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Linear Equations in One

Variable

How many number of
pencils would I get from
ten rupees note if one

pencil costs me two -
rupees...? P -

Where p = number of pencils

;f (A AL A 2 L Ll ] )

Linear equations

A statement of equality of two algebraic expressions which involves one or more
unknown quantities (called variables) is known as an equation.
E.g: 2x-5=23.
Equality
2x-5%23
LHs—T L RHS

An equation has two parts. The part which is on the left side to the equality sign is known
as left hand side (LHS) and the part which is on the right

side to the equality sign is known as right hand side J

(RHS).

An equation in which the highest power of variable is The graph of a linear

equation in one
variable is a straight
For example: 4x + 5 = 3x + 1, 2x + 3y = 4 are linear line parallel to either x-
axis or y-axis.

one, is called a linear equation.

equations.

) _Quick T

< Tips
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i 2xy +1 =3 - This is not an example of linear equation as the degree is two.

Linear equations in one variable
A linear equation which has only one variable is called a linear equation in one variable.
The standard form of a linear equation in one variable is

ax + b = ¢, where a, b and c are constants and x is a variable.

3

Eg: 3x=8; V2 x+5=125

Solution of a linear equation

The value of the variable which satisfies the given equation is called a solution or the root
of the equation.

You can solve an equation by writing an equivalent equation that has the variable isolated
on one side. Linear equations are equivalent equations if they have the same solution(s).
To change, or transform, an equation into an equivalent equation, think of an equation as

having two sides that need to be "in balance."

- | - | -

i |
LT 'ngli' L ig!!l . il

X+ ¥+3-3 x_ ¥ =
Original equation : Subtract 3 from both sides to Simplify both sides.
X+3=5 isolate x on the left. Equivalent equation: x = 2

Scale stays in balance.

Balancing method

The following rules are important for solving linear

equations.
Two operations that
undo each other, such
of an equation. ais d dilalonE = C
subtraction are called
inverse operations.

<t

Addition rule: Same quantity can be added to both sides

Subtraction rule: Same quantity can be subtracted from

both sides of an equation.
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Multiplication rule: Same quantity can be multiplied to both sides of an equation.

Division rule: Both sides of an equation can be divided by the same non-zero quantity.

Any term can be transposed from one side of the equation to the other by changing its
sign.

Transposition method

Transposing means moving from one side to the other(i.e., from LHS to RHS or from RHS
to LHS). When a term is transposed from one side of the equation, its sign gets changed.
Transposition of an expression can be carried out in the same way as the transposition of
a term.

i ™ 3 Fy ,

. /.’ *, 'y
/ .-"".. p e,

I'
\. | 4 \ \ J
Addition will be
changed in subtraction.
2x+5=7

> 2x=7-5(by transposing)

Subtraction will be changed in addition
2x-5=7

= 2x=7+5 (by transposing)

Multiplication will be
Changed in division
2xx5=7

7
5 2x= O (by transposing)

Division will be
changed in multiplication
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2_x
5 =7
> 2x=7x5 (by transposing)
Rules for
transposition
f /1 BeAlert!
Avoid these mistakes:
4x -1-7
? - 1 = 7 5 4 5
0 =X 7 4x-5=7x5
=4x-1=7x5
Incorrect Correct
4x-2=7 4x-2=7
2 7 4x-2 7
0 =>4Xx——=— = ==
77 7 7 Correct

Incorrect

0  Sum of 3a and 7a subtracted from 7 # (3a + 7a) - 7

Sum of 3a and 7a subtracted from 7 =7 - (3a + 7a)
Solving equations with variables on one side
Some equations have variables on one side. To solve such equations, collect the numbers
on the other side, after simplifying one or both sides of the equation, if needed. Then use
inverse operations to isolate the variable.

Numerical
Ability

Solve:3x+7=-8

Solution

To isolate the variable, undo the addition and then the multiplication.

3x+7=-8

= 3x+7-7=-8-7 Subtract 7 from each side to undo the addition.
(Subtraction property of equality)

= 3x=-15 (Simplify both sides.)

[4]
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3x _-15

- 3 3 (Divide each side by 3 to undo the

multiplication.)
(Division property of equality)

> x=-5

Concepts

SCIENCE LINK: The temperature within Earth's crust increases about 30°C for each
Kilometre beneath the surface. If the temperature at Earth's surface is 24°C, at what
depth would you expect the temperature to be 114°C?

Explanation 1

Temperatu Temperat Rate De
re in =| yrat +| terpperat m
H LR TR qurf
dE . a‘icE _ ase are C
Tegyperature inside Earth = A
Tariferature at Earth's surface = %
R4fE of temperature increase = T
BRHEh below surface = d il
Y — 04 4 (Write i
Bidd: FOsb4Rd 24 from each T
304 FisteibHe each side by £
= 30.)
d
Explanation 2
The temperature will be 114°C at a depth of 3 kilometres.
Numerical
Ability
Solve: 7x - 3x - 8 = 24. (Combine like terms first)
Solution
7x - 3x -8 =24
- 4x-8=124 (Combine like terms 7x and - 3x)
- 4x-8+8=24+8 (Add 8 to each side to undo the subtraction.)
= 4x=32
ax_32
- 4 4 (Divide each side by 4 to undo the multiplication.)

[5]
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- Xx=8

Numerical
Ability

Solve the equation (Use the distributive property)

(i)8x-2(x+7)=16
Solution

(i) Distribute a negative number.

Y

8x-2(x+7)=16

> 8x-2x-14=16

> 6x-14=16

> 6x-14+14=16+14

28-12

= 6x=30
6x _30

L 6 6

= x=5

Ability

2
Solve: 4= 3 (x+3).

Solution

3 E(Ej
5 2 (@)= 23 (x+3)

- 6=x+3

> 6-3=x+3-3

(ii) 5x+ 3(x+4) =28

(ii) Distribute a positive number.

~

5x +3(x+4) =28
5x+3x+12 =28

8x+12=28

8x+12-12=
If two expressions are
equal to each other
and add or subtract

8x=16

the exact same thing
8x 16 tg both 51c.les, the tV\{O
—=— sides will remain

(Multiply by a reciprocal first)

3 2
(Multiply each side by 2, the reciprocal of 3 .)

(Subtract 3 from each side.)

[6]
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Check your ~

Concepts

1. If the temperature at Earth's surface is 24°C and increases about 30°C for each km.
At what depth would you expect the temperature to be 174°C? Use the verbal model.
2.  Solve the equation. Check your solution in the original equation.

(i) 6(x+2) =15 (i) 8-4(x+1)=8
3
(iii) 3m + 2(m - 5) = 10 (iv)6= 4 (x+7)
4 3
(v) 5 (x-2)=8 (vi)-5 (x+1)=9
Solving equations with variables on both sides y

Some equations have variables on both sides. To solve «
Some linear equations
may have no solution.
That is, there is no
value of the variable

these equations, you can first collect the variable terms

on one side of the equation. The examples will show you

that collecting the variable terms on the side with the that will result in a
greater coefficient of variable will result in a positive LG equa_tlon.
Eg. x+2=x+4

coefficient. PO oo LicHT |

Numerical
Ability

Solve: 7x + 19 = - 2x + 55 (Collect variables on left side)

Solution

Look at the coefficient of the x-terms. Since 7 is greater than - 2, collect the x-terms on the
left side to get a positive coefficient.

7x+ 19 =-2x+55

> 7x+19+2x=-2x+55+ 2x (Add 2x to each side.)

> 9x+19=55

- 9x+19-19=55-19 (Subtract 19 from each side)

- 9x=36

[7]
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9 (Divide each side by 9.)

Ability

Solve: 80 - 9y = 6y (Collect variables on right side)
Solution
Remember that 80 - 9y is the same as 80 + (-9y). Since 6 is greater than -9, collect the

y-terms on the right side to get a positive coefficient.

80 -9y = 6y

> 80-9y+9y=6y+9y (Add 9y to each side.)

> 80=15y
80 _15y

= 15 15 (Divide each side by 15.)
16

= 3 = y

Ability

Solve: 3x - 10 + 4x = 5x - 7. (Combine like terms first)
Solution
3x-10+4x=5x-7

> 7x-10=5x-7

- 7x-10-5x=5x-7-5x (Subtract 5x from each side)

- 2x-10=-7

- 2x-10+10=-7+10 (Add 10 to each side)

[8]
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= 2x=13
23
> 2 2 (Divide each side by 2)
3
5> x= 2

Concepts

RATIONAL NUMBERS: A number is as much greater than 84 as it is less than 108.

Find it.

Explanation

Verbal '

Model Number - = |108 |- Number
Labels Let the number be x
Algebraic x-84=108-x
Model

- x-84+x=108-x+x (adding x to each side)

- 2x-84=108 5 2x=108+84 5 2x=192

The number is 96.

Reducing equations to simpler form

You have learnt several ways to transform an equation
into an equivalent equation. As you solve more
complicated equations, you will continue to use these

same steps to isolate the variable.

Numerical /%
Ability

Some linear equations
ve many solutions. That
is, there are many values of
the variable that result in a
frue equation.

egx-4="(2x-8)or 4=4
An equation like this is

. calledan idenﬁa.

Solve: 4(1 - x) + 3x =-2(x + 1) (A more complicated equation)

Solution

[9]
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4(1-x)+3x=-2(x+1)

> 4-4x+3x=-2x-2

= 4-x=-2x-2

5 4-X+2x=-2x-2+2x

= 4+x=-2

> 4+x-4=-2-4

- XxX=-6

Building

Concepts

(Use distributive property)

(Add 2x to each side)

(Subtract 4 from each side)

AGE RELATED TASK: Kanwar is three years older than Anima. Six years ago,

Kanwar's age was four times Anima's age. Find the present ages of Kanwar and

Anima.
Explanation
Ver Kanw = Anim +| 3
ar's! a'§ LGN
| Kanwir's |_ Anim&'s
:[;E years “4e
Lah ago) ﬁnima“!ﬁgﬁ’ée =X
Then Kanwlifal§ge = (x + 3)
Animaggage (6 years ago) = (x - 6)
; Kanwansage (6 years ago) = (x + 3 - 6)
Algeb years =[x - 3)
gebr x=3)vedtx -
aiplo L‘ - 3]?;% -
del !
-3+24=4x-Xx
> 21=3x
21
- 3 =x

[10]
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= x=7

= (X+3):7+3:10

Anima's age = 7 years, Kanwar's age = 10 years.
— -

! Check your
(20)

Answers :
1. Depth =5 km
2.()x=1/2 (i)x=-1 (iii) m = 4
(iv)x=1 (V) x=12 (vi)jx=-16
Check your -~
Concepts
I

1.  Solve the equations. Check your solution in the original equations.
(i) 34 - 3x=14x (i) 5y -2y =y + 10
(iii) -6x+4 =-8x (iv) 5x-3x+4=3x+8
(v)6x+3=8+7x+2x
2.  Solve the equations
() 6(x+3)+3x=3(x-2) (i) 4x+(2-x)=-3(x+2)
(iii) -2(4x+2)=-2(x+3)+9 (iv)(By-12)=6-2(y-1)
Fraction in algebraic expressions
To solve equations that contain fractional coefficients, you can get rid of all the fractional
coefficients by multiplying both sides of the equation by any common multiple of the

denominators of the fractions. You don't have to remove
.

v

fractions, but it can make solving the equation a lot
easier.

The most efficient thing to multiply by is the least The linear equation
x = 0 represents y-axis
in co-ordinate system.

|

common multiple (LCM).

Numerical ¢
Ability

2 5 1
Solve and check the rootof 3 x- 6 x-3= 2 x-5,

Solution

[11]
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LCM of 3,6 and 2 is 6.

> 2x2Xx-1x5x-6%x3=3x1x-6x5
> 4x-5%x-18=3x-30 > -x-18=3x-30

> Xx-3x=-30+18 =5-4x=-12

—4x 12

Fractional coefficient in algebraic expressions
Some equations contain fractional coefficients and you can't isolate the variables until

you sort out the fractions.

(x-2)isall divided x-2 x-3 _ i The denominators
by 5. You need to 5 6 10 are all different, so
deal with the fraction NS multiply the equation
before you can by the LCM of all

get x on its own. three denominators.

If there are fractional coefficients in the equation, multiply both sides of the equation by
the least common multiple of the denominators of the fractions to remove the fractional
coefficients.

You need to keep each numerator (x - 2, x - 3, and 3) as a group. Then you can apply the

distributive property to eliminate the grouping symbols.

Solve: 5 6 10,

Solution

There are three different denominators, so you need the LCM. List the prime factors, and
use them to work out the LCM.

5=56=2x3 10=2x5

[12]
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So,LCM=2x3x5=30
Multiply both sides of the equation by 30 to clear the fractional coefficients.
30 (x-2) 30 (x-3)_30 3

1 5 1 6 1 10

- 6(x-2)-5(x-3)=3x3
- 6x-12-5x+15=9
= 6x-5x-12+15=9

= Xx+3=9

= X= 6
Q 'Check your
e Answers
_5
1.()x=2 (i)y=5 (iii) x = - 2 (iv)x=-4 (v)x= 3
_4 7

2.()x=-4 (ii)x= 3 (iiiyx= © (iv)y = 4

Check your 3‘

Concepts

o

1.  Solve the equations for the unknown variable.
1 1 1 1 1 1 1

() 2x-1=x (i) 10x-3=4x (i) 10x-1=2- 5% (iv)4- 3x=5x

2. Solve the equations
1 1 c 1

@ 4 (2c-1)- 6 (c+2)= 3 12 (2c-3)

b+2 3-b_5b+2
(i) 3 5 10

-7 5 3
(i) 4 5 4
2X+7_4+3X—8:9_2(X—5]+2
(iv) 3 7 21

[13]
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COIN TASK : 70 coins of 10-paise and 50-paise coins are mixed in a purse. If the total
value of the money in the purse is X 19, find the number of each type of coins.

Explanation
Verbal Numberof ~ Numberof _
Model 10 paisa coins ' 50 paisa coins
10 |, Number of 50|, Numberof _
@ 2 100| 10 paisa coins+ ?100 50 paisa coins 319
Labels Number of 10-paisa coins = x
{_} Number of 50-paisa coins = (70 - x) (Total coins = 70)
Algebraic 10 X+ 50 (70-x)=19
Model 100 100
x 70-x
- 10 2 =19
> x+5(70-x)=10x19 (Multiplying both sides by 10)

> Xx+350-5x=190
= -4x=190- 350

> -4x=-160
-160

> x= 4 Lx=40

Number of 50 paisa coins = (70 -x) =30

Number of 10-paisa coins = 40

Equations reducible to linear form

Consider the following equation involving ratios of linear expressions.
x+1 3

2x+3 8

[t is not a linear equation, since the expression in LHS is not linear. But we can put it in the
form of a linear equation, by multiplying both the sides of the equation by (2x + 3).

(x+1j 3 3(2x +3)
2X+3) x(2x+3)= 8 x(2x+3) » (x+1)= 8

[14]
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Now the equation is in linear form and we know how to solve it. The above step can be
directly obtained by cross multiplication.
In cross multiplication, we multiply the numerator of LHS by the denominator of RHS and
the denominator of LHS by the numerator of RHS. The resultant expressions are equal to
each other.

ax+b m

Consider an equation, X+ d n

Using cross multiplication, we get (ax + b) x n = (cx+d) «
When dealing with
problems  involving
money, it is important
to find the value of the
FRACTIONS: The denominator of a rational number coins/notes not just

is greater than it's numerator by 3. If 3 is subtracted their number.

from the numerator and 2 is added to it's w

denominator, the new number becomes 1/5. Find
the rational number.

Explanation

;\//Ieor(ljjsl Denominator = Numerator +| 3]
Numerator-3 | _ 1
Denominator +2 | ~ g

Labels Numerator = x

Denominator x + 3
Algebraic x-3 :1
Model (x+3)+2 5

5(x-3)=(x+5) (By cross-multiplication)
= 5x-15=x+5

- 5x-x=15+5

> 4x=20

@
- x= 4 =5

= x+3=5+3=8

Numerator = 5, Denominator = 8, Rational number = 5/8

Numerical
Ability

[15]
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2x+7 _3
Solve: X+6 4

Even if two numbers
are to be found, they
are related, so the
equation needs to be
made with one

4x(2x+7)=3x(x+6) variable only.

Or 8x +28=3x + 18 T

Transposing the terms, we get

Solution

Using cross multiplication, we get

8x-3x=18-28 or 5x=-10

Dividing both sides by 5, we get x = - 2

.Check our
ge) .

Answers

-15
1. () x=-2 (ii) x = - 20 (iii) x = 10 ()x= 2
2.(i)c=5 (i)b=4 (iii) + =40 (iv)x=12
Check your ~
Concepts
1.  Solve the following:
2x-1_5 9x—(3+4x) _6 4-7x _10

(i) x+1 4 (if) 2x—(7-5x) 7 (iii) 9-8x 9

More applications: Practical problems often involve some known and some unknown
quantities. We convert such problems into equations and then solve them to solve a
word-problem, use the following three-step problem solving plan.

Step-I : Explore the problem: To solve a verbal problem, first read the problem carefully
and explore what the problem is about.

. Identify what information is given.

. Identify what you are asked to find.

[16]
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Step-II : Plan the solution: One strategy you can use to solve a problem is to write an
equation. Choose a variable to represent one of the unspecified numbers in the problem.
This is called defining a variable. Then use the variable to write expressions for the other
unspecified numbers.

Step-III : Solve the problem: Use the strategy you choose in Step-II to solve the problem.

MENSURATION: A wire of length 21 cm is bent in the form of a rectangle in such a
11
way that it's length becomes 2 cm less than twice its breadth. Find the length and

the breadth of the rectangle.

Explanation
Verbal 2 Length +2 Breadth =21cm
Model
1
{} Length =2 Breadth —15
Labels Breadth = x cm

Length =[2x—11} cm = [zx_ﬁ)
2 2

Algebraic 2{x+(2x—%ﬂ -21

Model

2[3){—%}
N 2] =21
= 6x-3=21

> 6x=21+3=24

24
= x= 6 =4
3 3 3 13 1
Length=2x- 2 =2x4- 2 =8-2= 2 = 2 m

Breadth =x=4 cm.

[17]
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Check your?ﬁ '
Answers
5_4
1. (()x=3 (i)x=3 (iii) x= 17
Do You
Remember ?

wn|g

D
0 S=T:D=SxT;T=

Where S= Speed in km/hr
T = Time in hours
D = Distance in km.

5

0 xkm/hr=xx 18 m/sec

xm/sec:xx%km/hr

Building
Concepts

SPEED, DISTANCE & TIME : The distance between city A and B is 510 km. Two cars
begin their journey from these cities and move directly towards each other. From
city A, the car is moving at a speed of 100 km per hour and from city B, the car is
moving at 70 km per hour. Assuming the cars start at the same time, find after how
many hours will they meet and how far is their meeting point from city A?

Distance covered Distance covered
by car 1 | bycar2

< <

Meeting
City A point City B
Explanation:
Ver Spee x Tim | Spee w Time = T
ﬁ G lsid e'th B td™ i
r e r es neg
1 t 2 r

[18]
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Labels Time to meet = t hours
g Speed of car-1 = 100 km per hour

Speed of car-2 = 70 km per hour

Alzebr

Express 100t + 70t = 510

ion
= 170t=510

510

= t= 170 =3 hours

The two cars will meet after 3 hours from the start.

Distance of the meeting point from city A = Speed of car 1 x Time to reach meeting point
=100 x 3 =300 km

(d=sxt)

A gazelle can run 73 feet per second for several minutes. A cheetah can run faster

(88 feet per second) but can only sustain its top speed for about 20 seconds before

it is worn out. How far away from the cheetah does the gazelle need to stay for it to

be safe?

Explanation

You can use a diagram to picture the situation. If the gazelle is too far away for the cheetah

to catch it within 20 seconds, the gazelle is probably safe.

If the gazelle is closer If the gazelle is farther

}L lle

A

-------

gazelle caught in 20
seconds

Ver Dista Gazelle's .
. — | Distance
i gagelle |+ sistapce " | cfuBsin 20
0 del runs - fr -
sec, tah e

To find the "safety zone" you can first find the starting distance for which

the cheetah reaches the gazelle in 20 seconds.

Labels Gazelle's distance = 73 x 20 (feet)

G Gazelle's starting distance from cheetah = x (feet)

[19]
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Algebraic model Cheetah's distance = 88 x 20 (feet)
73 x 20 +x=88x 20
1460 +x=1760
x=1760 - 1460
x =300

Gazelle needs to stay more than 300 feet away from the cheetah to be safe.

Concepts

NUMBERS: Find two consecutive even numbers such that, three-fourth of the first

exceeds two-fifth of the other by 9.

Explanation:

Ver An _ Consecut +

B e

%‘]l ber number 9

Labels An even number = 2x.
Consecutive even number = 2x + 2
?'U b 3 2
gE' I - -
Mg 4 2x)= 5 (2x+2)+9,
del

3x _4x+4
5 2 5 +9

S

L 10\ 2/ =10 5 +90  (Multiplying by LCM of 2 and 5)
= 15x=8x+8+90

= 15x-8x=98 5 7x=98 5 x=14

The first number = 2x =2 x 14 = 28
The next number=2x+2=28+2=30

Building

Concepts
2-DIGIT NUMBER: The sum of the digits of a two digit number is 14. The number

obtained by inter-changing the digits is 36 more than the given number.
Explanation

[20]
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Ver v ., 4 —
ﬁ g b 1
e Munier Oviei
b ={ g | &
g ‘-ﬂ:‘mﬁ sing N
. ber
BIL [
5
Labels Unit digit = x, tens digit =14 - x
g Original number = 10 (tens digit) + unit digit
Algebr

hrpress 10(14 -x) +x=140=-10x+x =140 - 9x

inm

Number obtained by reversing the digits = 10 (x) + (14 - x) =9x + 14
ATQ

> 9x+14 =36+ (140 -9x)
> 9x+9x=140+36-14

> 18x=162

162
5 x= 18 =9 , (14-x)=14-9=5

Original Number = 10 (5) + 9 =59

Building

Concepts

ECONOMICS: A video store charges "8 to rent a video game for five days. You must be
a member to rent from the store, but the membership is free. A video game club in
town charges only "3 to rent a game for five days. But membership in the club is 50
per year. Which rental plan is more economical?

Explanation:
Find the number of rentals for which the two plans would cost the same.
Ver St C C
Num ) MNum )
%?-[ rlfi' s Ten = Ne + mer?berb
Ii :‘:II::l Irtf ,_-|Iu:“
o
Labels Store rental fee = 8 (rupees per
game)

Number of games to be rented = x

Club rental fee =X 3 (per game)

Club membership fee =X 50
Algebraic Model 8x=3x+50

[21]



NCERT Basics: Class 8

ALLEN

= 5x=50

- x=10

If you rent 10 video games in a year, the cost would be the same at either the store or the
club. If you rent more than 10, the club is more economical. If you rent fewer than 10, the
store is more economical.

Memory Map

Linear W
Equations in

One
Variable /

Linear | variable is one, is called a linear equation.
equations JJ Eg: 3x - 5 = 23—®RHs
. LHS equality

Linear
equations
in one

wrmminkla

ax+b=c,
where a, b and ¢ are numbers and x is a variable.

Eg:2x-3:=7
\-_

fr—
[SEY

The value of the variable which satisfies the given
\ equation is called a solution or the root of the equation.
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