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MAAS [/ CLASS 11 [ MATHEMATICS

Quadratic Equations
fgara aieror

Roots, graphs and parameter conditions

6 concepts 6 worked examples 12 practice questions
B8 Y& JAYRUMY B gel [y 3aTexul IRE 37T T

Learning targets / i & @ga

* Choose a reliable method for finding roots.
* Use sums and products without solving explicitly.

* Read signs and extrema from a parabola.

Before you start: Factorisation, inequalities and square roots.

Concept map & question links / sfauRom g

Concept Learn + explain / 1qerRom Practice
Cc1 See the parabola first Q03, Q09
p.2 Ugl WAl 9Hs

c2 Solve by structure QO01, Q02
p.2 a1 § o ATt

c3 Classify roots with the discriminant Q04, Q05
p-3 fafdede & gal o1 U

c4 Use roots without computing them Q06, Q07, Q10
p.3 7o Aepret fomT ToTT

cs Solve signs and intervals Q08

p.4 fgara aivte &1 g

cé6 Translate conditions on roots Q11, Q12
p. 4 Tl oR et ot

Read C1-C6 — attempt Q01-Q12 — check solutions - complete the extension.

Ugat 3GYRUN g, fOhe foFT 81 G U & | TTeAclt 811 IR U & C-ahis ¥ Gafed UTS SIaRT g |

Green panels: key formulas and conditions. Amber panels: common errors. Each lesson has an English explanation, a Hindi
explanation and a worked example.
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LEARN e« g#Hs

Concepts 1 & 2
C1/ KEY CONCEPT
See the parabola first / yget tRaea IHst

A quadratic f(x) = ax? + bx + ¢ has a = 0. Its graph opens upward for a > 0 and downward for a < 0.
Completing the square reveals its turning point and makes the range visible before any roots are
calculated.

quf ot 919 & WRaerd a1 M 3R =gaw A Sifdehds AT W gIdT 81 3STER0T A X2 - 8x + 19 = (x - 4)2 + 3
&1 i hH-Y-HH LT g1, AT FATH A 3 & 3R I8 X = 4 R fAeTan g1

f(x) = a(x + b/(2a))2 - D/(4a), where D = b2 - 4ac.

WORKED EXAMPLE 1 / g1 faham 3grgvor
Find the minimum of x2 - 8x + 19.

Solution: Write (x - 4)? + 3. The square is at least zero, so the minimum is 3 at x = 4. The range is [3,®).

WATCH OUT: A minimum on a restricted interval may occur at an endpoint.

C2 / KEY CONCEPT
Solve by structure / @iz & ge A

Factorisation is efficient when integer or rational factors are visible. Otherwise use the quadratic formula,
obtained by completing the square. A quadratic has two complex roots counting multiplicity, although the
real number system may contain none.

e e ST @ 9 ot Uge agl dA<iehT US| 31T fgHTd G YRR e | 3TEROT H (2x - 1)(x-3) =0
g, gafeie ga1 1/2 3fR 3 €1 Jefl 1 AT 3R Ut T[uTichl & TRy Sita Tehd 81

x = (-b = V(b2 - 4ac))/(2a).

WORKED EXAMPLE 2 / g« farar Sergzur
Solve 2x? - 7x + 3 =0.

Solution: Factor as (2x - 1)(x - 3) = 0. The roots are 1/2 and 3. Their sum 7/2 and product 3/2 provide a
quick check.

WATCH OUT: Divide the entire numerator by 2a, not only the square-root term.
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LEARN e« g#Hs

Concepts 3 &4
C3 / KEY CONCEPT
Classify roots with the discriminant / fafaaaer & get &1 yhR

For real coefficients, D > 0 gives two distinct real roots, D = 0 gives a repeated real root and D < 0 gives a
non-real conjugate pair. Parameter questions often reduce to a discriminant inequality, but verify that the
leading coefficient is not zero.

fafderderr D e 1 at &I {99 arafdes 9, S 8 df THH HoT 3R FUNH gl df STardides affy ga
fAeTd 81 338U # D = 36 - 4k g1 ardfae Jeil & fag k < 9 =fgul

D =b? - 4ac.

WORKED EXAMPLE 3 / &< farar 3ereror
For which k does x? - 6x + k = 0 have real roots?

Solution: D = 36 - 4k. Requiring D = 0 gives k = 9. The roots are equal only when k = 9.

WATCH OUT: A nonnegative discriminant does not mean both roots are positive.

C4 [ KEY CONCEPT
Use roots without computing them / g& fAerret far=m morn

If a and B are roots, their sum and product come directly from the coefficients. Rewrite symmetric
expressions using these two quantities. To create an equation from new roots, compute the new sum and
product and use a monic quadratic.

Hell ol AT -b/a 3R UFhe c/a gidT & | GHHT STl bl S-a1 I fela=T SITRIR 31T &1 IaTe=0T J IhT 9
3R TUFHA 14 ¢, 3Tfeq 7l h1 AT 92 - 2 x 14 = 53 81

a+B=-b/a;ap =c/a; a2 + B2 = (a + B)? - 2ap.

WORKED EXAMPLE 4 / geT fam 3areror
If a,B solve x2 - 9x + 14 =0, find a? + B2.

Solution: The sum is 9 and product is 14. Thus a2 + B2 =92 - 2(14) = 53. No separate roots were needed.

WATCH OUT: The product of reciprocal roots requires af§ # 0.
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LEARN e« g#Hs

Concepts 5 & 6

C5 / KEY CONCEPT
Solve signs and intervals / fgard aiviaes @1 Rg

When a quadratic has real roots ri1 < rz, its sign agrees with a outside the roots and is opposite to a
between them. A repeated root touches the axis without changing sign. If D < 0, the sign agrees with a for
every real x.

HUR el dTell WRAed 37U G JRdfdeh Hell o & FUMHh R TR G- BIdT 81 310l # Hel -1/2 3R
381 < 81 9 gl fO”T ol it &heah [-1/2,3] Aerar 81

Fora>0:a(x-ri)(x-r2) =s0eri s x=ra.

WORKED EXAMPLE 5 / gt faham 3grgvor

Solve 2x? - 5x -3 = 0.

Solution: Factor (2x + 1)(x - 3). The roots are -1/2 and 3. The upward parabola is nonpositive between
them, so x lies in [-1/2,3].

WATCH OUT: A strict inequality excludes the roots.

C6 / KEY CONCEPT
Translate conditions on roots / &l uR @ ft ord

Conditions such as both roots positive require several checks together. For real roots, a positive sum and
positive product make both roots positive. Opposite signs require a negative product. For a restricted
range of x, check the vertex and endpoints rather than only the discriminant.

ST HeT 4T 81 o flQ Sharel eI INT Tt 8l 81 T ardfdeh gl, I &= gt 3R UM%
e B, i1 S1d aTeq | SaTERUT & k > 0 a1 k < 25/4 fAaane sifaw siavtel ad 81

Both roots>0« D =0, -b/a> 0 and c/a > 0.

WORKED EXAMPLE 6 / &< faar Iargwor
Find k for which x2 - 5x + k = 0 has two positive real roots, allowing equality between roots.

Solution: The sum is 5. The product requires k > 0. Reality requires 25 - 4k = 0. Therefore 0 < k < 25/4.

WATCH OUT: “Distinct positive roots” changes D = 0 to D > 0.
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PRACTISE * 3119 &3

Practice A

Show your method. Concept codes point to the relevant lesson. Solutions begin on page 7.

had 3R Tel, fafer oft T | sraszenrdar g at deifea C-epis arer uts 2d|

QO01-.c2
Solve x2-11x + 24 =0.

X2 - 11x + 24 = 0 g1 hIfST|

Q02 .c2
Solve 3x2+x-2=0.

3x2 + X - 2 = 0 g S|

Q03 .c1
Find the minimum of 2x2 - 12x + 23.

2X2 - 12X + 23 T YAGH A AT hifoig|

Q04 -c3
Find k for a repeated root in x2 + 8x + k = 0.

X2 + 8x + k = 0 & A gal & fAg k F1d Sifsiq|

Q05 - c3
Classify the roots of 4x2 - 4x + 5= 0.

4x2 - 4x + 5 =0 & Hell bl YR FdTY|

Q06 - c4
If roots of x2- 7x + 10 =0 are a,B, find 1/a + 1/B.

x2-7x+10=0&ga a,B &1 1/a + 1/B 1d FIfSQI
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PRACTISE * 3119 &3

Practice B

Show your method. Concept codes point to the relevant lesson. Solutions begin on page 7.

had 3R Tel, fafer oft T | sraszenrdar g at deifea C-epis arer uts 2d|

Q07 - ca
Form the monic quadratic with roots -3 and 6.

-3 3R 6 gai arer fgard e faf@y, fSed x2 a1 7ot 1 gl

Q08 -5
Solve x2-2x-15>0.

X2 - 2X - 15 > 0 g1 hiforg|

Q09 .1
Find the range of x2-4x+70on 0 < x < 5.

0 <X <5WxX2-4x + 7 &l IRY 7Td HIfSTI

Q10-c4
If a,pB solve x2 - 4x + 1 = 0, form an equation with roots a + 2, B + 2.

a,B FHRRUI X2 -4x + 1 =0F Hel gl a + 2 3R B + 2 Hell qreT FHIhR0T SH1ST

Q11-c6
Find all k for which x2 + kx - 8 = 0 has opposite-sign real roots.

x2 + kx - 8 = 0 & qrdfdes el o g fAwid g & g k & @it 719 I8

Q12-.c6
For which k is x2 - 4x + k strictly positive for every real x?

X2 - 4x + k g2 aTdfdeh x & folv it T TS ha ghT?
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CHECK ¢ ga wiftd

Solutions A

Compare the method as well as the final answer. For Hindi concept explanations, use the C-code.

IR & g1 deient oft ey | fES) & ad gws™ & fv gefdq sauron ug|

Q01 / C2 ¢ Solve by structure
(x - 3)(x - 8) =0; roots 3,8.
(x-3)(x-8)=0¥qaT 3 3R 8 5l

Q02 / C2 ¢ Solve by structure
(3x-2)(x+ 1) =0; roots 2/3,-1.
(3x-2)(x+1) =08 a1 2/3 3R -1 &I

Q03 / C1 ¢ See the parabola first
2(x - 3)2 + 5 has minimum 5 at x = 3.

&sTeh 2(x - 3)2 + 5 81 =AGH A 5, X = 3 W Aear g1

Q04 / C3 ¢ Classify roots with the discriminant
64 - 4k = 0 gives k = 16; the repeated root is -4.
T A b it D =64 - 4k =0, 3T k = 16 81

Q05 / C3 ¢ Classify roots with the discriminant

D =16 - 80 =-64 < 0; two non-real conjugate roots.

D =16 - 80 = -64 g1 3TIT ST oI Sfardfaer dfFs Tt g1

Q06 / C4 * Use roots without computing them

(o + B)/(aB) = 7/10.
ShH! T AT Al b TNT bt UM & T 34 WR fAerar &: 7/101

Correct? Explain why the method works. Incorrect? Mark the first step that changed the answer.

gl g9 UR ShRUT GHSY | TTeld 84 IR Ugelt 7Teld fohdT Uga 37k GIaRT gl el
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CHECK ¢ ga wiftd

Solutions B

Compare the method as well as the final answer. For Hindi concept explanations, use the C-code.

IR & g1 deient oft ey | fES) & ad gws™ & fv gefdq sauron ug|

Q07 / C4 + Use roots without computing them
Sum 3, product -18: x2-3x - 18 =0.
Tl T ANT 3 3R U -18 &1 FHIAROT x2 - 3x - 18 = 0 Bl

Q08 / C5 ¢ Solve signs and intervals
(x-5)(x+3)>0,sox<-30rx>5.
e -3 3R 5 g1 SR G+ aTdlT IRAerd e &b 8: X < -3 TX > 51

Q09 / C1 ¢ See the parabola first

(x - 2)2 + 3 has minimum 3. Endpoint values are 7 and 12; range [3,12].

i IR =g 3 g1 faRf R A 7 3R 12 €, safog . [3,12] 81

Q10 / C4 * Use roots without computing them
New sum 8; product 1 + 2(4) + 4 = 13. Equation x2 - 8x + 13 = 0.
T A1 8 3R AT UG 13 &1 FHIHRUT X2 - 8 + 13 = 0 &

Q11 / C6 « Translate conditions on roots
Every real k. Product -8 is negative and D = k? + 32 > 0.

UM% -8 Tad UM 3R D = k? + 32 Had YIS gl g dRdlde k A1 g

Q12 / C6 « Translate conditions on roots

Minimum k - 4 must exceed 0, so k > 4.

quf anf & (x - 2)2 + k - 4 B GeAaw eIk 814 & forg k > 4 =@1fgal

Correct? Explain why the method works. Incorrect? Mark the first step that changed the answer.

el 89 TR hRUT GHSTY | TTeAd 811 UR Uget! TTeTd fehal UgdT 3R IR 8l he
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CONNECT ¢« §dy g

Visual review & extension

17.5
15.0
12.5 A
10.0 A
7.5 A

5.0

2.5 -

0 1 2 3 4 5 6 7 8

C1:x2-8x + 19 = (x - 4)2 + 3; the graph never meets the x-axis.

Common roots

Subtract suitable multiples of two quadratic equations to eliminate x2. Any resulting candidate must
satisfy both originals. If elimination produces an identity, the quadratics may be proportional.

A higher-degree connection

For a polynomial anx" + an-1x""1 + ... + a0, the sum of all complex roots counting multiplicity is -an-1/an
and their product is (-1)"ao/an.

Challenge
If a,B are roots of x2- 6x + 4 =0, find a3 + B3. Use (a + B)3 - 3aB(a + B) =216 - 72 = 144.

SIS FeT WISTd THY X2 h FeTeh et A1 ot ST Tl 7 Siid | 3= u1d aret agual # o el & T
3R UFh & G gid &1 AT H G- AT AT 63 - 3 x 4 x 6 = 144 3|

nou

Can you separate “real roots”, “positive roots” and “positive for every real x"?

AT MY TR A chi 2T 37R Teh FTHTI TTeTcl! 31U S1&G1 H FHST Tchd 872
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