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a QUADRATIC EQUATIONS

141 INTRODUCTION

Inearlier classes, we have studied about quadratic equations with real coefficients and real roots
only. In this chapter, we shall study about quadratic equations with real coefficients and
complex roots. We shall also discuss quadratic equations with complex coefficients@nd, their
solutions in the complex number system. But, let us first recall some definitions and results;

142 SOME USEFUL DEFINITIONS AND RESULTS
REAL POLYNOMIAL Let a, Ay, A9, vy By be real numbers and x is a real variable. Then,

f(2) = ag +ay x + ay x* +...+ a, X" is called a real polynomial of real variable xwithireal coefficients.

For example, x* — 4x + 3, 2x° - 6x2 + 11x 5 etc. are real polynomials.

COMPLEX POLYNOMIAL Ifay, @y, 4y, ..., &, are complex numbers and x is @ varying complex number,

then f (x) = Ay + 8y X + @y x° +...+ ay ¥ is called a complexipolynomial or a polynomial of complex
variable with complex coefficients.

For example, 2x2—(3 +70)x+ (9 - 3), x3 -5i x2 + (1 —27) x+ (8 + 4i) etc are complex polynomials.

DEGREE OF A POLYNOMIAL A polynomial f (x) £ag a1 %+ @ x* +...-+ & X", real or complex, is a
Polynomial of degreen, if a, # 0.

The polynomials 2x3 —7x% + x +5, (3=2i) x%—ix+5 are polynomials of degree 3 and 2
Tespectively,

gp‘l‘lynomial of second degree.is generally called a quadratic polynomial and polynomials of
“8ree 3 and 4 are known as/cubic and biquadratic polynomials.

POLYNOMIAL EQuATIONG, If £ (X)is @ polynomial, then f (x) =0 s called a polynomial equation.

lfff (x)is a quadratic polyniomial, then f (x) = 0 is called a quadratic equation. The general form
o2 quadratic equation is ax* ¥ bx +c=0, a#0.

Here, x s the variable and a, b, ¢ are called coefficients real or imaginary.

ROTS OF AN EQUATION  The values of the variable satisfying a given equation are called its roots.
US, x=q,isaroot of the equation f (x) =0, if f (o) =0.

ForeXample,x=1isaroot of the equation x3 —6x% +11x — 6 =0, because
18~6x12 4#11x1-6 = 1-6+11=6 = 0

S‘ . . .
Milarly, ¥ = ¢, and x = o2 are roots of the equation x” + x + 1 =0 as they satisfy it.

Egzuh‘;:N SET The set of all roots of an equation, in a given domain, is called the solution set of the

gL €xample, the set {1, 2, 3}is the solution set of the equation x3 —6x% +11x -6 =0.

]S)Ohing an equation means finding its solution set. In other words, solving an equation is the
Ocess of obtaining its all roots.
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IDENTITY  An expression involving equality and a variable is called an identity, if it js Satisfieg
value of the variable. ed by Cery

For example, x2 — 9 = (x - 3) (x + 3) is an identity as it is satisfied by every v
(x—a)(x-b) i (x=b)(x-0) vl (x=c)(x—a)
(c=a)(c-b) (a-b)(a-c) (B-c)(b-a)
for all values of x.

alue of .,
and,

= 1is also an identity as it holdsg good

FUNDAMENTAL THEOREM OF ALGEBRA  Every polynomial equation f (x)

= 0has at legst one
or imaginary (complex).

T00t, reg)

Thus, ¥ — 323 + 2x2 = x + 2 =0 has at least one root. But, f (x) =vx + 3

=0 has no root 4 this
equation is not a polynomial equation. Fundamental theorem does not

apply on thig €quatiop,
The fundamental theorem guarantees for one root of a polynomial equation. The followin
theorem states about the exact number of roots of a polynomial equation. §

THEOREM  Every polynomial equation f (x) = 0 of degree n has exactly n roots re
14.3 QUADRATIC EQUATION

The general form of a quadratic equation is ax? +bx + ¢ =0, a # Owhere
or complex) and x is a variable.

al or inmginary,

a, b, care numbers (real

The following theorem suggests about the number of roots of a quadratic equation,
THEOREM A quadratic equation cannot have more than two roots.

PROOF If possible, let a, B, y be three distinct roots of the quadratic equation ax? + bx + ¢ =0,
where a, b, ¢ € R and a # 0. Then, each one of a, B, y will satisfy this equation.

ac?+ba+c =0 ()
ap2+bB+c = 0 i)
and, a 72 +by+c =0 (i)

Subtracting (ii) from (i), we obtain
a(a? -p%) +b(a-P) = 0
= (a=B)fa(a+P)+b =0
= a(a+P)+b =0 [
Subtracting (iii) from (ii), we obtain
a@?-y2)+bB-y) = 0
= B-v{aB+y)+bl=0
= aB+y)+b=0
Subtracting (v) from (iv), we get : a(a ~y) =0 But,
distinct and a # 0. So, their product cannot bezero,
Thus, the assumption that a quadratic equation has three distinct real roots is wrong:
Hence, a quadratic equation cannot have more than 2 roots.

. o and P are distinct. o =p#0] (¥

[ B andyare distinct.. B -7 # 0] ,,‘(vz
this is not'possible, because o andy a"

QED:
REMARK It follows from the above theorem that if a quadratic equation is satisfied by more than tt?
values of x, then it is satisfied by every value of x and so it is an identity.
14.4 QUADRATIC EQUATIONS WITH REAL COEFFICIENTS

. ither
In earlier classes, we have solved quadratic equations with real coefficients and real r00ts eal ‘
by factorization or by using Sridharacharya’s formula. In this section, we shall ™
concentrate on quadratic equations with real coefficients and complex roots.

14.3

UADRATIC EOUATIONS
a .
: uadratic equation ;

Consider the q s ()

da # 0.

a,b, C€ R an .
whj:glying both sides of (i) by a, we get
1
Mu a212+abx+ac=0
2 2
Lanyiy —ac
= az X2 +abx + I o
b2 _ b2 —dac
" (me2) =
of |, b2 e

ax + ==

= : : |
& —4ac
= P P S ot

“"=—Ei[l’—_21_‘*£:,,,x: J;——:x— 2a
: 2

i 2 = ,b,ceRanda:Ohastworoots,say
Thus, the quadratic equation ax™ + bx + ¢ =0, wherea

o and By given by :
20 —b —4/b° —4ac
o — ; = and B = \/2—11——
a

we observe that the roots depend upon the value of the quantity

Now, if we look at these roots, d is known as the discriminate of the

b¥= 4ac. This quantity is generally denoted by D an
quadratic equation (i). We also observe the following results:

b
RESULT| Ifb? —4ac = Oie.D = O, then G=B=-—2_a'

i i h equal to —b/2a.
Thus, if b2 — 4ac = 0, then the quadratic equation has real and equal roots each eq

5l .

i iti b* —4acis
RESULTII Ifa, b, carerational numbers andb? — 4ac s positive and a perfect square, then ,/
arational number and hence o and B are rational and unequal.
Thus, if a, b, c € Q and b — 4ac is positive and a perfect square, i

istinct.

4,b,c R andb? - 4ac is positive and a perfect square, then roots are real and
then roots are irrational and unequal.

then roots are rational and unequal. If

: e 5
RESULTI 1fb* —4ac > Oi.e.D > Qbut it is not a perfect squar ET
erfect square, then roots are irrational an

wever, ifa, b, c are irrational numbers
y not occur in conjugate pairs. For

REMARK Ifa,b,ceQ and b2 —4dacis positive but not a p
they “éumys occur in conjugate pair like 2 + V3 and 2 —hﬁ‘ 1‘:0 )
and b — 4qc is positive but not a perfect square, then the roots g

i rm a conjugate
example, the roots of the equation x* — (5 + V2) x +542 =0are5and X eI s
pair,

RESULTIV Ifb2 —4ac < Oi.e.D <0, then4ac _b2 > 0 and so the roots are imaginary and are given by

2
ol ’ T —b —iq4ac—b
MG b +i+4ac-b andﬁ='_—“/:;—:_

2a
2a b = e
Clearly, g, gng B are complex conjugate of each other i.e. & = pand a =B.

R
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REMARK  fb? — 4qc <0, then the roots are complex conjugate of each other. In fact, complex A 234 forn 3 s 51
equation with real coefficients always occur in conjugate pairs like 2 + 3i and 2 — 3i Howeygy ”I'.S y 3 #3 e '
not be true in case of equations with complex coefficients. For example, x2 - 2%~ 1m0 i I'w:s s of the given equ ation are e _5, and - + = i
1 1005 Hence, the :
E’qual toi. | ' 2 > ? erlefal e m‘mﬁr the
AMPLE 4 Solve the quadratic equation 2x” — 4x + 3 =0 by using the g Xpr
ILLUSTRATIVE EXAMPLES XAV

Solve the equation 4x% + 9 =0 by factorization method,
SOLUTION We have,

EXAMPLE 1

432 +9 = 0
= 4x2 -9 =
= (2x)% -(3)2 = 0
— (2x+3)(2x-3) =0
= 2x+3i = 0or,2x-3i = 0

k. 3%
= X=-—j, 0 x =24
2 2

Hence, the roots of the given equation are g iand —g i

EXAMPLE 2 Solve the equation x* — 4x +13 = () by factorization method.

SOLUTION We have,
x2 -4x+13
xz—4x+4+9
(x-22+9 =
(x-2)%2-92 =
(x-2)%-(3)? =
{(x=2) - 34 {(x-2) + 31}
(x-2-3)(x-2+ 3i)
x—2-3t=0, orx—2+3 =

x=2+3, or x =2-3j

Hence, the roots of the given equation are 2 + 3 and 2 - 3i.

EXAMPLE 3 Solve the equation 9x% ~12x + 20 = 0'by factorization method only.
SOLUTION We have,

]

[}

]

L | A
S oloNoRoFoN ol o

912—12x+20

9x2 —12x + 4 + 16

(3x-2)%2 +16

(3x - 2)2 —16i2

{(3x —2) + 4i} {(3x - 2) - 4i)
(3x-2+4i)(3x-2-4)
3x-2+4 = 0,0or3x-2-4
3x = 2-4i,0or 3x

Il

UsE U Rl ) Uy
I
NSl sn. o o o

+
[~

uadratic equation. : 2 - or
g "f“: Comparing the given equation with the general form ax” + bx + c =0, we g
SOLUTIO!

=18
a_—_2,b=-4andc 3 L2
b+ b —4ac and|3=-b ,}:a 4ac,weget
2a

-J16 —24
A= fE=T

substituting the values of 4, b, cina =

51_1_6_:3%- andr

Ol o 4 4
4-J-8
_4+yf and, B= ;/—_
= (L5 4 J—
; 4-2vJ2
4+ 2/ -
: P and, p n

1
19 =] e
= a=l+-——,§l and, B 1 (21

3 1 1
Hence,, the roots of the given equation arel + -J—iz and 1 7 1.

. i oots of a
BAMPLE S  Solve the equation 25x2% — 30x + 11 = 0 by using the general expression for the roots of

quadratic equation. i tion
SOLUTION Comparing the given equation with the general form of the quadratic equa
ax2+bx+c=0,we get:a=25b=-30 and c=11

2
—b+yb?—dac 5 S-bo bR
Substituting these values in o =———-—-——— and p =

2a
2a
30 + /900 1100 £%30 59001100

= and B
50 b 5;’00
SRR S
£l 30 -10iv2
> o o 30+10iV2 and B="5
b 3 V2
= u=§+£i and ﬁ'—'_'?i
5 5 5
Hence the roots of the gi uaﬁonaregifz-i-
s oots of the given eq 3T

EXERCISE 14.1

Solve the fOIlowing quadratic equations by factorization method only (1-5):

L2319 % 2.9x%+4 =0

2 =0
M adioy s 0 4 L2 [NCERT]
B2 2o Tl
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Solve the following quadratics (6-18):

6.4x2+1 =0 7.4% ~4x+7 = 0
8.22+2x+2 =0 9.5x* —6x+2 = 0
10_21x2+9x+1 = () 11,x2—x+1 =0
12. x2+x+1 =0 [NCERT] 13. 17x2-8x+1 =0
14, 27x% -10x+1 = 0 [NCERT] 15. 17x% + 28x +12 =
16, 21x% - 28x+10 = 0 [NCERT] 17. 822 -9x+3 = 0
18.13x% +7x+1 = 0 19.2x2 4+ x+1=0
20, V3 -V2x+ 33 =0|NCERT] 21.v2 22 +x+ 2 =0 INCERT]
2 1 = il 1=0
22, X +x+7-2= 0 [NCERT] 23. JE+ [NCERT)
20 5x® +x+45=0  [NCERT] 25.-%2+x-2=0 [NCERT|
20
26. x* -2x +§ =0 [NCERT] 27.3x% —4x+ EYe [NCERT|
ANSWERS
F 2, -2, P ’
L% =t &bt 3, JLEZ ol i the values of 4, b, cin
2
4 §+21,§—2i 5, . +i£,—l—"/3 L3, i 1 -b+\’b —4ac _‘_b'_E,weget
2 2 2 2 2 2 o = —Za_—
3.1
7.2 £ /3 g —1%i St 3 = o e
5*3 3 MM : —%’:
10 _B:td 11 _l.iﬁ
T o> £ u=-1+1~/' Y -1-iW3
19 5o ) ok <
13 ﬁ ﬁ' 14.5 =1, 2 g i
8. % 517_5 14. Wehave, 27x% -10x+1 = 0
16.3113-1 17'Rtﬁ Comparingthisequaﬁonwithaxz+bx+c-0:wesee¢
- -1+ 7i o V2 £ /34 Substituting the values of a, b, ¢ in .
4 23 -b+3lb2—4ac :
o = andf = L
2a V.
/ 10 - /100 - 10
v 10 + /100 -108 and ALE

Ly 5+1J‘
"z.ﬂ; '27‘ g
Th‘sivmethonis
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28+,/§84-8408ndﬂ 28 - /784 — 840
Qe Y e iy A0 Lm0
42 42
28+ - 28 -.,/-56
e 0= —+—56andﬁ e N
2 42
2 i14 2 i1
= AU andf = =
3 21 g

20. The given equation is +3x% —+2x+ 3v3 =0. Comparing
ax? + bx + c=0,weget: a=+3,b =—ch= 343.
Substituting these values in

this equation yjyy

2a 2 , we get
2 o — -
0=J_+mandﬁ=ﬁ 2%
2‘]’5 2\/5
o e s PN IR

= —2J-§—and[i = _2\/5—

21. The given equation is N2 4 v+ V2 =0. Comparing this equation with a2 L b0 e
gett a =~2,b =1,¢c = 2.

Substituting these values in
—b+ b2 -4 —b-b2 -
o = Eﬂcandﬁ = —b—b*ﬂ,weget
2a 2a
=il T -1- =
0@ =——7-=——andp = #
2V2 22
—1+iV7 -1-i7
= &4 =——7—andp = — """
22 E 22
: pssmis 1
22. The given equation is x? +x+ﬁ=0' Comparing this equation with ax2et bx + 020 We
geta=1b=1,c = —12-
Substituting these values in
~b +b? - 4ac b b2
a = 2\and[} = 4“[ we gef
a 2q
-1+41-2v2 ~-1- -
=ha L= —Caip - BV 12N
2
Sl 22 1
=5 ———2-——andﬂ = 11\2\5—1
2
e
The given equation is x? + = 41 = c=0

n 0. Comparing this equation with ax? +bx

gett a = 1,b = -1—andc =1

V2
Substituting these values in
—b+,lb2—4ac 1 _b_m
= 24 ancp = _~2R\ , wWe get

|l L i

ATIC EQUATIONS

| R
QUAD! : : —
15 -4 ~ 1 — ==
B2 B¥2 & and preEa 3
e 2
i —1-i7
—1+i7 fi
> a=—p7 and p 272 ; ;s
i i i it ,we

iven equation is 522 + x + /5 =0. Comparing this equation with ax® + bx +c¢ fi<
»4 Thegiven
4.

J6,b=1and c =+5. Substituting these values in
a=+5,b=

_b+,}b2—4a£a X b b7 4ac

= ndf = , we get
S 2a
-1+,1-20 it -1-.&1—_%9
o= = andB = ——'—E
245 2
~1+iJ19 dap 3 -1-iV19
g °F 2.5

1% = —&=U this uation with ax® + bx + c, we get.
25, The glven Cqu ation 1S,—- X~ + X 2=0 Comparmg eq

a=-1pb =1 and ¢ = — 2. Substituting these values in

2
,/ 2 —b —4b” —4ac
M andB = _ll___s_a_._.—, we get

2a
_1+,2/l _Sandﬁ - -1- 1—§

‘ 39
-1 +i —1-i7
=y 1+lﬁand|3=
_2 _2
L7 W\ AT
= = — 41—
= a > 12 and B 2+ 3

: : : ; 2 =i
2. The given equation is x%—2x + % =0. Comparing this equation with ax* +bx +c=0, w

getta=1,b=-2and c = 3/2.
Substituting these values in

3 \ = —b—\’b2—4ac
o b +4/b 4acand|3=

2a 2a
\/ = -J4-6
= Q:uandﬂ___z
2 2
> a=14+l e
1+J§andﬁ 1 7

0 v 2 =
27, The given equation is 3x% — 4x + % = 0. Com,paring this equation withax® +bx + ¢ =0, we

Beta=3,b=-4andc= 2—; Substituting these values in

2
-b+\fb2—4ac T -bn’b _4ac,weget
B 45 27w e 7 24

2a
4 - 4-./16 -80
PR e ST
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= =4+81and5=4~81
6 6
= a =—2—+iiandB = Z_ﬁ,‘
g B3NS

14.5 QUADRATIC EQUATIONS WITH COMPLEX COEFFICIENTS
Consider the quadratic equation

ax2+bx+c=0

where a,b, care complex numbers and a # 0. &
Proceeding as in section 14.4, we obtain that the roots of equation (i) are given by
e —b +/b? - 4ac ] B=—b — b2 — 4ac
2a : 2q y
These roots are complex asa, b, ¢ are complex numbers,
Since the order relation is not defined in case of complex numbers. Therefore, we cann
positive or negative sign to the discriminate D = b2 — 4qc, However, equation (i)

roots which are equal, if D =b2 - 4ac = 0 and unequal roots if D =b? — 4ac # 0,

ot assign
has complex

REMARK In case of quadratic equations with real coefficients imaginary (complex) roots always occur
in conjugate pairs. However, it is not true for quadratic equations with complex coefficients. For example,

the equation 4x* — 4ix —1 = 0 has both roots equal to % i

ILLUSTRATIVE EXAMPLES

EXAMPLE 1 Solve the following quadratic equations by factorization method:
(i) x2-5ix-6=0 (ii) %+ 4ix-4=0
SOLUTION (i) The given equation is

x2—5i1-6 =0
> x2 —5ix + 6% =
= x2—3ix—2ix+6i2 =0
= x(x=3)-2i(x-3) =
= (x-3)(x-2) =0
= x=3i =0,x-2 =0

x=3i,x =2

Hence, the roots of the given equation are 3i and 2i,
(ii) We have,

x2+4ix-4

=0
= x2 + dix + 4i2 =0
= (x+2)2 =0
= X+2 =0 (twice)
= x = =2 -2

Hence, both the roots of the equation are equal to - 2;.

- — :
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QUAD st
Solve the following equations by factorization method

) 3x2 +7ix+6 = 0 (iii) x> ~(3v2+2) x+ 642 = 0

}—\_\3\”7[ E2

0 xZ_J'z-jx+12 =0

ON (i) We have,
soLUTI 2Tt 1

0
12—3«ffix+2ﬁiX—12i2 =0
0
0
0

ﬂ .
x(x—3~/§0+2ﬁ1(x—3-/§1) =
5 (x - 3v2i) (x +2J21) =
i x—3\/§i=00r,x+2\/§i= :
4 x = 3J2i ot —S2V21
= | ’
Hence, the roots of the given equationare — 22 i and 342 i.
(il 3x247 ixh6 =)0
= 3x? + 9ix =Qix — 62 = 0
= 3x (6 3) -2 (¥*+3) =0
4 (x + 3)(3x—2i) = 0
= x + 3i =.0por, 3_.(_21-:%
e x=-3ior,x=§,'

g 250
Henge, the roots of the given equation are — 3i and -5 L

(iif) X2 —(3V2+2)x+6v2i =0
= (x = 3V2x) - (2ix - 6J2i) = 0
> x(x—3v2)-2i(x-3J2) = 0
4 (x—20)(x—3J2) = 0
= x-2i =0,x-3J2 =0
= x = 2ior, 342

Hence, the roots of the given equation are 2i and 3+2.

EXAMPLE3 Soloe the following quadratic equations by using the general expressions for the roots of a
Juadratic equation:

B 2 -(3/2-2) x_64Ti = 0

. 2 A
SOLUTION (i) On comparing the given equation with the general equation ax EogECEUave
8%t 2=1,b = (342 —2) and c=—642i

2—
:ﬂ@ and ﬁ:___b__—_ M’ we get

(ii) 222+ 3ix+2 =0

suhSﬁmﬁng the values of 4, b, cin o =

2a
2a
- =20 = -20)2 +242i
o (3J§—21)+J(3\/§-21)2+24JZ’ e, B=(3J§ 2i) J(s;/i 202 + 242
2
= 27) = 2i)2
> a:(3\/§—20+\/(3\/§+21)2’ e B=(3~~/'Z’ 2i) 2J13~/5+ )
2
=58~ 2i
S oo 32-243V2+20 i A I
2
Heng, % = 3V2,B = -2 .
ence, the roots of the given equation are 342 and - 2i.

SRR
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(ii) On comparing the given equation with the general equation ax? 4 by 4 ¢

=0, we
a=2,b=3i and c=2 € get

=b+ bZ - 4ac =Y = [ ehs
Substituting these values of a, b, cin o = —~~~\—/—— — and P = \/;’ 4ac
a

24§ T We gey
i+ o2 ; 2
- -16 =31 =4/9i“ =16
o= L—g‘— and P = 7,,_\/ 4ol
4 4
-3i+.,-25 -3i--25
i [l d AT M
e a 2 an B n
ry u=—31+51 A B=-31—51
4 4
= o == and p=-2

Hence, the roots of the given equation are é and - 2i,

EXAMPLE4  Solve: 2x2 ~(3+7i) x—(3-9) = 0.
SOLUTION On comparing the given equation with the general form ax? +bx + ¢ =0,
weobtaina=2,b=~(3 +7i), c =—(3 -9i).

E.
Substituting the values of a, b, c in o, = and B = _ZJ—')/II ;4“*, we get
2a

2a
_ (B+7)+4(3+7)2 +8(3-9) (3+7i) —(3+70)2 +8(3-9)
= and, p = —— ———
4 4

3+70)+/9-49+ 42+ 2472 90— 49 + 42i + 24 721
(S 7D 59 4:+42:+24 72i AN (3+7z)-J9—42:4g124)121
B 3+7i+,4/-16—30i i 3+7i~ /=16 - 30i 0

4

Let us now find ./-16 - 301,
Let a+ib = ,/-16—30i.'1'hen,

a+ib = =16 - 30i
= a® —b +2igb = 16 - 30i
= -1 =16 A
and, 2ab = - 30 A

(@% +b2)? = (a® -b%)2 + 4 22

= (u2 +l)2)2 = 256 + 900 = 1156
= ﬂ2+b2 = 34
Now, a® -b? = -16 and a® + b2 = 34
= a? = 9andb? = 25
= a=zx3andb = +5

From (iii), we find that a and b are of Opposite signs,
' 4 =3andb = -50r, 4= -3andb = 5

OUADHATIC EQUATIONS

~16-30i = 3~5ior,~ 3 +5i.

ither of these values in (i), we get ' )
3 §3+7i) + (3 ~50) L (e (3 +71i) ~(3 =5i)
o = 7 e

3.1 and, p = 3
2

Hence,
gubstituting €

n

= o

iven equation are 3, LEnd 3
Hence, the roots of the given equation are 7 kg

EXAMPLE 5 Solve: x% (7 =1) x + (18 = 1) &0 over C.

¢ 2 - o t
SOLUTION Comparing the given equation with the general form ax® +bx+c 0, we ge

g=1b=-(7 -i)and c =18 ~i. Substituting these values in
l 2 ~b = b? - dac
o= & —t\/b = Ay, p = ———— weget
% & - 2a ;
(7 ~i) + (7' 20)? -4 (18- (7 =1) =7 =12 ~4(18 =)
o = Y ¥ §a ;

NG 24_',]@. f = 0 =) Sy AR (i)
GRS =N 5 / 2
Lét us now find J;ﬂt 10i.
Let,_ a+ ib'<x/~ 24~ 10i. Then,
(a%ib)% =-24 -10i
3N (a*=b?) + 2iab =-24 -10i

= a2 = 24 ..(if)
and, 2ab=-10 ..(iif)
Now, (a%+b%)2 = (a® ~b2)? + 4 a2 b?

> (a2 +b%)? = 576+100 = 676 = a* +b% = 26 iv)

Solving (ii) and (iii), we geta=t1landb=1%5.
From (iii), we find that ab is negative.
‘ A=1b=-5 or, a =-1,b =5
a+ib =1-5i or, —1+5i
Hence, /=24 -10i = +(1 -5
Substituting either of these values in (i), we get o
7 -i+1-5i 7 -i)-(1-=5i .
= 1+21 5’:4—3iand[3=( 02( =3+2
Hence, the roots of the given equation are 4 — 3i and 3 + 2i.
EXERCISE 14.2

3 Solving the following quadratic equations by factorization method:
() x? +10ix 21 = 0 () A2 +(1-2)x~2 = 0
(i) ¥2 —(2y3 + 3) x + 63 = 0 (iv) 6x% ~17ix =12 = 0
% Solve the following quadratic equations:
(@) x* ~(3V2 +20) x + 642i = 0
(i) (249 x2 ~(5 ) x+2(1 ) =0
V) ix?—4x-4i = 0

(i) X2 ~(5-)x+(18 +1) =0
(iv) ¥ -(2+)x-(1-7)=0
(vi) x* +4ix-4 = 0

14.13
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14.15
MATHEMATIGg QUADRATIC EQUATIONS
. 2 ity . aee 2 o 7
(vil) 2x* +J15ix-i=0 INCERT] (vill) 2° —x+ (1 +1) =0 JiBi 1+ i 1+(J1‘5+4)i — 151 — (1 + 4i) =_1_(J§+4)1
A ) 3 By "142____ = | e T T L and B i 2 2
(ix) ix* —x+12i=0 [NCERT] () x*-(3V2-2)x-y2i=q willi 4 it
(xi) x*=(V2 +1) x+2i=0 [NCERT] (xii) ZXZ—(3+7').\'+(91'—‘>.) When\[‘llm = —1-4i |
| | i _J5i+1+4i  1+(4-+15)i
ﬁ§1—1—4x=:1_—_(_\/%—2i_4_)_1andﬁ= JTs:; _ 14 -
et T
ANSWERs i
1. (@) -3i,-7i (i) -1,2: (iii) 23, 3i (iv) §_,', é,- (ix) The given equation isi 2P mx 12} m‘\J | I |
3 i +bx+c = 0, wegeta=i,b = —
; ! this equation with thestandard equahon ax )
2. () 3v2,2i (IS4 2 + 31 (i) 121, 2 =27 * ! o) 3.4 S Gomparing i £ W
- i and ¢ =121 " (i,
(v) —2i, - 2i (i) ~21,-2i (i) E-VI)i -1-(/I5 + )i Substituting these valugsin "%i.r, 2
4 4 Lplli2le A ¥ _p- vt -dac
32 =97 4.2 ..Mandﬁ:———-"———pweget
(viii) 1 —i, i (ix) —4i, 3i =2 v it 20 ; 2a
> : 2 e 1 +41+ 38 1- /1548
(<) v2,i (xii) 3i sHiihin oyttt
R 2 J
1+7 1il7
e = || W= ——— and B = —+
, HINTS TO NCERT & SELECTED PROBLEMS . N 2i 2i
2. (vil) The given equationis2x% + \i5ix—i = 0. . P 4 and B = 1 = o =0-4i and B =
{ Vi i
Comparing this equation with the standard equation ax? + bx + ¢ =0, we get

(xiﬁzg{[he given equation is x* ~(v/2 +1) x ++2i=0.
a=2b =15 and ¢ = —{ A
Substituting these values in

| Jym€omparing  this equation with the standard equation ax> +bx+c = 0, we get
Db a=1,b = ~(V2 +)and c =2 i.
bk \b —4ac il —b —[b? — 4ac "‘ g Substituting these values in
_?-“ TR o e Bet ’, —b + b2 ~ dac —b —/b? —4ac t
u:—\-15i+:«‘m and,[;:“/l—sj*\m > W a=——ia-——andl3=—-——3a————,wege
4
Let \:1&5—;7371' = a +ib.Then,

| R T T (V2 +1) = (V2 +)? ~4V2i
‘ i 2
~15+8i = (a + ib)2

and B =
2
i V2 +i 4 (2 ~1)2 (V2 +9) = (2 =0?
= -15+8i = a® -b% +2iap Q=—h2 and B = 3
e '~b2=-15and2ab=8 ‘ = u:"/§+’.+“/-2—"i mdg_w
Now, (a2 +b2)2 = (a* —b%)2 ; 422 %Y & )
2 1122 2 ) : TR setibi |
= (a°+b7)" = (-15)° +64 = 28
i ) 9 ® VERY SHORT ANSWER QUESTIONS (VSAQs)
& +bti=17
il il :u'iswer each of the following questions in one word or one sentence or as per exact requirement °f the:
Solving 2 ~b% = ~15and ¢ + b2 = 17, we get e 2 2 !
nifil 2 1 Write the number of real roots of the equation (x ~1)% + (x =2)* + (x = 3)* = 1
a =1 and b° =16 1
I ] & Ifaandbarerootsoftheequat:onx -px+q =0, then write the value of £ + 5. I
i} i sigh
= a=1Lb=4ora=-=-1b=-4 [lian e Ao TR g i e of the samé 3, Ifmoma[loftheequahonx ~px+16 = OSansfytherelationa,2+ﬁ =9thenw::ite
[F15+8i = 1+4i,~1-4i th-e\:alueofp
When =15+ 8i =1 +4i:

11l i i
1f2+flsaroot°fﬁ\eequahonx +px+q =0, ﬂ\enwntethevaluesofpandq

il
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MATHEMATICS .

5. If the difference between the roots of the equation x®+ax+8 = Ois 2, write the vy,
€5 ofg,
6. Write the roots of the equation (a —b) P b-c)x+(c-a) = 0.

2

3

If a and b are roots of the equation x“ —x +1 = 0, then write the value of 42 +b2,

8. Write the number of quadratic equations, with real roots, which do not ch

ange by g, :
their roots. it it
9. If a, B are roots of the equation x? +lx+m = 0, write an equation whose roots 5
d i re
~—and -~.
a

10. Ifa, Bare roots of the equation x%—g (x+1) —c = 0,then write the value of (1 + o) (1+ B).

ANSWERS
1. No real root il 3. 8 1. p =-4,9 =1 +8 6 ]’_c—_a
q " a-b
7. =1 8 3 9. mx? —lx+1 = 0 10. 1-¢
1584 dELEEREIRRIAL) | MULTIPLE CHOICE QUESTIONS (MCQs)

Mark the correct alternative in each of the following:

1. The complete set of values of k, for which the quadratic equation x% —kx + k +2=0has

equal roots, consists of

(a) 2+12 (b) 2++12

(©) 2-+12 (d) =2-+2

2. For the equation| x |2 +| x| = 6 =0, the sum of the real roots is

(@)1 (b) 0 (c) 2 (d) none of these
3. Ifa, b are the roots of the equation x + x +1 = 0, then a2 + b2 =

(a) 1 (b) 2 (c) -1 d) 3
4. If a, B are roots of the equation 4 i PHHD 0, then1/a + 1/p is.equal to

(a) 7/3 (b) -7/3 (c) 3/7 (d) -3/7
5. The values of x satisfying log 5 (P +4x+ 12) =2 are

(a) 2,-4 (b) 1,-3 (©-1,3 @ -1,-3
6. The number of real roots of the equation (x2 +2 ‘x)z - (x‘+ l)2 -55=0is

(a) 2 (b) 1 (0) 4 (d) none of these
7. If o, Bare the roots of the equation ax® + by + ¢ =0, then B + _#l_’ =

! ao+b ap+b
(a) c/ab (b) a/be (c) b/ac (d) none of these

g, If a,B are the roots of the equation x2 4+ px+1=0;v,8 the roots of the i
%% 4+ gr+1=0, then (@) (a+8)(B ) (B+ 5 =
@ 4 -7

®) p* -4 © p?*+ (d) none of these
9, The number of real solutions of| 2 x ~x* — 3| =1 s
(a) 0 (b) 2 (c) 3 @ 4

14,

20,

21,

2,

14.17
7/C EQUATIONS

QUADRA
i 2 |x-1]|=1is
¢ solutions of x* +| x =1 |
. The number O
i : )eO (b) 1 (c) 2 () 3
a
2
x-—x+1
=2 — then
11, Ifxis real and k S
ykel/3,3 () k=3 (c) k<1/3 (d) none of these
a ’ '
2 ) he roots of +2 —bx + ¢ =0 are two consecutive integers, then b% -4 cis
i I(“) 0 (b) 1 (c) 2 (d) none of these
a

21 A ommon root is
.Thevalueofasuchthatx2—1lx+a=0andx 14 x + 2 a = 0may haveac

@) 0 (b) 12 (c) 24 (d) 32. i
The values of k for which the quadratic equation kx? +1 =kx +3x—-11 x“ has real and equal
ts
l’((:1()) ij;e -3 (b) 5,7 (©)5,-7 (d) none of these
. If the equations x% +2x +8\=0and 2 %2 + 3 x +5 A =0 have a non-zero common roots,
then A =
(a; 1 (b) -1 (c) 3 (d) none of these

{ . 2 12
“If one root of the equation X2+ px + 12 =0is 4, while the equation x™ + px + 4 = 0 has equal

roots, the value of g is
(@) 49/4 (b) 4/49 (c) 4 .
The value of pandq(p#0,q#0) for which p,q are the roots of the equation
1'2+Px+q ab =0 are
(a) p=1q9=-2
©p=-1,9=2

(d) none of these

(b) piisiiy alinte
dp=19=2

LI o i
. The set of all values of m for which both the roots of the equation x ~(m+1)x+m+4=0

are real and negative, is

@) (=0, - 3] U5, 0) (b) [-3,5]
(C) (_ 4’ w 3] (d) (— 3, "'1]
-5 w2 i
' The number of roots of the equation % T 13
@0 (®) 1 (g il
L
If o and B are the roots of 4x2 + 3x +7 =0, then the value of « f p i
4 3 3 @ >
(a) f ) - 5 (c) 7 4

1 1
If, o, B are the roots of the equation %+ px + =0, then T B are theraots Gt
€quation

() x* +px4q =0
(d) g* —px+1 =0

(a) xz—px+q =10
© g 4 px+1 = 0

If the difference of the roots of x* — px + g =0 s unity, then
@ p? 4 4q =1
© p2+aq? = (14292

®) p -4q = 1
@) 4p> + ¢ = (14297
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23. If a, P are the roots of the equation x? - p (x +1) - ¢ =0, then (o + 1) (B +1) =

(a) ¢ (b) c-1 (c)1-c (d) none of these i
24. The least value of k which makes the roots of the equation ¥? +5x+k=0 imaginaryig
(a) 4 (b) 5 (c) 6 (d) 7

25. The equation of the smallest degree with real coefficients having1 +ias one of the roots ,s
2 (b) ¥2-2x+2 =0

(@ x*+x+1 =0
© x2+2xr+2 =0 (d)x2+2x—2z0
P ! e L A
L (b) 2. (b) 3. () L(d) 7. (d) 6. (b) 7. (o) B. (a)
9.(b)  10. (a) 11 (a) @ 12.(b) = 13 (c) 14. () 15. (b) | 16, (a)
17.(c) | 18.(a) | 19.(b) | 20.(b) ' '21.(d) ' 22.(b), (e 23. (c)

24.(d) 25 (b)
SUMMARY

. Fundamental Theorem of Algebra: Every polynomial equation f (x) =0 has at least one

root, real or imaginary (complex).
- Every polynomial equation f (x) = 0 of degree n has exactly 7 roots real or imaginary.

e

o
3. A quadratic equation cannot have more than twowoots.
4. Ifax® +bx+c=0,a#0isa quadratic equation with real coefficients, then its roots ¢ andf
given by
“b+ b2 - dac 4P Ny i ~b-D
o= and, B = ini or, a = Mand,ﬁ="——*’
2a 24 2a 2a
where D =b? - 4ac is as the diécrithinant of the equation.
(i) IfD=0, then « =B=——b~
- 2a

So, the equation has real and equal roots each equal to — 23
a

(ii) If a,b)c €eQrand D is positive and a perfect square, then roots are rational and

unequal. i
(ili) Ifa,¥, ¢ R and Dis positive and a perfect square, then the roots are real and distinct

(iv) If D>0but it is not a perfect square, then roots are irrational and unequal- it
(V)3 If D <0, then the roots are imaginary and are given by

il —b+iv4ac—b2 Lnd|[RIL ~b ~i+/4ac -b?

ai=

2a 2a |
(vi) Ifa=1,b,c el and the roots are rational numbers, then these roots must be integ,eﬁ;
(vii) If a quadratic equation in x has more than two roots, then it is an idenﬁtyju‘l |
that isa=b=c=0. g ef
| (viii) Complex roots of an equation with real coefficients always occur in pairs: HO;"V-‘?‘:'E:
1 this may not be true in case of equations with complex coefficients. For @;(?mpfff
} x? - 2ix ~1 = 0 has both roots equal to 7. ' i

cien®

(ix) Surd root of an equation with rational coefficients always occur in P
2++/3and 2 -/3. However, Surd roots of an equation with irrational Coefﬁ
may not occur in pairs. For example, x> - 2./3 v + 3 = 0 has both roots eqlrlal i






