Chapter

(LINEARINEQUALITIES )

«*Mathematics is the art of saying many things in many
different ways. — MAXWELL %

6.1 Introduction

In earlier classes, we have studied equationsin one variable and two variablesand also
solved some statement problems by translating them in the form of equations. Now a
natural question arises. ‘Isit always possible to trandlate a statement problem in the
form of an eguation? For example, the height of al the studentsin your classisless
than 160 cm. Your classroom can occupy atmost 60 tables or chairs or both. Here we
get certain statementsinvolving asign ‘<’ (lessthan), ‘>’ (greater than), ‘<’ (lessthan
or equal) and > (greater than or equal) which are known as inequalities.

In this Chapter, we will study linear inequalities in one and two variables. The
study of inequalitiesisvery useful in solving problemsinthefield of science, mathematics,
statistics, optimisation problems, economics, psychology, etc.

6.2 Inequalities
L et usconsider thefollowing situations:

(i) Ravi goes to market with Rs 200 to buy rice, which is available in packets of 1kg.
The price of one packet of rice is Rs 30. If x denotes the number of packets of rice,
which he buys, then the total amount spent by himis Rs 30x. Since, he hasto buy rice
in packets only, he may not be able to spend the entire amount of Rs 200. (Why?)
Hence

30x < 200 .. (D

Clearly the statement (i) is not an equation asit does not involve the sign of equality.

(ii) Reshma has Rs 120 and wants to buy some registers and pens. The cost of one
register is Rs 40 and that of a pen isRs 20. In this case, if x denotes the number of
registersandy, the number of penswhich Reshmabuys, then thetotal amount spent by
her isRs (40x + 20y) and we have

40x + 20y < 120 - (2
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Sincein this case the total amount spent may be upto Rs 120. Note that the statement
(2) consists of two statements

40x + 20y < 120 )]
and 40x + 20y = 120 .. (4

Statement (3) isnot an equation, i.e., itisaninequaity while statement (4) isan equation.
Definition 1 Two real numbers or two algebraic expressions related by the symbol

‘<> < or 2 form an inequality.
Statements such as (1), (2) and (3) above are inequalities.

3<5; 7> 5 arethe examples of numerical inequalities while
x<5y>2;x 2 3, y< 4arethe examples of literal inequalities.

3<5<7(read as5is greater than 3 and lessthan 7), 3< x <5 (read asx is greater
than or equal to 3 and lessthan 5) and 2 <y < 4 arethe examples of doubleinequalities.

Some more examples of inequalities are:

ax+b<0 .. (5)
ax+b>0 ... (6)
ax+b<0 . (7)
ax+b>0 .. (8)
ax+ by<c - (9
ax+ by>c ... (10)
ax+ by<c . (1)
ax+ hby> c .. (12)
ax+ bx+c<O0 .. (13)
ax+ bx+c>0 .. (19)

Inequalities (5), (6), (9), (10) and (14) arestrict inequalitieswhileinequalities (7), (8),
(12), (12), and (13) are slack inequalities. Inequalities from (5) to (8) are linear
inequalitiesin onevariable x when a # 0, whileinegualitiesfrom (9) to (12) arelinear
inequalities in two variables x and y when a = 0, b = 0.

Inequalities (13) and (14) are not linear (in fact, these are quadratic inequalities
in one variable x when a # 0).

Inthis Chapter, we shall confine ourselvesto the study of linear inequalitiesin one
and two variablesonly.
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6.3 Algebraic Solutionsof Linear Inequalitiesin One Variable and their
Graphical Representation

Let us consider theinequality (1) of Section 6.2, viz, 30x < 200
Note that here x denotes the number of packets of rice.

Obviously, x cannot be anegative integer or afraction. Left hand side (L.H.S.) of this
inequality is 30x and right hand side (RHS) is 200. Therefore, we have

Forx=0,L.H.S. =30 (0) =0< 200 (R.H.S), which istrue.
Forx=1,L.H.S.=30(1) =30< 200 (R.H.S), which istrue.
For x=2,L.H.S. =30 (2) =60 < 200, whichistrue.

For x=3,L.H.S. =30 (3) =90 < 200, whichistrue.

For x=4,L.H.S. =30 (4) = 120 < 200, which istrue.

For x=5,L.H.S. =30 (5) = 150 < 200, which istrue.

For x=6, L.H.S. = 30 (6) = 180 < 200, which istrue.
Forx=7,L.H.S. =30 (7) =210 < 200, which isfalse.

In the above situation, we find that the values of x, which makes the above
inequality a true statement, are 0,1,2,3,4,5,6. These values of x, which make above
inequality atrue statement, are called solutions of inequality and the set { 0,1,2,3,4,5,6}
is called its solution set.

Thus, any solution of an inequality in one variable is a value of the variable
which makes it a true statement.

We have found the solutions of the above inequality by trial and error method
which isnot very efficient. Obviously, this method is time consuming and sometimes
not feasible. We must have some better or systematic techniquesfor solving inequalities.
Before that we should go through some more properties of numerical inequalities and
follow them asruleswhile solving theinequalities.

Youwill recall that whilesolving linear equations, wefollowed thefollowing rules:

Rule 1 Equal numbers may be added to (or subtracted from) both sides of an equation.

Rule2 Both sides of an equation may be multiplied (or divided) by the same non-zero
number.

In the case of solving inequalities, we again follow the same rules except with a
difference that in Rule 2, the sign of inequality isreversed (i.e, ‘<' becomes ‘>, <
becomes*>" and so on) whenever we multiply (or divide) both sides of aninequality by
anegative number. It is evident from the facts that

3>2while-3<-2,
—-8<-7while(=8)(-2)>(-7)(-2),i.e, 16> 14.
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Thus, we state the following rulesfor solving aninequality:

Rule 1 Equal numbers may be added to (or subtracted from) both sides of an inequality
without affecting the sign of inequality.

Rule 2 Both sidesof aninequality can be multiplied (or divided) by the same positive
number. But when both sides are multiplied or divided by a negative number, then the
sign of inequality is reversed.
Now, let us consider some examples.
Example 1 Solve 30 x < 200 when
(i) xisanatura number, (i) xisan integer.

Solution We are given 30 x < 200

or %<@ (Rule2),i.e,x<20/3
30 30 T '
(i) When xisanatural number, in this case the following values of x make the
statement true.

1,2,3/4,5,6.
The solution set of theinequality is{1,2,3,4,5,6} .
(i) When xisan integer, the solutions of the given inequality are
—3,-2,-1,0,1,2,3,4,5,6
The solution set of theinequality is{...,—3,-2,-1,0, 1, 2, 3,4, 5, 6}

Example 2 Solve 5x — 3 < 3x +1 when

(i) xisaninteger, (i) xisareal number.
Solution We have, 5x -3 < 3x + 1
or 5x-3+3<3x+1+3 (Rulel)
or 5x<3x+4
or  5x—3x<3x+4-3X (Rule 1)
o 2x<4
o x<2 (Rule 2)

() When xisaninteger, the solutions of the given inequality are
w—4,-3,-2,-1,0,1
(i)  When x isareal number, the solutions of the inequality are given by x < 2,
i.e., al real numbers x which are less than 2. Therefore, the solution set of
theinequality is X € (—eo, 2).
We have considered solutions of inequalitiesin the set of natural numbers, set of
integers and in the set of real numbers. Henceforth, unless stated otherwise, we shall
solve the inequalitiesin this Chapter in the set of real numbers.
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Example 3 Solve 4x + 3 < 6x +7.

Solution We have, 4x + 3<6x+ 7

or 4X — 6X < 6X + 4 — 6X

or —-2x<4 o x>-2

i.e., al the real numbers which are greater than —2, are the solutions of the given
inequality. Hence, the solution set is (=2, o).

5—2x£§_5.
3

Example 4 Solve

Solution We have

5-2x < X 5
3 6
or 2(5-2x) < x-30.
or 10-4x<x-30
or —-5x<-40, ie, x> 8
Thus, al real numbers x which are greater than or equa to 8 are the solutions of the
giveninequality, i.e., X e [8, «).

Example 5 Solve 7x + 3 < 5x + 9. Show the graph of the solutions on number line.

Solution We have 7x + 3<5x + 9 or
2x<6o0rx<3
The graphical representation of the solutionsare givenin Fig 6.1.

<|||||||$|||>
4-3-2-1 012 3 456
Fig6.1
3X-4_ x+1 ] ]
Example6 Solve > T_l' Show the graph of the solutions on number line.
Solution We have
3x—42x+1_1
2 4
3x—4>x—3
. >27°
° 2 4

or 2(3x—=4H=>2(xx-3)
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or 6x—8=>x-3
or 5k>5 or x>21

Thegraphical representation of solutionsisgivenin Fig 6.2.

< | | | | |
—4-3-2-1 0

Fi

, 1 1 1 1 I>
1 23 456
g6.2

Example7 The marks obtained by astudent of Class X1 infirst and second terminal
examination are 62 and 48, respectively. Find the number of minimum markshe should
get in the annual examination to have an average of at least 60 marks.

Solution Let x be the marks obtained by student in the annual examination. Then

62+ 48+ X > 60
3
or 110+ x> 180
or x=>70

Thus, the student must obtain a minimum of 70 marks to get an average of at least
60 marks.

Example8 Find all pairsof consecutive odd natural numbers, both of which arelarger
than 10, such that their sum isless than 40.

Solution Let x be the smaller of the two consecutive odd natural number, so that the
other one is x +2. Then, we should have
x>10 - ()
and x+(x+2)<40 - (2
Solving (2), we get
2x+2<40
ie, x<19 -3
From (1) and (3), we get
10<x<19
Since x is an odd number, x can take the values 11, 13, 15, and 17. So, the required
possible pairswill be
(11, 13), (13, 15), (15, 17), (17, 19)
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| EXERCISE 6.1
1. Solve24x <100, when
() xisanatura number. (i) xisaninteger.
2. Solve-12x> 30, when
() xisanatura number. (i) xisaninteger.
3. Solve5x—-3<7,when
(i) xisaninteger. (i) xisareal number.
4. Solve 3x +8>2, when
(i) xisaninteger. (i) xisareal number.
Solve theinequalitiesin Exercises5to 16 for real x.
5 4x+3<6x+7 6. 3x—-7>5x-1
7. 3x-1)<2(xx-3) 8. 3(2-x22(1-x%)
X X X X
X+ —+—-<11 —>—+1
o 2 3 10 3 2
3x-2) _5(2-x) 1(&4}1 X—6
11. e <3 12. 5% —3( )
13. 2(2x+3)-10<6(x—-2) 14. 37—-(3x+5) >9%x-8(x—-3)
-2) (7x- 2x-1) _(Bx-2) (2—x
o X (5x-2) (1x-9 o XD (3x-2) (2-%)
4 3 5 3 4 5

Solvetheinequalitiesin Exercises 17 to 20 and show the graph of the solution in each
case on number line

17.

19.
21.

22.

23.

24,

X—2<2x+1 18. 5Bx—-3>3x-5
3(1-X<2(x+4 20, X X2 (X3
Ravi obtained 70 and 75 marksin first two unit test. Find the number if minimum

marks he should get in the third test to have an average of at least 60 marks.
To receive Grade ‘A’ in a course, one must obtain an average of 90 marks or
more in five examinations (each of 100 marks). If Sunita's marks in first four
examinationsare 87, 92, 94 and 95, find minimum marksthat Sunitamust obtain
in fifth examination to get grade ‘A’ in the course.

Find all pairsof consecutive odd positive integers both of which are smaller than
10 such that their sum is more than 11.

Find all pairs of consecutive even positiveintegers, both of which arelarger than
5 such that their sumislessthan 23.
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25. Thelongest sideof atriangleis 3 timesthe shortest side and thethird sideis2 cm
shorter than thelongest side. If the perimeter of thetriangleisat least 61 cm, find
the minimum length of the shortest side.

26. A man wants to cut three lengths from a single piece of board of length 91cm.
The second length isto be 3cm longer than the shortest and the third length isto
be twice as long as the shortest. What are the possible lengths of the shortest
board if the third pieceisto be at least 5cm longer than the second?

[Hint: If x is the length of the shortest board, then x , (x + 3) and 2x are the
lengths of the second and third piece, respectively. Thus, x + (x + 3) + 2x< 91 and
2X>(x+3)+5].

6.4 Graphical Solution of Linear Inequalitiesin Two Variables

In earlier section, we have seen that agraph of an inequality in one variableisavisual
representation and is a convenient way to represent the solutions of the inequality.
Now, we will discuss graph of alinear inequality in two variables.

We know that a line divides the Cartesian plane into two parts. Each part is
known as a half plane. A vertical linewill divide the planein left and right half planes
and a non-vertical line will divide the plane into lower and upper half planes
(Figs. 6.3 and 6.4).

Y
N
Y Upper half
t M plane
I
Left half | Right half Lower half
plane plane plane
Xl pd I II
~
0 X €5 > X
/ I
A\ /4 v /\ y
Y’ %
Fig6.3 Fig6.4

A pointinthe Cartesian planewill either lieonalineor will liein either of the half
planes| or I1. We shall now examine the relationship, if any, of the pointsin the plane
and the inequalities ax + by < c or ax + by > c.

Let usconsider theline

ax+tby=c,az0b #0

e
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Therearethree possibilitiesnamely:
(i) ax+by=—c (i) ax+by>c (i) ax+by<ec.
In case (i), clearly, al points (x, y) satisfying (i) lie on the lineit represents and
conversely. Consider case (ii), let usfirst

assumethat b > 0. Consider apoint P (o.,8) Y
on the line ax + by = ¢, b > 0, so that X + Q (o))
ao. + bp = c.Take an arbitrary point \ '

Q (o, v) inthe half plane Il (Fig 6.5).
Now, from Fig 6.5, we interpret,

y>B  (Why?)
oo by>bp or aox+by>ao+bp
(Why?) X' €

o ac+by>c
i.e, Q(o,v) satisfies the inequality
ax + by > c.

Thus, all the points lying in the half
planell abovethelineax + by = c satisfies
theinequality ax + by > c. Conversely, let (o, B) be apoint onlineax + by = c and an
arbitrary point Q(o, ) satisfying

Fig 6.5

ax+hby>c
so that ao + by>c
= ao. + by>ao + bp (Why?)
= Y>P (asb>0)

This means that the point (o, v) liesin the haf planell.

Thus, any pointinthehalf planell satisfiesax + by > ¢, and conversely any point
satisfying the inequality ax + by > c liesin half plane .

In case b < 0, we can similarly prove that any point satisfying ax + by > cliesin
the half plane |, and conversely.

Hence, we deduce that all points satisfying ax + by > c lies in one of the half
planes |l or | according asb > 0 or b < 0, and conversely.

Thus, graph of the inequality ax + by > ¢ will be one of the half plane (called
solution region) and represented by shading in the corresponding half plane.

1 The region containing all the solutions of an inequality is called the
solution region.
2. Inordertoidentify the half plane represented by an inequality, it isjust sufficient
to take any point (a, b) (not online) and check whether it satisfies the inequality or
not. If it satisfies, then the inequality representsthe half plane and shade the region
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which containsthe point, otherwise, the inequality representsthat half plane which
does not contain the point within it. For convenience, the point (0O, O) is preferred.
3. If anineguality isof thetype ax+ by > c or ax + by < c, then the points on the
line ax + by = c are also included in the solution region. So draw adark linein the
solution region.

4. If aninequality isof theformax + by > c or ax + by < c, then the points on the
lineax + by = c are not to be included in the solution region. So draw a broken or
dotted linein the solution region.

In Section 6.2, we obtained the following linear inequalities in two variables
xandy:  40x+20y < 120 . (D
while translating the word problem of purchasing of registers and pens by Reshma.

Let usnow solvethisinequality keeping in mind that x and y can be only whole
numbers, since the number of articles cannot be a fraction or a negative number. In
this case, wefind the pairs of values of x and y, which make the statement (1) true. In
fact, the set of such pairs will be the solution set of the inequality (1).

To start with, let x= 0. Then L.H.S. of (1) is

40x + 20y = 40 (0) + 20y = 20y.
Thus, we have

20y<1200ry<6 - (2
For x = 0, the corresponding values of y can be 0, 1, 2, 3, 4, 5, 6 only. In this case, the
solutionsof (1) are (0, 0), (0, 1), (0,2), (0,3), (0,4), .
(0, 5) and (0, 6). Z.

Similarly, other solutions of (1), when <2
x=1,2and3are (1,0), (1 1), (1 2), (1, 3), =
(1.4),(20),(2,1),(22),(3,0
ThisisshowninFig 6.6.

Let us now extend the domain of x and y
from whole numbers to real numbers, and see
what will be the solutions of (1) in this case.
You will seethat the graphical method of solution
will be very convenient in this case. For this
purpose, let us consider the (corresponding)
equation and draw its graph.

40x + 20y = 120 . X

In order to draw the graph of theinequality
(1), wetake one point say (0, 0), in half planel
and check whether values of x and y satisfy the
inequality or not. Fig6.6

- N W A o _Z

Y!
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We observe that x = 0, y = 0 satisfy the Z

inequality. Thus, we say that the half plane| isthe
graph (Fig 6.7) of theinequality. Sincethe pointson
thelinealso satisfy theinequality (1) above, theline
is also a part of the graph.

Thus, the graph of the given inequality is half
planel including thelineitself. Clearly half planell
is not the part of the graph. Hence, solutions of
inequality (1) will consist of all the pointsof itsgraph
(half planel including theline).

We shall now consider some examples to

explain the above procedure for solving a linear  x

inequality involving two variables.
Example9 Solve 3x + 2y > 6 graphically.

Y Fig6.7

Solution Graph of 3x + 2y = 6isgiven asdotted linein the Fig 6.8.

Thislinedividesthe xy-planein two half
planes | and Il. We select a point (not on the

line), say (0, 0), which liesin one of the half % ™

X

planes (Fig 6.8) and determine if this point 2 °

satisfiesthe given inequality, we note that
3(0)+2(0)>6

or 0>6, whichisfalse

Hence, half plane| isnot the solution region of X

the given ineguality. Clearly, any point on the

line does not satisfy the given strict inequality.

In other words, the shaded half plane Il

excluding the pointson thelineisthe solution

region of theinequality.

Example 10 Solve 3x — 6 = 0 graphically in
two dimensional plane.

Solution  Graph of 3x — 6 = 0 is given in the
Fig6.9.

We select apoint, say (0, 0) and substitutingitin
giveninequality, we seethat:

Y

I

1 23 45 6 7

3(0)-6>0 or—6>0whichisfase.
Thus, the solution regionisthe shaded region on
the right hand side of thelinex = 2.

Y’ "y
Fig6.8

%
N

4

3 (g\]
1]

2 =

1

of 12 3 4 5
4
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Example 11 Solvey < 2 graphicaly. Y
Solution Graph of y = 2isgiveninthe Fig 6.10.
Let us select a point, (0, 0) in lower half 4 -
planel and putting y = 0 in the given inequality, 3 =2
we see that < .).) ............ >
1x0<2o0or 0<2 whichistrue. 1 I
Thus, the solution regionistheshadedregion '« ;
below the line y = 2. Hence, every point below O\L 12 3 45
the line (excluding all the points on the line) v’
determinesthe solution of the giveninequality. Fig 6.10
EXERCISE 6.2|
Solvethefollowing inequalitiesgraphically in two-dimensional plane:
1. xX+y<5b5 2. 2X+y=6 3. 3X+4y<12
4. y+82=>2x 5 X-y<2 6. 2x—3y>6
7. =3x+2y>-6 8. 3y—5x<30 9. y<-2

10. x>-=-3.

6.5 Solution of System of Linear Inequalities in Two Variables

In previous Section, you havelearnt how to solvelinear inequality in one or two variables
graphically. Wewill now illustrate the method for solving asystem of linear inequalities

in two variables graphically through
some examples.

Example 12 Solve the following
system of linear inequalitiesgraphically.

X+y=5 - ()
X—y<3 - (2

Solution The graph of linear equation
X+y=5

isdrawninFig 6.11. '
We notethat solution of inequality X
(1) isrepresented by the shaded region
above thelinex +y =5, including the
pointsontheline.
On the same set of axes, we draw
the graph of the equation x—y = 3 as v’ Fig6.11

shownin Fig 6.11. Then we note that inequality (2) representsthe shaded region above
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thelinex—y = 3, including the points on theline.
Clearly, the double shaded region, common to the above two shaded regionsis
the required solution region of the given system of inequalities.

Example 13 Solvethe following system
of inequalitiesgraphically

S5x+4y <40 - (1)
X2 2 .. (2
y=3 -3

Solution  We first draw the graph of
theline

5x+4y=40, x=2andy=3
Then we note that the inequality (1)
represents shaded region below the line
5x + 4y = 40 and inequality (2) represents
the shaded region right of line x = 2 but
inequality (3) representsthe shaded region
abovetheliney = 3. Hence, shaded region
(Fig6.12) including al thepoint onthelines
are aso the solution of the given system
of thelinear inequalities.

Inmany practical situationsinvolving
system of inequalitiesthevariablex andy
often represent quantitiesthat cannot have
negative values, for example, number of
units produced, number of articles
purchased, number of hours worked, etc.
Clearly, in such cases, x> 0, y > 0 and the
solutionregion liesonly inthefirst quadrant.

Example 14 Solve the following system

of inequalities
8x + 3y <100 - ()
x=0 - (2
y=0 - (3
Solution We draw the graph of the line
8x + 3y = 100

Theinequality 8x + 3y < 100 representsthe
shaded region below theline, including the
pointson theline 8x +3y =100 (Fig 6.13).
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Sincex>0,y >0, every point in the Y

shaded region in the first quadrant,
including the points on the line and
the axes, represents the solution of

the given system of inequalities. 8
Example 15 Solve the following Z
system of inequalitiesgraphically 5
X+2y<8 - () 4
2x+y<8 - (2 3
x>0 -3 2
y>0 ) 1

Solution We draw the graphs of X
thelinesx+2y=8and 2x +y = 8.
Theinequality (1) and (2) represent

1

the region below the two lines,
including the point on the respectivelines.
Sincex= 0,y 2> 0, every point in the shaded regionin thefirst quadrant represent
asolution of the given system of inequalities (Fig 6.14).
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2 340567 8%

Fig 6.14

EXERCISE 6.3

Solvethefollowing system of inequalitiesgraphically:

© N O w Pk

10.
11.
12.
13.
14.
15.

x23,y=>22 2.
2X+y>6,3x+4y< 12 4
2X—y>1, x-2y<-1 6.
2x+ y=>8, x+2y>10 8
Sx+4y<20, x=21,y=>2

3x+4y <60,x+3y<30,x>0, y=0
2X+y=24, x+y<3, 2x-3y<6
X—2y<3,3+4y 212, x>0,y>1.
4x+3y <60,y=2x, x=3, x,y=0
3x+2y<150,x+4y <80, x<15, y=>0
X+2y<10,x+y2>21,x-y<0,x=0,y=0

X+2y<12, x21,y=22
X+y>4, 2x-y>0
X+y<6, x+y=4

X+y<9 y>x x=20
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Miscellaneous Examples
Example 16 Solve—8 < 5x—-3< 7.

Solution Inthiscase, we havetwo inequalities, — 8 < 5x— 3 and 5x— 3 < 7, which we
will solve simultaneously. We have —8<5x-3<7

or -5<5x< 10 or -1<x<?2
Example 17 Solve—-5 < — <8,

. 5-3x
Solution We have —5 < <8

or -10<5-3x<16 or -—-15<-3x<11
11

or 5>x>-
3

=11
which can be written as 3 < x<5
Example 18 Solve the system of inequalities:
3X—-7<5+x - ()
11-5x<1 .. (2
and represent the solutions on the number line.

Solution Frominequality (1), we have

X—-7<5+x
o XxX<6 )]
Also, from inequality (2), we have

11-5x<1
or -5x<-10i.e,x=>2 o (4

If we draw the graph of inequalities (3) and (4) on the number line, we see that the
values of x, which are common to both, are shown by bold linein Fig 6.15.

L >

< O

—— = —————>
-1 01 23 456 7 89

Fig 6.15

Thus, solution of the system arereal numbers x lying between 2 and 6 including 2, i.e.,
2<x<6
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Example 19 In an experiment, a solution of hydrochloric acid is to be kept between
30° and 35° Celsius. What istherange of temperaturein degree Fahrenheit if conversion

5
formulaisgivenby C = 5 (F—32), where C and F represent temperature in degree

Celsius and degree Fahrenheit, respectively.
Solution It isgiven that 30 < C < 35.

5
Putting C= 5 (F—32), we get

5
30< 9 (F-32) < 35,

9 9
or E x (30) < (F-32) < E x (35)
or 54<(F-32) <63
or 86 <F<9%5.

Thus, the required range of temperature is between 86° F and 95° F.

Example 20 A manufacturer has 600 litres of a 12% solution of acid. How many litres
of a30% acid solution must be added to it so that acid content in the resulting mixture
will be more than 15% but less than 18%7?

Solution Let x litres of 30% acid solution is required to be added. Then
Total mixture = (x + 600) litres

Therefore  30% x + 12% of 600 > 15% of (x + 600)

and 30% X + 12% of 600 < 18% of (x + 600)
@ +£ 600 >—5 + 600
o 100 * 100 (600 > 1gq (x+600)
d @+£ 600<E + 600
an 100 * 100 (600) < 7gq (x*+600)
or 30x + 7200 > 15x + 9000
and 30x + 7200 < 18x + 10800
or 15x > 1800 and 12x < 3600
or x> 120 and x < 300,

i.e 120 < x < 300
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Thus, the number of litres of the 30% solution of acid will have to be more than
120 litres but lessthan 300 litres.

Miscellaneous Exercise on Chapter 6

Solvetheinequalitiesin Exercises 1 to 6.

1. 2<3x-4<5 2. 65-3(2x-4) <12

5 _3<4-"*<18 4 15 X%2) g
2 5

5 —12<4—3—’;32 6. 73%311,

Solve the inequalities in Exercises 7 to 11 and represent the solution graphically on
number line.

7. 5X+1>-24, 5x-1<24

8. 2(x=1)<x+5 3(x+2)>2-x

9. X-7>2(x-6), 6—x>11-2x
10. 5(2x-7) -3 (2x+3)<0, 2x+19 <6x+47.
11. Asolutionisto bekept between 68° Fand 77° F. What isthe rangein temperature
in degree Celsius (C) if the Celsius / Fahrenheit (F) conversion formulais given by

9
F= - C+32?
5
12. A solution of 8% boric acid isto be diluted by adding a 2% boric acid solution to
it. The resulting mixtureisto be more than 4% but less than 6% boric acid. If we have
640 litres of the 8% solution, how many litres of the 2% solution will haveto be added?

13. How many litresof water will haveto be added to 1125 litres of the 45% solution
of acid so that the resulting mixture will contain more than 25% but less than 30% acid
content?

14. 1Q of aperson isgiven by the formula

A
Q= CA x 100,

where MA ismental age and CA ischronological age. If 80 < 1Q < 140 for agroup of
12 yearsold children, find the range of their mental age.
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Summary

# Two real numbers or two algebraic expressionsrelated by the symbols <, >, <
or > form aninequality.

@ Equa numbersmay be added to (or subtracted from) both sides of aninequality.

# Both sidesof aninequality can be multiplied (or divided ) by the same positive
number. But when both sidesare multiplied (or divided) by anegative number,
then the inequality is reversed.

@ Thevaluesof x, which make aninequality atrue statement, are called solutions
of the inequality.

@ Torepresent x < a (or x> a) on anumber line, put acircle on the number aand
dark lineto the left (or right) of the number a.

@ Torepresent x < a (or x > @) on anumber line, put adark circle on the number
a and dark the line to the left (or right) of the number x.

¢ If an inequality is having < or > symbol, then the points on the line are aso
included in the solutions of theinequality and the graph of theinequality liesleft
(below) or right (above) of the graph of the equality represented by dark line
that satisfies an arbitrary point in that part.

@ If an inequality is having < or > symbol, then the points on the line are not
included in the solutions of theinequality and the graph of theinequality liesto
the left (below) or right (above) of the graph of the corresponding equality
represented by dotted line that satisfies an arbitrary point in that part.

@ The solution region of asystem of inequalitiesisthe region which satisfiesall
thegiveninegualitiesin the system simultaneously.
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