LINEAR EQUATIONS
AND INEQUALITIES

b Linear Equations

P Equation Involving Absolute Value
b Linear Inequalities

» Solving Linear Inequalities

After completion of this unit, the students will be able to:

» recall linear equation in one variable.
» solve linear equation with rational coefficients.
» reduce equations, involving radicals, to simple linear form and find their solutions.

» define absolute value.
» solve the equation, involving absolute value in one variable.

» define inequalitie$ (>,<) and (2,<).

» recognize properties of inequalities (i.e. trichotomy, transitive, additive and multiplicative).

» solve linear inequalities with rational coefficients.




| UINEAR EQUATIONS AND INEQUAUITIEG #8

4.1 LINEAR EQUATIONS

“ A statément in which sign of equality “ =" is used to link two algebraic
expressions is called an equation. An equation involving only a linear
polynomial is called a linear equation. Equation ax + b= 0,a#0is a
linear equation in one variable in standard form.

=R

g i For example:
@) x+3 =35 - (i) l;-x+4 =

4.1.1 Linear Equation in One Varichle

Any equation that can be written in the form:
- “ax+b =0, a#0...... (1)

where a and b are constants and x is a variable, is called a linear
| ‘ equation (or first degree equation) in one variable.

Equation (1) always has a solution:

= a’x;i-b=0, a#0
- DR e = —b

R 2 =)
il"'" TS ] = —— Is the solution of the equation (1)
RS b a

=XAMPLE

thatx = 2 is a root of the equation Sx—12 = —2

HS =5x-12 = 5x(2)-12
~ =10-12=-2=RHS



RULES FOR SOLVING AN EQUATION:

() Same quantity can be added or subtracted to both sides of an
equation without changing the equality.

(ii) Both sides of an equation may be multiplied by a same
non-zero number without changing the equality. -

(iii) Both sides of an equation may be divided by a same non-zero
number without changing the equality.

(iv) TRANSPOSITION:

. Any term of an equation may be taken to the other side with
its sign changed , without effecting the equality, is called
transposition.

-
(AN R e

Solve: 5x—6 = 4x-2

SOLUTION: We have 5x—6 = 4x—2
Or 5x—4x = —2+6 [ Transposing 4x to L.H.S and —6 to R.H.S ]
Thus x = 4 is a solution of the given equation.

CHECK: Substituting x = 4 in the given equation, we get
LHS = 5%x(4)—6 = 20—-6 = 14
RHS =4%x(4)-2 =16-2 = 14
s LHS = RHS
Hence x = 4 is solution of the given equation.

o d "..‘.u‘f ?‘“.ﬁ_’: - ©
4.1.2 Solufion of o Linear Equation

Any value of the variable which makes the equation a true
statement, is called the solution (or root of the equation).
Solving an equation means to find a value of the variable which
satisfies the equation. -
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R O Xt =12 .é. (Transposing — to LHS and - to RH.S)
. ) 5 '

s I’ ‘i .'-... 2 : or 4x = _9_
“"\'Lv ST SR : ]

' .1_3.;4]; el . (dividing both sides by 4)

4 4 5
s
X =—
A
- Thus ”u Z_ s solution of the given equation
ubst:tutmg = £ in the given equation, we get
L oRNIs27 1 31
- LHS = 3IX—+— = —+— =
b g . 200520 . 5 20
' 9 31

20

‘ Iutlon of the glven equation.
2 TR
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Thus, y = —;—z— is solution of the given equation.

Substituting y = ;—g in the given equation, we get T

LHS =2-x(_—9) 11 5ss E_ﬂ
20/ T S0 2T 50
] (-9 3 37
RHS == x e el O
3 (20) 20 20
-~ LHS=RHS

Hence y = ;—3 is solution of the given equation.

EXAMPLE-3
I3

. b=
SOIVG 4 X _ X X 4

SOLUTION: L.C.M of the denominators 4,6,2,4 is 12.
Multlplymg both sides by 12, we get

3x+2x = 6x+9
or Sx = 6x+9 _
or 6x-5x =-9 [ Transposing 5x and 9 |
or S ) e .
Thus x = —9 is solution of the given equation.

CHECK: Subst:tutmg x= —9m the given equat:on we get

e ] =9, 3, SR
LISH S )+6x( syt
s , o
Lo i e el S
RHS 2 x ( Q) > 7 5 _
o LHS=RHS | % ot i“”

Hence x=-9Is solutron of the gtven equat:on

d s My



EXAMPLE-4

5x—4 x-3  x+6

; , Sx—4° x—3  x+6
SOLUTION: We have ST

Muitiplying both sides by 40, the L.C.M of 8,5,4, we get
5(5x—4) — 8(x—3) = 10(x+6)
or  25x—20-8+24 = 10x +60
or 17x+4 = 10x+60
or J]7x—10x= 60—4 [ Transposing I10x to L.H.S and 4 to R.H.S ]

o DRz 256
or x-= % =8 [ Multiplying both sides byé ]

Thus x = 8 is solution of the given equation.

-

CHECK Substituting x = 8 in the given equation, we get
Ol dmd u, 36 gelyhs 28 _7

LHS = 9
|I;":: A » . 8 5 8 8 2
B s =YL
AN g )
LALH.S = RHS"

Hence x =3 is solution of the given equation.




EXAMPLE-5

Solve: x—[l’x = 3x_4] Wl 3

7 3

SOLUTION: We have, x—[2x - 3";4] = '3'2 s
By removing the brackets, we get,
| 3x-4  4x-27
X — . 2x+ = -
T %
oF _x+3x—4 2 4x=27 3 .
| 7 3
Multiplying both sides by 21, the L.C.M of 7,3, we get

~2Ix+3(3x—4) = 7(4x—27)— 63
or —2Ix+9x—12 = 28x— 18963

or —12x—-12 = 28x— 252

or —12x—-28x = —252+12 [by TfanSPOSﬁion I

or  —40x = —240

or x =6 [ dividing both sides by —40 ]

Thus x = 6 is solution of the given equation.
CHECK: Substituting x = 6 in the given equation, we get

LHS =6-[2x6—3"‘; 4} o (12—%)=6—(12—2)

= 6-10 = -4
RH.S =4_"_63:?1_3 =:}_3 = s1-30= =4 :
- LHS=RHS ¥ TSRS 5\

Hence x = 6 is solution of the given equation.

Wl-mt we need fo ‘know ?




NEAR EQUATIONS AND INEQUA

T‘Sohm 0.3x+0.4 = 0.28x+1.16 ~ b -
- SOWTION: We have 0.3x+04 = 0.28x+116 |

or 0.3x—028x = 1.16-0.4  [by Transpositon ]

or 00 =076

~ Thus x.=38is s;JIution of the given equation.

‘ ~ CHECK: By_.{'s.ubstitulting x = 38in the_ given equation, we get
e LHS =03x38+04 =114+04 = 11.8

. RHS =028x38+1.16 = 10.64+1.16 = 11.8

" . LHS=RHS

/ Hence x = 38 is solution of the given equatton

oy _3::i 4x+10 x+6-8
.._.1*““4‘ D il
e ;  3x— 2—10

{" u; At
gl (79 1R ST R
x S i

=
=
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4.1.3 Equaiions Involving Rudicals

: amongthoseofthe newequatlon USSR B RR G HGRR,

In solving an equation such as
x—1 =95 e (1)

Squaring both sides x—1 = 25
x =26 -

which is solution of (1)

However, if we do the same thing to

= 26

which is not a solution of (2)

Since 5 # -5

Similarly , we note that
{x|x=5}={5}
{x| =2 };{‘—5,5}

Where as we see that the solution set of x= = IS a subs
solution set of the equation. - M
We get by squarlng each member ofx 5 e

g;

equation. On the other hand any solutlon of the onéinal eq :

,' el
et

2 g



PR S R e N
LINEAR EQU! y
b bl as o ettthe

EXAMPLE-1

Solve: Jq.+\/x—4. =

 SOWmON: x4 = 4

o e rrhi - 0) \/ﬁ = 4v—x ‘ (Isolating the radical on one side)
: f‘f it R » x—4 = 16 —8x+x’ (Squaring both sides)

? :“ o o 7 g - x2—9x+20 =0 (Solving quadratic equation)
-7  G-a-4=0

£ 1 ‘ i =5

L=y : .Cpeck to eliminate extraneous roots (if any)

x=3 ] | x=4

! S+\5-4 =4 , 4+J1-4-=14
- s+1+4 g '
~ Therefore, x=35 x=4
is not a solution is a solution
FRgr ~. Solution set={4}
m‘f% H & LM res ,
roots in them.
of each other.
each side.
ol i =
e yiov.: |
7 7 NCI B 15y ,'“ %1




EXAMPLE-2

Solve: 3x-2 — Jx =
SOLUTION: 3x—2 = 2++/x

336—2 =4+ 4\/; +x (Squaring both sides)
Ix—x—2-4 = 4x

2x—6 = 4x
x=3 = 2x (Dividing both sides by 2)
X —6x+9 = 4x (Again squaring both sides)

XX =10x+9 =0
(x=9)(x-1) =0
x =19

-~

Check to eliminate extraneous solutions (if any)

Oa=r/ ; o7 = Y
3x1-2 -\1=2 |,  3x9-2 -9 =
Vi-1=2 ", 25 -3=2 -
02 AR s-322
Therefore, x = 1 X =19
is not a solution is the solution

YU

.. Solution set = {9} ‘ e 1 ;%ht, ‘_ -



(i)
.'(iV) (90-9x)+27 = 90+ 9

"-Lm;_«s);zﬁx ' 3. 3(2x+5) = 25+x

3(2x—1) = 5x-1)

~?If-f3 3(2}: 8) | ‘_ 5

na B T e
PR

6)=3(1+3x) ' 74 IQX—I X

e 2x+5
'—G'I._ s 9. 5x +3 i
B v xX+6
it

Nl = 15— 2%

13' ‘\15H+9 = n..]

xt5+7 =10




4.2 EQUATIONS INVOLVING ABSOLUTE VALUE

In this section, we learn.to solve the Ilnear equatlons involving absolute

value.
4.2.1 Absoluie Value
For each real number x, the absolute value ofx denoted by | x|, is

defined by the formula:
x If x>0

|x] =40 1fx—0
~Xffx <0 - &

For example:
18 =8
el

4.2.2 Equations I wolving Absolute \J’u!ue.

Using the above defi n|t|on we w:ll not ﬁnd |t dlfﬁcult to show
thatforp>0 UL L &

lxl=p o x=tp

e t e

—P 0t D

EXAMPLE | £ -

Sove (i)|x|=5 (@) |x-3|=5 () |x+2]=3
 SOLUTION: S, il
(') | %1 =55 = Slt=r et HE =S ".>‘,5*._1' o 2 .“
<€ 4 } e i i : E‘. : @ (s ; SIS
=543 =2l O T2 3 S R




(i) |x-3|=5=>x-3=4%5

e fuae st
= =i A R AR
(i) |x+2|=3> x+2 =143
. x+2=3 orx+2=-3

xi=3-20r . x

‘x=1 o x=-5
E=w] or -5

Il
|
w
|
N

I O R | ! 1 1
<€ 2 ¢ T T T T

=G = = e

>4
~ -

4.3 I.INEAR INEOUALITIES

- We know about ordenng of numbers on the number line. A number on
the number line is greater than any number on its left and less than
any number on |ts right.

431 lnequallties (> <) und (> <)




& || 1 | I I

v

< T 1 ]

5 —iake e oA
4 ¢ :

—4 lies on the left of —1, hence —4 is less than -1
and we write —4 < —].

We write a < b, read “a is less than b” if and only if there exists a
positive real number p such that

a+p =b;

We write a > b, and read “a is greater than b”. We write a < b.if and only
ifa<bora=>band we writea2bifand onlyifa>bora=5

The symbols "<",">","<"and ">" are called order relations or
inequality symbols. ’

Two algebraic expressions joined by an inequality symbol, such as
7(3x—2) +§ < 2x——§- is called an inecjuality statement or simply

an inequality.

x>3 means x can take. any 'value greater than 3
It cannot be 3. It-is shown on the number lme

|||||'| 1 1 i
U SRR T T T | DR

-3 -2 -1 0 I 2 3 4 5

x<] means x can take any value less than or equal to 1.
This includes I. It is shown on;the number line.:

&

<
| | 1 | 1
1 1 I 1 1

(R L s
1 1 1 .
~3ag of) |0 DTS ISR S U GRS m,

5 e e hﬂs‘

4.3.2 Properiies of'lnequulitieé

: I’RICHOTOMY Consider any two numbers x and Y, on the number Ime
One and only one of the following statements must be true.

@) x>y (i) x=y - (i) x<y
ThIS is known as the Law of Trichotomy

S 3 x 1 A ER AT




Lt
»

o e
f ilkj .: £

,' This is not true fora negatlve number b The ordenng relation is.

TIWISITIVE For any three numbers x , y and z, if
: x>y and y>z then x>z

s This is kno_wn_ as the Tra_nsﬂive_Property of Inequality.

‘Forexample: If x=10, y=5 and z=2,
S then 70 >5, 5>2and 10 >2

. ADDITIVE: We can add or subtract a posmve number from both sides of

an inequality without any change in the mequallty sign. For any two

~ numbers x and y and a positive number ‘a’

If x>y (6.g.5 >3 and 2>0),
_th{en x+a>y+a eg.5 +2 > 3+2)
S —a>y—a (.5 — 2>3 2)

Th|s is also tme for a negatwe number b;

lf x>y (eg 5 >3 and —-2<0),
then x+b>y-§-b ©g.5+(-2)>3+(-2)
 x-b>y-b (69.5 -(-2)>3-(-2)

~ MULTIPLICATIVE:. We can multiply and divide both sides of an inequality
- by a positive'number without having to change the inequality sign.

- For any two numbers x and y, and a third number a > 0,

o ;‘;‘,;':i}z? 3o dfex > (6.9.5 >3 and 2> (),

i s then ax>ay ‘(e.g. 2x5>2x3) and =>2
.a a

Emversﬁd.mgn multlplled or dwnded by a negative number




44 SOLVING LINEAR INEQUALTIES: - |

Inequalities are solved in almost the same way‘as-equations.. o &7 ' i
EXAMPLE-1 . ‘ o | At
Solve the following inequalities :

@) x+3<7 (i) 2x-1>5 . (i) 6-x>4 - |
SOLUTION: L 5
(i) x+3<7 :
X+ 337N (Subtracting 3 from both sides)
x<4 '
(i) 2x—1>5 Sy
x—1+1>5+1 (Adding 1 to both sides) 3
2x>6 1o : e
Sl (Diyiding both-:s'i'des‘ by 2 e
(i) 6-x>4 = !
6-x—6>4—6  (Subtracting 6 from both sides)
| _x>—2 i | — | .. ALSEUREIE O F 4| .1.""._"*.-‘,‘
- ox<2 -(Multiplying bqth._sides by -1 ; also change > into <) o
' How to include the points in the 2k




| EXAMPLE-2
R 134D _.SOl\(e-'thb.:ihgquélity: %x.} -‘17(::-;'1)
| sﬁiﬂﬁoﬂ- 1x>1(x—1)'
[ g STt 3Ty
S 1
: 12x§x>12x (x 1)

'-"_4x>3(x i
3 e vlix>3x—3
4x— 3x>—3 ] s

x>—3

G =
| B
T e
The solutlon is shown by the number line in fig (ii).

> X




EXAMPLE-4

Solve and graph 4";3 +3>6+3_2".
sownon: 2231856+
-6x4x_3_+6x8>6x6+6x37x
8x—6+48>36+9x
8x+42> 36+ 9 Lo
8x—9x+42> 36
—=x>36—42
—x>—6
x<6
—0
—F
0, i e
Fig (iv)

The solution is shown by the number line in fig (iv) -




Solve. :

= T .
3. |x+I|
5 |3x+4| = 9

1 36+5)>26+2)+8

Attt X d
S 6
anx+l;.x+3>x+1+l
) S

15 %x > I+éx

4 4x

15 S(2x43)210- 2
15 543 =

[ XERCISE — 4.2

|x=3| = 4

2.
4, |2x—3|v= 5
6. 3(x-2)<2x+1 =
" 8. éa—y>ip-y+i
0. 3x+4 EoX+d 7 x+35
_ 5 3 3
1. x+3 - x+2<1+xf5
A (B 5 6
14 i(2‘x+5’)<(7 4x)
x-2 x-5_1
16, — - ——2—
4 6 3

i g h a=ihs -

Review Exercise~4 =

l. An equatlon that can be written in the form ax + b 0,a # 0
~ where a and b are constants and x is variable i is called:

(a) Immr equation

'-j’ M MWM‘“

~ statement is called the:

(b) inequality
. (d) -constant

[b) inequahty ;
(d) variable

‘2. Any value of the vanable which makes the equatlon a true




I-
Lk
2.

3
b
5
6.

7.

For each number x the absolute valve of x is denoted by:
(a =x (b) -—x

@ W @ 0

The symbol > stands for:

(a) greater than ' (b) greater than and equal to

(c) less than or equal to (d) equal to ‘

The symbol < stands for:

(a) less than : (b) greater than and equal to
(c) less than or equal to (d) equal to

Solution of |x - 3| =5 is:®

(@ {8 -2} ‘ (b) {-8 -2
(¢ {8 2} (@) (=8 2}
Solution of |x| = 3'is:

(@ 3 ; b -3

(c) =3 @ o
Solution of |x — I| =4 is:

(@ {5 -3} : (B)ER(=S-5pe
(€ {5 3} (@ ¢, 3}

Fill in the blanks wulh 'S ' or *< to make each of the stutementwconed'. _ ‘

If 15>10and 10> p, then 15 -

If -3 >xand x> y, then—3 y.

b.

If a <60and60<b,thena _

If x+1 = y,thenx_ Y-
fm-2 = n; thenm n.
If x>y, then 4x 4y.
v
|fx>y,then— _ .
10 10 .
If x> y, then (=2)x (-2)y.

3 108
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T

—_— — —

L3 i Ny
<0,then p 0.
-3)u ()
.0.
SUMMARY

Linear Equation: An equation that can be written in the form ax + b =0,
a # 0 where a and b are constants and x is a variable, is called a linear
equation in one variable.

Solution of a Linear equation : Any value of the variable, which makes
- the equation a true statement is called the solution of a linear
equation.

- Absolute Valve: For each real number ‘¢’ the absolute value of )
- denoted by |x| is def ned by: o 7 A

bel= 0,"1'f x=0
—-x, if x<0

' Linear Inequalities: Two algebraic expressions joined by an inequality
Lsymbol such as >, <,<,2 is called an inequality.

!'_TrlchotomyProperty If x,yeRheneitherx>yorx=yorx<jy.
F'l'r:msitivel’roperty lfx y,zeR thenx>yandy>z = x>z

",f.v‘,‘_'reProperty Va, b ceR Ifa>b, thena+c>b+c
gy M anda—c>b-c

*‘Imtlvol’ropeny Va,b,ceR. Leta>b. Thenac>b¢:|fc>0
ndac<bclfc<0




