Chapter-5 Linear Inequalities and Linear Programming

EXERCISE 5.3

Q.1 Maximize f(x,y)=2x+5y
Subject to the constraints

2y—Xx<8; x—y<4;x=0; y=>0.

Solution:

The asg ouat&,d el 'Q'sz'@f'-tH'é;aSQ:‘-;e W
mequal ms at° AR r
) 1 b ) ’ S " U ".‘:'.-,"Ar YA
'._J | .._I T (3
A ¥
2y —x=8...(I) x—y =4..(ii)
When x =0, then (i) becomes When x =0, then (ii) become y =—4
y=4 <. (0,~4)is a point on the line i).

". (0,4)is a point on the line (i).

When y =0, then (ii) becomes x =4
When y =0, then (i) becomes

. (4,0)is a point on the line (ii).

x=-8 _ o Take (0,0) as a test point. Put it in
. (-8,0) is a point on the line (i). X—y<4

Take (0,0) as a test point. Put it in 0-0<4

2y—x<8 0<4(True)

2(0)-0<8

0<8 (True)

Because (0,0) satisfies all the given inequalities, so their solution is towards origin. The
common solution of the given system of inequalities is shown by the shaded region as
shown in the figure. As x>0, y >0, solution region will be in first quadrant

Now we find the corner points of the feasible region.

Solving2y —x=8 and x—y=4we get(16,12).

The corner points of the feasible region for the given system of Imear |nequaI|t|es ’*mnf
(0,0),(4,0),(0,4)and(16,12). 4N (CLON
Now we evaluate the objective function Fixly) =2+ Gy af th‘m‘e L')r le.’F Fi(}-nlw P2
Corner pumt ‘ ,n v< y; .?>«+'5+/ VY
/( | flo. Db g(qug({,) 0
AN @5)‘5 '?':7” SHa0) =2 +50) =8
_ J I AV (00 f (0,4) =2(0)+5(4) = 20
.".\_.'-\. '\.\, ) "\-.H'-l I- g Y
N | A\ N ™ (16,12) f (16,12) = 2(16) +5(12) = 92

Hence f is maximum at the corner point (16,12).

340




Chapter-5 Linear Inequalities and Linear Programming

Q.2 Maximize f(x,y)=x+3y HEY] »
Subject to the constraints ‘k i AT RIS
2x+5y <30; 5x+4y <20, x>0; y >0 LSk 'r:‘:j-—*"ﬁ (=

Solution: YA A f Sl
The associated equatlons oFtne auJ /e mequulmns i’-—_ - <
are: oy N~ Z Y Lo } P 4

J NN T (7]
' 2x+5y = 30...(i) 5x+ 4y = 20...(ii)
When x =0 ,then (i) becomes y =6 When x =0, then (ii) become y =5
. (0,6)is a point on the line (i). = (0,5)is a point on the line (ii).
When y =0, then (i) becomes When y =0, then (ii) become x = 4
x=15 . (4,0)is a point on the line (ii).
. (15,0)is a point on the line (i). Take (0,0) as a test point. Put it in
Take (0,0) as a test point. Put it in 5x+4y <20
2X+3y <30 5(0)+4(0) <20
2(0)+5(0) <30 0.< 20(True)

0<30 (True)

Because (0,0) satisfies all the given inequalities, so their solution is towards origin. So,
the common solution of the given system of inequalities is shown by the shaded region as
shown in the figure. As x>0, y > 0so, solution region will be in first quadrant

Now we find the corner points of the feasible region.
The corner points of the feasible region for the given system of Ilnear mec"'ﬂlltles arp P

I-\.\, =

(0,0),(4,0)and(0,5). ) - <\ ,--;'_ \ (C };—:’.- M

", I

Now we evaluate the objectlve furc § n fl<, y,— x 3v at tf es: C')rn =r cits,

/ 7_F,__'_,_,__ﬁ..

) ‘ Cornerpurt 1%, t) =iy, -
SARY | L(c; AN \£(0:6) '(0)+3(0) 0
AR 5)% f(4.0)=@)+30)=4
N | N (0,5) f(0,5)=(0)+3(5) =15

Hence f is maximum at the corner point (0,5).
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Chapter-5 Linear Inequalities and Linear Programming

...::.:10,0),(1,0) (0,3), (;‘ ;‘jand(“ 12)

Q.3 Maximize z=2x+3y X7
Subject to the constraints i 5T =17 =)
3X+4y<12; 2x+y<4;4x—y<4; x>0, y = 0. o e
) '\.&.! ‘“0 ;."t 4 _._.| (L] a1} o |
Solution: - ) ‘}; . LA
The associated equations i 1he abo ol meonallfras }__‘L_‘_'i T
are: / o1 NS0
. A o 2,0 ®
”‘ SIHANE
I (%
_ [_(0.24) ¥ 7 o <
AN {1} \‘[—
3x+4y=12 (i) 2Xx+y=4 (i) 4x-y=4 (i)
When x=0, then (i) When x =0, then (ii) When x =0, then
becomes y=3 becomes y=4 (iii) becomes
". (0,3) is a point on the . (0,4)is a point on the y=-4
line (i). line (ii). - (0,—4)is a point
When y =0, then (i) When y =0, then (ii) on the line (iii).
becomes x =4 becomes X = 2 When y =0, then
. (4,0)is a point on the - (2,0)is a point on the (iii) becomes
line (i). line (ii). x=1
Take (0,0) as a test Take (0,0) as a test - (L0)isapointon
point. Putitin point. Put it in the line (iii).
3x+4y<12 2X+y<4 Take (0,0) as a
3(0)+4(o) <12 2(0)+0£ 4 test point. Put it in
4x—-y<4
0<12 (True) 0<4(True) y
4(0)-0<4
0<4(True)
Because (0,0) satisfies all the given inequalities, so their solution is towards origin. So, ~ __ —,
the common solution of the given system of inequalities is shown by the Qhﬂded reomn ay L
shown in the figure. As x>0, y > 0so, solution reglon will be in f:rft q Jat,'rm.n* ( :L -H_._:'_. .
Now we find the corner pomts of the, feaS|LIe reaion—y | " N | [ € j,__-, =
[ 4 *2 ) Y[

Solving 2x+y:4 and 3x +L;y ST vw ge k_ o= ": |y

_"\.. =
g

-'. ] LY ' = (Y ‘A 4
Solving? z ( L) onC. ax yd ﬁhm HEtLg gj.
| r°J ,,orr er po'”n Sy oF the fea3|ble region for the given system of linear inequalities are

55
Now we evaluate the objective function z = f (X, y) =2x+3y at these corner points.
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Linear Inequalities and Linear Programming

Corner point

z=f(x,y)=2x+3y

(1,0) Z: (J'C)_')(I (6\'__‘-— | _. ] . _
03 \ |7 fFop)zese= [

DARY I@{_\”* _. ﬂij ( j ( ]_@
(5’ 5

() {s)5

Hence z is maximum at the corner point (0,3).

Minimize z=2x+Yy A7
Subject to the constraints
X+y>3;, 7x+5y <35 x>0; y>0. [{097) =
Solution: \ 5
The associated equations of the above inequalities 03N “‘
are: .
1' (§) - 0 X{(>30) ?
2 LN N |
: o
\ 21
X+y=3...() 7x+5y =35...(ii)
When x =0, then (i) becomes When x =0, then (ii) becomes
y=3 y="7
. (0,3) is a point on the line (i). . (0,7)is a point on the line (ii).
When y =0, then (i) becomes When y =0, then (ii) becomes —
x=3 x=5 = fl A

. (3,0) is a point on the line (i).
Take (0,0) as a test point. Put |t |n
X+y>3
0+0>3
0>5 3y chIse)

-\_-".

|
;_-'l. -

‘-\

kS

_)

L) 5¢0) <35

. (5,0)is a point-on {anl'np (u) L' A
' _Taka U‘i"‘ ascllgehI flof nt Pu1 T i

TX+5 )./< 33

0<35(True)

) Pﬂcr Ise! (C 0) “ine« rot Sa‘usfy the inequality (i), so its solution is away from the origin,

s,m 6 19 D) satisty the inequality (ii), so its solution is towards origin. As x>0, y>0so,

“',quon region will be in first quadrant

Now we find the corner points of the feasible region.
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Chapter-5 Linear Inequalities and Linear Programming

- ]. '-.1;"'.%'__'

':'.:_"Hcr ez is-sninimum at the corner point (0,3).
¥Mlaximize the function defined as; f (X, y) =2x+3y

. SQ_I__'J'rIng X +y -:8_ _'mu-*x s 2y =14 we get (% ) ?J .

— ‘l.
= A
! ...\'. .\.' k.-J I .HII
) J [ N[,
1 |

The corner points of the feasible region for the given system of linear lnequalltles are
(0,3),(3,0),(5,0)and(0,7). . =
Now we evaluate the objective function z = f(x,y) =2x+v_att vse cDT Ape puntu |

Corner point _.Z= L)_(ﬁ_ ixf_y____ <
(0,3) | _=2=A103)=2(0)+(@3)=3
) (3.0}~ | __‘€i?@5)‘?ﬁ>?(OTT_
T LT (5,0)=2(8)+ (0) =10
LA T 2= 1(07)=2(0)+(7)=7

Subject to the constraints: 1 R
2X+ Y <8 x+2y<14; x>0; y=>0. s
Solution: 4]
The associated equations of the above inequalities N il
are: : «/3
N
110 \EAU T
ki 2 I
i
2x+y=8...(I) X+2y=14..(ii)
When x =0, then (i) becomes When x =0, then (ii) becomes
y=8 y=7
. (0,8) is a point on the line (i). = (0,7)is a point on the line (ii).
When y =0, then (i) becomes When y =0, then (ii) becomes
X = 4_ _ o x=14
* (4,0)isapointonthe line (i). <. (14,0)is a point on the line ii).
Take (0,0) as a test point. Put it in Take (0,0) as a test point. Put it in
2x+y<8 X+2y<14
2(0)+0<8 0+2(0)<14 —~ =0
0<8 (True) - 0<14 (True) . |'-..'H_,L3'-"‘. L _3;__};-::-- S

Because (0,0) satisfies all the g|v3n meuII I|1 (s sc tI eJr »o ut'or‘ is tow 55 orlgln So,
the common solution of thb g've'; 51 /sumn arinslug Iueu is ~hw 0 ty the shaded region as
shown in. tie| flgurP A-o )\> 0,1y /0'%0, sgluflﬁn lﬁgmr"vvlil be in first quadrant
Now we *“md i e w“ner ')o rts W\ﬂgfﬂasmne region.

20

Thé-corner points of the feasible region for the given system of linear inequalities are

2 20

(0,0),(4,0), (5 ?jand(o 7).
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Chapter-5 Linear Inequalities and Linear Programming

Now we evaluate the objective function f(x,y)=2x+3y at these corner points.

Corner point f(x,y)=2x+3y _ | —
(0,0) f (0, O\—2(O)+3(0\,L S\ | -~
(40) 1 Of(e9)- 20k _" L
= (2 20) | A2/ / Tz i‘@_cc_al
I S R e YN e A
ARNCRRE [ 3~ f(0,7) 2(0)+3(7):21
0 | e .
) | Hengetisinaximum at the corner point (%?j |
i ] ?h. _.‘]
Q.6 Minimize z=3x+Yy; T N T
Subject to the constraints: - "’"‘“‘(‘r%\ ’gg
3x+5y>15; x+6y>9; x>0; y>0. 1 N
Solution: B Q 0Tl (00T
The associated equations of the above inequalities
are:
v
3x+5y=15...(I) X+6y=9..(ii)
When x =0, then (i) becomes When x =0, then (ii) becomes
y=3 3

". (0,3) is a point on the line (i). yZE

When y =0, then (i) becomes 3 (o,gj is a point on the line (ii).

X=5
". (5,0) is a point on the line (i). When y =0, then (ii) becomes
Take (0,0) as a test point. Put it in X=9
3x+5y>15 . (9,0) is a point on the line (ii).
3(0)+5(0)>15 Take (0,0) as a test point. Put it in
0>15 (False) X+6y=9
0+6(0)=9 .
0>9 (False) - AN (C
| .

Because (0,0) does not satisfies all-the gl\;ﬂn |n°'1u b |=s S0 tnesr tolul |o.. is_wway Trom
origin. So, the common suiution '¢£ the aiven, sysien) of* inequaij t| S 1S shown by the
shaded reaion as shown m th fucur’ As X >O f>Ls:, soiutiolt Jegion will be in first

quadrawt R \ -
Now W#T rd hf-\comerﬂo:rrls ofthe |caSIb|e region.
45 12

>r,l'}/|ng ’3x+ 5 [ \= 5 and x+6y 9 we get (— j

13 13

". ne corner points of the feasible region for the given system of linear inequalities are

45 12

(0.3), (E E)and(g 0).
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Linear Inequalities and Linear Programming

Now we evaluate the objective function z= f (x,y) =3x+ Yy at these corner points.

z=f(Xy)=3x+y N

Corner point
(0,3) z=1(53
(45 12) o _f'/ab 19_\_
L = A1 —
_ 13 13, AR\ RV

(E0

R RARY

J lu/ 13 13-

45 l? 147
=

-f(9 o) 3(9) + (0) = 27

| |, Heside® isinimum at the corner point (0,3).

Each unit of food X costs Rs. 25 and contains 2 units of protein and 4 units of iron
while each unit of food Y costs Rs. 30 and contains 3 units of protein and 2 units of
iron. Each animal must receive at least 12 units of protein and 16 units of iron each
day. How many units of each food should be fed to each animal at the smallest

possible cost?

Solution:

Let x units of food X and y units of food

Y be fed to each animal. Then the cost

functionis f(x,y)=25x+30y

under the constraints

2X+3y >12,4x+2y >16,x>0,y >0.

We have to minimize the cost function
f(X,y) =25x+30y.

¥
(0.8) N,

The associated equations of the above inequalities

are:
2x+3y =12...(1)
When x =0, then (i) becomes
y=4

. (0,4)is a point on the line (i).
When y =0, then (|) becomes -~

Takz \f} 0) ds & tas{p)nt PwJI ity
@x43y 212, '} (R

RN NN @021

0>12 (False)

. .."'V\/hew y ) *hen (n) aﬂr"m’nés
X= 6 i -- :' I' { =y \ J ¢4 I- L] | __l

(6, “)i pon}f artne line! *\l) “’ “@;0) is a point on the line (ii).

‘-"‘.‘;’}’;-,17
AN b
KFh.
'f (#.0) \5.965‘_ X!
j’%:)‘
;\
L 7 r 4
4x+2y =16...(ii)
When x =0, then (ii) becomes
y=38 =1
_.-'_ L %O |
~ (0, 8) |san0| van “[h‘f" ne (| L/ b

Take (0,0) as a test point. Put it in
4X+2y>16

4(0)+2(0)>16
0>16 (False)
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Chapter-5 Linear Inequalities and Linear Programming

Because (0,0) does not satisfies all the given inequalities, so their solution is away from

origin. So, the common solution of the given system of mequalltms iS 51 OWN,ATY fe ) | |

shaded region as shown in the flgure As \<>0 y > (eg; ot mon-regnon unl be it st
i --"'L )

quadrant . A
Now we fmd the corner bo; nta uf h 1= 1sn|e reguo.. .

Solvmc’?x+\3—1° and! Ax+ v 1)\:'e g,vt(s,Z).

Thecornel, 0" nts o fhe .ca3|ble region for the given system of linear inequalities are

SOU08),(3,2)and (6,0).

Now we evaluate the objective function f(x,y)=25x+30y at these corner points.

Corner point f(x,y) =25x+30y
(0,8) f (0,8) = 25(0) +30(8) = 240
(3,2) f(3,2)=25(3) +30(2) =135
(6,0) f (6,0) = 25(6) +30(0) =150

Minimum cost is at the corner point (3,2), that is, cost is minimum if 3 units of food X
and 2 units of food Y are fed to each animal.

Q.8 A dealer wishes to purchase a number of fans and sewing machines. He had 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 afanata 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:
Let x fans and y sewing machines be purchased.
Then the profit function is f(x,y) = 22x+18_y o
under the constraints ' -. R e )
360x+240y <5760, x+y \40 x> gy >C' U _ :
3x+27 %4 8 Xy «wn.x»') y>@K ” \

We hav1 to mey, |rr ue 1he pfcf!i function

f 1Y) = 2” 1“ o .. 2
- r_|_ 3 . A=
N Y $o | 1_6%'? Y
T ne assomated equations of the above inequalities V! R
are:
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3x+2y=48...(I)
When x =0, then (i) becomes
y=24

. (0,24) is a point on the-tine (i). !
When v.=0, then (I) bcccrre° '

X =616 I ™

. (161U} 15 & pont or! the fine\(i}-

Y=20”

Linear Inequalities and Linear Programming

X+y=20..(ii)
When x=0,

10520 )iis 'a point ¢n the ||ne (ii).

LWwher y= O,the..ul) becomes

x=20

. (20,0) is a point on the line (ii).

+hen "('ii')“ bec‘on'-les ((

Take (4,0) Ay altest pint. Put it in Take (0,0) as a test point. Put it in

.I. .GX-!—JL\/SZ';-B x+y§20
3 3(0)+2(0)S48 0+0<20
0<48 (True) 0<20(True)

Because (0,0) satisfies all the given inequalities, so their solution is towards origin. So,

the common solution of the given system of inequalities is shown by the shaded region as

shown in the figure. As x>0, y > 0so, solution region will be in first quadrant

Now we find the corner points of the feasible region.

Solving3x+2y =48 and x+y =20we get(8,12).

The corner points of the feasible region for the given system of linear inequalities are

(0,0),(0,20),(8,12)and(16,0).

Now we evaluate the objective function f(x,y)=22x+18y at these corner points.

Corner point f(x,y)=22x+18y
(0,0) f (0,0)=22(0)+18(0) =0

(0,20) f (0,20) = 22(0) +18(20) = 360
(8,12) f (8,12) = 22(8) +18(12) =176 + 216 = 392
(16,0) f (16,0) = 22(16) +18(0) =352

Which shows that f is maximum at the corner point (8,12). Hence profit is maximum if
the investor purchases 8 fans and 12 sewing machines.

A machine can produce product A by using 2 units of chemical-and"1 upii- fra )|

Q.9 AR
compound or can produce product B bv using 1 unlt of g,nﬂrn(an dnd 2 uniteuais -
the compound. Only 800 units af cherhical 2nG~1000-units. o \'nl (,qpm Luna are
available. The profits pzi, unit n? A alid B are R') 30, omd Rs. 20 respectively,
maximize the proflt funcum A ARIR=A M b=

Solution: A Rt
Let x be=2nt units of pnodmt A i‘F‘d\yk e thc unItS i
of productE bz preparéd) Thes'the profit function s

s (X, y) = \0; 420y under the constraints
N by 850, x+2y <1000, x>0, y 0. B A
) We have to maximize the profit function —
f(x,y)=30x+20y. ] & L1 >
) . . . vlOf T 1 1 WNa00.01 Fianolod
The associated equations of the above inequalities 114 ] PR
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are:
2x+y =800...(I) X+2y =1000...(ii)
When x =0, then (i) becomes _ When_x.=G *hen (|L) l"c(‘ﬂm
y =800 ) — __-_'y—‘UO -
. (0, 800\ is a point on thie If ne () ' )L (&,500isa pomt an the line (ii).
Wiieri y =, then (1 bnor '°5 """ When y =0, then (ii) becomes
¥=109, 14 4L x =1000
| {\1(429,03 157 point on the line (i). - (1000,0) is a point on the line (ii).
- Take (0,0) as a test point. Put it in Take (0,0) as a test point. Put it in
2x-+y <800 X-+2y <1000
2(0)+0<800 0+2(0)<1000
0<800 (True) 0<1000 (True)

Because (0,0) satisfies all the given inequalities, so their solution is towards origin. So,
the common solution of the given system of inequalities is shown by the shaded region as
shown in the figure. As x>0, y > 0so, solution region will be in first quadrant

Now we find the corner points of the feasible region.

Solving 2x+y =800 and x+ 2y =1000we get(200,400).

The corner points of the feasible region for the given system of linear inequalities are
(0,0),(0,500),(200,400)and(400,0).

Now we evaluate the objective function f(x,y)=30x+20y at these corner points.

Corner point f(x,y) =30x+20y
(0,0) f (0,0)=30(0) +20(0) =0
(0,500) £(0,500)=30(0) +20(500)=10000 | ¢
(200,400) f (200,400) = 30(200) + 20(400} ;-140(0_-"“.' = (C !
(400,0) o f (Aog 0) _5\2007_25@__1_270(7_ -

Which shaiig thatf is f""‘\(lrnbl"l ét thelgorae! pmmt (200 5,400). Hence proflt IS maximum
if 200 w‘ﬂ of promct A ar o 4LT@ \m of puoduct B are produced.
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