Quadratic Equation: Section 1

Basic Questions
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Quadratic Equation

An equation of the form|ax? + bx + ¢ = g where a, b, ¢ are real numbers and a # 0, is
called a quadratic equation.

» The values of x that satisfy the equation are called the roots.

. ] . ...
» The expression |D = b* — 4ac}|s known as the Discriminant.

\/{ Factorisation

\ﬂ./ Sri Dharacharya Method (Quadratic Formula): The roots of the equation are
given by:

D= Bz—'dfC(C,L/\ —b+ Vb2 — 4ac

X =

2a




Relation Between Roots and Coefficients

Sum of the Roots

2
a 1‘__}2’7 +( =0O Coefficient of x

Coefficient of x?




Que.1 JEE Main 2024 Ans:(D)

The number of solutions of the equation e5"X — 2e=3"X = 2 js:
(B) More than 2 (C) 1




Que.2 JEE Main 2023 Ans:(B)

Let S = {x € R: (V3 +v2)<*+ (V3= V2) % =10}. Then n(S) is equal to:
(5) 4 C) 6
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Que.3 JEE Main 2021 Ans: 1

The number of solutions of the equation

32tan2x 4 325ec2x _ 8].,




Que.4 JEE Main 2025 (24 Jan, Shift-1) Ans:(D)

The product of all the rational roots of the equation

(x> —9x + 11)% — (x — 4)(x —5) =3

is equal to:
(A) 28




Que.5 JEE Main 2025 (29 Jan, Shift-1) Ans:(C)

The number of solutions of the equation




Que.6 JEE Main 2023 (31 Jan, Shift-1) Ans:(B)

The number of real roots of the equation

VX2 —4dx +34+vVx%2—9=+V4x? —14x + 6
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Sum= —10+6 +|+4 + = 3
Que.7 JEE Main 2016 Ans:(A)

The sum of all real values of x satisfying th% e ga’gign
1 R 6

(X2 — Bx + 5)x2—|—4x—60 — 1




Quadratic Equation: Section 2

Newton's Method
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Newton's Method: Power of Roots

Newton's Sums Theorem

Let o and 3 be the roots of the quadratic equation|ax? + bx + c¢/= 0.

Note: This relation also holds if S, = _l_@_a” -+ 5_2 B" for any constants ki, ko.




Since « is a root of ax? + bx + ¢ = 0, we have:

aa’ +ba+c=0

Multiply this entire equation by "2 (for n > 2):
a"*(aa® + ba +c) =0
¢ —aq” + b\g”_l + gg'z_z =0 (Equation 1)

Similarly, since 3 is a root, we have|aB? + b3 4+ ¢ = 0./ Multiply by 37 2:
CZ} ap” + b\ﬁ/”_l +cB"*=0 (Equation 2)

Now, add Equation 1 and Equation 2:
(an® - Baf - ga™ <) - (88" L bG" L ef™ =) =0

Group the terms by coefficients a, b, and c:
a(@” + 8"+ b(e" '+ B8 + (a2 + 8" %) =0

By definition, S, = a" + 3", so we can substitute to get the final result:
aS, + bS5,_1+c5,_,=0




JEE Adv. 2011 / Ay Q03 ain- 2ok
Let o and 3 be the roots of x> —6x —2 =0 with a > 3. If a, = " — 3" for n > 1,

then the value of
aip — 2ag

—239

1S

0 M‘-m—@so\g | Oy —6.0p— 2 Upg = O

— n
X— dn- Q=g = 6
’ D C{/)-k &1{0’026{{: é @




JEE Main 2024
If a, 8 are the roots of the equation, x> —x —1 =0 and S, = 2023a" + 2024/3", then:

(A) 2512 = 511 + S10 %12 = 511 + S10
(C) 2511 = S12 + S10 (D) S11 = S10 + S12

0 17(2-1>(—-V:O<Ig

A
® = w3 4Re34p




JEE Main 2024
Let o, B be roots of X2+ /2x — 8 =0. If U, = a" + 3", then Ytv2Us is aqual to

2Us




JEE Main 2024

Let o, B; a« > 3, be the roots of the equation x* — v/2x — v/3 = 0. Let
P,=a"— 3" ncN. Then (11v/3 — 10v/2)Pio + (11v/2 + 10) P11 — 11P15 is equal to:

(B) 11/3P (C) 10v/2Pq (D) 11v/2Py

1 G-105) P +(Hu+ DLl

l, ==
—|| (PIQ/,WE P,/() /
261D fﬂ)ﬁ

finy". = (0)’5(74/




JEE Main 2022 Ans: 16

Let o, B(aw > ) be the roots of the quadratic equation x> — x —4 = 0. If
P,=a" — 3" nc N, then

P15 P16 — P1aP1s — Pis + P14P1s
P13 P14

is equal to ‘() .
O A(—A-4= R Pi¢ (f,'\i:ﬁi ~Pis (P/S"’P)Af

MNAN AT




JEE Main 2022

For a natural number n, let a, = 19" — 12”7, Then, the value of

31049 — (10

57&8

W= (x+p)n +XP = 0/7 Sn— 3193805
=
(><

v (1 tiut 19-12




JEE Main 2025 (3 Apr Shift 1) Ans:(C)

Let « and 3 be the roots of x°> + v/3x — 16 = 0, and v and ¢ be the roots of
x°4+3x—1=0. f P,=a"+ 3" and Q, =" + 9", then

Pos + /3P4 N (o5 — (D23

2P>3 (24

is equal to:

(A) 3 (C) 5




JEE Main 2025 (2 Apr Shift 1) Ans:(B)

Let P, =a" 4+ 38", n e N. If Pijg =123, Py =76, Pg = 47 and P; = 1, then the
quadratic equation having roots % and % iS:

(A) x> —x+1=0 (B) x* +x —1=0
(C)x?—x—1=0 (D) x? +x+1=0




Quadratic Equation: Section 2

Newton's Method: Type-2 ldentities
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JEE Main 2024 (09 Apr Shift 1)

Let o, B be the roots of the equation x? + 2v/2x — 1 = 0. The quadratic equation,
whose roots are a* 4+ 3% and & (a® + °), is:

(A) x? — 190x + 9466 = 0 (B) x? — 180x + 9506 = 0
(C) x* — 195x + 9506 = 0 (D) x? — 195x + 9466 = 0




JEE Main 2023 (25 Jan Shift 2) Ans: 45

Let a € R and let «, B be the roots of the equation

x2+601/4x—|—a:0.

If a* + 8% = —30, then the product of all possible values of a is




Quadratic Equation: Section 2

Newton's Method: Type-3

Complex Roots
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JEE Main 2023 (13 Apr Shift 2)

Let o, B be the roots of the equation x> — v/2x +2 = 0. Then o'* + 5% is equal to:

(A) —64 (B) —64v/2 (C) —128 (D) —128v/2




Solution: JEE Main 2023 (13 Apr Shift 2)

Given x° — v/2x + 2 = 0 with roots a, 3.
To find: o'* + 5.

Let S, = a" 4+ 5". Our goal is to find $14.

Step 1: Apply Newton’s Sums Formula

Sn — \/§5n—1 SN 25n—2 =30
Applying this for n =14 and n = 13:

Sis — V2S13+ 25 =0 (1)
Si3 — V2512 + 251 =0 (2)

Step 2: Eliminate terms to find a pattern
Multiply equation (2) by v/2:

V2513 — 2512 +2v25;: =0 (3)
Now, add equation (1) and equation (3):

This reveals a pattern. By repeating this process,
we can see that:

Sn = 2\/§Sn—3 =) == Sn = _2\/5517—3

So, we can establish a chain of relations:

S1a = —24/2511
Si1 = —2v25g
Ss = —2v/25s
S5 = —21/25,
Step 3: Calculate the base case, 5
a+f =2
oYt =

(514 — V2513 + 2512) + (\/5513 — 2512 + 2\/5511) =10 S = (a+ 5)2 — 2083 = (\/5)2 —2(2)
Sis +2vV251 =0 =2—4=-2



Solution: JEE Main 2023 (13 Apr Shift 2)

Step 4: Work backwards to find 54

Ss = —2/25 = —2/2(—2) = 4+/2

Ss = —21/25s = —21/2(4V2) = —16

Si1 = —2v28s = —2v/2(—16) = 32v/2

Sis = 22511 = —2v/2(32v/2) = —64(2) = —128

Thus, the value of o'* 4+ g is -128.
The correct option is (C).




JEE Main 2023 (12 Apr Shift 1)
Let o, B be the roots of the quadratic equation x? + v/6x +3 = 0. Then

&15 _|_615 -|—C¥10 ‘|‘610

is equal to:
(A) 81 (C) 72




Solution: JEE Main 2023 (12 Apr Shift 1)

Given the quadratic equation x* + v6x +3 =0 Squaring both sides:
with roots «a, 5. We need to find the value of the
(@® +3)" = (—V6a)’

expression:
o' 4+ 6a° +9 = 6a°
23 | 23 | 14 | pl4
E = O415 §15 0410 glO o' +9=0 = o' =-9
al> + + al? +
_ 523 + S14 Similarly, for the root 3, we have % = —9.
S15 + S0 Step 2: Find the value of o° + 3°.

Step 1: Find a relation for higher powers of Sum of roots: a + 3= —/6
the roots. Product of roots: a8 =3

Since «v is a root, it satisfies the equation: Now, we find o2 + 32

G \/604 + 3 =0.
shifting middle term: a® + 3 = —v/60v. o+ B8 =(a+B)Y —208=6—-6=0



Solution: JEE Main 2023 (12 Apr Shift 1)

Step 3: Simplify the terms in the expression. We express the numerator and denominator in
Let S, = a" 4+ 8". Since 5, = 0: terms of lower powers:
S1s = (a*)3S, = (—9)%(0) = 0. Numerator: Sy; = (a*)’S; = (—9)°Ss.

Denominator: Si5 = (a*)’S: = (—9)°Ss.

So, the final expression is:

S0 = (a*)*S; = (81)(0) = 0.

Step 4: Substitute and solve.

The expression simplifies to: r

(—9)°Ss >
= — | — = ]_
(—ops, ) =8
S+ 0 o+ B3
Ss+0 ol + g5 The correct option is (A).




Quadratic Equation: Section 2

Newton's Method: lype-4

Shift Middle Term
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JEE Adv. 2011

Let o and 3 be the roots of x> —6x —2 =0 with a > 3. If a, = a" — 3" for n > 1,
then the value of

dio — 238

239




JEE Main 2023 (11 Apr Shift 1) Ans: 51

If a and b are the roots of the equation

x> —7x—-1=0,

then the value of =—— 75— is equal to




Solution: JEE Main 2023 (11 Apr Shift 1)

Equation x* — 7x — 1 = 0, with roots a and b. Step 2: Simplify the required expression.
We need to find the value of the expression: Let's rearrange the numerator of the expression E:
221 4 p2l oy QT g 7
E = 219 1 pl9 2242 gl Ll

Step 1: Shift the middle term and square =a'(a"+ 1)+ b (b* +1)
iStlnce a is a root of the equation, it must satisfy _ 317(5132) n b17(51b2)

a—7a—1=0 — 51a" 4 515"

a’—1=7a =51(a"” + b™)

(a — 1) = (7a)°

at —2a°+1=495° .
Step 3: Calculate the final value of E.
2" +1=5135°
19 19
Also, b* + 1 = 51b° podla"+b7) o

319 + b19



JEE Main 2021 Ans: 50

Let oo, 5 be two roots of the equation

X2 1 201/4X 1 51/2 — 0

Then a® + 38 is equal to:




Solution: JEE Main 2021 (Method-1)

Given the equation x? + 20Y%x + 52 = 0 with Step 3: Calculate o* + 5°.
roots «, 3. We need to find the value of a® + 3°. Now we square the result from Step 2:

4 4 2 212 2002
Step 1: Find the sum and product of the roots. a + 8 =(a"+87) —2a°p
e 2
Sum of roots: o 4+ 3 = —20%/* = (0)” — 2(aB)
_ 2
Product of roots: a8 =52 = /5 — _2(\/5)
= —2(5) = —10

Step 2: Calculate o® + j3°.

We use the identity (a + 3)° = a” + 8° + 203. Step 4: Calculate the final value o® + 3°.
Finally, we square the result from Step 3:

o” + ° = (a+ )" —2ap o’ +8° = (o' + 8*) — 225"
= (—20"*)* — 2(V/5) = (—10)* — 2(aB)"*
—20"% —2v/5 — 100 — 2(v/5)*
— /20— 2v5 —= 100 — 2(57)
— 2/5 — 24/5 =0 = 100 — 2(25)

= 100 — 50 = 50



Solution: JEE Main 2021 (Method-2)

Given the equation x? 4+ 20Y4x 4+ 512 = 0.

Step 1: Rearrange the Equation
For a root x of the equation, we can write:

x>+ (5)"% = —x(20)"/*
x> ++/5 = —x - (20)/*
Step 2: Square Both Sides
(x* + V5)? = (—x - (20)/4)
(x*)? +2(x*)(VB) + (VB)* = x* - (20)"/?
x* +2v5x° +5 = x°- /20
x* +2v5x° +5 = x*-2V5
The term 2+/5x° cancels from both sides:
x*+5=0

x* = —5

This derived equation must be satisfied by both
roots, v and (3, of the original quadratic equation.

Step 3: Calculate the Final Value

Since v and S satisfy x* = —5, we have:
a* = -5
gt = -5

Now, we find the 8th power by squaring these
results:

o’ = (o) = (-5)*=25
g7 =(8')" = (-5)" =25
Finally, we find the required sum:

a® + 5% = 25 4+ 25 = 50

The answer is 50.



JEE Main 2021 Ans: (C)

If o« and 3 are distinct roots of the equation
X2 4 31/4X 1 31/2 _ O,

then the value of

C¥96(0412 - 1) + 696(612 - 1)

s equal to:
(A) 56 - 3%° (B) 56 - 3% (C) 52 -3%4




Solution: JEE Main 2021

"he given equation is x* + 31/4x 4312 =,
To find: a”(a'® — 1) + B%°(8% —1).

Step 1: Shifting middle term and squaring.
Since « is a root, it satisfies the equation:

o’ +3a++v/3=0
o’ ++/3=—3"%
(02 +V/3)? = (—31/4a)2
a' +2v3a” +3 = +3a’
Simplifying this expression gives:

a* 4+ 3= —v3a°

Step 2: Continue simplifying to find o'°.
Squaring the equation a* + 3 = —v/3a%

(Oé4 + 3)2 _ (_\/5@2)2
o’ +6a* +9 = 3a*

Rearranging the terms to find a value for a®:

a® = —-3a" -9

Now, to find a'?, we can multiply the equation
a® = —3a* — 9 by a*:

12 8 4
a = —3a — 9«

Substitute the expression for a® back into this
equation:

o' = —3(—3a* - 9) — 9"
al® = 9o* + 27 — 90
al? = 27

g% =27



Solution: JEE Main 2021

Step 3: Calculate the required expression.

o (af? — 1) 4+ g%(82 — 1)

First, let's find the value of o”® and 5°°:

Now, substitute these values back into the

expression:

a96(&12 1)+ 596(612 1)
— 3“(27 — 1) + 3" (27 — 1)
= 3°*(26) + 3°*(26)

— 2 x 26 x 3%

= 52.3*

Thus, the correct option is (C).



