8. LINEAR INEQUATIONS

EXERCISE 8.1

1) Write the inequations that represent the interval and state whether the
interval is bounded or unbounded.

Ofquites

—4 < x =

(LR

Sol: The inequation is
xER

7

Here, can take all values between ~* and 3 (both inclusive).

~ The interval is bounded (closed).
) (0.0.9)

Sol: The inequation is ~% =¥ =09

xER 0

Here, can take all values between

and 9 (excluding 0, but including 9)

=~ The interval is bounded (semi-right closed).
am ,)

Sol: The inequation is ~* < * <

xEeER oo

Here, can take all values between™
And *° (both exclusive)

~ The interval is unbounded.

av) [5 o]

Sol: The inequation is ® =% = %

xXER

Here, can take all values between 5

and “ (including 5, but excluding )
=~ The interval is unbounded (semi left closed).

) -11-2)



Sol: The inequation is ~11 = = =2

Here, * € R can take all values between ~11 and =2 (both exclusive).

=~ The interval is bounded (open).

vp =%

Sol: The inequation is ~® =% =3

xER oo

Here, can take all values between ~* and 3 (both exclusive).

~ The interval is unbounded.
2. Solve the following inequations:
(I) 3Ix—36=0

Sol.3x—35}ﬂ;‘~3x}'35;‘ix}'12

Solution set: (12

(II) Tx—25=—-4

Sol: T¥—25=—4_,7x=25—4=7x=21=x=3

Solution set: (—3)

x—5
0<—=23

[011)

x—5
Sol: 0<—=3
Multiply by 4, we get
0=x-—-5==<12
i_e_{]:‘:x—E and x—5<12
ie. S<x and x =17
je X >5 and x =17

i.e_5~=‘:x=i'l?

Solution set: (517

(Iv) |7x—4| < 10



Sol: If 1*l <k then ~k<x <k

L-10=T7x—4<10

Add # to each part of inequation.

-10+4=<7x—-4+4<10+4

L —6<Tx <14

Divide by 7

.
7

Solution set: (=6/7.2)

3. Sketch the graph which represents the solution set for the following
inequations.

) x>=5
Sol: The solution set of the given inequation is (5 0)
=~ The graph is:
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(H) x=35
Sol: The solution set of the given inequation is (5, )

=~ The graph is:

&< 2 2 & " ~
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o @

(IH) x=<3

Sol: The solution set of the given inequation is (=e0,3)

~ The graph is:

- - v
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(IV) x=3
Sol: The solution set of the given inequation is (=e0,3)

=~ The graph is:

4 Ay aar &y 0 0L %, .8
(V)—4=-‘ix=i3

Sol: The solution set of the given inequation is (=43)

= The graph is:

8
&+
1

(VI)—ZEA:EJZ.S

Sol: The solution set of the given inequation is (=225)

=~ The graph is:

R . S
-2 -2 -1 0 1 2 3 4

(VII)—3£A:£'1

Sol: The solution set of the given inequation is (=3.1)

=~ The graph is:

- Prlp——— =
4 -8 B 3 01 .3 &

(VIH) x| < 4
Sol: - |x| < 4

_._—4~=‘:x~=::4

The solution set of the given inequation is (=44



=~ The graph is:

—_—
>

et
B of =3 2 =1 0 1

2 3 4 5
(IX) |x| = 3.5
Sol: * |x| = 3.5

~X=3bor X=35

The solution set of the given inequation is (=00,3.5] U35, )

= The graph is:

4.S5olve the inequations.

) S5x+7>4-—-2x

Sol: .. X +7 =4 —2x

X +2x>4-7

o Tx > =3

L x>=—=3/7

Solution Interval: The solution set is unbounded open interval (—3/7, o0)
(1) Jx+1=6x—4

Gol: 3x +1=z6x—4

S3x+1l+4=6x

~3x+5h=6x

|



. x=5/3

Solution Interval: The solution set is unbounded open interval {—co,5/3)
(III) 4—-2x<3(3—x)

Sol: 4— 2x < 3(3—x)

2 4—2<9-—-3x
o 4—2x+3x <9

SXx<9—-4

XD

Solution Interval:The solution set is unbounded open interval {—co, 5)
av) 3/4)x—6=x=-7

SO]'%x_ﬁi:_? = 3x—24<4-28

= 24 =4y —28—3x =24+ 268=x
=4 =<x = x=4

Solution set: The solution Set of the inequation is the set of all real values

of * which are greater than 4. Solution Interval: The solution set is unbounded set
semi closed left interval [#%)

Solution Graph on number line:

€ e ——_—
-2 ~1 01 2 3 4 5 6

(V) B=-(Bx—4) <13

Sol: 8= —(3x—4) <13

Multiply the inequation by ~1, the sign of inequality changes.

8=3x—5>=-13



Add5: 8+5=3x—5+5>—13+5

13=3x>=-8

13 -3 -8 13
—ZX>— or —<X=—
3 3 3 3

Solution set: The solution set of the inequation is the set of all values of *

] 13
between 3 and 3 excluding left boundary

point and including right boundary point.

-8 13
Solution Interval: The solution set is semi right closed interval (?‘?)
Solution Graph on number line:

-8/3 13/3
s e @ —p———>

»

Sol:

Multiplying the inequation by 2 the sign of inequality changes

5>—-15+x>—->

Adding 15 on both the sides, we get

20>x =10 = 10<x < 20

Solution Set: The solution contains all the real values of ¥ lying between 1? and 20
, excluding the boundary value.

Solution Interval: The solution set can be written in the form of open interval
(10,20)

Solution Graph on number line:

e | e
-2 0 2 4 6 8 10 12 14 16 18 20

+
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(VII) 2|14—5x|=9

Sol: Dividing the inequality by & we get

|4 —5x| =

B3 |

We know that 1**1 Z ¥ jmplies * < =k

or x =k
.4—5x2—§ or 4—5x2+§
Multiplying the inequations by -1 sign of inequation changes.
—4+5¢=2 or —4+5x=—2
5x24+§ or 5x-=_:f4.-—§
x= z or x = -L
*e 10 i
~x=17 orx =—0.1
Sx=-01 orx = 1.7

Solution Set: The solution set contains all real values of * which are either less

—-0.1 1.7

than equal to or greater than or equal to

Solution Interva means all the real values less than equal to —01je,

interval (7% ~0%1] and * = 1.7 implies the interval [1-7*)
2x=—01lorx=17

(—co,—01] U [L1.7, e2)

]: ¥ = —0.1

can be written as interval

Solution Graph:

-
) -

-~
b

(VIH) |2x+ 7| = 25

Sol: We know that 1%/ = K jmplies -~k =x=k
|2x+ 7| = 25 implies —20 =2x+7 =25

Thus, we have



—25=2x+7 =125

Subtract 7 from each part,

25 —7=2x+7-7=25-7
—32=2x =18

Divide by %

Solution Set: The inequation 12 + 71 = 25 K5 jts solution as all real values of *
lying between and including 1€ and ®
Solution Interval: The interval of solution set is a closed interval [~16:°]

Solution Graph on number line:

9
O P R U >

-16-14-12-10-8 -6 4 -2 0 2 4 6 8 10

(IX) 2lx+3| =1
Sol: 2lx+3| =1
Dividing the inequality by 2

Slx+3 =1

lx| = k x<—kgpx>k

Now, implies

._‘(x+3}~:i_71 or (x+3)>-

-1 1
L x<—-—3 x>=-—3
o 2 or 2
-1-6 1-€
X = X =
. or 2
-7
X < —
2 or X

"2 Solution set: The solution set contains all real values of * which are either less

than

-7 -5

2 or greater than 2



-7 -7

Solution Interval: * = z means all the real values less than z, i.e. interval

—7 -5
( 7 ) and * ~ 2 implies the interval

=)

-7 -5
X = — X >— . .
z or z can be written as interval
(=)o G=)
—co— — o
2/ UMz
Solution Graph:
=3 _5
2 2
< et - >
B —d =8 T2 =E D 1 2
x+5
(X)E{U

Sol: We know that if z =0

Then either® =0 or 2<0

a =0 b=0D

or

<0= | -
o x—3 eltheI‘x+5 =0 andx 3=0

Case: ¥ t2<0 gpq x—3 =0

Orx~=i—5 andx?S

Which is not possible as * can not be simultaneously less than —2 and greater
than 3

Casell: *1t2=0 gpgx—3<0

or x>-5 and x<3

or —Lax <3

Which is an open interval (=5:3) where * can take any value between ~° to 3.



Solution graph:

[

>0

(XI) x+5

Z=0, .
Sol: If then either =9 and 2=0

or a <0 and b=10

CaselI:

x—2

x+5

>0 _x—-2>0 ,,qx+5>0

x=2 and x>=-5

Ifx‘}E x>-5 }2_

then already , therefore we can consider *
The solution set is (&%),

Case II:

s 05 x—2<0 4,4 x+5<0

If’x{—S = 2

* then also *
The solution set is (7% —2)
Combining both the cases, we can take solution set as(— =5 U (2,02)

fx;x < —Sorx < 2}

Solution graph:

- o~ 3 4 & i & &
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5) Rajiv obtained 70 and 75 marks in first two unit tests. Find the minimum
marks he should get in the third test to have an average of at least 60 marks.



Sol: Let Rajiv obtain ‘* marks in the third test. Rajiv obtained 7% and 7> marks in
the

first two unit tests. =~ Average of his marks in the three tests
_ x+70475

T3

_ x+145

R

- The average of marks should be at least ©°

x+145

=60

. % +145 = 180
. %X =180 — 145

2 Xx=35

Rajiv should get minimum 3° marks in the third test.
6) To receive Grade ‘A’ in a course, one must obtain an average of ?? marks or
more in five examinations (each of 190 marks). If Sunita’s marks in first four

examinations are E?, 92, 94 and 95, find minimlim marksthat Sunita must obtain
in fifth examination to get grade ‘A’ in the course.

Sol: Let Sunita obtain “*’ marks in the fifth examination. Sunita’s marks in the first

four examination are 3?, 92, %% and %>,

Average of her marks in the five examinations

 x+BT+92494+95
- 5

_ x+388
5

To receive grade A, Sunita’s average should be 90 or more.

x+368
5

=190

. % +368 = 450

. X =450 — 368



. X =82

~ Sunita must get minimum 82 marks in the fifth examination.

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

Sol: Let the Consecutive odd positive integers be * and * ¥ 2,
Sum of the numbers is more than 11

Lx+(x+2)>11

S2x+2>11

S2x>11-2

L 2x>=9
x‘}g

S Xx=45

It is also stated that the numbers are less than 19. The immediate odd positive

integer greater than 45 and less than 10 s >,
When*=5 . x+2=5+2=7
When*=7 . x+2=7+2=09
When*=9 . x+2=9+2=11

)

But, the numbers should be less than 10

~x+2 =11 discarded.

The pairs are (57 ang 72

8) Find all pairs of consecutive even positive integers, both of which are larger
than 5 such that their sum is less than 23.

Sol: Let the consecutive even positive integers be ‘* and * * 2

Sum of the members is less than 23



Lx+{x+20<23
L 2x+2<23
L2x<23-2

L2 21

L x <105

[t is also stated that the numbers are larger than 3,

The immediate even positive integer greater than @ and less than 10- js 6.
Whenxzﬁ . x+2=6+2=8
Whenng . x+2=8+2=10

)

When:x.':'lﬂ L x+2=10+2=12

)

« The pairs are (68): (8:10) 5,4 (10,12)

9) The longest side of a triangle is twice the shortest side and the third side is
2cm longer than the shortest side. If the perimeter of the' triangle is more than
166 cm then find the minimum length of the shortest side.

Sol: Let the sides of the triangle be @2 ¢ such that@ = ? = ¢,
The longest side is twice the shortest side

.._a=2u£

The third side is ¢ cm longer than the shortest side.

wb=c+2

~. Perimeter of the triangle =2 ¥ 2 ¥ ¢
=2c+{c+2)+¢c
=4c+2

But, perimeter of the triangle is more than 166 cm,

. dc+2> 166



. 4c> 166 —2

. 4c > 164

164

L >4

1

The minimum length of the shortest side is 41 cm.

EXERCISE 8.2

1) Solve the following inequations graphically in two-dimensional plane
(I) x=—4

Sol: Consider the equation* = 4
It is the equation of the line passing through

(=40 and parallel to ¥ -axis. If we put* =9,

= — q q 0
then 9 = =% does not satisfy the inequation.
Solution set is away from origin.
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Sol: Consider the equation? = 3.
It is the equation of a line parallel to ¥ -axis passing through the point. (©.3) on

the ¥ -axis.

Choose the point 0(0,0).

0=3 does not satisfy the inequation.



The solution set is away frorm the origin.
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= 2x.

Sol: Consider the equation ¥
This is the equation of a line passing through origin in third and fourth quadrant
inclined.

more towards Y-axis.
B fi I

HH MR ! W TR e
i - - 13 }

TR L

C0n51der a pomt (2 1}

Substitute in equation
y=-—2x=1=22)=1=< —4

shows that point (1) does not satisfy the inequation.
The solution is in the other plane away from that point.

(IV) ¥y—5x=10

Sol: The equation? ~ 3% Z 0 of the form ¥ = 5%
through the origin in first and third quadrant more inclined towards ¥ -axis. Since
the line passes through the origin, it can not be taken as a landmark for the
solution set.

, which shows that the line passes



Consider another point, say GD on the graph.

T Wt rrr O R

| SR
{Scale: 1 em

T
= | unit

Ll %..A on both axis 4
{
|

The inequation is

yv—5x=10
Put * = 3¥ =1 ip the inequation

v—=5x=10

1-5(3)=—-14=0

Which shows that the solution set is not containing the point(3’ n,
The solution set does not contain the point (.1).

(V)x—yiﬂ

Sol: Consider the equation * ~¥ = O which shows

that” = * is the equation of the line passing through the origin and divides
quadrants in to equal parts. So, the origin can not be considered as a landmark

for the solution set. We have to consider another point say (2.1 ¢ judge the
plane of the solution set



it W L EY Scale: 1 em =1 unit
R pri =t on both axis

The inequation is¥~¥y=0
2-1=0
1=0
V=Y ="2
2x —y=-2

Sol: Consider the equation
Two points on the axes are given as

-1 [0
x
¥y 0 2

i.e. (=10 on the X-axis and (0.2) on Y -axis.

Ifwe put® = %% = Othen,
2000—0=-2

0=-2

Which shows that the origin is hot satisfying the inequation.
Solution set is lying on the line as Well as in the plane away from the origin.



Scale: 1 cm = 1 unit
on both axia

Sol: Consider the equation #* + 3¥ =40

Two points required to draw the line are given by the table

The two points on the coordinate axes are (10,0) 3pq (0. 8) respectively.
Since the inequality is ** * 3% =40 0(0,0)

as
4x + 5y =40

ie 0=40T

, the origin will satisfy the inequation

The solution set is in the part of plane towards the origin.

1 ! Scale: lem= | unit
P ¥t on both axis

it W ![_,1:'..

i (/Hx+ /2y =1
Sol; ¥ + 2y =4

Consider the equation* * 2y —4

The two points required to plotting the line on the graph are



(4.9) and (% 2) on the X and Y axe respectively.

Substitute * =¥ =0
0+2(0) =4

ie. 0=4,

in the inequation.

Origin satisfies the inequation on showing that the solution set contains origin.
The solution set is towards origin.
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2. Mr. Rajesh. Has Rs' 1:899/. to spend on fruits for a meeting. Grapes cost Rs.
/- per kg and peaches cost Rs. 229/- per kg. Formulate and solve it graphically.

150

Sol: The cost of grapes = Rs.129/- per kg.
Let x kg of grapes be bought.
Then total cost of grapes = 129 x

The cost of peaches = Rs.200/- per kg.

Let ¥ kg of peaches be bought.

Then total cost of peaches = 200 ¥

Since Mr. Rajesh has total amount Rs. 890 to spend on fruits.

His total expenses 129% T 200 ¢hoyld be less than or equal to
150x + 200y = 1800

1800

Inequation is

=>3x+4}-'£ 36

%Y =20 55 the quantities of grapes and peaches can’t be negative.

Points on axes are

12 D



¥ [0 9

(12,0) o X-axis and @ on Y axis.

Since origin satisfies the inequation, solution set is towards origin.

Since * and ¥ are both positive, solution lies in first quadrant only.
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3) Diet of a sick person must contain at least %90 ynits of vitamins. Each unit of

food F1 contains 220 units of vitamins, where as each unit of food F2 contains

100 ypits of vitamins. Write an inequation to fulfil sick person’s requirements.
Represent the solution set graphically.

Sol: Let x units of vitamins be consumed in food
F1 and y units of vitamins be consumed in food F2 by sick person.
One unit of food F1 contains

= 200 ynits of vitamins

One unit of food F2 contains

= 100 units of vitamins

Total vitamin consumption = 200% 4 100y

As minimum requirement = 4000 ypits consumption will either greater than or

equal to #000,

The inequation is 200% + 100y = 4000

or 2x+v=220,bx=0,v=0

For drawing the graph, consider
The two points required for the plotting the line are

2x +4y =20

10 [0

vy |0 20



(10.0) 4 Xaxis and (@29 on Y axis. x = 0

Substitute the coordinate of origin ,
y=0

in the inequation
2(0)+0=20=0=20

which shows that the origin is not satisfying the inequation.

=~ Plane containing solution 1s away from the origin.
Solution set is in first quadrant only.
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EXERCISE 8.3

o
o
...NS

1) Find the graphical solution of the following system of linear inequations:

(I)x—yiﬂsz—yE—Z

Sol: Writing the above inequalities as equations

x—y=0

0 3
x
y 0 3

(x,¥)|(0,0) (3,3)

2x —y =-2

0 —1
x
y 2 0

1:1‘1 .:F} (012} {_110}
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x—y=0

The inequality

in dividing the points on the line
2x—y =

represents the region above the line,
x—y=0

2 represents the region below the line,
2x —y =-2.

The inequality
including the points on the line

=~ The shaded region between the lines represents the solution of the given
inequations.

(II) 2x+3y=12;—ax+y=3x =4 y=3.

Sol: The given equations in system are

2x+3y= 12, —x+yv=3x=4, vy=3

Consider the equations:

2x +3y =12
x B 0
v 0 4

The two points on the coordinate axes are
(ﬁr D} and (Dr 4).

Origin (0.0) goes not satisfy the inequation as
2(0) + 3(0) = 12

i.e. 9= 12 which is not true.



=~ Solution set is always from the origin

¥ 0 3

The points on the coordinate axes are
(3: D} and (D: 3}

Origin (0.0 gatisfies the inequation as
=0 +0=3¢ 0=3 which is true.

Solution set is towards origin.

For * =% consider * = %, Equation of line which passes through the
. (4,0)
point (%.0) and

0=4

since implies solution is towards origin.

ForY =3 consider” = 3 which is the equation of a line passing through (0, 3) and
parallel to ¥-axis.

As 9 =3 is not possible, solution set is away from origin,

E&ale: 1cm =1 unitl:
9 i :

g -

T




(IH) 3x+2y=1800; 2Zx+ 7y = 1400,0 = x = 350;0 = y = 150.

Sol: Inequations System of inequalities contains the
3x + 2y = 1800; 2x + 7y = 1400,0 = x = 350; 0 = v = 150.

Consider the equations:
3x+ 2y = 1800

6op ©

X
¥ 0 300

The two points required for plotting graph on the axes are

(600, 0) (0,900)

and respectively.

=+ 3(0) + 2(0) = 1800..

i.e. 051800

Origin satisfies the inequation« showing that the solution set is towards origin.
2%+ 7y = 1400

700 0
x

v 0 200

The two points on the axes are (700,0) 5,4 (0.200) respectively.
2+ 2(0) + 7(0) = 1400

= 0 = 1400

Showing that the inequation satisfies the inequations solution set is towards
origin.

The two double inequations are

0=x =350 4,4q0=y =150

Which can be written as:

0=x 5pqx =350 ﬂii}-‘and}-‘iiLSﬂ

x = 350 x =350

For , consider

[t is the equation of a line passing through (330.0) 3pqg parallel to ¥ axis.
For Y =150 consider? =130,

The line passes through (0,150 5pq parallel to X axis.



x = 350 and Y = 150

- Both the inequations satisfy the origin.

=~ Solutions sets are towards the origin.

The conditions *¥ = 0 show that the common solution set of system lies in first
quadrant.
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The line 3* T 2¥ =1800 154 not contributed to solution set.

~ Itis known as redundant.

¥ x ¥
+

x
(I‘/) EE'+'EE = 1,153 ;E =1

Sol: Consider the equations:

=+Z =1,
&0 S0
60 0
A
y 0 90

The two points on the axes are (60,0 5nq (9.99) 55 in the equation
60 and 90 are ¥ and ¥ intercepts,
(* and ¥ are equivalent to * and ¥ axes.)

 The inequation

£ ¥

=1 . ..
60 90 satisfies the origin.
Solution set is towards origin.

—+Z=1

120 75



120 0

v 0 75 | The two points on the axes are
The inequation

+==1 . . .
120 75 satisfies the origin.

Solution set of the inequation is towards origin
x=0,y=0

(common reglon) is in the flrst

q uadrant

e o B (s S

el ; B
T

Ix+2y=24;3x+y=15x= 4
(V) 3*+ 2 y

Jall"". g
el

1

Sol: Writing the above inequalities as equations
3x +2y = 24

0 8

X

y 12 0
(x,y) (0,12) (8,0)

3x+y=15
0 5
A
v 15 0
(x,¥) (0,15) |(5,0)

(120, 0)

and

(0, 75)

respectively.

are the inequations showing thw conditions that the solutions set



(x¥) (400 |(41)

~ - Sonlec | om w1t
Ao b vedl IS £ B BR B o btk

e 4,", < ‘ -m‘ 5 o
r:'f LS 7.5
Rkl B 4 ol |
e oo o P ]k}
48 8 T A\ § -
4 asn - . 4 4 a3
fs' 3 ﬂ" :‘Io »
S Lk R 4
} ll.;'ﬂ 4 )
The inequality S S A = represents the region below the line including the
points on the line
3x + 2y =24
The inequality Ix+y=15 represents the region above the line, including the

points on the line

3x+ yv=15

The inequality * = % repyesents the region to the right of the line, including the
points on the line

x=4%
=~ The shaded region between the lines represents the solution of the given
inequality.

(VD) 2x+y=8;x+2y=10;x=0;y=0

Sol: Writing the above inequalities as equations

2x+y=28
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The inequality 2* ¥ = 8

points on
2x +y=28

x+2y =10

represents the region above the line, including the

the line
The inequality

including the points on the line
0; vy=0

represents the region above the line,
¥ +2v =10

Since ¥ = all points in the shaded region represents solution of the given
system of inequalities.



