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CHAPTER

4 Quadratic Equations
®

Basic Concepts

Quadratic Polynomial

A polynomial of theform ax +bx+ ciscaled a Quadratic polynomid,
a = 0. Degree of this polynomial is 2

Quadratic Equation

A equation of theform ax’ +bx+c= 0, a# Oiscaled a Quadratic equation,
in one variable x, where a, b, ¢ are real numbers.

l v
. - Methods for solving
Roots of a Quadratic Equations Quadratic Equations

Areal number a is called root of { By Using Quadratic ]

, By factorisation i
ax”+ bx +¢=0, when it satisfies { Y ] Formula (Given by

) Sridhar Ach
this equation i.e., ao” + ba + ¢ =0. l arya)
A quadratic equation have at most (a) By using identities
2 real roots. (b) By splitting the middle term

——— Quadratic equation ax® + bx + ¢ =0
Discriminant has two roots o and B given by

2
D=b —4acis 2 - 12
called discriminant o=REVb -dac g —bovb -dac
7 2a 2a
[ Nature of rootsj
v
v v v
Casel :D>0,b°'—4ac>0 || Casell : D=0,b —4ac=0||Caselll : D <0,b —4ac<0
Roots are rea and distinct Roots are real and equal Roots are not real

I I
v

Real roots can be
rational or irrational
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NOTES:

1. Real anddistinct rootsare b

++/b? —4ac
2a
-b b

2. Rea andequal rootsare -, =

2a’ 2a

3. Therearequadratic equation which donot have any real rootse.g. x°+1=0

VERY SHORT ANSWER TYPE QUESTIONS

Multiple Choice Questions:

1.

Which of thefollowingisnot aQuadratic Equation?
(@ 2(x—-1)?=4x°-2x+1 (b) X—x°=x°+6

© (V3x+42)=28=5x () (F+202=xt+3+4¢
Which of thefollowing equation has 2 asaroot

(@ x2+4=0 (b) ¥*-4=0
(© X¥*+3x-12=0 (d) 3x*-6x—2=0
1. 5 _
If 5 isaroot of X2+ px— 25 Othenvalueof pis
(@) 2 (b) -2
1 1
© @
Every Quadratic Equation can have at most
(a) Threeroots (b) Oneroot
(c) Tworoots (d) Any number of roots
Roots of Quadratic equation x2—7x=0will be
@7 (b) 0,—7
(© 0,5 d 0,7

Fill intheblanks:

(@) If px2+gx+r=0hasequal rootsthenvalueof r will be

(b) Theqaudratic equation x2—5x—6= 0if expressed as (x + p) (x+ g) =0then
valueof p and g respectively are and

(©) Thevalueof k for whichtheroots of gaudratic equationsx? + 4x + k=0 are
rea is .
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(d) If rootsof 4x%—2x+c=0arereciprocal of each other thenthevalueof cis

(e) If inaquadratic equation ax?+ bx + ¢ =0, value of ais zero then it become
a equation.

7. Write whether the following statements are true or false. Justify your
answers.
(a) Every quadratic equation has atleast onereal roots.
(b) If the coefficient of x2 and the constant term of a quadratic equation have
opposite signs, then the quadratic equation hasreal roots.
(c) 0.3isaroot of x>—0.9=0.
(d) Thegraph of aquadratic polynomial isastraight line.
(e) Thediscriminant of (x—2)2 = 0is positive.
8. Matchthefollowing:
(i) Rootsof 3x°—27=0 (a) 169/9
5
(ii) D of 2x° + gx—Z:O (b) O
(iii) Sum of roots of 8x% + 2x—3=0 () X¥*—(a+b)x+ab=0
(iv) A quadratic equation with rootsa and b (d 3,-3
(v) The product of roots of x2+ 8x=0 (e _7
SHORT ANSWER TYPE QUESTIONS-I
9. If the Quadratic equation Px? — 2./5Px + 15 = 0 hastwo equal roots then find
thevalueof P.
10. Solvefor x by factorisation
(@) 8x2—22x-21=0
(b) 35x%+25x+10J5 =0
(c) 3x-2/6x+2=0 (CBSE 2010)
(d) 2x*—ax+a?=0 (CBSE 2014)
(6) V3x2+10x+7+/3=0
(f) V2x2+7x+5J2 =0
(9) (x-1)*-5(x-1)-6=0
11. If —5isaroot of the quadratic equation 2x? + px — 15 = 0 and the quandratic
equation p(x2 + x) + k= 0hasequal rootsfindthevalueof k. (CBSE 2014, 2016)
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12. Ifx= 3 and x=—3 areroots of the quadratic equation ax? + 7x + b=0. Find the

value of aand b. (CBSE 2016)

13. Findvalueof p for whichthe product of roots of the quadratic equation px? + 6x
+ 4p = 0isequal to the sum of theroots.

14. Thesidesof two squaresare x cm and (X + 4) cm. The sum of their areasis 656
cm? Find the sides of these two squares.

15. FindK if thedifferenceof rootsof the quadratic equation x?—5x + (3k—3) =0is 11.

SHORT ANSWER TYPE QUESTIONS-II

16. Find the positive value of k for which the quadratic equation x> + kx + 64 =0
and the quadratic equation x? — 8x + k = 0 both will have real roots.

17. Solvefor x

(a) a+i+xzi+%+% a+b+x#0, (CBSE 2005)
ab,x#0
(b) _ :i+1+i 2a+b+2x#0
2a+b+2x 2a b 2x '
ab,x#0
2X 1 3x+9 -
(©) x—3+2x+3+(x—3)(2x+3) =0,x#3, 2
@ -1 =845 (CBSE 2010)
Xx-1 x+5 7

(d) 4x2+4bx—(a2—b?2) =0
(f) 4x°-2(@%+b?)x+a%?=0

2 N 3 23
@ %1 2(x—2) _a’x;’to’_l’ 2

2x )2 10x
(h) [X_J t g A =0x25

(i) 4x2—4a®>x+a*-b*=0
(j) 2222+ b(6a?+ 1)x+3b°=0

y 3(7x+9_4(5x—3] 1 3 -1
(k) S5 Ix+1 ~ X5y
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o x#-47
O X+a " x-7" 30 (NCERT)

Xx-4 x-6 10

M 5ty 7" 3 "> (CBSE 2014)
(n) L + 2 = 4 Xx#-1,-2,—-4
Xx+1 X+2 x+4’ T
(0) S S x¢§5
2x—3 x-5 2’
(p) X2+ 5/5x —70=0
16 15
@ S 1=5 7, x#0,-1 (CBSE 2014)

18. Solveby using quadratic formulaabx? + (b —ac) x—bc =0. (CBSE 2005)
19. If therootsof the quandratic equation (p+ 1)x*—6(p + 1) X+ 3(p+ 9) = O areequa
find p and then find the roots of thisquadratic equation.

LONG ANSWER TYPE QUESTIONS

20. Atraintravelsat acertain average speed of 54 kmand thentravelsadistance of 63
km at an average speed of 6 km/hr morethan thefirst speed. If it takes 3 hoursto
completethetotal journey, what isitsfirst speed?

21. Anatura number, whenincreased by 12, equals 160 timesitsreciproca . Find the
number.

22. Athef runswith auniform speed of 100 m/minutes. After one minute apoliceman
runs after thethief to catch him. He goeswith aspeed of 10 m/minuteinthefirst
minute and increases his speed by 10 m/minute every succeeding minute. After
how many minutesthe policemen will catch thethief?

23. Two water taps together can fill atank in 6 hours. The tap of larger diameter
takes 9 hourslessthan the smaller onetofill thetank separately. Find thetimein
which each tap can separately fill the tank.

24. In the centre of arectangular lawn of dimensions 50 m x 40 m, a rectangular
pond has to be constructed, so that the area of the grass surrounding the pond
would be 1184 m?. Find the lenght and breadth of the pond.

25. A farmer wishesto grow a 100 m? recangular garden. Since he has only 30 m
barbed wire, hefencesthree sides of therectangular garden | etting compound wall of
this house act asthefourth side fence. Find the dimensions of hisgarden.

26. A peacock issitting onthetop of apillar, whichis9 m high. From apoint 27 m
away from the bottom fo apilar, asnake iscoming to its hole at the base of the
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pillar. Seeing the snake the peacock pouncesonit. If their speedsare equa, at what
distance from the holeisthe snake caught?

27. 1f the price of a book is reduced by ¥ 5, a person can buy 5 more books for
¥ 300. Find the original list price of the book.

28. % 6500 weredivded equally among acertain number of persons. Had there been
15 more persons, each would have got ¥ 30 less. Find the original number of
persons.

29. In aflight of 600 km, an aircraft was slowed down due to bad weather. Its
average speed was reduced by 200 km/hr and the time of flight increased by 30
minutes. Find the duration of flight.

30. A fast train takes 3 hours less than aslow train for ajourney of 600 km. If the
speed of theslow trainis 10 km/hr lessthan thefast train, find the speeds of the
two trains.

31. The speed of aboat in still water is 15 km/hr. It can go 30 km upstream and
return downstream to the orignal point in 4 hrs 30 minutes. Find the speed of the
stream.

32. Sum of areasof two squaresis400 cm?. If the difference of their perimeter is 16
cm. Find the side of each sguare.

33. Theareaof anisosclestriangle is 60 cm?. The length of equal sidesis 13 cm
find length of itsbase.

34. Thedenominator of afraction isone morethan twicethe numerator. If the sum of

16
the fraction and itsreciprocal is 22—1. Find the fraction.

35. Adgirl istwiceasold asher sister. Four yearshence, the product of their ages(in
years) will be 160. Find their present ages.

36. A two digit number is such that the product of its digits is 18. When 63 is
subtracted from the number, the digit interchange their places. Find the number.

CBSE 2006
37. Three consecutive positive integers are such that the sum of the square of the
first and the product of other two is 46, find theintegers. CBSE 2010

38. A pieceof cloth costs? 200. If the piecewas5 mlonger and each metre of cloth
costs¥ 2 lessthan the cost of the piece would have remained unchanged. How
long isthe piece and what isthe original rate per metre?

39. A motor boat whose speed is 24 km/hr in still water takes 1 hour moreto go 32
km upstream than to return downstream to the same spot. Find the speed of the
stream

(CBSE 2016)
40. If theroots of the quadratic equation (b—c)x? + (c—a)x + (a—b) =0 areequal,
prove2b=a+c.
41. If theequation (1 + m?)nx? + 2mncx + (¢ —a?) = 0 haequal roots, provethat ¢
=a?(1+m).
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ANSWERS AND HINTS

1. (@) [x*+4x2 + 43 =x* + 3 + 4x? = 4x3 = 3 = degree = 3]
(b) [Check by substituting x =2 in the equation. ]
1 5
3. (a) [Substitute x = 5 in x% + Px — i 0.]
4. (¢) [ Aquadratic polynomial is of degree 2 and it has atmost two zeroes. ]
5. @Wkx(x—7)=0=>x=0,x=17.]
2

q
6. (a) [F=E(D=03q2—4pr=0)]
D) p=—6,g=1[x>-5x-6=0=(x—6) (x +1)=0]
(c) K<4

C C
d) c=4(- product=1:>Z:1:>Z=1)

(e) Linear equation (x = 0 = ax? + bx + ¢ = 0 reduces to bx + ¢ = 0)
7. (a) False (A quadratic equation has atmost two real root).
(b) True (Coefficient of x*> = a, Constant =— ¢, D= b*—4ac = b* —4(a) (- c) = b?
+4ac > 0)

(c) False (x>*=0.9 = x= +/0.9)
(d) False (Degree of quadratic polynomial is 2 not 1 *. Not a straight line)
8. () —> d

(@) —> a
(fii)—> e
(iv) > ¢
(v)—> b
9. D=0 20p* - 60p=0,p=0
20p(p—-3)=0
p=3
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7 3 -
10. (a) X=5,X=~7 (b) x=\/§,x:ZT\/g
_V2 N2 _a
(© X—?,X—? (d) x-2,X——a
e x:_ﬁ,xzi?:/é f x=_2 x=_—22

(9 Take(x—-1)=y
Y2 —-5y—-6=0=(y+1) (y—-6)=0
y=-1,y=6
X-1=-1,x-1=6
X=0,x=7
11. 2(-52%+p(-5-15=0=>p=7
ST+ T7X+k=0, D=49-28k=0

LT
KT 2874
2
12. Sub,ngtoget da+9b=-42
Sub, x =—3to get 9a+b=-21
Solve (1) and (2) togeta=3,b=-6.
c 4p b -6
13. Product= — =—— =4, sum=-—="_
a p a p
ATQ="=4 = Pz =
Q= —t T Tt

14. X2+ (X + 4)2 = 656
X2+ 4x—-320=0
| —4+.1296 _-4+36 -4-36

D=1296 x= > 5 ' 5

32
X=" = 16, (rgecting—vevaue)

Sidesare 16 cm, 20 cm
15. ATQa—-p=11
Solvetoget =8, =3
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-b
Sum of rootsoc+[3:€ =5

C
Product of roots= a

24=3k-3
27=3k = k=9 Ans

16. x*+kx+64=0—>D,=k*-256>0, k*>256
= k=16 ..(

k<-16
x2—8x+k=0aD2=64—4k20
= k<16 ..(2)

(1) and (2) givesk =16
1 1 1 1

a+b+x x a b

17. (a)

x-a-b-x a+b

(a+b+x)x ~ ab
—(a+b)ab=(a+b)(a+b+x)x
X>+xa+bx+ab=0
(x+a)(x+b)=0,x=—a,x=-6

1 1 11

a+b+x x a b

(b)
x-a-b-x a+b
(a+b+Xx)X = ab
—(a+b)jab=(a+b)(a+b+x) x
x> +xa+bx+ab=0

(x+a)(x+b)=0,x=—a,x=-6

-3
() TakeLCM toget 22 +5x+3=0,x=—1,X# >
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(d) (4x*+4bx+b? —a?2=0
(2x + b)?—a?=0apply A>—B?= (A + B) (A-B)
(a+b) a-b
X=
2 2
(e TakeLCM toget3x°—13x+12=0

Ans. x= —

A —3ﬂ
ns.x=3, 3

(f) 4x2—2a’ —2b’x +a’h?> =0
2X(2x—a%) —b?(2x—-a?) = 0= (2x-b?) (2x—a?) =0
b*> a’
22
(g) TakeLCM toget 11x2—21x—92=0
11x% — 44x + 23x — 92 = 0. Solve and get

_ax= B
X=4X="

(h) (XZTXB)Z+5(X2TX5]—24 =0

2X
Let o=y - y?+5y—24=0. Solvetogety=3,y=-8

2X 2X
Sub, X-5 =3 X—5
Ans. x=15x=4
(i) 4x®—-4a®x+a*-b*=0
(2x—a%)>—(b?)*=0
(2x—a?—b?) (2x—a?+b?) =0
- a’+b? « = a’-b?
2 2
() Find D = b? (6a2— 1)

-8

U VD to get
sexX=——/—"—10 answer
2A d

Ans. x= g,—i%b
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7X+1

k) Let
K 5x—-3

o3y — 4. 11 = 3y?—11y—4=0. Solveto get
y

1
y=-3y=4
Subyandgetx=0, 1
() TekeLCM toget 9x?>+3x—12=0

4
Solvetogetx=1,x= ~3
(m) Take LCM to get 2x2—27x+88=0
U
x=8, =
(n) TakeLCM to get x?—4x—8= 0 (Use quadratic formul a)
Ans. x= 2+ 23
(0) TakeLCM toget 2x2—16x+23=0
Solveusing Quadratic formula
~8+3V2
Ans. x = >

() X%+ 7/6x—24/5x—70 =0
(x+7+/5)(x-24/5) =0
x= 25,75

16-x _ 15
X x+1

x2—-16=0

X=x4

@

.54 63 . .
20. Equatlon7+m:3,x—>speedoftra|natf|rst,x+6—>Increasedspeed.

Ans. x=36, x#—3.
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21. Letthenatural number bex.

160
ATQx+12:7toget X?+12x—-160= 0

(x+20) (x-8)=0
x=8, x#-20

22. Lettota timetobenminutes.

Policemanwill catchthethelf in (n—1) minutes.

Total distance covered by thief = (100 x) metres ..(1)

(asdistancecoveredin 1 min= 100 min)

Distance covered by policemen

100+ 110+ 120+ .... +to (n—1) tan (2

(n-1)
(1) and (2) = 100 n= T [2%x 100+ (n—2) 10]
Solveand get n?-3n-18=0
n=6, nx-3

Policemanwill catch thethief in5 minutes.
23. Timetaken by top of smaller diameter =x hrs

Timetaken by larger tap = (x—9) hrs

ATQ l+i = 1 andget x2—-21x+54=0

X X-— 6

Ans. x=3,x=18

x=3rgecedasx—9=-6<0

S X=18hrsx—9=18-9=9hrs
24,

T

40

A: X l
«~———— 5) —»

Length of rectangular lawvn=50m

Breadth of rectangular lawn=40m

Length of pond =50 —2x

Breadth of pond = 40— 2x

Areaof lawn —Areaof pond = area of grass

50 x 40 — (50 — 2x) (40 —2x) = 1184
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25.

26.

27.

28.

29.

30.

gt x2—45x+296=0

x=37,x=8

x=37regjected - 40—-2x=40-2(37) <0
Ans. Lengthof pond=34m

Breadth of pond =24 m
x+y+x=30,xy=100

Solvex=5m, 10 m, House
y=20m,10m
X X
YA
-\.
SY A
< 27 —X X
C D B

In AABD, pythogorus theorem 92 + x2 = (27
Let original list price=% x

300 300 _

Xx-5 x
Solve and get x = 20, x = — 15 — rejected
Ans.% 20
Let original number of personsbe x

6500 6500 _
X x+15
Solve and get x = 50, X # — 65.
600 600 1
AR 200 x ~ 2

Solveto get x = 600, x # —400

ATQ

600
—— =1hr.

Duration of flight 600

600

600 .
ATQ ~ x+10 - 3 (Speed of slow train

Solveto get x = 40, x # — 50
Ans. 5km/hr

—X)?. Solveittoget x=12m.

[Speed of slow train = x km/hr]

x km/hr)
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31.

32.

33.

34.

35S.

AT 30 + 0 2 Speed of km/h
QlS—x 5+x 2 (Speed of stream x r)

Solveto getx =5, x#-5

Ans. 5 km/hr

x2+y* =400 (1)
4x—4y=16=>x—y=4 ..(2)
y—x=4 ...(3)

Solve (1) and (2) to get x =16, x #—12

Solve (1) and (3) to get x = 12, x #—16

Ans. x=16m,y=12m from (1) and (2)
x=12m, y=16 m from (1) and (3)

BC=2x,BD=x

Use pythagoreas to get

AD = /169 — x> =60 A
1 2
A=E><2x>< 169—x~ =60

Solve to get x% = 144, x*> =25 13,/ 3
x=12o0rx=5 k

x#-12,-5 ey m .
base 2x =24, 10 cm : =
. . x
Fraction is vt
ATQ X +2x+1:2E:§
2x+1 X 21 21

-7
Solve to getx =3, x # 11

Ans. Fraction = 7 .

Age of sister = x years

Age of girl =2x

ATQ (x +4) (2x +4) =160

Solve to get x*> + 6x —72=0

Ans. x =6 years, x #— 12
2x =12 years
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36. Lettensplacedigit =X, thenunitsdigits= NE

18
No, 10x + —
X

18 10x18
ATQ | 10x+— |- +X| =63
X X

Solvetoget x=9, x#—2.
Ans. No. 92

37. Letno.bex,x+1,x+2
ATQ (X)2+ (x+ 1) (x+2) =46
Toget 2x2+3x—44=0

22

Use quadratic formulato solveqget x=4, x# 2

~. No.sare4, 5, 6.
38. Letlength of piecebexmetre.

200 200

X X+5
Solveto get x2 + 5x—500=0
Solveto get x = 20, x # —25

39. Let speed of boat = x

2 3R
ATQ X 2a+x -
X2 —64x—-576=0
x=72) (x+8)=0
X#—8
x=72km/hr

40. FindDandletD=0
(c—a)2-4(b-c)(a-b)=0
Solvetoget (a+c—2b)2=0
satc=2b

41. D=0
(2mnc)? -4 (1+m)n?(c?—-a?) =0
to get 4n’c? = 4n?a? (1 + n¥)

L @z@ L+
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Practice Test

Quadratic Equations

Time: 1 Hour MM : 20
SECTION-A
1. Thevalueofkis....ccc.ce..e. if x =3 is one root of x> — 2kx — 6 =0. 1
2. Ifthe discriminant of 3x? + 2x + a.=0 is double the discriminant of x*’—4x+2=0
then value of aLis 1
If discriminant of 6x> —bx +2=01s 1 then value of b is ............... . 1
4. (x—1)*=x*+11is quadratic equation. (T/F) 1
SECTION-B
5. Ifroots of x>+ kx + 12 =0 are in the ratio 1 : 3 find £. 2
6. Solve forx:21x*—2x+ % =0 2
7.  Find kif the quadratic equation has equal roots : kx (x —2) +6=0. 2
SECTION-C
8. Solve using quadratic formula 3

43x* +5x-2\3=0
9. For what value of k, (4 — k)x* + 2k + 4)x + (8k + 1) = 0 is a perfect square. 3
SECTION-C

7
10. Two water taps together can fill a tank in 1§ hours. The tap with longer diameter

takes 2 hours less than the tap with smaller one to fill the tank separately. Find the
time in which each tap can fill the tank separately. (CBSE 2018)

4

oo
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