) negative for all = € (1,3) (D) positive for all x € R

( N
Answer: (D)
Solution:

Let the common root be a.
o —Ta+3c=0 ---(1)
a?+a—-5c=0 ---(2)
Subtracting (1) from (2):
(@®+a—5c) — (a® —Ta+3c) =0
8a—8c=0
= a=c
Substitute o = ¢ into equation (1):
¢ —Tc+3c=0
& —4c=0
cle—4)=0
Since ¢ # 0, we have ¢ = 4.
Now, analyze the expression E(z) = 2* — 3z + ¢
E(z) =2°> -3z +4
The discriminant is D = b? — 4ac
= (=3)? = 4()(4)
=9-16= -7
Since the leading coefficient (1) is positive and D < 0,

the expression is positive for all z € R.
_ J

2. If a, B are roots of the equation z2 — 2v/5z + 7 = 0, and P, = a” — 3" for each positive integer n, then the value
Py Py — 2V/5P; Py

of PraPry— 2\/5P122 is equal to:
(A) 1 (B) 7 (C) 25 (D) -1
[ Answer: (A) J




Solution:

From 22 — 2vbz + 7 = 0, we derive a recurrence relation.
= P, —2V5P,_1 +7TP,_5=0
Now, simplify the expression’s numerator:
Numerator = Pj1 Py — 2v/5Py1 P13
= Pi; (P14 — 2V/5Py3)
Using the recurrence with n = 14, P4 — 2\/5P13 = —T7Ps.
Numerator = Py1(—7Py2) = —7P11 Pyo.
Next, simplify the denominator:
Denominator = Pis P53 — 2\/5P122
= Po(P13 — 2V/5P;2)
Using the recurrence with n = 13, Py3 — 2\/5P12 = —TP;;.
Denominator = Pyo(—7P11) = —7P11 Pya.

—T7P;1 Pia 1

The expression is ———— =
—T7P11 P2

Section 2: Multiple Correct Questions

5. Let f(x) = 2% — 2(m — 1)z +m + 5. The value of m can be, if:
(A) Both roots of f(x) =0 are positive, for m = 5.
(B) Both roots of f(x) = 0 are negative, for m = —2.
(C) The roots are of opposite sign, for m = —6.
(D) Exactly one root lies in (0, 2), for m = 5.

§
Answer: (A), (B), (C), (D)

Solution:
For f(x) =22 —2(m—1)x+m+5=0:

e Sum of roots, S =2(m — 1).

e Product of roots, P =m + 5.

e Discriminant, D = 4(m — 4)(m + 1). Real roots exist if m € (—oo, —1] U [4, 00).
(A) For m =5 (Both roots positive?)

e D =4(1)(6) > 0 (Real roots).

o S=2(4)=8>0.

e P=5+5=10>0.

e Conditions (D > 0,5 > 0,P > 0) are met. (A) is correct.
(B) For m = —2 (Both roots negative?)

e D =4(—6)(—1) > 0 (Real roots).

o S=2(-3)=—6<0.

e P=-2+5=3>0.

e Conditions (D > 0,5 < 0, P > 0) are met. (B) is correct.
(C) For m = —6 (Roots of opposite sign?)

o D =4(-10)(—5) > 0 (Real roots).

e P=—-6+5=-1<0.




e Condition (P < 0) is sufficient. (C) is correct.
(D) For m =5 (Exactly one root in (0, 2)7?)
e Equation is 2 — 8z 4+ 10 = 0.
e Roots are ¢ = @ =4+ /6.
e One root is 4 — v/6. Since 2.44 ~ /6, this root is ~ 1.56, which is in (0, 2).
e The other root 4 + /6 is clearly outside (0,2). (D) is correct.

N

6. If , B are the roots of the equation x2 + x + 1 = 0, which of the following statements are correct?

(A) a* + 8% =—1 (B) o® + 8% = -1
(C) The equation with roots a?, 3% is 2> + 2 +1 =0 (D) (a—B)?=3
-

Answer: (A), (B), (C)
Solution (Using Newton’s Sums):

Let «, 3 be the roots of 2% + z 4+ 1 = 0.

Define the sum of powers as S,, = o™ + 8".

1. Find the Recurrence Relation:
From Newton’s Sums, for az? + bz + ¢ = 0,
aS, +bS,_1 +¢S,_o = 0.
Here, a = 1,b =1,c =1, so the relation is:
Sp+Sp—1+Sp—2=0
= S, =—-S,_1— Sn_o.

2. Calculate Initial Values:
From Vieta’s formulas, a + 5 = —1 and aff = 1.
Si=a+8=-1
So=a’+ 6% =(a+p)’ —208=(-1)" —2(1) = 1.

3. Calculate S; and S5 :
S3=—-5 -8 =—(-1)—-(-1)=2.
542—53—52 —(2)—(—1):—1.
Ss=—54—83=—(-1)—(2) =-1.

4. Evaluate the Options:
(A) o* 4+ p* =8, =—-1. (Correct)
(B) o® 4+ 3° = S5 = —1. (Correct)
(C) Eq. with roots a2, % :
Sum =a? + 2 =8, = —1.
Product = (a8)? = 1% = 1.
Eq.is2? — (~1)x+1=0 = 2 +x+1=0. (Correct)
(D) (o —B)* = (a+ B)? —4af = (—1)> — 4(1) = —3. (Incorrect)

Section 3: Matrix Match




8. Let f(x) = 22 — 2kx + k* + k — 5 = 0. The roots of the equation are real. Match the conditions for the location of

roots in Column-I with the corresponding values of k£ in Column-II.

Column-I Column-II
(A) Both roots are less than 5 (P) (1,4)
(B) Both roots are greater than -1 (Q) (—4,1] U [4,5)
(C) Exactly one root lies in the interval (—1,5) (R) (—00,4)
(D) Both roots lie in the interval (—1,5) (S) (1,5
-
Answer: A-R, B-S, C-Q, D-P
Solution:
For f(z) =22 —2kx + K + k- 5=0:
Discriminant D = 20 — 4k. Real roots = D >0 = k <5.
Vertex is at © = k. We also evaluate f(5) = (k —4)(k —5) and f(-1) = (k +4)(k —1).
(A) Both roots <5
1. Real roots = £k <5
2. Vertex <5 = k<5
3. f6) >0 = (k—4)(k—5)>0 = k<4dork>5
Intersection = k<4 . A—=R
(B) Both roots > —1
1. Real roots = k <5
2. Vertex > -1 = k> -1
3. f(-1)>0 = (k+4)(k—1)>0 = k< —-4ork>1
Intersection = k€ (1,5] ...B—S

(C) Exactly one root in (—1,5)

Condition is f(—1)f(5) <0
(k+4)(k—1)(k—4)(k—5)<0
This holds for k € [—4,1] U [4, 5].

Testing endpoints to ensure one root is strictly 1n51de.
k=1 = roots are — 1,3. (Valid)
k=4 = roots are 3,5. (Valid)

The valid set is (—4,1]U[4,5). . C—Q

(D) Both roots in (—1,5)

This is the intersection of results from (A) and (B).

(k<4)n(ke(l,5]) = ke (1,4 ..D—>P
N J
9. Match the equations in Column-I with the sum of their real roots in Column-II.

Column-I Column-IT

(A) (22 +2)?+ (22 +2)-6=0 (P)o

(B) a* — 522 +4=0 Q) —1

(C) (x4 1)+ (x+5)1 =32 (R) 2

D)2z —12 -]z —-1/-3=0 (S) —6




Answer: A-Q, B-P, C-S, D-R
(A) (@®*+2)*+ (22 +2)—6=0

Lety=a2?+2. =1y’ +y—-6=0 = (y+3)(y—2)=0
y=—-3ory=2.
Case 1: 2° +2=-3 = 2°+2+3=0 (D < 0,no real roots)
Case 2: 2’ +2=2 = 2°+2-2=0 = (z+2)(z—1)=0
Real roots are z = —2, 1.
Sum=-2+1=-1. ~A—=Q

B) 2zt —522+4=0

Let y=12% = 1y? -5y+4=0 = (y—1)(y—4) =0
y=1ory=4.
=1 = z =41,
1’ =4 = z=+£2.
Real roots are 1, —1,2, —2.
Sum=1-14+2-2=0. ~B—P

(C) (z+1)* + (z +5)* = 82 (Typo corrected from 32)

Let y=xz+3. = (y—2)*+ (y+2)* =82
2(y* 4+ 6y%(22) +2%) = 82  (using identity for (a-b)*+(a+b)*)
4242 +16 =41 = y* + 244> —25=0
(y* = 1)(y* +25) =0
Real solution is y*> = 1 = y = *1.
z4+3=1 = z=-2
z4+3=-1 —= x=—4.
Sum=-24+(—-4)=-6. . C—S

D)2lz—12-|z-1-3=0

Lety=|z—1,y>0. = 2> —y—-3=0 = (2y—3)(y+1)=0
Since y > 0, we take y = 3/2.
|z — 1] = 3/2
xr—1=3/2 or z—1=-3/2
x=5/2 or xz=-1/2.
Sum=5/2+(-1/2)=2. -~ D—=R

Section 4: Paragraph Question

Paragraph for Questions 10 and 11
Let 2 +ax + b =0 and 22 + bz + a = 0 be two quadratic equations, where a # b. It is given that the equations have a
common root.

10. The value of a + b is:
(A) 0 (B) 1 (C) -1 (D) cannot be determined

[ Answer: (C) }




( B

Solution:

Let the common root be a.

o +aa+b=0

o +ba+a=0
Subtracting the equations:

(a—ba+(b—a)=0

(a—ba=a-10

Since a # b, we find a = 1.
Substituting a = 1 into the first equation:

?+a(l)+b=0

1+a+b=0

= a+b=-1
- J

11. The quadratic equation whose roots are the other (non-common) roots of the given equations is:

(A) 22 +x4+ab=0 (B) 22 —2+ab=0

(C)2?2+z—ab=0 (D) 22—z —ab=0

e N
Answer: (A)
Solution:

For 2% + ax + b =0, let roots be 1, f.
Product of roots: 1-5; =b = 1 =b.
For 2 + bz + a = 0, let roots be 1, fs.
Product of roots: 1-85 =a — B = a.
The other roots are a and b.
For the new equation:
Sum of roots = a + b = —1 (from previous question).
Product of roots = ab.
The equation is 2% — (Sum)z 4 (Product) = 0
2 — (=1)z+ab=0
= 22 4+2x+ab=0.

Section 5: Integer Type Questions

12. Let S be the set of all integral values of ¢ for which one root of the equation (¢ — 5)z% — 2cx + (¢ — 4) = 0 lies in
the interval (0,2) and its other root is greater than 2. Find the number of elements in S.



Answer: 18
Solution:
Let f(z) = (¢ — 5)x2 — 2cx + (c — 4).
The conditions are:
1. Real roots: Discriminant D > 0.
D = (—2¢)? — 4(c — 5)(c — 4) = 36¢ — 80.
36c—80>0 = ¢>20/9~ 2.22.
2. The number 2 lies between the roots.
(c=5)-f(2) <0
f2)=4(c—5)—4c+c—4=c—24.
(c=5)(c—24) <0 = b <ec< 24
3. The number 0 is to the left of both roots.
(c=5)-f(0)>0
f(0)=c—4.
(c=5)(c—4)>0 = c<4dorc>5.
We need the intersection of these conditions:
(c>20/9)N(b<e<24)N(c<4Uc>5)
The intersection is simply 5 < ¢ < 24.
The integral values are 6,7,...,23.
Number of values =23 — 6+ 1 = 18.
N J

13. The number of negative integral values of m for which the expression z2 — 2(m — 1)z + m + 5 is positive for all
x>0 is:

( N
Answer: 5
Solution:

Let f(z) = 2> —2(m — 1)z +m + 5.
For f(x) > 0 when x > 0, the roots of f(z) = 0 must not be positive.

Case 1: No real roots (D < 0)
D=4m—-4)(m+1)<0
= —1<m<4

Here f(z) > 0 for all z, so this range is valid.

Case 2: Both roots are non-positive (< 0)
Condition (i): D >0 — m< —-lorm >4
Condition (ii): Sum <0 = 2(m—-1)<0 = m<1
Condition (iii): Product >0 —= m+5>0 = m > —5
Intersection of (i), (ii), (iii) is m € [-5, —1].

Combining both cases: (—1,4) U[-5,—1] = [-5,4).
We need the negative integral values of m in this range.
They are —5,—4,—3,—2,—1.

Total number of values = 5.




