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PAIR OF LINEAR EQUATIONS INTWO
VARIABLES

INTRODUCTION
An equation of the form Ax + By +C =0 is called a linear equation.
Where A is called coefficient of x, B is called coefficient of'y and C is the constant term (free from x and y)
A,B,C e R, [ € > belongs to, R — Real no.] ButA and B cannot be simultaneously zero.
If A+ 0, B=0 equation will be of the form Ax+C=0
IfA=0, B =0 equation will be of the form By+C=0
IfA=0,B =0, C=0equation will be of the form Ax + By =0 (line passing through origin)
IfA=0,B =0, C=0equation will be of the form Ax+By+C=0.
It is called a linear equation because the two unknowns (x and y) occurs only in the first power and the product of
two unknown quantities does not occur.
Since it involves two variables therefore a single equation will have infinite set of solution i.e., interminate solution.
So we require a pair of equation i.e., simultaneous equations.
Standard from of linear equation : (Standard form refers to all positive coefficients)
ax+byy+te;=0 .. (i)  ax+by+c,=0 (ii)

INTERPRETING EQUATIONS
The general form for an equation in the first degree in one variable is ax + b = 0. The general form for first-degree
equations in two variables is ax + by + ¢ =0
It is interesting and often useful to note what happens graphically when equations differ, in certain ways, from the
general form. With this information, we know in advance certain facts concerning the equation in question.

LINE PARALLELTO THE AXES
Ifin a linear equation the y term is missing, as in
2x — 15 =0, the equation represents a line parallel
to the Y axis and 7 1/2 units from it. Similarly, an
equation such as 4y—9 = 0, which has no x term,
represents a line parallel to the X axis and 2”4 units
from it. The fact that one of the two variables does
not appear in an equation means that there are no
limitations on the values the missing variable can

-0

assume. When a variable does not appear, it can /\% o =
assume any value from zero to plus or minus infin- » » &
ity. This can happen only ifthe line represented by g ¥

the equation lies parallel to the axis of the missing

variable.

Lines Passing Through the Origin

A linear equation, suchas 4x+3y=0
that has no constant term, represents a line passing through the origin. This fact is obvious sincex =0,y =0
satisfies any equation not having a constant term.
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Lines Parallel to Each Other

An equation suchas 3x—-2y=6

has all possible terms present. It represents a line that is not parallel to an axis and does not pass through the origin.
Equations that are exactly alike, except for the constant terms, represent parallel lines. As shown in figure, the lines
represented by the equations 3x — 2y =— 18 and 3x — 2y =6, are parallel.

Parallel lines have the same slope. Changing the constant term moves a line away from or toward the origin while
its various positions remain parallel to one another. In figure that the line 3x —2y = 6 lies closer to the origin than
3x—2y=-18. This is revealed at sight for any pair of lines by comparing their constant terms. That one which has
the constant term of greater absolute value will lie farther from the origin. In this case 3x —2y =—18 will be farther
from the origin since |18 |>| 16].

SOLVING EQUATIONS IN TWO VARIABLES

A linear equation in two unknowns is an equation which after simplification contains two unknowns, each one of
them in a separate term and having the exponent one.
A solution of a linear equation in two variables consists of a pair of numbers that satisfy the equation. For example,
x=2andy = I constitute a solution of 3x— S5y =1
When 2 is substituted for x and 1 is substituted for y, we have, 3(2)-5(1)=1
The numbers x =—3 and y =—2 also form a solution.
This is true because substituting — 3 for x and —2 for y reduces the equation to an identity:

3(3)-5(=2)=1

-9+10=1

1=1

Each pair of numbers (x, y) such as (2, 1) or (—3,—2) locates a point on the line 3x — 5y = 1. Many more solutions
could be found. Any two numbers that constitute a solution of the equation are the coordinates of a point on the line
represented by the equation.
Suppose we were asked to solve a problem such as: Find two numbers such that their sum is 35 and their
difference is 5. We could indicate the problem algebraically by letting x represent one number and y the other.
Thus, the problem may be indicated by the two equations :

x+y=33

X —-y=5
Considered separately, each of these equations represents a straight line on a graph. There are many pairs of
values for x and y which satisfy the first equation, and many other pairs which satisfy the second equation. Our
problem is to find one pair of values that will satisfy both equations. Such a pair of values is said to satisfy both
equations at the same time, or simultaneously. Hence, two equations for which we seek a common solution are
called simultaneous equations. The two equations, taken together, comprise a system of equations.
In general, a solution of a system in two variables is an ordered pair that makes both equations true.
In other words, it is where the two graphs intersect, what they have in common. So ifan ordered pair is a solution
to one equation, but not the other, then it is not a solution to the system.
A consistent system is a system that has at least one solution. An inconsistent system is a system that has no
solution.
The equations of a system are dependent if all the solutions of one equation are also solutions of the other equation.
In other words, they end up being the same line.
The equations of a system are independent if they do not share all solutions. They can have one point in common,
justnotall of them.
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One Solution : v

Ifthe system in two variables has one solution, it is an ordered 1
pair that is a solution to both equations. In other words, when 61
you plug in the values of the ordered pair it makes both equa- T
tions true. 4_:
The graph below illustrates a system of two equations and two 2t
unknowns that has one solution: T
1 — X
-1-6 -5 -4 -3 2-1,+ 7
_,4 Point of intersection : (4, 3)

_34 One solution
| Consistent system
| Independent equations

o+
No Solution : 1T
Ifthe two lines are parallel to each other, they will never intersect. Y
This means they do not have any points in common. In this situation,

you would have no solution.

The graph below illustrates a system of two equations and two
unknowns that has no solution:

-7 -6 -5 -4 -3 2-1 1234567

1 Parallel lines : No solution
Inconsistent system
Independent equations

4
=5
-6
-7
Infinite Solutions :
Ifthe two lines end up lying on top of each other, then there is Y
an infinite number of solutions. In this situation, they would end 1
up being the same line, so any solution that would work in one 6+
equation is going to work in the other. 5+
The graph below illustrates a system of two equations and two T
unknowns that has an infinite number of solutions: 2_:
Ifthe lines represented by the equation : 1+
axtby+c =0and ayx+by+c,=0 X
-7-6 5-4-3-2-14+12 3456 7
N ; h & # ﬂ :21-— Same lines : Infinite number
are (i) intersecting, then a, b, L of solution
_4+ Consistent system
L a; ﬁ _C _s4 Dependent equations
(ii) coincident, then a = b, = o e
71

a, b ¢
(iiii) parallel then o b, # o

In fact, the converse is also true for any pair of lines.
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SOLVING SYSTEMS OF LINEAR EQUATIONS
There will be six ways that we can use to solve a system of linear equations
Graphically : Graph both equations and find the intersection point.
Inaccurate by hand.
Useful when using technology.
More appropriate for non-linear systems.
Must solve for the equation fory first.
Substitution : Solve one equation for one variable and then substitute that into the other equation.
Best algebraic technique for non-linear systems.
Works well when a variable can be solved for easily, has a coefficient of one.
Works better when fractions and roots aren't involved.

Addition / Elimination : Multiply one or more equations by a constant and then add the two equations together
to eliminate one variable. Works well for a linear system when there is no variable with a coefficient of one.
Works well for 2 equations with 2 variables systems of equations, but becomes tedious and labor intensive for
larger systems.

Gaussian Elimination / Gauss Jordan Elimination : Uses elementary operations to produce equivalent equa-
tions. Works for non-square systems of linear equations.

Built upon the concepts of addition elimination, but instead of obtaining new equations, the old equation is replaced
with an equivalent equation.

probably the fastest way to solve a large system of linear equations by hand.

Cramer's Rule

Matrix Algebra / Matrix Inverses : We will deal with only with graphical and algebraic methods to solve pair
of linear equations ,we will use other methods in higher classes.

Solving Equations Graphically

Graphical Solution : Ifthere is a pair of numbers that can be substituted for x and y in two different equations, the
pair form the coordinates of a point which lies on the graph of each equation. The only way in which a point can lie
on two lines simultaneously is for the point to be at the intersection of the lines. Therefore, the graphical solution of
two simultaneous equations involves drawing their graphs and locating the point at which the graph lines intersect.
Hence steps involve in solving problems graphically.

Step 1: Graph the first equation ; To draw graph use x and y intercept.

x-intercept : The x-intercept is the point where the graph of an equation crosses the x-axis. The x-intercept can
be found by substituting y = 0 into the equation and solving for x. The x-intercept is also called a solution, root, or
zero of the equation.

y-intercept : The y-intercept is the point where the graph of an equation crosses the y-axis. The y-intercept can
be found by substitution x = 0 into the equation and solving for y.

There is no requirement that an equation have either an x-intercept or y-intercept. It is also possible that there may
be more than one of each intercept.

The graphical method is a quick and simple means of finding an approximate solution of two simultaneous equa-
tions. Each equation is graphed, and the point of intersection of the two lines is read as accurately as possible. A
high degree of accuracy can be obtained but this, of course, is dependent on the precision with which the lines are
graphed and the amount of accuracy possible in reading the graph.

Example, the line 5x +3y =15 crosses the Y axis at (0,5). This may be verified by letting x =0 in the equation. The
X intercept is (3,0), since x is § when y is 0.
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Picture shows the Line 5x+3y=15 graphed by means of the X and Y intercepts

Step 2: Graph the second equation on the same coordinate %
system as the first.
Step 3: Find the solution. \

(0,5)

Ifthe two lines intersect at one place, then the point of intersec-
tion is the solution to the system. Ifthe two lines are parallel,
then they never intersect, so there is no solution.

Ifthe two lines lie on top of each other, then they are the same
line and you have an infinite number of solutions. In this case
you can write down either equation as the solution to indicate
they are the same line.

Step 4: Check the proposed ordered pair solution in both equa-
tions.

Figure : Graph of 5x + 3y = 15.
You can plug in the proposed solution into both equations. Ifit makes both equations true then you have your
solution to the system. Ifit makes at least one of them false, you need to go back and redo the problem.
If the graphs of the pair of equations ax + by +c=0and a'x +b'y +¢'=0:
(i) Intersect each other, then the system has one and only one solution, i.e. the system has a unique solution and is
said to be a consistent or compatible system.
(ii) Are parallel straight lines, then the system has no solution, and hence is an inconsistent system.
(iii) Are one and the same, i.e., are coincident straight lines, the system has infinite number of solutions and thus is
a dependent system. This is also called a consistent system of equations.
Any system of two linear equations in two unknowns has to be one of'the types of systems described above.
Solving the system graphically is not necessary if you want to determine whether the system of'equations is consis-
tent or not. There are other algebraic methods to do so.

Method I. Comparison of y-forms
Let us compare the y-forms of the equation and put the result in the form of a table.

Equations y-forms Solutions Type of System
24 -4x . . .
l. 4x+3y=24 y= 3 Unique solution Consistent
2x+6
3y—2x=6 =
3
2. y—2x=3 y=2x+3 No solution Inconsistent
2y—4x=10 y=2x+5
3. y—2x=3 y=2x+3 Infinite number of solutions Dependent
2y—4x=6 y=2x+3

From the above table you can easily conclude that if in the y-forms of the equations :

The coefficients of x are different (even if the constant terms are the same), the system of equations has a unique
solution.

The coefficients of x are the same but the constant terms are different, the system of equations has no solution.
The coefficients of “x’ and the constant terms are the same, i.e., the two y-forms are identical, the system has
infinite number solutions.
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Method 2. The Ratio Method
This is another method to determine whether a system of equations is consistent or not.
A system of linear equations ax + by +c=0and a'’x +b'y+c'=01s:

i) Consistent, if —a?ﬁ—b ii) In ist ‘['fa b¢C iii) d dent, if 2 °
1yfonsistent, 1 i) Inconsistent, if —=-—#—(iii)dependent, if —=—=—
0 ased () &= xS i dep Lob_s

Y
Example: 1
Solve equationsx +y=33 andx—y=5
Sol. Draw two lines on graph using x and y intercept. For x
+y =33 (0, 33) and (33, 0) and for x —y =5 (0, -5)
and (5, 0). We see that they intersect in a single point.
There is one pair of values comprising coordinates of
that point (19, 14), and that pair of values satisfies both
equations, as follows:
x+y=33 X—-y=35
19+ 14 =33 19-14=5

Figure : Graph of x+y=33 and x-y=S5.
This pair of numbers satisfies each equation. It is the only pair of numbers that satisfies the two equations simulta-

neously.
Example : 2
Check whether the pair of equations
X+3y=6 e (1) and 2x-3y=12 . )

is consistent. If so, solve them graphically.
Sol. Let us draw the graphs of the Equations (1) and (2). For this, we find two solutions of each of the equations, which

are given in Table.
X 0 6 X 0 3
_6-x 5 0 _2x-12 4 5
Y73 Y 3 - - y
Plot the points A(0, 2), B(6, 0), P(0,—4) and Q(3,—2) A
on graph paper, and join the points to form the lines AB and PQ. 6
51
Point B (6, 0) common to both the lines AB and PQ. T
So, the solution of the pair of linear equations is '\3; [A®02)

x=6and y=0, i.e., the given pair of equations is consistent. &\
L B(
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Example: 3

Sol.

Q.1

Q2

Q.3
Q.4

In each of the following, find whether the system is consistent, inconsistent or dependent :
(i) 5x+2y=16 (i) Sx+2y=16 (i) S5x+2y=16

Tx—4y=2 3x+§y:2 %x+3y:24

(i) (a) Method 1 : Using y-forms

1

5 7
The y-forms of the two equations are : Y = ) +8 and y = 2 X 5

Since the coefficient of ‘X’ are different in the two y-forms, the system of equations is consistent.
(b) Method 2 : The Ratio Method
Herea=5,b=2andc=-16anda'=7,b'=—4 andc'=-2

a 5 b 1

c . a b L .
. —==—, —=—— and - = 8. Since, — # —, the system of equations is consistent.
a7 b 2 c a’ b

5 5
(ii) Using y-forms of th two equations, we have Y = ) X+8 and y= _EX + 3

Since the coefficient of x are the same and the constant terms are different, the system is inconsistent.
(iii) The ratio method: Herea=5,b=2andc=-16,a'=15/2, b'=3 and c¢'=24

a5 2 b 2 -16 2 . a b ¢ 2
w1572 30 w3 ™M TRy Ty e 3
SELF CHECK
On comparing the ratios il , E—l and :::_1 , find out whether the lines representing the following pairs of linear
a4 by 2
equations intersect at a point, are parallel or coincident :
(i) 5x—4y+8=0 (i) 9x +3y+12=0 (iii) 6x -3y +10=0
Tx+6y—9=0 18x+6y+24=0 2Xx—y+9=0
Which of the following pairs of linear equations are consistent/inconsistent ? If consistent, obtain the solution
graphically:
()x+y=5,2x+2y=10 (i) x—y=8,3x-3y=16
(i) 2x+y—-6=0,4x-2y—-4=0 (iv)2x-2y—-2=0,4x—4y-5=0
Given the linear equation 2x + 3y — 8 =0, write another linear equation in two variables such that the geometri-
cal representation of the pair so formed is: (i) intersecting lines (ii) parallel lines (iii) coincident lines
Solve the following simultaneous systems graphically :
) x+y=38 (i) 3x+3y=12
X—-y=2 4x +5y=2
ANSWERS
(1) (i) Intersect at a point (i) Coincident (iii) Parallel
(2) (i) Consistent (ii) Inconsistent (iii) Consistent (iv) Inconsistent

The solution of (i) above, is given by y =5 —x, where x can take any value, i.e., there are infinitely many solutions.
The solution (iii) above isx =2, y=2, i.e., unique solution.

(3) One possible answer for the three parts : (i) 3x +2y—7=0  (ii)2x+3y—12=0 (iii))4x+6y—16=0
4)x=5,y=3 (i)x=18, y=—14
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ALGEBRAIC METHODS

Substitution method : In some cases it is more convenient to use the substitution method of solving problems. In
this method we solve one equation for one of the variables and substitute the value obtained into the other equa-
tion. This eliminates one of the variables, leaving an equation in one unknown

The method of substitution will work with non-linear as well as linear equations.

1. Solve one of'the equations for one of the variables.
2. Substitute that expression in for the variable in the other equation.
3. Solve the equation for the remaining variable
4. Back-substitute the value for the variable to find the other variable.
5. Check
The process of back-substitution involves taking the value of the variable found in step 3 and substituting it back
into the expression obtained in step 1 (or the original problem) to find the remaining variable.
Itis important that both variables be given when solving a system of equations. A common mistake students make
is to find one variable and stop there. You need to include a value for all the variables.
Itis a good idea to check your answer into the both equations, but is probably sufficient to check in the equation
you didn't isolate a variable in the first step. That is, if you solved for y in the first equation in step 1, use the second
equation to check the answer.
Example: find the solution of'the following system :
dx+y=11 ; x+2y=8
Itis easy to solve for either y in the first equation or x in the second equation. Let us solve for y in the first equation.
Theresultis y=11—-4x
Since equals may be substituted for equals, we may substitute this value of y wherever y appears in the second
equation. Thus, x +2 (11 —4x)=8
‘We now have one equation that is linear in x; that is, the equation contains only the variable x.
Removing the parentheses and solving for x, we find that
x+22-8x=8 or —7x=8-22
—Tx=-14 or x=2
To get the corresponding value ofy, we substitute x=2 iny= 11 —4x. The result is
y=11-42)=11-8=3
Thus, the solution for the two original equations isx =2 and y=9..
Example 4 :
Solve the following pair of equations by substitution method:
x-15y=2 e (D
x+2y=3 2)

Sol. Step 1 : We pick either of the equations and write one variable in terms of the other.

Let us consider the Equation (2) :
x+2y=3 andwriteitasx=3-2y ... 3)
Step 2 : Substitute the value of x in Equation (1). We get
73-2y)—15y=2
ie.,21—14y—15y=2 ie.,—29y=-19 Therefore, y=19/29

19 49

Step 3 : Substituting this value of'y in Equation (3), we get X=3—2[5) 59
Therefore. the sofutionis x = 2. y= 12 Verification : Substinting x =2 y =12
eretore, the solution 1s —29> Y—29 ; vertfication : Substituting —29, Y—29,

you can verify that both the Equations (1) and (2) are satisfied.
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ExampleS:
Solve the following simultaneous equations by using the substitution method:
x+y=15 ; y=x+3
Sol. Label the equations as follows:
x+y=15 )
y=x+3 2)
substituting y=x+3 in (1) gives
Xx+x+3=15;2x+3=15
3 o 2x 12
2x+3-3=15-3 or 2x=12; 5 >
Whenx=6,y=6+3=9[Fromeq. (2)]. So, the solution is (6, 9).

X=6

Example6 :

Solve the following simultaneous equations by using the substitution method: x +4y= 14 ; 7x -3y =5
Sol. xtd4y=14 () 7x-3y=5 . )

Fromeq. (1), x=14-4y ... 3)

Substitute the value of x in equation (2), 7 (14—4y)—3y=5

=98-28y-3y=5 =98-3ly=5 =293-31=> y=%=>y=3
Now substitute value of yineq. (3), 7x-3 3)=5=7x=14 =>x=14/7=2.
Solutionisx=2,y=3

SELF CHECK
Q.1  Solvethe following pair of linear equations by the substitution method.
. . .. 3x Sy
(i)x—-t=3 (i) 0.2x+0.3y=1.3 (111)7—?2—2
S+i=6 0.4x+0.5y=23 x,y b
3 2 44X . y - B 3 2 6

Q.2 Solve2x+3y=11 and 2x — 4y =— 24 and hence find the value of ‘m’ for which y=mx + 3.

Q.3  Form the pair of linear equations for the following problems and find their solution by substitution method.
(i) The difference between two numbers is 26 and one number is three times the other. Find them.
(ii) The larger of two supplementary angles exceeds the smaller by 18 degrees. Find them.

Q.4  Solvethe following systems by the substitution method:

(i)2x—-9y=1 (i) 2x+y=0 (iii) 5r+2s=23 (iv)t—4v=1
x—4y=1 2x—y=1 4r+s=19 2t-9v=3
ANSWERS
1) (@) s=9,t=6 (i)x=2,y=3 (i) x=2,y=3 2)x=-2,y=5m=-1

3) (i) x—y=26,x =3y, where x and y are two numbers (x >y), x =39, y=13.
(i) x —y =18, x +y= 180, where x and y are the measures of the two angles in degrees, x =99, y=81.
@ @@H)x=5y=1 (i) x=1/4, y=-1/2 (ii))r=5,s=-1 (iv)t=-3,v=-1

ADDITION / ELIMINATION
The idea behind the addition / elimination method is to multiple one or more equations by a constant so when they
are added together, one of the variables eliminates. Then you have one equation with one variable and you can
solve for that variable.
The addition method of solving systems of equations is illustrated in the following example:
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x+ty=8

2x+0=10 = x=5
The result in the foregoing example is obtained by adding the left member of the first equation to the left member of
the second, and adding the right member of the first equation to the right member of the second.
Having found the value of x, we substitute this value in either of the original equations to find the value ofy, as
follows: x-y=2

= B)-y=2 = —y=2-5 = —y=-3=>y=3

Notice that the primary goal in the addition method is the elimination (temporarily) of ,one of the variables. If the
coefficient of y is the same in both equations, except for its sign, adding the equations eliminates y as in the
foregoing example. On the other hand, suppose that the coefficient of the variable which we desire to eliminate is
exactly the same in both equations.
In the following example, the coefficient of x is the same in both equations, including its sign:

Xx+2y=4 ; x-3y=-1
Adding the equations would not eliminate either x or y. However, if we multiply both members of the second
equation by —1, then addition will eliminate x, as follows:

x+2y=4
—x+3y=1

S5y=5 = =1

The value of x is foind by substitutir}llg 1 for y in either of the original equations, as follows:

x+2()=4 = x=2
As asecond example of the addition method, find the solution of the simultaneous equations

3x+2y=12 ;4x+5y=2
Here both x and y have unlike coefticients. The coefficients of one of the variables must be made the same, except
for their signs.
The coefficients of x will be the same except signs, if both members of the first equation are multiplied by 4 and
both members of the second equation by—3. Then addition will eliminate x.
Following this procedure to get the value of'y, we multiply the first equation by 4 and the second equation by -3,
as follows:

12x + 8y =48
—-12x—-15y=-6

-Ty=42 —=y=-6
Substituting for y in the first equation to get the value of x, we have
3x+2(-6)=12
x+2(2)=4
x—-4=4 —=x=8
This solution is checked algebraically by substituting 8 for x and -6 for y in each of the original equations, as
follows: (i) 3x+2y=12;3(8)+2(-6)=12;24-12=12
(i) 4x +5y=2,4(8)+5(-6)=2; 32-30=2
From above discussion you have following steps to solve equations.
1. Choose a variable to eliminate. Usually the variable that can be eliminated by multiplying by smaller numbers is the
better choice.
2. Multiply one or both equations by a constant so that the least common multiple of the coefficients on the variable
to be eliminated is obtained. Care should be taken so that one coefficient becomes negative and the other is
positive.
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Add the two equations together so the variable is eliminated.

Solve the resulting equation for the remaining variable.

Back-substitute that value into the one of the two original equations to find the remaining variable.

Check your answer into the other equation.

As an alternative to step 5, and this is extremely helpful when the answer is a fraction or decimal value and not
pleasant to work with, you can go through the elimination process again with the other variable, and then you don't
have to work with the fractions until the check process.

Example 7 :

The ratio of incomes of two persons is 9 : 7 and the ratio of their expenditures is 4 : 3. If each of them manages to
save Rs 2000 per month, find their monthly incomes.

Sol. Let us denote the incomes of the two person by Rs 9x and Rs 7x and their expenditures by Rs 4y and Rs 3y

respectively. Then the equations formed in the situation is given by :
9x—4y=2000 . (1
and 7x-3y=2000 ... 2)
Step 1 : Multiply Equation (1) by 3 and Equation (2) by 4 to make the coefficients of'y equal.
Then we get the equations:

27x—12y=6000 3)

28x—12y=8000 . @)
Step 2 : Subtract Equation (3) from Equation (4) to eliminate y, because the coefficients of y are the same. So, we
get (28x—27x)—(12y— 12y) = 8000 — 6000 i.e., x =2000

Step 3 : Substituting this value of x in (1), we get
9(2000)—4y=2000 i.e., y=4000
So, the solution ofthe equations is x = 2000, y = 4000.
Therefore, the monthly incomes of the persons are Rs 18,000 and Rs 14,000, respectively.
Verification : 18000 : 14000=9:7.
Also, the ratio of their expenditures = 18000 — 2000 : 14000 —2000 = 16000 : 12000=4:3

Example 8 :

Solve the following simultaneous equations by using the elimination method:
2x+3y=15 ; 4x-3y=3

Sol. Label the equations as follows:

2x+3y=15 (1

4x-3y=3 2
Notice that 3y appears on the left-hand side of both equations. Adding the left-hand side of (1) and (2), and then
the right-hand sides, gives:

6x 18

2x +3y+4x—-3y=15+3; 6x=18 ; ?=€ = x=3
We have added equals to equals, and addition eliminates y.
Substitutingx =3 in (1) gives: 2x3+3y=15 ;6 +3y=15

6x+3y—-6=15-6 ; 3y=9

3y _2 —

=3 2V 3

So, the solution is (3, 3)
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Exa

Sol.

mple9:
Solve 9x —4y =8 ; 13x + 7y =101

I9x—4y=8 (1
13x+7y=101 )
Multiply eq. (1) by 7 and eq. (2) by 4, we get
63x—28y =56
Add 52x + 28y =404
115x =460
460
= — :4
= s 7

28
Substitutex =4 ineq. (1), 9(4)—4y=8= 36-8=4y = 28—-4y> y=7=7 Lx=4,y=7

Example 10 :

Sol.

Q.1

Q2
Q3

The sum of a two-digit number and the number obtained by reversing the digits is 66. If the digits of the number
differ by 2, find the number. How many such numbers are there ?
Let the ten’s and the unit’s digits in the first number be x and y, respectively.
So, the first number may be written as 10 x +y in the expanded form (for example, 56 = 10(5) + 6).
When the digits are reversed, x becomes the unit’s digit and y becomes the ten’s digit. This number, in the ex-
panded notation is 10y + x (for example, when 56 is reversed, we get 65 =10(6) +5).
According to the given condition.
(10x+y)+ (10y +x) =66

ie, ll(x+y)=66ie, x+ty=6 . )
We are also given that the digits differ by 2, therefore,
eitherx—y=2  ....... 2) or V=X=2 e 3)

Ifx—y=2, then solving (1) and (2) by elimination, we getx =4 and y = 2.

In this case, we get the number 42.

Ify—x=2, then solving (1) and (3) by elimination, we getx =2 and y = 4.

In this case, we get the number 24. Thus, there are two such numbers 42 and 24.
Verification : Here 42 +24 =66 and 4 -2 =2. Also 24 +42 =66 and 4 —2 = 2.

SELF CHECK
Solve the following problems:
(i)x+y=24 (i) 5t+2v=9 (i) x—2y=-1 (iv)2x+7y=3
x—y=12 3t—2v=-35 2x +3y=12 3x—5y=151
Solve the following pair of linear equations by the elimination method and the substitution method :
(()x+y=5and2x-3y=4 (i) 3x—5y—4=0and 9x =2y +7
Form the pair of linear equations in the following problems, and find their solutions (if they exist) by the

elimination method :

(i) If we add 1 to the numerator and subtract 1 from the denominator, a fraction reduces to 1. It becomes 1/2
if we only add 1 to the denominator. What is the fraction?

(ii) The sum of the digits of a two-digit number is 9. Also, nine times this number is twice the number obtained
by reversing the order of the digits. Find the number.

(iii) A lending library has a fixed charge for the first three days and an additional charge for each day thereafter.
Saritha paid Rs 27 for a book kept for seven days, while Susy paid Rs 21 for the book she kept for five days.
Find the fixed charge and the charge for each extra day.
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ANSWERS
M @A)x=18,y=6 (i) t=1/2, v=13/4 (iii))x=3,y=2 (iv)yx=12,y=-3
.. 19 6 .9 5
QW) x=7.y=7 (i) X=3-Y="173
3) (i) x—y+2=0,2x—y—1=0, where x and y are the numeragtor and denominator of the fraction, 3/5
(i))x +y=9 and 8x—y =0, where x and y are respectively the tens and units digits of the number, 18
(i) x +4y=27,x+2y =21, where x is the fixed charge (in Rs.) and y is the additional charge (in Rs.) per day,
x=15y=3.

CROSS- MULTIPLICATION METHOD

For any pair of linear equations in two variables of the form

ax+by+te,=0 L (D
and  ayx+byy+te,=0 L 2)

To obtain the values of x and y as shown above, we follow the following steps:

Step 1 : Multiply Equation (1) by b, and Equation (2) by b;, to get
b,a;x+b,b;y+b,e, =0 3)
ba,x+bb,y+bie,=0 L @)

Step 2 : Subtracting Equation (4) from (3), we get:
(bya; —b,a,) x +(byb; —=b;by) y +(byc;—byc,) =0

So, X = M, provided ajby —asb; 0 e, (3)
ajb, —a,b,

Step 3 : Substituting this value of x in (1) or (2), we get
v Rk L
y ab,—ab, e (6)

Now, two cases arise :

Casel:ab,—a,b, z 0.Inthiscase Ll b . Then the pair of linear equations has a unique solution.

a, b,
a b

Case2:ab,—a,b, =0. If we write a—1=b—1=k,then a,=ka,, b, =kb,.
2 2

Substituting the values ofa; and b, in the Equation (1), we get
k(a,x+by) +¢, =0 L @)
It can be observed that the Equations (7) and (2) can both be satisfied only if

c
c,=kec,,ie., L=k
1 2 ¢,
If ¢; =k ¢,, any solution of Equation (2) will satisfy the Equation (1), and vice versa. So, if & E—l “S_g ,
B by G

then there are infinitely many solutions to the pair of linear equations given by (1) and (2).

If ¢, #k ¢,, then any solution of Equation (1) will not satisfy Equation (2) and vice versa. Therefore the pair has no
solution. Thus,
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. b . . . a, b, ¢ P .
(i) When S , we get a unique solution. (i) When —L = —L = =L there are infinitely many solutions.
a, b, a b &
a, b ¢ . .
(iii) When —- = —L = L there is no solution.

a, by ¢
Note that you can write the solution given by Equations (5) and (6) in the following form :

x oy v (8)
bic, —bye;  cja;—cya;  ab, —ab

In remembering the above result, the following diagram may be helpful to you :

X y 1

b c a b

2 2 2 2

The arrows between the two numbers indicate that they are to be multiplied and the second product is to be
subtracted from the first.

For solving a pair of linear equations by this method, we will follow the following

Steps :

Step 1 : Write the given equations in the form (1) and (2).

Step 2 : Taking the help ofthe diagram above, write Equations as given in (8).

Step 3 : Find x and y, provideda b, —a,b; #0

Step 2 above gives you an indication of why this method is called the cross-multiplication method.

Example 11 :

Solve 3x+2y+25=0,x+y+15=0

Sol. 3x+2y+25=0 .. (H x+y+15=0 ... 2)
Here, —3 b, =2, 01—25
lb2 l,c,=
oy b ox_y 1
2><15—25><1 25xl—15><3 3xl—2xl’30—25 25-45 3-2° 5 =20 1
X
—=1, —=1 =_
5 _20 = x=5,y=-20
Example 12 :

Sol.

For what values of k will the following pair of linear equations have infinitely many solutions?
kx+3y—(k=3)=0; 12x +ky—-k=0
a _k b_ 3 ¢ k-3
Here, 0 712" b, k'¢, K
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Sol.

For a pair of linear equations to have finitely many solutions :

alzﬁzc_ls g _3_k=3 K3 hich aivesk2=36 ic. k=t 6
a, by o, dOWENRATITTT on T Whicheiveskr=S0 e, K=

Also, % = % gives 3k = k2 -3k, i.e., 6k =k2, which means k=0 ork =6.

Therefore, the value of k, that satisfies both the conditions, is k = 6. For this value, the pair of linear equations has
infinitely many solutions.

Example 13 :
Find the value of k for which the system of linear equation : kx +4y =k —4, 16x +ky =k, has many solutions.
kx+4y=k-4 . (1) l6x+ky=k ... )
a, =k, b, =4, ¢,=-(k-4);a,=16, b, =k, ¢,=-k
- k 4
Here condition is ﬂ:hzc—lgkzizu s —=— k=64 =+8
a, b2 c, 16 k k 16 k
4 k-4
Also, == — = 4k=k?-4k = k’-8k=0= k(k-8)=0

Q.1

Q2

Q.3

Q.4

k=0ork=8but k=0 is not possible otherwise equation will be one variable.
.. k=8is correct value for many solution.

SELF CHECK
Which of the following pairs of linear equations has unique solution, no solution, or infinitely many solutions. In
case there is a unique solution, find it by using cross multiplication method.
(i)x-3y-3=0 (i) x—3y-7=0
3x-9y-2=0 3x-3y—-15=0

For which values of a and b does the following pair of linear equations have an infinite number of solutions

2x+3y=7

(a—b)x+(a+b)y=3a+b-2
Solve the following pair of linear equations by the substitution and cross-multiplication methods :

8x+5y=9

3x+2y=4
Form the pair of linear equations in the following problems and find their solutions (if they exist) by any alge-
braic method :
(i) A fraction becomes 3 when 1 is subtracted from the numerator and it becomes % when 8 is added to its
denominator. Find the fraction.
(ii) Places A and B are 100 km apart on a highway. One car starts from A and another from B at the same time.
Ifthe cars travel in the same direction at different speeds, they meet in 5 hours. If they travel towards each
other, they meet in 1 hour. What are the speeds of the two cars ?

ANSWERS
(1) (i) No solution (ii) Unique solution,x =4, y=—1 2)a=5,b=1
B)x=-2,y=5

5
(4) (i) 3x—y—3=0,4x—y—8=0, where x and y are the numerator and denominator of the fraction, o

(i) u—v=20, u+v=1000, where u and v are the speeds (in km/h) of the atwo cars, u =60, v =40.
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RECIPROCAL EQUATION
An equation which contains variables in reciprocal (or fractional) form is called reciprocal equation. To solve the
simultaneous equation in reciprocal form we multiply the equations by such numbers which equate the coefficients
of'one of the variables. Now we add or subtract the resulting equation, thus obtaining a single equation in one
variable only. We then find the value of this variable. Lastly we substitute the value of this variable thus obtained in
either of the given equations and then we obtain the value of the other variable.

Example 14 :

15 2 I 1 36
Solve —+— =17, —+—=—
X 'y X y 5

. E+%—17 l+l—%
Sol. We have the equations : Xy e ) and Xy 5 e )
Multiplying eq. (2) by 2, we get, 2 + 2 = 2 3)
Xy 5
Subtracting (3) from (1), we get
15 2 72 13 85-72 13 13 13x5
——=ll-— 5 == = —=_" = xx13=13x5 = x= =5
X y 5 X 5 X 5 13
Putting the value of x in (2)
1+1 36 I 36 1 1 35 ; 5 1 s 1
—_—t—=— —_——=——— _—= — —_- . —— X = R —-—
5y 5:>y 5 5:>y 5:>5><y5:>y 35..y7Hence, }’7
SELF CHEK
Q.1  Solvethe following pairs of equations by reducing them to a pair of linear equations:
1 1 I 1 13 4 3
H —+—:2  —F—=— 1) — = . — = =
(@ 2x 3y >3x 2y 6 (i) x+3y 14 X y=23
5 1 5 6 3 1 ]
(iii) ;Jfﬁ— ;;—E— (iv) 6x + 3y =6xy ; 2x +4y=15xy
1 1 3 1 1 -1
™) v 4 BTz ey
3x+y 3x-y 4’ 2(3x+y) 23x-y) 8
ANSWERS
: 1 L 1 :
(1)(1)x=5,y=§ (11)X=§,y=—2 (i) x=4,y=5(G{v)x=1,y=2(v)x=1,y=1

WORD PROBLEMS
Many problems can be solved quickly and easily using one equation with one variable. Other problems that might
be rather difficult to solve in terms of one variable can easily be solved using two equations and two variables. The
difference in the two methods is shown in the following example, solved first by using one variable and then using
two.
Example : Find the two numbers such that half'the first equals a third of the second and twice their sum exceeds

three times the second by 4.
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Solution using one variable :
1. Letx=the first number.

3x
2. Then % = % of'the second number, 3. Thus EEN the second number.

From the statement of the problem, we then have

3x 3x 9x
2( +—):3(—)+4 . ==
X > > ;o 2X+3x 5 +4

3x
10x =9x+8 ; x = 8 (first number), 5 " 12 (second number)

SOLUTION USING TWO VARIABLES
Ifwe let x and y be the first and second numbers, respectively, we can write two equations almost directly from the

X
statement of the problem. Thus, 37 % or 2(x+y)=3y+4
Solving for x in the first equation and substituting this value in the second, we have

2 2 4
X=?y or 2[?}1+Yj=3y+4; ?y+2y=3y+4 = 4y+6y=9y+12 = y=12 (Second number)

=3 =x= 8 (first number)

Thus, we see that the solution using two variables is more direct and simple. Often it would require a great deal of
skill to manipulate a problem so that it might be solved using one variable; whereas the solution using two variables
might be very simple. The use of two variables, of course, involves the fact that the student must be able to form
two equations from the information given in the problem.

Steps you can use to solve problems;

(i) Represent the unknown quantities by variable x and y, which are to be determined.

(ii) Find the conditions given in the problem and translate the verbal conditions into a pair of simultaneous linear
equation.

(iii) Solve these equations and obtain the required quantities with appropriate units.

Type of problems : Determining two no.’s when the relation between them is given, Problems regarding fractions,
digits of a number, ages of person, current of a river, regarding time and distance, mensuration and geometry, time
and work, regarding mixtures, cost of articles, profit & loss, discount.

Example 15 :
The numerator of a fraction is 4 less than the denominator if the numerator is decreased by 2 and the denominator
isincreased by 1, then the denominator is eight times the numerator find the fraction.

SoL.y—-x=4 ... )
y+1=8(x-2) ...... 2) Answer : 3/7

Example 16 :
The sum of two-digit number and the number obtained by reversing the order of its digits is 165. Ifthe digits differ
by 3, find the number.

Sol. Let unit digit be x ten’s digit be y no. will be 10y + x.
Acc. to problem, (10y +x)+(10x +y) =165
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and X—y=3 ... 2)

or —-(x-y)=3 ... 3)
x+y=15 x+ty=15
x—-y=3 -x+ty=3
2x=18 2y=18
Sox=9 SLy=9
L y=06 SX=6

.. No.willbe 6,9 .. No.willbe9, 6
Example 17 :

A boat goes 12 km. upstream and 40 km downstream in 8 hours. It can go 16 km, upstream and 32 km down-
stream in the same time. Find the speed of the boat in still water and the speed of the stream.

Sol. Let the speed of the boat in still water be x km/hour and the speed of the stream be y km/hr. then speed of boat in
downstream is (x +y) km/hr. and the speed of boat upstream is (x —y) km/hr.

. . . 2
In Ist case : Distance covered in upstream = 12 km S time = hr.
X-y
. . . 40
distance covered in downstream =40 km . time= Ty hr.
12 40
Total timeis 8 hrs. .. + =38
X—y X+Yy
16
In IInd case : Distance covered in upstream = 16 km s time= y hr.,
downstream =32 km o time = hr.
+y
16 32
Total time taken =8 hrs. + =38

X—y X+y
Solve them to get, x = Speed of boat = 6 km/hr, y=speed of stream =2 km/hr.

Example 18 :

Points A and B are 90 km apart from each other on a highway. A car starts from A and another from B at the same
time. Ifthey go in the same direction, they meet in 9 hrs. and if they go in opposite directions, they meet in 9/7
hours. Find their speeds.

Sol. Let the speeds of the cars starting than A and B x km/hr and y km/hr. respectively
Acc.toproblem, 9x—-90=9y ......... (1

9 9
—X+=y=90
and 7 7}’ ........... 2)

Solving we get x =40 km/hr, y =30 km/hr.
Speed of car A= 40 km/hr speed of car B =30 km/hr.
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Example 19 :

A vessel contain’s mixture of 24/ milk and 6¢ water and a second vessel contains a mixture of 15¢ milk and 10/
water. How much mixture of milk and water should be taken from the first and the second vessel separately and
kept in a third vessel so that the third vessel may contain a mixture of 25/ milk and 10/ water ?

Sol. Let x( of mixture be taken from Ist vessel and y/ of the mixture be taken from 2nd vessel and kept in 3rd vessel so

Q.1

Q2
Q3
Q4
Q5

Q.6
Q.7

that (x +y)( of the mixture in third vessel may contain 25¢ of milk and 10/ of water.

24 X
A mixture of x ¢ from 1st vessel contains 7 —-X = 3 X! of mile and 5 £ of water. And a mixture of y/ from 2nd

30

3 2 4 3
vessel contains = ( of milk and — ¢of water. .- X +§y =25 ... (1) ; -+—Zy=10_.... )

5 5

Solveitto get xandy, i.e., x =200, y=15(

SELF CHECK
Solve the following pairs of equations by reducing them to a pair of linear equationFormulate the following
problems as a pair of equations, and hence find their solutions:
(i) Ritu can row downstream 20 km in 2 hours, and upstream 4 km in 2 hours. Find her speed of rowing in still
water and the speed of the current.
(ii) 2 women and 5 men can together finish an embroidery work in 4 days, while 3 women and 6 men can finish
it in 3 days. Find the time taken by 1 woman alone to finish the work, and also that taken by 1 man alone.
(iii) Roohi travels 300 km to her home partly by train and partly by bus. She takes 4 hours if she travels 60 km
by train and the remaining by bus. If she travels 100 km by train and the remaining by bus, she takes 10 minutes
longer. Find the speed of the train and the bus separately.
2 men and 3 boys together can do a piece of work in 8 days. The same swork is done in 6 days by 3 men and
2 boys together. How long would 1 boy alone or 1 man along take to complete the work.
The sum of two no’s is 18, the sum of their reciprocal is 1/4. Find the numbers.
A man sold a chair and a table together for Rs. 1520 there by making a profit of 25% on the chair and 10% on
table. By selling them together for Rs. 1535, he would have made a profit of 10% on the chair and 25% on the
table. Find cost price of each.
A man went to the Reserve Bank of India with a note of Rs. 500. He asked the cashier to give him Rs. 5 and
Rs. 10 notes in return. The cashier gave him 70 notes in all. Find how many notes of Rs. 5 and Rs. 10 did the
man receive.
The sum of the digits of a two-digit number is 12. The number obtained by the inter changing the two digits
exceeds the given number by 18. Find the number.
A farmer wishest to purchase a number of sheep found that if they cost him Rs. 42 a head, he would not have
money enough by Rs. 28, bu if they cost him Rs. 40 a head, he would then have Rs. 40 more than he required,
find the number of sheeps and the money which he had.

ANSWERS
(1) (@A) u+v=10,u —v=2, where uand v are respectively speeds (in km/h) of rowing and current,
25 1 3 6 1
u=6,v=4.(ii) —+—=—, —+—=—_where nand m are the number of days taken by 1 woman and 1 man
n n 4 n m 3
. . ... 60 240 100 200 25
to finish the embroideey work, n = 18, m = 36 (iii) T+T =4, o +T =% where u and v are
respectively the speeds (in km/h) of the train and bus, u= 60, v=80.
(2) One boy can do in 120 days and one man can do in 20 days. (3) No’sare 12 and 6
(4) Chair =Rs. 600, table =Rs. 700 (5) 40, Rupee 5 notes, 30 Rupee 10 notes
(6)57 (7) 34 sheep, Rs. 1400
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ADDITIONAL EXAMPLES

Example1:
Solve the following simultaneous equations by using the substitution method:
x=2y+10, 2xty=5
Sol. Label the equations as follows:
x=2y+10 .. 1) ; 2x+y=5 .. 2)
Sustitutingx =2y + 10in (2) gives: 2 2y + 10) +y=35
S5y -15
4y+20+y=35 = 5y+20=5 =35y=-15; 5, = y=-3
Substitutingy=-3in (1) gives: x =2 (-3) + 10=4, So, the solution is (4, —3)

Example?2:
Solve the following equation : 2 (2x+3)— 10 < 6 (x—2)
Sol. Wehave, 2(2x+3)-10<6 (x—-2)
= 4x+6-10<6x—12 = 4x -4 <6x—12
= 4x—-6x<-12+4 [Transposing—4to RHS and 6x to LHS]

x -8
= -2x<-8 = —F7Z2—7 =2x24 = xe[d,»)

Hence, the solution set of of the given inequation is [4, «0)

which can be graphed on real line as shown in figure. el 0 4 >

Example3:
Draw the graph of the equation 2x + 3y = 7 and verify from the graph if x =2 and y = 3 is a solution of the
equation.

Sol. Equation2x+3y=7 = 3y=7-2x

_7-2x
= Y= 3 “1.3) 34 ®(23)
y I

When x= -1,

7-2(2 !
When x= 2, = ()=1
3 | |
T T X
7-2(5 -
When x= 5, Z%Z 1
2x+3y=7
X -1 2 5
y 3 1 -1

Since the point x =2, y= 3 does not lie on the line, it is not a solution of the equation.
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Example 4 :

. . 2x+1 3y-1 3x-1 2y+1
Solve the systems of equations graphically : 3 + > =2; > + 3 =2
2x+1 3y-1 3x-1 2y+1
— =2 + =2
Sol. 3 7 TE e (1 5 3L e 2)
2x+1_’_3y—1:2 3X—1+2y+1:
3 2 2 3
Multiplying both sides by 6 Multiplying both sides by 6
22x+1)+3@y-1)=12 33x-D+2QR2y+1)=12
= 4x+2+9y-3=12 = 9x -3 +4y+2=12
— 4x+9y=13 = O9x+4y=13
= 9y =13 —-4x = 4y=13-9x
N _13-4x N _13-9x
y 9 y 1
13-4 -
Whenx =1, y=T()=1 Whenx=l,y=w=l
13- 4(10 13-9(5
When x =10, y=+=—3 Whenx=35,y= 4()=—8
13-4(19 13-9(9
Whenx=l9,y=T()=—7 Whenx=9, y= 4( )=—17
Equation (1) Equation (2)
X 1 10 19 N X 1 5 9
y 1 -3 -2 y 1 -8 -17

From the graph, the solution is the point of intersection of the lines, i.e., x=1,y=1
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ExampleS:

Sol.

Example6 : b

Sol.

2x+1 3y+2
—+ =
3 5

2

Solve the equations :

2x+1 3y+2 22x+1) 3Q@y+2
. (1 ang ZEDCED @)

2x+1 Jy+2
3 u and s v
The the equations become
utv=2 ... 3) 2u-3v=—-1 ..... €))
Multiplying (3) by 3,
3u+3v=6 ... 5)
Adding (4) and (5), Su=5 = u=1
Substituting this value of uin (3), | +v=2 = v=2-1=1

Let

2X3+l=u=l and 3y5+2:
= 2x+1=3 and 3y+ 2=5
= 2x=3-1=2 and 3y=5-2=3
== x=1 and y=1
Therefore, the solutionisx=1,y=1

v=1

Then

Exhibit graphically the solution set of the linear inequations :
3x+4y <12, 4x+3y<12, x20,y20

Converting the inequations into equations, the

inequations reduce to 3x +4y =12, 4x + 3y =12, x=0

and y = 0. Region represented by 3x +4y < 12. The

line 3x +4y = 12 meets the coordinate axes at A (4, 0)

and B (0, 3). Draw a thick line joining A and B.

Point (0, 0) satisfies inequation 3x + 4y <12. So, the

portion containing the origin represents the solution set ,

of the inequation 3x +4y < 12. Region represented by

3x +4y<12.The line 4x + 3y =12 meets the x and y-

axisatA, (3,0)and B, (0, 4) respectively. v

Join these two points by a thick line. Clearly, the region containing

the origin is represented by the inequation 3x +4y < 12 as shown in figure. Region repersented by x > 0 and

y>0. Clearly, x>0 and y > 0 represents the solution set of the given linear inequatons.

3xt+4y=12

Example 7 :

Sol.

Solve the systems of equations by the cross-multiplication method.
ax+by=c;bx—ay=c
ax +by=c, bx—ay=c. Using the cross-multiplication method,

X y z X y 1

j— = =
¢ bl fac Ja b —ac—bc ac—bc —32_p2
c —-al |b c¢[ |b -a
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_—ac—bc  —c(a+b) c(a+b) ac—bc c(a—b) c(a+b)
= X =T 2T T 7 2 2.2 and  y=—F——5=—b—S-=-——
—-a“—b —(@“+b“) a“+b -a“-b°~ —(a+b”) a“+b

c(a+b) c(a+b)
Therefore, x = , y=—
a’+b? aZ +b?

Example 8 :

2ab
Solve the system of equations : ax + by =1; bx+ay=———=

a? + b2
2ab

Sol. ax+by=1 ... (1) bX+ay=m ......... )

2ab a’+b2 +2ab (a+b)2
@t+b)x+@+b)y=1+——=:@+tb)x+@+b)yy=—5 35— =>@+b)x+y)="73 7
a‘+b a“+b a~+b

a® +b?
a? +b? - 2ab

Subtracting (2) from (1), (@—b)x+(b—-a)y=1-
a’+b?

ﬁ:(a—b)x—(a—b)y:
(@=b)’ _ _ __azb_
aZ+b? a?+b?
+b a—-b _ 2a o
a’?+b> a?+b? a’+b’ a’+b?
a+b a-b 2b a
Subtracting (4) from (3), 2y= a2+ b2 - a2 + b2 = a2 1 b2 =Y =m
a b
a2 +b?’ y_az+b2

= (a-b)(x-y)=

Adding (3) and (4), 2X =

Therefore the solutionis, x =

Example9:
A part of the monthly expenses of a family is constant and the remaining varies with the price of wheat. When the
price of wheat is Rs. 250 per quintal, the total monthly expenses are Rs. 1000 and when it is Rs. 240 per quintal,
the total monthly expenses Rs. per 980. Find the total monthly expenses of the family when the cost of wheat is
Rs. 350 per quintal.

Sol. Let the constant part of the expenditure = Rs. x
and the variable part = Rs. y x price of wheat.
Given that when the price of wheat is Rs. 250 per quintal, the total expenses are Rs. 1000.

S x+250y=1000 (1
Given alo that when the price of wheat is Rs. 240 per qunital, the total expenses are Rs. 980
oo x+240y=980 ... )

Subtracting (2) from (1), 10y=20 = y=2

Substituting this value of y in (1), x +250(2) = 1000 = x=1000-500= 500

Therefore, when the price of wheat is Rs. 350 per quintal,

total expenses =x + 350 y =500+ 350 (2) =Rs. 1200 .. total expenses =Rs. 1200
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Example 10 :

Sol.

It takes 12 hours to fill a swimming pool using 2 pipes. If the larger pipe is used for 4 hours and the smaller pipe
for 9 hours, only half'the pool is filled. How long would it take for each pipe alone to fill the pool ?

Let the time taken to fill the pool by the larger pipe = x hours and that by the smaller pipe =y hours.
Therefore, in 1 hour, volume of pool filled by the larger pipe = 1/x

and by the smaller pipe = 1/y

Given that both pipes can fill the pool in 12 hours.

L (1
Xy

Given also that if the larger pipe is used for 4 hours and the smaller pipe for 9 hours, only halfthe pool is filled.
4,21

Xy 2 e 2)

12 27 3
Multiplying (2) by 3, —~ + ? ST 3)
) 12 27 3 15 1 B
Subtracting (3) from (1), ?_? Y = —? Y =y=30
12 12 12 2 3

Subtracting the value of y in (1), ;+E =1= ~ 1—3—0 =1 373 =>x=20

.. time taken by the larger pipe =20 hr. and time taken by the smaller pipe =30 hr.

Example 11 :

Sol.

The sum of the digits of a two-digit number is 8. If the digits are reversed, the number is decreased by 54. Find

the original number.

Let the two-digit number be 10x +y.

Then, we have : x+y=8 ... i)
and 10y +x=10x+y 54or,x-y=54/9=6 ... (ii)

Solving equations (i) and (ii), we get x=(@8+6)2=7andy=1
.. The required number=7x 10+ 1=71
But the same question can be solved using this sample formula. The required number

Decrease } 1 Decrease }

=3 [Sum of digits + + 5 [Sum of digits—

=5(8+6)+12(8-6)=70+1="71.

Example 12 :

Sol.

Solve and graph the solution set of 3x + 6 >9 and -5x>-15,x € R
3x+6>9and -5x>-15
= 3x2>23 = -x2>-3
> x21 = x<3
Combining the solution —oo
So, the solutionisx € [1, 3)

y
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Example 13 :
Solve and graph the solution set of —2 <2x <—6and-2x+5>13,x e R
Sol. —2<2x<-6

= 2x—6>-2and -2x+5>13

= 2x>4 and -2x>13-5

= x>2 and -2x >8

= x>2 and —x >4

= x>2 and x <-4

o x>2o0rx <-4 P R
or x e(—w,—4Ju(2,%) e T 1 I I I T [ r Z
—4 -3 =2 -1 0 1 2 3
Example 14 :
L . 5x—2 7x-3 X

Solve the following inequations : 3 s > 7

SoL Given: 5X—2_7X—3>§ 5(5X—2)—3(7X—3)>§ 25X—10—21x+9>§ 4x-1_x
oL Given: Ty 5 4 15 47 15 4715 4

= 4(4x-1)>15x  [Multiplying both sides by 60 i.e., 1 cm of 15 and 4]

= 16x—4>15x= 16x—15x>4 [Transposing 15xto LHS —4 to RHS]

= x>4 = xe(4,»)

Hence, the solution set of the given inequation is (4, o).

This can be graphed on the real number line as shown in figure. ¥ (-) q >
Example 15:

.o . +4
Solve the following inequatiosn : >5
2x+4 2x+4 2x+4-5(x-1
Sol. We have, 25 = -5>0 = ( )20
x—1 X — x—1
-3x+9 3x-9 L .
= >0 = 1 <0 [Multiplying both sides by —1]
3(x-3) Xx-3 . :
= <0 <0 [Dividing both sides by 3]
x—1 x—1
+ — +
= 1<x<3 = xel3] _;_‘l’_g_’m

Hence the soution set of the given inequations (1, 3].

Example 16 :
Solve: 5<% <9
4
2-3x Lo
Sol. —5x4< x4 <9x4 [Multiplying throughout by 4]
-20<2-3x<36

20-2<-3x<36-=2 [Subtracting 2 throughout]
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-22<-3x<34

=22 34 Yy

- <x< 3 [Dividing throughout by —3]
2>X>__34 __34<X<_ 34/3 22/'3
3 =X="3 or 3——30rxe[— , 3]

Hence, the internal [-34/3, 22/3] is the solution set of the given system of inequations.

Example 17 :
Find x from 1 >|x| <2 and represent it on number line.
Sol. 1<|x|=|x|>1 =>x>1 orx<-1

X €(-o,-DuU(l,o) ))]
also|x|<2=>x<2orx>-2 .. xlies between—2 and 2.
xe (2,2 2)
Combiningthetworesults 1 <|x|<2=>{2<x<-lJu{l<x<2}ie, x e(-2,-1)U(L2)
RN T S S
Example 18 :
Find x satisfying | x —5|<3
Sol. As |[x-a|<3<a-r<x<a+r ie, xela—r,a+r]
|[x-5|<35-3<x<5+3 ie, 2<x<8 ie., xe[28]
o s 3
~oo 2 8 e

Example 19 :
Solve the following inequations graphically : 2x +3y <6
Sol. Converting the given inequation into equation, the
equation is 2x + 3y = 6. Puttingy=0and x =0
respectively in this equation, x =3 and y = 2 are the
points aty =0 and x = 0 respecitvely. So, this line
meets x-axisat A (3, 0) and y-axis at B (0, 2).
Plot these points and join them by a thick line. This line
divides the xy-plane in two parts.
The determine the region represented by the given inequality
consider the point O (0, 0). Clearly, (0, 0) satisfies the inequality. ‘\',,
So, the region containing the origin is represented by the given inequation as shown in figure.
This represents the solution set of the given inequations.

Example 20 :
Solve the following inequations graphically : |[x—y|>1
Sol. Wehave, |[x—-y|2]1 ©x-y>1 or x-y<-I

Sx—y—-1>20o0r x—y+1<0
The required region is the union of regions represented by
x—y—12>0 and x—y+1<0as shown in figure.
The shaded region represents the solution set of the given in
equation.
Hence, these cannot be solved to find the values of x and y. Y
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