Chapter-5 Linear Inequalities and Linear Programming

EXERCISE 5.2
Q.1  Graph the feasible region of the following system of linear mequalltles and flnd
the corner points in each case.

2x-3y<6 A\ H'["‘T{ ‘”’“lj_r\“p.. Ja

(i)  2x+3y<12 O\ A ‘:LL,{E"_ . 1
X>0, y =64 Y AR RN AR )
2% — 3y< 3, 2<my 12\ X20ly=0 TP T
Thefissceittadequ atisils of the above X ; :.Tr:“n 6004,
],I J 1r E‘L.llcll ‘1es'are: 1 (QQ’ £ '\';‘\;-
7
2x—3y =6...(i) 2x+3y =12...(ii)
When x =0, then (i) becomes y =-2 When x =0, then (ii) becomes y =4
". (0,—2)is a point on the line (i). . (0,4)is a point on the line (ii).
When y =0, then (i) becomes x=3 When y =0, then (ii) becomes x =6
*. (3,0) is a point on the line (i). = (6,0)is a point on the line (ii).
Take (0,0) as a test point. Take (0,0) as a test point.
Putitin 2x—-3y <6 Putitin 2X+3y <12
2(0)-3(0)<6 2(0)+3(0)<12
0<6 (True) 0<12(True)

Because (0,0) satisfies both 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.

Solving2x—3y =6 and 2x+3y=12we get(%,l}.

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

9 1 1Yq] - T I\ ) ) ,- -'. 1
(0,0), (3,0), (2, Jand(0,4). o A J:-lr; fir5 __{; )
X+y< 5 =\ ) :_::___:Il p __. .".I \ ._.--, -:—'._. I_—7 ——
(i) —2X+ y< 2 YA e

- T, II'. W 1A ."._ (. ."-....-"'." < i )x(jl A
I L P A N ) Lohs et 2 |
x=0, %20 |\ T e ) O

f | L) L TR M, N ((-2 & ' <+’:1
Solution: \ AR LR A w 0
-, ( J)l L 0X"_'\, - 2"3(>0 y>0 : (', A OQ -~ .,..l 8
X1 K. (5,01 X
,J N ] A pe Llsuuuated equations of the above Y -
| VA mequalltles are: 119,
7
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Chapter-5 Linear Inequalities and Linear Programming

X+y=5..() —2X+ Yy =2...(ii)

When x=0, then (i) becomes y =5 When x =0, then (ii) becorries- y=2-
. (0,5) is a point on the line (i). . 10,2)is a point.2 . ieine (i) _

When y =0, then (i) becomes X= J': \,V'"c1 /_.3 ‘hen (lr) betonew ==1
. (5,0) |sap0|nt on the Ime() —1 O)lcapun cn Lhe i, he (ii).

Take()O) as\a tes po!“f x Take (0,0) as a test point.

Put it ir} x+ y&5 AR Putitin —2X+Yy<2
AN ol<s ) A= -2(0)+0<2

"5 <5(True) 0<2(True)

Because (0,0) satisfies both 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.

Solvingx+y =5 and —2x+y=2we get(1,4).

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

(0,0, (5,0),(14)and(0,2). ‘_ i
X+Yy<5
(iii) 2X+y=>2 s
XZO, yZO ,";-', ~.\\'-‘.'!
Solution: {0k :
X+y<5 —-2Xx+y>2,x>0,y>0 o0 N
The associated equations of the above et (Ot 3
inequalities are: o :
4 8 Y
X+y=>5..() —2X+ Yy =2..(i1) B
When x =0, then (i) becomes y =5 When y =0, then (ll) be u..‘mﬂs. >« =11 )
. (0,5) is a point on the line (i). A (FLO)isa 70Nt on the“'me.w., W’
When y =0, then (i) becaiiigs X:F*’: P Wher » 4C then ul) r)ebomes y=2
. (5,0)is apa.nt on thej-m (n LN ,uO ?,JS P-’pf)lfl[ on the Ime (ii).
Take (G-%) rs te% ")Orm Al '..”‘* \ L Take (0,0) as a test point.
Put it in} X %y 5 n 3 Putitin —2X+y>2
J.Hl)l JEC —2(0)+0>2
0<5 (True) 0>2 (False)

1 LY L
) i I i
w1 1 .
. .. ’
L1 -
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Chapter-5 Linear Inequalities and Linear Programming

Because (0,0) satisfies the inequality (i), so its solution is towards origin, while (0,0) does

not satisfy the inequality (ii), so its solution is away from the origin. Ju, -the commm.' 190

solution of the given system of inequalities is shown by the Cha aed r=g bn vla show| r: m the

figure. As x>0, y>0so, solutlon region WI| bm" |r tquadtan i

Now we find the corner pums of ”"c Terisilsi r‘mw W '

Solving:- y 5 and- —4\<+V—gv\eqet(1 4) )

The coiner punt‘ of the fel 2q S|b|L-.vg|0n of the given system of linear inequalities are
(8,2) (I 4><Jnd\0 7)

J. N BTzt I
' 4v)T x-y<3
x>0,y>0 TT05] S )
Solution: R
IX+7y<21, x—-y<3,x=>0,y>0 oY T T
The associated equations of the above X B0 11 oy
inequalities are: TEN
¥
3X+7y=21..() X—y =3...(ii)
When x=0, then (i) becomes y =3 When x =0, then (ii) becomes y =-3
. (0,3) is a point on the line (i). . (0,-3) is a point on the line (ii).
When y =0, then (i) becomes x=7 When y =0, then (ii) becomes x =3
. (7,0)is a point on the line (i). = (3,0) s a point on the line (ii).
Take (0,0) as a test point. Take (0,0) as a test point.
Putitin 3x+7y<21 Putitin Xx—y<3 -
3(0)+7(0)<21 0-0<3 —~ 1) (CLC
0<21 (True) o Thsa v WY [ (2o

Because (0,0) satisfies botiithe gl\, o |mquall |ﬂs SOt wsc;!uhon |<- towards origin. So,
the commen. solutlon of the giyen/sy 'sta n Qf nequanf,m i5shown Ly the shaded region as

shown! lmtlne fl mrn Ap X ), h_\@\t) kotutisrtegion will be in first quadrant

\ L 21
) C‘errng 3y1 7/_ ’1»u*10 X— y 3we get(g gj

AN I.-ﬂ
I.

N J | %' "Thecorner pomts of the feasible region of the given system of linear inequalities are

21 6

(0,0),(3.0) (g g]anol(o 3),
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3X+2y>6
(V) X+y<4
x>0,y>0
Solution: h

3X+2y>6, x+y<d x>0, 2_,_0_":.-’--_ /
The asseciated equatm. 501 the'above | | L)

mequa.!fs-h‘" ale v v )T

\ ) |
- L 1 5 1 | |
1 1 1
1 L
'\.-. L
| 5

J|x_-

3X+2y=6...(I)

When x =0, then (i) becomes y =3
*. (0,3) is a point on the line (i).

When y =0, then (i) becomes x =2
*. (2,0)is a point on the line (i).

Take (0,0) as a test point.

Putitin 3x+2y>6

3(0)+2(0)>6

0> 6 (False)

Linear Inequalities and Linear Programming

X+y=4..(i)

When x =0, then (ii) becomes y =4
*. (0,4)is a point on the line (ii).

When Yy =0, then (ii) becomes x =4
. (4,0)is a point on the line (ii).

Take (0,0) as a test point.

Putitin Xx+y<4

0+0<4

0<4 (True)

Because (0,0) satisfies the inequality (ii), so its solution is towards origin, while (0,0)
does not satisfy the inequality (i), so its solution is away from the 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 >0 so, solution region will be in first quadrant

Now we find the corner points of the feasible region.
The corner points of the feasible region of the given system of linear inequalities are

NN
"‘-.f

(2.0), (4.0).(0.4)and(0.3). —k?‘ b AN
< NN e=RuNEdl 0N
5X+7y_35 - am . f@!i] [ II __“-',I'I:I.ﬂh;i\-\._i-
(vi) x-2y<4 ~ A\ PR RS "Ih- =+ ’—L
V= o W -
x20,y20 \ A A0\ 0\ U i i =
Solution: (| V\ ~~ O\ \b \\ A “‘; 0 N
5x+7y [55 f,( £|y‘<4 X .>I_) V>-u Tl Ll X

.ae |sst|at°d P']Lmtmns of the above

T \ u,| ) ai’r]équa:.ues are
N

v T -
’A \ ! V) ‘\_.h
9 O
R 7"(9‘.)) ' 9§
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Chapter-5 Linear Inequalities and Linear Programming

.-_3(()+7f0\>¢v 3
J 'k1<o5 (True)

5x+7y =35...(I) X—=2y =4..(ii) _
When x=0, then (i) becomes y=5 When x=0, then (i) hvuon as y==F =)

*. (0,5) is a point on the line (i). — (0,-2) is-apoist or= Ihe Ime ||, '
When y =0, then (i) becomes x = 7 — -._V_’h,_?n _3,_—.|0._tt,en (||_ bewmes x=4

. (7,0)is a point on the Ilne |) _. \ __ __.(4,Ci.is'a CJInI on the line (ii).
Take (9,0) as\a tes LpJ!_“t SO Take (0,0) as a test point.

Putitir b‘(+4)<3r Putitin x—2y<4

0- 2(0) <4

0<4 (True)

Because (0,0) satisfies both 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 >0 so, solution region will be in first quadrant

Now we find the corner points of the feasible region.

98 15
Solving5x+7y =35 and x—2y=4we get| —,—
gox+1y= y=awed (17 17]

The corner points of the feasible region of the given system of linear inequalities are
98 15

(0,0),(4,0), [E Eja 4(0.,5).

Q.2  Graph the feasible region of the following system of linear inequalities and find
the corner points in each case. R4y
2x+Yy <10 mp
(0.10)
() X+4y<12
X+2y<10 7
x>0,y>0 "'-:‘
Solution:
2x+y <10, x+4y <12, x+2y <10, x>0, y>0
The associated equations of the above
inequalities are:
2x+y =10...(i) U\ xaag a2 DL Xe2y B i)
When Y%=, *hen () =\ ke x2,0%ther -~ Whenx=0, then
become\—" —iL IARY (‘i~\ bb mes Y= 3 (iii) becomes y =5
~ (0,10)is'a fint bhn| IR '(0 3)is a point on ~. (0,5)is a point on the
o J'~'.__'*-.!|n._'_4.ir-e (= the line (ii). line (iii).
SJNIRNL e y =0, then (i) When y =0, then When y =0, then
N becomes x =5 (ii) becomes x =12 (iii) becomes x =10
. (5,0)is a point on the . (12,0)is a point on . (10,0)is a point on
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Chapter-5 Linear Inequalities and Linear Programming

line (i). the line (ii). the line (iii).

Take (0,0) as a test Take (0,0) as a test Take (0,0) as.atest
point. Put it in point. Put it in __poir*f Puit ein 3
2x+y<10 X+4y<12 | T x 2y 10
2(0)+0<10 ) 0+afmy<siz VLA '-._c._+.-3(u)_.:1o
O<10(Tru'=‘ NG ey ) ~0<10(7Tue)

Becausé (7 O) <at1 >1 e]:s all ifie gl\, i mequalltles s|0 their solution is towards origin. So,
~the epminan scl: ltlf)rr o tiie given system of inequalities is shown by the shaded region as
AN I"-:-ﬁf'ﬂ'-l\ nanithz'Tigure. As x>0, y >0 5o, solution region will be in first quadrant
\ J T Yow we find the corner points of the feasible region.
A" Solving2x+y =10 and x+4y=12we get(4,2).
The corner points of the feasible region of the given system of linear inequalities are
(0,0),(5,0),(4,2)and(0,3).

7
2x+3y <18 = (0T
(i) 2x+y <10
X+4y<12
x>0,y>0
Solution:
2x+3y <18, 2x+y <10, x+4y <12, x>0,y>0
The associated equations of the above i
inequalities are: '-4-.._6%1'0}::?&'
2x+3y =18...(1) 2x+y =10...(ii) X+4y =12...(ii)
When x =0, then (i) When x =0, then When x =0, then
becomes y =6 (ii) becomes y =10 (iii) becomes y =3
. (0,6)is a point on the . (0,10)is a point on - (0,3)isapoint on the
line (i). the line (ii). line (ji)..
When y =0, then (i) When y=0,then - _..-Wluenw\'HO the1 Y
becomes x =9 (ii) becammzs x =5~ ("~ '\ (I.B helfomis ko2
. (9,0) is a point on the . ((5,0)is 3 punt anl the Ve @20)is apglnt on
line (i). T\ A '!ma Gilt L L thledine Gii).
Take (0,8) 75 test nojiiit. [ Tale (Corasaiest Take (0,0) as a test
Put it in2% - 3*/<13 \ \s it PUt it in point. Put it in
2(0\1-3(0 18 [ 2x+y <10 X+4y <12
N h._g,] 8 T 2(0)+0<10 0+4(0)<12
NNV 0.<10(True) 0<12 (True)
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Chapter-5 Linear Inequalities and Linear Programming

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

shown in the figure. As x>0, y >0 so, solution region will be in fler q Jal.«.ﬁ
Now we find the corner points of the feasibieiregion.. " " ] | e
Solving2x+y =10 and x-+4y =22 Ve get(4,2)., L4 . P
The corner pomts of the easﬂ"'c e ihn (07 tm glV“n ys'*ei'ﬂ of mi_ir.iear inequalities are
(0,0),£5,0).(4,2)2ne{u; ]), | \

Rt

Because (0,0) satisfies all the glvrwnequolmrs sC thelr sciuuo.ﬂ IS towArds- Urlgln So,
the common solution of th civen ss3teni of |n=r1uL1I| el is shgwn by lhe shaded region as
shown in thg figure. As X = O Y 0! 50, Jolutien reruon il '€ in first Guadrant

Now vie 1=md the< orh€. ocmts qﬂh\ ¢ feasible ‘region.

Solvnng 3x+ Y= 14' 1nd "ff x 4y 12 we get(i—G ﬁj

111

|I o STkl 'pomts of the feasible region of the given system of linear inequalities are

362f]muaa.

.(O’O) (40), (11 11

336

e

the common solution of the given system of inequalities is shown by the shaded reqlon as- |

2x+3y=18 |\ ) L)L s T WY
o I AW - \[
- B\ ST y S LL
.'.J' N %20,y20 \
Solution: T
2x+3y <18, x+4y <12, 3x+y<12, x>0,y>0 S -
The associated equations of the above TN
inequalities are: KBp 45/\ 4
), N i':{""’j'.—'

2X+3y =18(|) X+4y =12(||\ ¥ OAT Y —1c...\111)
When x =0, then (i) When x=0, then When x =0, then
becomes y=6 (ii) becomes y =3 (iii) becomes

. (0,6)is a point on the ~. (0,3)is a point on the y=12
line (i). line (ii). . (0,12)is a point
When y =0, then (i) When y =0, then on the line (iii).
becomes x =9 (ii) becomes x =12 When y =0, then

~ (9,0)is a point on the -, (12,0)is a point on (iii) becomes
line (i). _ the line (ii). x=4
Take (0,0) as a test point. Take (0,0) as a test <. (4,0)is a point on
Putitin2x+3y <18 point. Put it in the line (iii).
2(0)+3(o) <18 X+4y<12 Take (0,0) as a
0<18 (True) O+4(0)£12 Fest point. Put it

in 3x+y<12 I
0<12(True) — s
38 0<E2 Y .
’)l<1 (T' 18}
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Linear Inequalities and Linear Programming

x+2y <14 F
: 3x+4y <36 N
(IV) X+ y 05 -
2x+y<10 B
x>0, y>0 - XY
Solution: Yia n
X+2y <14 3Xx+4y <3G; 4)<J ly < 19 XA y oy =l
The asse<igter] nquatlcn of “he abo ] -‘n ¢
mequah |e, are:, - X
~ RN L A 44
SN LNy, ) 3x+ 4y = 36..(ii) 2x+y =10..(iii)
) When x=0, then Q) When x =0, then (ii) When x =0, then (iii)
becomes y=7 becomes y =9 becomes y =10
. (0,7)is a point on . (0,9)is a point on . (0,10)is a point on
the line (i). _ the line (ii). the line (iii).
When y =0, then (i) When y =0, then (ii) When y =0, then (iii)
becomes x =14 becomes x =12 becomes x =5
~ (14,0)is a point . (12,0)is a point . (5,0) is a point on
on the line (i). on the line (ii). the line (iii).
Take (0,0) as a test Take (0,0) as a test Take (0,0) as a test
point. Putitin point. Put it in point. Put it in
x+2y<14 3x+4y <36 2x+y <10
0+2(0)<14 3(0)+4(0)<36 2(0)+0<10
0<14 (True) 0<36(True) 0<10(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 >0 so, solution region will be in first quadrant
Now we find the corner points of the feasible region.
Solving2x+y =10 and x+2y =14 we get(2,6). ~
The corner points of the feasible region of the given system of linear-imequalitics @re ™ | 1N
S Y
(0,0),(5,0),(2,6)and(0,7). TMII'J 'I‘“':_j" o=
x+3y <15 () LA _E _} ST A
2x+y<12 Y 1'- : '-Ti-. ERIRRg = L
) \ -*,-.-3.5\-3\'
4X+3V = | 4 2 = o3
Ve e 'x \ A\ N
X >0, y»ﬁ ' 2N l\
Solution: L =
QR Imb.ycs :v+y<12 4x+3y<24 x=0,y>0 [ N T
- J |'*-.j-|, “Thé-associated equations of the above i NG =
"~ 7 inequalities are: f 5, T
} 17
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x+3y =15...()
When x =0, then (i)
becomes y =5

. (0,5) is a point on the

line (i).

When y =0. then (i) |

becomss | = 1B

. (15, 0)|<a*))|rtor \

the line i)\

'hE((‘()cSuLEbl'
1 | '!O)I. L. Futitin

X+3y <15
0+3(0)<15
0<15 (True)

Linear Inequalities and Linear Programming

2x+y =12...(i)) When
x =0, then (ii)
becomes y =12

line (ii).

Take (0,0) as a test
point. Put it in
2X+Yy <12

2(0) +0<12
0<12(True)

g (01?\|sapun or-thi™ -

2 im0

L\ ‘Nl|e1 /—) ther. (1i) -
“petarhel o5

"\ _(5,8)75a point on the

4x+3y = 24 (i)
When x.=3+.then /t")
_ -"°C‘Jn'|€“ \h —8

\(2,8) s A paintidn tie”
| Aing (ul)

Wien y =0, then (iii)
becomes x=6

*. (6,0)is a point on the

line (iii).

Take (0,0) as a test
point. Put it in
4x+3y <24
4(O)+3(0) <24
0<24(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 >0 so, solution region will be in first quadrant

Now we find the corner points of the feasible region.
Solving4x+3y =24 and x+3y=15we get(3,4).

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

(0,0),(6,0),(3,4)and(0,5).

2x+y<20
. 8x+15y <120
(vi) Y
X+y<1l1
x>0,y>0
Solution:

2X+y <20, 8x+15y <120, x+y<11, x>0,y>0
The associated equations of the above

inequalities are:
2x+Yy =20...(1)

When x =0, then (i)
becomes y= 20

. (0, ZO)ISN p;)lnfmw 1oy
\ ().

the I|n=()

Whkn /=2 0, ! \flas (r,

J| _k_] 'f')emrnes X= 10
‘ . (10,0)is a point on

the line (i).

( 8) if apumt i the B
Rt

. (15,0) is a point on

A

i
{1

OR2410)

-

-

] [ F

i

ki

i 2)

Tl (15.0)

: . . B
0] }(lnu TEME T2\ .

8x+15y =120...(ii)
When x=1,'
h"”Jmeg ¥ -6 \

When y =0, then (ii)
becomes x =15

the line (ii).

fen ) |

. f-'li nm :-fx.

A "V\:henx (e (i)

oecpr.les y=11
. (0,11)is a point on the

line (iii).
When y =0, then (iii)
becomes x=11

. (11,0) is a point on the

line (ii).
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Take (0,0) as a test Take (0,0) as a test Take (0,0) as a test
point. Put it in point. Put it in point. Putitin
2X+Yy <20 8x+15y <120 |91
2(0)+0<20 - s(O)rasirydazo | 1 () 100418
0<20 (True) | o<z |\ L st

1

Because (),0)satizfies) all the_given inequalities, so their solution is towards origin. So,
tia ¢ mrnen scjlutiun' oT the given system of inequalities is shown by the shaded region as

\ J e | s Showin'h the figure. As x>0, y > 0 so, solution region will be in first quadrant
| 1 i -

Now we find the corner points of the feasible region.
Solving8x+15y =120 and x+y=11we get[?,%) :

Solving2x+y =20 and x+y=11we get(9,2).

The corner points of the feasible region of the given system of linear inequalities are
(0,0),(10,0),(9,2). [475 32)
Theorem of linear Programming:
The theorem of linear programming states that the maximum and minimum values of the
objective function occur at corner points of the feasible region.
Objective function:
A function which is to be maximized or minimized is called an objective function.
Optimal solution:
The feasible solution which maximizes or minimizes the objective function is called
optimal solution.
Procedure for determining optimal solution:
Q) Graph the solution set of linear inequality constraints to determine feasible
region. )
(i) Find the corner points of the feasible region. v ]
Evaluate the objective functlon at rach corrier cht o “md tre opuma\ swlm‘ Git

nd(0,8).

|4, -

= 1 v | 1
. — - W K LAY
14 | — ' L i
DA Y Lo
! L 1 L1 |1 i} h :
1 i \
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