CHAPTER 21
LINEAR INEQUATIONS : NUMBER LINE

21.1 | INTRODUCTION

1. Equation A statement, which says that one thing is equal to another, is called
an equation. e.g. (i) x =5 (ii) 3x =7 (iii) 2x—5 = 10, etc.

2. Inequation A statement, which says that one thing is not equal to another (i.e.,
either it is greater or lesser), is called an inequation.

eg. () xe? (read as x is less than 7) ._
(i) x>5 (read as x is greater than 5) | ¢

3. Connecting-verbs | The symbols =, #, <, >, etc. are called connecting verbs. “‘
(i) ‘<’ means; ‘is less than’, :
(ii) >’ means; ‘is greater than’, |
(i) ‘<’ means; ‘is less than or equal to’ , é
(iv) >’ means; ‘is greater than or equal to'.

21.2 | REPLACEMENT SET AND SOLUTION SET

For any linear inequation in x, the set from which the value(s) of variable x is chosen, is
called the replacement set or the universal set.

The set of elements of the replacement set (universal set), which satisfy the given -
inequation, is called the solution set or the truth set.

e.g. Consider the inequation (statement) x > 6;
(i) if replacement set = {2, 4, 6, 8, 10}
then, the solution set = {8, 10}
(i) if replacement set = {1, 3,5,7,9, 11}
then, the solution set = {7, 9, 11}

- TEST YOURSELF
1. (i) f x e N (Natural numbers) and X < 5; then x = ........., ...ccceey venenees. OF ...
(i) If x e W (Whole numbers) and X < 5; then X = ......cc.y ceevniany ceriienny eeenes OF e,
(iii) fx=2Z (integers) and ~2=x<3:thenx= ... ... ... .. .. ... ... .or . .

2. If the replacement set = {4, -3,-2,-1,0, 1, 2, 3},
write the solution set for each of the following :
() XS e e
(i) X: X< )= ali e
(i) X7=8 < XE 2P = o el .
(W) {X:i—=2€xa2) =i o il B

21.3 | PROPERTIES
1. Adding the same number to each side of an inequation, does not change the sign of
inequality.
ie. ifa>b,thena+c>b+c
and, ifa<b,thena+c<b+cC.
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Subtracting the same number from each side of an inequation, does not change the
sign of inequality.
ie. ifa>b,thena-c>b-cC
and, ifa<b,thena-c<b-c.

Multiplying each side of an inequation by a positive number, does not change the sign
of inequality.

ie. ifa>b and cis positive (i.e. c >0) then, a.c>Db.c
also, ifa<b andc > 0;then a-c <b-c.

Multiplying each side of an inequation by a negative number, reverses the sign of in-
equality.

ie. ifa>bandcis negative (i.e. c <0), thena-c <b-C;

also, ifa <b andc < 0; then a-c > b-c.

Dividing each side of an inequation by a positive number, does not change the sign of
inequality.

i.e. ifa>bandc:>0,then% >

ol o|T

a
also, ifa<bandc>0,then 5 <

Dividing each side of an inequation by a negative number, reverses the sign of inequality.

i.e. ifa>bandc <0, then

also, ifa<bandc>0,then

16> 15
8<10
3<4
6>-5
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Example 1 :

Find the solution set of the inequation :

(i) 12 + 6x > 0; where x Is a negative integer.

(i) 30 — 4(2x — 1) < 30; where x Is a positive integer.

Solution : ;
(i) 12+6x>0 = 6x > — 12
=D X > =2 [Dividing by 6]
.. X is a negative integer .. Solution set = {— 1} (Ans.)

(i) 30 -4(2x-1) <30 = 30-8x+4 < 30

=% 34 - 8x < 30
= —8x< 30-34
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— -8x< -4
—4
=> = > Zw TP [Dividing by —8]
-8 -8
g
= X> 5
.. X is a positive integer .. Solution set ={1, 2, 3, 4, 5, ............. } (Ans.)

EXERCISE 21 (A)

1. If the replacement set is the set of natural 5. Solve:9x-7<28+4x;xe W.
numbers, solve :

(i) x-5<0 (i) x+1<7
(i) 3x—4>6 (iv) 4x+1 =217

Solve —g-x+8-::12;>(e W,

Solve:—5(x+4)>30; xe Z
2. If the replacement set = {-6, -3, 0, 3, 6, 9}; Solve the inequation 8 —2x > x - 5; x € N.

ind the truth set of the following :
fl.“d e truth set ot the ? gaing Solve the inequality 18 — 3 (2x — 5) > 12 ;
(i) 2x—-1>9 (i) 3x+7< 1 xe W.

3. Solve:7>3x—-8;xe N.
Solve: —17<9y-8;ye Z

© ® N O

2X +1
10. Solve : 3 +15<17; xe W.

21.4| NUMBER LINE

A number line is a graph (straight line) on which real numbers are marked as shown
below :

<€ T R e e L

| | |
S 4 -3 -2 -1 0 1 O R
(A number line)
The solution of every inequation can be represented on a number line.

For example :

Inequation Solution set Corresponding number line
1. x<4andxe N 11 2.3} ST T ant Y e
R [ R (e a6

Thick dots on the number line represent the solution.

2 XD e W, {0, 1,284} 1T T >
-3 2 -1 0 1 2 3 5
B X =BG (i =3,-2. =1, 0,1,/2) K9P i
e N e [ R G
The dark arrow on the left side shows that the solution set continues towards left
side.
4. —-3<x<6;xe W {0::1..2: 5.4:5] BB BRI, T SR TR T T E
SR BB P TR BT T LY

5. —83=x<6;xeZ {=3;-2,—1,0,1;2;37450}
VIR SR S dd s o & i S S
IMPORTANT AV PR T ISR JRERS R R L T

1. For x € 3 where x is a real number: the number line will be as shown below :
él—l-ﬂ_—l_l_ ] =

o T ot 0 G IR
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The dark circle around 3, shows 3 is included in the solution and the dark line with dark
arrow on the left of number 3 shows that every number less than 3 is also included in the solution.

2 For x < 3 where x € R; the number line will be as shown below :

77T —T—T>

The hollow circle around 3, shows 3 is not included in the solution and the dark line
with dark arrow on the left of number 3 shows that every number less than 3 is included in the
solution.

Similarly consider the following number lines

1 «“T—T—T—T——TT> 2 S T
: BTN 2 8 v 4 : SHEEI0E M 21 8 4
[x>2and x € R] [x>2and x € R]
o s T R R e, I R R T o ¢ T | >
A s 84 R 0 2 3.4 5
[(1<x<3andx e R] [F2<x<2andxe R]
T e m p  EET R

. it s | e | S SR
[-3<x<1andxe R]

Example 2 :
Graph the solution set on a number line if — 2x + 14 < 6; where x is a real number.

Solution :
2x+14<b6=> —-2x<6-14
= —2Xx< -8

=D —__22)( > "___—g' [Division by a negative number, reverses the sign of inequality]
= X>4 S—T—T T T T T T T o T2 (Ans.)
. The required graph is : E ol 0. 1 2 8 4 O
EXERCISE 21 (B)
Solve and graph the solution set on a number line : and represent its solution on a number line.
Ny~ 5w -2 X N Given the replacement set is {-4, -3, -2,
' ’ —1,0, 1, 2, 3, 4}.
2. 3x—-1>5xe W 3
3. -3x+12<-15;xe R 12. Solve -‘?:(x — 1) + 4 < 10 and represent its
4. 7>3x-8;xe W solution on a number line. Given replacement
5 8)(_85_24.){62 SEtiS{—B,—B,—4,3,6,8,12}.
6. 8x—92>35-3x;xe N 13. For each inequation, given below, represent
: K ’ the solution on a number line :
7. 5x+4>8x-11;xe Z 5 1
ox (i) E—-2x2§~,xew
8. = +1<-3;xeR i
5 (i) 3(@x—1)=2(2x+3),xe Z
0. X 1+ xen (i) 2(4-3x)<4(x-5),xe W
g ’ " (iv) 4(3x+1)>2(4x—-1), X is a negative integer
10. §x+5£§x+6;xsw v) 4;:{ o A
11. Solve the inequaﬁﬂn 5(x-2) > 4(x + 3)-24 (vi) —2(x + 8)<8,xe R
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TEST YOURSELF

1. () 1,2 3,4 (i)0,1,2 3,4 (ii)-2,-1,0,1,2 2.() {2, 3} (i) {4,-3,-2,-1,0} (i) {-2,-1,0,1,2}
(iv) (-2,-1,0,1} 3. 15+8:24;:23 4.<10-474<§ 5.>;-15>-16 6.<;-24<20
-8 21

7.::-'?;5::-—2 8.}:*5,—5:--7
EXERCISE 21(A)
1. () {1, 2, 3, 4} (i) {1, 2, 3, 4, 5, 6} (iii) {4, 5, 6, ........... } (iv) {4, 5, 6, coeerenn} 2. (i) {6, 9)
() (-6,-8) 3123 CIOTE N } 5.{0,1,2,3,4,56,7 6.{01,2 3, 4,5)
7. {=11,~12, =13, it B {1,2,.3.4 0, 1,23 N EC1LE)
EXERCISE 21(B)
1. w s % s e, . oo > 2. X>2, €1 ——9——>
e e T RE LOC b L
Qe 4, X< 5; €T ¢ 9 >
3)(}9(5';;91011 . J1o12345'a
-2, > < T T ] ————>
5:(*52,%_94_%3_%61,, i 408 1286 &80
7. X <.5: SPRr-QPuaibeniit i -3' 8. x<-10; €r—T—T—0— >
o B Rl S e il et -13-12 -11 =10 -9
0.X<4CTT TP 011777 1 x8 i -t P e
< LI et A0 1 R 9 &i5 B0
1. X>-2, ST D T e,
4 g Pl ang Ay ROy
12.x< 10 €T T T T TrvTrrovrrrerevrrore
B B T gy R SRR R S
13. () x<1,xe W = Solution={0, 1} = € ———T— >
B Rl NRE et Al
(u)x3=-4— xelZ =>S0on=15.0, ....... } = ¢r——T—T—TT1TTT
A4 0 %8 RN

(i) x=>2-8,xe W = Solution={3, 4,5, ........ 3 o s e wes

(iv) x > —1-5, x € {negative integers} = Solution = {-1} = <

(v) x>—-2,xe R = Solution={x>-2,xe R} = (—;—Q-—|ﬁ—|-—|-—r—-—-b

ol

(VI) Solution : {X >-12, x € H} = (—,—9—|ﬂ—’—1-—1'—|—1—-|-’
-13-12-11-10 0 8 7 6 6§ 4 .
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