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Linear Equations
and Inequalities

{(EXERCISE 5.1))

1. Solve and represent the solution on a real line.
. . 3x 1
1 12x+30=-6 1 X r6=—12 iy X_2X_ 1
0) (i1) 3 (iii) VR
. 2x-1 3 x 5 o —OX 10
v 2=7T 2x+4)+ 12x \% _ == vi) -~ —9_—~
) v d) ) 546 Yo 57
Solution
(i) 12x + 30 = —6 (i)5+6=-12
12x = -6 — 30 x T
12x = —36 ;= 71276
_ _36 Z=-18
BT 3 B
x = —3 X——__418><3=>X——54
<—t 4_3 > D R TR S S R
ii-Z=21 (iv)2=72x+4) + 12x
2 4 12
2=14x+ 28 + 12x
X 3x 1
12 (5) - 12x () =12x(5;) |2 28 = 14x + 12x
6x—9x=1=>-3x=1 —26=26x=x=—2%
1
X="3 x=-1

W= -T=, W) =5 =9-Fx

2xX—1 3x 5 5x 10
12><( - )—12><(:)—12><(g) 10><(—1—0)—10><(9)—10><(?x)
4(2x—1)—9x =10 —5x =90 — 20x
8x—4—-9x =10 —5x 4+ 20x =90 = 15x =90
8x—9x=104+4>x=-14 X=6
<+ . + + + +—> | L 1 1 1 1 9 L
) -5 -0 -5 0 H 10 ‘—é _é —ﬁi _2| (|] i Kll 2 éf
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2. Solve each inequality and represent the solution on a real line.

(1) x—6<-2

—-9>—-16+x @)  3+2x 23

) 5 3 -1 . 1 1 1
v 6 10) <0 —X—— <— vi Tx——<14+=
(iv) (x+10) 3" 4<12 (vi) 2575 +2x
Solution
()x—6<—2 (i) =9 > —16 + x
x<—-2+6 —94+16 >x
x<4 7>x0r x<7
Sl 1 1 1 1 1 f 1 L 5. 1 1 1 | L 1 l?l\
DR N U 0 RE IR I A N A A 0
(i) 3 + 2x = 3 (iv) 6(x + 10) < 0
2x=>3—3 6x+60<0
2x=>0 6x < —60
XZO . R XS_6_60
_ + _ > x < -10
8 -6-4-2 0 2 4 6 8 €«

-20-15-10-5 Q0 5 10 15

V)3x—><-L

3 4 12
12x(§x)—12x(2)<12x(—%)
4(5x) -9 < -1
20xk<—-1+4+9
20x < 8
X < =

20

2
X <=
. 5
>
-4 -3 2-1 0%1 2 3 4

(Vi) sx —= < —1+4:x
4x(3x)—4x(3) <4x (D +4x(5%)
X—2<—4+2x

—2+4<2x—x
2<x
X=>2

—_—
ol 1 L 1 L 1 1 1 L
<1 T T T T T T T ™
-8 6 4-2 0 2 4 6 8
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3. Shade the solution region for the following linear inequalities in xy-plane:

(1) 2x+ y<6 (11)
(iv) 5x—4y <20 (v)

Solution

3()2x+y<e6

Associated equations: 2x+y =6

To find Points:

Putx = 0,y = 6 then pointis (0,6)
Puty = 0,x = 3 then pointis (3,0)

To check Region put (0,0) in given eq.

0 < 6 true, graph towards the origin

3()3x+7y =21

Associated equations: 3x + 7y = 21
To find Points

Putx = 0,y = 3 then pointis (0,3)
Puty = 0,x = 7 then pointis (7,0)

To check Region put (0,0) in given eq.

0 > 21 false, graph away from origin

3x+7y=21 (1) 3x—2y=6
2x+120 (vi) 3y-4<0

{
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3(i)3x—2y=>6
Associated equations: 3x —2y =6
To find Points:

Putx = 0,y = —3 then pointis (0,—3)

Puty = 0,x = 2 then pointis (2,0)

To check Region put (0, 0) in given eq.

0 > 6 false, graph away from origin

3(iv)5x —4y <20
Associated equations: 5x — 4y = 20
To find Points

Putx = 0,y = —5 then pointis (0,—5)

Puty = 0,x = 4 then pointis (4,0)

To check Region put (0,0) in given eq.

0 < 20 true, graph towards the origin
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3V)2x+1=0

Associated equations: 2x+1=0

Point: X = 1L
2

Region: 1 > 0 true, graph towards the origin

A

24+ fI=|0

Y

\

3(vi)3y—4<0

Associated equations: 3y —4=0

Point: y = g

Region: 0 < 4 true, graph towards the origin
v
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4. Indicate the solution region of the following linear inequalities by shading:
(1) 2x—-3y <6 (i1) x+y=5 (i11) 3x+7y=21
2x+3y<12 —y+ x<1 x— y<2
(iv) 4x-3y<12 (v) 3x+7y=21 (vi)  5x+7y=<35
3 y=4 x—2y<2
xXZ——
2
Solution
4 (i)
2x—3y <6 ........ (i)
2x+3y<12 ......... (ii)

Associated equations

2x —3y =6 ......... (iii) i

2x+3y=12 ......... (iv)

To find Points LN o

- < .4

(iii) = Putx = 0,y = —2 then pointis (0,—2) b G

(iii) = Puty = 0,x = 3 then point is (3,0) . < AN N
/ 0 » (3]0) 5“:

(iv) = Putx = 0,y = 4 then pointis (0,4) 0 A7

g

(iv) = Puty = 0,x = 6 then point is (6,0) T

To check Region put (0,0) in (i) and (ii)

(i) = 0 < 6 true, graph towards the origin Y

(ii) = 0 < 12 true, graph towards the origin
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x—y=1 ........ (iv)

To find Points

(iii) = Putx = 0,y = 5 then point is (0,5)
(iii) = Puty = 0,x = 5 then point is (5,0)
(iv) > Putx = 0,y = —1 then pointis (0,—1)
(iv) > Puty = 0,x = 1 then pointis (1,0)

To check Region put (0,0) in (i) and (ii)

(i) = 0> 5 false, graph away from origin

(ii) = 0 < 1 true, graph towards the origin

‘L.‘

A
3T
-:“*'( /,,p\'
b= Lx.
FANGT

, (3]0
X < 0 LZ11]0) »x

(0] -1

Y

¥
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4 (iii)

3x+7y =21 ......... (i)
X—yY<2 .enen. (ii)
Associated equations
3x+7y =21 ......... (iii)
X—yV=2 ........ (iv)

To find Points
(iii) = Putx = 0,y = 3 then point is (0,3)
(iii) = Puty = 0,x = 7 then point is (7,0)

(iv) > Putx = 0,y = —2 then pointis (0,—2)

(iv) > Puty = 0,x = 2 then point is (2,0)
To check Region put (0,0) in (i) and (ii)
(i) = 0> 21 false, graph away from origin

(ii) = 0 < 2 true, graph towards the origin
.}.'
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To find Points

(iii) > Putx = 0,y = —4 then pointis (0, —4)

(iii) > Puty = 0,x = 3 then point is (3,0)

(iv) >wehavey =0,x = —%then point is (—%,0)
To check Region put (0,0) in (i) and (ii)

(i) = 0 < 12 true, graph towards the origin

(i) >0> —; true, graph towards the origin
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4(v)

3x+7y=>12 ......... (i)
y<4 ......... (ii)
Associated equations
3x+7y =12 ......... (iii)
y=4 ... (iv)

To find Points

(iii) = Putx = 0,y = 3 then point is (0,3)
(iii) = Puty = 0,x = 7 then point is (7,0)

(iv) = we have x = 0,y = 4 then pointis (0,4)
To check Region put (0,0) in (i) and (ii)

(i) = 0 > 12 false, graph away from origin

(ii) = 0 < 4 true, graph towards the origin
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4 (vi)

5+ 7y < 35 ......... (i)
X—2y<2 ........ (ii)
Associated equations
5+ 7y =35 ......... (iii)
X—2y =2 ......... (iv)

To find Points

(iii) = Putx = 0,y = 5 then point is (0,5)
(iii) = Puty = 0,x = 7 then point is (7,0)
(iv) > Putx = 0,y = —1 then pointis (0,—1)
(iv) > Puty = 0,x = 2 then point is (2,0)

To check Region put (0,0) in (i) and (ii)

(i) = 0 < 35 true, graph towards the origin

(ii) = 0 < 2 true, graph towards the origin
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{(_ EXERCISES5.2 )

1. Maximize f(x, y) = 2x + 5y; subject to the constraints
2y —x <8 ; x—y<4 ; x=0; y=20
Solution
—X+2y<8 ......... (i)
X—y<4 ... (ii)
Associated equations
—X+2y=8 ........ (iii)
X—y=4 ... (iv)

To find Points

(iii) > Putx = 0,y = 4 then point is (0,4)
(iii) = Puty = 0,x = —8 then pointis (—8,0)
(iv) > Putx = 0,y = —4 then pointis (0,—4)
(iv) = Puty = 0,x = 4 then point is (4,0)

To check Region put (0,0) in (i) and (ii)

(i) = 0 < 8 true, graph towards the origin

(ii) = 0 < 4 true, graph towards the origin

(043

(-50)
£ (D,D};/(4,n) *

/ (0,-4)

Solve (iii) + (iv)

(—x+2y)+(x—y)=8+4wehavey =12

Puty = 12 in (iii) we have x = 16 and D(16,12)

Corner Points of Feasible Region: A(0,0),B(4,0),€(0,4),D(16,12)
AtA: z=f(0,0) =2(0)+5(0)=0

AtB: z=f(4,0) =2(4)+5(0) =8

At C: z = £(0,4) = 2(0) + 5(4) = 20

AtD: z = f(16,12) = 2(16) + 5(12) = 92

S0z = 2x + 5y is maximum at (16,12)
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2. Maximize f (x, y) = x + 3y; subject to the constraints
2x+5y<30 ; 5x +4y <20 xz0;y=0

Solution

2x+5y <30 ......... (i)

5x+4y <20 ......... (ii)

Associated equations

2x+5y=30 ......... (iii)

5x+4y =20 ......... (iv)

To find Points

(iii) > Putx = 0,y = 6 then point is (0,6)
(iii) > Puty = 0,x = 15 then point is (15,0)
(iv) > Putx = 0,y = 5 then point is (0,5)
(iv) > Puty = 0,x = 4 then point is (4,0)
To check Region put (0,0) in (i) and (ii)
(i) = 0 < 30 true, graph towards the origin
(ii) = 0 < 20 true, graph towards the origin

¥
Ill_

(0.5)

-
(0.5) \é-%{b =
Fe3

O.0] @0 (15,0~

.
Corner Points of Feasible Region: A(0,0),B(4,0),€(0,5)
AtA: z = £(0,0) = (0) +3(0) =0

AtB: z=f(4,0) = (4) +3(0) = 4

AtC: z=f(0,5) = (0)+3(5) =15

S0 z = x + 3y is maximum at (0,5)
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3. Maximize z = 2x + 3y; subject to the constraints:
2x+y<4 ; 4x—-y<4 ; x=0: y=0

Solution

2x+y<4 ......... ()

4x—y<4 ... (ii)

Associated equations

2x+y=4 ......... (iii)

4x—y=4 ... (iv)

To find Points

(iii) > Putx = 0,y = 4 then point is (0,4)
(iii) > Puty = 0,x = 2 then point is (2,0)
(iv) > Putx = 0,y = —4 then pointis (0,—4)
(iv) = Puty = 0,x = 1 then point is (1,0)

To check Region put (0,0) in (i) and (ii)

(i) = 0 < 4 true, graph towards the origin

(ii) = 0 < 4 true, graph towards the origin

Solve (iii) + (iv)
2x+y)+(@x—-y)=4+4 Wehaveng

Putx = g in (iii) we havey = g and the intersecting point is (gg)

Corner Points: A(0,0),B(1,0),C(0,4),P (gg)
AtA: z = £(0,0) =2(0) +3(0) =0

AtB: z = f(1,0) = 2(1) + 3(0) = 2

AtC: z = f(0,4) = 2(0) + 3(4) = 12

AtP: z=£(3,3)=2(5)+3(5) =666

So z = 2x + 3y is maximum at (0,4)
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4. Minimize z = 2x + y; subject to the constraints:
x+ty>3 ; Tx+5y<35 x>0; y>0

Solution
X+y=3 ......... (i)
7x+5y <35 ......... (ii)
Associated equations
X+y=3 ......... (iii)
7x+5y=35 ......... (iv)

To find Points

(iii) = Putx = 0,y = 3 then point is (0,3)

(iii) > Puty = 0,x = 3 then point is (3,0)

(iv) > Putx = 0,y = 7 then point is (0,7)

(iv) > Puty = 0,x = 5 then point is (5,0)

To check Region put (0,0) in (i) and (ii)
(i)=0>3 false, graph away from the origin
(ii) = 0 < 35 true, graph towards the origin

Corner Points: A(3,0), B(0,3), C(5,0), P(0,7)
AtA: z=f(30)=23)+(0)=6

AtB: z=f(0,3)=2(0)+ () =3

AtC: z = f(5,0) = 2(5) + (0) = 10

AtP: z=f(0,7)=2(0)+(7) =7

So z = 2x + y is minimum at (0,3)
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5. Maximize the function defined as; f (x, ) = 2x + 3y subject to the constraints:
2x +ty <8 ; x+2y<14 ; x20; y=0
Solution
2x+y<8 ......... ()
x+2y<14 ......... (ii)
Associated equations
2x+y=8 ......... (iii)
x+2y=14 ......... (iv)

To find Points

(iii) > Putx = 0,y = 8 then point is (0,8)
(iii) > Puty = 0,x = 4 then point is (4,0)
(iv) > Putx = 0,y = 7 then point is (0,7)
(iv) = Puty = 0,x = 14 then point is (14,0)
To check Region put (0,0) in (i) and (ii)
(i) = 0 < 8 true, graph towards the origin
(ii) = 0 < 14 true, graph towards the origin

A

Y T T ~ x -
4+ 2 2 4\6 610 2 "V\‘!'

Solve 2(iii) — (iv)
(4x+2y) —(x+2y) =16 —14 we havex=§
Putx = g in (iii) we havey = ? and C (2 20)

33
Corner Points: A(0,0),B(4,0),C (g?) ,D(0,7)
AtA: z=f(0,0)=2(0)+3(0)=0

AtB: z = f(4,0) = 2(4) +3(0) =8

AtC: z=f(32)=2(3) +3(%) =2133
AtD: z = £(0,7) = 2(0) + 3(7) = 21

S0 z = 2x + 3y is maximum at (323—0)
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6. Find minimum and maximum values of z = 3x + y; subject to the constraints:
3x+5y=215 x+6y=9 ; x20; y20
Solution
3x+5y=>15 ......... (i)
X+6y=9 ... (ii)
Associated equations
3x+5y=15 ......... (iii)
X+6y=9 ... (iv)

To find Points

(iii) = Putx = 0,y = 3 then point is (0,3)
(iii) > Puty = 0,x = 5 then point is (5,0)
(iv) 2 Putx=0,y = %then point is (0, %)
(iv) = Puty = 0,x = 9 then point is (9,0)

To check Region put (0,0) in (i) and (ii)

(i) = 0 > 15 false, graph away from the origin
(ii) = 0 > 9 false, graph away from the origin

[ 1';5

v\- a
C(0,3)

L -2
v
Y
Solve 3(iv) — (iii)
(3x + 18y) — (3x + 5y) = 27 — 15 we havey = %

Puty = % in (iii) we have x = g and B (ﬁ 2)

13”13
Corner Points: A(0,3),B (gi—z) ,C(9,0)
AtA: z=£f(03)=3(0)+3=3
<= (3 12) g (25 12
AtB: z _f(13’13) - 3(13) tET 11.3
AtC: z=£f(9,0) =3(9) +0=27
S0 z = 3x + y is minimum at (0,3) and maximum at (9,0)

Visit us @ YouTube “Learning with Usman Hamid”



99

@ REVIEW EXERCISE 5 )P

1. Four options are given against each statement. Encircle the correct one.

1. In the following, linear equation 1s:
(@) 5x>7 (b) 4xr—2<1
W) 2x+1=1 (d) 4=1+3
ii. Solution of 5x — 10 =10 1s:
@ 0 (b) 50
w6 4 (@) -4
. If7x +4 <6x + 6, then x belongs to the interval
@) (2, (b) [2,0)
VORI (d) (-, 2]
iv. A vertical line divides the plane into
(a) lefthalf plane (b) right half plane
(c) full plane \fﬁ) two half planes
v.  The linear equation formed out of the linear inequality is called
(a) linear equation ub) associated equation
(c) quadratic equal (d) none of these
vii  3x+4<0is:
(a) equation L(B) equality
(c) not inequality (d) 1identity
vil.  Corner point is also called:
(a) code \(6) vertex
(c) curve (d) region
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viil.  (0,0) 1s solution of inequality:

(a) 4x+35y>8
W) —2x+3y<0
1X. The solution region restricted to the first quadrant is called:

(a) objective region
(c) solution region

100
(b) 3x+y>6
(d xt+ty=>4

Ub) feasible region
(d) constraints region

X. A function that is to be maximized or minimized is called:

(a) solution function
(c) feasible function

\»(f)) objective function
(d) none of these

2. Solve and represent their solutions on real line.

: x+5 . 2x+1 1 x -1

1 =1-x 1 +_=1-_"

(1) 3 (i1) 5 3

(i) 3x+7<16 (iv)  5(x—=3)>26x—(10x +4)
Solution
H=1-x (i) ==+-=1-"=
5233 o (222)ox () <6x 0 -6x(5)
X+3x=3-5 2Qx+1)+3=6—-2(x—1)
=2 4Xx+2+3=6—2x+2
X==7 4x+2x=6+2—-2-3
1 6x = 3
X__E 1
Gy \ X=3
%03 2 -l o 1 2 PR . .

: Y a3 2 - 0.1 2 3 31}
(i) 3x+7<16 (iv) 5(x —3) = 26x — (10x + 4)
3x<16—7 5x —15>26x —10x — 4
3x <9 5x —15>16x —4
x<§ 5x —16x > —4 + 15
x <3 —11xill
L L L i i i i i i __H
N R B 2 lx<-1
< —— >

i i 1 ' Il i L
=4 =6 -— =2 =1 0 2 4 f

]
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3. Find the solution region of the following linear equalities:

(1) 3x—-4y<12 ; 3x+2y=>3
(1) 2x+y<4 ; x+2y<6

Solution

3 (i)

3x—4y <12 ... )

3x+2y=>3 ......... (ii)

Associated equations

3x—4y =12 ......... (iii)

3x+2y=3 ......... (iv)

To find Points

(iii) = Putx = 0,y = —3 then pointis (0,—3)
(iii) = Puty = 0,x = 4 then point is (4,0)
(iv) > Putx=0,y = %then point is (Oz)
(iv) = Puty = 0,x = 1 then point is (1,0)

To check Region put (0,0) in (i) and (ii)

(i) = 0 < 12 true, graph towards the origin
(ii) = 0 > 3 false, graph away from the origin

rl:.
12
IR\
v 1o g
{031
f‘
P \'\.\
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3 (i)

2x+y<4 ... (i)
X+2y<6 ... (ii)
Associated equations
2x+y=4 ......... (iii)
X+2y=6 ......... (iv)

To find Points

(iii) > Putx = 0,y = 4 then point is (0,4)
(iii) > Puty = 0,x = 2 then point is (2,0)
(iv) = Putx = 0,y = 3 then pointis (0,3)
(iv) > Puty = 0,x = 6 then pointis (6,0)
To check Region put (0,0) in (i) and (ii)
(i) = 0 < 4 true, graph towards the origin
(ii) = 0 < 6 true, graph towards the origin

v

AP
{004}
103
!
RS
Y.I'
6 0 25 (6.1]
=
\
\r
V'
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4. Find the maximum value of g (x,y) = x + 4y subject to constraints
x+y<4,x>0andy>0.

Solution

x+y<4

Associated equations

x+y=4

To find Points

= Putx = 0,y = 4 then pointis (0,4)

= Puty = 0,x = 4 then point is (4,0)

To check Region put (0,0) in (i) and (ii)

0 < 4 true, graph towards the origin

= ” S

Corner Points: A(0,0),B(0,4), C(4,0)
AtA: z=g(0,0)=(0)+4(0) =0
AtB: z=g(04) = (0) +4(4) =16
AtC: z=g(4,0)=(4)+0(0) =4
S0 z = x + 4y is maximum at (0,4)
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5. Find the minimum value of /' (x,y) = 3x + 5y subject to constraints
x+3y=>3, x+y=2, x>0, y=0.
Solution
Xx+3y=>3 ......... (i)
X+y=2 ... (ii)
Associated equations
Xx+3y=3 ......... (iii)
X+y=2 ......... (iv)

To find Points

(iii) > Putx = 0,y = 1 then point is (0,1)
(iii) > Puty = 0,x = 3 then point is (3,0)
(iv) > Putx = 0,y = 2 then pointis (0,2)
(iv) > Puty = 0,x = 2 then point is (2,0)

To check Region put (0,0) in (i) and (ii)

(i) = 0 > 3 false, graph away from the origin
(ii) > 0 > 2 false, graph away from the origin

0.2
£ 1
&T) i) )
j ’ o ‘ (/ 2/ 2/
PSR T W ' =
<0 UM Qo) S
1 N
¥

Solve (iii) — (iv)

(x+3y)—(x+y) =3-2 Wehavey—%
Puty = |n (iii) we have x = = and p (— —)
Corner Pomts. A(2,0), B(3,0), P (E'E)

AtA: z = f(2,0) =3(2) +5(0) =6
AtB: z=f(3,0)=3(3) +5(0) =9

AtP: z=f(3,2)=3(3)+5(5) =8

S0 z = 3x + 5y is minimum at (2,0) and maximum at (3,0)

Visit us @ YouTube “Learning with Usman Hamid”



