Formulae

Two permissible rules:

1. Addition - Subtraction Rule:
If the same number or expression is added to or subtracted from both sides of an
inequation, the resulting inequation has the same solution (or solutions) as the original.
2. Multiplication - Division Rule:
(i) If both sides of an inequation are multiplied or divided by the same positive number,
the resulting inequation has the same solution (or solutions) as the original.
(i) If both sides of an inequation are multiplied or divided by the same negative number,
the resulting inequation has the same solution (or solutions) as the original if the symbol
of the inequality is reversed.
Thus, the only difference between solving a linear equation and solving an inequation
concerns multiplying or dividing both sides by a negative number. Therefore, always
reverse the symbol of an inequation when multiplying or dividing by a negative number.
3. Properties of absolute values:

i I-xl=Ilxl¥xeR
(ii) lxyl=Ixllyl,Vx,yeR.

AN 4 BLER

(i) y| =Tyl Vx,ye R&y=0
(iv) lxl =yx2vxe R

(v) Ifa>0,

then lx| Sge-a<x<a
Ixl 2aexzaorx<s—a.

Determine the Following

Question 1. Give that x € I. Solve the inequation and graph the solution on the number line:

x—-4 x
3'&."7*!-522
Solubon : 3= x—4 E}E
ution : Z gk
= 32 3(x+4)ﬁ2,_1g22
6
18 = 5x-12=12
= 3 = 5x=24
24
= 5 S x56 (xeT)
0

-2 =1 0 1 2 3 4 5 &
2. The solution set = (5, 6) Ans.



Question 2. Graph the solution set for each inequality:

(i) x=2-3 (i) x<4
(iii) —3<x<5 (iv) 5<x<10
(v) -3<x<8 (vi) —3<x<3.

Solution : (i) We shade a number line to the
right of — 3. The darkened circle shows - 3 is
included.

xz-13
, 3 >

(iil) We shade a number line to the left of 4.

The open circle shows that 4 is not included.

x<4
: 4

(i1i) The graph of — 3 < x < 5 is all the numbers

between 3 and 5.
-3 5

(iv) The graph of 5 < x < 10 consists of all the
numbers between 5 and 10 as well as 5.

&—o——o >

= 10
. (v) The graph of -3 < x < 8 consists of all the
numbers between - 3 and 8 as well as 8. :

-3 ; 8

(vi) The graph of - 3 < x < 3 consists of all the
numbers between — 3 and 3 as well as 3 and - 3.

._4. F.F_

=3 3

Question 3. Solve the given inequation and graph the solution on the number line
2y=-3<y+1=4y+7,ye R

Solution : -3 < y+1=s4y+7
y=-3 < 1=3y+ 7
y < 4and3y=z-6
yz-=2
-2 < y<4
_. T T L. T T O_
-2 -1 4 1 2 3 4~

Question 4. Given that x € R, solve the following inequality and graph the solution on the
number line:
-1=3+4x<23
Solution : -1 = 3+4x<23
-1-3 £ 3+4x-3<23-3
-4 € 4x <20
4

1A

b oty

4 4

-1 <€ x<b.
SolutionSet = {x:-1=x<5xe R}
T
5

] 1
5 4 3 2 1 0 1 2 3 4

j
6

Question 5. Given:



P = [x:5<2x-1<11,xe R|
Q= (x:-1<3+4x<23,xe 1}

where R = (real number), I = (Integers) Represent P
and Q on number lines. Write down the elements
of P Q.

Solution :
P ot i ——t———
Q: +—+—8—880 8889 —F———
-2-10 12 3 45 6
PnQ={4}.
Question 6. Solve 2 < 2x - 3 £ 5, x € R and mark it on a number line.

Solution: 2 € 2x-3<5, xR
2 = 2x-3; 2x-3<5h

2+3 £ 2x; 2xr=5+3
5 < 2x: 2x <8
or 2y =2 5; - x<4
or X ::g
1
x 2 Ziand r<4
(solution setis 2.5 <x < 4)
=
el _

0 1 -2253 4

Question 7. For each inequality, determine which of the given numbers are in the solution set:

(i) 2x+3>11;-3,4,5,7

(ii) 16-5x<-4:4,-3, 10.

Solution: (i) If x = -3 _

Then 2x+3 = 2x(-3)+3=-3

Since, — 3 > 11 is false.

So — 3 is not in the solution of 2x + 3> 11

If x=4 then2x +3=2x4+3=11

since 11 > 11 is false.

50, 4 is not in the solution of 2x + 3 > 11

ifr=5then2x+3=2x5+3=13

Since, 13 = 11 is true ;

S0, 5 is in the solution of 2¥ + 3> 11

Similarly, x = 7 is in the solution of 2x + 3 > 11.
Ans.

(ii) If x =4, then 16 - 5x = 16 45 x 4 = — 4

Since, -4 < = 4 is true.

S0, x =4 is in the solution of 16 -5x =-4

ifx==3then16-5x=16-5%x-3=3T

Since, 31 < - 4 is false.

S0, x =—3is not in the solution of 16 -fx <-4

if x=10,then16-5x=16-5%x10=-34

Since, — 34 < — 4 is true.

So, x = 10 is in the solution of 16 - 5x < - 4.



Question 8. Graph the solution sets of the following inequalities:
1) Zx-4>3, xe W
(ii) 3x-5<-7, xe L
Solution : (i) 2x — 4 > 3
2x > 3+4=2>7
x> 7/2=x>35
x = [4,56,....]}

e e L A ey
-3 2101 2 3 45 6 7
(ii) Ix=5=-=-7,xel
3x <.5+(-7)
3 £ -2
x € =2/3
. =) M ,=3,-2,-1}
PO S SO
3 -2-1°

Question 9. Solve the equation and represent the solution set on the number line.

-34:15%;+25 g—4+2x,wherexel
Solution :
—3+x£E+25%+2x, xe],
8x Bax 14
-3+x£?+2_. F+25_3_+2x
8x Bx 14
or 3 -x 2 =-3-2, 3—-1r. < ?-2
Sx 2x 8
or 3 z =5, 3 < 3
Sx = =15, 2r £ B
xr =z -3 xr = 4 _
Solution set {-3,-2,-1,0,1,2 3, 4} Ans.
Number line

-3 -2-10 1 2 3 4

Question 10. Solve the following inequation and represent the solution set on the nhumber
line:



Jx -2
—=2<=—+x,xeR

41'—19{5
Solution:4x-19 < 35—1—-25_?2+x,xER
3x
dx =19 <« 5 -2,
41—3--; < —-2+19,
5
7y,
x < 5,
and - 3—1&2 < }2+x
5
3x ~2
5——1 < ?11-2
-2x = 8
x 2z —4
= -4 £ x<5
530 R s I R o O T T

Question 11. Solve the following in equalities and graph their solution set
A =x:1lx =52 7x+3,xe Rl and

B ={x:18x-9215+12x, xe R}
Solution: A = {x:11x-527x+3,xe R}
= {x:11x-7x=23+5,xe R}
|x:4x28,xe R}
[x:x22,xe R} ° <. A0

It

Il

Also B = (x:18x-9215+12x,xe R}
= {x:18x~12x215+9,xe R)
= {x:6x224, xe R}
= {1:1’24,):ER} H-{ii)

. on number line,

. T

A 1 2 a 4 5 8

B:< 1 2 3

L ANnB:(x:x24,xe R}

e AmbB:

rl
]

2 3



Question 12. Solve the following inequation and graph the solution set,
(i) 2x-3<x+2<3x+5xeR.

(ii) 2x-5<bBx+4<1lne R
Solution : (i) Here, 2x-3<x+2<3x+5
= 2x-3<x+2and x+2<3x+5

=2 x=5and xa%‘a

501uﬁ'0n5et={x g _—35155.@11&1'& R}.

2
Ans,
g -t G 2 AN B =
(ii) Here, 2x-5<5rxr+4 <1l
= 2x-5<5x+4 and Sx+4<11
= -3x<9%and 5x<7
= x=-3 and x:.:-;r

.. Solution set ={x:—3£x~: gar.dxe R}.

; Ans.
5 4 -3 2 -1 D 1142 3

Question 13. Solve the following inequation and graph the solution on the number line.
2 1 1
—235x+3-::33,.vlre R.
Solution : The given inequation has two parts :
g 1 1 1
—23 <_i xf3mdx+3':33
1 1 10
< x+3andx +3¢: 3
L3
3
9

LA Lo e 300
i

= yandrx<

A
w3 | oo

[y

= Iﬂnﬂxﬁg
-3 < randx<3

' -3 £ x<3

‘The required graph line is :

4 829012 3



Question 14. Solve the following inequalities and represent the solution on a number line:
(i) Zx+3<5 (ii) 3r+4<x+8
(iii) 2x-3>5x+4 (iv) 4-2x26-3x
W) Bk-2>1 - (i) 25>

w 3x- 1 5x 1
gl e ey

Solution : (i) We have, 2x + 3 <5
= 2x < 5-3
= ' 2x < 2
=3 ¥y <1
The graph of the solution set is

fx. < 1}

ety
{ T, g Ans.
(ii) We have, 3x + 4<x + 8
= 3x-x < 8-4
[Bring like terms on one side]
= 2x s 4
= . x5 2
The graph of the solution set is
x5 2

x=2
o+« ol Ans,

(iii) We have the inequality
2x-3 > 5x+4
= - =3-4> ha-2x
= -7 > 3xorx<-7/3
Thegrai:huf the solution set is
x < -7/3.

x<-T3 o
&=t
(iv) We have the inequality
4-2x =z 6-3x
= Ix-2x 2 6-4
= x2 2
The graph of the solution set is
: x 22

? x=2 )




(v)  The given inequality is

Ix-2) = 1
=5 x-6>1
. x> 7=2x>7/3
The graph of the solution set is given by
x> 7/3

x=Tl3
—
73

(vi) The given inequality is
2+5 _ 4-3x
& 76
6(2x +5) > 4(4-3x)
12x +30 > 16-12x
12x +12x > 16-30
24x > ~14
-14
24
x > —=7f12.
The graph of solution set is x > - 7/12

X>=TH2
e >
-T2

(vii) The given inequality is

U 488
VERVARY

x >

3.1 5 )
LR el T
L  mE 11
2 8 2 4*
. 12¢-5x =2-1
8 4
= %x > ;—3::4{&}::'—_33{8
=4 2Bx > -4
= L =i
28
x> -6/7
The graph of the solution set is
x> -6/7

& x> =67 >
BT

Question 15. Solve the following inequalities and represent the solution set on a number line:
(i) —4<2x-3<5

it 1 2x 5

Eu)-3{+2—E£6,xE R.

{m)ﬂcﬁfggz

i) 0> %<1
2(3 —4x

(v) .3:»-'{—.?—}“—2

" Solution : (i) The given inequality

2 -4 £ 2x%-3<5

is equivalent to



3-4 € 2x<5+3
=

=3 -1 2r =8
= —% < x=4
The graph of this set is
-1/2 < x<4.
. -12=x=4
~112 - 4
" 1 2¢ 5
(i1) -3 < —i—?“-_:a
= ~-18 = -3 -4x=<5h
== -15 = —4x<8
= -2 = x-::14—5
o @ =t i
-2 15
I
(iii) The given inequality is
0 < 31"4-—2‘_:2
Which is equivalent to
0 < 3xr-2<8§
=4 2« 3x<8+2
= 2 < 3x<10
= 2/3 « ¥=<10/3
The graph of this set is
2/3 < x<10/3.
i 203 =x=10/3
2/3 10/3
(iv) The given inequality is
0< 3—;31:51

same as part (iii) solve yourself.
(v) The given inequality

which is equivalent to
— 3x7 > 2(3-4x)2-2x7
= i—l > 3-4dx -7
2
= --3+'21 = =dx=-7-3
15 ;
= ? > —4x=-10 )

we divide this compound inequality by — 4 and
reverse the inequality signs to obtain

15 =10

DRfd) o Ty



15 5

= T xﬂi .
The graph of this set is
-15 5
B * ARy
~-15/8 < x < 52
O \
-15/8 52

Question 16. Solve the following inequation, write the solution set and represent it on the
number line:

xex 1.1 ew
e e
: x X 1
Soluhon.—aﬂ_z—laiﬁ,xER
X by 1
-3 5 3-13
X x 4
—_ s ==

3" 2 3

4 ¥ x

iy e o

Sl

4 _ 5x

3" 86

g = &

8 L]

=

5_.1’

Xzl 1
sz = g

x 1.4

25673

x _1+8

2 6

{9:-:2

¥ %o

x <23
From (1) and (2)

o]

EE r<3
or 16 £ x<3
- Solutionset {x:16<x<3,xe R)

Mumber line
{ 1 |'.'r "' |} }
0 i 16 2 3 4

Question 17. Find the values of x, which satisfy the inequation
5 1

2x
~2g<5-F<Lxe W. Graph the solution set

on the number line.



Suluﬁun:—lgc:%—%iz
: 5 .1 2z
Taking, _25 < 2—5
17 1 2x
S
17 1 2x
6 5Ty
“17-3 _ %
6 3
20 2x
- <=3
_10
3 3
5> x (1)

2x 1
~3 A
21:{3
3 ~ 2
— ¥ < i—ﬁxz—:i .--(2)
From (1) and (2), we get
—iich:&—EiEr{S
Required number line,
bty ARIS
-3-2-1 0 1 2 3 4 5 &

Question 18. Solve the following inequalities in the given universal set:
(i} 3x~-5>x+7:xe N

(ii) dxr+2<2x-7:xel

(iii) Bx -3 <bx—-2;xe N

(iv) 2x—-5<5x+4 <11, wherexe L
Solution : (i) We have

Jx=5 > x+7
= Jx-x > 745
= 2 =12
= x> 6

As xye N, x can take values 7, 8, 9, 10, ......
This set is drawn on the number line as follow.

X8,
~+—t+—t+—t+t+t+t+1+t+t+teoee>
4321012 34 5 6T8289

Ans.
(ii) We have
dx+2 < 2x_T:xel

= fx—2xr & -T2
= 2x £ -9
= x < -9/2



As ye I x can take values -5,-6, -7, ...... A

S0 x=1{-5-6-7,-8, ... J
This set can be drawn on number line as
x < -9/2
vt ———————>
109876543 21012
Ans,
(iii) We have
bx-3 <« bx-2;xe N
=3 Bx-6x <« =2+3
= -x <1
= x> =1
As x € N, so x be the set of all natural
numbers.
The given set can be represent on number line
ds
x = N
X=N L
-+ —e—a»—2 *—>
0 1 2 3 4

(iv)2Zx-5<5x+4<1],xel
2x-5 £ bx+4
2x-5x < 4+5
-3x =9
3x -9 4
xz-3
X ey
11
11-4

A A

L

or -3
S5x+4

5x

Sx

AA A A

mi=1 =~

X <

X <

—
k2

2
From (1)and (2) -3sx<1 5/ X€ I

- Solutionset={-3,-2,-1,0,1]

Wt
-4 -3-2-10 1 2

>

Question 19. Find the solution set of the following inequalities and draw the graph of their

solutions sets:
(i) l x+5| <8 (ii) | x-11=>3
; -5
i) 13-2¢122 (Gv) |5 |<6

) >S5



Solution : (i) We have

lx+51 < 8
Using prop. | x | <ae -a<x<a
- -8 < x+5<8
=  -5-8 < x<8-5
— -13 < x<3
The graph of this set is
-+ ? ? » Ans,

=13 3
(ii) We have

|l x=11 >3

Using prop. | x | 2a< x zaorx<-a
Then | x-11 > 3@::—1}39:;1:—14:{—3_}

= x> 4 orx<=-2
s0 |lx-11>3{xx<-2 orx>4)
The graph of this set is .
E x<-2 ’ Xx=4
-2 4
(iii) We have
| 3-2%x | =2
Using prop. | x | 2a¢&x2ao0rx<-a
|3=2x1 = 2
or 3-2x £ -20or (3-2%)22
= ~2x £ —5or-2x=-1
= 2x £ 1 or 2x25
=5 X = 1— i :r}é
R ¥ o
or —2xl 2 2= jxixssorxzy
The graph of this set is Ans.
1/2 52
. X -
{iv) We have 3 <b
Using prop. | x | <a=-a<x<a

x—5 x-5
3 <b= —-6< 3 <6h-

= =18B<x=5<18
5_18<x<18+45
-13<x<23

(I

<b6b= [x:-13<x<23}



The graph of this set is

R ¢ 7

) 13 230 -
(v) We have 7——5-<5
3 =>5lx-2I
5lx=-21 =< 3
3
Ix-21 < 5
Using property lx| <a=-a<x<a
3, gD
B
3 Rl
= 5+2-=:I-c:5+2
7 13
= Sc_:x < 5
3
S0 T ™=
et
=xig<x<g |-
The graph of this set is
) iy
N L
5 1315

Question 20. Solve the following inequalities and graph their solution set:
Zt 5 oy X8

(i) {2 (ii) x—_;”iﬂl

3 ; ; : —5 R
Solution : (i) The mequahr}; - < 2 is
3 2x-5 2x-5 _2:: 4

equiva-lent to P e 2<l& Ty <0
* -9

= 12 < 0
But ‘; < 0,a<0=b>0

Thr 248 <0,-9<0=x+2>0=x>-2

x+2
The graph of this solution is
x> -2
x> -2
@ ’ Ans.
2 .

8
(ii) The inequality ;ﬁ >1is equivalent to

e gsnativing,
x+1 x+1
% ? -
= . i 0
but Es 0,a>0eb>0
7
Thus, >0, 7>0=x+1>00rx>-1
x+1

The graph of this set is

x>1

o >




