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CHAPTER 20
QUADRATIC EQUATION

[20.1 | INTRODUCTION

An equation, which contains one unknown (variable) with highest power 2, is called a
quadratic equation.

In other words, a quadratic equation is a second degree equation in one variable.
e.g. (i) X*-5x+7=0 (i) 5x2-7x =0 (iii) 3x2 -8 =0 and so on.

The standard form of a quadratic equation is ax® + bx + ¢ = 0; where a, b and c are all
real numbers and a # 0.

Remember :

1. In quadratic equation ax? + bx + ¢ = 0; the term ax® contains the second power of the unknown
and the term bx contains the first power of the unknown. The term ¢ which does not contain
X is called the absolute term.

2. A guadratic equation, which contains both the first and the second powers of the unknown
quantity, is called a complete quadratic equation.

e.g. (i) x3+5x—-6=0 (i) 3x2—=7x+8=0 and so on.

3. A quadratic equation, which contains only the second power of the unknown quantity, is g
called an incomplete quadratic equation. |

e.g. (i) x*-16=0 (ii) 5x% =20 (iii) 7x2—8 =0 and so on.

4. A quadratic equation gives two values of the unknown (variable) and both these values are
called the roots of the equation. |

s

| TEST YOURSELF

1. DX+ T =DISH .. i equation containing only .................. variable.

2. 5X+ 7y =8isa ................ equation containing .................. variables.

3. I+l =UlnR .0 equation containing only .................. variable.

4. The degree of equation 4x2—7x+3=0iS .....c.ccucuu.... ; and it always gives .........cc....... values

of its variable x.

5. 4x2—1=0isa................ equation and so it will give .................. values of its variable.

6. P -5X=01i88 ... equation. ‘

T (X =B A+ ) =0= it =00F b =0 =2X=_ . OX=.... i
20.2 | SOLVING A QUADRATIC EQUATION

Steps :
1. Express the equation in the form ax® + bx + ¢ = 0.
2. Factorise the expression on the left hand side of the resulting equation.
3. Put each of the factors equal to zero and solve.

Example 1 :
Solve : 2x? — 3 = 5x
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Solution :
Step 1 : Converting into standard form :
2x2 -3 = b5x
= 2x2 —6x -3 = * [Standard form]

Step 2 : Factorising left hand side : -
%2 —-6x+x—3 = 0 = 2x(x - 3)+1(x B)=
= (x—3)(2x+1)=
Step 3 : Putting each of the factors equal to zero :

ie. x—3=0 or 2x+1=0
= X=3 or 2x=-1 [Solving equations]
— x=3 Of X=-—% (Ans.)
Example 2 : 1
- (B ey |
e =5 (i) x+x =235
Solution : -
(i) x3-25=0 = (x—5)(x+53) = [Step 2]
— x—-5=0o0r x+5=0 [Step 3]
= X=5 or XxX=—9 (Ans.)
2y 1 1 sl o5
(i) x+ x =2 5= x 5
= 2x% + 2 = 5X
= 2x2-5x+2=0 [Step 1]
— 2%x2-4x-x+2=0
= 2x(x—-2)-1(x-2) =
= (x-2)(2x-1)=0 [Step 2]
— x—-2=0or 2x-1=0 [Step 3]
1
= X=2 0ofr X=75 (Ans.)
Example 3 :
R T X+
(i) xX>-5x=0 e e = x—1
Solution :
(i) xX*-5x=0 = x(x—5)=0 [ztep z]
— x=0or x-5=0 [Step 3]
= x=0 or x=95 (Ans.)
i) St (R = (Bx-7) (x—1)=(2x-5) (x +1) [By cross-multiplying]
( ox-5 x-1

= 312—3x-?7x+7=2x2+2x—5x—5
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= 3x2—-10x+7-2x2+3x+5=0
= X2-7x+12=0 [Step 1]
= X2—-4x-3x+12=0
= X(x—4)-3(x—-4)=0

= (X-4)(x-3)=0 [Step 2]
= X—-4=0o0or x-3=0- [Step 3]
= X=4 or x=3 (Ans.)
Example 4 :
1 1 3
HOIVeL. X #2400 0
Solution : :
o 120443 2+xX+X g
x+2+x 4 o X2 Dh A
2 + 2X )
D re aid
= 3(2X + x?) = 4(2 + 2x)
= 6X + 3x%= 8 + 8x I.e. 3x?-2x—-8=0

= 3X°-6X+4x—-8=0 ie. 3Xx-2)+4(x-2)=0
= (x-2)(3x+4)=0 ie. x—=2=00r3x+4=0

= X=2 or x=—% (Ans.)
8. xx=3)=0 = ....=00r. .. =0 = X=.... ofX="..
DB —-25=0 =y oG iR el il =0 OBs e =N orx=_. .
10. x=§— = Xe= . and X = ...cccuevennn, I
11. x—8)2=86 = X—=3= ..icieniee T R QFXx~3 =i o
=N Q=
12, X(X=8) =6 = . aisal i et e e s e e
EXERCISE 20 (A)
Solve : 8. 2y2=12-5y
1. 2x=-3)(x+2)=0 9. x(x—-2)=9-2x
2. X(x—-1)=42 10. 9x2=25
3. 8X°+x=6-X 11. a2+a=90
% 5x3_1=‘3“ 12.l—§=1—-i-
§. Xe-64=0 13. 6x2 =X + 1
6. 22-3x+1=0 14. 2a+1)(@+3)+3=0
E x1-03 R 15. (3x+1) (2x+3) =3
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16. (x—3)2=25 Ex — 5

24. =X _5
17. (x—1)2+ (x+3)2=26 X4+5% =3
v = 9 S e D
18.§+§'=4 25. 5 X =D 1
X X—1 1
X __12 26. e e Wl
o s t= Xl sax 2
20 Kty X8 27. 5x+ 2 =26
' -5  x+5 :
25
1 el 28. X+ X% - =2
. XD %3 x+; x24 i
2
7 __2_._ 29. - =1
22. Biisl . wiD =i 18 — X 18 + X
IS vl Buer riyet 4 30. (x—8) (269 +4) =960
TR =1 A

20.3 | PROBLEMS BASED ON QUADRATIC EQUATIONS

In solving problems based on quadratic equations, same steps are adopted as in
linear equations.

Example 5 :
The square of a positive number added to one-fourth of it is equal to 17. Find the number.

Solution :
Let the required positive number be X.

1 Ax° 3 X
2 — i =
x+4x_17 = A = 17

— 4x2+x=68 ie. 4x*+x—68=0

— 4x%2 +17x—-16x—-68=0

— x(4x +17)-4(4x+17)=0

L @x +17) (x—-4)=0 ie. 4x+17=0 orx—4=0

17
X=———orx=4
B 4
. The required positive number = 4 (Ans.)
Example 6 :
The sum of a number and its reciprocal is 5-2. Find the number.
Solution :
Let the number be x, its reciprocal = % R % =5-2 [Given]
2
i M o st gg 2 s [ s,zzgzgil
i.e. S = 5 — 5x< + D = 26X 10 5
ie. 5x2 —-26x+5=0 = bBx2-25x-x+5=0
ie. 5x(x—-5)—1(x—-5) =0 - x-5 (Bx-1)=0
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1
je. x-5=0o0or5x-1=0 = x=350rx = B

- The required number is 5 or % (Ans.)
Example 7 :

Find two consecutive even natural numbers such that the sum of their squares is 52.
Solution :

Let the numbers be x and x + 2, .. X2+ (X + 2)% = 52 [Given]

= X2 +X2+4x+4-52 =0

= 2x2 +4x—-48 = 0

= X2+2x—24 = 0 [Dividing each term by 2]

= X2 +6x—4x—-24 =0 ie. Xx(x+6)—-4x+6)=0

— (x+6)(x—4) =0 ie. X=—6 orx=4

~. The required first even natural number = x = 4
and the next even natural number=x+2=4+2=6 (Ans.)

Example 8 :

A certain number of boys contributed equally to collect ¥ 240. Had there been 4 boys
more to collect the same money, the contribution of each would have decreased by X 10.
Calculate the original number of boys.

Solution :
Let the original number of boys be x
24
= x boys contributed =¥ 240 i.,e 1 boy contributed =% e

In the second case :
Number of boys = x + 4

i 240
= (X + 4) boys contributed =¥ 240 i.,e 1 boy contributed =X e |
According to the given statement :

240 240
- =10
X X+4
240 (x +4) — 240x
=2 X(X +4) =
=3 10x(x + 4) = 240x + 960 — 240x
= X2 +4x-96 =0
— X2+ 12x—8x—96 = 0 ie. x(x+12)-8(x+12)=0
e x+12)(x—8) =0 ie.x=-12orx=28
. The original number of boys = 8 | (Ans.)
Example 9 :

An express train makes a run of 240 km at a certain speed. Another train, whose
speed is 12 km per hour less than the first train, takes an hour longer to make the same
trip. Find the speed of the express train.
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Solution :
Let the speed of the express train = x km per hour
— The speed of another train = (x —12) km per hour
Since, time = D:;Z;ge
~.Time taken by the express train to cover 240 km= 2—-::9 hr
And, time taken by another train to cover 240 km = :j?z hr
Given : Another train takes 1 hour longer than the express train
240 240
o s s S
240x — 240(x — 12)
g x(x —12) =
= x(x — 12) = 240x — 240x + 2880
= w2_12x—2880=0 ie x2—60x+48x—2880=0
— x(x — 60) + 48(x —60) =0 i.e (x —60) (x +48) =0
=) x =60 or x=—48
.. The speed of the express train = 60 km per hour (Ans.)
Example 10 :

A person bought a certain number of similar articles for ¥ 90. If he had paid rupee one
more for each article, he would have got one article less for the same price. Find the price of
each article.

90x + 90 — 90x
Solution : b= X (x+1) =1
Let the price of each article be ¥ X Sy 2 + X = 90
No. of articles bought ¥ x2+X—90=0
Totalpricepaid 90
=~ Price of one article = X = x2 +10x —9x—90 =0
If the price paid for each article = T(x+1) = x(x+10)-9(x +10) =0
(x+10) (x—-9)=0
Th Siioint bounht = 90 == x+10=00rx-9=0
en, no. of articles bought = <~ 0 =D
o o 80 90
S R R P 1 — Price of each article =39  (Ans.)

13. For three oogsecutive even integers, the middle one is x, then the other two integers are
14. Ifxls an::.lmlnumber the five natural guglnbers, each divisible by 5 can be taken aé ;
15. The product of two consecutive natural aUmbers i 56; the NLMbBTS 88 ... and ™
| 1'8. Thepmduct of two consecutive integers is 56, the integers are .............. =l R ,
OF e e LR :
189
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Find two positive numbers which have a
difference of 5 and whose product is 84.

Two natural numbers differ by 4 and the sum
of their squares is 58. Find the numbers.

Find two consecutive whole numbers whose
product is 72.

Find two consecutive even natural numbers
whose product is 168.

Find two consecutive odd whole numbers
whose product is 63.

A number added to its reciprocal is 4-25, find
the number.

Find two consecutive natural numbers, the
11

sum of whose reciprocals is 30
Find two consecutive whole numbers, the
difference of whose reciprocals is ':Ijé'

Divide 8 into two parts such that the sum .of
their squares is 34.

Solve :

(i) ox—= L34
X

S -
(i) xx++31 4 3:_ 15
(iii) x(x=1)=30
(iv) 3x2=2(x +4)
(v) (x+1)(x-=1)=120

(vi) x+ 1 =8-125

X
e
(vii) A8 +12
(vii) Bx+1)(2x+3)=3
(ix) 4(x—2)2—x2=(x + 4)?

150 150
0 e i
ot orst Lo o Xiowd o F
Wl = e

Find two consecutive odd natural numbers
such that the sum of their squares is 130.

< 1,200 was divided equally among a certain
number of children. Had there been 5 children
more, each would have received I 8 less.
Taking the original number of children X; find :
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T

13.

14.

EXERCISE 20 (C)

EXERCISE 20 (B) : =
10.

A sum of ¥ 120 was distributed among a certain
number of boys. If there had been 4 boys less,
each would have received a rupee more. Find
the number of boys.

< 9,000 were divided equally among a certain
number of persons. Had there been 20
persons more, each would have got 0 160 less.
Find the original number of persons.

A party of tourists booked a hotel for ¥ 1,200.
Three of the members failed to pay. As a result,
each of the others had to pay ¥ 20 more. How
many tourists were there in the party ?

A man covers a distance of 200 km travelling
with a uniform speed of x km per hour. The
distance could have been covered in 2 hours
less, had the speed been (x + 5) km per hour.
Calculate the value of x.

A train travels 300 km at a uniform speed. If
the speed had been 5 km an hour more, the
journey would have taken two hours less. Find
the speed of the train.

(i) money receivedby each childinthefirstcase.

(i) money received by each child in the second
case.

(iii) the original number of children

A train covers a distance of 480 km at a speed
of x km/hr. If its speed is reduced to (x — 20)
km/hr, it takes 4 hours more to cover the same
distance. Find the value of x.

Divide 20 into two parts so that the sum of
their reciprocals is 15 -

Think of a positive number, say x. From the
square of this number subtract three-times of
itself. If the result is 10, find x.

Two pipes take x minutes and (x + 3) minutes
respectively to fill a cistern. If together they fill

the cistern in 3:1—15 minutes, find the value

of x.

The speed of a boat in still water is 11 km/hr
and the speed of the stream is x km/hr. Find
in terms of x, the speed of boat upstream and
the speed of boat downstream.

If the boat takes 2% hours to go 12 km

upstream and then return, find the value
of x.
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9. A tradesman finds that by selling a bicycle for | 10. By selling an article for ¥ 16, a man loses as
Z 75, which he had bought for ¥ x, he gained much percent as its cost price. Find the cost
x%. Find the value of x. price of the article.

Given: C.P.=%x Let : CP. =%,
d profit X x°
an EyssoIR X=X ——— therefore, loss = X% of T x =X ——
& 100 U RS0 5T 100
X2 = | x2
+ CP.+Profit=SP. =2xX+—— =75 s CP.-L = S.P. et =
100 e 00

TEST YOURSELF

1. linear : one 2. linear ;two 3. quadratic ; one 4.2 :two 5. quadratic ; two 6. quadratic

r 3x—5;4x+3;—3—;—% 8.x,x-3,0;3 9.(2x-—5)(2x+5),2x-—5,2x+5,%;—g 10.9,+ 3
11.+6;6,-6,90r—3 12. 2 -5x—-6=0=>x>-6x+x—-6=0 = x-6)(x+1)=0 —x=6o0rx=—1

13. x-2;x+2 14.5x,5x+5;5x+10;5x+15;5x+20 15.7:8 16.7 ;8 or-8;—7

EXERCISE 20(A)

3 3 9 4l <
s | 20!’—2 2.7or—6 3.-1 or4 4.—50r2 5.8o0r—8 6.10r2 7.-2or5 8. > or—4

5

S S il Ll 3 1l |
9. 3or-3 10. 3 or— g 11.-100r9 12.-3o0r5 13. 5 Or— 73 14. -2 or - > 15. 0 or - 6
10

16.80or—2 17.2o0r—4 18.30r9 19.40r—6 20.00r21 21.50r1 22. 3 or— 3 23.20r%

24.300or—-2 25.70r—-7/ 26.2o0r—-1 27.50r-;— 28.—40r3 29.60r—54 30. 48 or — 40

EXERCISE 20(B)

1. 7and 12 2.7and3 3.8and9 4. 12 and 14 5.7 and 9 6.4or-1'7.53nd6 8.3 and 4

9.3and5 10.24 11.25 12.15 13.20 14.25 km/hr :

EXERCISE 20(C)
1. (i)10r-% (i) —7or2 (ii)6or—5 (iv)2or—‘;‘ (v) 11 or — 11 (vi)Bor% (vii) 8 or — 6
(viii) 0 or — 161“ (ix) 0 or 12 (x) 30 or—25 (xi) S or 'g' 2.7and9 3.()X 1’2}(00 (ii) T 15:’2
(iii) Equation : 1_2%)2 - %% = 8. Original no. = 25 4. 60 km/hr 5.5and 15 6.57.5

8. (11 — x) km/hr and (11 +x) km/mhr;x=5 9.50 10.3 20 or< 80
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