Linear Equations
and Inequalities

{(EXERCISE 5.1))

1. Solve and represent the solution on a real line.
. . 3x 1
1 12x+30=-6 11 Zi6=—12 i) X_2X__
(1) (i) - () - Z-===s
. 2x—1 3x 5 . —OX 10
v 2=7T (2x+4)+ 12x \% == vi) —=9-—
(iv) ( ) ™) T T4 e (vi) 0 e
Solution
(i) 12x + 30 = —6 (i)5+6=-12
12x = -6 —30 X _ o
12x = —36 3 ta-6
36 -=—18
R Y = 18 X3 =>x=—-54
X=_3 X__—54 =
<—t 4_3 > D R TR S S R
(iii)%—%z% (iv) 2 = 7(2x + 4) + 12x
2 =14x+ 28+ 12x
X 3x 1
12x (5) = 12x(3) =12x(5;) |2-28= 14x+ 12x
6x—9x=1=>-3x=1 26 = 26x = x = — 28
1 2
X=-3 x=-1
<—4 =3 2 —E [} I 2 3 1.1} »
8642 0 2 4 6 8
2x—1 3 5 N 10
V=5 -7=% (Vi) -5 =9-3x
2x-1 3x 5 5x 10
12><( - )—12><(:)—12><(E) 10><(—1—0)—10><(9)—10><(?x)
4(2x—1)—9x =10 —5x =90 — 20x
8x—4—-9x=10 —5x+20x =90 = 15x =90
8x—9x=10+4=>x=-14 Xx=6
<+ i t } + +—> P 1 1 1 9 [
=20 =15 =10 -5 L1} 5 10 ‘_é _6‘ _& _2l (l] i A T é"
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2. Solve each inequality and represent the solution on a real line.

(i)  x—6<-2 () —9>-16+x (i) 3+2x>3
) 5 3 -1 . 1 1 1
i 6(x+10) <0 Cx—Z <= ) “x——-<-1+=
(iv) (x+10) v) 3" 4<12 (v1) 2575 +2x
Solution
()x—6<-2 (i) —9 > —16 + x
x<-2+6 -9+ 16 >x
x<4 7>x0r x<7
il 1 1 1 ] 1 f 1 s §| 1 1 1 | 1 1 |?|\
8642 0 2 4 6 8 8-6-4-2 0 2 4 6 8
(i) 3 + 2x > 3 (iv) 6(x + 10) < 0
2x>3-—3 6x+60<0
2x =0 6x < —60
XZO XS_6_60
4 > x<-10
8 —6-4-2 0 2 4 6 8 — o

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

V) 3x-3<-1 (Vi)sx —2< —1+:x
3 4 4 2 2

12

12x (3x) 12 x (3) < 12x (- 2) 4><Gx)—4><(%)S4><(—1)+4><Gx)
4(5x) -9 < -1 Xx—2<—4+2x
20x<—-1+9 —2+4<2x—x
20x < 8 2<Xx
x<% X =2

2 P 1 L [ I\ 1 L 1 L
X <= ~ 1 T I 1 T T T 1 LK
P o |6 4-2 0 2 4 6 8
A———t—fHH——t—>
4 3-2-1 051 2 3 4
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3. Shade the solution region for the following linear inequalities in xy-plane:

® 2x+ y<6 (i)  3x+7y=21 (i) 3x-2y=6
(iv)  5x—4y<20  (v)  2x+120 (vi)  3y—4<0
Solution
3(M2x+y<6 | *{
Associated equations: 2x+y =6 e
To find Points: ‘i
Putx = 0,y = 6 then pointis (0,6) X' - g >

Puty = 0,x = 3 then pointis (3,0)

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

0 < 6 true, graph towards the origin Y

=
L

3()3x+7y =21

» =

Associated equations: 3x + 7y = 21

To find Points

=

Putx = 0,y = 3 then point is (0,3) B PN

Puty = 0,x = 7 then pointis (7,0) YT o~

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

0 > 21 false, graph away from origin

tt:‘
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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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3(V2x+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

¥
A

x’ P X

< -
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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 ......... (i)

Associated equations

2x —3y =6 ......... (iii) i

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

To find Points LN o2

(iii) = Putx = 0,y = —2 then pointis (0, —2) ™ /,__.'1'

(iii) = Puty = 0, x = 3 then point is (3,0) < H (3:?"’\(6\3“: b
(iv) = Putx = 0,y = 4 then point is (0,4) §7 G A7
(iv) = Puty = 0,x = 6 then pointis (6,0) _“/

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 point is (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

}?
A
3T
Ea /\,
:iﬂ /_J—'
’ (3{0)
X < 0200 >
(01 -1)
Y
}!
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4 (iii)

3x+7y =21 ......... (i)
X—yY<2 .nen. (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

Y
A
/
. !
OISl I8
7 :h""'* (740)
X' : P x
0 210 3
(240) ' ;:w
(04-3)
y
y
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4X -3y <12 o (i)
X > —% ......... (i)

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

y
A

(0L 5

X'«

<
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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
(-8,0) r
= (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:

2&x+ty<4 4x—y<4 x>0: y>0
Solution
2x+y<4 ... (i)
4x—y <4 ... (ii)
Associated equations
2Xx+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=f(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+y=>3 ; Tx+5y<35 ;
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(3,0)=23)+(0)=6

AtB: z=£(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 +y <8 ; x+2y<14 x=0; y=0
Solution
2x+y<8 ......... (i)
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 G?)
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6. Find minimum and maximum values of z = 3x + y; subject to the constraints:

3x+5y=15 x+6y=29 ; 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) > Putx=0,y = %then point is (0, g)
(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 (E 2)

13”13
Corner Points: A(0,3),B (gi—i) ,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)
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1.
1.

ii.

111.

1v.

V1.

Vil

@ REVIEW EXERCISE 5 )P

In the following, linear equation is:

(a) 5x>7 (b)
W) 2x+1=1 (d)
Solution of Sx—10 =10 1s:

@ 0 (b)

W 4 (@
If 7x + 4 < 6x + 6, then x belongs to the interval
@) (2,2 (b)

u) (22) (@
A vertical line divides the plane into

(a) left half plane (b)

wl)

(c) full plane

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

4x-2<1
4=1+3

50
-4

[2,0)
(=0, 2]

right half plane

two half planes

The linear equation formed out of the linear inequality is called

(a) linear equation

ub)

(c) quadratic equal (d)
3Ax+4<01s:

(a) equation L{B)
(c) not inequality (d)
Corner point is also called:

(a) code \(6)

(c) curve (d)
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associated equation
none of these

inequality
identity

vertex
region
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viil.  (0,0) 1s solution of inequality:
(a) 4x+35y>8
W) —2x+3y<0

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

1X. The solution region restricted to the first quadrant is called:

(a) objective region
(c) solution region

b) feasible region
(d) constraints region

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

(a) solution function
(c) feasible function

L(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 11 +—=1-—
(1) 3 (i1) 5 3
(i)  3x+7<16 (iv)  5(x—-3)>26x—(10x+4)
Solution
H=1-x (i) ==+-=1-"=
r =3 o () x () =6 x 0~ 6x ()
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
{- & § i o i § § § XZE
X3 22 -2l 6 12 3 4 & . .
: 403 2 -1 0l 1 2 3 31}

k| —

(i) 3x+7<16
3x<16 -7
3x<9

x <2
3
x <3

i

X -6 -4 -2 0 234 &6

(iv) 5(x —3) = 26x — (10x + 4)
5x —15>26x —10x — 4
5x—-15>16x —4

5x —16x = —4 + 15

-11x = 11
11

11
x<-1

€ + t ——t t + + >

6
B -6 =4 =2 0 2 4 6 &
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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(1)

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 (O, %)
(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

.-l:

[~ \\
Vo
G\ A
1-_»'.,"# '
e g [hk q/{ P
X
{031
pd ‘\\
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3 (ii)

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

KA
N
(0.4}
3
|
.Uq?ﬁ
X g 0 25 (6,0 *
1.;
'
\
Y
»
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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

F_‘ -

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 ......... ()
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

A

A, 2 L
S AU NN R

T 2
é:f I 1 | i (2 )‘ ) , ‘9) ‘\“‘;
>

X

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 (5,5)

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)
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