———
N e i

seesese o evee

i . . : . 2
Define discriminant (b’ 4ac) of the quadratic expressionax” +bx +¢.
Find discriminant of a given quadratic equation. i _mim;“
Discuss the nature of roots of a quadratic equation through ciscrimina. .
Determine the nature of roots of a given quadratic equation and verify the result by solving the

Determine the value of an unknown involved in a give
its roots is given. k
Find cube roots of unity. )
Recognize complex cube roots of unity as @ and .
Prove the properties of cube roots of unity. . :
Use properties of cube roots of unity to solve appropriate problcms.l )
Find the relation between the roots and the coefficients of a quadratic equation.
Find the sum and product of roots of a given quadratic equation without solving it.
Find the value(s) of unknown(s) involved in a gi\:cn quadratic g]uut_inn when P
o sum of roots is equal to a multiple of the product of roots,
' sum of the squares of rools is equal to a given number,

::, roots differ by a given number, _
o roots satisfy a given relation (e.g. the relation 20+ 50 =7 where o and [} are the roots

of given equation), ! :
"o both sum and product of roots are equal to a given number.

@ Define symmetric functions of roots'ofa quadratic equation. :
Evaluate a symmetric function of the roots of a quadratic equation in terms of its coefficients.

L]
@ Establish the formula, ;
+ - (Sum of roots )x+ (Product of roots) = 0,to find a quadratic equation from the given roots.
@ Form the quadratic equation whose roots, for example, are of the type:
o 2a+1,2p+ 1, . :
o o, P

uation. .
e n quadratic equation when the nature of

* Unit 2 Thﬂ.ﬂj ﬂ‘[ (||l-'.-'-rﬂht, p'lU'UI;D:I_ - e : . :‘:’_1

3 w ﬂ . g -
where a, [} areihe
_ ; - s ; :
PRPER 54 e ;;:;_adl;:c-" quadratic equation..
@, Use synthetic division 1o e R N
o findquotientang remain iven polyno : s ?“W' !
- Otientan ainder when a given pol ial is divi i i
ey ket it oot spomomin g,
, Hets) ol unknowngs) ifthe F O iver
i j : :'}::::;E;bxcdcgnaliunil'nncm:u;:héizzﬁl}z:iﬂi}vtzwmumgtwn.
C Iquadratic (quanic) equation iftwo of :
the real i
@ Solve a system ulf f""q €quations in two variables wjien s Df'hew“f’“““m-g?""‘*
¢ .0 Oneecquation s linear and the other js quadratic, ;
o both the equations are quadratic. '

@, Solve the real life problems leading to quadratic equations

EI!] The discriminant of a quadratic equation - !
In the quadratic formula, the expression b’ c, is iscri el Uuzd’- ;‘:hr-a e
b =ul_l' \e cxpression b’ - dac, is called the discriminant of the g tic
The value of the discriminant is used i

et crimil to determine the number of soluti f i
e'quahf:-n and numbcn:ol‘.r intercepts of the graph of the related funclim?j;z?i:m:cgpu:gﬁgz
graphis the x - coordinate ofa pointwhere the graph crosses the x - axis. .

L__“Cfn-es Case(i) |  Case (i) Case (iii)
Discriminant b’ —dac>0 b’ -dac=0 b*-dac<0 ‘
Nature of roots | The roots are unequal The root are The rool‘s are une;lual
and real. Roots are ual. d imaginary
rational if b=4ac is i i
perfiect square -

otherwise they are
irrational.
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“Example ([}

R m Nature of roots of a l.|u-.1d|':|t|4. couat

Unit 2 Theery of quadratic equotions
i

- s 2 x-l-?_ = 0.
Find discriminant of the quadratic equation X +9.

Solution ith ax +bx+c= (0, we have

Comparing the coofficient 2 40x+2=0W
a=1,b=9, c=2 s
Discriminant = b* —4ac = (9)" —4((D= 8-

jon (hrouah disct Aaninant
Example (8
Examine the nature of the roots of the fol

(i) x —-8x+16=0
(i) 6x*—x-15=0

lowing quadratic equations.
@i *+9x+2=0
(v) 4x2+x+1=0

Solution
(i) Comparing x* —8x+16 =0 with ax’ +
a=1,b=-8,c=16. b
Discriminant =b* —4ac=(- g)’ ~4(1)(16) =64 - 64=0
Since discriminant = 0, therefore, the roots'of the given equation are rea

equal.

bx+c=0,we have

In x* +9x+ 2,we have,
Here a=1,b=9%c=2
Discriminant =b’—4ac= —(9)Y - 4(1)(2)=81- 8 =73

t = 0, but not a perfect square, thcrefor-:: the roots are real, uneq

(i)

Since discriminan
irrational. y
(iiiy Herea= =6,b==1,c=- o sl G

Discriminant =b’ —dac=(~ 1)' -4(6)(-15)=1+360= 361=(19)

Asthe discriminantisa perfect square, therefore, the roots are real, unequal and rational.

(ivy Herea= =4,b=l, c=1
Discriminant = =b? —4ac=(1) -4(4)(1)
=1-16

=-15 *
As the discriminant is negative, therefore, the roots are imaginary and unequal.

1 (rational) and

ual and

Unit 2 Theory of quadratic e§uations
ﬁ’ﬁﬁ’ﬂ Determining and ve

rilying nature of roots.
Sxample [E¥  Determine the nature of roots of the following equations and verify the

ramr.ultsb:.r solvmg them by factorization.

{

* Example.|

; (i) x —6X+9=IJ (ii) Iz+5x+6=0
Solution :

(i) *-6x+9=0

Here a

=1,b=-6, ¢=9.The discriminant is given by
b* —dac = (-6)" =4(1)(9) =36-36=0
Smoe the dlscnmmant is zero, the roots are real and equal.
¥ —6x+9=0
(x=3)(x-3)=0
, £=3,3
Which are real and equal. Hence the result is verified.
(iip x* +Sx+6=l_] :
Here a=1,b=5, c_=6. The discriminant is given by
b? —dac =(5) = 4(1)(6) =25-24=1=(1)
Since the d1s—::nn1mant is a perfect square, the roots are unequal and rational.
X 45x+6=0 .
(x+2)(x+3)=0
cx==2and x=-3
Which are real, unequal and rational. Hence the result is verified.
Without solving, determine the nature of the roots of the quadratic equation,
I - dx+6=0. _
We evaluate b’ 4ac usinga=3,b=-4,and c =6:
 b-dac=(-4y-4(3)6)=16 -72= 56

The discriminant is negative, so the equation has two complex roots.

Solution

Example | | Without solving, determine the nature of the roots of the equation.
WW-Tx=-1
We rewrite the equation in the standard form
2¥-Tx+1=0 g 8
and then substitute a =2, b==7, and ¢ = 1 in the discriminant. Thus,
bl dac = (-7) - 42)(1) =49 -8 =41
The discriminant is positive and is not a perfect square; thus, the mots
are real, unequal, and irmational.

Solution

e
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; Af qupdretic equntians
Yt 2 Treory 7 4

 naAture ol rouvts.

I m Determining and verifying the v alu W .-wht-:!hlh‘-’gwcn quddr.mc etIuntmns
; lucs of k 10

| Example £3 Determine the setof va

have real roots. :

| 3 £

: l: I (i) ot +4x+1=0 (i) 25 +hx +3

i - Solution ? i

1
_ Comparing ky® +4x+1 =0 with the gl adratic ¢qt

Il ")
I i ) ax® +bx + =0, we haye
' ; p a=k, b=4,¢c=1
} i Discriminant = b* —4ac :
LB =474k =
' Since roots are real, so  b-dacz=0
..l = 41 -4k20
|l | B = 16-4k=0
i A 16> 4k
i i = azk
i or k<4
! i 4 (ii) . Compmg 212 + kx +3 =0 Wll]'l the ql.lﬂdrﬂtil: equatiﬂﬂ
i ax® + by + =0, we have _ ¢
: a=2, b=k, c=3 :
. Since roots are real, so  b’—4ac=0
[ = K-42)3)20
5 Discriminant = b —4ac= k" - 4(2)(3)20
{ o k-2420 .
== Cor K224
| Fela

! ' |k_|azJE' o

I k2246 :

k2246, - k22{6 ¢
k22J6 o k<-26 '

v BRI DTEFARISAL L

Unit:2 Theary of quadratic equations . 5 oy ’ ' .i

v Exercise 2.1

1.Find the discriminant of the following quadratic equations:
M Mlya13= 0 (1), 4x* =5x 41 =0
5 = "
2. Examine the nature of the roots of the following cquations:
() 3x? ~5x41=0 (1) 62" +x -2=0 (1) 35 424 1=0
3. o sl of'l the roots of the fallow ing equations are l:qu.ll .
() ¥ kv +9=0 Wk 124 + hea 320 il —5x4k=0

4.Determine whether the followlng quadratic equations have real roots and if so
find the roots. :

(). 4x+1=0

() x*45x45=0 (D) 4 41244 9=0 Ui 6 4 x-2=0
5.Determine the nature of roots of the following quadratic equations and verify -
the results by solving them.
(il 3% =10x+3=0 (i), ¥* —6x+4=0
6. For what value of £ the roots of the following equations are:
fard reni (h) imaginan
Gk 20 43xe k=0

l1ii1.r‘_3=n

(idfy +2x+1=0 iy +5p+k =0

: 12x 8+ 2=08
- = 123 x 8+ Q87

: 1234 x 8+ 4= 9876 _-
l.’?-'l-:! ® 8+ 'J\\:'.‘D:T. .

123456 x 8 + Q87634
1234567 x 8 +.7 = 98763543
12345678 x 8 4+ 8= 98763432
123456789 x S+ 9= 087654321

It

de a1
Il
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o




ratic equations i ' ‘ .
unit 2 Theory o quod : = Unit 2 Theory of quadratic equations - .

- . . ’ i 2 L Fropertics of the ¢ i
” % ek s of the cube ronts of unity
" erties - The sum : §

their pmp - ! Fhe suni of the cube roots of unity is zero i.e. |+ m +m' =10,

Cube roots of unity 2 .
EEE. Cube root of unity Ifia= -1+iy3 i -1-i\f3 7 2
Let x be a cube root of unity, 2 2 5 ‘
then x=1 (s . 0 ; Then we have 14+ +0? = 14+ —ei¥>. 4-4_“','5
=3ll= ' 2 2
=1 s : : 3
> pei=0 A J2-14+iB-1-if3
=, (x=D(F+x+D)=0 : §
—1=0 or x P px+l=0 =2
= %=1 1i 1= 4 --]i\r- -li]ﬁ : 2
ives x=1 or Xs——pm =0
i 5 2 3 Thus, the sum of the cube roots of unity is zero.
. where i=-1=1"=-1 \r 2. The product of the cube roots of unity §s 1, ie. e =m' =1
: -]+IJ- 'I"'j 3 B S
I Thusthccubcrootsat'unltyﬂrel i and T, lfm=+'jE and m’:-lz_"‘ﬁ.
il . —1+i3 —l—*“r lex roots. t OO -r—ﬁl"'iﬁw.-—']_fﬁ\'
i Hcrcllsthcrealrontand—————- = == S hen 0@ IL 2 } E J
mega). it
{8 - Let one of the complex roots be denoted by the Greek letter o (read as omega) <0 ~(i3) e
| s 0= 4 1-( 3? 8-
- uppose = il
i : ppo o5 , : = (rit==1)
i : v .
2 _[-1+i3 _143
;- Then 0= 2 4
| : : ; : : % =4
(=1 +(iW3) +2(-D(iB3) 4
= =]
4
Thus, the product of the cube roots of unity is 1. | i

3. Each complex cube root of unity is reciprocal of the other e w=— and W' <
e

By property 2, we have w' =1.
= wew' =1

_1-3-2i3
Sl




n
m Using Propernes of cubc wnts ofu
Show that ' +)° =(x+Yr J(x+u¥

ur 10 solve proble™
1w y)

" . Solution :R.H.S -(x+y)(:c+'-v}'){1"‘“’}'}
| ' ~ e )

‘ ]w+|‘. ty :i
‘ﬁ%« -(r+1)[;+[u::} . 1+w+w2 PR
7 a =(x+y)(' —-Xxy
= =x+1 ¢

|
|
| =LH.S & oo
“ frxam e |3 Evaluate w”, w®, w', W', W

F[ gdudol ™ we= W) =)’ =1
i

=13
w

W= (W) =) =1
: »= W) =" =1 il
B :':“ = w'-w'= (w’:l M -'(n wh=lw =1 .
!i (v properfy 3J} ik B

i .
i gL " |
: ; | PPN R ) 6

o B i e T

. 5 4 S LA
n'’ wew {“} w A1) ew oW

1 . - 5 3 L EY
" Example EJ show that (- er) +(-1-i3)=16
t4 e +,J'3 R

- N A
il - Sﬂluliﬂn " Since-w=— and 5

- Then 2w--l+:qr5 nnd 2wt =—-1- :J_
LHS =(-1+i3) +(-1- f\,r:l

= ('?'.ll +(20° :y
=& +8u"
=8w’4;_8(w']:
=8(1) +8(1
¢ S eis

= ' =16

=RHS

Mathematics X P«l‘(‘]ﬁ' l "K,,Tz @.«’*\ )
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1. Fin-fl the cube roots of the following numbers, | - w/
(i). -1 (ii). & | (iii). =27
2. Evaluate:
(i) w2ayty (ii). (14+w-w?y (iii). (14 3w- w‘)(l+w—2w’)

3. Prove that:

M- (+2w) 1+ 2w )1~ w-w?) =6  (ii). (~1+iy3)" (_, if3) =512w2 \‘) |

4., Shnwthat
(i) »- » =(x=y)(x- W (x=wly) (i) (14 w)(1+ w? ) (1+ w' )(l+w'L 1
- Roots and coefficients of a quadratic equation &

—F

"1 Relation hetween the roots and the co-cfficient of quadratic equation’

We expreSs the sum and the product of the roots of the quadratic equation in terms of its
co-efficient. Let o, B be the roots of the quadratic equationar’ +br+e=0: a#0 wherp
o —b— b —4ac ’,, 3
= 3nd B= - X
2a 2a
Then sum of the roots

2 Y T
a+a=“"+‘jf’ ~dac  —b—b? ~4ac

2a
_ b+ b’ ~dac b b ~dac

2a

_2_

Poe s |
a
and product of the roots

[ W 4ac][ B e ]
ufi=
2a 2a
(- - (V& —aac)
1 = 4a°
b =b +4ac
Lt

_£
a

=0 _ co—efficient of x
a  co-efficient of X*
' consiant term E
Product of the roots = af = = W ; 2]

'\!@jT ROR S,}._\LE M)

:“h

Thus sum of the roots = a.+p =
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Unit 2 Theory of quadratic equations

- - ‘\
- . ' Jtic equation without
«enquadrd
ots of 2 &1V

The sum and pradur.t of ro
solving it
e m fthecquation,
3 -W-itho;it. se;hring,ﬁnd the sum and product of theroots® ;
o 2-x-4=0 @ 6T
1 - - =
Solution_ ' " ik
- : =72, b=-3 20
i (st Ae=d=ir BECS
(i) In the equation & g g
Sum oflhe 10015 =-;-—=--—-i-‘ =5
C_ _—_'i =__.2
' product of the roots ==
b
' @@ 3¢ +6x-2=0
. Here B=3,b=6,0=—2
& af b
L Sum of the roots =—4=_3'—_
L a
l e =2__ .’.1

Product of the roots = ; = _3- :

m The values of unk
\ Example 1.

Find the value of k s0 that the
to three times the product of its roots.

nown(s) involved in 2 given

sum of the roots of the equation

Solution

The givm equation is
2 + b +6=0
a=2,b=k c=0
- sum of the roots =i =-£
a 2

Here

pl‘OdUCt'thhCTDOlS =~c—=%=3

b “
; .~ sum of the roots = three times the product of roots

quadratic equation

1x2+h+{:-=0iscqua\

Unit 2 Theory of quadratic equations
. Example 12]

Find the value of g §
aif the sum of the
square of the roots of x* = 3ax+a° o
=~ a =0is7.

. Solution 1
, ion_; Let a, B be the roots of the equation x* —3ax+a* =0

-3
=5) an a 1

then o+ =~ : Lo

Given o’ +p* =7

= (a+B) -2ap=7
= (a)' -2(a*)=7
= 9%'-2a'=7 g
= Ta° -
= o=l
= a=*]

h Exﬂm I f i ] TK= Y
p E Flnd he ﬂ.lue Of": ifth roots Of X X+ k 0 diﬂ‘er i
e i Vi & 7 |) un!t)r_

Solution  Let a, o +1 be the roots of x* = Tx+k=0
Then + Bl
o+{a+l)= ] and
or 2a+1=7 ;
or o=3 S

=

i Example Ii 'l If L are '[he 1o0ls O 9 = ] +k=0 at
,_t: ,ﬁ 15 f Xz 2 X k ,ﬁ.ﬂdlhe'v’alucori‘sul:hlh

20+5B=17.
Solution If o, b are the roots of 9x* —=27x+k =0, then
- 27

a+p=—=3 i

p 9 (1)
k .

and of=— ii

. p 9 &
also  2045p=7 (iit)

Solving (i) and (i), we get &= g p= %

Putting these values in (ii) we obtain [g][%]=

a(a+l)=.§=k
3(1+3) =k
k=12




. -+ 2 Theory of quadratic equations ;
oot ot of roots oF ihie quadsatic Unit 2 Theory of quadratic equations .
s R} Symmetri ,
; | P4L 5 | PYMmetric f“ncﬁons of :
: Let @, B be the roots of a quadrati roots of a quadratic equation
2 -sx+n=0 i '1 o +B* are called the functj tic equation, then the expressions of the fo
axz +bx+c=0" 4 function of the roots of a tions of the roots of the quadratic equati m a+f , af,
Here sum of the T - ' in values when the ruots:eq?at'm* we mean that the function rcma?::;:n'_ By symmetric
e = Sum of Roots = l are symmetric function o rm interchanged. For example, the functions anan: (thmg@
~ and product of the 1008 = 1 ¢ = g ey a+h, 0" +F, o' +p’
: e m of Roots = i —hadt symmetric function of ;
.I' P‘:‘Od“cl a E 5 0 the roots l)’-;[ quad a &
. : . ition xample If o ; ratic equation in terms of .
According to given conditi hared w0 ; , B are the rodts of o its coefficients
5 o functions of the roots ] +bx +¢=0, then find the val ;
2 =10 = fE . of a given quadratic equation i : ues of the symmetric
: . e : 3 . R & (i) o+p i) o ion in terms of its coefficients,
: m L & i ' ( 1.1 B sag (iv) o +p
=% == : V) —+— 2
; : 2 : : e o) — +
j and Z=10 . Solution
it m ‘
- = 10 m * [I:l A
! : = ; 1 1 ' s &, b are the roots of the equation ax’ +bx+c=0
'!.: : - 10[—2—] [ m=> . sum of the roots =+ = _b '
' : " - a
:i] L . n=5s (ii) Product of the roots = af§ =C
_—— =Jd. H 2 a3 f il
g E : m= and n 5 ‘11?]- Since o +|3- =(D‘.+ﬂ)! *-2[‘.'.[_]. ,ﬁ ?f:.
i e 8 : : o S
| + Exercse23_ r (-4 ¢
Hils . ; ) -
1. Without solving the equation, find the sum and products of the roots of the followmng . 4 B 2 : ’\1 ; (I:C:ij
& quadraticequations. 5 ; a a A .\
it} . T (ii). 3+ #2x =5 =0 . A
Hl 3 #mdmemueofkifsmofmemmrzf +hoc +6 =0 is equal to the product of its 100t ; B
i - 05 to 13 iv)  Since o’ +p’ = P i
£ 3. Find the value of k if the sum of the square of the roots of x* = Shx + 6k’ =018 equal 10 0.0 +B m{etf) ~daPia-+p) Did You Know?
L 4 3 x 3 »
k 4. Find the value of k if the roots of x* —5x+k =0 differ by unity. =[_E] _3[EJ(_£J Beautifl Number Relationsh
¥y : umber Relationshi
E 5. Fmdmevameofkinhemmsofx’-ax+k+2=0 differ by three. Z f e 81=8+1)=9 -
bl * 2 i . b be 4913=/4+9+ |_+3J’=r.,l
3 6. If o, p are the roots of x —5x+k =0, find k such that Ja+2p=12. i : “";:“'3"
7. Find the value of m and n if both sum and product of roots of the equation mx’=3% =" 3 y }L*E_i‘ _ 3abe -5
ual a i _ = R o
are equal to =0
: i 0 . : - = nt kil -4 . y r 1 - -' : T - " . ! ‘_..@ Rj_S.QIEEa Mathemabies X -

“ﬂ"!’r




A e e e b

.f ==  Theory of quodratc equotns U""; T of ottt - -
| L | xs_lmple [ Forma quadratic equation whose roots are 1++/5 and 1-+/5.
! :
[ oo Solution  Roots of the required equation are 145 and 15 &
) R - Sum of the roots=1++/5 41 -5 =2 =

1 Jof Product of the roots =(1.+.y5)(1-5) =1 ~(45)’ =1-5=—4 °

_ o‘f the required quadratic equation is
. 5. ¢
i _'___E (u+ﬁ='£'“ﬂ=};) x* —(sum of the roots) x + product of the roots = 0
i e g = x*-2x+(-4)=0
i 1 ab . g HE X -2x-4=0
; !. == z . Forming a_n equation with the given roots is the reverse process of solving an equation,
!rh _, i i EE_*.'E!- g Eii'ﬁi' Example EL.' Form the quadratic equation whose roots are:

' i) e T gt (af) . o g o a2 3

- a P : : (i) 2a+1,2b+] S5 e e

; . (_E'_) —Z[E-) (iiy a i) =5 {iv) 15

a Fig i
SE_-E)—-—EEE ,_--—;-r" Solution (i) The roots of the required equation are 2a + 1, 2b +]
G [5) <. sum of the roots = 2a + 1+2b +1
a

'-..‘-{' g:_‘_f_zi_ec_ ¥ -2a = 2a+2b+2

h = -——‘—::3—-' i ’ and product of the roots = (2a + 1)(2b +1)

i = ' e oiven = dab + 2a+ 2b +1

i a : . roots are gl ) ) .

il 3 shonatid uadratic equation whose . The required equation is given by

Q Hi or 5 = _

: be the roots of the quadratic equatmn axt+ bx+c=0, x = (sum of the roots) x + product of the roots =0

; @, P be b d op= = x* —(2a+2b+2 )x+ (dab+ 2a+2b+1)=0

- Ther- g e o AN i e : :

i { f"": "_J - Which is the required quadratic equation.

Ve : 5
§ Now axt +bx+e=0; a# l} ) /e ‘,5 (i) The roots of the required quadratic equation are a’, b therefore,
; b c_ N & 55 =2
) o xz+;x+;-—0 s s x a’ or x b::
wa x-a"=0 or x-b"=0

ek o

B S eyl :
Y [N I"‘-:U b r i o 2 > e
= x . o \ : (x—a")(x-b")=0
_  —(a+B)x+op=0 - | x(x-bt)—al(x-b)=0

: B e : P xpi-alx+adb’=0
' Where § = 0.+ p = sum of the roots : . (az-bzkﬂzbiﬂu
i and P =af=product of the roots
Thus, the fc-rmula for-forming a quadratic equation whose r
x* — (sum of the roots) x + product of the roots = 0

Mathematies X ‘F@T EOR S-‘A-Tri\

L
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oots are given is

Which is the required quadratic equation.

o b
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Unit 2 Theory of quadratic equations
n

1 1
dratic equation a1¢ 0%

(i) The roots of the required %
1 x=-1'
Sincex=—~ O b
a=l or BT
=0 b1 =0
(ax—l}fb-"]):o
a.r{bx-l)‘l{m_n:o
ahxz_ax_.bx+l;'u

ab’-(a-b)x+1=0 iGh
: tic equation-
Which is the required quadratic ¢4 o) ALY
jred equation are 3

L]

(iv) ~ Theroots of the requ

2 x==
Therefore e g 2
5

5x=12 or
5x-2=0 or
(5x-2) (2x-5)=0
51’(2!—5)—2(?.:(—-5)-‘—0

102 - 25x —4x+10=0

102 -29x+10=0 |

| Which is the required quadratic equation.

-

S e 9 94=95 - 40

i thisonc? J

£ /_—9-24+16=25-40“‘]'.5;
CORH . e-er=6-4

Yo g2 d=B-4

=3=1
Matheniatics X ﬁ:;ELTﬁEEESﬁtEJ . % _1 .

Unit 2 Theory of Quadratic equations

' Exercise 2.4
e e -

LIE n_c, B a:c the roots of gy? +bx+c=0, find the values of
i) a’Bepiy (ii). (a~p)’®
2. Find the quadratic equation whose roots are

Sc :
1, = (ii). 3.4 (iii). 3+2, 3-3
3. Form a quadratic equation whose roots
ax’ +bx+¢=0; a0
4. 1f &, B are the roots of 2x 43x 41

(iv). a, ~35

are square of the roots of the eﬁuation

=0, then find the values of

.2, 8 TR N
= (ii). = +.|_3"_ (1ii). _ﬂ_+;
5.1f o, B are the roots of3:c’—2x+5=0.ﬁnd the equation whose roots are & E

B«
6. If o, B are the roots of X —4r+2 =0, find the equation whose roots are a+l. ﬁ+l

o
| 1o il
-

.| Synthetic Division

.

We_are fami!ig: with the process of long division for dividing one polynomial by another. We
noticed that if the degrees of the polynomials in the numerator and denominator differ
considerably, then the process of long division indeed becomes very long. However if the
polynomial in the denominator is of the form x — g, then there is a shortcut method called
synthetic division.
Steps of Synthetic Division:
Step 1 If the divisor is x -, write r in the box. Arrange the coefficient of the dividend by
descending powers of v, supplying a zero coefficient for cvery missing power.
~lup L Copy the leading coefficient in the third row.
Step 3. Multiply the latest entry in the third row by the number in the box and write the result
inthe second row under the next coefficient. Add the number in that column.
Step 4. Repeat step 3 until there is an entry in the third row for each entry in the first row. the
last numbers are the coefficient of the quotient in descending order. "
WARNING (] e
(a) symhcﬁccdivisioh,can be used only when the divisor is a linear factor. Don't forget to
’ writea zero for the coefficient of each missing term.
' ividi = in the box. For example, when the divisoris.x + 3. place
(b) When dividing by x - r. place rin the ey :
{!)in the box, since.v+3 —x~(=3). Similarly, when the divisoris. -3, place +3 in the box.

| sincex =3 =x—(+3). AR

CATIEORISATER - |

e
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(iii)

i | Unit 2 Theory of quadratic equatians :

L1
The roots of the required quadratic equation arc ; a

Sincex=% or x=%
ax=1 or bx=1
ax-1=0 or bx-1=0
(ax-1) (bx-1)=0
ax (bx-1) -1 (bx-1)=0
ab— ax —bx +1=0

abx’~(a-b)x+1=0

Which is the required quadratic equation.

(iv)

The roots of the required equation are %%
3 =)
Therefore x= 'g or xr= E
50=2 or 2x=35
5r—2=0 or x-5=0
(5x-2) (2x=5) =0

P

L

What's wrong with |

P\ ‘ 1 =
s \ 1=1

- Mathenatios A %::EET&FO R S ALE =

5x (2x=5)-2 (2x-5)=0
10 x* - 25x —4x + 10 =0
102*=29x+10=0

Which is the required quadratic equation.

9-94=25- 40
_/ 9-24+16=25-40+16
(3-4)*=(5-4)°
3-4=5-4

this one?

ey
EAh

Unit 2 Theurg of quadray, €quatigng

s .
Exercise 2.4

+hrico= 0, find the values of
(ii). (a-p)’
on whose roots are
(ii). -3.4
3. Form a quadratic equatiop
ax® +hy + e=0; a=(.
4. 11 &, B are the roots of 2x%43x4] =

LIF e, B are the roots of gy?
(). o’Bepiy

2. Find the Quadratic equati
: 1
{I].. 1, -2—

(iii). 3442, 3-y3

(iv). a,-2a

0, then find the values of

o B " 2
(i). —+a— (ii). _'_+_1:_ i), &, B°
- _ o p B a
5.1f @, B are the roots of 3.r2—-2x+5=0, find the equation whose roots are & B
_ B’ o’

G.1f o, B are the roots ofx’—4x+2=[l.ﬁnd the equation whose mo!sasveu-lv-t—. B+l.
e =1 3 - . e s % o ﬁ
_ - Synthetic Division

Wc_anc famil iar with the process of long division for dividing one polynomial by another. We
nouc‘cd that if the degrees of the polynomials in the numerator and denominator differ
consndcrqbly_r, then the process o_f long division indeed becomes very long. However if the
polynomial in the denominator is of the form x — a, then there is a shortcut method called
synthetic division,

Steps of Synthetic Division:

“lep B AT the divisor s v~ 1, write rin the box. Arrange the cocficient of the dividend by

descending powers of v, supplying a zero coefficient for ev ey missing power,

~hep - Copy the leading coeflicient in the third row.

Step A Multiply the latest entry in the third row by the number in the box and write the result

in the second row under the next coefficient. Add the number in “‘3‘“"“““_‘-

Step-f Repeat step 3 until there is an entry in the third row for cach entry in the first row. the

last numbers are the cocllicient of the quotient in descending order.

WARNING PSS : s
(a) Synllwlif?li\-isinh can be used olnly when :hc:]]u isor is a linear factor. Don't forg
ici : sing term.
[write azero for the coeflicient ol each missing te e
Sl |_.°:.rulﬁ. ling by =T, ph.a:erinlhl:box.Fnr-::x.wmplc.whmnllcdwlsnr:s.rfj,pluc‘c
i L] M T 1 v H 5
“‘:} 'W|||] m[dw“ il:ll :y+ 3 =y —(~3). Similarly, when the divisor is x -3, place +3 in the box,
[ =3 in the box, sincex + 3=y ~(~ )

| sineex -3 =x—(13)

A oTiRORISAER




e — e

Unit 2 Theory of quadratic equations

i inder R whe
Example i_@ Use synthetic division to find the quotient O(x) and the remainder R when
the polynomial 3¢} —2x2 -150 I8 divided by x—4.
. Suluﬁ}m_ ., LetP () =3x* -2x* -150
' =35 25 +0x-150
~ and s—gux—d=>act
Then by synthetic, division we have

4|3 -2 0 -150
12 40 160
s
5 10 40 10

Coefficients 1 Remainder

of quotient

Therefore, Q(x)=3x" +10x+40 and R=10

find the value of kif2 is a zero of the polynomial

Example [II] Use synthetic division to

2x* 4%+’ 8.
- Solution LeiP(.t)=21“+x’+kt‘-8
2y + 20+l +0x-8
Since 2 is a zero of p(x)=> P(2)=0
- x—2 isa factor of the polynomial Plx)
Now use synthetic division t0 divide P(x) byx—2.
202 1 k 0 -8
4 10 2k+20 4k +40
9 5 k+10 2k +20 4k+§2

L Remainder

Since the remainder is 4k+32.
P(2)=4k+32 by Remainder theorem

—
= 4k+32=0
— 4k=-32=0
_-a32 >
= k= 3
= k=-8

afathemanes

Unit 2
't 2 Theory of quadraric vl

Example m
{43 Use T
the factors of the pﬂly:l‘“ihehc division to fin

Solution Here Y-as=x-l=g=|

and X-a=x+2=g=-2
] Let P(x)=x —mx 4 mx+12
ow use s;mthetic division to divide P(x

dihevalugs of mand nif x—1 and x+2 are

omial x* = mx? 4+ pye12

)by x=1and O(x) by x+2.

' L 12
| 2 1 l-m l—-m+n
1, 1= .
, i 1”"’"‘"1 13-m+n
=2  242m L Remainder
1 ~1-m 3+m+n
; T R
Since x—1 and x+2 are the factors of P{x].weﬁx:nder
13=m+n=0= (i)
3+m+n=0 = (i)
; Adding (i) and (ii), we get
164+2n=0
= In=-16
= n:—a
Putting n =8 in equation (i), we get
13-m—-8=0
= -m+5=0
= -m=-5
= m=5

Thus m=5 and n=-8.

E‘j‘.

Synthetic division is a method of performin
writing and fewer calculations.

The advantages of’ synthetic division ar¢
.| ituses few calculations, an
subtractions in long divisi

that it allows one to calculate without writing variables,

d it takes significantly less space er th i
on are converied to additions by swilching the signs at the very

g Euclidean division of polynomials with less

mpa‘peﬂhnnlmgdi\‘isi.un.ﬁlso.m

beginning, preventing signerrors.

Apathomatics X -
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r e - Univ 2 Theod of quadratic BACEERS

- IIOI'I-II. . 5_1:2 +4= 0,use S)'[lﬂ'lﬁ'rﬂc
i uatt

E If-1and 2 are o0

Example |
division to find the other roots. :
Solution  Let P (x)= L5+ 4
=x'+0x _sxt+0x+4
Since —1 and 2 are tWo roots of the cquati-::l-n P(x) g
x—2 are factors of P(¥) To find the quotient W¢

.11-:]H5"*]'4
a -4

_;Lllf‘]/
e i

P
=T ) 0

x-2=Q(x:'

the roots of the equation e \' l} } 1"1\
: ; 1‘1

Other factor is X' +
Other roots will b€
= (x+2)(-D=0
-2 or x=1
x)=0 are -2, 1.

o, therefore x+1 a0

¢ synthetic division.

= X=
Thus, the other r00ts of P(
4 . Exergi_se 25 -

sion to find the quotient Q(x) and the rem

d by the second binom
(ii

1. Use synthetic divi

polynpmial is divide
(i), 3420 —x-k x+3

(i), 2x' -3 #5x =T x+2

2. Use synthetic division to find

ial in each case:
) 2%t =T7x +12% - 27 x-3

the value of k if

: £ +4x +hx+8.
3. Use synthetic division to find the values of pand g if x+1 and x= 2 are the factors of
X+ pxt+gr+6.
hetic

4. 1f x+1 and x~2 are factors of the polynomial £ +ax’ + bx+2 , then using synt

division, find the values of a and b.
5. One root of the cubic equation x’ ~7x-6=0 is3. Use synthetic divi
to find the other roots.”
6, If =1 and 2 are roots of the quartic equation x* - 5x' +3x* +7x-2 =0, use sy
use synthetic division to find other roots. - 1

O O g
‘T e

Suthurinatics X o
o

Dl
ainder R when the first

2 is a zero of the polynomial

sion of find the

nthetic

1 Example |E‘E}

Unit 2 Th ' : - & I
201y of quadratic equations +25 5 i =

Si
More than one equat = Equatm“s

are called simultane ‘on which are

o OUS equations,
S G

satisfied 3
by the same values of the variables involved

A syste

m of Linea
. I equ 1 5
variables. A solution of: S cohiE

satisfi Ol system of li
es each equation in the Systel,::leare

of two :
'?lllaﬁOn:irnn;s;e v:lame]i; equations in the same
riables is an ordered pai
pair that

' Solution of one Ij
ne linear equati
: on and one quadrati
¢ equation

Solve the system,
2x+y=10
| 4x* +y* =68
Solution
x+y=10 (i)
4x*+y* =68 (i)
From equation (i) we have
y=10-2x (i)
‘Substlluting this value of y in equation (ii) we hav
; [~
4x* +(10-2x)" =68
4x* +100+4 x* - 40x = 63
or = 8x'-40x+32=0
X =5x+4=0
(x=1)(x-4)=0
=  x-1=0 orx-4=0
which gives x=1, or x=4.

(Dividing by 8)

Substituting these values in (iii) we have
For x=1, y=8 and for x=4, y=2 -

. The solutions of the given system are (1,8) and (4,2)
» f o A

or solution set ={(1, 8), (4.2}

Mathematics X -
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Unit 2 Theord of quadratic gqiatiogs
n :

& le 7 Solve the systerm
Jd Famm g 1.3 .g-y1_=-1 i
x-_-,.-:‘?,x +3xy i

- 1
" golutiongd XY =7 (E
& adgy+y =-1 (ii)
From equation (i) we have
x=T+Y (iii)
Substituting this value of X in‘equ o
(1+y) 3TV T
* y‘ +1=0

(i) we have
1

ation

49414y +y +2 Y

5yt 4 35:,:-!—50 =0
y (Dividing bY 3)

% or
= }’1"'1}""10:0

3 (y+2)(y+5)=0
is - y2=00r k5=

' y=-2 or y==3

(iii)wehave for y=
~2) and (2,-5)

=
S;bsﬁtuliqg these values in
E - The solutions of the given 5Y

E orsc-tion set ={[5,-_-2],{2, =50 =
p ituted in the samd

2, x=3 and for y=-5, x=2.

stem are (3,

jonforxory obtained from an equation must not be subst

the first equation of the system
x+2y=-1

WwW+y=2

The ex
equation. From

We obtain

3
% x=-1-2y .
I Substituting [incc-rrem'lyj in the same equation would result in
ke _ (1-2y) + 2y =-1

-1=-1

The substitution x = ~1 =2y must be made in the second equation.

Unit 2 Theory of quadratic equatigns
m Solution whep
both equatig
n
i Example [ Solve the system =
Faytayg
2=yt =g
. Solution | x'4y2_y

(uadratic

(i)
2% -y =38 (if)
Add (i) and (ii) to eliminate ;o
+yt=4q
2 -y =8

¥ =12
=4
i . * :iz
S S
Wt;bstlmte the values of x in (i) gives the corresponding values of 'y
en x=2, we get (2]3+y2=4 When x=_—2,weget(-2)j+y’=4
y'=0 )
- d+y' =4
y=0
y=0

-.". the solutions of the given system are (-2,0) and (2,0) and the solution set i
4 S
{( 2? 0) » {2? 0)}

*  Exercise 2.6
1. Solve the following system of equations.
(i). 2x—y=3

) 2 +J’1=2 x+4y* =32 -

{nr:l 2I _4 g ) .T"'I‘4I=_'p‘
EEhY= (V). 4" +5y" = 4 (vi). 5x* =y +9
X =2x+y*=3 3+ =3 Byt eas

(Vii}.4x1+3y3f:5= 0 :
2554+ 3_14: -4=0

Challenge |
2. Solve the sylsllem of equations.
(i, x+y=9 (). y-x=4

a3y + 27 =0 2w+ =8



Unit 2 Theory of quadld\ic equations

n of Quadraﬁc Equations .

Real Life Applicatio
tangular shed isbeing g :

i Example Eﬁ Suppose & ¢
; 120 squaré feet and 18 7 feet &
A e

‘puilt that has an area of 120 84U -
) mnga;thanitiswide.Datennmcttsdlmcnsmns. i ...il o :

L ﬁg}utior_u_ =l
Letxbe the width of the shed. Thenx
. length. Since arca equals width tumes

the following equation.

: e+ 7)=120
&+ Tx=120
2+7x-120=0
x+15)x-8)=0

x+15=0 or
x==15 or
Since dimensions cannotbe negative, the solution tha
dth, sothe dimensions of the shedare

7 feetlonger than the wi
mber of shares of {'i’i'-.llﬁtﬂﬂ SmLk iiihange

| Example [ Amanpurchasedanu
stock for an amount of Rs. 6000. Ifhe had paid Rs. 20 less

per share, the number of shares that could have been W
rchased for the same amount of money would have = ; =

increased by 10. How many shares didhebuy? :

Solution  Suppose the number of shares purchased

The amount paid per share =) then x3.=

If the man had paid Rs. 20 ess per share i.e. Rs. (v—20),

have been x+10
therefore (x+10)(y—20)=Rs. 6000 — (i)

+7 represents the
length, we solve e

- arca is cqual 10 120 square foot

distributive property
subtract 120 from cach side
factorize
zero-product prop crty
solve
{has meaning isx= 8. The length is
g feetby 15 feet.

x-8=0
=8

oy
™ ﬁiiﬁEi'iiiiii'iﬁﬂ ™
=x

Rs. 6000 — (1)
the number of shares would

; ) 000 .
From (i), we get y = ﬁ;— Substituting in (i) we have

tx+1u1[i'é’9-zn}=sooo

6000x —20x* +60000-200.x = 6000x
20x* +200x-60000=0 (Dividing by 20)
2 +10x-3000 =0 e s
(x-50)(x+60)=0

Cx=50 or x=-60

is not admissible, so we neglect it. Thus the number of shares p

=
=
=
.=
=

Since x=-160

W
N

urchased is 50.

Unit 2 Theory

10.

of quadratic equations ' ]

* [Exercise2.7 .

Find two ¢ cutiv
: onsecutive positi
: ; tive positive integers whose prod ;
3 uct is 72.
The sum of the Squares of three consecutive integers is 50. Find the integers
; 1 .

The length of
. a hallis 5
F meter & %
ind the length and width Ofihser::ﬂe than its width. If the area of the hall is 36.s
: .5q. m.

The sum of tw

0 numbers is ]
Tpe sum of the squares of tw, -
Find the numbers; s

The
- .area of a rectangular field is 252 s
ger than its width. Find is sides

One sidé of a re
ctangle is 3 centi
rectangle is 54 squats oot ntimeters less than twi '
centimeters, then find the si ice the other. If the area of th
J ¢ sides of the rectang] e
e.

The length of one sid 3
e of right tri
the hypotenuse i nght triangle exceeds th
The sides Df:;.? Il,: :m'm"tms then find the lencg:]?::-%‘it;:gg::ufm bg_i?’ centimeters. If
i ¢

Akt ght triangle in cm are (x—1), x, (x+1). Find the si angle.
g s ought some goats for Rs. 9000, = b e sides of the triangle.
h ad paid Rs. 100 less for each, he would *— BAr T 7% 2

ave got 3 goats more for the same N i ay
of money. amount - - . ¥
How many goats did -

h ;

each case is uniform? ¢ buy, when the rate in

m;t;mrui:-f their square is 65. Find the nuﬁbem
s is 100'. One number is 2 more tha n th.e other.

uare
quare meters. The length of its side is 9 meter

—— o e

)| _Review Exercise 2_}d

14. At th (k] I.II::IES are Ven. IIH n ﬁle correct circle ol Y.

{i). If the sum of the roots of
(a+ 1)+ (2a+3)+(Gat+4)=0
{ii}%ﬂ x o1 02 O3
. The sum o ic equation i
roots in 98. T;emegsaﬁizg Edmhc e R
O #-2x-15=0 |
: O #-4x+15=0
(iii). If a, b, ¢ are positive re
\ qxz+hr+c=0_afealwa3}s
O real and positive
O rational and unequal

O F-22+15=0
O none of these
al number, then both the roots of the equation

O real and negative
O none of these




— of a2 adratic equations 2 . Unit 2 Theory of quadratic equations : - . :
ory

s : Al } - =
R ' peatheTie 2 b t .
w gap ot o3 © The soluti
(iv). If2 and b are the roots © : 5 ’% 7 ‘ e solution to an equation are called the roots of the equation.
v 3 1 . . | v, S0 . L
& 3 O 3 ox+ k=08 equal } © The quadratic formula is = x=2bENb ~dac
-= : £ ' 2a
tion | :
e of k the roots of the equet ts of the following 1 @ EREIE::“T;I:M Quadratic formula undemeath the square root sign is called the -
t value - 1 toots scrimi ant. i
ETts tﬁl-ﬁ} . 4 products of the Discriminant = b’ - 4ac
ation O
4. Without solVIt® il 2 +4x=0 ok + 1)x +k-5=0 el b*~4ac>0 b’ —dac=0 b*—dac<0
: ns = 24 (
dratic €quatic (i) jon 3¢ T . .
qua 3 5 ¢ o 1001S of the equ? . ] Nature of roots | Th€ foots are unequal|  Therootsare | The roots are unequal
Q). 48 - s e UM O ” . and rca}l:]%gats are equal. and imaginary.
the value © ts _ o differ by umt; - rational if b=4ac is
R -md ] to the P ot of 2 _getkT 1=0di licative inverses of the perfect square
iy e of kif the roots © ots are the multipt : : otherwise they are
3 ue 0 : - et
6, Find the va s equation hose T S 2. find.the other root. | i l irrational. I
ind the g o e R T L . .
7.Find ¢ _ T b=Y dratic gquation 2t . division 10 ®) A function of the roots of an equation, which remains unaltered when any two of the ]
roots © £ {he roots of the qué o —3.Use gynthetic R ~ rootsare interchanged is called Symmetric function of the roots. - !
g.1f onc @ alue of k- i ze_kux-kﬁﬁms 3 ; : @ For finding the equation ax’ + bx + ¢ =0, (a<>0) when roots are given
Also find “ﬁ;ﬁ cubic xF : . x' =(sum of the roots) x + product of the roots = 0 where

Sum of roots = - Ii
: a

Product of roots = —
a
Synthetic division is a method of performing Euclidean division of polynomials with
less writing and fewer calculations. ‘ : 3
The advantages of synthetic division are that it .al!o“ts one to calculate without wnt:]:l:E
variables, it uses few calculations, and it takes grgr}:ﬁcantly less space und[;ai;:cr ’
long division. Also, the subtractions in long division azc&zo[:vtﬂcd to additions by
it 2 P fingsign _

switching the signs at the very beginning, preven : e 52
@ A system of Linear equations consists of two or more linear equations in the same

; variables. ' £ ol : ; ir that satisfies
Q A solution of system of linear equations in two variables is an ordered pair

each equation in the system.

® @

Qu d I. 'liertlff
Dl'ud-ex kX |5X Jb I*zaﬂdﬁﬁd t (4

long division method.




