J cHAPTER-04 ] LINEAR EQUATIONS AND INEQUALITIES

LILARNING OB ]FCTIVILS

ThlS chapter wrll enable you to learn the concepts and applrcatron of

e :i_i*_Equatlon and ldentlty - =

- ' -' _'_Lrnear equatlon and 1ts solutlon system

.. - _f_f Solvmg system of srmultaneous equatlons _

l __:I:;rf:'_"-:_s__-'-__-'-"flenear 1nequallt1es and 1ts solutlon techmquc - - - -
* Determlnatlon of Break-—-even pomt havrng lrnear relatronsh1p between the vanables

4 1 INTRODUCTION

An equatron 1s srmply the mathemaucal way to descrrbe a relatlonshrp between two varrables
The Varrables may be physrcal quantmes perhaps temperature and posrtlon for mstance 1n whlch
case the equatron tells us how one quantlty depends on the other S0 how the temperature varles %
w1th pos1t1on The srmplest kmd of relatlonshrp that two such varrables can have 1s lrnear
relatlonship l‘ hr:_-, means that to frnd one quantlty from the other you multrply the f1rst by some
.number and then add another number to the result Put mathematlcally 1f we call the quantltres x'

and y, then they are related by the equatron y mx + ‘ where we can choose any values for m_

and . Thls 1s a lrnear equatton Fortunately, 1n real physrcal problems quantttres often are related
lrnearly, so thls equatlon 1s very commonly used - - - .
4 2 EQUATION

If any two algeblarc expressrons are connected by the s1gn of equalrty ( ) then thls statement 1s
called an equatlon In othe1 words an expresslon of the form ax = b where X' 18 an unknown

varlable ‘a’ and ‘b’ are two constant nurnbers 1S called an equation. However, the equalrty 1s true
only for cenarn value or values of the varrables X, .z For example 5x 10 1s an equatron It is

valrd for x 2 smce 5><2 10 or lO =10 which is always true Agam the equatlon::
5x+6 4x+9 1s true only for the value x 3, but not for x 2 Srnce when x 3 the{__

equatlon 18 5 ><3 + 6 4>< 3 + 9 21 = 21 and when x 2 the equatlon is
5>< 2 + 6 4>< 2 + 9 or 16 17 whrch 1s not true Thus thrs equalrty 1s true for the value of
x 3
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4.3 IDENTITY

When equalrty holds true of an equatron whatever be the values of the varrables then 1t is called?
_a" 1dent1ty I"Of example (x + - ) = -x “" 21_ "‘ y 18 an ldentlty We can verlfy that thrs_;}.}
1dent1ty holds true whatever be the values of the varrables x and y Suppose [ = 3 and y 2
'.j_é_"?--For(l) x= 3 and y 2 we have (3+ 2)- = 3 +2>-<3><2+22 = 52 ——9+12+4 N 25 25
Agam for (11) x -"-“-3 and y 4 we get ( 3 + 4) = 32 + 2 ><—-3 >< 4 + 42

- . :>1*’----~9 24+16:>1-1

_"-'--_-Hence m thls 1dent1ty equallty holds whatever be the values of the varrables X andy.

';OTHER EXAMPLES OF IDENTITY

@ (x- ) = = x’ - 2xy ‘ (b) Py =(x+y) (@ -y +y?)

;_'f'f(c) (x+ y) ( y) x - 'y etc

| _':'Rernarks All algebralc laws are 1dent1ty

i'_LINEAR EQUATION _ .

_An equatlon of the form ax + b 0 (a ;ﬁ O) where a and b are constants and x 1s a
;’:':varlable is called a lmear equatlon or flrst degree equatron rn x '_ . _ -
’_-In other words An equatron havrng hrghest power of the varlable 1s 1 (one) 1s ealled ai.

'-'For examples (1) 3x 4 7 O (n) .x + 3 O (m) x +(3/ 4) O (w) x-——:.ffj"
':_-"'are all examples of lmear equatlons 1n x Lmear equatrons are s1mplest of all of equatlons

3 . 5 (V) x 0

f_:DEGREE OF AN EQUATION

The htghest power of unknown varrable with a non—zero co-—efflclent m an equatlon is the degree
:_of that equatron In general the equatron of the form 0 e

'a x + a Ix + + alx + aﬂ = O (a ;é 0) is called the nth degree equatron
An equatron wrth the hrghest power as l (e g x + 4 9) 1s of the frrst degree Itis also called a

lmear equatlon and 1ts graph represents a strarght llne - .
An equatron havmg 1ts hrghest powel as 2 1s called the quadratlc equatlon. -



For example x + 6x+ 5 0 1s a quadratlc equat1on m one. variable. Agam the equatlonsf_

x + y = 16 and x + xy + y = 5 are quadratrc equatlons in two variables. Further, hlgher'_-

;-order equatlons ale c“b‘C W‘*'h hlghest power Of the Varlable 3 and blquadratlc with the hlghest"' |
_:power of the var1able . . _

'-For example 2x + Sx + 4x + 8 O isa CUbIC equatlon 1n one varlable and x — 7x = S 52

Remark Whtle determmmg the degree of an equat1on 1t should be noted carefully that .x 1s m the-'_
numerator only and power of x s a pos1t1ve mteger but not a fractron number ..

_:-SOLUTION OF AN EQUATION

The parttcular value or valucs of the varlable x Wthh sattsfles the glven equatlon 1s called the
.solutlon of the gwen equatton It 1S also known as the root of the equatlon The set of values of
| the varlable 1n any equatlon 1S called the solutlon set of the equat1on = -

'For example consrder the equatlon x— 5 2 Wthh 1s lmear equatlon 1n x puttmg x 7 1n th1s

equatton both srdes wrll become equal It means that x 7 satlsfles the equatlon So x = 7 1s

the root of the gwen equatlon and {x x 7} 1s the solutlon set of the equatlon

'It 18 clear that equatlon X — 5 0 has only one root as no other value of x except 5 satlsfles the_’-*f-_
equatton Hence a lmear equatlon wﬂl have only one root
Remark In a llnear equatlon wrth one varlable there 1s only one root or one solutlon to the_]_

. 4 4 LINEAR SIMULTANEOUS EQUATIONS WITH TWO VARIABLES

_The sets of equatlons contammg two or more unlmowns or, yanables are known as 51multaneous |
equatlon if they are satlsfled s1multaneously by the same values of the unknowns Generalﬁ*
expressmn for such a system 1S of the form . T - -

alx + b y + c1 = 0 }

By a solutlon of (1) we mean an ordered pair (x y) which satisties both equatlons The system (1)
"_have got a umque solutlon But mdmdually each equation has an 1nf1n1te number of solutlons
s ( y) correspondmg to 1nfm1te number of points which 11e on the graphs of the gwen lmes

f Hence W1th the help of slmultaneous equatlons we can fmd unlque values of varlables or
unknowns mvolved in the system The number of equat1ons should be equal to the number of
'_unknowns The system of equatlons (1) wrll have j
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(b) No solutmn 1f a b b a?'-" O and at least one of (alcz~--—- azcl) and (b c, — b cz) is not zem ::_'-
In thIS case the two equatlons are sald to be mconsmtent - : _
_'(C) Inﬁmte number of solutmns 1f a1b = azb 0 al 02 = azcl = O and b201 pe, =0

_'f-"-SOLUTION METIIQDS OF LINEAR SIMULTANEOUS EQUATIONS

‘There are various methods of solvmg a set of lmear s:lmultaneous equatlons thls sectlon we_,f
'_fshall dlSCUSS enly three methodq Wthh ale generally used to solve such equatlons These are _ ;ff
- 1 Method Of SUbStltUthH . e | s e
2 Method of ellmmatlon -

3 Method of croqs multlpllcatlon

1. Method of Substltutmn Cons1der two lmear s1multaneous equatlons 1nvolv1ng only*.
two varlables m standard form as '
- alx +b,) y + C1 =0 (l)
= ax+by+e, = 0 S vl
To fmd the SOIUthHS Of (1) and (11) we have to flnd the values of xand y whlch w1ll'-'_f;_
satisfy sm]ultaneously both the equatlons -

. '_.'_".Substltutmg th1<; value of x m (11) we get - o

- _.(by+c)y” - -,p;gqfx;e¢ w;fm R—
= g 4T bz y + & P 0 s oo e l-hyse Jhaby hhep=l

or '—'.b azy cla,.. +a1b2y+alcz-—-0 or (alb b )y cla2 +alcz-—-0

or (ab —-a b )y C; ’"""”‘aicz - or y—': Ia? 1 2 '

Now putting value of y m (111) we get . -
1 /C a, ' —a,c, \ 1 b
a | \ab, - azbi /T s ‘}Z.t'_ L ': :-ii -i-

L

NRaD o e

= = geab ~abc. | 1 a1 (clb b C2 )
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”Fer example. Solve the equatlons 2x+ 3)’ 1 and 3x y 4

- Solutlon Frem seeond equatlon we get x-- __3. y Substltutmg thlS value of x in the
' flrst equatlen we get . = e
./4+ \ -

lly---*-.i'--5 ze y---—f-—-5/ 11 e
o L g2

Puttm thlS value of m x""“ ' we et x- - e
Hence x 39/ 33 _-—--ﬁ 1s the requlred selutlon -
2..'Meth0d of Ehmmatmn. In thlS method the twe hnear 31multaneous equatlons are

"--i'f-:-";f‘transformed into an equwalent system such that the co- eff1c1ent of any of the varlables in

f_'"'_:':_i;}'_'.both the transformed equatlens become equal Thereafter by addltlon or subtractlon of these;__--'_;-
"_ff-';.;.i_};equatxons that varmble lS ehmmated The equatlon se ebtalned 1s a lmear equatlon in one._:__
"_.__f._f_'_;'-irvarlable and Wthh can be selved for thls varlable very easﬂy Then by substltutmg the valuel_f_-'
_.;f?"'-f-"fof this varlable m elther of the erlgmal equatlons value ef the other variable can be
f'_"_:ﬁdetermmed Let us conmder two lmear equatlons

alx + bI y + t?l 0 ';." . (1) :"f??:.
Suppose we want to ehmmate x from the fll‘St system For that we shall equate the ce--f-'
 efficient c ofx in (1) and (11) as fellows - - . '_ -
"I_:___-Multlply (1) by a,},_ (11) by al and m thlS way c:zla2 w1ll be the coeff1c1ent of X m the-_;-
-_'-".'-:'_transformed system Ihe equwalent system becomes
' ala x+a b y+a2c1 = 0 _ (111)
. a1a2x+ alb2 y + alcz = O x__(iv)_'
_:.'.'-Subtractmg (w) from (111) we get - _ -
. (azcl “alb )y+(a2cl “atcz) o
= = azct "‘alcﬁ aicz "“'az.cl
. b' -—ab lb---’-‘-—-—-azb
alb '--_--'azb




For example. Solve the equauonsﬁ x+3y 4= 0 and 3x y—3=0
Solutlon' To ehmmate y, multlply secend equatlon by 3 and add 1t to the flI‘St equatlon we get

""" IOx 13 O 01 x= 13/10 -
Substltutmg thlS value of x m the flI'St equatmn we get

(13/10)+3y 4 0 or 13+30y 40 0
30y 2750, ley 27/30 9/10

3 Method of Cress Multlpllcatmn. Let us con31der the tv?o lmear equatlons
. ax+ by+ =0 0
_ az x + b y +e ,,' = O = - (ii)'
Multlplymg (1) by a:, and (11) by al . we have -
- alazx + a?b y + agc --0 (111)
. alazx + alb2 y + e:llc2 0 - (1v)
_-;'::?.:_.'ﬁ{Subtractlng (w) from (m) we get - '_
_— (@h-ap, )y by~ e, = =00

x . 3 L : = - =2 - - T . . = i o v ., =y o =
T 5 .' A < - it " e ] - Aty - . 4L L = , . ¥ o % F o
- L i S0t o = = LY .'-'.. i e LI 0 - - ¥ T o e s '.-.'.. -‘. 3 : i [aiy BRI ==
e e L i rLeT: 'z . b e % T = " b T T % . - T E, e o = I3 E ol N e - W = LR e - et
c o " - . % gty 1 e e LR . e o o oLr s N STy e : , = - : - L ik
= =1 - 3 . o . ._' S r :_. e 3 2 e S s ._- i1 . = o= et -:.. 5 - - g E - H o T R i SRy T 2 2 i VLot -E= ! Ains T I
- - E = = o e - .. - ) P ol b2 A e - r Lo = ey . o o T i . . - 3 o E 3 e o Ty i = .
- L T o e < = St T RS E . = - ] it - o E 2 - : - . . - - x e 5 A 0

; o, : ; : P T s o R T S 5k B

- K e ; ;

azcl-— a,c? a b — azb

*f_'f:-"_if'slmnlarlya m uluplymg (1) by b and (11) by bl - we get

- (Vi)
bl(:2 b c? a b - a b

Therefore from (v) and (vn) we get

u b =55 5 - 5 - . ! n g 5 ¥ = - =
: _ i

x .. - .\'.

b C2 b (;2 azc,i-- a c,} b ‘-7-—- a b

.....

| ThlS s f‘alled the rule of eroqs multlphcatlon __

f'-_::_f'f-:-For exampl belve the equatlon 3x 1()y+5 0 and 2x+7y+ 20 O
f'_."‘::-f.ffSelutlon. By the method of cross multlpllcatlon we have = o
- — 10 X 20 7 >< 5 5 % 2 20 >< 3 3 X 7 2 ><( 10)

= 10~ 60" AN =235 ~% 4
| ]”“°“r,i@;235” ;:50»#




e lag L

i

m

- -_ )
2 ﬁ.u L

.

: lu.-“_...lv.“.u.T.




‘136 || Business Mathematics
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Illustratlon-()l Detcrmlnc lhc degree of the followmg equauons

1(1) x +4 0 (11) 2x +3x O (111) 3(x+2) j-1--+4 (1v) - = :-—-}--—-—----1_
e = - X+2 x+1 x+3

( ) ThlS 1s an cquatlon of second degree as the hlghest power of unknown x 1s 2 |
_'_(11) ThIS 1s an equatlon of second degree as the hlghest power of x 1s 2 —
';'(111) To remove unknown x from denommator multlplylng on both 31des by x we get

3( x + 2)x 1 + 4x or 3x + 2x 1 O Wthh is a second degree equatlon m x

_%.(W) ereEe e e s e s R

Multlplymg both sldes by (x + 1) (x + 2) (x +3) we get

f"'

(x + 1) (x + 3) 2(x +2 ) - . - ’ - =

or x + 3x + x + 3 2x + 4 ar x + 2x 1 () Wthh 1s a second degree equatlon m x

(  ) In the equatlon x —- —- 1. = 0 one power ;t 1s a fractlon We make 1t an 1nteger number

The glven equ&tlon can be wrltten as

-x = 1 \/_
_'-_-Squanng both s1des we get (x 1) ) or ;}tc2 —2x =z 1 o x,or, x2 -- 3x+ 1=O . WthhlS

a second degree equatlon m x

_.:_:Illustratmn-()z Solve the equanon 2x3+ 1 + —i— -5 x2 3 5356 1 ._

'_"_Solutmn. We have 2fx ~+1 +*"*“ -~ 3 = Sx 1

_ dox+ 1) +3x-6(x=3) _Sx-1 38x+4+3x#- 6x+18 _5x-1

3-54{1%-2—-—5)6 lor 5x+22 2(5.x I) :>5x+22 10.x 2 ze x 24/5

: 5 = ! ) S
iy - i, o - = L
= r " r - 3
e Lo - e
' . :h
X 3 o T ]
-
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Illustratlon-()é. Solve x - p q = ‘q + | p

= P(x p)+ Q(x q) Q(x q)+ p(x p) px p + qx----‘q - qx g-F - pi
- g o B -p)(x- q) W iy
px—-p +qx q px p +qx q 0. .

(Px P + qx q -
- M § - qx Px + Pq
::> px p +qx q ~— 0 or e e “'*-“0
- = . x --qx--px+ -
F?lm+01fp +q (n—mwﬁW* = -
- pq x - qx pr + pq

-, =50, x .
=L T .

p+C]) p +q Ol' )C —-qx px+pq pq '—:>JC-—'—-———:":-“"" OI' JC qx px O
:>x p _q_or x(x q p) O :x—u-—-or x= Oor x q p O
. P+q , ,H.-_lf,_ _ P+Q; -

:>x_ p +q m— x 0 Or x p+q - %
- p+q - . ~

Reqmred solut.lom are -x --_: p q O p + q [Ans]

'-_'_-'-'lllustratlon-m Solve by the method of substltutlon 2x + 3y = l and 3x y 4

Solutlon From second equatmn we get x = 3y Substltutmg thls value of x m the flrst

_’__.j-fequatlon we get = j

5,+3yﬂlor8+2y+9y 3 .

11y ----5 ie. y ='—-5/11 . |
'Puttmg thlS value of y m x = 4 + y we ge x = i——(-g-/-]-‘l-)- -:;_g.

Hence x = 39/33 y "?' ---l-s-i- is the reqmred solutlon



.;_-_Illustratmn-OS Solve by the method of ellmmatlon x+3 y 4 . and 3x y 3 . =
:Solutlon To ehmmate y, multlply second equatlon by 3 and add 1t to the flrst equatlon we get
'-'}@lﬁx--*-13 0 01 = 13/10 -

-f:Substltutmg thlS value of x m the flrst equatlon. We gét-
- (13/10)+3y 4= 0 0r13+30y 40 o

_ 30y 27 Oley 27/30 9/10 _
-':i-'Therefore the requlred solutlon 19 x 13/10 and y = 9/10

'___Illustratlon-09 Solve by the method of cmss multlphcatlon
. 3x 10y+5 Oand 2x+7y+20 0

:___Solutlon, By the method of cross multlphcatlon we have -

s 10 % 20 7 X 5 5 x 2 20 X 3 3 X 7 2 ><(
- Z200-35 10 60 21+ 20 . - 23 50 41
s;;=g;z ;,,235«- _ 50 _;;e;,- -

Illustratlon 10 Solve the followmg smultaneous equatlons — + -2’-... ;;4 ...?é.__-:__._ _

__“Solutlon. Gwén -)—C + —X--'—- 4 - .....____ 19
- 15 3 12 4

15“_.6_.3’.__..4 ::>15x+6y 360 e 6y

= - k. ot et ) Lol ¥
2 L > e e % o i [ e i
"y 3 A Lo :
- - -
[S
n

....__-.-----— "-— 'y- 57 [From (1) we get ]

_ =>-—-——-—-1440 24y '"15 .3-’ - 57 2 1440 39y = 855 =, y__-_.-sss =>

_ -Puttmg the value of y m (1) we get . -
' 3 60 6(1 5) 3 60 90 27 O . x —18

= E — == 18 Requ1red solutlons are “r* [Ans]




I]lu;strahon-ll Solve the fellowmg smultaneous equatlons === ==
Solutwn Gwen — + —?—- 5,'“ "'"'““=—*
_ - 2 5 3

Now ..2..+§.-..-—s :>3n5—-3-: ey

= 2y (5y 3)x = (Sy 3)x —-2y = -~5y3--------(1)

= -5-1:—3—_—1— :-1-:>—5—X:-i---—1— :> Sy - 4 y ::» 4y 4 ::> y = 1'
:_-;:-'Puttlng the value ef y m (l) we get _

X

f-Requu'ed solutlons _ 1._: = Aam] -

_' LINEAR SIMULTANEOUS FQUATIONS wrm THREE VARIA t‘fBLEs

_-"There 1S NO general method f er solvmg such type ef equatlons But the methods used m l’.hlS
sectlon for selvmg examples should be carefully noted

':':Illustratlon-lz Solve the follewmg snmultaneous equatlons in three variables:
2x+3y— 4z 1 (1)

3x—y-2z= 4 (ll)

. 4x—Ty— 6z : '- (111)

__:_:Solutwn Multiplying (11) by 3 we have 9x-—-— 3 y 6:5 = 12 Addmg 1t m (1) we get

__;__’llx 10z =13 (w) . “i - j.”‘: -

':_;_'Agaln multlplymg (i1), by 7 we have 21x 7 y --14z 28 Subtractmg 1t from (m) we get
- 17x+8z=-35 ’ (v) s

_L-_Ellmmatmg z from equations (w) and (v) we get - |

-f"-*Substltutmg thlS value of x in 11x— IOz'-—- 13 we get x 3
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2><3+3y 4><2 101 3y 3 le y"l
Hence the reqmrcd solutlon 1s x 3 y—-l 2’ 2

Illustratmn-13 Solve the f ollowmg mmultaneous equatlons in three vanables -
X+ 2 yitde --O -
3x 4 y + z = 0 (11)

x +3y +Z '*"'11 (m)
Solunon From fll‘St two equdtIOI]S by cr()ss multlphcatlon we have
- x y zx y :

(2k) 3(k) ( 2k) - 11 or 4k + 3k2 +4k2 =11
Takmg k 1 we get x 2 y 1 z —-'-—-2 Agam 1f k -—---ﬁ—l then x-—----2 y --.—1 > 2

s i P . . LT SR et
£ I . ! '. g - s Tk L z S i
3

Illustratmn-14 ... - -
Fmd solutlon, Solutmn set and graphs the followmg mequalltles.

(1) 2(2x + 3) 10 <6 (x 2) (11) o 18<6+ E

. 3 2 - ;f __
(111) --3<4 7x<18 (1v) 3<7 2x<7

Notes 1) Let s *;,gpmblem-(,) L
- :>--a = --b __._ f 2(2x + 3) 10 <6 (x 2)

7) Let a > b - ;_-:; | => 4x 6x < --12 +4

— < — For example f e > - —p —-2x < "'8 = x o :—_—} x > 4

- 8 12 __-;j:s-f-i__ﬁfSo the requlred solutlon 1s= x>4
then - Z < —4— . : . -
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ABSOLUTE VALUE

The absolute Valuebf a real numberx 1s denoted by |x| and is deflned by
.- - ‘ﬂ xlfx>0 |

- cxif g 0

For ¢ exemple |3| |0| | '

‘— 8| v . 8 Note The absolute value of a number is never negative.

Sﬂlvm g abs olute value problem

Illustratlon 15 S 0 l VC |3 x + 5| = !{ ( I)
Case I %en (3 X + 5) > O -
Then equatlon (1) :> 3 x + 5 4

:>3x -4- 5 :—>3x;-—1 ::>x?-—' ;

Case II when (3x + 5) < ()

Then equatlon (1) ::> 3x + 4 8

E 3x 3 . 4 :> 3x 4 :>x_— %
Ease II) _ﬁ f*en (3x + 4) < O -
I‘hen equatlon (1) => -(3x+4) 8

B 3x - 4 8 : 3x 8 + 4 :::> 3x 12

S0, the requlred solutmns are x -5--4

...-si'
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= Illus trah on - 17 5 0 l vc ,2x 1' < 3 ...... 0

en cquatlon (1) :> 2x 1 < 3

= 2x =3¢l 2x <: 4 :> x < 2 o (A

?'Case II ‘When (2x——1) <o

—-(Zx 1) < 3 _
S —2x41<33 253215 2x<2 5 —x<1 = x> ......(B)
From equatlon (r_-_:_:f?"fi) and (B) we get -—-1 < x < 2 -
je;_;__-fSo the required SOlUthIl 1S: -—1 < x < 2

':"'::'_-.;f'?;The solutlon set S {xe R -- —1 < x < 2}

Gf aPh_ .- -

:Efe equ au@n (1)

:_-;_ﬁ-?f-f:lllustrauon 13 Solve +622 +-—~

6x+ 63 > 16x + 24 = 6x 16x > 24 63 =- 1ox > -39 =% % = x<3.9

So, "ee re qu 1rcd soluuon 13 x < 3 9
:?-";The requlred solutlon set S {xe R = < 3 9}
;;Graph - . .

._f_:’> 2+7<3m 7+7<14+7 :> 9<3m<21 —_—> §<§;3<%_1_ :> 3<m<7
| So the r equlred bOl Llll()n 13 3 < m < 7 = :.:_ -
ﬁThft re qulred s olutmn s et S {m € R 3 < m < 7 7 5??:2:5 -
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Illustratlon 29. Solvc — 4 < Sx + 6 < 21

:> 4 6<5x+6 6<21 6 :> 10<5x<15 ﬁm_;0<§5£<1§:> 2<-jc<3
SO the Tequlred solutlonis  ;—- 2 < x < 3 - e | -
The requlred soluuon Set S {xe R .:_....2 < x < 3}

Graph - -

Illus tra tmn- 2 1 S @l ve |x + 4’ 3 x 8 - (i)”:

;.\en ( x + 4) < O

Case II Wi -
Then equatlon (1) ::» (x + 4) 3x 8
. 3x = -:--z + 4 = - 4x =4=>x=1"

:> x 4 3x 8 -
So the reqt.ured solutlons are x 16 -

Illustratmn-ZZ Solve ‘Sx 3| < 12 - - .' (1)
Then equatlon (1) :::> Sx 3 < 12

= S <12+3 = 5 x< 15 == 3 ------- ' A

Then equation (1) :> (Sx 3) 12 f -
--5x+3 < 12 :> Sx < 12 3 :> - Sx < 9 :> x > *g?‘

- '._ _'.4‘;_ - ST )y 3

From equatlon (A) and (B) we get ---1 8 < x < 3 . |
So the requlred solutlon 1s | —-1 8 < x < 3
The requlred solutlon set S {xe R -—1 8 < x < 3}

Graph




146"BusmessM a thematlcs

Mstration23:Sove |2x 3l e
Casel when (Z.x 3)> O

Then the equatlon (1) ::> 2x 3 < 5
:> 2x £ 5 + 3 = 2x < 8 ::> x= < 4 . i

2 ase II -. = hen (296 3) < 0

.....

':"'--;-From equatwn (A) and (B) we get --.-1 < x < 4 -
-i}:.:SO the reqmred solutlon 1% -:--1 < x= < 4 -
‘The requlred solutlon sct S {x € R 1 xS 4} :_
Graph .. = = =

5 B s I Es:s APPL 1 j A A TI.NS -

';-_fProblem -01 A hm ‘;e dnd a cow were sold for Tk 3040 makmg a pI'Oflt of 25% on the horse and
_-f{.:'IO% on the cow By c;icll‘mg them for lk ’%070 the proflt reallzed would havc been 10% on the
horse and 25% 011 the COW }‘lnd the CGSt prlce Gf eE:ICh - e e

,;.'-.':Solutmn. Let the coqt prlc,e of a horse a

- f’-'ffff'i t the co st p rice 0f a C ow y
_‘f':'__"Accordmg to the 1"[ condltlon .

sellmg prlce of hm se + sellmg pnce of horse = total sellmg pI‘lCC -
:> (cest ()f horse + prof 1t on hmse)+(cost of cow + proflt on cow) = total sellmg pl‘l\Ce

_ (x+0 25x) (y-i—O IOy) 3040
J?;_:>1 25x+1. 10y y= 3040
:>1 25x 3040 1 10 y

:> x__ 3040 110y o

125



Accordmg to the 2“‘d condltlon

......

:> (cost of horqe + p1 ef 1t on horse)+(cost of cow + pmﬁt on cew) = total sellmg prtce

(x+10%><x) (y i 25%>< y‘) 3070

(x+0 IOx) (y+0 25y) 3070
::>1 10x+1, 25y 3070
- - 3040 1 10 y '
=110 - 1 2 5

:> §_§44 _ 1 21 y +1 25} - 307. ~3344 1 21 y +1 5625y__ 3 .7 0

+1 25y 3070 [I*mm(l) we get]

= 3344+0 3525 y 3:37 50 . 0 3525 y 493 50 = y = ?33522 = y=1400

Puttmg the value ()f y m (1) we get

3040 IIOy _3040 110(1400) 3040 1540
. x :i> x = ::>x

1 25 . 1 25 | ._ 1 25
- .

:>x--
. 125

_So the requ1red cost p1 1cc of a hm se (x) = lk 12()0 -
_i_and the requlred cost p1 1cc of a cow ( y) = Ik 1400 _ [Ans.]

:> x 1200

__'Problem -02 For a certam commodlty the demand (D) m kg for a. prlce (p) 1n taka 1s gtven byjf___
f D 100(10 p) The supply equatlon gwmg the supply (S) m kg for a prlce (p) 111 Taka 13

'quantlty that wﬂl be bought and sold -

_';Solutmn' leen that D s i €. 100(10 p) 75(p 3)

- :- . 1000 + 225 75 p+ 100 P :> 175p = 1225 Le. P 7
_?Substltutmg p 7 m the demand equatlon D 100(10 p) we get
;__—--100(10 p) 100><3 300 _.

_'_-Hence the reqmred mdrhct price IS Ik 7 and the quantlty, whlch w1ll be bought and sold 1s 3“




Problem-03 Monthly 1neome of two persons is in the ratio of 4:5 and thelr monthly expendlture
j'_ "ﬂ_f?'-rs 1n the ratlo of 7 9 If each saves Tk 50 per month frnd the monthly mcome of both the persons -

Solutlon Let 4x and Sx be the monthly mcome of two persons respectlvely
_"_'li_Then therr monthly expenchture w1ll be (4x 50) and (5x 50) respectwely

'f-..i':'f_-_Now as per the grven condltron of thelr cxpendlture we get =

4x--5o :l or, 9(4x 50) 7(5x 50) ie x= 100

| ::":-:"":'Hence the monthly 1ncomes of two persons are Tk 400 and Tk 500

._-f';____Problem-04 Let speed of a boat in stlll water be 10 km per hour If 1t can travel 24 km down
;_:_ﬁ-_.stream and 14 km m the upstream lndrcate the speed of the ﬂow of stream - '_ _' . .
"j:"'l-'ﬁgi_Solutlon Let x km / hom be the speed of ﬂow stream T hen the speed of boat m down stream '
and upstream wrll be (10+x) k'_'ff.-_,_.f._:f-f-;hour and (10 .r:) km /hour respectlvely - ' _' "
Now the trme taken by the boat to cover 24 km m down stream and 14 km upstream wrll bef
- 24 / (10><x) hours and 14/ (10 .x) hours respectrvely
}?_:_;:';'_'-'-But 1t IS glven that both of these t1mmgs are equal

10+ X 10 - - =
or 24(10 x) = 14(10+ x) or, 240 -24x = 140+14x
or 240 140—14x+ 24x te x 100/38 2631

'-.;_'_'-Hence the speed of the flow of the stream 1s 2 631 km per hour -

Therefore we haye

Problem-OS I‘otal salary of A and B 1s equal If A gets 65 % allowance of hrs basw salary and B
'-;._.":'_.fggets 80% of thls basrc salary what 1s the basrc salary of A If the basrc salary of B 1s Tk 1100’?
-'_i__'Solut]on Let the basrc salary of A be Tk x -

_'_f':lfThen total salary of A is, X + 65% Of x X + 0 65x = l 65X

;‘”:-_"'leen the basrc salary of B as Tk llOO =

.'*-'*Therefore total salary of B 1s 1 100 + 80% of 1 100-- 1 100 + 880 1980
f -But grven that total salary of A-—-—- total salary of l

‘ie. 1.65x = 1980 or x = - 1980/ 1.65 = Tk. 1200

'-::'i"fHence the basrc salary of A 1s Tk 1200



Problem-06 If the dc:,mand and qupply laws respectlvely are glven by the equatmns as

Fmd the equ111br1um pl‘lCC and quantlty - |
Solutlon. leen 4q + 9 p 48 ‘

K T .'_ i) = e, = = It e T . ] L = He T A e .
. & r e amiw =L L = Y et e =t = o i i iy
e e - I A k; - 3 L - r LTk ] o =1 g P o iy | L Y L B 38 % _
- ol e P Ay d s I o T _ -3y e el > 2 A . i g, e
T oy s L = - r L -, el L - - ey S e X == ok 1 et ;. L - s T b e
] ) g - ' - bt . - - > - il 2 . ™ - ) -y . = e
- % - = iy o x . e T L 8 - . L. . -}
- 3 S o - 5 e =L e " 1) v r i r;
" - Sl o = o e

AlSO P = 6‘* 2 :> P = 9_ - p* - .9 =

Uhdéf perfect competitmﬁ ﬁe.qumbrlum wﬂl be obtamed as follows

'Puttmg the value of q m the demand or supply functmn we get the equlhbrturn prlce as followsﬁ

' Equﬂlbrlum prlce =— + 2 .-
;~wu ;5g  _+2—~¢.ﬂ¢m.;

8
'.;So the requlred eqmllbrlum prlce (p) F k -g - and

the requ1red eqmllbrlum___quamtty (q) 6 umts [Ans]
"':Problem-07 Demand f01 goode f dnd mdustry 1s glven by the equatlon pq-IOO where p 1s
'_prlce a;nd q 15 quantlty and %upply 1s gwen by the equatlon 20+3p——q Fmd the equlhbrlum prlce
-_:.and quantlty e

_leen pq 1.. -
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ffmeblem-OS I‘ he sum of payment of two lecturers 13 Tk 16“ per month If the payment of one
'-?-"lecturer be decrcased by 9% and the payment ef the secend be 1ncreased by 17% thelr payments
f-"become equal I*md the payment ef cach lecturer

;"'Solutwn' let the payment of ] lectu1e1 = Xr -

. Let paymcnt of 2 d lecturer ._y

-'_ACCQrdlng to the l COI‘ldl[lOﬂ .

_';Payment of 1“t lecturet + paymcnt of 2“‘i lectu1er :'1600

x+ y - 1600 -

.Accordmg to the Qﬁd =
. x-9%xx= y+l7%><y
- _ji x— 0 O9x y i 0 17 y »
| | - 0 9 1x = 1 17 (1 600 x) [I‘r'em (1), we get]'fj;.:
. =091x=1872- 1 17 x
- :> 2 08x =18 7 2 '
- 1872

_'_ _:.-;:> x 90. -
Puttmg the value of x m (l) we get
.—_;> y = 16()() 900 g 7“
-So the requlred payment of 1""'t lecturer (x) - lk 900

cendltlon -

o

and the requ1red payment df 2“‘l lecturer ( y) Tk 7“

Problem-09 A commodtty 1s produced by usmg 3 umts df labor and 2 unlts cf caprtal The total
cost comes te 62 If the commodtty 1s produced by usmg 4 unlts of labor and 1 umts of capltal
the cost comes to ‘36 what is thc cest pe1 umt of labor and cap1tal"

SOl“tm“' “_.:::5- t the cest ef l umt labor _-L -

Let the cost of 1 umt capltal C
ﬁtcc ordm g to the 2 cond1t e
aL+ic=S6 e

ml
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.':ﬁ;-::'iAccordlng to the 1 condltloh -

o e 2c =62 =

-;::» 3L + 2(56 41_.;) 62 [I*l om (1) we get ]

__ﬂ___5 L_. :____50 :> L 10

f‘j-..fPuttmg the value of L m(l) we get -

. LB a5 4(10) :>c 56 40 =C=16

So l;he requlred cost of 1 umt labor (L) Tk 10
And the requlred cest of l umt capltal (C) c Ik 16 [Ans]

_-’_IjProblem-lO A man <; mcome from mterest and wages 13 Tk 500 He Doubles hlS mvestment
~and also gets an increase of 50% in wages and his income increases to Tk. 800. What was his
:ongmal mcome separately m tm ms ef mtere‘;t (I) and wages (W)

-'Z-Solution' Accordmg to thc 1“ c..ondltlon

nd

"Accordmg to the 2 condttloh

o 2+(W+ SO%W) 800
::> 2(500 W) (W +0. 50W) 800 }[From (1) we get]
- 1000 - 2W L L. sow 8()0 -
. :> _o 50W = _Hzoo :; W _. .7_ = g(;%. :> W 400
I 500 W -

:>I 500 400 :}I 100

= 30 the reqmred mcome frem mterest (I) k 1“
| and the requ1red mcome ﬁ om wages (W) Tk 400 [Ans]

f:}-':-::_-'_:‘Problem-11 If thele arc two commodltles X and Y W1th prlces P1 and p2 demand D1 . D and
- supplles S 1 S and we have the demand and bupply schedules as - '

D = 10 pl + p? , _5 = 6 + p1 + 2 p2 -

':7' )- --12 + 2P; Pé , _S = 19 + 3 P1 + 5P2

(1) Fmd the equnhbuum prlces -
(11) Determmc the ethbuum quantltles exchanges m the market
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_Equatlon' If two al gebrarc exprcssrons are connected by the s1gn of equalrty ( ) then thlS
':i_;--f?-:'f_._statement 1s callcd an cquauon I*or example 3x—-—- -7 2x +1 18 an equatron =
'Identlty When cquahty holds true of an equatron whatever he thc values of the
_.;'r'-:_."_'__f-varlables then that equatron 1s called an 1dent1ty - = - -
:.'*Z':-'.'_'-Lmear equatmn' An oquatron of the formax +b O (a ;t O) wherc a and b are
'__":?_':';constants and ' 1s a vanable 1s called a lrnear equatron or frrst degree equatlon .

In other words an equatron havmg hrghest power of the varrable 1s 1 (one) 1s called a
_'f_“:__}_-hnear equatron I*or cxample 3x 7 O is 2 hnear cquatron - -

'_;;f.-_ln_"Llnear srmultaneous equauon' 'l he sets of equatlons contamlng two or more unknowns or
f-'_ﬁ;varrables are known as srmultaneous equatlon 1f they are satlsfred srmultaneously by the same'
::-":.i.fl;values of the unknowns - . . .

own varrablc of an equatron is

Degree of an equatlon' lhc hrghest power of thc t
‘__"e_f:called the degree of that equatron Lx 2x + Bx 7 O IS an equatlon w1th degree 2

;_?'_.Solutron of an equatlon. The solution of an equatron 1s the value or values of the
i_-f--unknown varrable whrch satrsfres the given equation. It i 1S also known as thc root of thrs
'fl”iequatton For anmplc 3x 6 0 1s an equatron wrth root 2 .

InequalltleS' Betwecn two real numbers a and b lf a and b are unequal a may be
'f_;_'{_greater than b or a rnay be smaller thanb These relatlonshrps are called 1nequahttes



'Multlple ~ -_hmee Questlons -
1 What 1s the dc gree of the equatlon x: - :fl'{ ;-'
(1) Flrst dc gree in x (11) F WO de gree 1n x (111)
2 How many root 1n a lmear equanen‘? _
(1) zero root (11) one root (111) twn roet (w) t?f:f_fﬁ_i’_"ee root _
3 If the numberq of equdnons and numbers ef vanables are equal then we get

. Wi at 1s the root ef the equatlon 3— 5 —-- ---5-"

(1) 9 (11) 9 1 (111) 1 (w) 1 8
o What 1s the root of the equatlons x + 3 y 4 3x y 3'?

0 (13 10) (n) (9 10) (m) : e

6. Whlch 1s an 1dent1ty° .- .
(a) 3x 15 (b) 3x+7 10 (e) x s.-.;y - (x+ y)(x y) (d) x’=3x
1. If 1n an equatlon x remams unchanged by changmg x to 1/ x then such of equatlon
(a) Reelprocal equatlon (b) Quadratlc equatlon
(c) both a and b (d) ’_'.-';i_f.’__one ef these
8. In Wthh case a sy%tem of hneaf equatlons 13 sald to be meonmstent‘?
(a) No Selutlon ._ (b) Inf1n1te number of solutlon
(e) Umque solunon ' (d) Mere than ene solutlon

9. If _gc__ > —2—— then whlch one ef the followmg 1s true”

10 Wthh one 1<; not an Inequahty Symbol‘?
ﬁ)> b) < c) = d) .
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: P has an umque selutlen 1f —L # --L
... az bz

3
4

1
2 .ﬁ’eﬁne de gree Of an e qu at 1 0 n Wl th examp]e e
3. W _ﬁ:f"at 1s solutlon of an equatlon‘? Dlscuss 1t wnh examl)le;?
&+ Deflne lnequltles - j o i '
T?r.}.gi.-.}_f;.;:_'_z.};jj.Dlstmgmsh between equatlon and 1dent1ty e |
6

7

8

9

“feExplam cross muluphcatlen method for wﬂ:h example
';__;.'__;f;j_‘lexplam ehmmatlon method wzth example

__ '_;_Explaln substltutlon method Wlth example
__Determme the degl ec of the followmg equatlons

- if;'(l) 2 (x - y +2)= _... 2 = y +3

5 2 L
e e - 1 ] e b
H iy = e rUTy - o — T c P A - =, o =y o e, - Tk — =
T - - oot = . 5 r; ] B H T =l = (L= - - e - oy, Cai Ry g e L e —— e o L o -, i
[yl - s - e T L i el e T * . - . e B = - Je - B, = L0 L X : 5 o - et "
= i S 5 g 5 e - et - = . 0 o . ] i i e b e =, i
r . ] r, x Lo i = - E: e ¥ o - i a A Y AT 3
[ (e i % o e ¥ egtatgle L e ' ottt O Ll y’ - r - ! ey e 5 = . .
" - L '_ : = E "y ¥ . - ] L= . AT s T - .'- .- : : ._' S '._' "h-. . e o _-\..:.- - _. ...'- L i ." - T = - A .\_.:-. -. o _:\- iy A ] -"'::': -
- - - T — =L = o B = Ly e - - LT s = - ; e 2 R e e e e e L (; ! i > i
. . T v L X -1 o - e . = == r e T 1 e FE T o . e k. o e
- . - - - ' - - - e - . = o) 1 ¥ ' 2 i - - F. . . = | X " - - L R m - - L - %
b= e L R x - - - ._.. i : = o : . . i : 2 T+ i i 2 : Sl T :
= v i 7 - i y r K s r - - g sl rE 5 F o s £ o R Ly o
— ¥ - - o - = o r b, - ek - - o
3 e, I ¥ Lk 1 s e = L. -, - x Pl — 2 i . - o . ok = 3 : ’ o X
o L e = - - Mo, e i T = e 2 '. o . e, ¥ L = I pe ks f, L iy . . ¥ 3!
= o v - iy - ¥ x r o 3 o agetta b r L S i o -
R e T A e i L ol Ain Tnd i - .



1 Solve the follnwmg equatrons -

. a 2 a 3a - - . b "‘ C_

. 2 Solve the follow lng qutem' Of hnear equatlons % - % “J - .
a) 5x + 2 y 8 9x 5 y 23 f{ by ?fx 2 y 1 2x + y = —3 =
c) 42x + 3 3 y 1 1-;J_:.;-.f'f:__"48x + 27 y = 123 d) x '7_1..+'2.yf".1 - :._o__, x +_ 4 - —-----1_-':1" '_

_____ = . - 2 3. 3 2
e) 3x 2 y - 10 Sx + 6 y= 1 2 - t) ;2x + 3 y 1, 3x - -y 4 - -

3 Solve the followmg system of llnear equatlons / Slmultaneous equatlons -
4 15% of a sale prrce of an artrele is equal to 25% of 1ts cost and 10% of the sale prlce exceeds _

15% of the eest by lk 10 Frnd the cost prree and selllng prlce -
5 A estate valued at Ik 12 OOO 1s d1v1ded among three persens A B C If A surrenders 15% of
f:_-;hls shares then shares of B and C are respectwely 1ncreased by 10% and 25% and 1f A

*'_'_j-"?'-_surrenders 20% then share of B and C are respectively 1ncreased by 15% and 30% Fllld the
'_._'_f'_f‘-;._shares of each






