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Chapter 5
Linear Inequations

POINTS TO REMEMBER

g

Linear inequation : A statement of inequality between two expressions involving a single variable
x with highest power one, 1s called a linear inequation. The general forms of linear inequations are :

gt D iC (i) ax+.b<c
(fi)ax +b=c ((v)ax+b<0

where a, b, c are real numbers and a # 0.

X Replacement set or Domain of the Variable : The set from which the values of the variable
x are replaced in an inequation, is called the replacement set or the domain of the variable.
The replacemént set is always given to us.

3. Solution Set : The set of all those values of x from the replacement set which satisfy the given
inequation, is called the solution set of the inequation. Solution set is always a subset of the
replacement set.

4. Properties of Inequations :

(i) Adding or subtracting the same number or expression to each side of an inequation does
not change the inequality.

(if) Multiplying or dividing each side of an inequation by the same positive number does not
change the inequality.

(iii) Multiplying or dividing each side of an inequation by the same negative number reverses the

~ inequality.

(ivia<bo b>a

(v) a>b&eb<a

5. Some Special Sets of Numbers shown on Number Line :

We should like to have a glimps on how we represent sets of numbers on a number line.
EXERCISE 5

Solve each of the inequations given below - Solution set is {1, 2, 3, 4, 5} Ans.

and represent its solution set on a number TR B Bl

line : Dt o B 304 556 7

Q.l. o " St STl R g {1’2, 3 4, 5, 6,7} Q.Z. 2x —3>3, X € {1,2, 3, 4, 5,6}

Sol. 2x—-7<4 ESdx <4 + /

T P L B x<1_21 B e B3
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6 +—t— ettt
=80 :>x}5 -1 0 1 2 3 4,56:.8 4
Jo 4—=3X23X—
s Q7. 4-3x>23x—-14,x e N
g > R
*. Solution set is {4, 5, 6} Ans. poigd =t
=>—-3x-3x>2-14-4
—t t + + —a— g $
0132 3-8 S0 denh = —6x>-18 =S 01N
Q.3. 9<1-2x,x e {-3, -4, -5, -6}. 3
Sol. 9<1—2x =" 20N = xﬂ—g e = x<3.
gt xﬂ——s— . Solution set is {1,2,3} {.'x e N}
2 Ans.
= xg*-4 H. B o 3 ¥ y } } + + -
.. Solution set is {—4, -5, -6} Ans. R S R RS TP L
Q8. 6-5x>3-4x,xe W
+— —8—8 ¥ + 1 i e } >
-7 -6-5-4-3-2-1 0 1 2 3 Sol. Bl 5= 3 Uy
3x-5
Q.4. S AT ATl e e
6 2 | = — x> —3 =% 4
Sol. 3x6"5>; —. 3x_5:>%x6 . Solution setis {0,1,2} (.-xe W)
=3x-5>3 =  3x>3+5 i oy
40— + $ $ ¢ 4 t t >
8 O RS TN i S
= 3x =8 e x}“_; Q9. 30-2(3x-4)<24,x e W
9 Sol. 30-2(3x-4)<24
= i = 30 — 6x + 8 < 24
. Solution set is {3, 4, 5, 6} Ans. = —-6x<24-30-38
N WO Vi PO T B T e s = —-6x<24-38 = —6x<-14
Q5. 7x-4(B3-x)=23(2x-9), 14
¥ &3, T ] oMl Tl LB g
Sol. 7x-4(B3-x)23 (2x-5) e AT 4 x>21
= Tx—12 +4x > 6x — 15 3 3
i i e n e C..Solution set.as. £3, 4.5 Gt
(sox e W) Ans.
=>5x=>-3 = x:z-_i R
5 4—6 ! 2_- *+———8—0—0——6 > »
». Solution set is {0, 1, 2, 3} Ans. | RPe
3 2x-1
o] —_Y —
NPT I e S T T Q:10., S 7 mpmidteiSil
Q.6. 11 —3x>2+¥ x € {172, 3 4.5 01 3 2x-=1
Sol. —x- )
Sol. 11-3x>2+x 5 3 |
= -3y —x>2-11 =-—dye—u Multiplying by 15, the LCM of 5 and 3
= 4x<9 = x<% ::>x<:2% 15,<_3,x._15x2x"1 > 1x15
5

. Solution set is {1, 2} Ans.

=>9%x-52x-1)>15
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By urse iy o> 15
=5 —x>15~5
= x<-10

.. Solution set is { —11,-12, 13, ....}
(sx el) Ans.

= -x>10

<+t

l‘—. >——8—0—0—1 4 4
-14-13-12-11-10 -9 -8

Q.11. 3<2x-1<x+4,xel
Sol. —-3<2x-1<x+4

>

(i) I <x=-]1 =>-22x<—-1+3
= -2x<2 e = 0 . o )
— x>-_2— = x>-1

(Gi) 2x—1<x+4 =>2x—x<4+1

=  X=5

. From (i) and (i7i), solution set is
{0, 1, 2, 3, 4} Ans.

—t——t——+———0—0 80—+
4 -3-2-1 01 2 3 4 5 6

Q.l_ .

2+4x<2x-5<3x,xel
Sol. 2+4x<2x-5<3x
(i) 2+4x<2x-5-
= 4x-2x<-5-2 =5 x <—17
= xf::—l — x<:—-3-—1—
2 2
Gt XS 3ka + .= =3x+2x <5
=>-x<35 = x>-15

From (i) and (i7))
Solution set is {—4} Ans.

<

T R N T
Q.13. Find the smallest value of x, which

. : : e :
satisfies the inequation 2x +—>—+3,

s 3
xel

¥ g ).

Sol. 2x +?>—'+3

Multiplying by 6, the LCM of 2 and 3
6x2x+6><]—:=-6><~§£+6x3

@ 3
g2y 21 > 10x + 18

=

pomeae |

M

12x—-10x> 18 — 21

w0 x>-—% = x‘:»—l%

. x € I and it has smallest value

Q.14.

Sol.

U 4 J

(i)

(iif)
Q.15.
(1)
(1)
(i)
(iv)

(v)
(vi)

-(v:'f)
(viii)

Sol.

x =1 Ans.

If 10 — 5x <5 (x + 6), find the smallest
value of x, when (i) x e [ (il)) x e W
(ii)) x € N :

A= 5x <5 (x4 6)
10=5% <5x+ 30
-5 -5x<30-10

-10x<20 =10x>-20

=20
x>—- =il X )

10
When x € I and it has the smallest value.

Sox=-=1

When x € W and it has the smallest
value.

Sox=0

When x € N and it has the smallest value.
. x=1 Ans.

Solve each of the inequations given
below and graph the solution set on the
number line :

2xt+t3<3xtl.xeR
5x-8 4x-7
=

2 2
5y 4x-1
4
g3 <5 ¥y ecK
-1<3+4x<23, xR
arv—=d<S5y+4<]]l. xéeR

—£<:1+i£—2-, xeR
3 3

{1_2x 5

< <]l—,
= ﬁxell

1>15-7x>2x-27,x €
() 2x+3<3x+1,xeR
= 2x-3Ix<]1~3"

, Xxe R

>, xe R

= —x<£-2
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e T )
*. Solution setis {x: x=>2,x € R}

{ 4 + $ i i t s T e e
Y B S T RS PR
5x—8 4x-7
>

3 2

(5x—8)x2>2(4x-T7)x3
(By Cross multiplication)

= 10x-16= (12x - 21)
= 10x—12x=>-21 + 16

X R

)

5
= —2x2—5::>2x£5:>x-‘§—2"

5
". Solution setis {x:x< o x € R}
e e sl — - s + t : >
-5 Ly Lgirg el vigl DN 53 4 4MIEH 6
2
4x-1

(11) TR > et K

4 3

Multiplying by 12, the LCM of 4 and 3

4x-1
lzxsTx—-lzx = S]]

= 15x-4@x-1)>12
-~ 15x—16x+4> 12
— -x>12-4
=5 i O R =>x<-38

Hence, solution setis {x: x<-8,x € R}

D A e =
-10-9-8-7-6-5-4-3-2-1 0 1 2

(iv) 2<2x-3<5, e R,xeR
(a) 22— 3 = sl b 2

=5, 2 2 = xl%
(b) 2x—3 <5 e X =
= =R =3 i

From (a) and (b), solution set

={x:%£~x£4,xeR}

=

—— [ e
5-4-3-2-1 01 2 3 4 5 6

- (v) We have
~1<3+4x<28,x € R
= —1-3<4x<23-3 = —-4<4x<20
— 1<x<5,x €R
. Solutionset={—-1<x<5;x € R}

4 e e 3 + + + 4
I & 54 =3 0 o InE 04

Ans.
The graph of the solution set is shown
below :
i S s e S >
22 31 gleclen 283 g A B a6

(vi) 2x-5<5x+4<l1l;xekR
(@) 2x—5<5x+4 = 2x—-5x<4+5

= A 39 => 3x=> -9

=" X =3

(b) ox+ 4. <1} = Sy<11 — 4
%

= = =, x<—5-

From (a) and (b), solution set

={x:-3<x “':%,IER}

4
5

+ ¢ o e e e e ' } + —p
i 5 4 =3 =2-1 0518 2 3 4 i

2 2
(vii) —*3—<1+%£-§-,xeR
2 X 5 D
——<1+—= 2 r=<lt—=
(@) 35 B gl
et L e S
T T e
= x>-15
X Hd -2
1+ —<— —<—-1
CRIE TR ot
X 1
—<—— = <-1
— 3 3 X

From (a) and (b), solution set
={x:-5<x<-1,xe R}

>
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___________-____________________._.'_.—-————-———————-—'—'—‘—_‘“
RS Q.16. Find the range of values of x, which
i) —2< —-— <l—, x el  Beipi |
i 2,543 6 satisfy —%5%—1§<g-_Graph the
(a) —Zi-;——z; =3 2; £%+2 values of x on the real line.
5243 Soleleartidl el
::»E;!rﬂi e X< — X — S e 336
Wk | By AF o] o
AR A
= xﬂﬁ =5 xﬂ?:i (a) SR e
4 | 4
) L frye12 b e g
2%t 6 # :
-2 56l = —— <-1 = =21
= —x<]l=——— 2 2
3 b b 5
21K
= —— Ll ——— X 1 1 X 4 1
——1l=-<= -—<
3 62 (b) 513 <z - e
2 11-3
—- —— X < — X 1 4 X L 1+8
38 e S T e IR
Bonl 2 -8 9
L i | s S .o
Jrowt G 3 6 7 = 6 = 5
= x>—§><-3— x>-2 Zh . :
. 6 2 . From (a) and (b), solution set is
From (a) and (b), solution set 1is =2 <xi< 3 x € R}

TR, 2 3, (Sox e et e e O
-{-t--—j(-;-).-. S IR 001 2 8 4 56
s e et 0g 12 3 4 5 Q.17. Solve the following inequation and graph

(ix) 1215-7x>2x-27,xe N the solution on the number line.
(a b 15 7% = Tx215 5 it
()_1 —2"—5x+—<3§;xER
: 14 Graph the values of x on the number line.
= Tx>14 — x27 2 ' 1 1
| | Sol. Given —2— <x+ — <3—;x € R
S rE2 3 3 3
(b) S =T> 2x =27 3 550
=>-—-Tx—2x>-27-15 —§5x+-§<?
= . <42 :
¥ ke 4_2 e Multiplying by 3, L.C.M. of fractions,
e ol ) et
' ) 3 -8<3x+1<10
A e 8 lhedxe 1l < 101
h [Add —1]
From (a) and (b) solution set is {2, 3,4} ~9<3x<9 | |
s B R -35x<3
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[Dividing by 3] s 7—x
Hence, the solution setis {x:x € R, —3 (i) 2x—12x+ >2
< x <530 Sol. ()5x—11<7x-5<9
& : # g } : i - (@) 5x—-11<7x-5
-3 -2 -1 0 ] 2 3

The graph of the solution set is shown by the
thick portion of the number line. The solid circle
— 3 indicates that the number —3 is included
ng the solutions whereas the open circle at 3
ates that 3 1s not included among the solutions.
18. Given:P={x:5<2x-1<11,xe R}
and Q'= {x; — 1S3t dy =g e
where R = {real numbers} and
I = {integers}.
Represent P and Q on the number line.
Write down the elements of P N Q.
P={x:5<2x-1<£11,xe€ R}
Qi={x:-1<3+dx<D3. x &1}

Sol.

(7) S5<2x—1lt = —-2x<-—-1-5
= —-2x<=06 e e el
) x>3
(i) 2x~-1=11 = 2y = 11:k.1
12
= <112 = -’L‘i'z— Ry <L 6

. From (i) and (i7), solution set is
P={x:3<x<6,xe R}
Again (i)—1<3 +4x

= —dp <3 +]= =44
— S S A — x2-1

(11) . 35k A= 23 = Ay < 291
= . 4o <200 i I*’CQ
—— St G

From (i) and (i7), solution set is
Q= {_11 0: 11 21 3; 4}, {'-'IE I}

+—— — —— — b —O——t———————|—— -
w3 <2 213061 52 SAraT Genaen

P={xs8 <x<6,xe R}

e—9o ¢ —+——+——+—+»
2 3 -4 350y am

Q=4{1,0,1, 2, 3, 4}
PN Q= {4} Ans.

Q.19. Solve each of the following inequations
and graph the solution set on the number
line :

(i) 5x-11<7x-5 <9

S *—@

=

t @
-2 -1

= 5x-Tx<-5+11

T - ¢ —Ax K0TS U0
> xE—E = x2-3.
(b) 7x-5<9 = Jxr <=8

=>x<14 = xf-:ﬂ

s e

From (a) and (b), solution set is
{x:-35x<2,xe R}

>

-4 t e e ———— } 3
-5 -4 -3-2-1-01 2 3 4 5
X

> .2

Gi) 2x— 1, =245k

(@ 2x-12x+—
Multiplying by 3, we get
6x-323x+7—x
=2 0x . 3x(Hx Byl 3

i 4x>10% 1 = xz—l-g
Bl
.
(b) x+ e 0|
Multiplying by 3, we get
Ix+ 7 x>0 = 2¢=h=F
= 2% ] = x}—-%

From (a) and (b), solution set is

{x:x_z—g-,xe R}

= S
2 g

| fj———— i e e ..
-4 -3 =2 =101 2 3 4 56 7

Q. 20. Solve the inequation and represent the
solution set on the number line.

8x 14 ~ |
—3 -t =l — 4 2x wherex & [.

3 A 3
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Sol.Given :

8x

1
—3+x_<_—§“ +25—3:- + 2x, where x € |
8x
=>—3+x_f‘-_1"5-+2 )
8x 14
RO <. — 2% (i)
3 3,
Sx 2 8
B = and W< o= n> -3 and X< 4
3 3 3
', 3<x<4
Solution set = {-3,+2,-1,0, 1, 2, 3, 4}
Number line
e - = - = & =i = B
Lo bR R e R TR R

Q.21. The given diagram represents two sets
A and B on the number line :

A <

R R
-4 -3-2-1 01 2 3 4

et
S

B <

—1:3-.:'2—‘:1012345
Write down A and B in set builder form.
Write down A U B, A n B, A’ n B,
A — B and B — A and represent them on
separate number lines.

From the given number line, we find that
2 <) S 5, x € Riand

Bt 0SSy <5, Xx€ R}.
AUB={x:-2<x<$5,xe€ R}and
ANnB={x:05x<3,xe R}

Now number lines of

(1)
(i7)

Sol.
(7)

(i)

B el e L ——»
B sl 1 01 5 3 & 8 ¢

- —t + i ————— $ $ B
R 00 1 0 1 2 3 4 5 6 7

Now A" = {x : x> 3}
LA'NB={x:3<x<5,xe R}

A 98 15 5 7§
A-B={x:2<x<0,xe R} and
R S x <5, xe R}

| - Now number lines of
e e R R W e

+
2
Number of line of B — A is same as

A’ N B as given above.

Q.22 A={x:11x-5>7x+3,x € R} and

'.Soll.

Q.23.

Sol.

— + )
i Ut

B=

B={x:18x—9>15+ 12x,x € R}

Find the range of set A (| B and represent
it on a number line

A={x:11x-5>7x+3,xe R}
B=19%x:18t-9215+ 12, x € R}
Now, A = 11x-5 > 7x+ 3
Ee= ey iy L =4x > '8

b e P Al ol g |4

18x - 9 =2 15+12x
f8xi=12¢ > 15+9

6x > 24

=4 (x e R)

B x24, x e R

Hence Range of AN B = {x: x 24,
x € R} and its graph will be.

—

—_—
—

b e PETE——,

= Py o L 150 R R T W
Given: A={x:5x-42>26,xe€ R} and
B={x:5-x>1,xe R}
Represent A and B on the real line.
Find (i) A N B (i) A" n B.
A={x:5x-426,xe R}
B=4x:d—x=>d, xe R}
Inset A,5x—-426
sS04 = Sx=2'10

10

= xk? e |

LA={x:x22,xe R}
InsetB,5-x>1

=>-x>1-5 = —-x>-4
=Hoox<4

B drsx<d x'e R).

Now, number line of A and B are given.

—

B M SRS SR EEE S B—
gl ad 3.4 -°5-6

>

N MO 2 32 A 5 6.
Now () AnB=1{x:2<x<4,xe R}
antl ) A= ki x<2. xe R)
~A'NB={x:x<2 xe R} Ans.
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