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@ Define discriminant (' 4ac) of the quadratic expressionax” +bx +¢.

® Find discriminant of a given quadratic equation.

® Discuss the nature of roots of a quadratic equation through

@ Determine the nature of roots of a given quadratic equation

uation.

® ;'::_tcnﬂine the value of an unknown involved in a given quadratic cquation when the nature of .
its roots is given. '

® Find cube roots of unity. )

@ Recognize complex cube roots of unity as @ and o'

&
s

discriminant. )
and verify the result by solving the

. @ Prove the propertics of cube rools of unity. i

® Use propertics of cube roots of unity to solve appropriate problems. _
@ 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 witl:mui solving it.
® Find the value(s) of unknown(s) involved in a given quadrafic equation when
sum of roots is equal 1o a multiple of the product of Toots,
sum of the squares of roots is cqual to a given number,
rools differ by a given number,
rools satisfy a given relation {e.g. the relation 2a.+ 53 =7 where e 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'of a quadratic equation. _
@ Evaluate a symmetric function of the rools of & quadratic equalion in terms of its coefficients.
@ Establish the formula,

+* — (Sum of roots )x+ (Product of roots) = 0,10 find 2 quadratic equation from the given roots.
@ Form the quadratic equation whose roots, for example, are of the type:

for} 2a+ l|m+lv. ]
o o\ B

Q.0 "Jlf}

" Unit-2 Theoe of Gurraran éuationt

o w+), _I_+__*

where ¢ [ are'the
T ' rools of a given quadratic i

® Eesmbc Ih? mt:rhud of synthetic division, e
©; Use synthetic division 1o 8 3 oot

o findquotien and remaip e Dol . : :

mainderwhena gi ial is divi hnear, .'momm‘ :
; i agivenpol i

ﬁ. [: :::: :]I:: :.:JIE-::":] n::snntmum{s) if lhcmmngx“ &Tﬁ’ﬁ:ﬂﬁiﬂ: S I
v a1 ASROTUBkIOWNEE) ifthe Bictors of s nolvnomialis ot
" :ﬁ,':‘;;;}:’ﬁg:yu(unirmemcnhccqm'fl:ﬂﬁm'Mm"'

Q 1 (quartic) equation iftwo of the real roc i
@ Solve a system ulf fwcf equations in two variahles wilcn . “f'h“’q“‘l“l““mﬂi_m

-0 one equation is lincar and the other is quadratic, |

. o both d!e equations are quadratic, .

®; Solve the real life problems leading to quadratic equations,

3 impm-r:-mu "
_-\j

r Ih'c seruminant ":"b you the n I"bl.'l i d ypl..‘s of AnsSWers rools You Wl[[ L. Iilﬂ

| d' I u nd

| d]sﬂl Imimant can bc v OF 0 Wlllc]‘! al:lt!a"y lells yﬂu a !ﬁl.l S:"cctﬁﬂd"&ml“uﬂaﬂl '.s-lﬂ'dei
{ J Ec |

| aradical, think about-what it : o :
k ety it means if you have a positive or negative number or 0 und%'

—_—

1
00 The discriminant of a quadratic equation
In the quadratic formula, the expression b’ - dac. i« i it of the quadrilie
%uationax’ by xpression b’ ~ dac, is called the discriminant of the quadratic
e value of the discriminant is used to determine the i
s crimi number of sol i

t:qu:tl lon and number ofx intercepts of the graph of the refated !‘u::l if:.;l."::r::si::::cg;a:ﬁg:
graph is the.x - coordinate of'y pointwherethe graph crosses they - axis,

-

| Cases Case (i) Case (ii) Case (i)
Discriminant b= dae>0 b® ~dac=0 bi-dac<0
Nature of roots | The r;m:s are unequal The root are The rool‘s are une;lual
and real. Roots are ual. imaginary
ralional it b=dac bs i e o
perfect square -
otherwise they are
imtional.




Unit 2 Theery of quadratic equations
ni

L B

Example [} - anpagal
Find discriminant of the quadratic equation X
Solution g 0 with axt +hx+ce =, we have

£ Comparing the coofficient 2 +9
' a=1,b=9, c=2 e

Blsetapittiel 49 =(9}= #4“](2};s.rimin;mi
‘ m Nature of routs of a guadratic copusting throueh dise

Example (2

j | Examine the nature of the roots of the following quadraty
F+9x+2= 0

¢ equations.

¥ —Bx+16=0 ii)

il :
o (iv) 4t +x+1=0

i (if) 68 —x—15=0
: Solution
I: {i) Compaﬁngx’—ﬂxﬂ&:ﬂ with ax® +bx +c=

a=1,b=-8,c=16. _ ’ .
J Discriminant = b’ —dac =(~8) ~4(1)(16) =64 ~64=0

Since discriminant = 0, therefore, the roots of the given equation are real (rational) an

equal.

0, we have

In x* +9x+ 2,we have,

Here a =1,b=%c=2
ant =b? —dac=(9) —4(1)(2)=81-8=T3

.l: L)

Discrimin e
Since discriminant> 0, but not a perfeet square, therefore, the roots are real, unequa |
irrational. s
iiiy Herea=6,b=-1,¢6=- o .
. -4[6}[—lS]=l+36G=36!=(19}

Discriminant =b’ —dac=(~1)’ :
As the discriminant isa perfect square, therefore, the roots arereal, unequalandralmnai.

(iv) Here a=4,b=l,c=1 :
Discriminant =b” —4ac =(1)" ~4(4)(1)
=1-16
==13 - )
As the discriminant is negative, therefore, the roots are imaginary and unequal.

T
il
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Unit 2 Theory of quadratic euations
E"i:ﬂ‘fh IJMF_I_-EIinin;.-, and verifying nature of roots.
sxample [E¥  Determine the nature of roots of the following equati i
. : g equations and verify the
results by solving them by factorization, ’
_ (i) ¥*~6x+9=0 (i)
Solution
(i ¥ -6x+9=0
Here a =1, b=6, ¢=9. The discriminant is given by
C o b-dac=(-6)"-4(1)(9) =36-36=0
Since the discriminant is zero, the roots are real and equal,
¥ —6x+9=0
(x=3)(x-3)=0
) x=3,3
Which are real and equal. Hence the result is verified.
(ii} x1+5.t+6=|:1 .
Here a=1,b=5, ¢=6. The discriminant is given by
7 ~ b'-dac=(5)"- 4(1)(6) =25-24=1=(1
Since the discriminant is a perfect square, the roots are unequal and rational.
P 4+5x46=0 )
(x+2)(x+3)=0

x=-2and x=-3
Which are real, unequal and rational. Hence the result is verified.

Iz+5x+l5=o

{

[Exam |li4.'.g - Without solving, determine the nature of the roots of the quadratic equation.
I —dx+6=0, .
Solution  We evaluate b~ 4ac usinga=3.b=-4,andc=6:

~ b-dac= {4y -4(3)(6) =16 -T2= 356
The discriminant is negative, so the equation has two complex roots,
Example | | Without solving, determine the nature of the roots of the equation.
C -Ta=-1
We rewrite the equation in the standard form

27 -Tx+1=0
and then substitute a =2, b==7, and ¢ = | in the discriminant. Thus,
b-dac=(=7)- 4(2N1)=49-8=41
The discriminant is positive and is not a perfect square; thus, the roots
are real, unequal, and irmational,

Solution

il

|
!
|
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| .--_ | . '. ' . £ Uit 2 Theuty '-'f ukk 1} .
I : s gl roais. ’ v
i - m“mmmn.ill L . 3 Exercise 2.1

1. Al unkl ¥ z
Determining and verifving the value Of; which[hﬂgi""cn quadrnuc gquanons .
i Example £3 Determine the set of values of k107 , I-Find the discriminant of the following quadratic equations:
_ have real roots. M M= 0 (1), 4x? —5x+1 =0 (i11). 3 45 +1= 0
! - o 2t ke +3=0 2 e e
| f':' - o +dx+1=0 - (i) . xtu‘nmu Iht‘_‘llgl‘li\r::’ of the roots of the following equations:
i ; ' somm“l’_" ing ke +dx+1=0 with tI1cL1U:=l.'.mIil: cquation ; ) 3x'—5x+1=0 U 6 4 =2=0 ()35 4254 1=0
§ omparing k RS : 1" i i 7 :
[ 1] @ - s 5‘&, by +¢=0, we haye 3. i ke oL the roots of the fallow ing equitions are equal,
; | a=k, b=4,c=l 4 S W20 + e 320 il ° 5y 4k =0
i N o -Determine whether the following guadratic equations h i
W Discriminant = b° —4ac find the roats. i 4 IROVISR ST du o,
:[ .' =4:—4k s
*  Sincerootsarereal,so  b'-dacz0 W +5x45=0 - 4x' +12x+9=0 VL 64 + x-2=0
| .L 4 . £ _Aks = Determine the nature of roots of the following quadratic cquations and verify
! :-: s 16-4k=0 the results by solving them.
ij = 16 = 4k E 2 () 3 =10x+3=0 (i) y* 6y +4=0 iily! _3=¢
, i = 43>k 0. For what viltie of & the roots of the following equations are;
| or k<d ' tud renl h) imoginan
K ; . - ) 3y 43v+ k= () gy vl = T -
; i i} Comparing 2¢% + kx +3=0 withthe quadratic equation \ veh=1) Ny +2x+1=10 ik +5x+ k=0
T g ax’ + by + =0, we have ¢ : L Ry —— ==t s :
i *'3 o 1 . : - x84+ 1=9 ]
I ﬂ'=_2. .EF:k, C—-3 | r 5 5 N N
' Since roots arereal, so  b'—4acz0 ' . ; | Y
! ince 3 | o 123 x 84 3 =087
| . = K-42)3z0 ' 9 N 3
Discriminant =& —dac=4"—4(2)(3)=0 o I ' . ER i ook o= SERN '
iscri : _ " 12345 % 84+ 5= 98763

' K -2420 . s : 763
. 123456 x 8+ 6= 987634

1224 : 7 — ORTESIR
® 3 1234567 x 8 +.7 = 9876543
i 224 . 12345678 x 8 + 8= 98763432
|k|22J6 a - 123456789 x 8+ 9= 987634321

+k 226 ' S A [N o~

k2246, k226
k2206 or k<-26
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Cube roots of unity and their prop

EEH. Cube root of unity
Let x be a cube root of unity,

ties

—

; n
then x=31=0)p
= x=I
= x-I=0
= (e=D(x* +x+1)= =0 ‘
i Skt -’J+j::_l 4 ]-]—JP_ -I.:I:lﬁ
gives x=1 or 'T“'E! 2
. where i=+—-1=10 ==l
| _1+if3 and -[-;J—
' 'I'husthccubcrootsat‘umtyare] —
i -1+if3 d :-l:iir— are complex roots.
Here 1 is the real root and ~——2——- an 2
a).
Let one of the complex roots be denoted by the Greek letter @ (read as omeg )
| ~1 43
| Suppose =
L
1] ' i
9 —|.+qu
| Thm w- = -——2——
: .
| (=) +(i¥3) +2(-D(iB)

4

_1-3-2i3
T4

_ 2-2i3._~1-i3

T4 2

; 1413
""ﬁ,mmm“si

Similarly, if @ = -

Unit 2 Theary of quadratic equotions

3 X 3
el Properties of the cube roots of unity

L The sam of the cube roots of imity is zero e, 1o +0° = 0.
Ifmz—li.L{'a“d°)2= -1-iV3 '
2 2
Then we have 1 +0 +0’ = l+ﬂ+.ﬂf_j£
2 2
2-1+i3-1-iV3
2
s
2
=0
Thus, the sum of the cube roots of unity is zero.
2. The produet of the cube roots of unity &5 1 he Lo —m' =1
”’W—‘- -I+hf§ ﬂl'ld m!:._l—_h'ﬁ.
2 2
(=1+i3 [ =1-i/3)
then Ilwlm::l.tﬂjt-ﬂj
2 2
y A 2
=0'-(i3) 13
B 4 T 4
1-(-3) 3
= it =-1
: (it ==1)
143
4
=2
i§ 4
=1
Thus, the product of the cube roots of unity is 1. :
3. Each complex cube root of unity is reciprocal of the other (e o= = anid 0 s <
By property 2, we have w =1,
= wew' =1
= '-I'=:'=—
2 1 Th = _I.. and w' = .!.
1 W= ; us, w= - w-
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g T , ots 0f 8

EESEIEgg Using properties of cube roois - 26y . .
IR R 18 2 L I. Find the cube roots of the following numbers

: how that '+ = (x+ (¥ - (i). -1 (ii). gs e

. T 2. Evaluate:

b

4
(iii). =27

e
. Solution ¢ RHS =(x+y)(x+w)E+wy) _ :
= (x4 p)[(xH ) xH W n] : () W gy (). 1+ w-w?y (iii). {1+3w-uﬁ)u;,.;'_?‘;zé\]ﬂ
3. Prove that; .

(i e )] l . : Al o
1 ‘%’ =(ra ) +0r s l._.|+w+“’==0 and w=1) (). {l+2w}[l+2w’}{l—w-—uﬁ)=ﬁ (ii). (=1+13) ('l—fﬁ)$=512w’ \\d J

=(x+ ) —y+)) 4. Show that:

. . 3 ol 3
..‘ | 2 =+ . _ (i), x —y1=(xf-y){x—wy}(x-w1y) {n;u.(l+w](;!+w*}{[+w')(1+“ﬂk.|
!]‘ . _ =LHS 0 W ; ‘ Roots and coefficients of a quadratic equation Z@-
B 5 W, 1 . . ._-
8 o s w:a Bvaluatew, w W - " / ~“. Relation hetween the roots and the co-efficient of a1 quadratic equation’
i ol W= W) =)' =1 ! TR We express the sum and the product of the roots of the quadratic equation in terms of its
ik $ ot _ co-efficient. Let a, [3 be the roots of the quadratic equationax® +br+c=0: a=0 whe
i wh= (W) =) =1 - » a#0 where B}
i WP = (W) =) =1 . . % = —bHNb —dac mdﬁ=—§—‘}'b1—4ac -y
.I'I W = =) = wi=lw=w i 2a 2a
! 1 ' i oo 3} : Then sum of the roots
G et i _ b+ P —dae _~b—F —tac j
W | I a+fi= + !
1 1 ! __I___g._?--:—— ===W 3 2a 2a A
£l T L ' _ ~b+\[8 ~dac -b—\b' ~4ac 24
i} ) 5 J3)= ' 2a S
[ Example B show that (-1+i3) +(-1-i3)=16 : : g o =
: . —1+iy3 . _=1-i 2 a g
I Solution  Since w=——— and v = S ! and product of the roots g
f “Then 2w=—1+iJ3 and 2u" = -1-i3 ap =[~ﬁ+\l'b‘—4ac]l[—b—db1 —4ac]
iz ¥ 1 1 2a 2a E
HS=(-14i43) +l=1-i3) i = P ! =
i | LH ( ‘4':'\',— o » . (__b)z _( sz-—‘hm’} o
1 = (2w} +(2n7) _ : = |
I | by syt 3 4a° .-_‘_: _
.i_' o= E“}“" W CH —bi _b2+4u‘.=£ -' ;
.r : '= 8w +_8(w':‘l il 5 da a
i = 3{!] + B(I}- y _=b_- m_gmrienr Of x
} Il =8+8 . T}mssum of the roots = E+|3' a = m—gﬂ?ciem of-\,t‘
[-' - o= =16 : : ' i m constant 1erm . ﬂ
i RHS g _ vl Product of the roots _=uﬁ=;=W
B =R.H. - - 5 2
kg : o : _ - ;
A —~ NG - : ; . . = 3
WY Mo FoRQALE WL OMRORISATE
e ——- l - .::dﬂ‘ —
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Unit 2 Theory of quadratic equations

- B H
f ’ ﬂ
l ots of 8 given'd gadratic eqlt

EEEE The sem and product o 10

tion without

solving it
"_E“luple m fthccquation.
1 W-itho';usol\ring,ﬁndﬂlesumandpruductufthefﬂozw g
o 2e-x-4=0 @ T
Sol_utinn: : _ 5 p=-3 and c=—4
(i Intheequationﬁx‘—kﬂ"«ﬂ} a=1,
g Smof!;h:mats=-;=- 7 2
¢ —4_5
product of the roots =~ =73
(i) 3¢ +6x-2=0
Here a=3,b= 6,c=—2
b _b_
Sum of the roots =_~:3—=_
a
c a-?.____%

s ==—=
Product of the roots == =73 3

m The values of unk
 Example [T}

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

nown(s) involved in a given quadratic equation

¢ sum of the roots of the equation 2% for+ 6 =018 equal

Solution
The givm equation is
20 + ke +6=0
Here a=2,b=k c=6

. sum of the roots =—=-.'k_
a 2
¢ 6
product of the roots =_=.2.=3
a
.+ sum of the roots = three times the product of roots
=k .
- —=3 3)=9
3 (3)=9

= k=-18

=

Unit 2 Theory of quadratic equations
.t Example (12]
Find the value of g
a if the sum of the
N : square of the roots of x* -3 =0 i
tion | Let o, B be the roots of the equation x* _3m+::'+g' Ty

(-3

then o +p=— ]d}=3a and &ﬂ=£‘ .

. 1 =d-.
Given o +f* =7 ‘
= (D.vl-ﬂ)z—?.u[i:?' =
= (3a) -2(a")=7
= 9&1—'20'2 =7
= 74
= a 5{7 ‘ b
= a=*l '

|| Etﬂmple E l i v he Toots =L = d h
- | lnd lhc aluﬂ ﬂfk If of ¥ X+ er un [)I
it f 2 Tx+ k 0 fﬂ- ¥ i #

Solution  Let &, ct+1 be the roots of x* = Tx+k =0
Then H+(ﬁ+l)=i‘ﬂ "
or ST - e g
or a=3 = 3(1+3)=k
I Example {¥] If o,  are the roots of 9x° Y
Ja+5p=17 ' x’ —27x+ k=0, find the value of k such that
Solution . If &, b are the roots of 9x* —27x+k =0, then
asp=g=3 @
and uﬂ% ' (ii)
also 2a4+5p=7 (iii)

Solving (i) and (iii), we get 0:=§. |3=-;-

Putting these values in (i) we obtain [E][l X
3IN3) 9
8
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equation mx
Solution + The given equation 155

¥

" 5. Find the value of k if sum of he roots ©

— e

2 Theory of quadratic equations

—— _-_i . Unit
i - 1 cum o pwductof roots of the quadratic
g

it Example [[2} Find the yalug 0

fmﬁnd”ifbo
= 1 to 10-
—5x+n=0 are equad m;’rix'i‘“ﬁo .

ax whyte= 0

e

an-.rc:sun'lcnftl-nmwls= ;T‘ S
n gum of Roots = 7y
t of the roots= — i
S " product of ROOIS =7
‘According to given condition sl
-5—- =ID “':'-Fh_“r-r-—"'g"ﬁ" — 2 :.'
m . ] = 5"_ L2 -
1 & et :
= m=> : ;
" -
and —=10
m
= n=10m
| s 1)
o) 2
n=3
] —
m=— and n=3
+  Exercise 23 - _
i the following

1. Without solving the equation, find the sum and products of the roots ©
quadraﬁ!:e.quatians. :

o e 3 &=
(i). 4 -4x-3=0 (iii). 3x% +2x =3

(ii). 22 +5x+6=0
6= 0is equal to the produc

f2x° +ho +

3. Find the value of k if the sum of the square of the roots of X°
4. Find the value of k if the roots of & —Sx+k =0 differ by unity.
5. Find the value of k if the roots of x* ~9x+k+2=0 differ by three.

6. If o, p are the roots of ¥ —5x+k =0, find k such that I +2p=12.

sum and product of roots of the equation #

_ Sjoc+ 6k =01seqt

7. Find the value of m and n if both

; 3
are equal to 5

_hﬁaﬂlmﬁﬁx- EO) R ‘4_&

{ of its ro0ls.
alto 13

=32

A RS T 2 |

Unit 2 Theary of quadratic equations .

PR Symmetri . .
ric functions of roots of a quadratic 'eqnation

I.Et G{.ﬁ bEthe roo aq Bpuﬂp
Is ()f i i [II e fﬂ:'.ul o+

are called the fupet;
function of th “(H:Is of the roots of the i .
& roots of an equation, we mean that the giq|muamflr:"c e‘.]u_"'m“' By symmetric
remains invariant {unchan
ged)

in values when the roo| :
5 Is are interch
are symmetric fimction of . and Bﬂnﬂﬁd. For example, the functions o+ B, o + 7, o’ +

SERD S :
ymmetric function of th ;
. s e roots of a quadrati i
-t ! quadratic equation in terms of its coefficients
Example . ]fu.ﬂ&rememﬂlsufax’+h+r:=0 then find the val t‘f': ;
(i 4 ues of the symmetric

ﬁ.lncl
1ons U‘f lhc rools Gi a glvﬂn quEdl‘allc equauoﬂ in te 5 ﬂf Its coeﬂic'f: Is
T nis.

B 1%
(RS S

(i) o+p (ii
 Lad i ulﬁ 1{"']I W (iv) o +p*
P Vi) —+—
a f o B
Solution

iy As a, [ are the roots of the equation ax® +by +c=0

. sum of the roots =+ = _b.
- a

(i) Product of the roots = af =<
a

(iii)  Since o +P* =(a+P)’ -2ap

2149

@ d 2 =

b 2 ol )
- b =2ac : | ".‘ /

a!

(iv)  Since o'+’ =(a+B)’ —3ap(a+p)
Did Yoo Know?

B _6 2 3 e b 2
mi==]-9= e Beautiful Number Relationships

81=@8+1)y=9
b L be 4913=@4+9+1+3’=17

e

3 ¥
ol a [

. " ﬁﬁ_s_l_éh!éa Mathensatics X -

A




. Unit 2 Theory of quadratic equations .

dratic equations
2 Theory of 4 ,
L | Example [f.ﬁ Form a quadratic equation whose roots are 1++/5 and 1-+/5.
| :
Solution Rﬂm‘of the required equation are 1++/5 and 1-+/5 i
. Sum of the roots =145 41 /5 =2 =
Product of the roots =[|+4§}{1—J§]=12—(~4’§f e
the required quadratic equation is
c
(u+ﬁ='£- aﬂ=;) x* = (sum of the roots) x + product of the roots = 0
4 = X -2x+(-4)=0
; : o> 2-2x-4=9
!I‘ ) =“E ) 1 . Forming an equation with the given roots is the reverse process of solving an equation.
!rl, £z 1 Ef_‘ff:i = E'Ej—;ﬁ,;- Example m Form the quadratic equation whose roots are:
iy —=t+—3 ="t
: v TR T o (af o z[“] (i) 2a+1,2b+1 (iiy a4, b (i) i% fiv) %%
£ I. (‘- _-) = - *
l M = ,___‘_’__——;—-g-* Solution (i) The roots of the required equation are 2a + 1, 2b +1
=T (@) 13 . sum of the roots = 2a + 1+ 2b +1
. . b’ —2ac 2 =2a+2b+2
b —— - _b-2ac
5_ i ___ECT-—- =& - and product of the roots = (2a + 1)(2b +1)
! 3 iven = dab + 2a+ 2b +1
5 . - '['ﬂﬂts are gl N )
ﬁ Formation of 2 quadratic equation whose : The required equation is given by
ik or 3 =W,
.l tic equation ax’ + bx+c 0 x” = (sum of the roots) x + product of the roots =0
; B be the roots of the quadratic €q p
';! Let o, and mﬁ=£ ¥ —(2a+2b+2)x+(dab+2a+ 2b+1)=0
e Then a:+p= a 2 Which is the required quadratic equation.
.1 : Now ax’ +bx+c= 0; a*0 (i) The roots of the required quadratic equation are a". b therefore,
Ega' => f+£;+£=0 x=a or x=b’
i 4 Cx—-a2=0 or x-b*=0
:Ii" d E x4+ E = 0 1
i = TN\ ) s (x=a’ )(x=b)=0
’H = -(a+p)x+ap=0 *(x-b?)-ai(e=b")=0
l'_" = _g’-S:+P=I] . Izu_l'bj—'azx-f-a!bza‘o !
l' Where § =+ p = sum of the roots o ﬁ!_bzh-+n=bz=[l
L — aft = product of the roots . rr ; tic equation. .
- poit 2 i tion whose roots are given 18 Which is the required quadratic ¢q .
Thus, the formula for forming a quadratic equation ; Mabamsies & -

£ — (sum of the rools) x + product of the roots =0

s BIOTHEORISH :A"L'E
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L .- equation ar€ g
: (i) The roots of the required quadratic 4 ’

1 i
Sincex=— o *7j
a hr=1

=] or
ax bx-—]."o

ax-1=0 or
(“-i}be—EFU
s h=ly=1 (o =1 =0
abd-ax—br+1=0
ab.:;'z—{a—b}x+1=0 .

Which is the required quadratic equation: »

(iv) Theroots of the required equation are =5

| 5

m:eﬁ:-re x=-§- or I=EI
5x=12 or 2x=5
5x-2=0 or 2x-5=0
(5x-2) (2x-5)=0

i T s (x-5)-2(x-5)=0

| 102 - 25x —4x + 10=0
10x*-29x+10=0

| Which is the required quadratic equation.

e A

i

. i
Wit

-

G

#-T.

|5 Weasvoneit | g g4 = 95 - 40

/) 9-m+16=25-40+16
2 R
E 3425- 4

(2 - -1=1
b - .8 - __5‘_,_5___&;‘_._ v J“ .‘:-_. _'-":._: :'i = W
Mathemnitics N gﬂ;g&j‘l F{‘RL%SA'LE R

{,

Unit 2 Theory of quadraric equations

' Exercise 2.4 .
“'_"'—--'

LIfa,p amﬂzcromsofax%bx

\ +e=0, find the val
(1), &’ Bple kRe

. (ii). (a-p)’
2. Find the quadratic equation wffnseﬁr)mts are
. |
(ir 1, — ii - i
i 2 (ii). -3.4 (iii). 3+4/2, 3-3 (iv). a,-24

3. Form a quadratic equation whose roots
@’ +bx + ¢=0; g .

4. 1f &, B are the roots of 23 43541 =

lil.—a'-+—
¢ ]

are square of the roots of the equation

0, then find the values of
. 1 e 2 > |
(1), _:*"'BIT (iii). E—+'ﬂ

o B a
501 o, B are the roots of It 2xes5= 0, find the equation whose roots are & B

B e’
—4x+2=0, find the equation whose roots are a+‘1—, ﬁ+l.
it = L - a
- | Synthetie Division

maidian

6. 1f «, B are the roots of ¥

We are familiar with the process of long division for divi
noticed that if the degrees of the polynomials in the
considerably, then the process of long division indeed
polynomial in the denominator is of the form x - a, th
synthetic division.

ding one polynomial by another, We
numerator and denominator differ
becomes very long. However if the
en there is a shortcut method called

Steps of Synthetic Division:

Step U If the divisoris x -, write r in the box. Arrange the coefficient of the dividend by

descending powers of v, supplying a zero coefficient for every missing power. uees
“huge 2 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 L‘t
inthe second row under the next coefficient. Add the number in that columa. ‘”

Step - Repeat step 3 until there is an entry in the third row for each emry in the first row, the
last numbers are the coefficient of the quotient in descending order. :

WARNING (0 e e =
(a) Synthetic division can be used only when the divisor is a lincar factor. Don't forget to
write a zero for the coefficient of each missing term.

(b) When dividing by x - r. place rin the box. Forexample, when the divisoris.x+3, place
=3 inthe box, since x+ 3 —x—(=3). Similarly, when the divisor isx -3, place +3 in the box,
‘ singexy—3=x—(+3). = TR

L OTIEORSATER |

[ =

B R
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(iii)  The roots of the required quadratic equation are 0 |
Exercise 2.4
——

L If o, b A
Since x= i or Xx= % H]F{:;:;:;mm& of ax._+f;.r+r:fﬁ find the valugs of
o t;“!Il 0 2. Find the quadraic equaticj::l:;lfgs-eﬁjucts are
ax-1=0 or bx-l= w N ;
Gl | Form. a ;uadrnlic equ ?"”-—3,4 (ii). 3+4/2, 3-2 (). a,~24
. il L ax’ +bx+ c=0; ff*{lq. #ion whose roots are square of the roots of the equation
a::r:_z:ijio ' " Ira.:’ ﬂuam;;hc £ools of 2x* +3x41= then find the values of
Which is t::-e required quadratic equation. | ) i E"“g (ii). EI’”'EE_ (i, %3 g %:i
(iv)  The roots of the required equation are %,% 5. 1€ @, f are the roots of 3¢’ ~2x+5=0, find I A— g

. _ 6. If o, B are the =
f# are the roots of x 4x+2=0, find the equation whose roots are OH--E—. ﬂ+l+
_ a

Therefore I=% o I=E i2 !
- Synthetic Division s

5x=12 or 2x=35 =
5y—2=0 or x-5=0 I:zf_mtlia;mhflr with the process of long division for dividing one polynomial by another. We
u:_::; that if the degrees of the polynomials in the numerator and denominator differ
(5x-2) (2x-5)=0 ;4:115: cﬁ!bIly_u t:icn ';he process of long division indeed becomes very long. However if the
¥ ' =)= =5)= | ynomial in the denominator is of the form x - a, :
5x (?c 5)-2 (2x-5) uﬂ synthetic division. m x — . then there is a shortcut method called
A% i = :
e Steps of Synthetic Division:

1022 =29x+10=0 lep BT the divisor is v ~ v, write £ in the box. Amrange the cocficient of the dividend by

Which is the required quadratic equation. descending powers of v, supplying a zero cocllicient for every missing power.
e Copy the leading coefTicient in the third row.

Step i Multiply the latestentry in the third row by the number in the box and write the result

in the second row under the next coeflicient, Add the numberin that column.

( \\'il_ans wiong with
L @ hisone? 9-24=25-40
: Step-L Repeat step 3 until there is an entry i the third row for each entry in the first row. the

A _ iy,
‘/:/ 9-24+16=25-40+ 16 ﬁi"\"‘:\ . last numbers are the coeflicient ofthe quotient indeseending order.

S

85 WARNING (D M3 e s

1“ ﬂ l L . 3

{ | i\“i—."- i (3 - 4)2 =D~ 4)2 (1) Synthetic division can be used only when the divisor is a linear factor. Don't forget to
'*r o, ,!“‘fl'iuu vero [or the coeicient of cachmissing term, .

— r. place rin the box. F orexample. when the divisoris.x + 3, place

N
i 4 = 5 - 4 Ap— " o i I
’ - \ o S —x~(~3). Similarly, when the divisoris x -3, place 13 in mmml

L ‘f‘: 2 =X in the box, sincex 13
& 1=1 17 A

| sinee -3~ v—(13)
- Mathenatios \ ﬁ'::ﬂ RS;&LE :

Lol
AT
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I:— . - : Unit

Example [} Use synthetic division o find the quotient O(X)

the polynomial 3¢ —2x2 ~150 18 divided by x—4.

Solution - Let P (¥) ~3x* -2x* -150
_ 3y =25 +0x—150

and x-a.-_x-—d.-:':a:d-

and the remainder R when

Then by synthetic, division we have
4 -2 0 -150
12 40 160
. B
3 10 40 10
Coefficients 1 Remainder

of quotient

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

Example (] Use synthetic division to
25t +x* +hx’ =8,
Solution ~ Let P(x)=2x"+ ¥ +k -8
—25' + 2+ +0x-8
Since 2 is a zero of P(x)= P(2)=0
- x-2 isa factor of the polynumial P(x)

Now use synthetic division to divide P(x) byx—2.

212 1 k 0 -8
4 10 2% +20 4k +40

E+10 2k+20 4k +32
T Remainder

find the value of kif2 is a zero of the polynomial

2 5

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

4k+32=0

4k=-32=0

3t
be=2

k=-8

Uy Lyl

Adathemanes X

i
it 2 Theory of quadratic equotions

Example {m Use synthetic
the factors of the poly
Solution

ivision to find the v 3
numiaixl'-mx%m]z alues of m and » if x—1 and x+2 are
Here I"ﬂ.;le:)a:]
and I-—a=x+2=}a=_z
N Let P(x)=2-ma s 412
oW use synthetic divie: -

syn betlc division to divide P(x) by x~1 and Q(x) by x+2

Ljd = § 12 ' '
| I-m  l-m+n

I 1=m 1“fi'l+r.r1 B

=2

=2 2+2m L Remainder

Ty
, 3 e
Since x—1 and x+2 are the factors of P(x) we:::nd”

13-m+n=0= (i)

I+m+n=0 = (ii)
Adding (i) and (if), we get
16+2n=0
= 2n==16
= n=-%
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.

Synthetic division is 2 tethod of performing Euclidean division of polynomials with less
writing and fewer calculations.
{hat it allows one to calculate without writing variables,

The advantages of synthetic division ar® vrifi
ions, and it takes significantly lessspace on paper than long division. Also, the
'rinnsh]fswiu:h’mgthcsignsatﬂwwy

-| it uses few calculati
on are converted to addi
Apathcnnitics X -

subtractions in long di_visi
beginning, preventing sign EIToTS.




g _ _ > Jﬁ L
r-!:r:-_r-_—-;-_ | a 2 Theory of quadratic equotions
Unit
. } =0, us¢ synthetic
1 —'sz +4 2 M
- d 2 are roots of the quartic gquation )
Example [ 1f-1and 23T
division to find the other ronl:i "
Solution ~ Let P(x)=%~ 5x
o 40x 5% 1I-[I::+4 - e g
= . P(I =, : e
el et - hetic division-
- B Mefl:(? 1:m'l'o find the quoﬁent we use sy
¢—2 are factors of F(¥)-
411 0 5 10 4
-1 1 4 -4
211 -1 -4 4 0
g A=A
11 -z [ 0
Other factor s P4x-2=0() “:m T
Other roots will b€ the roats of the equa .
= [x+2](.1:-l}=ﬂ
= x=-20r x=1
x)=0 are 0

Thus, the ;Jtha roots of P(
e «  Exercist 25 -
quotient QO(x) and the rem

in each caset
7¢ +12x-27; X -3

sion to find the
d by the second binomial
(i), 2¢' =

1. Use synthetic divi

polynomial is divide
(i), 342 —x-h X +3

(i, 26t =300 +5x=Th x+2

3. Use synthetic division 10 find the value of k if

13+412+h+3. . tors Of
3. Use synthetic division to find the values of p and g if x+1 and y—2 are the facto
7 }
gt hetic

4. 1f x+1 and x—2 are factors of the polynomial 2 +a® + 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
1o 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.

Shithoringties X A

aginder R when the first

_2 is a zero of the polynom‘tal

sion of find the

pthetic

U‘ BRI I
nit 2 Theory of quadratic equations - . |

Simultaneoys g

More than ope eq
are called simuy]iy

(w3

quations

uation which are satisfi

NEOUS equati ¢d by the same values of the variables invi
quations, olv

A system of Linear ¢
vaqabies. Asolution o
satisfies each equation

quations consists
fsystem of linear e
in the system,

of tWo or more linear equations in the same
quations in lwo variables is an ordered pair that

Solution of one linear e
' Example [E2)
Solve the system,

quation and one quadratic equation

2x+y=10
4% +y' =68
Solution
x+y=10 (i)
4x’+ 7 =68 (i)
From equation (i) we have
y=10-2x  (iii)
\Suhstiluting this value of y in equation (ii) we have
4x* +(10-2x)’ =68
45" +100+4x* - 40x =68
or 8x* —40x+32=0
F=5x4+4=0 (Dividing by 8)
(x=1)(x—4)=0
=  x-1=0 orx-4=0

which gives x=1, or x=4.
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).

or solution set ={(1, 8), (4. 2)}
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|y Example

| Splution_ | *~

rotic equotions

Solv::thﬂslfmm -
:-J’:T,x’—l'lﬂ""y S
®
faagry=—t @

son i have
From equation (i) W& (i)

y:?

s, 141=0
sgslty+yt #2PHY HTT
sy1+3sy+50=n

= (Dividing by 3)

}’1 +1y+|{]=0

(y+2)r+ 5)=0

— }"i‘zﬁﬂ or y+5=0

J’="2 or }'=-5
(ifi) we have for y = .
~2) and (2,-5)

=

Qubsfituting these values 10
g given sys

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

B
The solutions of the tem are (

or solution set = {(5,-2), @, -5) -
L st in the same
y - i { be substituted 1n 1
Thz expicn for x or y obtained ifrgm an“:?nuanon must no
i tion of the s¥
equation. From the first equa ol
W+y=2
We obtain
%¥==1=2y ’
Substituting (incorrectly) in the same equation would result in
(-1-2y) + 2y =-1
-1=-1
The substitution x = ~1~2y must be made in the second equation.

Unit 2 Thenrg of quadrotic equations

Solution when both i
tquations are quadratic
i Example im Solve the system :
Prytag
2.‘&'1 -'y! = 8
. Solution | x'4yoy (i)
2%~y =38 (ii)
Add (i) and (ii) to eliminate ¥,
X¥ayi=q
2 -y =3
3 =12
=4
‘ x=%2
Substitute the values of x in (i) gives the corresponding values of y,
When x=2, we get (2)* 4 yt—4 When

x=-2, we get (-—2)’ +yt=4
2
y =0 4+3° =4
y=0 »'=0
. x =t y = 0
" the solutions of the given system are (~2,0) and (2,0) and the solution set is
{-2,0,(2,0)}

+  Exercise 2,6
1. Solve the following system of equations.
(i) 2x—y=3

(ii). x+2y=10 (ifi). 2x—p=—8

Papl=2 F4ay =3 Fedr=y,
(iv).2x+p=4 (V). 4x* +5y" = 4 (vi). 5x* =7 +9

¥ -2x+y =3 sz+y:=3 F=apPids
(vii)4x* + 3y =5 = 0 '

2+ 3y —4=0

Challenge !
2. Solve the system of equations,

(i) x+y=9 (i), y—x=4

Py + =0 2 by +y =8



Unit 2 Theory of quadratic equations

n of Quadratic Equations _

Real Life Applicatio - |
i Example iﬁ Suppose 2 rectangular ched isbeing fw’

feet and I i
it that bas an area of 120 S BT
ety

_ longerthanit iswide. Determine its dimensions.
Selution_J B
et Thenx+7 represents 1€ B+
of the shed. Th hed S, \/

- ]l-fn;ﬂig?:: l:::la uguals width times length, we s
e - arca is equal 10 120 square foot
IEI:':?: 1122(? distributive property
1;2 +7x-120=0 subtract 120 from cach sid¢
(x+15)x—-8)= 0 factorize
y+15=0 or x-8=0 zero-product property
x=8 solve

x=-15 or = '
¢ solution that has meamng isx=8.Thelengthis

i i ensions cannot be negative, th
o the width, so the dimensions of the shed are 8 feet by 15 feet.

_ 7feetlonger than

s Example B} Aman purchased a number of sharesof  [lakistan SmLk 'f_.ii\laﬂ?ﬁ
stock for an amount of Rs. 6000. 1fhe had paid Rs. 20188 s et 0

per share, the number of shares that could have been
purchased for {he same amount of money would have

increased by 10. How many shares didhebuy?
Solution  Suppose the number of shares purchased =X

The amount paid per share =¥’ then xy.= Rs. 6000 — (D)
If the man had paid Rs. 20 less per share i.e. Rs. (y—20), the number of share

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

" From (i), we get y=£0£'2. Substituting in (if) we have
X

{x+lﬁ][@ﬂ-2ﬂ}= 6000
X

6000x — 20x* + 60000200 x = 6000x
20x* +200x - 60000=10 (Dividing by 20)
+10x-3000=0 '
{(x-50)(x+60)=0
x=50 or x=-60
Since x=— 60 is not admissible, so we neglect it. Thus the number of shares p

s would

=
=
=
=
=

IR -

urchased is 50-

Unit 2 Thwm

- Find two consecutive
. The sum of the square
- The length of a hall js

. The sum of two numbers is 11 a
. The sum of the squares of two

. Ashepherd bought some goats for Rs, 9000,

of quadratic equations - - : : .

v  Exercise2.7 .

]Jﬂs;ti\!e integers whose product is 72

5 o - - :

| ‘ ml:;ec consecutive integers is 50. Find the integers

S s Wi _ 1s more than its width. If the area of th I

A0 Mt et of the hall is 36.5q. m.
nd sum of their square is 65. Find the numbers

i the numbsecs numbers is 100. One number is 2 more tha n the other.

G et Of_a rectangular field is 252 s
longer than its width. Find its sides
One side of a g i
rectangle is 54 e Is 3 centimeters less than twice the other. 1f
BIC 1S 04 Square centimeters, then find the sides of the ectanr.l He e
T gle. ]

The length of one side of right tri
the h . night triangle exceeds the length ;
¢hypotenuse is 15 centimeters, then find the mgmumiii‘f‘éﬁé?&ffﬁiﬁf‘“ s

The sides of ani i i
a right triangle in cm are (x—1), x, (x+ 1). Find the sides of the triangle.

quare meters. The length of its side is 9 meter

Lt; t::: ha::]t psaidR.s. 100 less for each, he would
got 3 goats more for th

st e r the same amount |

How many goats did he buy, when the rate in

each case is uniform?

‘.. = = ..-’- :\ T -

1. At the end of each question, four ci.rcle are given. Fill in the correct circle only.

{i). If the sum of the roots of
(a+ 1)+ (2a+3)x+(3a+4)=0
Qo0 &l o2 03
(i), The sum of the roots of a quadratic equation is 2 and the sum of the cubes of the
roots in 98. The equations is ;
O #-2-15=0
; O F-4x+15=0
(iii). If a, b, ¢ are pq'silivc re
al+br+e=0, are always
O real and positive
O rational and unequal

0 ¥-2x+15=0
O none of these
al number, then both the roots of the equation

O real and negative
(O none of these




- dratic equuﬁﬂns
== = Unit 2 Theo™s ? ﬂ.“‘ul k
: !
> =
:3- u 0. then the value o 37 L
the,ruﬂis°f4x2r-3x+1§ 3 O3
(jv). 1fa and D2 " 0 -7 :
o 3 o 5 J;—:»lc"":'afwfwm
' ation W=
1s of the ea" lowin
3. For what value of k ¢ N 3]1 s of the roots of the fol 4
~1- ) roduc
4. Evaluate s ) A on, find the S o
al 3 -
. h,-‘“g e equ
4 Without 50 i ax=0 Nxtk 5=0
quadrat'-.c equations (it i equa ¢+ (2k* )
(.4 -1 ihe sum of 1 roots of ¢
: at
Jue of ffer by wnity-
5, Find the ¥2 of roots: 4 1=0diffe < of the
e 2 _axt : inverse
is equal ¥ T of kif the roots of X i o the rnu'utip'uc'al“":
. € - 0 t
6. Find the vaiu . equation hos¢ . dthe other 100
qua =015 11- fin
nd the quadratie PR, g drkntd
1 i::;dm of 1'212 ~17x ;1;0 quadtatic equation 1x ' 2 synmeﬁc division 10 .
6 one of the 70015 € =0is —3- US®
. 1:;:2‘: (e vatue of nux3+6f+1lx+6 :
f the cubic : :
9, One 100 0 : _ 4y ;
e other 10 uations: 0 g 2+2=
o he following system of ¢4 T e 5y by 4 cm. the are
e 3y +y =P : dth are each inereased ¥ tangle-
. .I+3|.-_-'3;I. ~3xy : 5 lflﬂﬂgthandwl i : fthcufiﬁmalmc
o farectangle S48CT L lengihand widO
1. T?:;If;gammngleis 1200’ Find :
o .
i Activity. S . w1 11=0 e pniﬂ
: dtheerror: (c equation X +X° o immediately
N trying to solvethe quadratic qadraﬁf- equation. Habib 't know hat
Abuzaris sons to the @Y O atshe doesn IO ¥ 7y
ds two-real solutions biba explains thats Who1s corte
2 He fin Auzar's aaswers are Wione: B are notreal DUMVETS:
£ mh:ﬁons are right away, but sheknows hey &7
50l

stivity - J—

: i i jator. ' -
U-"mg:ni‘i?i“:ﬂ 7by x+2 and find Quotient and Remainde
Divide X |

long division method.

Verify

Unit 2 Theory of quadratic equations .

The solution to an equation are called the roots of the equation.

" —b+:[b —dae
2a

ic formula undemneath the square root sign is called the

© The quadratic formula is =

@© The part of the quadrat
discriminant.
Discriminant = b’ — dac

X

Discriminant b* —dac>0 b’ —dac=0 b —4ac<0

The roots are unequal
and real. Roots are
rational if b-4ac is

perfect square
otherwise they are
irrational. |

The roots are
equal.

| Nature of roots The roots are unequal

and imaginary.

| 1

@) A function of the roots of an equation, which remains unaltered when any two of the
~  rootsare interchanged is called Symmetric function of the roots.

@ For finding the equation ax’ + bx + ¢ =0, (a <> 0) when roots are given

. x* —(sum of the roots) x + product of the roots = 0 where

Sum of roots =— E
: a

Product of roots = 2
a

® syathetic division is a method of performing Euclidean division of polynomials with
less writing and fewer calculations. ‘ _ i

® Theadvantages of synthetic division are that it allows one to calculate without “mt:nj
variables, it uses few calculations, and it takes ls;gqiﬁcﬂntly less space on paper ;
long division. Also, the subtractions in long -:Iwmu!: are converted to additions by

itchi i inni ting Sign errors.

switching the signs at the very beginning, preven : .

@ A syslanf of Linear equations consists of two or more linear equations in the same
variables. .
A solution of system of linear equat
each equation in the system.

jons in two variables is an ordered pair that satisfies




