AND LINEAR
PROGRAMMING

EXERCISE 5.1

Q.1:  Graph the solution set of each of the- followmg hnear meguslm in x\ plane.

(i) 2x+y<6 (n) x + 7v > 21 ) [ii) 3Ix-2y>6
(iv) Sx-4y<20 [ (w] Z\x-i- 1= 0 (vi)  3y-4<0
Solution: 0 1 J | ‘

() M#w 6

The associated equation is

ZXFF= B e (1)
X-intercept
Puty = 0 ineq.(1)
2x+0=6
6
X o B 3
i Point 1s (3, 0)
y-intercept
Put x = 0 ineq. (1)
200+y =6
N\

Point is (0 6)

lsut (0 0) in
2x + y < 6
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200 5 “ﬂk\ﬂ\
TN
Which is true.
Graph of an inequality 2x + y < 6 will be towards the origin side.
Y
§’ (0.6)
(3 0}
x'

ot
N \ g

WWW

(i) 3x+7y>21
The associated equation is

x+7y =21 ... (1
x-intercept

Put  y = 0 ineq. (1)

Ix+7(0) = 21

3x = 21

21

X =

Alcell
Point is (7, 0) &@@W
W %

7y= 21
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PR

Point is (0, 3)

Test Point
Put  (0,0)in
x+ 7Ty > 2]
3(0)+7(0) > 21
0>2]

Which is false.

Graph of an inequality 3x + 7y > 21 will not be towards the origin side.

(iii) 3x-2y>6
The associated equation is
3x -2y

......... o
= e

I
N

Put vy
3x —
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O N )

it @N\XUUW

ineq. (1)
3(0) 2y =
6
y =3 =-3
Point is (0, — 3)
Test Point
Put  (0,0)in
Ix -2y > 6

3(0)+2(0) = 6

Which is false. “Qj / ( io
Graph of an mequ%l% X — % ‘-I ds the origin side.

5%

(iv) Sx-4y<20 @) K@K
o
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\&\NU\)\N)

X-intercept “
PW it eq. (1)
5x-4(0) = 20

5x = 20
20
X = 5 = -
Point is (4, 0)
y-intercept
Putt x = 0 ineq.(l)
5(0)—-4y = 20
— 4y = 20
20
y =74 =-5
Point is (0, — 5)
Test Point

Put  (0,0)in o @O@©m
2?0; f};(o) . Zﬁ%&%@K@@@@W

Which is
Graph of an inequality 5x — 4y < 20 will be towards the origin side.
R
Q
»*’W
o
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\IB}
V) 2x+1>0 “\X\MUW
Twmauation is
0

2x+1=
ix = -1
-1
T
Put x = 0in
2x+1 >0
200+1 >0
1 > 0
Which is true.

Graph of an inequality 2x + | > 0 will be towards the origin-sid
T O@©@5 :
O‘h@
TER
U A

X« ——— b > X
i
%
:(',
(vi) 3y-4<0 @m

The associated equation is O @@W@O
Jy-4=10 O KXX
3y = 4o\ o

)
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N
=TTl
NN

ngrdee:
300) — 4 <0

-4 <0
Which is true.
Graph of an inequality 3y — 4 < 0 will be towards the origin side.
4
‘ e
< @ ,_\”\m\\(\\\ &
h \\mﬂﬂﬂ\\\)\\\\)lj
0 WV OIS
oy
UMD
A 2
Yl
Q.2: Indicate the solution set of the following systems of linear inequalities by
shading.
(i) 2x-3y<6 (i) x+ty=>5§ (iii) Ix+7y>21
2x+3y<12 x-y<l1 Xx-y<2
(iv) 4x-3y<12
-3

3 (Lhr. Board 2011) (Guj. Board 2008) V @
~
(v) 3x+7y>21  (Lhr. Board 2011) ( @

SR Y/
- e
(i) ix -3y 2 @4 K\\\\\ A3\ \\

The associated equations are
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2 \B)
2x-3y =6 “\X\VS\&\)}\N
O

2x+ 3NN O )

X-intercept
Put  y = 0 ineq.(1)

2x-3(0) = 6
2x =6
X = g =3
Point is (3, 0)
y-intercept
Put x = 0 ineq.(1)
2(0)-3y = 6 m
e = CO
Ay ) e
- Sl

%Wm
x-intercep

Put y = 0Oineq.(2)

2x+3(0) = 12
2x = 12
4 = % =6
Point is (6, 0)
y-intercept
Put  x = 0 ineq.(2)
2000 +3y = 12
3y = 12 @ @@K@
_ 12 O N
y -3 4 “@@@W
! Point is (0, 4) %&m&g
Test PoinWo
Put\(0;0) in

2x -3y < 6
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20)-3(0) < %X\Xm\)\&\)
Which is W
Graph of an inequality 2x — 3y < 6 will be towards the origin side.
Put  (0,0)in

2x+3y < 12
2(0)-3(0) < 12
0<12
Which is true.
Graph of an inequality 2x + 3y < 12 will be towards the origin side.

(ii) x+ty > §

x-y <1

The associated equations are
x+ty =5 ... (1)
x-y =1 ... (2)

X-intercept

Put i+—0? ineq. (1) m@@@W@O
x =
Point 1sf§gg@ %Xxm
-interce N
P :

ut- x = 0 ineq. (1)
O+y=5



O
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TS
Point is OKX
x-intercep

Mathematics (Part-11)

Put  y = Oineq.(2)
x-0=1
x =1
Point is (1, 0)
y-intercept
Put x = 0 ineq.(2)
O-y=1
y = -1
Point is (0, — 1)
Test Point
Put  (0,0)in
X+y > 35

o )4

Taun

Which is false. O KX

Graph of an incguﬂ% not be towards the origin side.
Put | o

X
0-0 <1
0<1
Which is true.
Graph of an inequality x — y < 1 will be towards the origin side.
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(i) 3x+7y>21 K&S@KSXDiﬁj

X—-%

ociated equatlons are

3x+7y ..... (1)
X—y =2 .. (2)
X-intercept
Put  y = 0 meq. (1)
3x+7(0) = 21
3x =21
X = 23_1 = 7

Point 1s (7, 0)

¥ o
nm%? X OIM (1) Cﬁ@ﬁ§§ﬂ%l@;

3m+w

7
Point is (0, 3)
x-intercept
Put  y = Oineq.(2)
x-0=2
X = 2
Point 1s (2, 0)
y-intercept
Put x =20 ineq (2)
0=y =

s S
i

Pu
3x + 7y = 21
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3(0W10ﬂﬂk\ Doo
0>

Which is false.

Graph of an inequality 3x + 7y > 21 will not be towards the origin side.
Put (0, 0) in
x-y < 2
0-0 < 2
0 < X
Which is true.

Graph of an inequality x — y < 2 will be towards the origipsid @@K@
& S
g
UL
@
o -

(7.0)

(iv) 4x-3y<12 N @@@@W@o
S T
Th d equations are

4x -3y =12 .. (1)
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x-intercept
Put y = 0 ineq.(l)

4x-3(0) = 12
4x = 12

21
X S = 3

Point is (3, 0)

y-intercept
Putt x = 0 ineq. (l)

40)-3y = @@ m

-2 o o Al
eI W@%

Put  (0,0)in
4x - 3y < 12
4(0)-3(0) < 12
0<12
Which is true.
Graph of an inequality 4x — 3y < 12 will be towards the origin side.
Putt x =0 in

2

X >

o ™

0 =

o
€
=2

&

Which is true.
O

Graph of an i q% 2% will be towards the origin side.
Jﬁ @ Qi] ﬁ ] )
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V

x+7y =21 ... (1)
g =4 e (2)
x-intercept
Put y = 0 ineq. (1)
3x+7(0) = 21
3x =21
X = 23—1 =17

Point is (7, 0)
y-intercept

’i& m@ﬁmﬂ
N



@@W@

/ W
Mathematics (Part-11) AT\ mx \f@g& hH5) fm( car Inequalities & Linear Programming

Point is (0, BW KM N\ S

Test Poth
Put  (0,0)1n
3x+7y > 21
3(0)+7(0) > 21
0>21

Which is false.

Graph of an inequality 3x + 7y > 21 will not be towards the origin side.

Put  y =0 in
y < 4
0 < 4

Which is true.

Graph of an inequality adm %‘@@W@ O@@@

120

Q.3: Indicate the solutm?&eglon %ﬂ{ l@v @m linear inequalities by

shading.

(i) 2x — 3y < (\\JJ K x+y<5
2x y—2x<2
yz0 x>0

(iii) x+y>5
x-y>1
yz0
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(iv) 3x+7y< KX\X\&)\AU 3;1 Ty <21 (vi) Ix+7y<21
XWO Xx-y<2 2x-y>-3
X =2 0 y> 0 X > 0
Solution:
(i) 2x-3y <6 (Lhr. Board 2007)
2x+3y <12
y 20
The associated equations are
22— =8  see (1)
2x+3y =12 .. (2)

X-intercept
Put y = 0 ineq. (1) @ m
2x—3(0) -6 @

é@ G

y—intercept
Put x = 0 ineq. (1)
2000-3y =6
-3y =6
6

y=23 =-2
Point is (0, — 2)

x-intercept
Put  y = 0Oineq.(2)
2x +3(0)

o
- g m&@m@ -
.-._mtemeW

x = 0 ineq.(2)

I
o 1o
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WS-
4

o g

y 3
b Point is (0, 4)
Test Point
Put  (0,0)in
2x -3y < 6
2(0)-3(0) < 6
0<6
Which is true.
Graph of an inequality 2x — 3y < 6 will be towards the origin side.
Put  (0,0)in

2x+3y < 12

20)+30) < 12 . @@K@W@O@@m

be towards the origin side.

Which is true.

Graph of an incq%
o
Y
3
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e s

(1)
y-2x=2 ... (2)
x-intercept
Put 'y = 0 ineq.(l)
x+0=5
X =35
Point is (5, 0)
y-intercept
Putt x = 0 ineq.(l)
0+y= 5

=5
Point is (0,y5) O @@@W@O
x-intercept O m@

Put y = 1%%@

o
2
X = 3 = -1
Point is (— 1, 0)
y-intercept
Putt x = 0 ineq.(2)
y—-20) =2
y = 2
Point is (0, 2)
Test Point

Put  (0,0)in
x+y <5

! 210"
EREIR v
Which is true. g&m

ninequality x +y <5 will towards the origin side.
Put (0,0)in
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NN
y-2x <2 “\XXNUU
0- W o
0<

Which is true.
Graph of an inequality y — 2x < 2 will towards the origin side.

(iii)

y
The associated equations are

Xty =35 e (1)
x-y = 1 e (2)

x—intercept
Put vy

x+0 =
X =

Point 1s (5, 0) m
y-intercept o @@K@W@O@@
Put  x = 0 ineg (]
*
D+y =35 KX
y O
Pointis (0, 5)

0 ineq.(l)

3
5
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X—intercept O\gm\js\)w
Puwm. 2)
x—-0 =1
=1

X

Point is (1, 0)
y—intercept

Put = 0 ineq.(2)

0-y =1

y = -1

Point is (0, — 1)

o

Test Point
Put  (0,0)in
xty > 5
0+0 > 5

03 @O@@m

Which is false.

AT
Graph of an incqug X + s thé-origin side.
Put  (0,0)in &@

X — o

0- |
0=>1
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N
Which is false. m W\)\B\)

o Gr x —y > | will not be towards the origin side.
(iv) 3x <21

x-y <2

X >0

The associated equations are

x+7y =21 ... (1)

X—y =2 . (2)
x-intercept

Put  y = 0 ineq.(l)

3x+7(0) = 21

TR
@iﬂt is (7, 0) %&mkﬂ

Pu in'eq. (1)
3(0)+ 7y = 21
Ty = 21
21
= 7 = 3

Point is (0, 3)

x—intercept
Put vy

x-0 =2
4 = 2
Point is (2, 0)

y—intercept @@@

15 g e

) @@@
Point 1
Test Point

Put (0,0)in

0 ineq.(2)

54



Mathematics (Part-11) O\ (\/\/\M Lmuu Inequalities & Linear Programming
\) R
wemmLL
1

3
0<
Which is true.
: Graph of an inequality 3x + 7y < 21 will be towards the origin side.
Put  (0,0)1n
x-y < 2
0-0 < 2
0<2
Which is true.
Graph of an inequality x — y < 2 will be towards the origin side.

A 4

4

Y
(v) 3Ix+7y<21 (Gujranwala Board 2007)
X-y <2 m
raYee
The associated cquatmm are &@
x+7y = K@
X—-y

x-intercept
Put y = 0 ineq.(l)
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3x+w7(g@@]$\l\l
|
X = 1 =17

Point is (7, 0)

y—intercept
Put x = 0 ineq.(l)
3(0)+ 7y = 21
Ty = 21
21

Point is (0, 3)

X-intercept
Put 'y = 0 ineg, (2)

Poi (2,0)
y-intercept

Put x = 0 ineq.(2)

O-y = 2

y = -2

b Point is (0, — 2)

Test Point
Put  (0,0)in
3Ix+7y < 21
3(0)+7(0) < 21
0<21

==

e

Which is true.
Graph of an inequal iﬁ% ards the origin side.

(001
x
0-0 <2
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_ TN
Which ?W N KX

Graph of an inequality x — y < 2 will be towards the origin side.

(vi) 3x+7y<21 (Gujranwala Board 2006)
2x-y > -3
x >0
The associated equations are
x+7y =21 .. (1)
2xX-y =-3 .. (2)
X-intercept
Put vy

0 ineq.(1)
3x+7(0) = 21

o
L el

.
.
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y—intercept KX
PWWiH eq. (1)

3(0)+ 7y = 21
Ty= 21
21

y=7 =3

Point is (0, 3)

x-intercept
Put  y = 0 ineq.(2)

y-intercept @) \m
Put x = 'g

2( =

-y = =3

y =3

Point is (0, 3)
Test Point

Put  (0,0)in

3x+7y <= 21
30)+7(0) < 21
0<21

Which is true.

Graph of an inequality 3x + 7y < 21 will be towards the -¢; m
Put  (0,0)in @Y i\ \1’
X-y > -3 x ﬁmm

200)-0 > -3
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Which is true.

,

r\\‘\

\\4

WY o=

X\ \

W\k\mahty 2x —y = — 3 will be towards the origin side.

Q.4:  Graph the solution region of the following system of linear inequalities and
find the corner points in each case.

(i) 2x-3y<6
2x+3y<12
x>0

(iv) 3x+2y>6
x+3y< 6
y > 0

Solution:

(i) 2x-3y <6

kﬁwx@&\g\mu ¥

2x - 3y =6

(i) x+y<$§
-2x+y<2
y=z0

v) Sx+7y<35
-x+3y<3
x >0

/ﬂ:\\\\\/’/ \‘-.\/ ( ) \\\' \
¢ \\ \\ (\‘\ \ \ WIS

atl()llb arc

(iii)

(vi)

(]

3x+7y<21
2x-y< -3
y=>0
x+Ty<35
x-2y<2

x >0

,«\/

\
ﬂ\y /P/_\\ \ l_) )
(/‘ Ok/
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e O
X-interc

= 0 ineq. (1)
2x—3(0) =6
2x =6

6
4 =3 = 3
Point is (3, 0)
y-intercept
Put  x = 0 ineq. ()
200-3y =6

I
(=)}

_3y

Point is (0, — 2) O“%K@K
o

X-intercept
P y = 0ineq.(2)
2x+3(0) = 12
x =12
X = 12—2 =6
Point is (6, 0)
y-intercept
Putt x = 0 ineq.(2)
200)+3y = 12
3y =12

12

y =73 =4 . @o
ﬁint is (0, 4) %x m&&“@QQ@W

Pu
2x13y < 6
2(00-3(0) < 6



12\ 0
0 @@/
Mathematics (Part-11) O\ (\/\C\\M@ i, 05) Linear Inequalities & Linear Programming

Which is

Graph of an inequality 2x — 3y < 6 will be towards the origin side.
Put  (0,0)in

2x + 3y < 12

2(0)+3(0) < 12

0<12

Which i1s true.

Graph of an inequality 2x + 3y < 12 will be towards the origin side.

v

’

Y

To find the intersection of both the lines solving eq. (1) & eq. (2)

Adding eq. (1) and eq. (2)

2x-3y =6 f@o@@m
2x+3y = 12 O @@@

4x = 18 “
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RO
IO

9
Pomt(2 , l)

So the corner points are (0, —2), (% 1 )(0, 4)

(ii) x+y <5

-2X+y <2 W@OGQ@@
y
The associated equa ns ar KQ@QQ@

s

y = 2x @A NN o (2)

x-intercept
Put  y = 0 ineq. (1)

x+0=35
X =35
Point is (5, 0)
y-intercept
Put x = 0 ineq. (1)
0+y=>5
y =35

Point is (0, 5)

x-intercguR: . y = 0 in eq. (ﬁ-) KXX@@@W
W B
Poin —1,0)

y—mtercep

21000



Mathematics (Part-11) Oﬂ MM“@ . 05) Linear Inequalities & Linear Programming
[P =
Pt x = 0]inea)d)"
4
y =2

Point is (0, 2)
Test Point
Put  (0,0)in
xty <35
0+0 <5
0<5
Which is true.
Graph of an inequality x +y < 5 will towards the origin side.
Put  (0,0)in
y—-2x < 2

0-2(0) < 2

0<2 @Qi‘ / ( io
Which is true. @@
Graph of an ineq%%@ ards the origin side.

1

To find the intersection of both the lmes solvm ‘ eq (@@m
Equation (1) — Eq (2), we g @
Xty = m

o e

x: §=
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eI

y = 5-1=4

Point (1, 4)

So the corner points are (- 1, 0), (5, 0), (1, 4)
(i) 3x+7y<21

2x-y < -3

y=> 0

The associated equations are
x+7y =21 ... (1)
2xX-y =-3 .. (2)

x-intercept
Put y = 0 ineq.(l)

3x+7(0) = 21 N @o
S @g@@@@mﬂ

Poi o
y—intercept
Put x = 0 ineq.(l)
30)+ 7y = 21
Ty= 21
21
y =7 =3

Point is (0, 3)

x-intercept
Put  y = 0 ineq.(2)

2 i —2_3 o
sl ol R@@QQ@W@O@
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Test Pmﬁj @ $

Put  (0,0)in
3x+7y < 21
3(0)+7(0) < 21

0<21
Whlch is true.
Graph of an inequality 3x + 7y < 21 will not be towards the origin side.
Put  (0,0)in
2Xx-y < -3
20)-0<-3
0<-3
Which is false.

&
+

(iv) 3x+2y>6

x+3y< 6 K@éﬁ@w
W@ ...... (1)

------

avecl
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- NS
x-1ntercept KX
PW@ eq. (1)

3x+2(0) =6
3x=6
6
X =3 = 2
Point is (2, 0)
y—intercept
Put x = 0 ineq. (1)
3(0)+2y = 6
6
y =3 =3

mty=0ﬁﬁ§§§&g

Point is (6, 0)

y-intercept
Put  x = 0 ineq.(2)
0+3y=

y =

N Wy N

y -
Point is (0, 2)
Test Point
Put  (0,0)in

X+2y > 6 o ot
30)+20) > 6 m@@@ﬁ@ C

0<6 O
Which is false.

GW& X + 2y > 6 will not be towards the origin side.
Pu (0,0) in

x+3y <6
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3(0) <6 KX\E\NUU\A}
Whlch 1$ W

Graph of an inequality x + 3y < 6 will be towards the origin side.

F 3

To find the intersection of both the equations solving eq. (1) & eq. (2)
Eq. (1) —Eq. (2) x 3, we get

3x+2y= 6
—3x+9y= —18
-7y = -12
12
Yo7
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Mathematics (Part-11)

Fan\

(6 12
Pomt(./, 7)

~ |

12
So the corner points are (2, 0), (6, 0), (g , 7)

(v) S5x+7y <35

-x+3y <3
x > 0
The associated equations are
5x +7y =35 .. (1) @©m
—x+3y =3 .. @ 4 W@O
x-intercept KQ@QQ
. O
Put y =0 m@
5x+7(@QG§]‘§$N,o
x= 35
35
X =% = )
Point is (7, 0)
y—intercept
Putt x = 0 ineq.(1)
5(0)+7y = 35
35
¥ = 7 = 5

Point is (0, 5)
x-intercept

Put vy - 0 ineq.(2) @@m
“x+30= 3 N @@@W@O
S O“@\@

Point is (- 3, 0 OKX

y-intercept
Put = 0 ineq.(2)

-0+3y =3
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it

Point is (0, 1)

Test Point

Which

Which

Put  (0,0)in
Sx+7y < 35
5(0)+7(0) < 35
0<35

is true.

Graph of an inequality 5x + 7y < 35 will be towards the origin side.
Put  (0,0)in
-x+3y <3
-0+3(0)<3
0 < 3

is true.

Graph of an inequality —x + 3y <6 w@m@w]@
g

GO

v

To find the intersection of both the equations solving eq. (1) & eq. 8@

Eq. (1) - Eq. (2) x 5, we get f@o@
S5x+7y = 35 2 §/
sxelsy = sxmkméﬁiﬁ

2y & 50}@

Y 11
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(2.3
oint {717, 1

42 25
So the corner points are (0,1), ( 1 ﬁ)

(vi) Sx+7y <35

x-2y <2 O @@@W@O
x > 0 “
The associated equ @K

5x +7 o\\.. (1)

x—2 =2 e (2)

x-intercept
Put y = 0 ineq.(1)

3x+7(0) = 35
X = % =17
Point is (7, 0)
y-intercept
Put x = 0 imeq. (1)
500)+7y = 35

mterce

Put g D\iﬂ

Point is (2, 0)

Point is (0, 5) %% K@@@@W
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: Q e o

y-intercept \g@\)\x\)

0-—

2
y =5 = -1
Point is (0, — 1)
Test Point
Put (0,0)in
5x + 7y <35
5(0) + 7(0) < 35
0<35
Which is true.

il

GO

,‘
x‘

A 4

4

Y

.. Graph of an inequality 5x + 7y < 35 will be towards the origin side.
Put (0, 0)in @m

17\
x-2y < 2 O @@y
0-2(0)< 2 e “@

A

Which isww ?
. Graph of an inequality x — 2y <4 will be towards the origin side.



feos

Mathematics (Part-11) A\ MKW%QXQ;\U Linear Inequalities & Linear Programming

To find the intersect

WWO’

Eq
5x + 7y

f%\é\ﬂ;e?quatmns solving eq. (1) & eq. (2)

)x 5, we get

35

=5xF 10y =- 10

Puty =

X -

x_

17y = 25
25

Y T 17

17
25)
17

= 2

2

50

17

2+ﬁ

34+ 50

in eq. (2), we get

2

4 2
So the corner points are ( ?7 , 1; ), (0, 5), (0,-2)

Q.5:

(i)

(iii)

(v)

Graph the solution region of the following system of linear inequalities by

shading.

Ix-4y<12
Ix+2y>3
x+2y<9

2x+y<4

2x-3y>12
x+2y<6

2x+3y<18
2x+y<10
-2x +

(ii)

(iv)

IS

Ix—4y<12
x+2y<6
x+y>1
2x+y<10
x+y<7

o
i

Ix+y<12
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Mathematics (Part-11) Inequalities & Linear Programming
Solution: O@\&@\l\)\g\)w
) 3x—€§§QNﬁ§ﬂo

Ix + 2y >3

x+2y<9

The associated equations are

Ix—-4y=12 v (1)

SREdy=d . ll)

x+2y=9 st )

x-intercept

Puty=01negs. (1), (2) and (3)

Ix—-4(0)=12
Ix=12

_12
X =73 =
- Point is (4, 0)
y-intercept

12
Y T4~ .

- Point is (0, — 3)

Test Point

Put (0,0)in
3x-4y<12
3(0)-4(0)< 12
0<12

Which is true.

. Graph of an inequality 3x — 4y < 12 will 8:

Put (0, 0)in
3x+2y>3
3(0)+2(0)>3
0>=3

which is false.

: Ly
Putx =0 in egs. (1 ,W
3(0>—4y=wwl\@60

3x+2(0)=3
Ix=3

3
x=3=l

x+2(0)=9
X =9
. Pointis (9, 0

. Point is{ <%§&2§§

3(0) +2y =3

3
y 72

oy 3
: Pomtls(O, 2)

N

&m @W@/@

0+2y=9
9
Y72
. T -( 2)
. Pointis| 0 , 7
@gjﬁﬁﬂ
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*. Graph of an 1nequallty 3x W\lﬁéﬁ\ge towards the origin side.

Put (0,0)in
X+2y< 9W\J\J
0+2(0)<9
0<9
Which is true.
*. Graph of an inequality x + 2y < 9 will be towards the origin side.

(i) 3x-4y<12

x+2y<6

xty>1

The associated equations are
3x—4y=12 assn kL

x+2y =6 e (2) @©m

x+y=1 e (3) 172\d
x-intercept %\@@@W@
Put y = 0 in equations ?&%{@&/

3x — 4(0) = 1W\J

3z = 12
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< - 12 _4 XX k\\)\%’omt s (6, 0) . Pointis (1, 0)
-5 =
*. Point is (4, 0)
y-intercept
Put x = 0 in equations (1), (2) and (3)
3(0) -4y =12 0+2y =6 0+y=1
12 6 =1
Point is (0, 1)
. Pointis (0, - 3) . Point s (0, 3)
Test Point
Put (0,0)in

3x—-4y<12 o @W@o
3(0)-4(0)<12 “@@
0<12 O%@K

Which is W o@

.. Graph equality 3x — 4y < 12 will be towards the origin side.

Put (0, 0)in

x+2y<6

0+2(0)<6

0<6
Which is true.
. Graph of an inequality x + 2y < 6 will not be towards the origin side.
Put (0,0)in

x+y> 1

0+0>1

0 > 1 @O@@m

Which is false.

. Graph of an inequalit m%im the origin side.
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(i) 2x+y<4

Xx+2(0)=6
X =6
. Point is (6, 0)

2x -3y >12

x+2y<6

The associat

2x + (l)

2X — =12 ey

x+2y =6 ..(3)
X-intercept

Put y = 0 in equations (1), (2) and (3)
2x+0=4 2x - 3(0)=12

4 -
x =3 - 5 2x=12

1
. Point is (2, 0) * T2 7
.. Pointis (6, 0)

y-intercept

Put x = 0 in equations (1), (2) and (3)
200)+y=4

=4
. Point is (0, 4)

gy’

. Pointis (0, — 4)

s

J@?y 6

. Point is (0, 3)
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. \ygk&Pé“
Test Point \NW o
(0.0)3

Put
2x+y<4
200)+0<4
0<4
Which is true.
. Graph of an inequality 2x + y < 4 will be towards the origin side.
Put (0,0)in
2x-3y>12
2(0)-3(0)> 12
0>12
Which is false.

. Graph of an inequality 2x — 3y > 12 will not be towards the origin side. m

Put (0,0)in @ @@
imh o adune
0+2(0)<6

0<6 ® m@@l
Which is true. le
Grapwm@ x + 2y < 6 will be towards the origin side.
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\)\/’
_2x+y<4 KX\X\/\\AUU

q athl‘N are

2x-+ y wws (1)
Xty = (2)
—-2x+y= 4 . (3)

X-intercept
Put y =0 in equations (1), (2) and (3)

2x+0=10 x+0=7 -2x+0=4
10 = 4
X =75 =5 * 7' ‘ X =75 = -2
. Pointis (7, 0)
- Pointis (5, 0) - Pointis (-2, 0)

y-intercept @ @©m
Put x = 0 in equations (1), (2) and (3, @@ W o
2(0)+y— 10 GM -2(0)+y=4

10 y =7 y=4
. Point 1W . Point is (0, 7) . Point is (0, 4)

Test Point
Put (0,0)1n
2x+y<10
200)+0<10
0<10
Which is true.
*. Graph of an inequality 2x + y < 10 will be towards the origin side.
Put (0,0)in
x+y<7
O+=g<7

0<7 i@&%]%i&@; “K“
Which is true. &@
Graph of an mequallt ﬂ owards the origin side.

Put
- Zx +y

~2(0)+0<4
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W
0<4 \NW O\X\lﬂ\\) B
Which is IW

". Graph of an inequality — 2x + y < 4 will be towards the origin side.

(v) 2x+3y<18

-2x+y<2
The associated equations are
2x+3y = 18 ...(1)
x+y =10 ...(2)
-2x+y= 2 sune L2 )
x-intercept
Put y = 0 in equations (1), (2) and (3)

2x+3(0) = 18 2x+0= |1

-2x+0= 2

B 2 @w&@@w@p@@—z

X =5 =

. Point iswcﬁ&mmt is (5, 0)

. Pointis (— 1, 0)
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\>\)
y-intercept “\XKK\A\AU
Put ons (1), (2) and (3)
200)+3y = 18 20)+y =10 -20)+y = 2
Jy =18 y =10 y =2
L . Point is (0, 10) .. Point is (0, 2)
Y= 3 =6
*. Point is (0, 6)
Test Point
Put (0,0)in
2x +3y <18
2(0)+ 3(0)< 18
0<18
Which is true.

- Graph of an inequality 2x + 3y < 18 will be towards the origin side. @ m
é 1{ \o

Put (0,0)in - @@@W

2x+y<10
20)+0<10 “
0<10 O%ﬁ@%&
Which is true. OKX
. Graph uahty 2x + y < 10 will be towards the origin side.
Put  (0,0)in

-2x+ty<2

-2(0)+0<2

0<2
Which is true.

-. Graph of an inequality — 2x + y < 2 will be towards the origin side.
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(vi) 3x-2y>3 i\xm&\&uw

x+4

3x+yx<1

The associated equations are
Ix-2y =3 (1)

x+4y =12 ..(2)
x+y =12 ..(3)

X-intercept
Put y = 0 in equations (1), (2) and (3)

3x-2(0) =3 x+4(0) = 12 x40 = 12
3x =3 Xx = 12 12
3 . Point s (12, 0) a"@‘@ﬁﬂ
X 3 @ w fitis (4, 0)
. Pointis (1, 0) x KX&

y-lntercep
Mws (1), 2) and (3)

3(0)-2y =3 0+4y = 12 3O +y= 12
; 12 y =12
_ 2 = = = 3
y =3 ¥ 4 . Point 1s (0, 12)
_3 . Point i
". Point is (O,T) R e
Test Point
Put (0,0)in
3x-2y>3

3(0)-2(0)>3

o f@ coll

Which is false.

. Graph of an mequalltyéx K@%@%s the origin side.

0+4(0)<12
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0<12
Which 1smﬂé j’
Graph of an inequality x + 4y < 12 will be towards the origin side.
Put (0,0)in
x+y<l12
3(0)+0<12
0<12
Which is true.

Graph of an inequality 3x + y < 12 will be towards the origin side.

NI\ | J; ]1

EXERCISE 5.2

Q.4:  Graph the feasible reglon of the following system of linear mequalltles and
find the corner points in each case. ‘

(i) 2x-3y<6 (ii)
2x+3y <12 —2x+v>2
x>0 ,y>0 x > 0,y>0
(iv) x+J73§gn NJ o 5x +7y <35
\\jiv'< 3 x-2y<4

x>0,y>0 x>0,y>0
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. UBs

Solution: O\l\lw

(i) <6 (Lhr. Board 2005)

2x+3y<12

x20 ,y20

The associated equations are
2x-3y =6 ... (1)
2x+3y =12 ... (2)

X-intercept
Put y = 0 ineq.(l)

Point is (3, 0) o m@
y-intercept %ﬁ@

Cimeq. (1)
20)-3y =6
—3y = 6
6
y =23 =-2

Point is (0, — 2)

x-intercept
Put y = 0Oineq.(2)

2x+3(0) = 12
x = 12
12

X =5 =6 @@m

- 2\
'y.-intecmpoim T O%@Q&@W O




Mathematics (Part-1) ~ ~1\ /\/\/\M@Mﬂ Linear Inequalities & Linear Programming
G

Point is (0, 4)

Test Point
Put  (0,0)1in
2x -3y < 6
2000-3(0) < 6
0<6

Which is true.

Graph of an inequality 2x — 3y < 6 will be towards the origin side.
Put  (0,0)in
2x + 3y < 12

(2;(2)1; 30) < 12 m m @QQ@W@O

Q
Which is true.

cﬁg;ity 2x + 3y < 12 will be towards the origin side.

OABC is the feasible solution region so corner points are
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000,0), A OL\CO4)
solving eq. (1) & eq. (2)

Adding eq. (1) & eq. (2)

2x-3y =6
2x+3y = 12
4x = 18
18 9
o T4 T2
Put
X =3 mneq. (1)

(i) x+y<5

-2x+y<2

x>0 ,y>0

The associated equations are
X+¥ = 3 pew (1)
y-2x=2 ... (2)

x-intercept
Put  y = 0 ineq.(l)

Point is (5,x 0)= Sxmméﬁﬁw@o

y-intercept
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Point is

y Oineq. (2)
0-2x =2
2
X =75 = - 1
Point is (= 1, 0)
Put x = 0 ineq.(2)
y-2(0) =2
y =2
Point is (0, 2)
Test Point
Put  (0,0)in
x+y <5 @ @@m
0+0 < 5 N @@@ﬁ 0
0<5
Which is true. Q K@
Graph of an | <5 will towards the origin side.
pazg T@ &J&]o
y <2
0-2(0) < 2
0<2
Which is true.

Graph of an inequality y — 2x < 2 will towards the origin side.

OABC is the feasible solution region so corner points are
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00,0), 4500002
WM@ eq. (1) &eq. (2)

Eq. (1) — Eq. (2) we get
x+ y= 5

_T_in y_ 2

Ix=

|

X

Put
Xx = 1 ineq.(1)
Il+y = 3§
y =5-1 =4
s B(1,4)
(iii) x+y<S$
-2x+
»y=>0
The associated equations are
Xty =35 .. (1)
-2x+y
X-intercept
Puty =
x+0 =5
X =35
Point is (5, 0)
y-intercept
Putx = 0 ineq.(l)
O+y =5
y = 3

@]

X-interce

Il
o

<
B
(4]
=
—_
—
—

= 0 ineq.(2)
-2x+0 = 2

o
3>
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“&\U B\B A
o= —1

Point is (- 1, 0)
y-intercept
Putx = 0 ineq.(2)
-20)+y= 2
y =2
Point is (0, 2)
Test Point
Put  (0,0)in
xty <35
0+0 < 5
0<5
WhICh 1s true.

Graph of an inequality x +y < 5 will be oward @@ S <
Put  (0,0)in @

-2x+y > 2

~2(0)+0> 2 %ﬁ@ KX
D=2
Which iw
Graph of an inequality — 2x + y > 2 will not be towards the origin side.

A

ABC is the feasible solution region. So corner points are A (0, 2), C (0, 5). To
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W
find B solvi \(lma)(\f)
E .(2), we get
5

Xty =

F2x+y = 2
Ix=3

x:

_— D |

Put x =
l+y =5
y =5-1 =4

B(1,4)
(v) 3x+7y<21 @O@@&Q
x-y= 3 O@@@
x>0,y>0 O ﬁ@%@
Theasso(;igtg!%gcfez\{‘ﬁatgﬁﬁsO
x-y =3

x-intercept
Puty = 0 ineq. (1)

Ix+700) = 21
3x= 21
21
X =3 =17
Point is (7, 0)
y-intercept

Put x = 0 ineq.(1)

3(0)+ 7y = 21 @O
S T
-3 ot

| Point is SOJU%![‘\\” OKX
X-1nterce

Put y = 0 ineq.(2)

I
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) LN
P
O

is (3, 0)
y-intercept
Putt x = 0 ineq.(2)
0-y =3
y = -3
Point 1s (0, - 3)
Test Point
Put  (0,0)in

Ix+Ty < 21
3(0)+7(0) < 21

0<2l
Which is true.
Graph of an inequality 3x + 7y < be t W@ g@©
Put  (0,0)in
X-y < 3 O
0
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-
OABC is the S%Mt\l&\r%;?on SO corner points are

OO, 00 A 0Y, T(0, 3)
To find B solving eq. (1) & eq. (2)
Eq.(1)+Eq.(2)x 7, we get

3x+7y = 21
Ix=Ty = 21
10x = 42
42 21
T 1w TS
21
Put x =5 ineq. (2)
21
21

Y )
6
Y75
21 6
5(5 . %)
(v) 3x+2y > 6
xt+ty<4
x>0,y >0
The associated equations are
B =0 e (1)
x+ty =4 ... (2)

x-intercept
Put y

3x +2(0)

Il
e
=

o

=
—_—
[—
~

2

Point’is (2, 0)



Mathematics (Part-I1) A G‘({y\@igmwcquahms & Linear Programming
y-intercept KX
0
P\&W&W ineq. (1)

30)+2y = 6
6
y=3=3
Point is (0, 3)
X-intercept
Put y = 0 ineq.(2)
x+0=4

e
WWW

Point is (0, 4)
Test Point
Put  (0,0)in
3x+2y > 6
3(0)+2(0) > 6
0>6
Which is false.

Graph of an mequallty 3x+2 i 1@@@%111 snde

Put  (0,0)in

0 4
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<t g OEET
Which isw

Graph of an inequality x + y < 4 will be towards the origin side.

ABCD is the feasible solution region so corner points are

A(2,0),B (4,0),C(0,4),D(0,3)
(vi) S5x+7y < 35

xX-2y<4

x>0,y >0

The associated equations are

Sx+7y = 35 ... (1)

X—2y
x-intercept

a5 I
(g I
Point is (7, 0)

Il

Il
N
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\)\)\/'
e TS0
O
W&Jﬂ\g ineq. (1)

50)+7y = 35

35
== =5

Point is (0, 5)
x-intercept
Put  y = 0 ineq.(2)
x-2(0) =4
x = 4
Point is (4, 0)

X-mte'rcl(:u: x = 0 ln%eq (2) KQ@QQ@W

a¥eell

0-2y =

Point is (0, — 2)
Test Point
Put  (0,0)in
5x+7y < 35
5(0)+7(0) < 35
0 <35
Which is true.
Graph of an inequality 5x + 7y < 35 will be towards the origin side.
Put  (0,0)in

A Jeoi
g; i(ﬂ) < 4 mxmkm@Q&@W@

hof an inequality x — 2y < 4 will be towards the origin.
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6

%@
2,
)

O %
OABC is the fe@%@%on S0 corner points are
-C(0,5)

nd B solving eq. (1) & eq. (2)

Eq. (I)-Eq. (2) x 5, we get

Sx +7y = 35
- SxFl0y = -20
17y =15
_ 15
Y T
Put y = 17 in eq. (2)
2(17) = 4 i
o ke
O
0 2 Aoy
- o
0@%
X = P
68 + 30
x =
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\ \\ W\ W=

9 \ \\\—J
[
98 15
&= (17-’ 17)

Q.2: Graph the feasible region of the following system of linear inequalities and
find the corner points in each case.

(i) 2x+y<10 (i) 2x +3y <18
x+dy<12 2x+y<10
x+2y<10 Xx+4y<12
x>0,y>0 x>0,y>0

(iii) 2x +3y<18 (iv) x+2y<14
x+4y<12 3x+4y <36
Ix+y<12 2x+y<10
x>0,y>0 x>0,y>0

(v) x+3y<15 (vi) 2x+y<20
X +y<12 W@ @©
4x +3y <24 @
x>0,y>0 %“

Solution: m

x V —

x+2y<10

x>0,y>0

The associated egs. are
2x+y=10 .. (1)
x+4y=12 ... (2)
x+2y=10 .. 3)

x-intercept
Put y=01negs. (1), (2) and (3)

2x+0 = 10 x+40)= 12 x+2(0)= 10
2x =10 x =12 x = 10
. = ? _ s - Pointis (12, 0) . Point is %’QFQ)
\ /\< X WD \\U
. Point is (5, 0) q 9 A \@\'\A\\‘\ \“\\} @ .
\ \ 7 r"\\ M\ \\ LU .\\/_ -
y-mtcrceg f/?/f \\ \q\\\ \'\\ A e

x=0in %@,‘ ( \)K\(\Q\Lh\q}j\f\jj

2(0) +y W\J 0+4y = 12 0+2y = 10

y =10 4y =12 2y =10
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B
. Point is (0 X\ \’\ e _ 10
y = 4 =3 y =373

", Point is (0, 3) .. Point is (0, 5)

Test Point

Put

(0,0)
2x+y<10
2(00+0<10
0<10

Which is true.
Graph of an inequality 2x + y < 10 will be towards the origin side.
Put (0,0)in
x+4y <12
0+4(0)<12

0<12
Which is true. @o
Graph of an inequality x + 4y %@@@ 1gin side.
Put (0,0)in O

x+2y<10 i§§6{§&

0<

Which is true.

Graph of an inequality x + 2y < 10 will be towards the origin side.
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(ii)

0)

Eq. (1)—Eq. (2) x 2, we get

2x+ y = 10
- 2x+t8y = -24
-7y = -14
14

y =75 =2

Put y = 2in eq. (2)

OABW]%\:&) region so the corner points are
(0 0), C (0, 3)

To find B solving eq. (1) & eq. (2)

x +4Q) = %TQ§§§®§7%3XG;
x+8 = l?oigmxm

X = |

B ,2)

2x+3y < 18 (Guj. Board 2005) (Lhr. Board 2008)
2x+y < 10

x+t4y < 12

x>0 , y 20

The associated equations are

2x+3y = 18 ... (1)

2x+y = 10 ... (2)

x+4dy = 12 ... (3)

X-intercept
Put y=0inegs.(1),(2)and(3)

2x+3(0) = I8

X

2x

2x+0
= 18 2x

o0

10
10

2pm{§;Q)9 OYﬁﬁﬁé@gdaﬁiQigﬁ

x +4(0) = u

W@@@(l 2,0)
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NPT L

y-intercep

Put x=01inegs. (1), (2)and (3)
2000+ 3y = 18 200)0+y= 10 0+4y = 12

Jy = 18 y =10 4y =12

18 . Pointis (0, 10 12
¥y ='g= 6 ( ) y =% < 3

. Point is (0, 6) . Point is (0, 3)
Test Point
Put (0, 0)

2x + 3y <18

2(0)+3(0)<18

0<18 @ @@m
Which is true. ﬂ =
the

O
Graph of an inequality 2x + 3 igin side.
Put (0,0)in O
2x+y <10 KX
2(0) WNM o
0<1

Which is true.

Graph of an inequality 2x + y < 10 will be towards the origin side.
Put (0,0)in

x+4y<12

0+4(0)<12

0<12

Which is true.

Graph of an inequality x + 4y < 12 will be towards the origin side.
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(iif)

1

OABC is the feasible solution reglon s Wa @©
0 (0,0), A (5, O)C(O 3) é&@

To find B solving

Eq. (2) - Eqﬂ@@%

- 2X+8y = -24
-1y = -14
- 14
y = 7 = 2
Put y = 21in eq.(3)
X +4(2) 12
X + 8 = 12
X = 12-8 =4
B= (42
2x+3y < 18
x+4y < @@@
&

12 @
3x+y 12 O @W -
x>0 , y > K@@@

The associated-%@
2x +
WW 12 e, (2)

3 x+y = 12 e (3)
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X-intercept O\l\lk\ R
Put n egs. (1), (2) and (3)

2x+3(0) = 18 x+4(0)= 12 3x+0 = 12
2x = 18 x =12 x = 12
« = 178 - 9 . Pointis (12, 0) < = % - 4
*. Point is (9, 0) .. Point is (4, 0)
y-intercept
Put x=01inegs.(1),(2)and(3)
20)+3y = 18 0+4y = 12 30)+y= 12
Jy = 18 12 y =12
Lo y =473 ~. Pointis (0, 12)
3 . Point is (0, 3)

. Point s (0, 6)
Test Point @O@©m
Put (0, 0)in Q @@@

2x+3y<18 -, K@

2(0)+ 3(0) < 1 me

0< ©

Which 1s true.

Graph of an inequality 2x + 3y < 18 will be towards the origin side.

Put (0,0)in

x+4y <12

0+40)<12

0<12

Which is true.

Graph of an inequality x + 4y < 12 will be towards the origin side.

Put (0,0)in

Ix+y<12

3(0)+0<12

: an
?Nhiﬁl is true. 37@ O@©

Graph of an inequaiﬁm%@m
N0

gin side.
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)

OABC is the fea lﬁ\'@eﬁw} 1on so the corner points are
0 (W ¢\(0,3)

Tot solving eq. (2) & eq. (3)
Eq. (2) x 3 —Eq. (3), we get

3x +12y = 36
- 3x+ vy =-12
Iy = 24
_ 24
YT
24
Put y = ﬁin eq. (3)
3 +ﬁ_ 12
AT

24
x = 12-77

X = ﬁ@%@

36 24
8(3. 11
(iv) x+2y < 14
3x+4y < 36
2x+y<10
x>0 , y=>0
The associated equations are

x+2y = | S (1)
Ix+4y = 36 ... (2)
2x+y = 10 ... (3)
X-intercept K(\& i&
Put y=0inegs. (1), (2)and(3) i\lf/@o@@)
2x+0 =10

x+20) = 14 BK%X@QX@
2x =10

x = 14 O“@
- Point is(l4W KX 36 10
WIS

X == 12 B == 5
- Pointis (12, 0) . Pointis (5, 0)
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0+2y =

y-intercept MS\,X\AM\U .
4

Put (2) and (3)
3(0)+4y = 36 2000+y= 10
14 dy = 36 y =10
=2 =7 _36 9 . Point is (0, 10)
-, Pointis (0, 7) T4
*. Pointis (0, 9)

Test Point

Put

(0,0)in

x+2y<l14

0+2(0)<14

0<14

Which is true.

Graph of an inequality x + 2y < 14 will be towards the origin side. m
C

Put (0, 0)in @
3x +4y <36 o @ @W o
3(0) +4(0) <36 @

0<36 O KE@ \K@

Which is true. Kx%

GrapWi?y x + 4y < 36 will be towards the origin side.
Put ,0)in

2x+y<10

2000+0<10

0<10

Which is true.

Graph of an inequality 2x + y < 10 will be towards the origin side.

OABC is the feasible solution region so the corner points are
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00,0, A QCON
To qu (1) & eq. (3)
Eq. (1) x 2 — Eq. (3), we get

2x + 4y = 28
- 2x+ vy = -10
3y =18
y = 13_8 =6
Put 'y = 6ineq.(1)
x+2(6) = 14
x+12 = 14
X = 14-12
X = 2
. B(2,6) W@O@@)m
)  x+3y <15 O@@@
x+y 212 O mm%
4x + 3y <
X ) e |
The associated equations are
x+3y = | |- —— (1)
2x+ty = - S (2)
4x+3y = 24 ... (3)
X-intercept
Put y=0inegs.(l),(2)and(3)
x+30) = 15 2x+0 =12 4x +3(0)= 24
x =15 2x =12 4x = 24
. Pointis (15, 0) = _12_2: = :24—4=6
. Pointis (6, 0) . Point is (
y-intercept @ O@©
Put x=0in egs. (1) @2)and 3) O @@W
0+3y = 15 % 4(0)+3y = 24
15 =12 3y =24
W . Point is (0, 12) _ 24 _ g
. Point is y 3
. Point is (0, 8)
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Bach
Test Poini NN ANNS
Put 1

x+3y <]13

0+30)<15

0<15

Which is true.

Graph of an inequality x + 3y < 15 will be towards the origin side.
Put (0,0)in

x+y <132

20)+0<12

0<12

Which is true.

Graph of an inequality 2x +y < 12 will be towards the erig si@@m
Put (0,0)in O ao
4x +3y<24 “ @

O%

s

4(0) +3(0) <24
0<24
e.
Graph of an inequality 4x + 3y < 24 will be towards the origin side.
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By
OABC is I&M\A\%‘l region so the corner points are
0] y ,0),C(0,5)
To find B solving eq. (1) & eq. (3)
Eq. (1) - Eq. (3), we get
x+ 3y = 15
- 4x+ 3y = -24
-ix = =9
y =73 =3
Put x = 3ineq.(l)
3+3y = 15
Jy = 15-3
Jy =12
12 W@O@©m
' G
o w
(vi) x+y < @g KX
y <11
X 2 0, y=0
The associated equations are
2x+y . SR (1)
8x+ 15y = 120 ... (2)
2ty =11 ... (3)
X-intercept
Put y=0inegs.(l),(2)and (3)
2x+0 = 20 8x +15(0) =120 x+0= ll
2x= 20 8x=120 X
5 = 20 - 10 X ]20 Point 1s©m
2 8 @
*. Point is (10, 0) intds (Kﬁw
y-intercept

Put x=0inegs.
2(@WW
y —

. Point is (0, 20)

®
ﬁ 8(0)+ 15y = 120
15y = 120

0+y 11
y 11
. Point is (0, 11)
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W=
WWW$ M o
.. Point is (0, 8)

Test Point

Put

(0,0)in

2x+y <20

2000 +0<20

0<20

Which is true.

Graph of an inequality 2x + y < 20 will be towards the origin side.
Put (0, 0)in

8x + 15y <120

8(0) + 15(0) < 120

0<120

Which is true. e%é @@m
Graph of an inequality 8x + 15y < 120 @‘W fn side.

Put (0,0)in “

xty<ll Oxm

0+0<11 KX

0 ®)

Wh%iﬂ's true.

Graph of an inequality x +y < 11 will be towards the origin side.
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OABCD 1 Q@&S\e‘}u ion region so the corner points are
O( 0,0), D (0, 8)

To find B solving eq. (1) & ¢q. (3)
Eq. (1) - Eq. (3), we get

2x+ y = 20
- x4+ v = -11
x =9
Put X = 9ineq. (3)
9+ y = 11
y =11-9
y =2
B(9,2) @O@@)m

To find C solving eq. (2) & @@@W
Eq. (2) - Eq. (3@ %

x + 15
_ MM—SB

= 32
32
y 77
32
Put y = 7ineq.(3)
x+£ = 11




Mathematics (Part-1I)

NN [ARAE |
WU

Q1  Maximizef(x,y) = 2x+5y (Lhr. Board 2007)

Subject to the constraints

2y-x<8 ; Xx-y< 4, x>0 ; y=>0
Solution:
The associated equations are
2y-x =8 ... (1)
x-y =4 .. (2)
x-intercept
Put y = 0 ineq.(1)
2000 - x = 8 e~ A
x = -8 NP

y-intercept
Put sI‘;\\f\J ,0 meq (1)
\J&W

y —

Il

S Moo oo

3
Point is (0, 4)

X-intercept

Put y = 0 ineq.(2)
x-0 =4
X =4
Point is (4, 0)

y-intercept
Put x = 0 ineq.(2)

0-y =4 A
¥y ==4 ) |~
Point is (0;_27":4}.«;" ,
Test Point
Ryt 0 km

2y -x <8
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2(0)- 0 < Q\Xﬂ\l\/\\) -

Graph of an inequality 2y — x < 8 will be towards the origin side.
Put (0, 0) in

Xx-y< 4

0-0< 4

0 <4

Which is true.

Graph of an inequality x — y < 4 will be towards the origin side.

35) Linear Inequalities & Linear Programming

OABC is the feasible solution region so corner points are

0 (0,0, A (4,0, C (0, 4) . O@(@m
SpRye

To find B solving eq. (1) & eq. (2)

?;fi:gc(:].(;)&%l. 2@%
x—i =f@ om B

Put vy = 12ineq.(2)
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- 12 U=
WMO L\E
B (16, 12)
Now
f(x,y) = 2x+5y ... (3)

Put O (0, 0) in eq. (3)
£(0,0) = 2(0)+5(0)= 0
Put A (4,0) ineq. (3)
f(4,0) = 2(4)+50)= 8+0= 8
Put B (16, 12) in eq. (3)
f(16,12) = 2(16)+5(12) = 32+60 = 92
Put C (0, 4) ineq. (3)
£(0,4) = 2(0)+5(4) =
The maximum value of f (x y) 2x + 5y 1s 92 at the corner point B (16 @

Q.2 Maximize f (x,y) = x + 3y 2007, 2008)
Subject to the constramts k
2x +5y <30 x>0 ;s y >0
Solution:
T‘ atlon are
— ...... (1)
5x +4y = 20 ...... (2)
x-intercept
Put y = 0 ineq. (1)
2(x) + 5(0) = 30
2x =30
Point is (15, 0)
y-intercept
Put x = 0 ineq. (1)
200) + 5y = 30
5y =30
30 @@m

y -
Point is (%K
mterce
q. (2)

= 20
Sx = 20
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N,

Point is (4, 0)

y-intercept
Put x =

5(0) + 4y

o

in eq. (2)
20

20

Point is (0, 5)

Test Point
Put (0,0)in
2x + 5y <30
2(0) - 5(0) <30

0<30 @@m
Which is true. m%

Graph of an inequality 2x + 5 ‘@ rigin side.

Put (0, 0) in Q YX

Sx+4y < 20
5(0 +
0

Which is true.

Graph of an inequality 5x + 4y <20 will be towards the origin side.
Y
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OAB is the feasi Kgﬁ\u\l& glon SO corner points are
O (0, ), (0 5)
(x,y) = BT e (3)

Put O (0,0)ineq. (3)

f0,0) = 0+3(0)= 0
Put A (4,0)ineq. (3)

f4,0) = 4+3(0)=
Put A (0,5)ineq. (3)

0,5 = 0+3(5) =15

The maximum value of f(x, y) =x + 3y is 15 at corner point B (0, 5).
Q3 Maximize Z = 2x + 3y
Subject to the constraints

Ix+4y<12 ; 2x+y <4 ; 4&x-y<4; x>
Solution: @
The associated egs. are @@@
3x+4y = 12 O @
2x +y
W@WW ....... (3)

X-intercept
Put y = 0 inegs. (1), (2)and(3)
Ix +4(0) = 12 2x+0 =4 4 -0 =4
3x =12 4 4
12 X =5 = 2 X =3
x =3 =4 - Pointis (2, 0) x = 1
Point is (4, 0) Point is (1, 0)
y-intercept
Put x = 0 inegs.(1),(2)and (3)
3(0)+4y = 12 2(0) = 4 40y = 4

12

y =73 Pomt & W@Z@@@O’J)

y =3
Point is (0, 3) Q\Y mw

Test Point \X\A\AU ==
)
PWW
IxF4y<12
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Put

(?;(0) + W O@\X\NU\A\»
Whim

Graph of an inequality 3x + 4y < 12 will be towards the origin side.
Put (0, 0) in

2x+y < 4

2000+ 0 < 4

0 <4

Which is true.

Graph of an inequality 2x + y < 4 will be towards the origin side.
(0,0) in

4x —y<4
40)-0<4

4(0)-0<4

0<4 @@@W
which is true “

Graph of an in &m will be towards the origin side.
OABMNC solution region so corner points are

0 (0,0), A (1,0), D (0, 3)
To find B solving eq. (2) and eq. (3)

Eq. (2) - Eq. (3), we get

aveell

2x+y =4
4x — = 4
6x =

8 4
x=6°3

8
4‘3

B@W

Jcolt
gt
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\) N
To find C solvin @%@\aﬁ\&j
Eq. (1) = , we get

Ix+4y = 12
8x +4y = 16
-5x = -4

_ -4

X7 -5

e

Rl < o o S (3)
Put O (0,0)ineq. (3)

z = 20)+3(0)= 0
Put A (1, 0) in eq. (3)

z = 2(1)+3(0)= 2

4 4.
Put B(g,g)meq.(?,)

e = 2(3)+3(%)

Put C eq. (3)
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e (@%%WW
VY36
3 2

4
~ §
Put D (0, 3)ineq.(3)
=200+33) =9
The maximum value of 2 = 2x + 3y is 9 at comer point D (0, 3).

Ja

Q4 Minimize z = 2x+y

Subject to the constraints

x+y>3 ; T7x+S5y < 35; x>0 ; y > 0 (Guj. Board 2005)
Solution:

The associated eqs. are
x+ty =3 ... (1)

m%: Sy = 35%% ...... ZQ@K\&@@W

Point is (3, 0)

TR
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N
y-intercept mmmu
Wm eq. (1)
+y =3
y =13

Point is (0, 3)

x-intercept
Put y = 0 ineq.(2)

Tx+50) = 35
7x = 35
35

X =7 = 5

Point is (5, 0)
y-intercept
Put X

" gSineq.(Z) i @O@@N@
b %@w@@iﬁ

Put (0,0)in
x+y>3
0+0>3
0>3
Which is false.
Graph of an inequality x +y > 3 will not towards the origin side.
Put (0, 0) in
Tx+3y <35
7(0) +5(0) < 35
0 < 35
Which is true.

oY
Graph of an inequagtyxz{% @@ifﬂ@
o0

I
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Put

Put

Put

Put

-

e
o

v

Y

ABCD is the feasible solution region s @@%
A (3,0),B(5,0),G(0. 7). 04‘
z = 2X+y KX@
SRR

0 =6

aveell

A3, M
Fi
B (5,0)ineq. (3)
z =25+0 =10
C(0,7)ineq. (3)
z =20+7 =17
D (0, 3)ineq. (3)
z =20)+3 =3
The minimum value of 2 = 2x +yis 3 at corner point D (0, 3).

Q.5 Maximize the function defined as f (x, y) = 2x + 3y subject to the
constraints

2x+y<8 ; x+2y <14; x>0 ; y >0 (L@ 2009)
Solution: (1 @O ©m

The associated eqs. are Q @@@

x+y =8 o\%@%&

X+2y = K A\(2
X-inter W\f@ .

u y = 0 ineq.(1)

2x + 0 = 8
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e g

Point is (4, 0)

y-intercept
Put x = 0 ineq.(1)
200ty =38
y = 8
Point is (0, 8)

x-intercept
Put y = 0 ineq.(2)
X +2(0) = 14
x = 14

et 3£§§ﬁ§§ﬂ%1°

I N
e

Point is (0, 7)
Test Point
Put (0,0)in
2x+y<8
2000+ 0<8
0<8
Which is true.
Graph of an inequality 2x + y < 8 will be towards the origin side.
Put (0, 0) in
x+2y < 14

0+2(0) < 14 @O@@m
0 < 14 O @@W
Whichis true. Q@
Graph of an incquaﬁit ill be towards the origin side.

O
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>
AN

@ @@m
OABC is the feasible solution @ﬁ%ﬁ
0(0 0), A(4,0), ¢ @@
o find B solvin ﬂ
W e get
2x +

—2x+ 4y = —28
-3y = -20

20

y = 3

20
Put 'y = T ineq.(2)
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U L
f(x,y) = 2x+3 @\&KWW
Put W@
£0,0) = 2(0)+3(0)= 0

Put A (4,0)ineq.(3)
f(4,0) = 2(4)+3(0) =

2 20
Put 8(3 : 3)1neq (3)

(.3 -2(2)()

4 60
- 373
4 + 60 64
- 3 3
Put C(0,7)ineq. (3) @ @ m
£0,7) = 2(0)+3(7) = W
v ‘ 20
The max1mum yls at corner pomtB(3 . ?)
Q.6: MW subject to the constraints
: x+6y >9 5 x>0 ; y > 0 (Lhr.2005,2011)
Solution:
The associated egs. are
K+dy =15 . (1)
x +6y =9 ... (2)

X-intercept
Put y = 0 ineq. (1)

3x +5(0) = 15
3x =15
15

X =3 =35

Point is (5, 0)

y-mtﬂi_tut X =0 gq (1) Q@“&wx@w@&@@

®+35y =

W\W@OE -3
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L

P y = 0 ineq.(2)
x +30) =9
X =9
Point is (9, 0)
y-intercept
Put x = 0 ineq.(2)
0+ 6y = B

X-interce

3
y=3<=3

3
Point is (0, 5)

-
-

Test Point
Put (0,0)in
3x+5y>15
3(0)+ 5(0) > 15

0>15 W@O@C@m
Which is false. %j&\q@@@
Graph of an inequ ﬁ@ iltnot be towards the origin side.
Put W ﬁ%
X T
0+6(0)> 9
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0>9 ' \\ \ VWV
o vl
of an inequality x + 3y <9 will not be towards the origin side.

ABC is the feasible solution region. So corner points are
A (9,0),C(0,3)

# = 3x+y (3) To find B solving eq. (1) & eq. (2)
Put A(9,0)ineq.(3) eq. (1) —eq. x 3, we get
= 39)+0= 27 x+5y = 15
45 12 3x+18y = 27
Put B(ﬁ . 13Jlneq (3) o Y -
_ o (#), 12 13y =-12
B = 3&3) 3

135 12147 m
R F IR <§/
Put C(0,3)ineq.(3) K@@@XRQ -5 in eq. (2)

z = 3(0) +3o§§tV”\ ( )
X+ 6 9
?ﬁ{“}J 721i .

X+375; =

13
T2
X = 9-73 3
_117-72
XT3
45
13

+8{i5 1)
13 13
The minimum value of z = 3x + yis 3 at corner point C (0, 3).

Q.7: Each unit of food x costs Rs. 25 and contains 2 units of p\roteln/anﬂﬁ\mlts of
iron while each unit of food Y costs Rs 30 and co ﬁlﬁ% unﬁs\iﬁ? p?ofem and
2 units of iron. Each ammal mu{Dr éve a“ as\ mits of protein and 16
units of iron each cla) g pnjts\ouach fddd should be fed to each
animal at the smaifgst\ pOSS

Solution: \J NIR |

Le t\k@}s\\m}ﬂh nit of food X and y be the unit of food Y.
Minimize f(x,y) = 25x+ 30y
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4x +

x>0 ,y>0

The associated eqgs. are
2x+3y = 12 ... (1)
4x+2y = 16 ... (2)

x-intercept
Put y = 0 ineq. (1)

2x+3(0) = 12
2x = 12
12

X = =6

2
. Point 1s (6, 0)

2(0)+3 = 12
3y
]

3
Point is (0, 4)
x-intercept

Put y = 0 ineq.(2)
4x+2(0) =16

4x =16

X = l4§ = 4

Point is (4, 0)
y-intercept
Put x = 0 ineq.(2)
4(0)+2y = 16

2y =16

) i sl

o
Subject to the const m\ﬁ\)\fﬁ
2x + W O

—

e 2.0
Put x = 0 ineq, éx KQ@QQ@W
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Test Point O&\\AM\\)\ A
Put
2x +W

2(0)+3(0) > 12

0>12

Which is false.

Graph of an inequality 2x + 3y > 12 will not be towards the origin side.
Put (0,0)in

4x +2y > 16

4(0)+2(0) > 16

0>16

Which is false.

Graph of an inequality 4x + 2y > 16 will not be towards the-erig
Q@ ” @
I\

v

Y
ABC is the feasible solution region. So corner points are
A (6,0),C(0,8)
To find B solving eq. (1) & eq. (2)
Eq. (1) x 2 —Eq. (2), we get

o
EETET L A GEE
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2x +3(2) \

"\ J |\\l
2x +\j JI\P’
= 12-6
2x =6
X = g =3
B(3,2)
f(x,y) = 25x+30y ............ (3)
Put A (6,0)ineq.(3)

Put

Put

Q.8:

150

f(6,0) = 25(6)+30(0)
B (3,2)ineq. (3)
£f(3,2) = 25(3)+30(2) 75+60 = 135

C (0, 8) in eq. (3) §§§§§
%0
]

f(0,8) = 25(0)+30(8) @
The smallest cost of f(x y) R
i1s 135 at comer

AW S to purchase a number of fans and sewing machines. He has
only Rs. 5760 to invest and has space at most for 20 items. A fan costs him
Rs. 360 and a sewing machine costs Rs. 240. His expectation is that he can
sell a fan at a profit of Rs. 22 and a sewing machine at a profit of Rs. 18.
Assuming that he can sell all the items that he can buy, how should he

invest his money in order to maximize his profit?

Solution:

x-intercept

Let x be the number of fans and y be the number of sewing machines.

Maximize f(x,y) = 22x+ 18y

Subject to the constraints

360x +240y < 5760

x+y<20

x>0 , y =0

The associated eqgs. are

360x +240y = 5760
Xty =( )_'

Put qﬁwnmmxﬁbw
N

36\‘ 40 (0) = 5760
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Point'1s (16, 0)
y-intercept

Put x = 0 ineq. (1)

360 (0)+240y = 5760

5760

Y7 240 ~

Point is (0, 24)
X-intercept
Put y = 0 ineq.(2)

x+0= 20
x =20 W@O@©m
Point is (20, 0) 2 @@@

y-intercept o mm%

Put x = 0 31 ;&
OW
y = 20
Point is (0, 20)

Test Point

Put (0, 0) in

360x + 240y < 5760

360 (0) + 240 (0) < 5760

0 <5760

Which is true.

Graph of an inequality 360x + 240y < 5760 will be towards the origin side.
Put (0,0)in

)(;Ig z 20 Ox mk“&@iﬁw@ @©
0 < 289

Whi

Graph of an inequality x + y < 20 will be towards the origin side.
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00 O

i@m&@

OABC is the feasible solution region.
So corner points are
0(0,0), A (16, 0), C (0, 20)
To find B solving eq. (1) & eq. (2)
Eq. (1) - Eq. (2) x 240, we get

360x +240y = 5760

—240x £240y = —4800
120x = 8
690
X = 71 -8
Put x = 81n eq. (2)

8+y =

v e @X\»@@@m/@@ ot

f(x,y) = 22x+1

Put W@@Nﬂ
£0008) = 22(0)+18(0) = 0

Put A (16,0)ineq. (3)
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™N \ \ \f
£(16,0) = 221]\6\)%\13‘(0} =352

ﬁ&w‘@ﬂm
F&M2Y= 22(8)+18(12) = 176+216 = 392

Put C(0,20)ineq. (3)
£(0,20) = 22(0)+18(20) = 360
The maximum profit of (x, y) = 22x + 18 y is 392 at corner point B (8, 12).

Q.9: A machine can produce product A by using 2 units of chemical and 1 unit
of a compound or can produce product B by using 1 unit of chemical and 2
units of the compound. Only 800 units of chemical and 1000 units of the
compound are available. The profits per unit of A and B are Rs. 30 and Rs.
20 respectively, maximize the profit function.

Solution:
Let x be the units of product A and y be the units of pr -a @ m

Maximize f(x,y) = 30x+20y R@
Subject to the Lonstramts @@

x+y < 800O

X +2y %
i Y2 0

The associated eqs. are

2x+y = 800 ... (1)
x+2y = 1000 ... (2)
x-intercept
Put y = 0 ineq.(l)
2x+0 = 800
800
X =5 400
Point is (400, 0)
y-intercept
Put x = 0 ineq. (1) . \\v(\«\‘
2000+y = 800 K,"‘\” ' \T/ \\, | /c QC/ -
y = 800 /0\ AN WY
e i “. \ \/ / \\) N\~ -
Point 1s (0, 800)()‘ \T X \\\‘\ \\
x-intercept \(] \\ ) (B
Put v Ww\édl\{?)
\!J (0) = 1000

x = 1000
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) B
. Pointis (1000, Q\&KMX\A\S
y-intercegir«g f o

Put = 0 ineq.(2)

0+2y = 1000

1000
¥ =" 7 500

Point 1s (0, 500)
Test Point

Put (0, 0) in

2x+y < 800

2(0)+0 < 800

0 <800

Which is true.

Graph of an inequality 2x + y< 800 will be to @lg@@ &
Put (0,0)in O @
Xx+2y < 1000 Q%@%@

0+2(0) < 100 KX
@]
Whiehis true.

Graph of an inequality x + 2y < 1000 will be towards the origin side.

Q

OABC is th solution region. So corner points are
0 (0, 0), A (400, 0), C (0, 500)
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To find B solving eq. (1) & eq. (2)

2o
BB @2 ve @@W

-2x + 4y = 200§&
— 3y

1200
y 3 = 400

Put y = 400ineq.(2)

Put

Put

Put

Put

x+2(400) = 1000

x+800 = 1000

X = 1000 - 800

i = 200
B (200, 400)
f(x,y) = 30x+20y ... (3)
0O (0,0) ineq. (3)
£(0,0) = 30(0)+20(0) =0
A (400, 0) in eq. (3)

£(400,0) = 30(400)+20(0) = 12000 @ @ m
B (200, 400) in eq (3) & @

£ (200, 400)
6000 +800

C(
£(0, 30(0)4—20(500) = 10000

The maximum proﬁt of f (x, y) = 30x + 20y is 14000 at corner point B (200, 400).



