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Chapter 4: Quadratic Equations

ST 4: TgaTd AHIEHuT

Section 1: Detailed Concepts, Standard Form & Nature of Roots
T3 1: fawqa ATuRoNy, 7EE €9 T qel ot AFHd

4.1 Introduction & Standard Form of Quadratic Equations / 4.1 ¥ffert gd fera afiezor &1 ame ©u
[English Theory]: A quadratic equation in the variable x is an equation of the form:

ax2+bx+c= 0, where a, b, ¢ are real numbers and a # 0.

* Any equation of the form p(x) = 0, where p(x) is a polynomial of degree 2, is a quadratic equation.

e When the terms of p(x) are written in descending order of their degrees, we obtain the standard form.

e Examples in everyday life: Throwing a ball (projectile trajectory), areas of rectangular enclosures where length
depends on breadth, revenue models, and time-distance problems with varying speeds.

[f&& Rgial: = x & Ta fZard aftenor ax? + bx + ¢ = 0 & YR & gidl &, STl a, b, ¢ ardfder G & dura # 0 &1
o p(x) = 0 o UHR I s Ht THHT, T8I p(X) BT 2 T Teh SgUS o, [GUTd THIERR0T SHgerar g

o 51§ §H UGI ohl ITch! HTdT & Tcd ohH | foiad 8, al 88 AT ¥ UT gidT 8|

o e Sftee & SrguaT: vt T, SR @S] & SFthd, ANTd d AT Alsd, T Id-g3 daet ue|

4.2 Solution by Factorisation (Splitting the Middle Term) / 4.2 @z gRT fZurd w+iezor &1 g

[English Theory]: A real number a is called a root of the quadratic equation ax? + bx + ¢ = 0 if aa® + ba + ¢ = 0.
Note: The zeroes of the quadratic polynomial ax? + bx + ¢ and the roots of the quadratic equation ax? + bx + ¢ =
0 are identical.

To solve by factorisation, we split the linear term bx into two terms whose coefficients have sum b and product
ac. We then factorise into two linear factors (px + q)(rx + s) = 0. By the zero-product property, either px + g = 0 or
rx +s =0.

[FE& Rrgia]: T arafaes g o fgara afie=or ax? + bx + ¢ = 0 &1 e gt (Root) sedrdl 8, af& aa? + ba + ¢ = 0 &l
feeqoft: fema sgue & e ofk fyema Txftereor & 9o ga & g &1

TomEeA fafd § 7 957 ug bx &l U9 & UGl # fATed o & SRt I b ofR UMt ac 811 dead &t e UHEs (px + )
(rx + s) = O UTW & LI FTd &ed 8l

4.3 The Quadratic Formula (Sridharacharya Formula) & Nature of Roots / 4.3 fgardt g7 (sfermard ¥3) wa
Teit 1 upfa

[English Theory]: Quadratic Formula: The roots of ax?+bx+c=0(a#0)are given by:

x = [-b = v(b2 - 4ac) 1/ (2a) (provided b? - 4ac = 0).

The quantity D = b2 - 4ac is called the Discriminant (Riffea).

Three Conditions for Nature of Roots:

1. D > 0: Two distinct real roots: x = (-b + ¥D)/(2a) and x = (-b - vD)/(2a).

2. D = 0: Two equal real roots (coincident roots): x = -b/(2a), -b/(2a).

3. D < 0: No real roots exist (the roots are imaginary / complex numbers).

[ Rrgial: aredht o afteor ax? + bx + ¢ = 0 & 9 P g A AG 1A &
x =[-b % V(b2 - 4ac) 1/ (2a) (@R b? - 4ac =z 0 &)1
Tfy D = b2 - 4ac &t ZaTd Tefiewur &1 fAf¥ema (Discriminant) &gd &1
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Tl i uepfa & = P

1. afe D > 0, at &t fA7 arafass g1 g1 &1

2. 3¢ D = 0, dt & sRIeR (Hurdh) arafde g 8id &: x = -b/(2a)1
3.afe D < 0, i &Y arafdes get gl g

Ex 4.2 Q1(i): Roots of x2-3x-10=0
T

=—y =x?-3x-10

Ex 4.2 Q5: Right Triangle (Base = 12 cm, Altitude = 5 cm)
10 A

Altitude (x - 7)
=5cm

Base (x) =12 cm

—10 A

-4 -2 0 2 4 6

Fig 4.1: Right Triangle Dimensions in Ex 4.2 Q5 (Base = 12 cm, Altitude = 5 cm, Hypotenuse = 13 cm) and Roots of x2-3x~-10 = 0
— TYBA Coaching Centre

Section 2: Textbook Solved Examples with Step-by-Step Bilingual Solutions

T 2: USIYEa® & Ot gt fohg g 3Iqreron (fasqga wRueg &)

Textbook Example 1: Mathematical Representation of Word Problems / 3&1g3ur 1: 9a&mai} a1 mfordia fAzegor

[Problem - ENI: (i) John and Jivanti together have 45 marbles. Both of them lost 5 marbles each, and the product
of the number of marbles they now have is 124. We would like to find how many marbles they had to start with.
(ii) A cottage industry produces a certain number of toys in a day. The cost of production of each toy (in ¥) was
55 minus the number of toys produced in a day. On a particular day, the total cost was ¥ 750.
[or21 - HI]: (i) ST 3R Sfiaet g1 & ure et et 45 & §1 11 5-5 @ @t 3d §, 31k 31 I+7ch UTH i hl ST ol
TUHT% 124 81
(ii) Qo R I gk R A o R« a=imar g1 vl @R &1 9w 55 d @ Ua 37 d a9 &t 6 S ot ges @ ura
gl 81 et & % 750 ot

Step-by-Step Solution (English):

(i) Let John have x marbles. Then Jivanti had 45 - x marbles.

After losing 5 marbles each: John has x — 5, Jivantihas 45 - x = 5 =40 - x.

Product: (x - 5)(40 - x) = 124 = —x? + 45x - 200 = 124 = x2 - 45x + 324 = 0.

(i) Let number of toys = x. Cost of each toy = ¥ (55 - x).

Total cost: x(55 - x) = 750 = x2 - 55x + 750 = 0.

WU g (fF4):

(i) AT It 8 R = x, STt o i = 45 - x|

5 &9 @ & a1e: (X - 5)(40 - x) = 124 = x2 - 45x + 324 = 0|

(ii) T fRe= &Y G&aT = x, Uk &hl NI = (55 - )|

el aFTa: X(55 - X) = 750 = x2 - 55x + 750 = 0|

Textbook Example 3: Roots of 2x2 - 5x + 3 = 0 by Factorisation / IgIg0T 3: UFES- gRT 2x>-5x +3=0a&

T
[Problem - ENI: Find the roots of the equation 2x2 - 5x + 3 = 0 by factorisation.
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[121 - HI]: urH@eA ZRT TeRRor 2x2 - 5x + 3 = 0 & g 71 hifSigl

Step-by-Step Solution (English):

We need two numbers whose sum is =5 and product is 2 x 3 = 6. These are -2 and -3.
2x2 - 2x - 3x+3=0

2x(x -1 -3(x-1=0

(x-1M(@2x-3)=0

So,x-1=0o0r2x-3=0=>x=1o0rx=3/2.

Therefore, the roots are 1and 3/2.

TR g (fad):

&1 U 3f T’ a1fey fSHeRT I -5 a1 UFHhd 6 g1 § T -2 3R -3 8l
2x2-2x-3x+3=0= (x - 1)(2x - 3) = 01
A:x—1=03YaT2x -3 =0=>x=191x = 3/2|

31 TR & e 1 81k 3/2 &

Textbook Example 5: Roots of 3x?-2v6x + 2 = 0 / I&1gR0T 5: 3x2 - 2V6X + 2 = 0 & el
[Problem - ENI: Find the roots of the quadratic equation 3x2-2v6x + 2 = 0.
[or21 - HI]: fgema afiezor 3x2 - 2v6x + 2 = 0 & g 71a FifSigl

Step-by-Step Solution (English):

3x2 - 2v6xX + 2 = 3x% - VBX - VBX + 2 = V3X(V3X - v2) - V2(V3x - v2) = (V3x - v2)2.
So, the roots are the values of x for which (v3x - v2) = 0.

Therefore, the roots are v2/v3, v2/v3 (or v(2/3), V(2/3)).

T g (fBdh):
7Y g ol fAved e R: (V3X - v2)(V3x - v2) = 0l
3 V3x - v2 = 0 = x = V(2/3), ¥(2/3) (& sRTeR 7eA) |

Textbook Example 7: Discriminant & Nature of Roots of 2x2-4x + 3 = 0 / I&1g0T1 7: 2x2-4x + 3 =0 T
faferen d gt Y uspfar

[Problem - EN]: Find the discriminant of the quadratic equation 2x2 - 4x + 3 = 0, and hence find the nature of its

roots.
[51%1 - HI]: fgema afiezor 2x2 - 4x + 3 = 0 &1 fAfdeaaw ara FifSg ok fRr gt & ugpfa 7ma Fifsal
Step-by-Step Solution (English):

Comparing with ax? +bx +c = O,wehavea=2,b=-4,c=3.
Discriminant D = b2 - 4ac = (-4)2 - 4(2)(3) =16 - 24 = -8 < 0.
Since D < 0, the given equation has no real roots.

WUt g (fBdh):

ggfa=2,b=-4,¢c=3l

fafdeeR D = b? - 4ac = (-4)% - 4(2)(3) =16 - 24 = -8 < 0|
gfeh D < 0 8, 31d: THIRUT & S arafaes g 8l g |
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Section 3: Exercise 4.1 Complete Step-by-Step Solutions
Eg 3: UsAEet 4.1 % HYUf TRUEG A

Exercise 4.1— Question 1/ usiaeit 41— Ui 1

[EN] Check whether the following are quadratic equations: (i) (x + 1)2 = 2(x = 3) (ii) x2 - 2x = (-2)(3 - x) (iii) (x - 2)
(x+1) =(x=-1(x+3)(iv) (x=3)(2x + 1) =x(x + 5) (V) (2x=1)(x=3) = (x + 5)(x = 1) (vi) x2 + 3x + 1= (x - 2)2 (vii) (x
+2)% = 2x(x%2-1) (viii) x3-4x2-x+1=(x-2)3

[HI] sita ifSig ok e A= e aefieor &:

([ (x+12=2(x-3):x2+2x +1=2x -6 = x2+7=0. Degree is 2 = Yes (g&f).

(ii)) x2-2x = (-2)(3 - x): X2 - 2x = -6 + 2x = x% - 4x + 6 = 0. Degree is 2 = Yes (gf).

(iii) (x = 2)(x +1) = (x = 1)(x + 3): x2 - x - 2 =x% + 2x - 3 = 3x - 1=0. Degree is 1 = No (7&¥).

(iv) (x = 3)(2x + 1) = x(x + 5): 2x2 - 5x - 3 = x% + 5x = x2 = 10x - 3 = 0. Degree is 2 = Yes (&¥).

(V) 2x=1)(x-3) = (x +5)(x = 1): 2x2 - 7x + 3 = x2 + 4x - 5 = x2 = 11x + 8 = 0. Degree is 2 > Yes (&).

(Vi) x2+3x+1=(x-2)2x2+3x+1=x2-4x + 4 = 7x - 3=0. Degree is 1 = No (7&).

(vii) (x +2)3 = 2x(x? - 1): x3 + 6x? + 12x + 8 = 2x® - 2x = -x3 + 6x2 + 14x + 8 = 0. Degree is 3 (Cubic) = No
(7 &).

iii) x3-4x2 - x+1=(x-2)3:x3 - 4x2 - x +1=x3-6x%2 + 12x - 8 = 2x2 - 13x + 9 = 0. Degree is 2 = Yes
(81).

Final Answer / 3<IR: (i) Yes (ii) Yes (iii) No (iv) Yes (v) Yes (vi) No (vii) No (viii) Yes

Exercise 4.1 — Question 2 / Ugitaeit 41— U 2

[EN] Represent the following situations in the form of quadratic equations:
(i) Area of rectangular plot is 528 m2. Length is 1 m more than twice its breadth.

(ii) Product of two consecutive positive integers is 306.
(iii) Rohan's mother is 26 years older than him. Product of ages 3 years from now will be 360.
(iv) Train travels 480 km at uniform speed; if speed had been 8 km/h less, it takes 3 hours more.

[HI] = Rt a6t fZama aefieron & &u d s A

(i) Rectangular Plot: Let breadth = x m. Then length = (2x + 1) m.
Area = x(2x + 1) = 528 = 2x% + x - 528 = 0.

(ii) Consecutive Positive Integers: Let integers be x and x + 1.
Product = x(x + 1) = 306 = x2 + x - 306 = 0.

(iii) Rohan's Age: Let Rohan's present age = x years, mother's age = (x + 26) years.
In 3 years: (x + 3)(x + 29) = 360 = x2 + 32x + 87 = 360 = x2 + 32x - 273 = 0.

(iv) Train Speed: Let speed = u km/h. Time difference: 480/(u - 8) - 480/u = 3.
480(u - u +8) = 3u(u - 8) = 480 x 8 = 3(u? - 8u) = u? - 8u - 1280 = 0.

Final Answer / 39%: (i) 2x2 + x - 528 = 0 (ii) X2+ x - 306 = 0 (jii) X2+ 32x -273=0 (iv)u?-8u-1280=0
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Section 4: Exercise 4.2 Complete Step-by-Step Solutions
TS 4: LT 4.2 F YUl TRUEG, g

Exercise 4.2 — Question 1t0 6 / UE=it 4.2 —UA 18 6

[EN] Q1: Find roots by factorisation: (i) x>=3x-10=0 (ii) 2x2+x-6=0 (iii) v2x2+7x+5v2=0 (iv) 2x?>-x+1/8=0 (v)
100x2-20x+1=0.

Q2: Solve Example 1 problems.

Q3: Find two numbers whose sum is 27 and product is 182.

Q4: Find two consecutive positive integers whose sum of squares is 365.

Q5: Altitude of right triangle is 7 cm less than base. If hypotenuse is 13 cm, find sides.

Q6: Cottage industry pottery articles problem.

[HI] ustraelt 4.2 & usr 19 6 aah & Tgof g=:

Q1 Solutions (Factorisation):

() x2-5x+2x-10=(x - 5)(x + 2) =0 = x = =2, 5.

(i) 2x2 + 4x - 3x -6 = 2x(x +2) = 3(x + 2) = (x + 2)(2x - 3) = 0 = x = -2, 3/2.

(iii) V2Xx2 + 2X + 5X + 5v2 = V2X(X + v2) + 5(X + v2) = (X + V2)(V2x + 5) = 0 = x = =v2, =5/v2.
(iv) Multiply by 8 = 16x2 - 8x + 1= (4x - 1)2 =0 = x =1/4,1/4.

(v) (10x - 1)2 = 0 = x =1/10, 1/10.

Q2 Solutions:
(i) x2 - 45x + 324 = (x - 36)(x - 9) = 0 = 9 and 36 marbles.
(i) X2 - 55x + 750 = (x - 25)(x - 30) = 0 = 25 or 30 toys.

Q3 Solution (Sum = 27, Product = 182):
x(27 - x) =182 = X2 -27x+182=0 = (x = 13)(x - 14) =0 = 13 and 14.

Q4 Solution (Sum of squares = 365):

X2+ (x +1)%2=365=2x%+2x - 364=0=x%+x-182 = (x +14)(x - 13) = 0.
Since integers are positive, x = 13. Integers are 13 and 14.

Q5 Solution (Right Triangle — See Fig 4.1 Left):

Let base = x cm, altitude = (x = 7) cm. By Pythagoras theorem:

X2+ (x-7)2=132=2x%2 - 14x + 49 =169 = x? - 7x - 60 =0 = (x - 12)(x + 5) = 0.
Since side length > 0, x = 12 cm. Thus Base =12 cm, Altitude = 5 cm.

Q6 Solution (Cottage Industry):

Let number of articles = x, cost of each = ¥ (2x + 3).

Total cost: x(2x + 3) =90 = 2x2 + 3x -90=0= (x - 6)(2x + 15) = 0 = x = 6.
Hence, Number of articles = 6, Cost of each article = ¥ 15.

Final Answer / 3<%: Q1: (i) -2, 5 (ii) -2, 3/2 (iii) -5/v2, -v2 (iv) 1/4,1/4 (v) 1/10,1/10 * Q2: 9, 36 and 25, 30
Q3:13,14+°Q4:13,14 - Q5: 5cm and 12 cm * Q6: 6 articles, ¥ 15 each

Section 5: Exercise 4.3 Complete Step-by-Step Solutions
T3 5: UAEet 4.3 % HYUf TRUEG g

Exercise 4.3 — Question1to 5 / Usai1 4.3 — U185

[EN] Q1: Nature of roots & find them: (i) 2x2-3x+5=0 (ii) 3x>~4v3x+4=0 (iii) 2x>~-6x+3=0.
Q2: Find k for equal roots: (i) 2x2+kx+3=0 (ii) kx(x-2)+6=0.
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Q3: Is it possible to design rectangular mango grove with length twice breadth, area 800 m?2?
Q4: Sum of ages of two friends is 20 yrs; 4 yrs ago product was 48. Possible?
Q5: Is it possible to design rectangular park of perimeter 80 m, area 400 m??

[HI] wstraeft 4.3 & usr 19 5 doh & Tgof g=:

Q1 Solutions (Nature of Roots):

(i) 2x2 - 3x + 5= 0: D = (-3)2 - 4(2)(5) = 9 - 40 = -31 < 0 = Real roots do not exist (&% arEafaes g=1 7).
(i) 3x%2 - 4v3x + 4 = 0: D = (-4v3)2 - 4(3)(4) = 48 - 48 = 0 = Equal real roots: 2/v3, 2/v3.

(i) 2x2 - 6x + 3= 0: D = 36 - 24 = 12 > 0 = Distinct real roots: (3 = v3) / 2.

Q2 Solutions (Equal Roots D = 0):
(i) 2x2 +kx +3=0=kZ-4(2)(3) =0 = k? =24 = k= +276.
(ii) kx2 - 2kx + 6 = 0 = (-2k)2 - 4(k)(6) = 0 = 4k(k - 6) = 0. Since k # 0, k = 6.

Q3 Solution (Mango Grove):
Let breadth = x m, length = 2x m. Area = 2x2 =800 = x% = 400 = x = 20 m.
Yes, possible! Length = 40 m, Breadth = 20 m.

Q4 Solution (Ages of Two Friends):
Let ages be x and (20 - x). 4 yrs ago: (x — 4)(16 - x) = 48 = x2 - 20x +112 = 0.
D = 400 - 4(112) = 400 - 448 = -48 < 0. Since D < 0, No, not possible (g fRAfa Tya g §).

Q5 Solution (Rectangular Park):
Perimeter = 2(1+b) =80 = |+ b = 40 = b = 40 - |. Area: 1(40 - 1) = 400 = |2 - 401 + 400 = 0 = (I - 20)2 = 0.
D = 0, so Yes, possible! Length = 20 m, Breadth = 20 m (a square park).

Final Answer / 3<R: Q1: (i) No real roots (ii) 2/v 3, 2/v3 (iii) (3£v3)/2 * Q2: (i) £2v6 (ii) 6 * Q3: Yes (40 m, 20 m)
* Q4: No * Q5: Yes (20 m, 20 m)

Section 6: Chapter Summary & Key Formulas
TE 6: A AR TS WHE I

Concept Mathematical Formula feramon (&4h)
Quadratic Formula x = [-b = V(b2 - 4ac)] / (2a) fgaTd SHieeor & 9o I et o1 G
Discriminant D = b2 - 4ac D> 0 (= 7a), D = 0 (sR1eR 7e), D < O (chreafen)
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