THEORY OF EQUATIONS - III
TEACHING TASK
Jee Mains Level Questions

1. Let f(x)=x"+3x"+5x+k=0
f(x)=ax3+bx2+cx+d=0
We have 8,27 + b = 4abc
= 8(1)’K+3'=4.135

= 8K +27=60
= 8K =33

:K:ﬁ

Ans : D

2. Let f(x)=32x"-48x"+22x-3=0
LetO the roots be a-f, a, a+ f3

~(~48)

32

We have s, =(a-f)+a+(a+ )=
:305:E
2

=>a=—

Ans : B

3. Let f(x)=4x"-12x"+11x+K =0
Let the roots be a—f, a, a+ f

~(-12)

4

We have s, =(a—f)+a+(a+ )=

=>3a=3
> a=1
We have 4(1)3-12(1)?>+11(1)+K =0
=4-12+11+K=0
= K=-3
Ans : A

4. Let f(x)=6x"-11x"+6x-1=0



Given the roots of f(x)= 0 are H.P

1
We have the roots of f(;) =0 arein A.P

Yo (2ol

= X’ —6x"+11x-6=0

Let -4, a, a+ f be the roots.

We have s, =(a—f)+a+(a+B)=6
=3a =6

=>a=2
1
- One of the root of f(;j =0 js 2

.1
~. One of the root of f(x)=0 is 3
Ans : A

5. Given 54x’ -39x* -26x+16 =0

a
Let —> @ @B be the roots

B
we have, 5; Z(%j(“)(aﬂ) = _5—146
3
S a = —
3
-2
>a = —
3

Ans : A

6. Given x*-3x2+2x=0
= x(x2 —3x+2) =0

:>x(x—1)(x—2) =0

=x=0 or x=1 orx=2
Clearly the roots 0,1,2 are in A.P
with first term O, common difference 1
Required answer = 0+1 =1
Ans : A

7. Given x*—13x*+Kx-27=0



Ans :

Ans

9.

a
Let Ea a, aff be the roots

We have §; = [%J(a)(aﬁ) =27

=a’ =27
=>a=3

Now, 3*-13(3)* +4(3)-27=0
= 27-117+3k-27=0

= k =39
C

Given x’ —42x* +336x-512=0

a
Let E’ a, of be the roots

a
We have S3 :Ea.aﬂ = 512

—=a = 512
o =8
=>a=28

o
We have, § = E+“+Ofﬂ =42
8
= —+8+84 =42
B

= i+4+4ﬂ =21
B

= 4+4B+45% =21p
= 4B°-17+4=0
Clearly p =4 satisfies the above equation.

-. The common ratio f=4

: C

Given x* —bx*+cx—d=0

Let the roots be %, a, aff



a
We have $3 ZE- a.aff=d

=a’=d

1

= a=(d)s

Ly 1y’ 1
We have £d3J —b[d3j +C£d3j—d:0
2 1

= d—bd* +cd* —d=0
1 2
= cd?=bd?
cubing on both sides
= c’.d =bd’
=’ =b'd
Ans : A

10. Let f(x)=x"+5x"-30x" —40x+64=0
f(—x) =x"—5x’ —30x> +40x+64=0
Let x,x,,x;,x, be the roots of f(x)=0
Which are in G.P

We know, the roots of f(-x)=0are —x,—x,,—x;,—x, Which are also in G.P
Ans : B

Advanced Level Questions
11. Let the roots be a—f, a, a+f

We have s, =(a-f)+a+(a+)=9
=>a=3

S f(x)=x"=9x" +kx+ £ =0
= x -93 +k3+/(=0

= 27-81+3k+( =0
= 3k+/( =54

Option : B = (k,0) =(23,-15) satisfies the above equation
Ans : B
12. Let f(x)=x"+3px’+3gx-8=0

Let the roots be %, a, af



a
We have 5 :E-Of-aﬂ =8

= oa=38

> a=2

We have 2° +3p.2° +3¢.2-8=0
= 8+12p+6g—8=0

=2p+qg=0
-4_-_»
p
3
q -16
Sy T
p
Ans : A,D
Statement Type

13. Statement-I:
Let f(x)=x"-7x"+14x-8=0

Let the roots be %, a, aff

a
We have Sszz- a.aff =8

=>a =8

>a=2
.. 2is arootof f(x)=0
Remaining roots can be find by dividing »* —7x2 +14x—8 with x—2 using Horner’s
method of synthetic division (H.M.S.D)

x=2|1 -7 14 -8

0 2 -10 8

1 -5 4 0

= x*—5x+4=0
= (x—-1)(x—-4)=0

= x=1 or 4
-. The roots are 1,2,4

The difference between the largest and the smallest roots = 4-1 = 3
Hence, statement-I is TRUE.



Ans

14.

Ans

15.

Ans :

16.

Statement-II:
Clearly statement-II is TRUE
Also, statement-II is the correct explanation of statement-I

A

Statement-I:
Let f(x) =ax’ +bx> +cx+d=0

3 2
o oo
f(%j = ax® + bk® + ck*x + k°d =0

X
Let x,,x,, x, are the roots of f(x)=0, we know kx,,kx,, kx, are the roots of f(;)

since x,,x,, x, are in G.P.

hence kx,,kx,, kx, are also in G.P.

X
Hence f(;): ay3 +bk)’2 +Ck2)’+k3d =0 roots are in G.P

Hence, Statement-I is TRUE.

Statement-II :

Clearly statement-II is TRUE

Also, Statement-II is the correct explanation of statement-I

A

Comprehension-I

Let f(x)=18x"+81x’ +121x+60=0
Let the roots be a—f, a, a+f.
(a—B)+(a+p)

2
i.e The roots are in A.P

Since a=

-81
We have s, =(0£—ﬂ)+05+(05-4-ﬂ):F
= 3a :_—81
18
-3
= o =—

Let - f,a,a+ f be the roots

-(=9)

We have = s, = 3a = "

0



Ans :

17.

Ans :

18.

= a=3

Also, s,=(a-pB)(a)(a+p) =
= (3-8)(3)(3+8) =
= 9-p*=5
= f=4=p=%2
C

Comprehension-II
Let f(x) =x"=3ax’ +3bx—c =0

Given the roots of f(x)=0 are in H.P.

1
We have, the roots of f(;j =0 are in A.P.

(1)Lt
X X X X

= cx’ =3bx* +3ax—-1=0

Let p-q, p, p+q be the roots

3b
We have, s, =3p=

f(x):kx3 —18x* =36x+8 =0

f(lj=8x3 ~36x" +18x+k =0
X

L =a— ,B+a+a+ﬂ—36

:>305=ﬁ
8



Ans :

19.

Ans :

20.

Ans :

21.

3\’ 3\’ 3
8| 2| =36/ 2| 18| 2 |+k=0
Now 8(3) -36(5] -15(3)

= k =281
A

Integer answer type questions
f(x) =x’ —14x* +56x—64=0

a
Let E ,2,2f be the roots

a
we have 5; :Eﬂﬂﬂ =64

= a’=64
=>a=4
4

a
Let E’a’aﬂ be the roots of x* —7x*>+14x—-8=0

a
We have S3=E.a.aﬂ=8:>a =2

2 is a root of f(x)=0
Now, H.M.S.D we have

x=2|1 -7 14 -8

0 2 -10 8

1 -5 4 0

X =5x+4=0
(x—l)(x—4) =0=>x=14

-. The roots are 1, 2, 4.
Greatest root = 4
4

Matrix Matching
Let f(x) =ax’ +bx’ +cx+d =0

f(x+k)=a(x+k)3 +b(x+k)2 +c(x+k)+d =0

Given the roots of f(x)=0 are in A.P



b)

d)

Ans :

22.

Let x, x,, x, be the roots of f(x)=0

We have x,—k, x, —k, x, —k are the roots of f(x+k)=0
hence x, -k, x, -k, x,—k are also in A.P.

Let f(x)zax3 +bx* +cx+d =0

f (k) =a(ke) +b(kx) +c(kx)+d = 0

=ak’x’ +bk’x* +ckx+d =0

Given the roots of f(x)=0 are in G.P

Let x, x,, x, be the roots of f(x)=0

XX X
We have 50 % are the roots of f (kx)=0
xl x2 'x3 .
hence ;, ? ; are also in G.P.

Let f(x):ax3 +bx° +ex+d =0
f(—l]:_—?+%—£+d 0
X X x
= dx’ —cx’ +bx—a=0
Given the roots of f(x)=0 are in G.P.

Let x, x,, x, be the roots of f(x)=0

-1 -1 -1
We have —> > are the roots of f(—lj=0
X X. X

1 2 3

-1 -1 -1

hence, —> > are also in G.P.
X X X

Clearly the roots are in A.P
a-t, b-s, c-s, d-t

a) Given «, B are the roots of px*+qgx+r =10

we have a+f=—,affi=— ... (i)
p p
since p,q,r are in A.P
=29=p+r e (i)

l+l — 4
Also o B



:a+ﬂ
of

14
r

=4

=q=—4 (iii)
From (ii) 2g=p +r

= 2(—4r)=p+r

= p=-9r
-qg —4r 4
o+ = — — —
Now, B b —or 9
ap="- 1
p -9 9

b) Let f(x)=ax’+bx+c=0

. 11
Given @+ = ?+F

> a+pf= a2+,[i2
ap)
= a+pf = (a+[3)2—22a,6’
(aB)

BE
-b a a

-b  b*-2ac
> —=—
a c
= —bc’ = ab’ -2a’c

= 2d%c = ab® +bc?



hence bczjazc, ab® are in A.P

c) f(x)=(a2+b2)x2+2(bc+ad)x+(cz+d2):0
Given the roots are equal
we have A =B*-44C=0

= [2(l)c—i-aa’)]2 —4(a2 +b2)(02 +d2)=O
= b*c* +a*d* +2abcd —a*c* —a*d* —b*c* —b*d* =0
= a’c? +b*d* =2abcd

= (ac)2 +(baf)2 —Z(ac)(bd) =0

= (ac—ba’)2 =0
= ac=bd
= bd = (ac)2

= bd =\ a*.c*

hence, a&*,bd,c* are G.P
d) Given a,b,c are in A.P
=2b=a+c

Now ax” +2bx+c =0
Discriminant =A = B> -44C
= (217)2 —4ac

=(a+ 0)2 —4ac

= (a—c)2 >0
-. The roots are real

Ans : a-t, b-s, c-r, d-q

LEARNER’S TASK
cuQ’s
1. The required condition is 24° +274%*d =9abc
Ans : D

2. The required condition is ac®=bd
Ans : C

3. The required condition is 24* +27ad? = 9bcd
Ans : B



4. The required condition is 8a’d +b* = 4abc
Ans : A

5. The roots can be taken as a—f, a, a+
Ans : D

1 1 1 1
a-38 a-p a+p a+3p

6. The roots can be taken as

Ans : C

a
7. The required roots can be taken as Ea a, aff

Ans : B

a «a X
8. The roots can be taken as F’ —, af, af

Y
Ans : C

11 1
a-B a a+p

9. The roots can be taken as

Ans : A

10. Let the roots be a—f, a, a+f.
We have s, =a-f+a+a+p=-1

= 3a=-1

Ans : D

JEE MAIN’S LEVEL QUESTIONS
1. Given x’—14x* +56x—-64 =0

=a’ +bx*+cx+d =0
=a=1b=-14,¢c=56,d =-64

Now ac® = 1.(56)’ =175616



b’d = (-14)’.(~64)=175616

soact =bd
The roots are in G.P
Ans : D

2. Given 48x’ —44x* +12x—-1=0

= a’+bx*+cx+d=0
herea=48,b=-44,c=12,d=-1
Now 2c3+27ad?

= 2(12)3+27(48)(-1)2

= 3456+1296
= 4752
Now 9bcd = 9(-44)(12)(-1)
= 4752
hence, the roots are in H.P
Ans : B

3. Given x*-8x’+14x*-8x-15=0
from opttion : A, The roots are -1, 1, 3, 5
Now s, = -1+1+3+5 = 8

b (-8
Also S1=7b=—(1 )=8

hence, option A is correct answer
Ans : A

4. Given x*+5x’-30x*-40x+64 =0
From option : A. The roots are 1, -2, 4, -8
Nows =1-2+4-8=-5
b _ =5

Also s, =—=
a 1

-5

Ans : A

5. Given the roots of f(x)=24x"-26x’+9x—1=0 are in H.P

1
- The roots of f(;j= 0 are in A.P
f(lj: 2_?_2_?+2_1 =0
X X X X

= X’ —9x" +26x-24=0
from option A:s=2+3+4
=9



Ans

Ans :

Ans :

Ans

b (-9
Also S1=—b=¥=9
a

1
- 2,3, 4 are the roots of f(;j: 0

hence 0

are the roots of f'(x)

-

1
737

|-

A

Given x*—2x’—21x*+22x+40=0
Option D: 5, =-4-14+2+5=2

b (=2

Also S1=—=—( )=2
a 1

D

Given x*-13x*+39x-27=0

ax’ +bx* +cx+d=0
herea=1,b=-13,c=39,d=-27
Now ac3®= 1(39)% = 59319

b3d = (-13)3(-27) = 59319
hence the roots are in G.P
B

-b
We have a+f=—, a.fp Sk
a a

Given a+f, a*+f, &’ + p° are in G.P
hence (a2+ﬁ2)2 = (a+ﬂ)(a3+,6’3)
=>a'+p+20° =o' +ap’ + pa’ + B
= af(a’ + B’ -2ap)=0

= af(a-B) =0

=af=0 or a-f=0

= af=0or a=p

C
= ~= 0 or A=0 (Equal roots)

=cA=0
=cA=0 since g # 0
:D



= cb? +b(b2 —2ac): 0

since b # 0, bctb2-2ac =0

. a+c
a,b,c are in A.P .. b= .

(a+c)c (a+c ?
We have 5 + 5 —2ac=0

= a*—4dac+3c*=0

= (a—c)(a—?)c): 0

a
Lazc .c.a=3¢c =>—=3
c

Ans : C

1
5 are in A.P and they may be taken as

X | =

11
10. Since «,pf, y, 6 are in H.P, hence ;’E’
. 1 .
a-3d, a-d, a+d, a+3d. Replacing x by = we get the equation whose roots are

1
S5 therefore equation x*>—-4x+ 4=0 has roots a-3d, a+d and the equation

= | =

11
a b ﬂ b
x> —6x+ B=0 has roots a-d, a+3d.
sum of the roots is 2(a-d) = 4 and
2(a+d) = 6
. 5 1
solving, we get a =5 and d =3

Product of the roots is

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

(a-d)(a+3d) =B =8
Ans : A



11.

Ans

12.

JEE ADVANCE LEVEL QUESTIONS
(i) Multi correct answer type questions

a
Let the roots be P a, ar wherea >0, r> 1.

a
Now s, =7+a+ar =—-p

=a =1
=a=1
Hence (c) is correct.
From (i), putting a = 1, we get

-p-3>0 ('.'r+l>2j

= p<-3
Hence (b) is not correct.

1
Also ;+1+7”=—p ........... (iv)

From (2) putting a = 1, we get

1
T —+r+l=gq
r

From (iv) and (v) , we have
P=q = ptq=0
Hence, (a) is correct.
Now asr > 1,
- 1 <1
r r
andar=r>1
Hence (d) is correct

: A,C,D

2 2

-b —b
We have a+ﬂ=—,a.ﬁ:£,a2+ﬂ2:—2 and az,ﬂzzc_z
a a a a

12
Now (a+f)*-2af= iz
a

(—bjz 2¢  —b
=>|— | ——=—
a a a



= b’ = ac = a,b,c are in G.P
Ans : A

Statement Type
13. Statement-I1: Let o -4, a,  + 3 be the roots.
We have s, =a-f+a+a+f=-2
=3a=-2
-2

S>o=—
3

2\’ 2V (-2
— | +2|—=| +k|—|+3=0
NOW(J (3) (3)

:>k=ﬂ
18

Hence, Statement-I is TRUE
Statement-II :
Clearly, stetement-II is also TRUE, but satement -II is not the correct explana-
tion of Statement-I
Ans : B

14. Statement-I:

P
Let the roots be Ea D, pB

P
We have $; = E-P-Pﬂ ==27

= p’=-27
= p=-3

Now (-3) —a+27=0

=>a=0
hence, statement-I is TRUE
Statement-II:

Clearly statement-II is not true (Taking the roots like «,af, o> may be theoreti-

cally true but practically they are not suggestable)
Ans : C

Comprehension-I
15. Given agx® +bx*+cx+d=0, roots are A.P
Condition is 2b3%+27a%d = 9abc
Given equation is px’ +gx* +rx+s5=0
comparing the coefficients of like terms, we geta=p,b=q,c=r,d=s

an



condition is 2q3+27p?s = 9pqr
Ans : D

16. Clearly, If the roots of mx’ +nx’ + (x+ p=0 are in A.P, We have 2n*+27m’p =

9mnl. Compare the coefficients of like terms with given statement.
Ans : C

Comprehension-II
17. Let f(x)=24x"-50x"+35x* -10x+1=0

f(l):x4 —10x” +35x” —50x +24 =0
X

If the roots of f(x)=0 are in H.P
1
There roots of f(;j =0 are in A.P.

Let a-3p8, a—f, a+ S,a+3p be the roots.
We have s, =a-3f+a-f+a+p+a+3p

=4
(-10)
We have s, = B =10
S4a =10
5
>a=—
2

5 1
. = is a root of f(—j=0
2 X

2,
5 s one root of f(x)=0

Ans : D

18. Let the roots be a—-f8, a, a+f
We have s, =3a=-1
-1

>a=—
We have
3 2
(5G] )
3 3 3
_—l+l—l+k =0
27 9 3



Ans :

19.

Ans :

20.

Let f(x)=x"—8x"+14x" +8x-15=0

Clearly f(1)=1'-8(1) +14(1)" +8(1)~15
1-8+14+8-15

=0
By H.M.S.D, we have

x=1 1 -8 14 8 -15

0 1 -7 7 15

1 -7 7 15|10

Now g(x)=x"-7x*+7x+15

g(-1)=(=1) =7(=1)" +7(-1)+15
- 1-7-7+15
=0
-1 is a root of g(x)= 0
By H.M.S.D, we have

We have 2 _8x+15=0
:>(x—3)(x—5)=0

=x=3,5
-. The roots are -1, 1, 3, 5
Least root = -1
Greatest root = 5
- sum =4
4

Let f(x)=x"+5x"-30x" —40x+64=0
f(1)=1+5-30-40 + 64
=0
- x=11is arootof f(x)=0
by H.M.S.D we have



Ans :

21.

b)

d)

x=1 1 5 -30 -40 64
0 1 6 -24 -64

0 4 32

.. The roots are 1, -2, 4, -8
The sum of positive roots = 5
5

Given f(x)=x"-6x+8x=0
3x(x2—6x+8)=0
:>x(x—2)(x—4)=0
=x=0,2,4

-. The roots are in A.P

Given f(x):x3 —7x* +14x-8=0
f(x):ax3+bx2+cx+d=0

Now ac®=1.(14)°=2744
b3d = (-7)3(-8) = 2744
-oacd= b3d
Hence, the roots are in G.P

Given f(x)=6x"—-11x*+6x—-1=0

f(x):ax3+bx2+cx+d=0

Now, 2c3+27ad®> = 2(6)%+27(6)(-1)?
= 432 + 167
= 594
9bed = 9(-11)(6)(-1)
= 594

- 2c3+27ad? = 9bed
Hence, the roots are in H.P

Given f(x)=x’-2x"-x+2=0
f(1)=r-2(1y -(1)+2



Ans

22

b)

d)

=1-2-1+2
=0
. x=1isarootof f(x)=0
By H.M.S.D, we have

xt—x-2=0
= (x—2)(x+1)=0
= x=2,-1

.. The roots are -1, 1, 2
.. They are neither A.P, nor G.P, nor H.P

:a-p, b-q, c-r, d-s

1
If the roots of f(x)=0 are in AP, then the roots of f(;j =0 are in H.P.
The sum of the roots of x*-2x+1=0 are

Slz_—b:_—ozo
a 1

Given ¥*-1=0
:>(x—l)(x2+x+1):O
=x-1=0 or x*+x+1=0
= x=I
Given f(x)=x"~(v2+3)x" +(3v2+2)x-242=0
S(1)=r=(V2+3)1+(3v2+2)1-22
—1-v2-3+3V2+2-22
=0
x=1 is arootof f(x)=0
By H.M.S.D we have

x=1 1 —(\5+3) 32+2 N
0 1 —(ﬁ+2) NP

1 —(\/5+2) N2 0



wx (V2 +2)x+ 242 =0
= x?—2x-2x+23/2=0
= x(x=2)-2(x-+2)=0
= (x=+2}(x-2)=0

— x=+2 or 2

. The roots are 1,/2, 2.

Clearly the roots are in G.P
Ans : a-t, b-p, c-s, d-q



