PAIR OF LINEAR
EQUATIONS IN TWO VARIABLES

3.1 INTRODUCTION

In the middle school mathematics, we have learnt about linear equations in one variable and
their applications in solving word problems. If @ and b are two real numbers such that x = ()
and v is a variable, then as we have learnt that an equation of the form ax = bor, ax + b = 0 is
called a linear equation in one variable. Recall that a value of the variable which satisfies a
given linear equation in one variable is known as its solution.

In class IX, we have learnt about linear equations in two variables. The general form of a
lincar equation in two variables is ax+ by + ¢ =0or,ax + by = ¢ where a, b, ¢ are real
numbers such that a # 0,5 # 0 and x, i are variables (we often denote the condition a and b
are notbothzeroby a® + b* # 0). Any pair of values of xand y which satisfies the equation
ax+by+c=0 or ax+by =c is called its solution. For example, y =2 and y=1is a
solution of the equation 4x — 3y = 5. We have also learnt about the graph of a linear
equation. The graph of a linear equation in one variable is a straight line parallel to x-axis or
y-axis according as the equationis of the form ay = b or ax = b, where g # 0, The graphofa
linear equation in two variables is also a straight line. The coordinates of every point on the
line representing a linear equation determine a solution of the equation and every solution of
linear equation is represented by a point on the line represented by it. Thus, there is one-to-
one correspondence between the solutions of a linear equation and points lying on the
straight line represented by it.

In this chapter, we shall study about systems of linear equations in two variables, solution of
a system of linear equations in two variables and graphical and algebraic methods of
solving a system of linear equations in two variables. In the end of the chapter, we shall be
discussing some applications of linear equations in two variables in solving simple
problems fromdifferent areas.

3.2 SIMULTANEOUS LINEAR EQUATIONS IN TWO VARIABLES
In earlier class, we have studies about a linear equation in two variables. In this section, we
shall introduce the notion of system of simultaneous linear equations as defined below.

DEFINITION A pairof linear equationsin two variables 1s said to forma system of simultancous limear
equations.
Each of the following pairs of linear equations forms a system of two simultaneous linear
equations in two variables:
(i) x+2y=23 (i) 2u+50+1=0
2x -y =35 H-20+9=0
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(1ii) Il-l;_g (iv) 2a+b-1=0
i ' a+b+5=0
——_=5
Xy
The general form of a pair of linear equations in two variables x and 15
MX+by+c =
and

DX +by+c, =0,

- — - ,
where a,, b, , €y, @3, b, ¢, areall real numbers and af‘ + b 20, a3 + by # 0.Thisis known as

sentation of a system of simultaneous linear equations in two variables
SO LUTIO_N A pair of valyes of the variables x and y satisfying each one of the equations in a given
system of two simultaneoys linear equations in x and y is called a solution of the system.

Clearly, x = ;

the algebraic repre

2,¥ = -1 isasolution of the system of simultaneous linear equations
X + y =1
2x - 3’[}r =
ILLUSTRATION 1 Show that x = 2, Yy =1 is a solution of the system of simultaneous Iineqr
equations
3x — Zy' =4
2x 4 =5,
SOLUTION  The given system of equations is
3x—2y =4 ..{)
2r+y=>5 ..o{ii)
Putting x = 2and y = 1 inequation (i), we have
LHS =3x2-2x1=4=RHS
Putting x = 2and y = 1 in equation (ii), we have
LHS =2x2+1x1=5=RHS
Thus, x = 2 and y =1 satisfy both the equations of the given system.

Hence, x = 2, y = 1 isasolution of the given system.

ILLUSTRATION 2 Showthat x =2,y =1 isnot asolution of the system of simultaneous linear

equations
2x+7y =11
x-3y=>5
SOLUTION The given system of equations is
2x + 7y =11 0
Gh i

i i i), we have
Putting x =2,y =1 in equation (i),

LHS:2x2+?>{1=]1 = RHS
So, x = 2 and y = 1 satisfy equation (i)
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Putting v = 2, y = 1 inequation (i), we have,
LHS =2x1-3x1=-1## RHS
So, x =2and y =1 dmmtsatisf}f equation (ii)
Hence, X = 2, ¥ = | isnotasolution of the given system of equations.

ILLUSTRATION 3 Show that x =2, y=Tlandx =4,y =4 are solulions of the system of

:'qnmim:::

3x-2y=4
6x — 4y = 8,
sOLUTION The given system of equations is
3x-2y=4 (1)
by -4y =8 .(i1)

Putting v = 2and y = 1 in equation (1) a nd (ii) respectively, we get

LHS=3x2-2x1=4=RHS

LHS=6x%x2-4x1=8=RHS
So, ¥ = 2,y = 1 is asolution of the given system of equations.
Similarly, it can be checked that x = 4, y = 4 is also a solution of the given system.
Hence x =2,y =landx =4,y = 4 are solutions of the given system of equations.
In the above discussion, we have seen that a system of linear equations will have either a
unique solution or an infinitely many solutions or no solution. If a system of
simultaneous linear equations has a solution (either unique or infinitely many), then the
system is said to be consistent of other wise it is said to be an in-consistent system as
defined below. '

CONSISTENT SYSTEM A systent of simultaneous linear equations is said to be consistent, if it has at
least one solution.

IN-CONSISTENT SYSTEM A system of simultanicous linear equations is said to be in-consistent, if it
has no solution.

Clearly, systems of equations discussed inillustrations 1, 2, and 3 are consistent whereas the
system of equations ¥ - 2y = 1,2v — 4y = 3 is in-consistent because there is no pair of
values of v and y which satisfies the two equations simultaneously.

3.3 GRAPHICAL REPRESENTATION OF LINEAR EQUATIONS

In the previous section, we have seen what a pair of linear equations in two variables look
like algebraically? In class IX, we have learnt that the graphical (i.e. geometric)
representation of a linear equation in two variables is a straight line such that every
point on the line represents a solution of the equation and every solution of the equation
is represented by a point on the line. Let us now see what a pair of linear equations in
two variables will look like, graphically? Since a linear equation in two variables
represents a straight line. Therefore, a pair of linear equations in two variables will be
represented by two straight lines, both to be considered together. We know that given
two lines in a plane, only one of the following three possibilities can happen: |

(i) The two lines intersect at one point.

(ii) The two lines are parallel i.e. they do notintersect however far they are extended.
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(iii) The two lines are coincident lines i.e. one line overlaps the other line.
Thus, the graphical representation of a pair of simultaneous linear equations in

variables will be in one of the following forms.

¥ ¥

byt =0 N

X' / - X Jing 0 :
/ ?
rr|'| + E‘I_I_r o l'l =1 \ .;1_'; + fr.,y +ra=0

Ayx + by + 0y =0

L
y y'
Fig. 3.2 (Parallel lines)

Fig. 3.1 (Intersecting lines)

s

L
YI‘
Fig. 3.3 (Coincident lines)
Let us now consider some examples on formulation, algrbraic and graphical representntiun

of a pair of linear equations in two variables.

ILLUSTRATIVE EXAMPLES

LEVEL-1
ENAMPLE 1 Tenstudents of class X took part in Mathematics quiz. If the number of girls is 4 mor
' oys. Represent this situation algebraically and graphically.

than the munber of t
SOLUTION  Formudation: Let the number of girls be x and the number of boys be .

Itis given that total ten
Number of girls + Number of boys =10

students took part in the quiz.

x+y =10
 that the number of girls is 4 more than the number of boys.

Number ofboys + 4

ie.
[tisalso give
Number of girls =

ie. y=y+4

or, X=¥= 4



Thus, the algebraic representation of the given situation is

x+y =10 «(1)
o s ) ...(ii)

e Repr " Inorder to represent the above pair of linear equations graphically,
we will have to find two points on the line represented by each equation. That is, we will
have to find two solutions of each equation. As we have in class IX that there are infinitely
many solutions of each linear equation. So, we can choose any two solutions of each
equation. We know that itis always convenient to plot points having integral coordinates on
the graph paper in comparison to points with fractional coordinates. So, we choose
solutions having integral values. For this, we give such an integral value to one of the
Variab.les that the value of the other variable is also an integer. The most convenient integer
valueis zero. So, putting y = 0in y 4 y = 10, we get x = 10. Similarly, by putting v = 0 in
x+y =10, weget y = 10.
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Fig. 3.4
Thus, two solutions of equation (i) are:

x 10 0
0 10
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Similarly, two solutions of equation (ii) are:

X 4 0
EREE
Now, we plot the points A (10, 0), B (0, 10), P (4,0) and Q (0, 4) corresponding to these
solutions on the graph paper and draw the lines AB and PQ representing the equations
t+y=10and x -y = 4 as shown in Fig. 3.4.
We observe that the two lines representing the two equations are intersecting at the
point (7, 3).
Ixamerr 2 The coachof a cricket team buys 3 bats and 6 balls for ¥3900. Later, e buys another

bat and 3 more balls of e sante kind for ¥ 1300. Represent this situation algebraically and
geometrically. INCERT]

SOLUTION - [ormulation: Let the price of a bat be ¥ x and that of aball be ¥ y.
Itis given that 3 bats and 6 balls are bought for T 3900.
' : 3x + 6y = 3900
It is also given that one bat and 3 balls of the same kind cost ¥ 1300.
= X + 3y = 1300
Alwebrare Representition: The algebraic representation of the given situation is
3v+ by = 3900 (i)
X+ 3y = 1300 ... (i)

Graphneal Representation: Inorder to obtain the equivalent graphical representation, we find
two points on the line representing each equation. That is, we find two solutions of each
equation.
We have,

3x + by = 3900

When y = 0, we have

Ix+0=3900 = x = SL—)_?E = 1300

When y = 0, we have

L
Thus, two solutions of equation (i) are:

x 1300 0
y 0 650

0+ 6y =390 = y =

We have,
r+ 3y = 1300
When v = 100, we have
x4+ 300 = 1300 = x =1000
When r = 100, we have
100 + 3y = 1300 = 3y = 1200 = y = 400
Thus, two solutions of equation (ii) are;

b 1000 | 100
Y 100 | 400
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Now, we plot the points A (1300, 0) and B (0, 650) and draw the line AB passing through
these two points to represent equation 3x + 6y = 3900 as shown in Fig. 3.5. Torepresent the
equation x + 3y = 1300, we plot the points P (1000, 100) and Q (100, 400) and the line
passing through these points is as shown in Fig. 3.5.
We observe that the two lines representing the two equations are intersecting at the
point A (1300, 0).
REMARK  Ifwe look at the graphical (geometrical) representation of the pair of linear eqi ¢ Hons in
the above examples, we find that each pair represents mtersecting lines. The pair bf linear eq. uitions in
Example 2 is

3x + 6y —3900 =0

x+3y-1300=0
or, amx+by+c =0

a,x + by +¢; =0
where, a; = 3,0, = 6,0 = -3900, a, =1, b, = 3,¢, =-1300
We have,

JUAT | I *FiAs 5
WATIONS IN TWO VARIABLES 3.7
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Thus, the pair of linear equations
Mx+ by +¢ =0
X+ by +cy =0
will represent intersecting lines, if " Y The converse is also true for any pair of linear

. 5 b"_l
cquiations. * &

EXAMPLE 3 Romila went to a stationary stall and purchased 2 pencils t'ﬂ.l'd 3 erasers for
v 9. Her friend Sonali saw Hie new variety of pencils and erasers with Romila, and sh:’_ also
bought 4 pencils and 6 erasers of the same kind for T18. Represent this situation algebraically
and graphically. INCERT]
SOLUTION - Formudation: Let the cost of 1 pencil be ¥ x and that of one eraser be ¥ iy.

[tis given that Romila purchased 2 pencils and 3 erasers for T 9.

2x+3y =9
Itis also given that Sonali purchased 4 pencils and 6 erasers for T 18,
4x + 6y =18
Algebrae Representation: The algebraic representation of the givensituation is
2x+3y =9 .t
dx + 6y = 18 .. (ii)

Graphical Representation: In order to obtain the graphical representation of the above pair of
linear equations, we find two points on the line representing each equation. That is, we find
two solutions of each equation. Let us find these solutions. We will try to find solutions
having integral values.

We have,

2x+3y =9
Putting 1 = -3, we get

6+3y=9=3y=15 = y=5
Putting x = 0, we get

0+3y=9=y=3
Thus, two solutions of 2x + 3y = 9 are:
x |~=3 0
I 5 3

We have,

4y + 6y =18
Putting v = 3, we get

12+6y=18 = 6y=6 = y=1
Putting v = - 6, we get

-24+6y=18 = 6y =42 y=7
Thus, twosolutions of 4y + 6y = 18 are

X 3 -6
[/ 1 7 ]
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Fig. 3.6
Now, we plot the points A (-3,5) and B (0, 3) and draw the line passing through these points
to obtain the graph of the line 2x + 3y = 9. Points P (3, 1)and Q (-6, 7) are plotted on the
graph paper and we join them to obtain the graph of the line 4x + 6 v = 18. We find that both
the lines AB and PQ coincide.

REMARK Graphical representation of the pair of linear equations in the above example provides us
coincident lines. Let us write the above pair of linear equations as

aqx+by+c =0
X +by+c, =0
where a, = 2 bl =3FCI =-—9,.ﬂ'2 =4,b2 :fl,.lfz =-18

We observe that
m by oo 1
a b 2
Thus, the pair of linear equations
mx+by+e¢ =0
a,x + by +c; =0
will represent coincident lines, if
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FXAMPLE 4 The path ofa train A is

train B is given by the equation 2x + 4y - 12 =), Represent this situation graphically.

MATHEMATICS - X

converseis also true for any pair of linear equations.

given by the equation x + 2y — 4 = 0 and the path of another

INCERT]

SOLUTION  The paths of two trains are given by the following pair of linear equations.

X+2y-4=0
2x+4y -12 =0

sszi)
sosfiL)

In Urdt‘f‘ to represent the above pair of linear equations graphically, we need two points
on the line representing each equation. That is, we find two solutions of each equation as

given below:
We have,
X+ 2yr -4=0

HH ‘_.1 s T i
Adisa ! B_;': .:.
¥ i > I_. ..______5_;_.: T
T g fiE
¥ BERE :.,;.'.‘f'.‘“r-?‘ . 8t b
] e g a4t L i ; :‘_.__:
; b HEH £ .
B i g Bis B il
i O s R B e
x|
. } al
=8 ] ~4 H-H 3t -2 H
il
B |

Putting y = 0, we get
x+0-4=0=>x=4

Putting v = 0, we get
0+2y-4=0=y=2
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X 4
i

| = I

Thus, two solutions of equation y + 2y - 4 =0 are:
Wehave, J
2x+4y-12 =0
Putting x = 0, we get
0+4y-12=0 = y=3
Putting y = 0, we get h
2x+012=0 = x=6

Thus, two solutions of equation 2x + 4y — 12 = 0 are:

X 4] b
y 3 0

Now, we plot the points A (4, 0) and B (0, 2) and draw a line passing through these two
points to get the graph of the line represented by the equations (i).

We also plot the points P (0, 3) and Q (6, 0) and draw a line passing through these two
points to get the graph of the line represented by the equation (ii).

We observe that the lines are parallel and they do not intersect any where.

REMARK The graphical representation of the above pair of linear equations provides us a pair of
parallel lines.

Let uswrite the pair of linear equations.

xX+2p—-4=0

2x+4y-12=10
as ax +bhy+e =0

X+ by +c, =0
where a, = 1,b, =2,¢; =—4,a, =2,b, = 4and ¢; = -12.
We have,

”_l=l, B 2 1. ..6. ¢ _1

a, 2 b e -12 3

T
a by o
Thus, the pair of linear equations
ax+by+c =0
asx + by +c, =0
will represent parallel lines, if
T B
M- b_'_r ]
The converse isalse trie for any pair of linear equations.
It follows from the above examples that the pair of linear equations

ax+ by + e = ()
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— —— EXERCISE 3.1
LEVEL-1

- Akhila went to a fair in her village. She wanted to enjoy rides on the Giant Wheel and
play Hoopla (a game in which you throw a rig on the items kept in the stall, and if the
ring covers any object completely you get it). The number of times she played Hoopla is
half the number of rides she had on the Giant Wheel. Each ride costs T 3,and a game of
Hoopla costs ¥ 4. If she spent ¥ in the fair, represent this situation algebraically and
graphically. INCERT]

- Aftab tells his daughter, “Seven years ago, I was seven times as old as you were then.
Also, three years from now, I shall be three times as old as you will be.” Is not this
interesting? Represent this situation algebraically and graphically. [INCERT]

- The path of a train A is given by the equation 3x + 4y — 12 = 0 and the path of another

train B is given by the equation 6x + 8y — 48 = (. Represent this situation graphically.

- Gloria is walking along the path joining (- 2, 3) and (2, - 2), while Suresh is walking

along the path joining (0, 5) and (4, 0). Represent this situation graphically.

a, b c _ _
- On comparing the ratios =, —- and -, and without drawing them, find out whether

iy bz Ca

the lines representing the following pairs of linear equations intersect at a point, are
parallel or coincide:

(i) 5x-4y+8=0 (i) 9x+3y+12=0 (iii) 6x -3y +10 =0

x+6y-9=0 18x + 6y +24 =0 2x-y+9=0

Given the linear equation 2x +3y -8 =0, write another linear equation in two
variables such that the geometrical representation of the pair so formed is:

(i) intersecting lines (ii) parallel lines (iii) coincident lines.

The cost of 2kg of apples and 1 kg of grapes on a day was found to be T 160. After a
month, the cost of 4kg of apples and 2kg of grapes is ¥ 300, Represent the situation

algebraically and geometrically. INCERT]
: ' = ' ' — ANSWERS
x-2y=0 2 x-7y+42=0

I+ 4y =20 x=3y-6=0
(i) Intersecting lines (ii) Coincidentlines (iii) Parallel lines

) x+2y-4=0 (i) 4x+6y—-12=0 (i) 4x+6y-16 =

- 2x +y =160, 4x + 2y = 300.
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3.4 GRAPHICAL METHOD OF SOLVING SIMULTANEOUS LINEAR EQUATIONS

In this section, we shall use the knowledge of construction of graphs of linear equations in
solving systems of simultaneous linear equations in two variables. We have learnt that the
coordinates of every point on the line representing a linear equation in two variables
determine a solution of the equation and every solution of the equation is represented by a
point on the line. Thus, if there is a system of simultaneous linear equations in two variables
such that the lines representing the equations intersect at a point P(w, B). Clearly, point P
lies on both the lines, so its coordinates will satisfy both the equations in the system. Thus,
x = o, ¥ = B is the solution of the given system of equations. If the lines represented by the
two equations are coincident, then they have infinitely many common points. Therefore,
every point on the line provides a solution of the given system of equations and hence it has
infinitely many solutions. If the lines represented by the two equations are parallel, then they
donot have a common point and so the system has nosolution i.e. it is in-consistent.

The procedure of solving a system of simultaneous linear equations in two variables by

drawing their graphs is known as the graphical method.

We may use the following algorithm to solve a system of simultaneous linear equations in

two variables by graphical method:

ALGORITHM
STEP | Obtain the given system of simultaneous linear equations in xand y.
Let the system of simultaneous linear equations be
mx + by = ¢ R i
X+ by =¢ ...(i1)

STEP 1T Draw the graphs of the equations (i) and (ii) in step .
Let the lines 1y and I, represent the graphs of (i) and (it) respectively.

STEP 111 If the lines I, and I, intersect at a point and (ct, B) are the coordinates of this point, then
the given system has a unigue solution given by x = o, y = . Otherwise go to step IV,

STEPIV  If the lines I, and 1, are coincident, then the system is consistent and has infinitely many
solutions. In this case, every solution of one of the equations is a solution of the system.
Otherwise gostep V.

SIEPV  If the lines I, and I, are parallel, then the given system of equations is in-consistent i.e. it
has no solufion.

Following examples illustrate the above algorithm.

ILLUSTRATIVE EXAMPLES
LEVEL-1
EXAMPLE 1 Solve graphically the system of equations:
x+y=3
3x - 21,1I =4

SOLUTION  Graph of the equation x + y = 3:
x+y=3=>y=3-x

When x = 1, we have
y=3-1=2
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When v = 2, we have
¥=3-2=1
Thus, we have the following table:
X 1 2
y | 2] 1
PhnmgmepmMSAuqnmdBmJ)mﬂdmwmgamwmmmgHWWbWegm*hegﬁ“ﬂ1
of the equation y 4 ¥ = 3 as shown in Fig, 3.8,

[[T T ‘ 3 It

T e et v ; 8 e a1 ey sosky pen

Graph of the equation 3y - y=4;
We have,
3x-4

3.t—2y=4::2y=3.t—4:>y= 3

When v = 0, we have
Ix0-4
2
When x = 4, we have
3x4-4
2
Thus, we have the following table:

b 0 4
¥ ~:2 4

Plotting the point C (0, - 2)and D (4, 4) on the same graph paper ang - |
them, we obtain the graph of the equation 3y - 2y =4, g aline i0inin

y = -2
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Clearly, the two lines intersect atpoint P(2, 1).
Hence, x = 2, y = 1 is the solution of the given system.

EXAMPLE 2 S.‘mwgmp:’u’mf!y that the system of equations
2x +4y =10
3x + 6y = 12

has no solution.

SOLUTION = Graph of 2x + 4y =10

We have,

21+4]f =10 = "hf= 10 - 2x = i :%
When x =1, we have

v = 5___1 =3

2

When x = 3, we have

i = E"_S. e 1

Y=
Thus, we have the following table:

X 1 3
i 2 1

Plot the points A (1,2)and B(3,1) ona graph paper. Join A and B and extend it on both sides
to obtain the graph of 2x + 4y = 10 asshownin Fig. 3.9,
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Fig.3.9

Graphof 3x + 6y =12 :

We have, I+oy=12=26y=12-3x=>y= i}é_‘:
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When x = 2, we have
S
When x = 0, we have

Y 1

y = —%— = 2
Thus, we have the following table;

X 2 0
y 1 2

Plot the points C(2, 1) and D (0, 2) on the same graph paper. Join C and D and extend it on
both sides to obtain the graph of 3x + by = 12 asshowninFig.3.9.

We find the lines represented by equations 2x + 4y = 10 and 3x + 6y = 12 are parall?l. So,
the two lines have no common point. Hence, the given system of equations has no solution.

EXAMPLE 3 Show graphically that the system of equations
3x—y=2
Iy -3y =6
has infinitely many solutions.
SOLUTION  Graph of 3x — y = 2:
Wehave, 3x-y=2=y=3x-2

When x = 2, we have i e s e s G b
Y| pRaeE FeRwd §mand By o 9."‘-’—31{‘:6
Yy=3x2-2=4 frosedies g oo

When 1 = 1, we have ads 11888 SR s e sour | BRgey samEl bage
y=3x1-2=1 I R R
Thus, we have the following table: 2223 fEddE Sespedd 2252 SRS RS (gt
X 2 1 = r :.::_. - EwsS smary & buTHR N N . 1 :
ol % 22z Baat ISEm: SESE BRI SN AT TR poaay pen, =BT IE -
y | 4 ] g 5 e ot 1 S
Plotting the points A(2,4) and B(1,1) on [~ : 51 iiE
the graph paper and drawing a line
passing through A and B, we obtain the
graphof 3x — y = 2 as shown in Fig. 3.10.
Graphof 9x -3y =6 :
Wehave, 9x -3y =6

> g B A R

cana fasa: SN ¢ i
9y - 6 anaw EES

When r = 0, we have — D H.*E):, ,
_9x0-6 . it

3
When x = -1, we have

-2 b a et K] [HeSy

Y

__31—'!,!:2 et

9x-1-6 IETHT S B R

=5 e
3

[
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Thus, we have the following table:
x 0 -1
¥ ~2 -5
Plotting the points C(0,-2) and D(~1, - 5) on the graph paper and drawing a line passing
through these two points on the same graph paper we obtain the graph of 9x — 3y = 6. We

find the Cand D both lie on the graphy of 3x — y = 2. Thus, the graphs of the two equations
are coincident. Consequently, every solution of one equation is a solution of the other.

Hence, the system of equations has infinitely many solutions.
EXAMPLE 4 Use a single graph paper and draw the graph of the following equations:
2y-x=8; Sy-x=14, y-2x=1.
Obtain the vertices of the triangle so obtained.
SOLUTION Graph of 2y - x = 8:
We have, 2y —x=8=x=2y -8
When v = 2, we have
x=2x2-8=-4
When y = 3, we have
x=2x3-8=-2
Thus, we have the following table:

X -4 -2
Y - 3

Plot the points A, (-4, 2) and B, (-2, 3) on the graph paper. Join A, and B, and extend it on
both sides to obtain the graph of 2y — x = 8 asshown in Fig. 3.11.
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TP 5 o 11 g '
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i i { Bl HN o

I - - eyl
IR T IR} ! T

n - T "
RE s B B ! X -
e i3 u I4 :

Wy | | T TIs —
o | ! 0 4 T

¥ i 8

I

|

Fig. 3.11
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Graph of 50—y = 14-

ﬁ;have, Y — % = 14 — = 5y - 14

When ¥ =3, we have X=hw3~14=1

Th N ¥ =4, we have X=5x4-14=6
us, we have the following table:

> 1 6
y 3 4
(6, 4) ona graph paper. Join A, and B, and extend iton both

flot the points A5(1, 3) and B,
sides to obtain the graphof 5y — x = 14 asshown in Fig. 3.11.

Graphof y — 2y = 1.

We have, Y=-2x=1= ¥=2r+1

When x = 1, we have y =2x-1+1=-1
When x = 0, we have ¥=2x0+1=1
Thus, we have the fDIlowing table:

x -1
y -1
_P lot the points A3 (~1-1) and B,(0,1) on thesame graph paper. Join A; and B; and extend

1ton both sides to obtain the graphof y — 2x = 1 asshown in Fig. 3.11.

From the graph of the three equations, we find that the three lines taken in pairs intersect
eachotherat points A, (-4, 2), A,(1, 3)and A,(2, 5).

Hence, the vertices of the required triangle are (-4, 2), (1, 3) and (2, 5).

EXNAMPLE 5 Solwe the following system of equations graphically

1

x+3y=6
2x -3y =12
and hence find the value of a, if 4x + 3y = a.
SOLUTION Graph of the equation x + 3y = 6 :
We have, x+3y =6 = x=6-3y
When y=1, wehave x=6-3=3
When y =2, wehave x=6-6 =10
Thus we have the following table:

[CBSE 2008)

3 0
Y 1 2

i i d drawing a line joining th
Plotting the points A(3,1) and B(0, ij an ing joining them, we get "
of the eiuatiun x + 3y = 6 as shownin Fig. 3.12. 8 e graph

Graph of the equation 2x -3y =12:
2x—-12

We have, 2x -3y =12=VY = 3

2><3-12__2
When r = 3, wehave y = 3 -
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Fig. 3.12
When x = 0, we have _:;:D_;E": 4
Thus, we have the following table:
& 3 0
¥ -2 -4

Plotting the points C(3,-2) and D(0, - 4) on the same graph paper and drawing a |
joining them, we obtain the graph of the equation 2y — 3y =12 as shown in Fig.3.12,
Clearly, two lines intersect at P(6, 0).
Hence, x = 6, i = 0 is the solution of the given system of equations.
Putting x =6,y =0 in a = 4x + 3y, we get

a=(4x6)+(3x0) =24

EXAMPLE 6  Solve the following system of linear equations Sraphically:
2x-y—-4=0
X+y+1=0
Find the points where the lines meet y-axis.
e o coseon
2x-y-4=0
x+y+1=0
Graph of the equation 2y -y -4 = (:
We have,
2x-y—-4=0
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= ¥=2x-4

When x = 0, we have y=-4

When r = 2, we have y =

Thus, we have the fmll;}wing table giving points on the line 2x —y — 4 = 0.

x 0 2
Y -4 0
Plotting the points A(0,-4) and B(2, 0) on the graph paper on a suitable scale and

drawing a line passing through these two points we obtain the graph of the line given by
the equation 2x ~ y — 4 = 0 as shown in Fig, 3.13.
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Fig.3.13

Graph of the equation x+ y+1=0:
We have,
x+y+1=0 = y=-x-landx=-y-1.
When v = 0, we have y = -1
When x = -1, we have y =0
Thus we have the following table giving points on the line y 4 y+i=p

X 0 =1
y =il 0

Plotting the points C(0,-1) and_D(—l, 0) on the same graph paper ang
passing through them, we obtain the graph of the line represented by the equation
X +y+1=0 asshownin Fig. 3.13.
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Clearly, the two lines intersect at P(1,-2). Hence, x =1, y = -2 is the solution of the given
system of equations, '

From Fig. 3.13, we observe that the lines represented by the equations 2x -y -~ 4 = 0 and
x+y+1=0 meet y-axis at A(0,-4) and C(0,~1) respectively.

EXAMPLE 7 Draw the graphs of 2x + y =6 and 2x - y+ 2 = 0. Shade the region bounded by

these lines and x-axis. Find the area of the shaded region. [CBSE 2002]
SOLUTION We have,
2x+y=6 sy
2x—y+2=0 -+o(id)
Graph of the equation 2y 4 Y =6
We have,

2X+y=6 = y=6-2x
When x = 0, we have y =6
When x =2, we have y =2
Thus, we have the following table giving two points on the line represented by the
equation 2x +y =6

e 0 3
i 6 0
Plotting the points A(0, 6) and B(3, 0) on the graph paper on a suitable scale and drawing a

line joining them, we obtain the graph of the line represented by the equation 2x + y = 6 as
shown in Fig. 3.14.

Graph of the equation 2x — iy + 2 = 0:
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We have,

x-y+2=0 = y=2+2
When x = 0, we have y =2
When x = -1, we have y = 0

Thus, we have the following table giving two points on the line representing the given
equation

X 0 -1
Y 2 0

Plotting the points C(0,2) and D(-1, 0) on the same graph paper and joining them, we
obtain the graph of the line represented by the equation 2x -y +2 =0 as shown in
Fig. 3.14.

Itis evident from the graph that the two lines intersect at point P(1, 4). The area enclosed the
lines and x-axis is shown in Fig. 3.14.

Thus, x =1, y = 4 is the solution of the given system of equations. Draw PM perpendicular
from P on v-axis

Clearly, we have
PM = y-coordinate of point P(1, 4)
= PM = 4
and, DB = 4
Area of the shaded region = Area of A PBD

; 1
= Area of the shaded region = E(Base x Height)
= Area of the shaded region = %(DH x PM)
2 . .
= Area of the shaded region = [ 5 % 4 x 4] 5q. units = § sq. units
EXAMPLE 8  Solve the following system of linear equations g?‘ﬂphim.',’y:
Xx—y=1
2x+y=8.
Shade the area bounded by these two lines and y-axis.Also, determine this area.
[CBSE 2001]
SOLUTION We have,
r-y=1
2x+y =28

Graph of the equation x -y = 1:
We have,
y-y=1 = y=x-landx=y+1
Putting v = 0, we get y = ~1
Putting y = 0, weget v =1




PAIR OF LINEAR EQUATIONS IN TWO VARIABLES 3.23

Thus, we have the following table for the points onthe line x — y = 1:

x 0 1
Y —3 0
Plotting points A(0, - 1), B(1, 0) on the graph paper and drawing a line passing through

them, we obtain the graph of the line represented by the equation ¥ —y =1 as shown in
Fig. 3.15.

Graph of the equation 2x + y = 8:
We have,

2x+y=8 = y=8-2xand x = 7

Putting x = 0, we get y =8

Putting y = 0, we get x = 4

Thus, we have the following table giving two points on the line represented by the equation
2x + y= 8.

oo
e ]




i
A i \. ¢ ,”. - ! .

Plotting points (0, 8) and D(4,0) on the same graph paper and drawing a line e |
through them, we obtain the graph of the line represented by the equation =v -+ 1/ =8 as .
shown in Fig. 3.15.

Clearly, the two lines intersect at P (3, 2). The area enclosed by the lines represented by the

given equations and the y-axis is shaded in Fig. 3.15.

Now, Required area = Area of the shaded region

= Required area = Area of A PAC

= Required area = %{Basa x Height)

=, Required area = %{/‘.C x PM) |
=2 Required area = %(9 % 3) sq. units [ PM = x-coordinate of P = 3]

= 13.5 sq. units.

LEVEL-2 |

EXAMPLE 9 Draw the graphs of the following equations: |

x=y-2=0 |
dx+3y-24=10

y+4=0 ‘

Obtain the vertices of the triangle so obtained. Also, determine its area.

SOLUTION ~ Graph of the equation 2x -y -2 = 0: “

Wehave, 2v-y-2=0

When v = 0, we have x = 1.

When x = 0, we have ¥ = -2

Thus, we obtain the following table giving coordinates of two poitns on the line represented
by the equation 2v — y - 2 = (.

X 1 0
y 0 -2
Plotting points A(1, 0) and B(0, - 2) on the graph paper on a suitable scale and drawing a
line passing through them, we obtain the graph of the line represented by the equation
2v -y -2 = 0 as shown in Fig. 3.16.

Graph of the equation 4x + 3y - 24 = 0

24 — 4x -
i and x = 24433(

Wehave, 4v+3y-24=0=>y =

When y = 0, we have x = 6.
When x = (0, we have y = 8.
Thus, we obtain the following table giving coordinates of two points on

fhl? line represe 5
by the equation 4x + 3y — 24 = 0. presented

x 6 0
Yy 0 8
Plotting points C(6,0) and D(0, 8) Plotting points C(6, 0) and D(0, 8) on the same graph

paper and drawing a line passing through them, we obtain the 2raph of the line rarme.
by the equation 4x + 3y — 24 = 0 as shownin Fig. 3.16, ‘nerepresented
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Ng

s Graph of the equation y + 4 = ;

he Clearly, y = -4 for every value of v, So, let E(2,-4) and F(0, -4) be two points on the line
repr:esented by y+4 =0, Plotting these points on the same graph and drawing a line
passing ﬂ‘f ough them, we obtain the graph of the line represented by the equation y + 4 = ()
as shown in Fig. 3.16.

1 i

L}

Q1.4 if E (2, 4) vsd=0
' * F{IEI.—:&,_}_' M (3, 4 ] j

Fig. 3.16
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From the graph of the lines represented by the given equations, we observe that the lin
taken in pairs intersect each other at points P(3, 4 =) : ‘ e
Fig. 3.16.P F )»Q(-1, - 4) and R(9,-4) as shown in
From Fig. 3.16, we have

PM = 8and QR = 10.

Areaof APOR = %(Bas&‘-x Height)
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1 1 :
= Areaof APQR = E(QR x PM) = .2_(1[] x §) sq. units
— Area of APQR = 40 sq. units.

EXAMPLE 10 Determine graphically the vertices of a trapezium, the equations of w
*=0,y=0,y=4dand 2x + Y = 6 Also, determine its area. _
SOLUTION - Clearly, x = 0 represents y-axis and y = 0 represents x-axis.
Graph of the equation y = 4: _ _ :
Clearly, y = 4 for every value of x. So, let A (3,4) and B (0, 4) be two points on th? 11:2:
represented by y = 4. Plotting these points on the same graph paper and drawmg l: = d
passing through them, we obtain the graph of the line represented b:v the equation Y=
as shown in Fig. 3.17. It is a line parallel to x-axis at a distance of 4 units from it.
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Grapl of the equation 2x + y = 6:

Wehave 2y +y = 6

When y =0, we getx =3 and v =0 gives y = 6.

Thus, we obtain the following table giving coordinates of two points on the line represented

by the equation 2y + y = 6.
X 3 0
If 0 §

Plotting point C (3, 0) and D (0, 6) on the same graph paper and drawing a line passing
through them, we obtain the graph of the line represented by the equation 2v + iy = 6 as
shown in Fig. 3.17.

We find that the lines represented by the given equations form the trapezium OCEB as
shownin Fig. 3.17. The coordinates of its vertices are O (0,0), C(3,0), £ (1,4) and B (0, 4).

(OC + BE) = OB = 1: (3+1) x4 = 8sq. units

3 =

Area of trapezium OCEB =

EXAMPLE 11 Draw the graphs of the following equations on the same graph paper
2x+y=2;2v+y =6

Find the coordinates of the vertices of the trapezium formed by these lines. Also, find the area of

the trapezivm so formed.

SOLUTION  Graph of the equation 2x + y = 2

We have, 2v + y = 2

When ¢ =0, we have x = 1

When x = 0, we havey =2

Thus, we obtain the following table giving coordinates of two points on the line

represented by the equation 2x + iy = 2,

X | 0
Iy 0o | 2

Plotting points A (1, 0) and B (0, 2) on the graph paper on a suitable scale and drawing a
line passing through them, we obtain the graph of the line represented by the equation

2x + y = 2 as shown in Fig.3.18.

Graph of the equation 2x + y = 6:
We have, 2y + y =6

When y = 0, we get x=3

When x = 0, we get y=6

Thus, we obtain the following table giving coordinates of two points on the line
represented by the equation 2y + iy = 6.

[~ 3 0 ]
| v 0 6 |
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Fig. 3.18
Plotting point C (3, 0) and D (0, 6) on the same graph paper and -
through them, we obtain the graph of the line represented by the o
shown in Fig. 3.18. y the equati
Clearly, lines AB and CD form trapezium ABCD.
Also,

Area of trapezium ACDB = Area of AOCD - Area of AOAR

g a line passing
On 2X+y =6 as

ol I
=5 (0C x 0D) -5 (0A x 0B
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I LEVEL-1

Solve the following systems of equations graphically:

3.29

EXERCISE 3.2

1. x+y=3 2. x-2y=5
2x + 5y =12 2x+3y =10
3. 3x+y+1=0 4 Zx+y-3=0
2x-3y+8=0 2vr-3y-7=0
5 x+y=6 b. x-2y=6
x-y=2 3x-6y =0
7. x+y=4 8. 2x+3y=4
2x -3y =3 x-y+3=0
9. 2x-3y+13=0 10. 2x+3y+5=0
3x -2y +12=0 [CBSE2001C] 3x-2y-12=0 [CBSE 2001C]

Show graphically that each one of the following systems of equations has infinitely many solutions:

1. 2x+3y =6 [CBSE2010] 12. x-2y=5
4x + 6y = 12 3x—-6y=15

13. 3x+y=28 14. x-2y+11=0
6x + 2y =16 3x-6y+33=0

Show graphically that each one of the following systems of equations is in-consistent (i.e. has

no solution):

15. 3x -5y =20 16. x-2y=6
ﬁ.r~1b};= —40 3x—-6y=0
17. 2y-x=9 18. 3x-4y-1=0
G ===l 2= 2y +5=0
19. Determine graphically the vertices of the triangle, thcbequations of whose sides are given
below:
() 2y-x=8,5y-x=1d4andy-2x=1
(ii) ¥=2x,y=0and3x +3y=10
20. Determine, graphically whether the system of equations x -2y =2, 4x-2y =35 is
consistent or in-consistent.
21, Determine, by drawing graphs, whether the following system of linear equations has a
unique solution or not:
(i) 2x-3y=6,x+y=1 (i) 2y=4x-6,2x=y+3
22. Solve graphically each of the following systems of linear equations. Also find the

coordinates of the points where the lines meet axis of y.
(ii) 3x+2y =12

(i) 2x-5y+4 =0,
2x+y-8=0 [CBSE 2005] Sx—2y =4 [CBSE 2006C]
(iii) 2v+y—11=0, (iv) x+2y-7 =0,
x-y-1=0 [CBSE 2000C] 2x-y-4=0 [CBSE 2000C]

J
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23.

24,

25.

26.

27.

28.

29,

30.

31.

MATHEMATICS - X

) &+y-5=0, (vi) 2r-y-5=0,

2x-y-5=0 [CBSE 2002C] x-y-3=0 [CBSE 2002C]
Solve the following system of linear equations graphically and shade the region
between the two lines and x-axis:

(1) 2x + 3y =12, [CBSE2001] (i) 3x+2y—-4=0,

x—-y=1 2% -3y-7=0 [CBSE 2006C]
(iii) 3x+2y—-11=0

2x-3y+10=0 [CBSE 2006C]
Draw the graphs of the following equations on the same graph paper:

2x+3y =12

r-y=1
Find the coordinates of the vertices of the triangle formed by the two straight lines
and the y-axis. [CBSE 2001]

Draw the graphsof x — y +1 = 0 and 3x + 2y - 12 = 0. Determine the coordinates of the
vertices of the triangle formed by these lines and x- axis and shade the triangular area.

Calculate the area bounded by these lines and x-axis. [CBSE 2002]
Solve graphically the system of linear equations:

dr-3y+4=0

4x+3y-20=0
Find the area bounded by these lines and x-axis. [CBSE 2002]

Solve the following system of linear equations graphically:

x+y-11=0, x-y-1=0.

Shade the region bounded by these lines and y -axis. Also, find the area of the region
bounded by the these lines and y-axis. [CBSE 2002C]

Solve graphically each of the following systems of linear equations. Also, find the
coordinates of the points where the lines meet the axis of x in each system:

() Zx+y=6 (ii) 2r-y=2
x-2y=-2 dx-y =8
(ili) x+2y =75 (iv) 2x+3y =8
2x -3y =—4 |CBSE 2005] x=2y=-3 [CBSE 2005]
Draw the graphs of the following equations:
x-3y+6=0
2x+3y-18=0
y-2=0

Find the vertices of the triangle so obtained. Also, find the area of the triangle.
Solve the following system of equations graphically:
2x-3y+6=0
2v+3y—-18=0
Also, find the area of the region bounded by these two lines and Iy-axis.
Solve the following system of linear equations graphically: -
4x-5y-20=0
x+5y-15=0
Determine the vertices of the triangle formed by the lines re

. . presenting the above
equation and the y-axis.

[CBSE 2004]
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32.

33.

35i

36.

37.

38.

39.

40,

41,

Draw the graphs of the equations 5xr -y =5 and 3x -y =23 Determine the
co-ordinates of the vertices of the triangle formed by these lines and y-axis. Calculate the
area of the triangle so formed. [NCERT]
Form the pair of linear equations in the following problems, and find their solution
graphically:
(i) 10students of class X took part in Mathematics quiz. If the number of girls is 4 more
than the number of boys, find the number of boys and girls who took part in the

quiz. INCERT]
(ii) 5pencil and 7 pens together cost * 50, whereas 7 pencils and 5 pens together cost °
46. Find the cost of one pencil and a pen. INCERT]

(iii) Champa wenttoa ‘sale” to purchase some pants and skirts. When her friends asked
her how many of each she had bought, she answered, “The number of skirts is two
less than twice the number of pants purchased. Also, the number of skirts is four
less than four times the number of pants purchased.” Help her friends to find how

many pants and skirts Champa bought. [NCERT]
. Solve the following system of equations graphically:
Shade the region between the lines and the y-axis
(i) 3x—-4y=7 (i) dx-y=4
Sx+2y=3 [CBSE 2006C] 3x+2y =14 [CBSE 2006C]

Represent the following pair of equations graphically and write the coordinates of
points where the lines intersects j-axis

x+3y=06

2x -3y =12 [CBSE 2008]

Given the linear equation 2y + 3y —8 =(, write another linear equation in two
variables such that the geometrical representation of the pair so formed is
(i) intersecting lines (i1) Parallel lines (iii) coincident lines INCERT]

LEVEL-2
Determine graphically the coordinates of the vertices of a triangle, the equations of
whose sides are:

(i) y=x,y=2x and y+x=56 [CBSE 2000]
(i) y=x,3y=x, x+y=28 [CBSE 2000]
Graphically, solve the following pair of equations:
2x+y =056
2x-y+2=0
Find the ratio of the areas of the two triangles formed by the lines representing these
equations with the x-axis and the lines with the y-axis. [INCERT EXEMPLAR]
Determine, graphically, the vertices of the triangle formed by the lines
y=x3y=x,x+y=8. [INCERT EXEMPLAR]

Draw the graph of the equations v = 3, v = 5and 2x — y — 4 = 0. Also, find the area of
the quadrilateral formed by the lines and the x-axis. [NCERT EXEMPLAR]|
Draw the graphs of the lines x = =2, and y = 3. Write the vertices of the figure formed by

these lines, the y-axis and the y-axis. Also, find the area of the figure.
INCERT EXEMPLAR]
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42. Draw the graphs of the pair of linear equations x -y +2 = Dand4x -y -4 =0.

alculate g i i drawn and the x-axis.
Calculate the area of the triangle formed by the lines so ACERT EXEMPLAR]

— == . - ANSWERS
L x=1y=2 2. x =51 =0 3. x=-Ly=2
4. x=2,y=-1 5 2=4y=2 6. No solution
7. ,1'=3,y=1 8. I=—1,!f=2 9. I=-2,y=3
10. x=2,y=-3 19. (i)(-4,2)(1,3),(2,5) (i) (0, 0) (10/3,0),(5/3,5/3)
20. Consistent
21. (i) Unique solution (ii) Infinitely many solutions.
22. (i) x=3,y=2;(0,4/5),(0,8) @ x=2y=23(0 6 and(0,-2)
(iii) x =4,y =3;0,11)and (0,-1) (V) x=3,y=2,(0,35),(0,-4)
) x=2,y=-1,(0,5)(0,-5) (vi) x=2,y=-11(0,-5),(0,-3)
23. () x=3,y=2 (i) x=2,y=-1 (i) x=1y=4
2. x=3,y=2,A(0,4),B(0,-1),C(3,2)
25. 7.5sq. units 26. x =2,y =4,12sq. units
27. x =3,y = 2,18sq. units
28. (i) x=2y=2,(3,0)(-20) ) x=3y=4,(10),(20)
(i) x=1,y=2,(50),(-2,0) ) x=1y=2,(4,0),(-3,0)

29. (3,4),(0,2),(6, 2), Area = 6 sq. units.

30. x =3,y =4, Area =6 5q. units

3. x=5,y=0;(50)(0,3)(0, - 4).

32. (1,0),(0,-3),(0,-5),and 1 sq. unit.

33. (i) Girls=7, Boys =3 (ii) Pencil:¥ 3, Pen: T 5 (iii) Pant = 1, Skirt = 0.
M. () x=1Ly=-1 () x=2,y=4 35. (0,2),(0,-4)

36. (i) 3x+2y—6=0 (i) 4x+6y =15 (i) 4x+6y =16

37. (i) A(0,0),B(2,4),C(3,3) (i) A(0,0),B(4,4)C(6,2)

38. 4:1 39. (0,0),(4,4), (6,2) 40. 8sq. units

41. (0,0), A(0,3),B(-2,3),C(-2,0); 65q. units 42. 65q. units

3.5 ALGEBRAIC METHODS OF SOLVING SIMULTANEOUS LINEAR EQUATIONS
IN TWO VARIABLES

In the previous sections, we have discussed graphical method of solving two simultaneous
linear equations in two variables. Most of the times the graphical method is not convenient
particularly when the point of intersection of the lines represented b :
has coordinates as rational numbers. In such situations, graphical method . m——
accurate answer. For example, if the solution to a system of two linear & uat%ons i
x = -11/13,y = 5/7, then by the graphical method, the point of intErSECtiOI:l would be
(-11/13, 5/7). This point is so close to (-0.8, 0.7) that on the graph paper it is not convenient
to distinguish these two points and while reading the coordinates of the poil:lt of inte Ven:?n

we are likely to make an error. We may read x = 0.8, y = 0.7 as the solution of tlrsec. i
system of equations whereas the correct solution is x = -1113,y = 5/7. H he gI'VE.I'E
necessary to use some precise method to obtain an accurate answer, The al b lence, it is
described below determine the accurate answer. gebraic methods

Y two given equations
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The most commonly used algebraic methods of solving simultaneous linear equations in
two variables are:
(i) Method of elimination by substitution.
(ii) Method of elimination by equating the coefficients.
(iii) Method of cross-multiplication.

3.5.1 METHOD OF ELIMINATION BY SUBSTITUTION

In this method, we express one of the variables in terms of the other variable from either of the
two equations and then this expression is put in the other equation to obtain an equation in
one variable as explained in the following algorithm.

ALGORITHM
STEPI Obtain the two equations. Let He equations be
ax+by+e =0 (1)
and, a,x + b,y + ¢, =0 ..(ii)

STEP I Choose either of the twe equations, say (i), and find the value of one variable, say y, in terms
of the other, i.e. x.

STEPIL  Substitute the value of y, obtained in step 11, in the other equation i.e. (i1) to get an equation
inx.

STEPIV  Solve the equation obtained in step 11l to get the value of x.

STEPV  Substitute the value of x obtained in step IV in the expression for y in terms of x obtained in
step I'to get the value of y.

STEP VI The values of x and y obtained in steps IV and V respectively constitute the solution of the
given system of two linear equations.

Following solved examples will illustrate the above algorithm.

ILLUSTRATIVE EXAMPLES
LEVEL-1
EXAMPLE 1 Solve the following systems of equations by using the method of substitution:
(i) 3x-5y=-1 (i) x+2y=-1
x—y=-1 2y -3y =12
SOLUTION (ii The given system of equations is
3x - 5y = -1 .. (1)
x—-y=-1 ook

From (ii), we get
y=2x+1
Substituting y = x + 1 in (i), we get

3x=-5(x+1)=-1

=¢ -2x -5 =-1

= 2x=4=x=-2

Pl.liling v=-2iny=x+lwegety= -1

Hence, the solution of the given system of equationsis v = -2, y = -1.
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(i1) The given system of equations is

X+2y=-1 (I]
-3y =12 (i)
From equation (i), we get
x=-1-2y |
Substituting x = —1 -2y in equation (ii) we get |
— 2(-1-2y) -3y =12 i
= -2-4y -3y =12
! =] —?y‘ =14
= y=-2

Putting y = -2 in x = -1 -2y, we get
x==1-2x(-2)=3
Hence, the solution of the given system of equations is x = 3,y = -2.
EXAMPLE 2 Solve the following systems of equations by using the method of substitution:

2x Yy
i ) = L} s _ = 2
(i) 2x+3y =29 (ii) 5 + b
3x+4y =5
) F K=y
a b
SOLUTION (i) The given system of equations is
2x+3y =9 (1)
- 3x+4y =5 ... (ii)
From equation (i), we get
9 -2
=92 =i= =
\\ ®
~\ Substituting v = “_% E in equation (ii), we get
e 9 2
- 31+4[ 1]zs
3
L - e -
- 9y + 36 — 8x _5
3
—! ¥+ 36 =15
= x = =21
: 9-2x
Putting y = -21 in ¥ = 3 we get
9+ 42
= = 1¥
773
Hence, the solution of the given system of equations is y = 21,y =17
(i1) The given system of equation is
j -
s S S ‘
a b ik
* ¥_a

a b ...{ii)
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From equation (i), we gel

1 2x )
izﬁ——1 = !;=£r{2—£
b a ’ \ I-;J

o ' 2% |
Substituting v = f?{ 2 - _a] in equation (ii), we get
{

' '} o
i - EL 2 - iJ = 4
a b a
. )
i o PR
a a
3x
= —-l =0
i
= 3x = 6a
= X =24
Putting x = 2 In equation (i), we get
Yy 1
4+2=2 = Lo 5py="0p
b h :

Hence, the solution of the given system of equations is x = 2a, y = -2b.

3.5.2 METHOD OF ELIMINATION BY EQUATING THE COEFFICIENTS

In this method, we eliminate one of the two variables to obtain an equation in one variable
which can easily be solved. Putting the value of this variable in any one of the given
equations, the value of the other variable can be obtained.

Following algorithm explains the procedure.

ALGORITHM

STEP | Oblain the two equations.

Muiltiply the equations so as to make the coefficients of the variable to beeliminated equal.

Add or subtract the equations obtained in step 1l according as the terms having the same
coefficients are of opposite or of the same sign.

SIEP 1V - Solve equation in one variable obtained in step 1.

Substitute the value found in step IV in any one of the given equations and find the value of

the other variable.
The values of the variables in steps IV and V constitute the solution of the given system of
equations.
Following examples will illustrate the above algorithm.
ILLUSTRATIVE EXAMPLES
LEVEL-1

Typel SOLVING SIMULTANEOUS LINEAR EQUATION IN TWO VARIABLES

EXAMPLE 1 Solve the following systems of linear equations by using the method of elimination by

equating the coefficients:
(i) 3x+2y=11

2y + 3y =4

(i) 8v+5y =29

x+2y=4
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SOLUTION (i) The given systems of equations is Q)
3x + 2y =11
2x + 3y = 4 ‘ s
Letus eliminate y from the given equations. The coefficients of y m the given eq uElI tIﬂI;b_ EII;I;Z
and 3 respectively. The L.e.m. of 2and 3 is 6. So, we make the coefficients of y equalto 6in the
two equations,

Multiplying (i) by 3and (ii) by 2, we get
9x + 6y = 33 "'('_")
4x + 6y = 8 --(iv)

Subtracting (iv) from (iii), we get
S5ty=25=x=5

Substituting y - 5 equation in (i), we get
1542y =11 = 2y=-d4=y=-2

Hence, the solution of the given system ofequationsis x = 5, y = -2

(1) The given system of equation is
8x + 5y =9 (i)
3x+2y=4 ...(i1)

Let us eliminate x from the given equations. The coefficients of ¥ in the given equations are 8

and 3respectively. The L.c.m. of 8 and 3 is 24. So, we make both the coefficients equal to 24.

Multiplying both sides of equation (i) by 3 and equation (i) by 8, we get
24x +15y = 27
24 + 16y = 32

Subtracting (iv) from (iii), we get
-4=-5=>y=5

Putting v = 5 in (i), we get
Bx+2B=9=38x=-16=>r=-2

Hence, the solution of the given system of equations is y — -2,y = 5.

EXAMPLE 2 Solve the following system of equations by using the method of elimination by
cquating the coefficients: ;

SOLUTION (i) The given system of equations is
X oy
— 1— —
10 5

This system of equations can be re-written as
v+ 2y =140 ‘
; (1)
3x + 4y = 360

L . (i)

Let us eliminate y from the equations (i) and (ii). The coefficients of yin the gi
, : 2 yin the giv = AN—
are 2and 4 respectively. The l.e.m. of 2and 4 is 4. glven equations
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Multiplying (i) by 2, we get
2x + 4y = 280
3x + 4y = 360
Subtracting (iv) from (iii), we get
-x=-80=x=80
Putting x = 80 in equation (i), we get
80+ 2y =140 = 2y = 60 = y = 30
Hence, the solution of the given system of equations is x = 80, y = 30.

Type Il SOLVING A SYSTEM OF EQUATIONS WHICH IS REDUCIBLE TO A SYSTEM OF
SIMULTANEOUS LINEAR EQUATIONS

EXAMPLE 3 Solve the following system of equations:

RS SO,

& ¥

L 1

—+— =8, where x 20,y # 0.
x 2y

SOLUTION Taking 1 = nand l = v, the given equations become
X y

LANE- NS, BRSO

and, u+§=8=>2u+z:=16

Let us eliminate u from equations (i) and (ii). Multiplying equation (i) by 2, we get
2u—4v = -4
2u+v =16

Subtracting (iv) from (iii), we get
Sv=-20=>v=4

Putting p = 4 in equation (i), we get
H-8=-2=Du==56

HEHCE, I=l=-]:-andy=l=l
u 6 v 4

So, the solution of the given system of equation is x = -é-, §= %

EXAMPLE 4 Solve: E + _2_ - l
x 3y 6

x Yy
and hence find ‘a’ for which y = ax — 4.

1 :
SOLUTION Taking -1: = u and ; = 0. The given system of equations become

o | =

2u+Ev=-—
3

3.37

....(iii)
...(iv)

)
..(ii)

...(iii)

(V)
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3138
vaulkl,
= 120 + 40 =1 o
and, 3u+2v =0
Multiplying equation (ii) by 2 and subtracting from equation (i), we get
bu=1=y= L
6
Putting 1 é in (i), we get
1
2+dv=1zp=—=
4
1 1
Hmce,.r=;~6andy=-—=ﬂ4
v
S0, the solution of the given system of equationsis x = 6, y = —4
Putting x = 6, y=-4iny =ax-4, weget
-4=60-4d=>q=0
EXAMPLE 5 Solve: 4x + 2 = 15
y
bx — % 14
y
and hence find 'p’ if y = px -2
SULUTION - The given system of equation is
dx + & 15 "
y iva(d)
6x-2 - 14 ”
y ~va (i)
Multiplying equation (i) by 4 and equation (ii) by 3, we get
16x + £ 60
v ---(iii)
4
18x - 22 = 4
y oIV

Adding (iv) and (iii), we get
My=102=3x=3
Putting v = 3 inequation(i), we get

12+E=15:>y=2
Y

Hence, the soluﬁon of the given system of equationsis y — 3,y=2
Putting v =3,y = 2 in y = px - 2, we get
2=3p-2=2p=4/3
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MPLE 6 Solve: : + L 5
- "2(2x+3y) 7(3x-2y) 2
7 4

+ =2
2x+3y  3x-2
where 2x + 3y-# 0 and 3x — 2y # 0.

1
SOLUTION Let 2+ 3y = uand 3 —2y =0. Then, the given system of equations
becomes
1 12 1
—U+—v=—27u+24v=7 i
i T ()
and, 7u+4dv =2 -+« (11)

Subtracting equation (ii) from equation (i), we get

1
20vp=5 v=—
i

; 1. -
Putting v = e equation (i), we get

1
u+6=7 =—
i = U 7
1 1 1
Now, = — = =—=2x+3y=7 ... (iii
4 2x+3y 7 - 4 )
d U=—= . —l=>3x—2 =4 :
and, 1 3x-2y 4 Y oo(iv)
Multiplying equation (iii) by 2 and equation (iv) by 3, we get
4x + 6y =14 (V)
9x -6y =12 oo (Vi)

Adding equations (v) and (vi), we get
13x =26 =>x=2
Putting x = 2 in equation (v), we get
8+6y=14=y=1
Hence, x = 2, y = 1is the solution of the given system of equations.

5 2
EXAMPLE 7 Solve: - =-1

x+Yy x—y

15 7 _qq,

x+Y xX—=y¥

where x + y +0and x —y = 0.

SOLUTION Let e = i and X — Y = 0. Then, the given system of equations becomes
= x—
5u-2p =-1 ..(i)
15u + 7v = 10 ...(ii)



28 MATHEMATICS - X

Multiplying equation (i) by 3, this system of equations becomes
15u - 6v = -3 e
150 + 70 = 10 )

Subtracting equation (iv) from equation (iii), we get
“-Bv=-13=3p=1

Putting » — 1 in equation (i), we get

5"—2::-—1::.u::l
5
Now, u:—I-::; 1 =l::r:r+y=5 (V)
5 X+y 5
and, - B =l=x-y=1 - vi)
X~y

Adding equations (vi) and (v), we get 2y = 6 = x = 3,
Putting x = 3 in equation (v), we get y = 2.
Hence, x = 3, y = 2 is the solution of the given system of equations.

Figpe 111 ON SOLVING SIMULTANEOUS LINEAR EQUATIONS IN TWO VARIABLES
EXAMPLE 8 Solve the following system of equations:

8¢ - 3u = Suv
6v - 5u = 2uv
SOLUTION - Clearly the given equations are not linear in the variables 1 and v but can be
reduced into linear equations by the an appropriate substitution.
lFweput 4 = 0 ineither of the two equations, we get ¢ = (),
Thus, i1 = 0, v = 0 formone solution of the given system of equations.
To find the other solutions, we assume that 1 = 0, o = 0.
Since 1 = 0, v # 0. Therefore, uv = 0.
On dividing each of the givenequations by v, we get

8 3
G .
W g ...(1)
6 5
o R =
T o ...{11)

1 .
'1“1““?' l = x and z_ = I, the above equations become
i ;

8x-3y=5 ..(ii)

by —5y =-2 (iv)
Multiplying equation (i) by 3 and equation (ii) by 4, we get

24x -9y =15 (V)

24x - 20y = -8 - (vi)
Subtracting equation (vi) from equation (v), we get

My=B=y= =

11

DR e WSS R
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23
Putting ¥ = 1 in equation (iii), we get

69 69 124 31

8x—-—=5=8x=— = (= —

Tl h g 11+5:>Bx T = X 7
31

1 31 22
=—=

E X _—— s
Now 22:::-1! o) u 31
s T T 1 T 23

Hence, the given system of equations has two solutions given by

(i) u=0,v=0 (i) U=—,0=—-

EXAMPLE 9 Solve: 3(2u +v) = 7uv
3(u+3v) = 1uv

341

SOLUTION Clearly, the given equations are not linear equations in the variables 1 and v but

can be reduced to linear equations by anappropriate substitution.
Ifweput i = 0 ineither of the two equations, weget v = 0.

So, u = 0, v = 0 form a solution of the given system of equations.
To find the other solutions, weassume that v # 0, v # 0.

Now, uz0,v+0=wuw =0

On dividing each one of the given equations by uv, we get

[ M

é+E=1'_l

[ u

Taking 3 - x and S y, theabove equations become

u v
3x+6y=7
9x + 3y =11

Multiplying equation (iv) by 2, the above system of equations becomes

3x+6y=7
18x + 6y = 22

Substracting equation (vi) from equation (v), we get
-15x=-156=x=1

Putting » = 1 inequation (iii), we get

4 2

3+6y=7T=>y=—=—

+ oy ¥=%7"3

Now, .r=1=>—1—=1::>u=1
m

d I—E:Q,l—_%:g'rzg

- “f_3 v 3 2

Hence, the given system of equations has two solutions given by
) u=0,v=0 (i) u=1,v=23/2

...(ii)

...(iii)

..(iv)

(V)

oo(Vi)
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Type IV EQUATIONS OF THE FORM ax + by = ¢ AND bx + ay = d WHERE @ # b
Tosolve the above type of equations, following algorithm may be used.

ALGORITHM
st Obtain the wo equations,

Let the equation be ax + by = ¢ and bx + ay = d
SIEP I Adding and subtracting the two equations, we obtain

c+d
+b

(rz—b]x—(a—b)y:c—d:- X—y= =l
a-b
STEP 11 Add and subtract equations (i) and (i) to getthe values of xand y.
EXAMPLE 10 Solve: 217x + 131y = 913

131x + 217y = 827
SOLUTION We have,

217x + 131y = 913 -.-(1)

131x + 217y = 827 _ ... (ii)
Adding equations (i) and (i), we get

HBy+ 348y =1740 = x +y =5 .. (iii)
Subtracting equation (ii) from equation (i), we get

B6x - 86y =86 =>x-y=1 ...(iv)
Adding equation (iii) and (iv), we get

A=6=x=3

(ﬂ+b)x+(ﬂ+b)y=f+d:;._r+y:

... (1)

...(ii)

. Putting x = 3 in equation (iii), we get y =2.

s

Hence, x = 3and y = 2 is the solution of the given system of equations.
EXAMPLE 11 Solve: 37x + 41y = 70
41x + 37y = 86
SOLUTION We have,
I7x+4ly=70
41x + 37y = 86
Adding equation (i) and (ii), we get
78x+78y =156 = x+y =2
Subtracting equation (i) from equation (ii), we get
x-4dy=16=>x-y=4
Adding equation (iii) and (iv), we get
B=5=2x=3
Putting y - 3 in equation (iii), we get v = —1.

...(ii)
....(iii)

(iv)

Hence, y = 3and y = -1 isthe solution of the given system of equations,
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Type IV EQUATIONS OF THE FORM

CIII -+ bly +1':l = dl
a,x + by + ¢, =d,
a3x + byy + ¢y = d,

To solve the above type of equations, following algorithm may be used.

ALGORITHM

stepl  Takeanyone of the three equations.

step 11 Obtain the value of one of the variable, say z from il.

STEP 111 Substitute the value of z obtained in Step Il in the remaining two equations to obtain two
linear equationsin x, y.

STEP IV~ Solve the equations in x, y oblained in Step 111 by elimination method.

STEPV  Substitute the values of x, y obtained in Step IV and step Il to get the value of z.

Following examples illustrate the above procedure.

EXAMPLE 12 Solve: 2x -y =4

SOLUTION We have,

y—z=

x-z=10
2x-y=4 ...(i)
y—-z=6 ...(ii)
x—z=10 ...(iii)

From equation (iii), we get z = x = 10
Substituting the value of z in equation (ii), we get

—

y—-(x-10)=6
-X+y=-4 -.-(iv)

Adding equations (i) and (iv), we get

x=0

Putting x = (0 equation in (i) and (iii) we get

y=-4andz = -10

Hence, x = 0,y = 4,z = 10 is the solution of the given system of equations.

EXAMPLE 13 Solve: x +2y+z=7

SOLUTION We have,

x+3z=11

2x -3y =1
X+2y+z=7 ()
x+3z=11 ... (i)
2v -3y =1 ... (i)

From equation (i), we get

z2=7-x-2y

Substituting z = 7 — x — 2y inequation (i), we get

1+3(7-x-2y) =11




=
=

Adding equations (jii) and (iv), we get

Putting y = 1 in equation (jii), we get x = 2.
Putting x = 2, y =1 inequation (i), we get
2+2+2=7=2=3

X+21-3x -6y =11

-2x — 6y = —10

—9y=-9:>y=1

Hence, X=2,y=12z=3

T R,
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L(iv)

EXERCISE 3.3

Solve the following systems of equations:
1.

11,

13.

1lx+15y+23 =0
7x-2y-20=0

0.4x+03y =17
0.7x - 0.2y = 0.8

7(y+3)-2(x+2)=14
dy-2)+3(x-3)=2

Jix—ﬁy=0

V3x - By =0 [NCERT]

-39

Y

3x+z=2,y¢[l
Yy

10.

12,

14.

x-7y+10=0
y-2x-3=0

X
E+y-ﬂ.8
7

[
+
Il
=3
Lo ]

= oy = o N
+ | +
(% ]
& wlw vl Mw
I ] I
o o wn

I
[v=

=
I
én

[CBSE 2010]

]
+
[
=
I

vg
+
tot
I
MW N w

0.5x + 0.7y = 0.74
0.3x + 05y =05



e L
4 —

15.

17.

19.

21.

23.

25.

27.

29,

31.
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l+l—-— I+i=2
7x 6y 16. 2x " 3y
11 1,11
2x 3y 3x 2y 6
E E=1? 18 E_l=_9
T " x oy
l+l—~-3;6. E+E=5
u v 5 X ¥
x Ty 20. 5y " 6y
6_0.+£J.—19 -1___3_.—
X v i ?1{
4 4
;+3y=14 22, ;+5y=7 [CBSE 2003]
3 2 iay=5
T =2 [NCERT] ¥ =
¥ 3 2 3
Ty B 2% 5y
5 4_, . T B—
Ty [NCERT] N [NCRET]
Xty _, g 2ydo?
xy Xy oy
xy r ¥y xy
.rf N ’ +3 28, S =§'
y X—y X+ 5
11 X s
2(x+y) 3(x-y) H=%
22 15 _, 5 __ 2 __
X+y x-y 0. x+y x-y
55 : 45 _ i 15 . 7 =10
X+y x-y Tty x-y
i B 1 . 5 .3
X+y x-y 32. 2(x + 2y) 3(Bx-2y) 2
9 4 _ S N
X+y x-—y 4 (x + 2y) 5Bx-2y) 60
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33.

35.

37,

39,

41.

43.

45.

48,

49, 1f x + 1 is a factor of 2x" + ax® + 2bx + 1,

50. Find the solution of the pair of equations

2 B .3
x+1 y-1 2 o
e +——2—:—5-,whem.r¢-—landy¢]
x+1 y-1 12
X+y =2y 3b.
=Y _¢

xy

2 N 3 _17
x+2y 3x-2y 5 38.
o 1

+ =

Ix+2y 3x-2y

5 1 _5
-1 y-2 INCERT, CBSE 09] 40.
6 __3_=1
x-1 y-2

1 " 1 3
3x+y 3.1‘—3;_4 42.
1 - 1 1
23x+y) 2(3x-y) 8 INCERT]
152x - 378y = -74 44.
=378x + 152y = —6(4 INCERT]

23x-29y =98
29x - 23y = 110

Y-y+z=4
Xx-=2y—-2z2=9
2y +y+3z=1

21x + 47y = 110
47x + 21y = 162

20 -3b =4.

10
A ity =hx+ 5

47.

i*’" 1z9and£+—}£=15
5 8 6

MATHEMATICS - X

X+ Yy = oxy

3x + 2y = 13y,

2(3u —v) = Suv
2 (u + 3v) = duv

30
x-=y
40
x-y
10 2
+
.’c.'+lll|f
15 9
I+_’lf

4
X+ y

50
X+

=10

%

=13

[CBSE 2002C]

[NCERT]

8x + 7y B
Xy -

15 [NCERT]

Py + 101y = 499
101x + 99y = 501

X—-y+z=4
I'P'y'l‘..'-',-—.z
x+y-3z=

INCERT EXEMPLAR]

then find the values of 4 and b given that

INCERT EXEMPLAR]
v
-Hence, find

INCERT EXEMPLAR]
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51. Find the values of xand y in the following rectangle. INCERT EXEMPLAR|
D = U+ 3 -

Iv+y

|

A -3
Fig. 3.19
52. Write an equation of a line passing through the point representing solution of the pair of

- )

linear equations x + ¥ = 2 and 2x - y = 1. How many such lines can we find?.
INCERT EXEMPLAR]

53, Write a pair of linear equations which has the unique solution x = -1,y = 3. How
many such pairs can you write? [NCERT EXEMPLAR]
S : ANSWERS

1. Cx=2,y=-3 2 x=-lLy=1 3. x=2,y=3

4. x=04,y=06 5 x=58y=1 x=14,y=9
7. x=6,y=236 8. x=2,y=2 9. x=3,y=2
10. x=1,_|,-'=l i1 2=0.4=0 12. x=3,y=4
2 2 : *
1 1
13. x=3,y=-1 14. x=05y=0/ 15 ’f=ﬁ:!f:g
1 1 1 1 1
6. ¥=5,¥=3 17 W=RV=c 18, ¥=—5¥=3
89 89 1
19. x=4,y=10 20. *“ 00 52 2L YTF¥=2
22. 1=é,y=—1. 23. -\'=%:}f=% 24, x=4,y=9
1 1 5 1
/. F=<o, Y=g 26, x=1y=3 27. X=-qp¥ =y
28. xX=2,y=3 29, x=8,y=3 30, x=3,y=2
31. 1=g,y=% 37 1=r;—,li=-z' 33, ¥=4,y=5
1 1 -1 1
34, I__-E"u:i 35 x=—-,1:'=1 36 UH=2,v=1
37, x=1y=1 38. x=8,y=3 39. x=4,y=5
10. xz%,u=§ 41 x=Ly=1 42, x=1y=1
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43. ¥x=2,y=1 44, x=3,y=2 45, x=3,y=-1
4%6. x=3,y=-2,2=-1 47. x=2,y=-l,z=1 48. x =3,y =1
1
49. a=5b=2 50, X =340,y = -165,A = -3 5L x=1,y=4

52. 3x + 2y =5, Infinitely many 53, 12x + 5y = 3, Infinitely many
3.5.3 METHOD OF CROSS-MULTIPLICATION

THEOREM Let aix + by +¢; =0

. § P . bl YR
be a system of simultaneous linear equations in two variables x and y such that ~_~ % b
2

i.e.mby —ayby # 0. Then the system has a unique solution given by

and 1
(ayby —ayby) y (ayby = a,by)
PROOF The given system of equations is
qx+by+c =0 ..(0)
ﬁ'zx + bzy + Cz = U N '{”)

Multiplying equation (i) by by, (i) by b, and subtracting, we get

-

Multiplying equation (i) by a,, (i) by 4;, and subtracting, we get

U

Hence, 1 =

REMARK | The above solution is generally written as

or,
REMARK

oIEr ]

> The following procedure is very helpful in dc’h*nm'nfng the solution without
remembering the above formula:

g T EEEENE _

WX +by+c, =0
a b,

2

v = b6 = byey) _ (6@ —coay)

by(ayx + by +¢;) - b (ayx + byy +¢,) =0
X(aby = ayby) = (byey — bycy)

_ ey = bygy)
{ﬂlbz _ azbl) [- (ﬁlba = ﬂzb]) = {]]

ay(mx + by + ¢) —ay(ayx + by +¢,) =0
y[ﬂIb] = thz} + (clﬂ'_?_ = l:zﬁ-l) =0
ylayb, — ayby) = (618, — ca;)

_ (e —coay)

(aby — ayly) [ (b, — by ) # 0]
_ (e, —byg) = Ot — o)
(a,by — ayby) (b — ayby)

x _ y _ 1

b]f: s blfl C|ﬂ2 - Czﬂl ﬂ1b2 - ﬂzb]

X -V 1

bicy —bey  @cs — a6y by - asb

Obtain the two equations.
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step 1 Shift {d ! fefms on LHS in the two equations to introduce zeros on RHS i.e., write the two
equations in the following form:

mx+by+c =0

X + by +cy =0

sTEP 111 In the above system of equations there are three colunns viz. column containing x i.e. [Z ],

; : 1 w ... @
column containing y i.e. [bz J and column containing constant terms i.e. [ ¢y ]

To obtain the solution, write x, —y and 1 separated by equality signs as shown below:
¥ i 1

e M 0 M b

bzxcz a o nszz

In the denominator of x leave column containing x and write remaining two columns
in the same order, in the denominator of — y leave column containing y and write the
remaining two columns. Similarly, in the denominator of one write columns
containing x and y. Mark crossed-arrows pointing downward from top to bottom
and pointing upward from bottom to top as shown above.

The arrows between two numbers indicate that the numbers are to be multiplied.

step v To obtain the denominators of x, — y and 1, multiply the numbers with downward arrow
and from their product subtract the product of the numbers with upward arrow. Applying
this, we get
X B -V B 1
bicy —byey  mey — ey mby — b,
STEPV  Obtain the value of x by equating first and third expression in step IV. The value of y is
obtained by equating second and third expressions in step 1V.

Following examples illustrate the above procedure

EXAMPLE 1 Solve the each of the following systems of equations by using the method of cross-
multiplication:

(i) x+y=7 (i) 2x+3y =17
Sx+12y =7 3x-2y=6
(iii) 2x -y -3 =0 (iv) 2x+y-35=0

4x+y-3=0 3x+4y—-65=0
SOLUTION (i) The given system of equations is
x+y-7=0
5x+12y -7 =0
By cross-multiplication, we get
-y 1

X -
1 R T Ll TR
27S7 1757 5712
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X - -y _ 1
= 15T -12%F 1In-F-5%-7 1xz12-8xl
| = 7+8¢ 7435 12-5
L
= 77 28 7
' = xz?;—?andy=—2?—8:>x=11andy=—4

Hence, the solution of the given system of equations is x = 11, y = —4.

(i) The given system of equations is

2x+3y-17=0
3x—2y~-6=0
By cross-multiplication, we have
X s |
3Ne-17  25e-17 250 3
e e =
= X - -y B 1
3x-6-(-2)x-17 2x-6-3x-17 2x-2-3x3
X -y 1
= = =
-18-34 -12+51 —4-9
s .
-52 39 -13
_ =52 -39 o
. r-ﬁlanndy-_lg’:;l--landy::i

Hence, x = 4, y = 3 isthe solution of the given system of equations.
(iti) The given system of equations is

2X-y-=3=0
4x+y-3=0
By cross-multiplication, we have
X .. B 1
I z=3 2.<8 2 (um}
1><—3 4><—3 4><1
= = = B = 1
1x-3-1x-3 2x-3-4x3  2x1-gn3
i X ¥y _ 1
3J+3 -6+12 2+4
L
- 6 6 6
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=% I=E=landy=_§=_]

6

Hence, the solution of the given system of equations is x = 1, y==1
(iv) The given system of equations is

2x+y-35=0
3x+4y—-65=0
X _ =y _ 1
1 -35 2 -35 2 1
4><ﬁ65 3><~~65 3><~4
X B -y - 1
= 1x—65-4%x-35 2x-65-3x-35 2x4-3x1
X =y 1
: = =
-65+140 -130+105 8-3
= '—r=i=1=>x=zg=15&ndy=§=5
75 25 5 5 5

Hence, the solution of the given system of equations is x =15,y = 5.

EXAMPLE 2 Sofve: ¥ . % —a+b

i
X, ¥
Sopd B
a’ ¥ b
SOLUTION  The given system of equations may be written as
l-.‘c+——-y—(ﬂ+b] =0
a
1 1
— X+ —y=-2=0
a* * b* ¥
By cross-multiplication, we have
X = . B 1
1/b ~(a+b) lYa _~(a+b) T/a 1/b
1/b* N 2 1xa3>< -2 1/a* < /b
x -y _ 1
-_— = =
1 1 1 1 i O | 1 1
StV A T, —x=2—=x-(a+b fr e i O
I?x( < bzx{ﬂ+b) a nzx { ) ﬂxbz asz
X -y . 1
= = ==
2 a 1 2 1 b I 1
b ety TataTd W P
Y . 1
= a1 1 b 1 1
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x oy 1
- a-b a-b a-b
b a’ a’h?
a-b ] 2 _a-b L
T T i
a’h? a’b?
Hence, x = a*,y = b? is the solution of the given system of equations.
o u'
EXAMPLE 3 Solve: ax + by = a—b INCERT, CBSE 200
bx —ay=a+b
SOLUTION  The given system of equations may be written as
ax +by —(a-b)=0
bx —ay - (a+b) =0
By cross-multiplication, we get
X = -y _ 1
b ~(a-b) a —(a-b) a b
—nx—(a+b) b —(a+b) bx-—ﬂ
= * = Y .
bx~a+b)-(-a)x ~(a—b) ax—(a+b)-bx—(a-b) —g2_p2
X = =y B 1
4 ~b(a+b)-aa-b) -a(a+b)+b(a-b) ~(a* + b?)
o = —y = ———__1
= _‘b?._'__ﬂ,l —th'bl -(H2+b2)
Yy 1
= ~(a* +b%) a4 b? ~(a* +b?)
2, 2 3 .33
= Y———(fz—+b_3=13nd =(n2+b)=._
~(a* +b?) ~(a* +b%)
Hence, the solution of the given system of equations is y — Ly=-1
EXAMPLE 4 Solve: x+y=a+b
ax - by = a* - b*
SOLUTION - The given system of equations may be written as
X+y—-(a+b)=0
ﬂ.t'—by-[ﬂ2 by =0
By cross-multiplication, we get
x B -y
2 32y R R —— 1
D Aah) et - -0k oy, I
X -V 1 x1

- ?= _
o+ b -ab-b g +8 +a® + ab :-b_:;
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X = = - 1
Et ~a(a+b)  ba+b) —(a+h)
d - Y . 4
- —a(@a+b) -bla+b) —(a+b)
—a(a+b) ~b(a + b)
x=—— ' =gandy= 2" _
= ~(a + b) Sy
Hence, the solution of the given system of equations is x =a,y =b
-
EXAMPLE 5 Solve: ; + ﬁ = 2
ax - by = a* - b* [CBSE 2005]

SOLUTION  The given system of equations may be writen as
bx + ay — 2ab = 0
ax —by —(a® —b*) =0

By cross-multiplication, we have

x B - B 1
—a(a® - b%) - (-b)(-2ab)  —b(a® - b?) - a(-2ab) bx-b—-axa
- X B =i - 1
—a(a® = b?) - 2ab*  -b(a® - b*) +2a°b  —b* — ?
- x _ —y 1
—a(@® -0 +20%) (-0 -2a>) —(a*+ b?)
_y X 3 ae. B 1
~@* +b%)  -b(-a® -b*) —(a*+1)
ol 2 3R g2
— J;:M:gandy:ﬂz_iz)=b
—(a= + b%) —(a” +b~)

Hence, the solution of the given system of equationsis x = a, y = b.

EXAMPLE 6  Solve the following system of equations in x and y
(@a—b)x+(a+b)y=a*—2ab-b
(@a+b)(x+y)=a*+b [NCERT]
SOLUTION  The given system of equations may be written as
(@a-x+@+by —(a® -2ab-b*) =0
(a 4~Lr)_'r+(ﬂ+b)y—(ﬂ2 +b) =0
By cross-multiplication, we have
x _ ~y
(a+b)x—(a*+b)—(a+b)x—(a*~2ab-b*) ("‘b)*“(ﬂ:+bz}-(ﬂ+b}x~(32—2m

1
=———________________-___
(a—=b) (a+b)_(ﬁ+b)2
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X —y 5 2
- ~a+b)(@* +6*)+(a+b) (a* ~2ab—b?) ~ ~(a—b) (a* +b*)+(a+b) (a” —2ab—b7)
1
T (a-b)(a+b)—(a+b)?
: = _J e
= (a+b)| ~(a® +b%) + (a? ~2ab-b%)}  (a+b)(a* ~2ab-b*)—(a-b) (a" +b")
~ 1
“(a+b)(a-b-a-Db)
X - —y - 1
= (a+b)(-2ab-20%) & —a’b-3ab® —b> —a® —ab® +a’b+b> —(a+b) 2b
X =y 1
= =2b(a +b)*  —~dab® 20 (a+b)
~2b (a + by dab* ~2ab
Xr=——moua e - + b d = =
= =2b(a+ D) * Y 2b(a+b) a+b
2
Hence, the solution of the given system of equationsis Y =a+b,y = - jbb -
a
EXAMPLE 7 Solve the following system of equations in x and y:
L
Xy
2 3
L8 + 28 a* + b2, where x, y # 0.
X Yy

1 1
SOLUTION Taking et and Pk v, the above system of equations becomes
au-bv+0=0 ‘

ab*u + a*bo - (a* +b*)=0
By cross-multiplication, we have

i -0
= . 1
~bx—~a® +b*)=a’bx0  ax—(a*+b%)-ab® x0 _m
u ~ -~ a 1
- b@ +b*) -a@® +b?*) ab+ab’
1] N v B 1
= ba® +b*) a(a® +b*)  ab(a® +b?)
2 gy 2,42
— T :M:l and =—HE_.-1_+_E_)_=1
ab(a® +b*) a ab(a® +b*) b
1 1 1 1
Now, == —=—=x=gand v =~ — =
ow u n::-l_ p v bz}_:_.r b:}yzb

Hence, the solution of the given system of equation is y - a,y=b
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EXAMPLE 8 = Solve the following system of equations in x and y
ax + by =1
a+ by
bx +ay = {—,——)1 -1 or, bx +ay = fﬂb
a~ + b~ b as + !]2
SOLUTION  The given system of equations may be written as
ax+by-1=10
2ab
bx +ay ————= =10
a- +b°
By cross-multiplication, we have
b B -l 1
2ab - - -
bx——5 a coped e Fﬂbz—bx—l axa-bxb
ac+b a“ + b
X —1f 1
=4 = = =
~2ab* —2a’h at —b*
2 5 T - 2 +b
a- +b- a- +b
X B — 1
- ' -_2c!r.[1"l +a’ +ab®  -2a%h + a*b+ b @t -1
a® + b? a’ +b*
X - -y o1
- ::3_ — :1!1_2 —a*h + J'f a* - b?
a* + b a> + b°
X B —jf B 1
— a(a> -b*) b@*-b*) a* -0
& 4 B a’ + b
2 42 2 42
1{a= - b b{a®-b 1
. ol PO SN [l T O
a* + b- a“ —-b° a” +bh° a® —b-
b
= :c=.,—ﬂ; and ¥ =
q= + b= E a+ b
Hence, the solution of the given system of equations is x = z—ﬁ—z, y = 1—5_1
a +b as + b°
EXAMPLE 9 Solve: a(x + y)+b(x - y) = a® —ab+ b
a(x+y)-b(x-y)= a’ +ab + b*
SOLUTION Taking x + vy = wand x — y = © the given system of equations becomes
aut + bu — (a® - ab + 0*) =0
au — by — (a* + ab + by =0
By cross-multiplication, we have
i _ -
2 bx—(a° +ab+b7)— (~b)x—(@* —ab+b*)  ax—(a> +ab+b ) +a(a® —ab+b?)
“ax—b-axb

i)
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: o : i T o bl ab
_b{nz+irb+h3}—b(ﬂ3 ~ab+b?) _"ﬂ(ﬂz+ﬂb+b:,‘]+ﬁ(ﬂ2~ﬂb+h') i
11 - 1
:} —_—

-b (a* +ab+b* va’ —ab+b?)  —a(a® +ab+b? —a® +ab-b*) -2ab

] -7 1

= 2b(a* +b%) —a(2ab) -2ab
“2b(a* + b%) 2a*h a* + b?
= it = L= = U= ;=0
=2ab —2ab a
2, 42 3 . 432 -
Now, “:ﬂ il :3-_1'+_|',r=ﬁ +b ..(l)
i i
and, V=—a > x-y=-g sai i)
Adding equations (i) and (i), we get
2,32 3. 9 2 2
2_f:ﬂ+b _.ﬂ:;,z-=f_+b_ﬂ_ :}2:‘::3’_:)1‘:{,_
a 2a
Subtracting equation (i) from equation (i), we get
a* + b* a® +b? + g* 2a% + b*
2!{ = i = 2],{ = — = =
' ' : a 2a
2 2 2
Hence, the solution of the given system of equations is x = !2’—, 28 b
a -’ 2a
EXAMPLE 10 Solve: ax + by =c
bx+ay=1+¢ [NCERT]

SOLUTION - The given system of equations may be written as
ax+by-c=0
bx+ay—-(1+¢)=0

By cross-multiplication, we have

X - -y 1
bx-{1+c}-ax-c_nx—{l+c}—bx:=axa—bxb
x B -y _ 1
i —-b{]+L‘]+ﬂ'Cd—ﬁ(]+f)+bf_ﬂ2-bz
X ~ v |
= ac-bc—b ac-bc+a a°-p
X - y a 1
o L‘(:I—b)—b-r:{ﬂ—b]+ﬂ—{ﬂ-—b)(ﬂ+b]
cla-by-b c(a-b)+a
Pt xz(n—b}(n+b) and?:(ﬂ—b}(a+b]
< b o a
—_—

s - and

* a+b (a-b)y(a+b) a+b+m
Hence, the solution of the given system of equations is

' b ¢ a

X = — !H= ——
a+b @ -p a+b g% _p?
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EXAMPLE 11 Solve the following system of equations:
x+y=a-b '
2 2
ax — by =a” + b~
SOLUTION  The given system of equations may be written as
x+y—=(a-b)=0
ax — by — (@ +b%) =0
By cross-multiplication, we have

il _ Y 1
~a* +b*)~ba-b) —a(a-by+ @ +*) -b-a
X B Y B 1
= —a* —ab ab+ b -b-a
: Yy B 1
= —a(a+b) ba+b) —(a+bh)
—a(a+b) bla+Db)
. =daal) =a and yz—(ﬂ_'hb]:—b

LEVEL-1

3.57

EXERCISE 3.4

Solve each of the following systems of equations by the method of cross-multiplication:

L x+2y+1=0 2, 3x+2y+25=0
2x-3y-12=0 2x+y+10=0
3. 2x+y=35 4. 2x-y=6
3x+4y =65 x—y=2
5. Xty o, Xy 6. ax+by=a->b
Xy " oxy bx —ay=a+b
7. x+ay=>b 8. ax+by=a
ax —by =c¢ bx + ay = b?
L. 3
9 . ° 2 _ 4 W SEe=1o
X+y x-—y vy
5 4
15 i 7 =10 e Raud
X+y x-y oy
i 57 i 6 _s
X+y x-y
38 21
+ =9 [CBSE 2002C)
X+y x-=¥
o M 15 £+£=nr+£
2. —+42 =2 a b ’
Xy
ﬁ_t'—by::ﬂz—bz ﬂ_2+b_2_2

[INCERT EXEMPLAR]
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14. %:f_": 15. 2ax +3by =a+2b
ax + by = a* + b* INCERT] 3ax +2by =2a +b
16. 5ax + 6by = 28 17. (a4 2b)x+(2a-b)y =2
3ax + dby = 18 (a-20)x+2a+b)y =3
18, x|a-b+ L ]:y[n+b— L ] 19. bx+cy=a+b
X a-b. a+b . ) 1 2
X+y=2q" L - ]:.
m(n-b n+11)+cy(b—ﬂ b+a) a+b
20. (a-b)x+(a+b)y=2a* -2 21 2x + by =c*
(a4 b)(x + y) = 4ab by +r.-2y = d?
b
22, ﬂ-t+b_l=ﬂ—;r— 23. 2(ax-by)+a+4b =0
3x+5y=4 2(bx+ay)+b-4a =0 [CBSE 2004]
24. 6(ax + by) = 3a + 2b L
Xy
a’b b
6 (bx —ay) = 3b - 2a ‘—1,—"‘ =a+bx,y=+0
[CBSE 2004] [CBSE 2006C]
26. my - ny = m* + 27. % - E-lf. =a+b
a
X+y=2m [CBSE 2006C] ax — by = 2ab [CBSE 2009]
28. E.'r:+f—1; =a* + b
i b
X+ y=2ab [CBSE 2010]
. R ANSWERS
Lx=3y=-2 2 x=5y=-20 3 1=15,y=5
-1 1
4. x=4,y=2 5.-1'=_2'r]a'="¥ 6 ,‘t'zlry:__l
ac + f'l ab—c¢ 1?1 +ab + bz —ab
= B r’ = . X = = .
" a-+b a+b  ° a+b a+b hX=By=3
1 1 n B
10. .'|.=E‘HF=§ 11. .1—11,_1!——8 12, I-_-ﬂ'y.__:b
13 x=¢,y =1 W x=ay=> 15, x=da-b L —a+4b
50 YT —
5h
16 r_2 3 17 1'=5b_2ﬂ __ll'i"f'].D.['-' ﬂ3‘b3 5
SENPC A ' 10ab ° 10ah 18 IzT-r.U: ﬂ___‘_t_lii

R R e

MATHEMATICS= X
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I b b — a* + b? 1— b)Y (@® + b
19. X=—,4Y=-— 20. x = o —, 1 = -{-{ A )
b ¢ b - bia+b)
o T x 7 S i S |
1°¢c - bed® == < b = | 1
2]- ¥ = f_{:;—_;-_f = EL% 22_ Xi= etk Iij." — :
a —b a’ —-b 2 £
13 .. y =2 24. X ¥ ] 25 2 b
13, X =—0ul= 2 ==, =7 c=a-,y =b
9 ' 2 i 3 x=g 4 =D
260 x=m+n,Yy=n-—H"n 27. x=b,y=-a 28. x=y=ab

3.6 CONDITIONS FOR SOLVABILITY (OR CONSISTENCY)
Uptill now we have been discussing various methods of solving a system of simultaneous
linear equations in two variables with the assumption that the system has a unique solution.
In this section, we shall be discussing the conditions for solvability of a system of
simultaneous linear equations in bwo variables.
Consider the following three systems of simultaneous linear equa tions:

(i) 2x+y =5 (ii) 3x +4y =2 (iii) 2x -3y =5

3x-2y=4 6x + 8y =4 4y -6y =9

Clearly, x =2, y = 1 satisfies the first system of equations. So, it is a solution of this system.
Also, no other set of values of x and y satisfy this system of equations. So, we say that the
system is consistent (solvable) with a unique solution. Graphically, it is due to the reason
that the lines represented by the two equations intersect at only one point.
Now, consider the second system of equations. [t can easily be checked that x =2,y = -1 1is
a solution of this system of equations. So, we say that the system is consistent i.e. it possesses
a solution. Also, x=1Ly=-1/4x=-2,y=2; x=6, Y= —4 etc. are solutions of this
system. If follows from this that the second system of equations is consistent with infinitely
many solutions. Graphically, it is due to the reason that the lines represented by the two
equations are coincident.
For the third system of equations there is no set of values of x and y which satisfy the two
equations simultaneously. This is because the lines represented by the two equations are
parallel. So, we say that the system i inconsistent or not solvable.

It follows from the above discussion that a given system of equations is either inconsistent
(does not have a solution) or it is consistent with infinitely many solutions or it is consistent

with a unique solution.
In the following discussion, we shall find the conditions for consistency of a system of
simultaneous linear equations.

Consider the system of equations
ax + by +c, =0 .. (1)
;X + by +cy =0 .. (i)
Multiplying equation (i) by by, equation (ii) by b, and subtracting, we get
X (ayby — aaly) = (e — baty) .. (iii)

Mll|tip|ying equation (i) by ay, equation (i) by a, and subtracting, we get

y (b, — ayby) = (€ = ©2) -.(iv)




Pt e

3.60 MATHEMATICS - X

Now, the following cases arise:

LASEL When ab, - aby # 0, ie. Bl b
a
If ayby —a,b, # 0, then [from equations (iii) and (iv), we have
¥= (hyey = bycy) g = (€)1, — Cy0)
{ﬂ‘tbz = ﬂ2b| } {ﬂ-ibz - ﬂ2b|]‘

It follows from this that the system of equations ax+by+e =0and, a;x + by +¢; =0 is
consistent with unique solution, if

% 5B

a b
REMARKL [fayx+by+c, =0

X+ by +¢, =0

is a system of simultaneous linear equations with a\by —a,by # 0, then the lines represented
by the equations a\x + by +c, =0 and a,x + by + ¢y =0 intersect at exactly one point
biey —byey Gy — oy ) y o e .
aybs — by " ayby — b, ) shown in Fig. 3.20. Hence, the given systen:
of equations has unique solution.

having coordinates [

Bred e et anael o i LRt e B2 [ Sa e
R Y ar+ byt =0 Hi
x]
2 o b
CASENl When ayb, — ayb, = 0ie., -+ = L
a, b,
@ _ b
let — = ‘b—— =k ﬂl’l"ﬁ, = kﬂz and b| = khz
l?: )

Putting a, F ka, and by = kb, inequation (i), we get
k(ayx +byy) +¢; =0

From equation (1i), we have
;X + by = —C,

(V)

Putting a,x + byy = —¢, in equation (v), we get

b o

(&
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~kc; +¢; =0 = ¢ = ke,
Thus, we have
a; = kay, by = kb, and ¢, = ke,
Substituting the values of a,, by, ¢, inequation (i), we obtain
k (ayx + byy + ;) = 0
Thus, the system of equations reduces to
k(a,x + by +¢,)=0
X + byyy + ¢, =0
Clearly, every solution of first of these two equations is a solution of the other and vice-versa.
Thus, in this case, the systent has infintely many solutions.
It follows from this that the system of equations ayx + by +¢; = 0 and, a,x +byy +¢, = 0 is
consistent with infinitely many solutions, if
o _b g
o b oo
REMARK2 Ifayx +Dbyy+c¢;, =0
ax +by+¢y =0
is @ system of simultaneous linear equations with ab, —a,by =0 and a,c, —aye; =0
4 By = E'—, then the lines represented by the equations a,x + by +¢; =0 and a,x + b,

NS
Yy + ¢y = 0 arecoincident i.e. the two equations represent the same line. Consequently, every point on

the line determines a solution of the system. Hence, the system of equations has infinitely many
solutions.

ie.

AR N
O i = l L]
rj:‘|\\

"

o
h P

e

ayx + Doy + 0, =0

HY
|

Fig. 3.21

; .
CASEIN  Wien JL = b— % L

(5] !12 Ca
In this case, it is clear that the given system of equations is inconsistent i.e. it has no solution.
REMARK3 If ayx + by +¢, =0

X+ by +¢; =0
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e r R . 1] b C ; e ] » ¥
s a system of simultaneous linear equations with = = b_l # —L, then the lines represented by the
I - i ] Ca
2

equations a,x + by +c¢, =0 and a,x + byy + ¢, =0 are parallel and non-coincident. Conse-
quently, the system has no solution or it is inconsistent.

¥
: r
4N+ Dy + 04 =0

' yr-;-—" ax+ b+ =0 -
i Eetet] s fatennfti—y
Fig. 3.22

SUMMARY  The above results can be suminarised as under:
The system of equations

mx+bhy+c =0 (1)
X + Dy + ¢, =0 ...(11)
) o b,
(i) is consistent with unigue solution, if . # &
- A

vew, tiwes represented by equations (i) and (i) are not parallel

L : e : oy 0 b i
(i) is consistent with mfinitely many solutions, if L=l ="1
ay by oy
e., line represented by equation (i) and (11) are coincident.
ﬂ] Il.;'l f]
ko . JE x ko T ; —_—
(iii) &5 inconsistent, if > b o

1.¢., lines represented by equations (i) and (i) are parallel and non-coincident.

EXAMPLE 1 [neach of the following systems of equations determine whethe
solition, no solution or infinitely many solutions. In case there is q unique solution, find it

rthe system has a unique

() 2v+3y=7 (i) 6x+5y =11 (i) 3v+4y =5
G gy = 11 91’*%9"’*21 %I—E-y+1§=[]
SOLUTION (i) The givensystem of equations may be written as

2x+3y-7=0
by +5y-11=0
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The given system of equations is of the form
mx+by+c =0
A X + Dyly + 0y =0

where, a;, =2,b =3,c, =-7 and Gy = 6,by =5,¢, =11
i 21 by 3
Wehave, L SO et
a 6 3 a3
a b
Clearly, — = —
ﬂ: J‘l:

So, the given system of equations has unique solution,

To find the solution, we use the cross-multiplication method.
By cross-multiplication, we have

X B - - I
3x-1-5%-F 9x%x-11-6x—F 2x5-6x3

x s 1
- -33+35 -22+42 10-18
x ooy 1
- 2 20 -8
= 1‘=_—2=---land 1;:——2(}:E
8 ’ -4 2
5
Hence, the given system of equations has unique solution given by ¥ = ¥ =5

(i) The given system of equations may be written as
6x+3y-11=10

9.\'+]—5u—2] =0
5!

The given system of equations is of the form a,x + by + ¢, = 0

a3X + Iy +c5 =0

lF
where, a; =6,0, =5,¢;,=-11, a, =9,b, = ?J,L‘L = -21
ﬁ]—ﬁ—-gﬂ——ﬁ _—_1:1.‘_'[(_1—11:2
Wehave, a 9 3'b, 15/2 3 ;21 21
early, > by o

So, the given system of equations has no solution i.e. it is in-consistent.
(iii) The given system of equations may be written as
-3x+4y-5=0
9 15
X -0 +—=10
2 * 2
The given system of equations is of the form

amx + by o =0



A
WX + by +e, =0
whem, M = -?Frlh| = 4, G ==
ﬂ] _ _3 . _2 E__
We have, 7, 9/2 - 3 ¢ bl
Clearly, " _ Ji AL |
oo by

50, the given system of equatio

| TSR
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9 15
5 and HE-E‘h2 =—ﬁ,C1—-—2—
4_-2 nd E—':.__S.:._—Z
% 3 Vg 152 3

ns has infinitely many solutions.

FXAMPLE 2 For eacl of the following systems of equations determine the value of k for which the

groen system of equations has a unig
(i) x-ky=2

3Iv+2y=-5
(iii) 2x+3y-5=0
kx -6y -8=0

we solution:
(i) 2x-3y =1

kx +5y =7
(iv) 2x+ky=1
Sx-7y=35

SOLUTION (i) The given system of equations is
x—ky-2=0
3x+2y+5=0
This system of equation is of the form
Mmx+by+¢ =0
WX+ by +¢y =0
where, a; =1, b, = -k, ¢p=-2and @, =3,b, =2,¢, =5
For a unique solution, we must have

L] =k

1 -2
ey =+ — =D ke —
b, 3 2

i B
So, the giv
than -2/3.
(ii) The given system of equations is
2x-3y-1=0
kx +5y-7=0

Itisof the form mx+by+c =0

en system of equations will have unique solution for all real values of k other

X + by +¢c, =0
where, @y =2,b, =-3,¢) =-land a, =k, by =5,¢, =-7
For a unique solution, we must have
-3
E'ﬂx!i i.E.,g-:&——..‘:‘; k2 —
a, by k 5 3
S0, the given system of equations is consiste
other than -10/3.
(iii) The given system of equations is
2x+3y-5=0

kx — 6y -8 =10

nt with unique solution for all values of k
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Itisof the form ayx+ by +¢, =0
and, X + by + ¢, =0
Wherer ﬂ] = 2» b| = 3; ‘—-| = _"5 Ell‘ld ﬂ':;_ = k, bz = —EI and L-z = —8
For a unique solution, we must have

ﬂa&b—' l.e., g:i = k# -4

ﬂz b2 k -6
So, the given system of equations will have unique solution for all real values of k other
than —4.
(iv) The given system of equations is

2x+ky-1=0

5x -7y-5=0 !
Itisof the form a;x + by +¢, =0

A, x + by + ¢, =0

where, a, =2,b, =k, ¢, =-1 and a, =5,0, =-7 and ¢; = -5
For a unique solution, we must have

ﬂ:b—‘ ie., gi—k— => k#lli
So, the given system of equations will have unique solution for all real values of k other

than ——M- .
5

EXAMPLE 3 For each of the following systems of equations determine the value of k for which the
gtven system of equations has infinitely many solutions. J
(i) 5x+2y=k (i) (k-=3)x+3y=k .
10x + 4y =3 kx + ky =12
(iii) kx +3y=k-3
12x + ky = k [NCERT]
SOLUTION (i) The given system of equations is
S5x+2y—-k=0
10x+4y -3 =0 =
This system of equation is of the form
mx+by+c =0
X + by +cy =0
where, @, =5,b, =2,¢, =~k and a4, =10,0, =4 and ¢, = -3
For infinitely many solutions, we must have
a b 5 2 =k 1 k

=>—-=—:>k=§
2 3 2

Yo, ===
ﬂz bz Cy 10 4 -3

Hence, the given system of equations will have infinitely many solutions, if k =

ta |

(ii) The given system of equations is
(k-3)x+3y—-k=0
kx + ky —12 =10
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For infinitely many solutions, we must have

k=3 3 <k
k¥ 2
k-3 3 3k
= —k—=Eanc|-E=E
= k* =3k = 3k and k? = 36
— kz-—fmﬁc:[}andkzz%
= (k=0 or, k=6) and (k = 1 6)
= k=6

Hence, the given system has infinitely many solutions, if k = 6.
(iii) The givensystem of equations is
kx +3y—(k-3)=0

12x + ky -k = 0
For infinitely many solutions, we must have
i _ E _—k-3)
12 k =k
K o 2 S
= 12 Kk k
— k* =36 and k* — 3k = 3k
= k> =36 and k* -6k =0
= (k=+6) and (k=0 or, k=6)
== k = 6

Hence, the given system of equations has infinitely many solutions, if k = 6.
EXAMPLE 4  For each of the following system of equations determine the values of k for which the
given system has no solution:

(i) 3x-4y+7=0 (i) 2x—ky+3=0

kx+3y-5=0 3x+2y—-1=0
SOLUTION (i) The given system of equations is
3x-4y+7=0
kx+3y-5=0

This is of the form ax + by + 6 = 0
ﬂzx + bz_lf + (:2 = Ur

WhE‘I’E, ﬂ] = 3’ b] = "'4,{._] - ? and H:". =krb2 = 3, f_'z :_5

For no solution, we must have
m _bh,a

it TS T

ity bz Co

O P (e
Wehave, 7"~ 3 and c, B

—T -
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b |G
— o
Clearly, p, ™ ¢,
5o, the given system will have no solution,
a, b 3 4 9
_—= e = — -

If m b, k3 4

: a
Clearly, for this value of k, we have ;; it

Hence, the given system of equations has no solution, when k = =
(ii) The given system of equations is %
2x-ky+3=0
3x+2y~1=0
This is of the form a,x + by + ¢, = 0
Mx + by +cy =0
where, @ =2, by = —k,c; =3 and a, = 3,b, =2, gy =<1
For no solution, we must have
L

A by o

a, 2 G 3
—=—and = ==
WEhaVE, ay 3 6 =
i (&
Clearly, =% ——
2 2
So, the given system of equations will have no solution, if
@ b —k
8K 2 kg o
15 EIE 3 2 3

. -4
Hence, the given system of equations will have no solution, if k = 3

EXAMPLE 5 Find the value(s) of k for which the system of equations
kx —y=2
6x—-2y=3
has (i) a unigue solution (i) no solution,
Is there a valye of k for which the s ystem has infinitely many solutions?

SOLUTION  The given system of equations is
kx-y-2-=0
6x -2y -3=0
Itis of the form MX+ by +cp =0
ax + by + ¢, =0,
Where M =k, by =-1,¢, =-2 and My =6,by =-2,¢cy =3

il il

3.67
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() The givensystem will have a unique solution, if

a b
L B

— i.e., if X t_—l i.e; X3

" ; ; 4 - jon, i 3.
S0, the given of equations system will have a unique solution, if k #
(ii) The given svstem will have no solution, if

L L
by, ey

We have, l[lz_—l =K. and o
by -2 2 &g =

) b, .6

Clearly, by o

50, the system of equations will have no solution, if
a E._ k-1

= —=— =k=3
i1y I!I'_J b -2
Hence, the given system will have no solution, if k = 3.

For the given system to have infinite number of solutions, we must have

i - !J] €

m b

a kb -1 1 &g -3 2
We have, E* ‘ar’—z—j§=§ and i
. L
Clearly, b e
So, whatever be the value of k, we cannot have

a b 21

a by g
Hence, there is no v
solutions.

EXAMPLE o For what value of k will the
comncident lines?

alue of k, for which the given system of equations has infinitely ma ny

equations X +2y +7 = 0, 2y 4 ky +14 = ¢ represent
SOLUTION — The given equations are of the form

qy+by+c =0 and ayx + byy + ¢ =0,
where  a =1,b, =2,¢, =7 and B =2,b=kc,=14
The given equations will represent coincide
solutions. The condition for which is

a, b g 1.2 7

— e — e A = = T :;k:,;

a b oo 2 k14
Hence, the given system of equations will represent coj

EXAMPLE 7 For what value of k, will the folloy
solutions?

nt lines if they have infinitely many

. Nncident lines, if - 4
ving system of cquatj :
1 ) ons hape infini
itely yq,
] n
2x + 3y = 4 |

(k+2)x+6y=3k+2
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SOLUTION ~ We know that the system of equations
mx + by = ¢
X + by = ¢,y

has infinitely many solutions, if

bt &
a, b, o
Therefore, the given system of equations will have infinitely many solutions, if
2 _3_ 4
k+2 6 3k+2
2 3 3 4
s | = = dn —_—=
k+2 6 6 3k+2
2 1 1 4
- : == and — =
k+2 2 2 3k+2
=2 k+2=4 and 3k+2=8
— k=2 and k=2

Hence, the given system of equations will have infinitely many solutions, if k= 2.
EXAMPLE 8  Determine the values of a and b for which the following system of linear equations has
infinite solutions:
2x-(a-4)y=2b+1
dx—-(a-1y=5b-1
SOLUTION We know that the system of equations
ax + by = ¢
a,x + by = ¢,
has infinite number of solutions, if
a b g
E B Fz' €2
Therefore, the given system of equations will have infinite number of solutions, if

E=-(n—4}=2b+1
4 —@@-1 5b-1
l_n-4_2h+1
= 3 wa—-1 5b-1
l_n—4and_1__2b+1
p: 3 a-1 "2 &-1
= a—1=2a—-8and5h-1=4b+2
= a=7andb=3

Hence, the given system of equations will have infinitely many solutions, if =7
and b =3
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EXAMPLE 9 Forwhat value of k will the following system of linear equations has no solution?
Ix+y=1
(Zk-N)x+(k-1y =2k +1

SOLUTION  We know that the system of equations
ax + by = ¢

INCERT, CBSE 2000]

iy X + by = ¢,
has no solution, if

4 b o

ity III Ca
50, the given system of equations will have no solution, if

S
k-1 k-1 2k+1
S D and ! # :
k-1 k-1 k-1 2k+1

Now,
31
k-1 k-1 = 3Hk-3=2%-1 = k=2

1
« — ¥ #
Clearly, for k 2we have 2k +1

Hence, the given system of equations will have no solution, if k = 2.

EXAMPLE 10 Find the value of k for which the following system of linear equations has infinite
solutions:

T+(k+1)y=5

(k+1)x+9y=8k-1 |CBSE 2002C)
SOLUTION  The given system of equations will have infinite solutions, if
I _kxl_ &
k41 9 8k -1
1 k+1 d k+1 5

= kvl 9 T Tk
= (k +1)* = 9and (k + 1) (8k - 1) = 45
Now, (k+1P =9

= k+1=%23 = k=2-4

We observe that k =2 satisfies the equation (k + 1)(8k - 1) = 45 but. k —
satisfy it. ) ut, k = -4 does not
Hence, the given system of equations will have infinjte]

EXAMPLE 11 Find the values of p and q for which the
number of solutions:

Y many solutions, if x — 5.
following system of equations has i nfinite

2+ 3y =7

pP+x+(2p-qy f_ 21 [CBSE 2001]
SOLUTION - The given system of equations will have infin ite number of :
- 1 1
\ y solutions, if

p+q=2;1-q Tl
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2 3 1

= prq 2p-q 3
2 1 3 1

= p+|]:§ﬁnd2p~t]=§

— p+g=6and2p-g="9

=% (p+q)+2p-qg)=6+9 [On adding]

= 3p=15

— p=15

Putting p = S5inp+q =6or,2p—q =9, wegel q = L.
Hence, the given system of equations will have infinitely many solutions, if p = 5and g = 1.
EXAMPLE 12 For what value of k, will the system of equations
x+2y=5
v+ ky—-15=0.
has (i) a unique solution? (if) no solution?
SOLUTION  The given system of equations can be writtenas

[CBSE 2001]

x+2y=>5
3x +ky =15

(i) The abovesystem of equations will havea unique solution, if

I . 2
3 # P = k=6

(ii) The above system of equations will have no solution, if
l=gxi {I.Jb'ir'q;_l;:ﬁ'—’=-J!r—1 o
3 k 15 4 h £y
1 2 2 1

- "':—d[‘td—:"[-—-)
3 k k%3,

= k = 6and k # 6, which is not possible.

Hence, there is no value of k for which the given system of equations has no solution.
EXAMPLE 13 Find the values of w.and B for which the following system of linear equations has
mfinite number of solutions:

2x+ 3y =7

20x + (a+ By = 28

has (i) a unique solution? (i) no solution?
SOLUTION  The givensystem of equations will have infinite number of solutions, if

[CBSE 2001]

i 8 %
2¢ a+p 28
3 1
s G e 4
1 3 ]
—_ ;—1 and :1_+ﬁ FI
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= =4 and a+fp =12
= =4 and [} =8

, ) . S ions, if ¢ =4 and
Hence, the given system of equations will have infinitely many soluti
h=8. .
: A mear equations have
EXAMPLE 14 Determine the values of mand n so that the following systent of linear eq
infrurle mumber of solutions:

2m-1Dx+ Jy-5=0
Ix+m-Vy-2=0 )
SOLUTION - The given system of equations will have infinite number of solutions, if

2m-1 3 -5

3 an-1 2

2m-1 3 5

= 3 n-1 2
2m—-1 5 3 5
- 3 :Eand n-1 2
- dm-2=15 and 6=5n-5

= 4m =17 and 5n =11

17 11

= :rr_T and n=€

17
Hence, the given system of equations will have infinite number of solutions, if m = Y and
11

H=—.

EXAMPLE 15 Determine the value of k so that the following linear equations have no solution:
Bk+1x+3y-2=0

(K +Dx+(k-2)y-5=0 [CBSE 2001C]
SOLUTION - The givensystem of equations will have no solution, if
3k + 1 3 -2

K +1 k-2 -5
3k +1 3 3 2
= P k-2 ™Mi2ts
3k +1 3
Now, % :k-Z
= Gk +1)(k-2)=3(*+1)
=3 3k*-5k-2=3k+3
= Sk -2 =3
= 5k =5
= k=-1
Clearly, —2_ .2 for k=-1.
" k-2"5

Hence, the given system of equations will have no solution for ks <4

R e RSEEIEST
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e ——— — — - EXERCISE 3.5
LEVEL-1
In each of the following systems of equations determine whether the system has a unigue solution, no

solution or inminttely  many  solutions. In case there is a unique  solution,  find
it: (1-4)

1. x-3y=3 2. 2x+y=35
3x -9y =2 4x + 2y =10
3. 3x-5y=20 4 x-2y=8
6x — 10y = 40 5x - 10y =10
Find the value of k for which the following system of equations has a unique solution: (5-8)
8. kx+2ih=35 6, dx+ky+8=0
x4y =1 24+ 2y+2=0 [NCERT]
7. 4x -5y =k 8 x+2y=3
2x -3y =12 S5x+ky+7 =0

Find the value of k for which each of the following systems of equations have infinitely many
solution: (9-19)

9, 2x+3y-5=0 10. 4x+5y =3
6y +ky—15=0 kx+15y =9
11. kx-2y+6=0 12, Bx+5y =9
dx-3y+9=0 kx +10y = 18
13 2X -8y =7

(k+2)x — 2k + )y = 3(2k - 1)
14. 2.1'+3l|?{ =2

(k+2)x+(2k+ 1Dy =2(k-1) [CBSE 2000, 2003]
15, x+(k+1)y=4

(k+1)x+9y=5k+2 [CBSE 2000C]
16. kx +3y =2k +1

2(k+)x+9y =7k +1 [CBSE 2000C]
17. 2x+(k-2)y =k

6x +(2k —1)y = 2k +5 [CBSE 2000C]
18. 2x+3y =7

k+Dx+(2k-1y=4k+1 [CBSE 2001]
19, 2x+3y =k

(k=1 x+(k+2)y=3k |CBSE 2001]
Find the value of k for which the following system of equations has no solution: (20-25):
20. kx-5y=2 21, x+2y=0

{‘J.'l'+2y'57 2I+ky’=5
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29,

30,

32.

33.
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L 3x =4y +7 =0 23, 2x—-ky+3=0
kx + 3y -5=0 3x+2y-1=0
2x + ky = 11 25. kx+3y=k-3
Sx - ?-I,' =5 12x+ky =6  [NCERT EXEMPLAR]
For w |:rEIt value of k the following system of equations will be inconsistent?
4x + 6y =11
2x+ky =7

Forwhat value of o, the system of equations
wr+3y=a-3
2y +ay =« |CBSE 2003, 2009]
will have no solution?
Find the value of k for which the system
kx +2y =5
Ir+y=1
has (i) a unique solution, and (ii) no solution.
Prove that there is a value of ¢ (# 0) for which the system

6x+3y=c-3
12x +ey=¢c

has infinitely many solutions. Find this value,

Find the values of k for which the system
2x +ky =1
3x—-5y=7

will have (i) a unique solution, and (ii) no solution. Is there a value of k for which the
system has infinitely many solutions?

- For what value of k, the following system of equations will represent the coincident

lines?
X+2y+7=0
Ax+ky +14 =0

Obtain the condition for the followin

g system of linear equations to have a unique
solution

ax+by =¢
Ix + my =n

Determine the values of @ and b so that the follnwing sy
infinitely many solutions:

(2a-1x+3y-5=0

'stem of linear equations have

I+(b-NYy-2=0 [CBSE 2001C]

R O e
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34. Find the values of a and b for which the following system of linear equations has infinite

36.

37.

number of solutions:
2x -3y =7

(a+b)x—-(a+b-3)y=4a+b

number of solutions:
2x+ 3y =9

(;J +['f).1'+(2’,?—q]y = 3(}74_‘]4_1}
Find the values of a and b for which the following system of equations has infinitely

many solutions:

i) ((Qa-1)x-3y=5
3x+(b-2)y=3
[CBSE 2002C]
(@a-1)x+3y=2
6x +(1-2b)y =6
[CBSE 2002C]

(v) 2x+3y=7

(iii)

(@a—b)yx+(a+b)y=3a+b-2

[NCERT]
(vii) 2x+3y=7

(a=1)x+(a+2)y=23a

[CBSE 2010]

(ix) 2x+3y=7

2ax +ay = 28 — by

have
(i) no solution?
(i) aunique solution?

(ii) 2x—(2a+5)y=2>5
(2b+1)x-9y =15
[CBSE 2002C]

(iv) 3x+4y =12

[CBSE 2002]

. Find the values of pand g for which the following system of linear equations has infinite

[CBSE 2002]

(a+b)yx+2(a-b)y=5a-1

[CBSE 2002C]
(vi) 2x+3y-7=0
(a—Dx+(a+1)y=(3a-1)

[CBSE 2010]
(viii) x+2y =1

a-bx+(a+b)y=a+b-2
INCERT EXEMPLAR]

[INCERT EXEMPLAR]

For which value(s) of 2, do the pair of linear equations x + y = 2% and x + Ay =1

(i1) infinitely many solutions?

No solution

Infinitely many solutions 4.
k#4

k=9

k=16

k=2

k=5

k=4

T
5

2.

T
10.

13.
16.
19.

22.

25.

Infinitely many solutions

No solution
k is any real number

k=12
k=4
k=2
k=17
Yt

4
k =-6

=o|mom

[NCERT EXEMPLAR]
_ ANSWERS
k+6
k =10
k =8/3
k =
k=5
k = -15
I
3
k=3
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27. a=-6 28. (i) k26 (i) k=6 29.c =6

30, () k=2 6i) k=20 no 31 k=4 32, am # bl

3 3
33, 4= 1—?Jr . 34. a=-50b=-1 35. p=5/3,4=1/3
. 4 5
| 5 .
36. () @=3b=¢ (i) a=-Lb= 5 (i) a=3,b=-4 (iv) a=5,b=1
(V) a=5,b=1(vi)g=5 (vi)) a=7 (viii) a=3,b=1 (ix) a=4,b=8
37. () A =-1 (i) i=1 (iif) Allreal valuesof i except *1.

3.7 APPLICATIONS TO WORD PROBLEMS

In this section, we shall learn about some applications of simultaneous linear equations in
solving problems related to our day-to-day life. There is a wide variety of such problems
which are generally called ‘word problems’. In solving such problems, we may use the
following algorithm.
ALGORITHM

STEP L Read the problem carefully and ident ify the unknown quantities. Give these quantities a
variable name like x, y, u, v, wetc,

SIEP UL Mdentify the variables to be determined.

STEP 1L Read the problem car

felly and formulate the equations in terms of the variables to be
deterimimed.

SIEP IV Solve the equations obtained in step HTwsing any one of the methods learnt earlier.
3.7.1  APPLICATIONS TO PROBLEMS BASED ON ARTICLES AND THEIR COSTS
Following examples will illustrate the applic

ations of linear equations in solving word
problems based on articles and their costs.

EXAMPLE 1 4 chairs and 3 tables cost 2100 and 5 chairs and 2 tables cost T1750. Find the cos!
ofachairand a table separately,

SOLUTION - Let the cost of a chair be ¥ x and that of a table be Ty. Then,
4x + 3y = 2100
and, Sx + 2y = 1750
This system of equations can be written as
4v+ 3y - 2100 =0
Sy +2y—-1750=0
By using cross-multiplication, we have
X ~Y 1

3x-1750-2x 2100  4x-1750-5x 2100 4x2_3 55




.'J
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o oy 1
= ~5250 + 4200 7000 + 10500 8 —15
Xy 1
= ~1050  -3500 -7
~1050 -35
= = ol 150 and y = — L 500

EXAMPLE 2 37 pensand 53 pencils together cost $320, while 53 pens and 37 pencils together cost
F400. Find the cost of a pen and that of a pencil.
SOLUTION  Let the cost of a pen be ¥ xand thatof a pencil be? i. Then,

37x + 53y = 320 ... (1)
and, 53x + 37y = 400 (i)
Adding equations (i) and (ii), we get

90x +90y =720 = x+y =28 . (1ii)
Subtracting equation (i) and (ii), we gel

l6x —16y =80 = x -y =15 ..-(iv)

Adding equations (iii) and (iv), we get
2r=13 = x=65
Substituting x = 6.5 in equation (iii), we get
y=(8-65)=15
Hence, cost of one pen =% 6.50 and cost of one pencil =3 1.50.
EXAMPLE 3 2 tables and 3 chairs together cost & 2000 whereas 3 tables and 2 chairs together cost
< 2500. Find the total cost of 1 table and 5 chairs
SOLUTION  Let the cost of a table be ¥ x and that of a chair be ¥ . Then,
2x + 3y = 2000
and, 3x + 2y = 2500
This system of equations may be written as
2x + 3y — 2000 =0
3x+2y-2500=0
By using cross-multiplication, we get

X =1 1

3 x 2500 — 2 % 2000 2x 2500 -3x 2000 2x2-3x3

x =1 1
= 7500 + 4000 —5000 + 6000 4 -9
3 y 1
— == = —
3500  -1000 -5
¥ ~1000
=5 v 3500 =700 and y = = 200

Cost of a table =% 700 and, cost of a chair =3 200

Hence, cost of one table and 5 chairs = T (x + 5y) =T 1700,




LEVEL-2

EXAMPLE 4 Aand B each have certain number of oranges. A says to B, “if you gtoe me 10 of your
oranges, [will have twice the number of aranges left with you.” B replies, “if you groe me i-'l‘m_f:tﬂmr
oranges, Lwil have the same number of oranges as left with youw.” Find the munber of oranges with A
and B separately.

SOLUTION  Suppose A has x oranges and B has y oranges.
According to the given conditions, we have

x+10=2(y-10) = x-2y+30=0 sasfd)
and, ¥y+10=x-10 = x-y-20=0 ..(i)
Subtracting equation (i) from equation (i), we get

-Y+50=0 = y =50
Putting v = 50 inequation (i), we get x = 70
Hence, A has 70 oranges and B has 50 oranges.

EXAMPLE 5 A man has only 20 paisa coins and 25 paisa coins in his purse, If he has 50 coins inall
totalling T11.25, how many coins of cach kind does he have?

SOLUTION  Let the number of 20 paisa coins be x and that of 25 paisa coins be . Then,
X+ =50

(i)
Total value of 20 paisa coins =20 x paisa
Total value of 25 paisa coins = 25 y paisa
20x + 25y = 1125
= 4x + 5y = 225 o (i)

Thus, we get the following system of linear equations
X+y~50=0
4x+5y-225=0

By using cross-multiplication, we have

X -, -3 1

-225+250 -225+200 5-4

l=~i=l = x=25 and y=125

25 25 1 i

Hence, there are 25 coins of each kind.

e

EXERCISE 3.6

=
1. 5pens and 6 pencils together cost T9 and 3
1 penand 1 pencil.

(2]

7 audio cassettes and 3 video cassettes cost ¥ 1110, while 5 audio cassettes and 4 video

cassettes cost ¥ 1350. Find the cost of an audio cassette and a video cassette.

3. Reena has pens and pencils which together are 40 in number. If she h
and 5 less pens, then nuimber of pencils would become 4 times the nu

the original number of pens and pencils.

4. 4tables and 3 chairs, together, cost ¥ 2,250 and 3 tables and 4 chairs cost 1950. Find the
cost of 2 chairs and 1 table.

as 5 more pencils
mber of pens. Find
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3 bags and 4 pens together cost ¥ 257 whereas 4 bags and 3 pens together cost ¥ 324
Find the total cost of 1 bag and 10 pens.
5 books and 7 pens together cost T 79 whereas 7 books and 3 pens together costT77. Find

the total cost of 1 book and 2 pens.

Jamila sold a table and a chair for T 1050, thereby making a profit of 10% on a table and
25%, on the chair. If she had taken a profit of 25% on the table and 10% on the chair she
would have got T 1065. Find the cost price of each. INCERT EXEMPLAR]

Susan invested certain amount of money in two schemes A and B, which offer interest at
the rate of 8% per annum and 9% per annum, respectively. She received
Z 1860 as annual interest. However, had she interchanged the amount of investment in
the two schemes, she would have received ¥ 20 more as annual interest. How much

money did she invest in each scheme? INCERT EXEMPLAR]

The coach of a cricket team buys 7 bats and 6 balls for ¥ 3800. Later, he buys
3 bats and 5 balls for T 1750. Find the cost of each bat and each ball. INCERT]

A lending library has a fixed charge for the first three days and an additional charge for
each day thereafter. Saritha paid ¥ 27 for a book kept for seven days, while Susy
paid ¥ 21 for the book she kept for five days. Find the fixed charge and the charge for

each extra day. INCERT]

The cost of 4 pens and 4 pencil boxes is T 100. Three times the cost of a penis T 15more
than the cost of a pencil box. Form the pair of linear equations for the above situation.
Find the cost of a pen and a pencil box. INCERT EXEMPLAR]

LEVEL-2

One says, “Give me a hundred, friend! I'shall then become twice as rich as you.” The
other replies, “1f you give me ten, I shall be six times as rich as you.” Tell me whatis the
amount of their respective capital? [NCERT]

A and B each have a certain number of mangoes. A says to B, “if you give 30 of your
mangoes, | will have twice as many as left with you.” B replies, “if you give me 10, I will
have thrice as many as left with you.” How many mangoes does each have?

Vijay had some bananas, and he divided them into twolots Aand B. He sold first lot at
the rate of Z 2 for 3 bananas and the second lotat the rate of ¥ 1 per banana and gota total
of Z400. 1f he had sold the first lot at the rate of ¥ 1 per banana and the second lot at the
rate of ¥ 4 per five bananas, his total collection would have been T 460. Find the total
number of bananas he had. [INCERT EXEMPLAR]

On selling a T.V. at 5% gain and a fridge at 10% gain, a shopkeeper gains X 2000. But if
he sells the T.V. at 10% gain and the fridge at 5% loss. He gains T 1500 on the transaction.
Find the actual prices of T.V. and fridge.

. . . : ANSWERS
. Cost ol one pen =3 3/2, Costofone pencil =X1/4 2. ¥30,T 300
. No. of pens = 13, No. of pencils = 27 4, T 750
. T 155 6. T 20 7. Table T 500, chair T 400
. 10000 in scheme A, ¥ 12000 in scheme B 9. Bat ¥ 500, ball ¥ 50
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10. 215,33 1. T10,T 15 12. T40,% 170

13. A:34,B:62 14. 500 15. T 20,000, ¥ 10,000
1

and 3x + 2y = 5,

. Let the cost of each pen be v and that of each pencil be ¥ y. Then, we have Sx+6y=9

Let the cost of an audio cassette be T v and that of a video cassette be T y. Then we have

7x 4+ 3y = 110 and 5x + 4y = 1350.

7. Let the cost price of a table and that of a chair be x and yrespectively. Then,

S.P. of a tabl %[1 j 0 J 2230,
by ! ! e = Pulorosaly =
LASE | S of a teabie 10{‘! 100
25 12’-]
(g By) B
P.of achair [ / T00: i 1{}[]
0 lB v = 1050 = 110x + 125y = 105000
IIJ[] H}G
: 25 125
CASEN S.P.of a table = ?( T ﬁ]ﬁ‘ ) ?ﬁx
10 110
i " '-=?[| +— ) gk
5.P.of achair i IUG o y
—-]23 s mu 1065 = 125x + 110y = 106500
100 100°

Adding (i) and (ii), we obtain

235(x + y) = 211500 = x + i =900
Subtracting (i) from (ii), we obtain

15(x = ¥) = 1500 = x -y =100
Solving these bwo equations, we get

x =500,y = 400

Suppose she invested ¥ vin Scheme A and # ¥in Scheme B, Then,

B¢ 9 Oy

...(ii)

..(iii)

(1)

y 8y B _
100 00 20N 155+ 00 = 1880=>8x+9y =186000 and 9x +8y = 188000

Adding and subtracting these two equations, we obtain
17 (x + y) = 374000 and - x + ¥ = 2000

= x+y=22000 and - x + y = 2000

= x = 10000, y = 12000
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10. Let the fixed charge be 0f ¥ x and the extra charge for each day be ¥ i. Then,
v+4dy =27 and x + 2y = 21

14. Let there be x bananas in lot A and y bananas in lot B. Then,

2 4
FF = 400 and x + = 460 = 2x + 3y - 1200 = 0 and 5x + 4y = 2300

Solving these two equations, we get v = 300 and y = 200

15. Let the price of a T.V.be ¥ xand that of a fridge be ¥ . Then, we have

5y 10y 10x By
Y _ 2000 el
and, 06~ 100

== 15
100 100 o

3.7.2 APPLICATIONS TO PROBLEMS BASED ON NUMBERS

Following examples, will illustrate the applications of linear equations in solving word
problems based on numbers. Recall that the two digit number having a and b as units and
ten’s digits respectively is equal to 100 + @ and the number obtained by reversing the order of
digitsis 10a + b.

ILLUSTRATIVE EXAMPLES

LEVEL-1
EXAMPLE 1 Suni of two numbers is 35 and their difference is 13. Find the nunnbers.
SOLUTION Let the bwo numbers be x and y. Then,

X+y=235 (1)

and, x—y=13 ... (11)
Adding equations (i) and (ii), we get
2v =48 => x =24
Subtracting equation (ii) from equation (i), we get
2y =22 = y=11
Hence, the two numbers are 24 and 11.
EXAMPLE 2 In a two digit number, the unit’s digit is twice the ten's digit. If 27 is added to the
number, the digits interchange their places, Find the number
SOLUTION (i) Let the digit in the unit’s place be x and digit in the ten’s place be y. Then,
X =2y [Given]...(i)

and, Number = 10y + ¥
Number obained by reversing the digits = 10x + y
Itis given that the digits interchange their places if 27 is added to the number.

Le., Number + 27 = Number obtained by interchanging the digits
10y + x + 27 =10x + ¥
= 9y -9y =27
= y—-y=3 ...(ii)

Putting y = 2y in equation (ii), we get

2y-y=3=>y=3
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Putting i = 3 in equation (ii), we get
Y=06
Hence, the numberis 10y +x = 10 x 3 + 6 = 36
EXAMPLE 3 Dia bwo digit imumber, the ten's digit is three times the unit's digit. When the number is
decreased by 54, the digits ave reversed, Find the number.
SOLUTION - Let the digit in the unit’s place be x and the digit in the ten’s place be . Then,
Number = 10y + x
According to the given condition, we have
Y= 3y vael)
Number obtained by reversing the digits = 10x + y
If the number is decreased by 54, the digits are reversed.
\ Number - 54 = Number obtained by reversing the digits
=5 10y +x =54 = 10x + i
= I-9y=-54 = x-y=-6 - (ii)
Putting i = 3x in equation (i), we get
¥—-Jyx=-H=5.3=3
Putting x =3 in y = 3x, we get y=9
Hence, number - W0y+x=10x9+3 =093
EXAMPLE 4 The sum of the digits of a two digit number is S and the difference between the nuniber
and that formed by reversing the digits is 18, Find the mumber.
SOLUTION - Let the digit at unit’s place be x and the digit at ten’s place be y. Then,
Number - 10y + x
Number formed by reversing the digits — 10 y+x
According to the given conditions, we have
X+y=8

... (1)
and, (10y + x) — (10x + y) =18
= 9(y —x)=18
= p-x=2 ...(ii)

On solving equations (i) and (i), we get x = 3, y=5

Hence, number — 10y +x =10x5+3 =53

EXAMPLE 5 The sum of a two digit number and the number obtai,

digrts is 121, and the two digits differ by 3. Find the number,

SOLUTION  Let the digit in the unit’s place
Number = 10y + x

ted by reversing the order of its
be x and the digit at the ten’s place be y. Then,
The number obtained by reversing the order of the digitsis 10x + y,

According to the given conditions, we have
(10y + x) + (10x + y) = 121

=5 I1(x+ y) =121
= x+y=11
and, x-y=%3

[+ Difference of digits is 3]
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Thus, we have the following sets of simultaneous equations
x+y=11 (1) | [x+y=11
and, xy-y=23 ...{ii}]' or {-‘f ===
On solving equation (i) and (ii), we get v = 7, Y= 4
On solving equations (iii) and (iv), weget x = 4,y =7
When x = 7, y = 4, we have
Number =10y + x =10 x4 +7 = 47
When x = 4,y =7 ,wehave

Number = 10y + x =10 x7 +4 =74
Hence, the required number is either 47 or, 74.

3.83

(i)
V)

EXAMPLE 6  The sunt ofa two digit number and the mumber formed by inter changing its digits is
110. 1f 10 is subtracted from the first number, the new number is 4 more than 5 times the s of the
digits in the first number. Find the first mumber. [CBSE 2002C]

SOLUTION  Let the digits at units and tens place in the given number be x and y respectively.

Then,

Number = 10y + x
Number formed by interchanging the digits = 10x + y
According to the given conditions, we have

(10y + x) + (10x + y) = 110

and, (10y +x)-10=5(x+y)+4
= 11x+ 11y =110
and, 4x -5y +14 =0
= x+y-10=0
and, 4x-5y+14 =0
By usingcross-mbl.lltiplif:alinn, we have
X i 1
14-50 —40-14 -5-4
X ] 1
~ 36 54 9
= Y = = and y = ———Eﬂ
-9 -9

U
I

b 4 and y = 6.
Putting the values of x and y in equation (i), we get
Number = 10 x 6 + 4 = 64

..(1)

EXAMPLE 7 The sum of a two digil nmumber and the number formed by interchanging the digit 1s
132, If 12 is added to the munber, the new number becomes 5 times the sum of the digits. Find the
number. [CBSE 2002C]

SOLUTION Let the digits at units and tens place in the given numberbe x and y respectively.

Then,
Number = 10y + X

e - . (UL v

()
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Number formed by interchanging the digits = 10x + y
According to the given conditions, we have
(10y + x) + (10x + v) = 132

l| and, (10y + x) +12 = 5(x + i)
= Nx + 11y =132

| and, Ay = 5_1; =12

| =3 Y+y-12=0

and, 4x-5y-12=0
Solving these two equations by cross-multiplication, we have

X o B 1
-12-60 —48+12 -5-4
r ¥y 1
= 72 -3 -9
E £
— :r=2and |,.‘=—E
-9 - =
=5 v=8and y=4

Substituting the values of x and v in equation (i), we have
Number =10 x 4 + 8 = 48.

EXAMPLE 8 The sum of a two-digit number and the number obtained by reversing the order of its

digits is 165. If the digits differ by 3, find the number. |CBSE 2002]
SOLUTION - Let the digits at units and tens place of the givennumber be x and y respectively.
Then,

Number = 10y + x ... (1)

Number obtained by reversing the order of the digits = 10y + y
According to the given conditions, we have

(10y + x) + (10x + y) = 165
and, X-y=3or,y-x=3

22 10

= 11x + 11y = 165

and, Xx-y=3o0r, y-x=3

= X+y=15

and, Xx-y=3or, y-x=3

Thus, we obtain the following systems of linear equations,

(1) Y+y=15
x-y=3

(i) x+y=15
y-x=3

Solving first system of equations, we get
x=9,y=6

Solving second 5);'51'8111 of equations, we get
X=6,v=9

Substituting the values of x and ¥ In equation (i), we have
Number =69 or, 96,

g |
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LEVEL-2

EXAMPLE 9 A two digit nuntber is obtained by either nudtiplying sum of the digits by 8 and
adding 1 or by multiplying the difference of the digits by 13 and adding 2. Fund the number.

SOLUTION  Let the digit atunits place be v and the digit al ten’s place be . Then,
Number = 10y + x

According to the given conditions, we have
0y +x=8(x+y)+1 = 7x-2y+1=0

and, 0y +x=13(y—-x)+2 = 14x-3y-2= ()
By using cross-multiplication, we have
X —y 1

2% 2 - (B)xl Tx—2-14x1 7x-3-14x-2

x oy
= 4+3 -14-14 -21+28
x oy 1
= 77w
- .1'=Z=l.md If:—2-§=4
7 ? 7

Hence, the number = 10y + x = 10 < 4 + 1 = 41.

REMARK i the above example, if we take the difference of the digits as x -y, then we get fractional
values of x and y which are not admissible.

EXAMPLE 10 If Hiree times the larger of the two mumbers is divided by the smaller one, we get 4 as
quotient and 3 as the remainder. Also, if seven times the smaller number is divided by the larger one,
we get 5 as quotient and 1 as rematinder. Find the numbers.

SOLUTION  Let the larger number be v and smaller one be y. We know that

Dividend = (Divisor x Quotient) + Remainder .o (i)
When 3x is divided by i, we get 4 as quotientand 3 as remainder. Therefore, by using ( i), we
get

3x=4y+3 = 3x-4y-3=0 ...(11)
When 7y is divided by x, we get 5 as quotient and 1 as remainder. Therefore, by using (i), we

get

7it=5x+l =5 Sx=Fy+l=0 (i)
Solving equations (ii) and (iii), by cross-multiplication, we get
2 - 1

< = S = — = yv=25and y =18
4-21 3+15 21+ 20 -

Hence, the req uired numbers are 25 and 18.

LEVEL-1 |

1. The sum of two numbers is 8. If their sum is four times their difference, find the numbers.

EXERCISE 3.7

2. The sum of digits of a two digit numberis 13. If the number is subtracted from the one
obtained by interchanging the digits, the resultis 45. What is the number?
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- Seven times a two-digit number is equal to four times the number ob

MATHEMATICS -

A number consists of two digits whose sum is five. When the digits are reversed, the
number becomes greater by nine. Find the number, .

The sum of digits of a two digit number is 15. The number obtained by reversing the
order of digits of the given number exceeds the given number by 9. Fi nd‘ H'l_e_gwen
number. [CBSE 2004]

- Thesumof a two-digit number and the number formed by reversing the order of digits is 66,

If the two digits differ by 2, find the number. How many such numbers are the re?‘I
NCERT]

. The sum of two numbers is 1000 and the difference between their squares is 256000,

Find the numbers.

The sum of a two digit number and the number obtained by reversing the order of its
digits is 99, If the digits differ by 3, find the number. [CBSE 2002]
Atwo-digit number is 4 times the sum of its digits. If 18 is added to the number, the digits
are reversed. Find the number. [CBSE 2001C)
A two-digit number is 3 more than 4 times the sum of its digits. If 18 is added to the
number, the digits are reversed. Find the number. [CBSE 2001C]

A two-digit number is 4 more than 6 times the sum of its digits. If 18 is subtracted from
the number, the digits are reversed. Find the number. ICBSE 2001C]

A two-digit number is 4 times the sum of its digits and twice the product of the digits.
Find the number. [CBSE 2005]

- A two-digit number is such that the product of its digitsis 20. If 9is added to the number,

the digits interchange their places. Find the number. [CBSE 2005]

The difference between two numbers is 26 and one number is three times the other. Find
them.

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. [INCERT]

tained by reversing
the digits. If the difference between the digitsis 3. Find the number.

- T'wo numbers are in the ratio 5: 6. I 8 is subtracted from each of the numbers, the ratio

becomes 4 : 5. Find the numbers. INCERT EXEMPLAR]|

- A two-digit number is obtained by either multiplying the sum of the digits by 8 and then

subtracting 5 or by multiplying the difference of the digits by 16 and then adding 3. Find

the number. INCERT EXEMPLAR]
- — ANSWERS

. 5.3 2. 49 3. 23 4. 78 5. 42 or, 24 6. 628, 372

7. 630or,36 8. 24 9. 35 10. 64 11. 36 12. 45

13. 39,13 14. 18 15. 36 16. 40, 48 17. 83

—— HINTS TO SELECTED PROBLEMS
Let the numbers be x and . Then, we have

Y+y=8 and x+y=4(x-y).

.

D i *a_——v

|
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6. Let, the large number be x, and, the smaller nu mber be i. Then,
v+ y = 1000 and 1% - _uz = 256000.
Now, x* — y* = 256000
256000 _ 256000 _ oo

¥+ 1) (x = y) = 256000 X—1= r=y = 25
= (x+y)(x-y) = x—y 1 = T

37.3 APPLICATION TO PROBLEMS BASED ON FRACTIONS
Folloging examples will illustrate applications of simultaneous linear equations in solving
word problems on fractions.

i

ILLUSTRATIVE EXAMPLES
LEVEL-1

EXAMPLE 1 A fraction becomes 4/5, if 1 is added to both numerator and denominator. If, however,
5issubtracted from both numerator and denominator, the fraction becomes 1/2. What is the fraction?

SOLUTION Let the fractionbe .
L

Then, according to the given conditions, we have
x4l 4 qX= 5 1

y+1 5 y—5 2

= S5x+5=4y+4 and 2x-10=y -5

=3 5v—4y+1=0and 2x-y-5=0

By using cross-multiplication, we have

x B -y B 1
4x-5-(-1)x1 5x-5-2x1 5x-1-2x-4
x v _ 1

= 2041 25+2 -5+8
x I 1 21 27
—=‘—:—:}_=—=?ad|=—'_=9

= 72 3 "3 =

Hence, the given fraction is 7/9.

LEVEL?)
EXAMPLE 2 A fraction is such that if the numerator is multiplied by 3 and the denominator is
reduced by 3, we get 18/11, but if the numerator isi nereased by 8 and the denominator is doubled, we
get 2/5. Find the fraction.

3
SOLUTION Let the fraction be T;'

Then, according to the given conditions, we have

3x 18 x+8 2
=— and — =<
y-3 11 2y 5
= 11x = 6y — 18 and 5x + 40 = 4y
o 11x — 6y +18 = 0 and 5y -4y +40 =0
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By cross-multiplication, we have

X -y B 1 f
(-6) x40~ (4) %18 11x40-5x18 ~ 11 x(d)-5 = (<6) |
X . 1 '.
= 240472 440 -90 44+ 30 |
¥ ¥ 1 |
- 168 350 14
— X = ~168 and y = ﬁ?ﬂ
' 14 7T 14
= Y =12 and y =25

T
Hence, the fraction is E

The denominator of a fraction is 4 more than twice the numerator. When both the
mumerator and denominator are decreased by 6, then the denominator becomes 12 times the

EXAMPLE 3

nmmnerator. Determine the fraction, [CBSE 2001C]
SOLUTION - Let the numerator and denominator of the fraction be x and y respectively.
Then,

. X
Fraction = —
Ul

Itis given that
Denominator =2 (Numerator) +4
= ¥=2x+4
=5 2x-y+4=0
According to the given condition, we have
¥—6=12(x-6)

s y—6=12x-72

=5 12v —y - 66 =0

Thus, we have the following system of equations
x-y+4=0 ey
12y -y -66=0 (i)

Subtracting equation (1) from equation (i), we get
WWxr=0=0 = x=7

utting v = 7 nequation (i), we get
M-y+4=0= y=18

[‘l

. ; 7
Hence, required fraction = Y

= —————— EXERCISE 3.8
LEVEL-1
1. The numerator of a fraction is 4 less than the d enominator, [f
by 2 and denominator is increased by 1, then the de
numerator. Find the fraction.

the ny merator is decreased
nominator js eight times the
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A fraction becomes 9/11if 2 is added to both numerator and the denominator. 1f 3 is
added to both the numerator and the denominator it becomes 5/6. Find the fraction.
INCERT]
A fraction becomes 1/3if 1 is subtracted from both its numerator and denominator. If 1 is
added to both the numerator and denominator, it becomes 1/2. Find the fraction.
If we add 1 to the numerator and subtract 1 from the denominator, a fraction becomes 1.
[t also becomes 1/2if we only add 1 to the denominator. What is the fraction?
INCERT]
The sum of the numerator and denominator of a fraction is 12. If the denominator is
increased by 3, the fraction becomes 1/2. Find the fraction. [CBSE 2006C]|
When 3is added to the denominator and 2 is subtracted from the numerator a fraction
becomes 1/4. And, when 6 isadded to numerator and the denominator is multiplied by
3, it becomes 2 /3. Find the fraction.
The sum of a numerator and denominator of a fraction is 18. If the denominator is
increased by 2, the fraction reduces to 1/3. Find the fraction.
If 2is added to the numerator of a fraction, it reduces to 1/2 and if 1 is subtracted from the
denominator, it reduces to 1/3. Find the fraction.

LEVEL-2
The sum of the numerator and denominator of a fraction is 4 more than twice the
numerator. If the numerator and denominator are increased by 3, they are in the
ratio 2 : 3. Determine the fraction. [CBSE 2001C, 2010]
If the numerator of a fraction is multiplied by 2 and the denominator is reduced by 5 the
fraction becomes 6/5. And, if the denominator is doubled and the numerator is
increased by 8, the fraction becomes 2/5. Find the fraction.

The sum of the numerator and denominator of a fraction is 3 less than twice the

denominator. If the numerator and denominator are decreased by 1, the numerator
becomes half the denominator. Determine the fraction. |[CBSE 2001C, 2010]
— - ANSWERS

3 7 3 3 5 4
1. = Z = & = 4. — B = P —-
7 9 7 g -
5 3 .- o 12 4
Tz . - == D = i) =
13 10 9 25 A

3.7.4 APPLICATIONS TO PROBLEMS ON AGES
Fl.ﬂlnwing examples will illustrate the use of solutions of simultaneous linear equations in

solving word problems on ages.

ILLUSTRATIVE EXAMPLES

LEVEL-1

EXAMPLE 1 [ffwice the son's age i years is added to the father'sage, the sum is 70. But if twice the
father's age is added to the son’s age, He st 15 95. Find the ages of father and son.

SOLUTION Sl.lppug,{: father’s age (in _\,-'Eﬂ:':-‘»} be x and that of son’s be . Then,

v+ 2y =70

and, 2x + 1y =95




\
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This system of equations may be written as
X+2y-70=0

2v+y-95=0 .
By cross-multiplication, we get

X B -1 B 1
2x-95-(-70) 1x-95-2x-70 1x1-2x2
X B —if B 1 |
- -190 +70 954140 -3
X v 120 45
——=——= = y=—" 40 and y=— =15
120 45 3 %" & V=73

Hence, father’s age is 40 years and the son’s age is 15 years.

ENAMPLE 2 Lant three times as old as my son. Five years later, I shall be two and a half tintes as old
as my son. How old am Iand how old is my son?

SOLUTION - Suppose my age is x years and my son’s age is iy years. Then,

x =3y (1)
Five years later, my age will be (x + 5) yearsand my son’s age will be (y + 5) years.

Y+5= g{_lf +5) [Given]
=5 2x-5y-15=0 ..(ii)

Putting y - 3y In equation (i), we get

6y -5y-15=0 = y =15
Putting y = 15 in equation (i), we get
x=45
Hence, my present age is 45 years and my son’s present age is 15 vears.

EXAMPLE 3 Ten years ago, father was twelve times as old as his sonand ten years hence, he will be
tivice as old as his son will be. Find their present ages.

SOLUTION  Let the present ages of father and son be 1 yearsand y years respectively.
Ten years ago, Father’s age = (x — 10) years
Son's age = (y - 10) years

Y=10=12(y-10) = x-12y + 110 = 0 (1)

Tenvyears later, Father's age = (x + 10) vears.
Son'sage = (y + 10)

: ¥+10=2(y+10) = x-2y-10=0
Subtracting (ii) from (i), we get

10y +120=0 = 10y =120 = y =12
Putting y = 12 in (i), we get

Y-144+110=0 = x =34
Thus, present age of father is 34 years and the present

(i)

age of son is 12 years.
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EXAMPLE 4 Five years hence, father’s age will be three tintes the age of his son. Five years ago,
fatlier was seven Hines as old as hisson. Find their present ages. INCERT]
<OLUTION  Let the present age of father be x years and the presentage f son be i years.

Five years hence, Father’s age = (¥ + 5) years
_ Son'sage = (y + 5) years
Using the giveninformation, we have
x+5=3(y+5) = x-3y-10=0 (1)

Five years ago, Father’s age = (v — 5) years
Son's age = (y - 5) years

Using the given information, we get

(x-5)=7(y-5 = x-7y+30=0 ..(ii)
Subtracting equation (i) from equation (i), we get

dy—-40=0 = y=10
Putting y = 101n equation (i), we get

x-30-10=0 = x=40
Hence, present age of father is 40 years and present age of son is 10 years.

LEVEL-2
EXAMPLE 5 A and B are friends and their ages differ by 2 years. A's father D is twice as old as A
and B is twice as old as his sister C. The age of D and C differ by 40 years. Find the ages of A
and B.

SOLUTION  Let the ages of Aand Bbe xand y years respectively. Then,

¥—y =42 [Given|
i . !
['s age = 2x years. and, C's age = ;f years.
Clearly, D is older than C
Y

2y —o=40 = 4y -y =80
Thus, we have the following two systems of linear equations

xX-y=2 (i}
and, 4x -y =80 L)

X=y=-2 s i)
and, 4x -y = 80 (iv)

Subtracting equation (i) from equation (i), we get
3x =78 = x=26
Putting v = 26 inequation (i), weget y = 24
Subtracting equation (iv) from equation (iii), we get
82 I

3x=-82 =2 x=—=27
3 3

A 82
P““Iﬂg X = E in equation (iii), we gel

o

32 8

y = — 4 = =20
Y 3 3

ra

1
3
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Hence, A's age =26 yearsand B's age = 24 years

ar,

1 , 1
A'sage = 2?; yearsand B'sage = 29__; years.

[ 2%

=]

b

he |

10.

1.

13,

[
v =

ad
a

. Father’s age is three times the sum of ages of his two children

B _ = EXERCISE 3.9
LEVEL-1

. A father is three times as old as his son. After twelve years, his age will be twice as that

of his son then. Find their present ages.

Ten years later, A will be twice as old as B and five yearsago, A was three times as old as
B. What are the present ages of A and B?

- Five years ago, Nuri was thrice as old as Sonu. Ten years later, Nuri will be twice as old

as Sonu. How old are Nuri and Sonu? INCERT]

- Six years hence a man’s age will be three times the age of his son and three vears ago he

was nine times as old as his son. Find their present ages.

- Tenyears ago, a father was twelve times as old as his son and ten years hence, he will be

twice as old as his son will be then. Find their present ages.,

The presentage of a father is three years more than three times the age of the son. Three

years hence father’s age will be 10 years more than twice the age of the son. Determine
their present ages.

. A father is three times as old as his son. In 12 years time, he will be twice as old as his son.

Find the present ages of father and the son.

- After 5 years his age will
be twice the sum of ages of two children. Find the age of father. [CBSE 2003]
T'wo years ago, a father was five times as old as his son. Two years later, his age will be
8 more than three times the age of the son. Find the present ages of father and son.

|CBSE 2004]
Aiselder to B by 2 years. A’s father F is twice as old as A and B is twice as old as his sister
5. If the ages of the father and sister differ by 40 years, find the ageof A.

The ages of two friends Ani and Biju differ by 3 years. Ani’s fath
old as Ani and Biju as twice as old as his sister Cathy. The a
differ by 30 years. Find the ages of Aniand Biju.

er Dharam is twice as
ges of Cathy and Dharam

[INCERT]
Two vears ago, Salim was thrice as old as his dau ghter and six years later, he will be four
vears older than twice her age. How old are they now? INCERT EXEMPLAR]

The age of the father is twice the sum of the ages of his two chil

ages dren. After 20 years, his
age will be equal to the sum of the ages of his children. Find th

eage of the father.
INCERT EXEMPLAR]

~ ———— ANSWERS
Father’s age = 36 years, Son’s age = 12 years

A’s present age = 50 years, B's present age = 20 years.
Nuri's age = 50 years, Sonu’s age = 20 years

R SN
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Man’s age = 30 years, Son's age = 6 years
Father’s age = 34 years, Son's age = 12 years
Father’s age = 33 years, Son’s age = 10 years
Father’s age = 36 years, Son's age = 12 years

45 years

Father’s age = 42 years, Son’s age = 10 years

26 years

11. Ani’s age = 19 years, Biju’s age = 16 years

12. Salim'’s age = 38 years, Daughter’s age = 14 years
13. 40 years

= Lo

3.7.5 APPLICATION TO PROBLEMS BASED ON TIME DISTANCE AND SPEED

Insolving problems based on time, distance and speed, we use the following formulae:

istance Distance
Distance = Speed x Time; Time = S EAngs and, Speed = j—?ﬁ
Speed Time
Also, if
Speed of a boat in still water =1 km/hr and, Speed of the current =2 km /hr
then,
Speed upstream = (u—v)km/hr
Speed downstream =(u+v)km/hr
Following examples will illustrate the use of these formulae.
ILLUSTRATIVE EXAMPLES
LEVEL-1

3.93

EXAMPLE 1 Points Aand B are 90 ki apart from each other on a highway. A car starts from A and
miother from B at the same time. If they go i the same direction they imeet in 9 howrs and if they go in

opposite directions they meet in 9/7 hours. Find their speeds.

SOLUTION Let X and Y be two cars starting from points A and B respectively. Let the speed

of car X be x km /hr and that of car Y be y km/hr.

CASE I When two cars niove in the same directions:

Suppose two cars meet at point Q. Then,
Distance travelled by car X = AQ,
Distance travelled by car ¥ = BQ.

Itis given that two cars meet in9 hours.
! Distance travelled by car Xin 9 hours =9x km.

=5 AQ =9x

Distance travelled by car yin 9 hours =9y km.
e BQ =9y
90 km
P 5 B Q

Clearly, AQ -BQ = AB



e = L

LASLIE When two cars move in opposite directions:
Suppose two cars meet at point P. Then,
Distance travelled by car X = AP, .
Distance travelled by car y - gp.

In this case, two cars meet in 9/7 hours.

MATHEMATICS- X \

3.94

e Ox - 91," = 9() [._+ AB =90 km] l
1

9 9
Distance travelled by car X in 7 hours = —x km

9
BP ==
Clearly, Ap + BP = AB |
L4
= ;:+;—y=9{)
= 2(.‘c+y}=9[]
7
= Y+ =70

...(11)

Solving equations (i) and (ii), we get
r =40 and y = 30.

Hence, speed of car X is 40 km /hr and speed of car Y is 30 km /hr.
FRAMPLE 2 Veed travels 600 kin to his home partl y by train and partly by car. He takes 8 hours if he
fravels 120 km by train and the rest by car. He takes 20 minutes longer if he travels 200 km by train
and the rest by car. Find the speed of the train and the car.

[INCERT]
SOLUTION  Let thespeed of the train be x km /hr and the speed of the car be ykm/hr.

LASLT When he travels 120 km by train and the rest by car.
If Ved travels 120 km by train, then
Distance covered by car is (600 - 120) km = 480 km.

: ist
Now, Time taken to cover 120 km by train = 12 hrs [ Time = M}
H x SpEE‘d
: 480
Time taken to cover 480 km by car = — hrs
[tis given that the total time of the journey is 8 hours,
120 480
X Yy
= 8 [ L + Fﬂ) =§
X oy
15 60
—— —_—-— =1
Yoy
= Lo + Eg -1=0 ;
Xy -.(i)
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CASE L When he travels 200 km by train and the rest by car

If Ved travels 200 km by train, then
Distance travelled by car is (600 - 200) km =400 km

Now, Time taken to cover 200 km by train = 2 hrs
X

Time taken to cover 400 km by train = iﬂ_[j hrs

y
In this case the total time of journey is 8 hour 20 minutes
200 400
—— + — = 8 hrs 20 minutes
x I
— 200 + ﬂ = 31 [ 8 hrs 20 minutes = 8E hrs = 31 hr:sJ
200 400 25
= S A
X y 3
> (2.0).E
O 3
8 16 1
= — e — = —
x y 3
24 48
=5 —+—=1
Xy
24 48
s 2.8 a9 (i)
X Y
i 4 1 : ; " .
Putting = = 1 and — = v inequations (i) and (ii), we get
x
150 +60v-1=0 ...(iii)
241 +48v-1=10 W (iv)
By using cross-multiplication, we have
1 B -0 B 1
60x -1 —48x -1 15x-1-24x-1 15x48-24 x60
e 1 = 1
60 + 48 -15+24 7201440
u v 1
:> — T mm— DT e—
-12 -9 =720
= i 12 1 o oA e
e o = and e =
-720 60 -720 80
Now, u=l:>i=l:>r=(aﬂ
X 60 x
and, Z,=l:~._1._=]—:>|,r:8(1'
¥ 80 ¥ W

Hence, speed of train = 60 km /hr and speed of car =80 km/hr.
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train
s 250 kmn by
EXAMPLE 3 A man travels 370 km partly by train and partly by car. Uhffizij?est by car, he takes
and the rest by car, it takes him 4 hours. But, if he travels 130 km by train an : [CBSE 2001 ]
18 minutes longer. Find the speed of the traivand that of the car.

'nfl'll". WE ]1
SOLUTION  Let the speed of the train be x km /hr and that of the car be y ki
following cases:

ave
CASEL When he travels 250 km by train and the rest by car:
In this case, we have

250 .
Time taken by the man to travel 250 km by train = =3 hrs

120

Time taken by the man to travel (370-250) =120 km by car = __I,f hrs
250 120
Total time taken by the man to cover 370 km = o 7
Itis given that the total time taken is 4 hours
0 10,
X Y
- 12_5 + .ﬁ_n = BT (I)
Xy

CASETL When he travels 130 km by trainand the rest by car:
In this case, we have

Time taken by the man to travel 130 km by train = LA hrs
-3

Time taken by the man to travel (370-130) =240 km by car = =0 hrs.

Y
In this case, total time of the journey is 4 hrs 18 minutes.
14 + 20 = 4 hrs 18 minutes
¥ y
130 240 18
= —t—=4—
X y 60
130 240 43
= —_—t— = — P
x y 10 % 5n (ll)
Thus, we obtain the following system of equations:
]_2_5, + ﬁ—q = 2
X Y
130 240 43
—_— =
X Y 10
Putting 1 =N and l =¥, the ﬂbQVE'EYStEm rEdUCES to
x L)
125u + 60v = 2
43 -« (i)
130u + 2400 = 10

’a ‘(iv)
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Multiplying equation (iii) by 4 the above system of equations becomes

500u + 240v = 8 (V)
43
130u + 2400 = 10 (i)
Subtracting equation (vi) from equation (v), we get
43 37 1

370u=8-— = 3u=— = UH=—r
10 10 100

ity 2 .
Putting # = ﬁ in equation (v), we get

1
5+240v =8 = 24{][1:3 — tj:ﬁ

Now u=-1—am:iz:=l
< 100 80
o s and L] 3
= x 100 y 80
= x =100 and vy = 80.

Hence, Speed of the train = 100 km/hr
Speed of the car =80 km /hr.
EXAMPLE 4 A boat covers 32 km upstream and 36 km downstream in 7 hours. Also, it covers 40 km
upstream and 48 km downstream in 9 hours. Find the speed of the boat in still water and that of the
stream.
SOLUTION Let the speed of the boat in still water be x km/hr and the speed of the stream be
ykm/hr. Then,

Speed upstream = (x - i) km/hr

Speed downstream = (x +y) km/hr

Now, Time taken to cover 32 km upstream = v hrs
"
Time taken to cover 36 km downstream = o hrs
But, total time of journey is 7 hours. '
32 . 36 _, )
xX-y Xx+Y¥
- 40
Time taken to cover 40 km upstream = =7

48
Time taken to cover 48 km downstream = Ty

In this case, total time of journey is given to be 9 hours. :

8. ;2B g .. (i)
x—y x+}
Putting 1 - u and - p inequations (i) and (i), we get
X—y X+Yy

u+3v=7 = Pu+36v-7=0 ..(ii)
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..-(iv)
401 + 480 =9 = 40u+ 480 -9 =0
Solving these equations by cross-multiplication, we get
u -7 B 1
36x-9-48x—7 32x9-40x—7  32x48 - 40x 36
u B - - 1
== ~324 4+ 336 288+ 280 1536 - 1440
v 1
= 12 8 9%
—, U= Eﬂntf'vL'J:‘E
9 9%
— U= 1 andv = ]
8 12
Now, "21:;. 1 =1:¢-I—y=8 s V)
8 x-y 8
and, pz_l_:, L =l=>x+y=12 .-- (vi)
12 x+y 12

Solving equations (v) and (vi), we get x =10and y = 2.
Hence, Speed of the boat in still water =10 km /hr
Speed of the stream = 2 km/hr.

LEVEL-2
EXAMPLE 5 X takes 3 hours more than Y to walk 30 km. But, if X doubles his pace, he
by I—% hours. Find their speed of walking.

SOLUTION  Let the speed of X and Y be x km/hrand ykm/hr respectively. Then,

Time taken by X to cover 30 km = E hrs,

X

is ahead of Y

and, Time taken by Y to cover 30 km = 2 hrs

y
By the given conditions, we have
L =3 = 10_10_ 1
X i x Y o (l)
If X doubles his pace, then speed of X is 2x km /hr

Times taken by X to cover 30 km = % hrs.

Times taken by Y to cover 30 km = ? hrs

According to the given conditions, we have
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2 30 _3
- y 2x 2
10. 5 1
= —_—————
y x 2
10 20 _
= e aain] (i)
Xy
! 1 . . ' -
Putting = u and I_,f = v, inequations (i) and (ii) we get
10u-10v=1=>10u-100-1=0 ...(di)
10u+20v=1=-10u+200-1=0 (V)
Adding equations (iii) and (iv), we get
1

10v-2=0=v=—
5
Putting v = _lq_ in equation (iii), we get

]»‘I]t.'—?;=l:'.‘::>u:i
10

Now, = 2 L 2 == Ea.nd, v=—=

1 1 1
— - — o s
10  x 10 3 5 ¥

:-_—_-;»y:ﬁ

Hence, X's speed = 1—;] km/hr and, Y’s speed = 5 km/hr.

w

EXAMPLE 6 After covering a distance of 30 km with a uniform speed there is some defect ina train
engine and therefore, its speed is reduced to4/5 of its original speed. Consequently, the train reaches
its destination late by 45 minutes. Had it happened after covering 18 Kilometres more, the train would
have reached 9 minutes earlier. Find the speed of the train and the distance of journey.
SOLUTION  Let the original speed of the train be x km/hr and the length of the journey be y
km. Then,

Time taken = (y/x) hrs.
CASE | When defect in the engine occurs after covering a distance of 30 km.
Wehave,

Speed for first 30 km =xkm/hr

4
and, Speed for the remaining (y — 30) km = E'T km /hrs

30
Time taken to cover 30 km = = hrs

- 30

i i 5
Ti a— _30)km = =—— hrs. = — (y — 30) hrs.
me taken to cover (Y ) km (4v/5) Ty (1

According to the given condition, we have,

30 5 y 45

— Aty 3N ==+ —

X s 4x y ) xr 60
- 3
= E s M = “11 o
X 4x x4
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120 + 5y - 150 4y +3x

— o
dx 4x
— oy — 30 = 4y + 3x
= 3 -y +30=0 Q)

CASEDL When defect in the engine occurs after covering a distance of 48 k.
Speed for first 48 km = x km/hr,

Speed for the remaining (y — 48) km = 4—; km/hr

s

Time taken to cover 48 km = 4—8- hrs,
x

Time taken to cover (i — 48) km = [y - 48} hr = [M hr
‘ 4x/5 4x

According to the given condition, the train now reaches 9 minutes earlier i.e., 36 minutes

later.
48 S(y-48) vy 36
— b=y

X 4y X E
a5 i&_’+5y—24{1=£+§
X dx x 5
- 192 + 5y — 240 _dy+3x
4y 5x
Sy -48 5y + 3x
= —— ==
4 5
= 25y - 240 = 20y + 12x
= 12x - 5y + 240 = 0

... (i)

Thus, we have the following system of simultaneous equations:
x-y+30=0
12x - 5y + 240 = 0

By using cross-multiplication, we have

X . - = 1
240 +150  720-360 -15+ 12
90 360 -3
. - 360
= .1-=—IZ—D=3[]andy= 5 =120

Hence, the original speed of the train is 30 km/h _
120 km. el el /hr and the length of the journey

is
EXAMPLE 7 A train covered a certain distanceat a uniform speed, If the train woulg hawve been 6 kin/h
faster, it would have taken 4 hours less than the sc) weduled tine. And, ifthe train were

would have taken 6 hours more than the scheduled time. Find the length of the jour::r-::ﬂ“ elen
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soLUTION  Let theactual speed of the train be x km /hr and the actual time taken be y hours.

Then,
Distance covered = (xy) km ... (i) [.. Distance = Speed = Time]

If the Speed is increased by 6 km/hr, then time of journey is reduced by 4 hours i.e., when
speed is (x +6) km /hr, time of journey is (y —4) hours.

Distance covered = (x + 6) (y — 4)

= xy = (x +6) (y — 4) [Using (i)]
- —4x+6y—-24=0
- -2x+3y—-12=0 ... (11)

When the speed is reduced by 6 km/hr, then the time of journey is increased by 6 hours i.e.,

when speed is (x—6) km/hr, time of journey is (y—6) hours.

Distance covered = (x — 6)(y + 6)

— xy = (x —6)(y+6) [Using (i)]
— 6x — 6y —36=10
= x-y—-6=0 Lo (101)
Thus, we obtain the following system of equations:

~-2x+3y-12=0

x—-y—-06= 0
By using cross-m ultiplication, we have,

v —Y ) 1 :,

36 () x12 -—2x-6-1x-12 -2x-1-1x3

| X -y
:} —— i =
-30 24 -1
- x =30and y = 24.

Putting the values of x and y in equation (i), we obtain
Distance = (30 x 24) km = 720 km.

Hence, the length of the journey is 720 km.

I EXERCISE 3.10

1. Points A and B are 70 km. a part on a highway. A car starts from A and another car starts
from B simulataneously. If they travel in the same direction, they meet in 7 hours, but if

they travel towards each other, they meet inone hour. Find the speed of the two cars.
[CBSE 2002]

vnstream in 40 minutes and returns in 1 hour. Determine the

2. A sailor goes 8 km doy
1l water and the 5puec| of the current.

speed of the sailor in sti
3. The boat goes 30 km upstream and 44 km downstream in 10 hours. In 13 hours, it can go
and 55 km downstream. Determine the speed of stream and thatof the

40 km upstream
boat in still water.
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4.

i ]

b.

-

9,

16.

- Aboatgoes 12 km upstream and 40 km downstre

- Roohi travels 300 km to her home partly by

2. Ritu can row downstream 20 km in 2 hours

- A motor boat can travel 30 km upstream
- Abdul travelled 300 km by train and 200 km b

- A train covered a certain distance at a uniform speed. If the train could hav

MATHEMATICOS

Aboat goes 24 km upstream and 28 km downstream in 6 hrs. It goes 30 km upstream

and 21 km downstream in ﬁ% hrs. Find the speed of the boat in still water and also
speed of the stream.

A man walks a certain distance with certain speed. If he walks 1 /2 km an hour faster, he
takes 1 hour less. But, if he walks 1 km an hour slower, he takes 3 more hours. Find the
distance covered by the man and his original rate of walking,

A personrowing at the rate of 5 km /h in still water, takes thrice as much time in going 40
km upstream as in going 40 km downstream. Find the speed of the stream.

INCERT EXEMPLAR]|
Ramesh travels 760 km to his home partly by train and partly by car. He takes 8 hours if
he travels 160 km. by train and the rest by car. He takes 12 minutes more if the travels 240
km by train and the rest by car. Find the speed of the train and car respectively.
A man travels 600 km partly by train and partly by car. If he covers 400 km by train and
the restby car, it takes him 6 hours and 30 minutes. Bu tif he travels 200 km by train and
the restby car, he takes half an hour longer. Find the speed of the train and that of the car.

[CBSE 2001]
ahighway. A carstarts from A and
same direction, they meet in 8 hours and
y meetin 1 hour and 20 minutes. Find the speeds

[CBSE 2002]
amin 8 hours. It can go 16 km upstream
Find the speed of the boat in still water and the

Places A and B are 80 km apart from each other on
other from B at the same time. If they move in the
if they move in opposite directions, the
of the cars.

and 32 km downstream in the same time.
speed of the stream.

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.

-and upstream 4 km in 2 hours. Find her
speed of rowing in still water and the speed of the current. INCERT)

and 28 km downstream in 7 hours. It can travel
21 km upstream and return in 5 hours. Find the speed of the boat in still water and the

speed of the stream. INCERT EXEMPLAR]

y taxi, it took him 5 hours 30 minutes. But
if he travels 260 km by train and 240 km by taxi he takes 6 minutes longer. Find the speed
of the train and that of the taxi. [CBSE 2006C]

e been
scheduled time. And, if the
n 3 hours more than the scheduled

INCERT]
and another from
ntspeeds, they meet in
tin Thour. What are the speeds of two

INCERT, CBSE 2009]

10 km /hr. faster, it would have taken 2 hours less than the
train were slower by 10 km /hr; it would have take
time. Find the distance covered by the train.

Places A and Bare 100 km aparton a highway. One car starts from A
B atthe same time. If the cars travel in the same direction at differe

5hours. If they travel towards each other, they mee
cars?

i
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LEVEL-2

17. While covering a distance of 30 km. Ajeet takes 2 hours more than Amit. If Ajeet doubles
his speed, he would take 1 hour less than Amit, Find their speeds of walking.
of 30 km. But, if A doubles his pace

18. A takes 3 hours mare than B to walk a distance

(speed) he is ahead of B by 'I;_ hours. Find the speeds of Aand B.

R = ANSWERS
1. Speed of car starting from point A = 40 km/hr.
Speed of car starting from point B =30km/hr.
2. Speed of sailor = 10 km /hr, speed of current = 2 km/hr.
3. Speed of stream =3 km/hr, Speed of boat =8 km /hr.
4. Speed of stream = 4 km /hr, Speed of boat = 10 km/hr.
5. Distance = 36 km, Original speed =4 km/hr.
6. 2.5 km/hr 7. Train: 80 km/hr, car: 100 km/hr.
8. 100 km /hr, 80 km/hr. 9. 35km/hr, 25 km/hr.
10. 6 km /hr, 2 km/hr. 11. 60 km/hr, 80 km/hr.
12, 6km/hr,4 km/hr. 13. 10 km/hr, 4 km/hr.
14. 100 km/hr, 80 km/hr. 15. 600 km.
16. 60 km /hr, 40 km/hr

. Ajit's speed = 5 km/hr, Amit’s speed = 7.5km/hr.

10
5y km/hr,5km/hr.

i
|

=
on

= HINT TO SELECTED PROBLEM

5. Let the original speed be y km /hr and total time taken be x hrs. Then,
Distance = (xy) km.

Since distance covered in each case is same.
S . . B
Ly e (x-1) = xy and, (y — 1) (x + 3) = vy

= '—r—|;—l:ﬂemd—1'+3y—3=(]'.
2 7 2

3.7.6 APPLICATIONS TO MISCELLANEOUS PROBLEMS
Following examples will illustrate the applications.

ILLUSTRATIVE EXAMPLES

EXAMPLE 1 The taxi charges ina city comprise of a fixed charge together with the charge for the
distance covered. For a journcy of 10k the charge paid is T75 and for a journey of 15 km the charge
paid is T 110, What will a person have to pay for travelling a distance of 25 km?

INCERT, CBSE 2000]
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SOLUTION  Let the fixed charges of taxi be ¥ x and the running charges be I y km/hr.
Accordi ng to the given condition, we have ’
X+10y =75 =Ai)
Y+ 15y =110 soik)
Subtracting equation (ii) from equation (i), we get
=Sy=-35 = y=7

Putting y = 7in equation (i), we get y = 5.

Total charges from travelling a distance of 25 km = x + 25y
=T (5+25x7) =% 180,

EXAMPLE 2 The total expenditure per month of a household consists of a fixed rent of the hmm:m:d
mess charges depending tpon the number of people sha ring the house. The total monthly expenditure
s €3900 for 2 people and #7500 for 5 people. Find the rent of the house and the mess charges per
head per month,

SOLUTION  Let the monthly rent of the house be ¥ xand the mess charges per head per

monthbe X y.

According to the given conditions, we have,
X+ 2y = 3900 - (1)
X + 5y = 7500 .. (id)

Subtracting equation (ii) from equation (i), we get
Putting ¥ =1200in equation (i), we get x = 1500

Hence, monthly rent = 1500 and mess charges per head per month =¥ 1200.

EXAMPLE 3 The area of a rectangle gets reduced by 9 square units if its length is reduced by 5 units
and the breadth is increased by 3 units. If we increase the length by 3

unitsand breadth by 2 units, the
area 1s increased by 67 square units. Find the | ength and breadth of the rectangle.
SOLUTION  Let the length and breadth of the rect

Area = xy sq. units,
[flength is reduced by 5 units and

[NCERT]
angle be x and y units respectively. Then,

the breadth is increased by 3 units, then area is red uced by

9square units.

| Xy —9=(x-5)(y+3)

=% Xy -9=2xy+3x-5/-15

=> Ix-5y-6=0 (i)
W]}te:n length is increased by 3 units and breadth by 2 units, the areg Is increased by 67 Sq].
units.

Xy + 67 =(x+3)(y+2)

== _ry+6?=1y+2t+3y+6
= 2X+3y-61=0 ... (ii)
Thus, we get the following system of linear equations:

3x -5y —6=0

2v+3y—61=0

4 = =
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By using cross-multiplication, we have

X - = | N
305+18 -183+12 9+10
323
iy x=— =17 and |,f:E =9
19 ' ¢

Hence, the length and breadth of the rectangle are 17 units and Y units respectively.
EXAMPLE 4 A manstarts his jobwitha certain monthly salary and earns a fixed increment every
year. If is salary was T1500 after 4 year of service and T1800after 10 years of service, what was his
starting salary and what is the annual increment?

cOLUTION Let the starting salary of the man be ¥ x and the fixed annual increment be

T y. Then,
Salary after 4 years of service =T (v + 4y)

Salary after 10 years of service =X (x + 10y)
v+ 4y = 1500 oo i)
v+ 10y = 1800 ... (1)
Subtracting equation (i) from equation (i), we get
by = 300 = y = 50
Putting v = 50 in equation (i), we get x = 1300.
Hence the starting salary was T 1300 and annual increment is T 50.
EXAMPLE 5 A person invested some amount at the rate of 12% simple interest and some other
amount at the rate of 10% simple mnferest. He received yearly interest of €130, But, if he had
interchanged the amounts invested. he would have received T4 more as mterest, Hotw much anount
did he invest at different rates?
SOLUTION  Suppose the person invested ¥ x
rate of 10% simple interest. Then,
12x 10y

Yearly interest = — + —=
100 100

at the rate of 12% simple interestand ¥ y at the

e
100 100

= 12x + 10y = 13000
> 6x + 5y = 6500 = (i)
If the invested amounts are interchanged, then yearly interestincreases by T 4.
’ 2

duy + 1—"?- = 134

100 100
- 10x + 12y = 13400
= 5x + 6y = 6700 ... (i1)
Subtracting equation (i1) from equation (i), we get

x—y=-20 ... (101)
Adding equation (ii) and (1), we pel

11y + 11y = 13200
= x4y = 1200 von (iV)

. EEE———————EE
THRRERONLL. 000 T
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Adding equations (iii) and (iv), we gel
2x = 1000 = x = 500

Putting v - 500 in equation (iii), we get y =700 o
2 (Y ﬂu t,l']‘
Thus, the person invested 2 500 at the rate of 12% per year and ¥ 700 at the rate ¢ P

year.
: . , - ir expendituresis4 : 3.
EXAMPLE 6 The ratio of incomes of two persons is 9 ; 7.and the ratio of their expe ndit TNCERT)
If each of them saves 200 per month, find their monthly incomes.

SOLUTION  Let the income of first person be ¥ 9v and the income of SECUI‘IL']. Pfl-rb%': l—':'
< 7x. Further, let the expenditures of first and second person be 4y and 3y respectively. Then,
Saving of first person — 9x — 4y

Saving of second person = 7y 3y

9% ~ 4y = 200 = 9x — 4y — 200 = ¢ i)
and, 7X =3y =200 = 7x - 3y —200 =0 -+« (i)
Solving equation (i) and (if) by cross-multiplica tion, we have
X —If 1
800 - 600 ~ 1800 + 1400 - 27 + 38
=5 ¥ =200and y = 400.

Thus,  monthly income of first person =% 9x =¥ (9 x 200) = Z 1800
and, monthly income of second person =3 7x =3 (7 x 200) = T 1400

EXAMPLE 7 Ina AABC, /C =3 /8= 2(ZA + ZB). Find the three angles. [NCERT]
SOLUTION Let ZA = x°, /B — ¥°. Then,

LC=3/B= /C = 3y°

3ZB=2(ZA + ZB)
=5 3},-':2{.\'+_t;}::~y=21:}2,r—y=ﬂ v (i)
Since ZA, ZBand £C are angles of a triangle.

LA+ £B+ ZC = 180°
= Y4y +3y=180= x+4y =180
Putting i = 2v in equation (i), we get

¥+8r=180 > 9x =180 = y = 20°
Putting the value of v in equation (i), we get iy = 4(°
Hence, ~A = 20°/B = 40°and 2C = 3y°=(3 x 40°) = 120°

.. (i)

EXAMPLE §  Find the four angles of a cyclic quadrilaterq] ABCD j
€B=(y+5F £C=@Qy+15° and 2D - (4x - 7y,
SOLUTION  We know that the sum of the Opposite angles of 5 cyclic

In the cyclic quadrilateral ABCD, angles A and C and and an
Opposite angles.

LA+ ZC =180°and /B + £D = 180°
= ?_1'—]+2y+15=ISﬂﬂnd_u+5+4.t—?=18[]
> 2v + 2y = 166 and dx+ 1y =182

1 which /A = (2x - 1)°,

quadrilatera] js 180°,
gles Band p form pairs of
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- x+y =83 -7
and, 4x + 1y =182 ... (ii)
Gubtracting equation (i) from equation (ii), we get

3x =99 = x =33
Substituting x = 33 inequation (i), we get iy = 50
Hence, ZA=(2%33-1P=65°£B=(y+5°=(50+5)= 55°

ZC =(2y+15) =(2x 50+ 15)° = 115° and £D = (4 x 33 -7)° =125°

LEVEL-2

EXAMPLE 9 A mansolda chairand a table together for 1520 thereby making a profit of 25% on
the chair and 10% on table. By selling them together for 1535 he would have made a profit of 10%
on the chair and 25% on the table. Find the cost price of each.

SOLUTION Let the cost price of one chair be ¥ x and that of one table be T y. Profit on a chair
=25%.

: 5 125
Selling price of one chair = x + kool X = = X
100 100
Profit on a table = 10%
Selli ice of one tabl —!+ﬂ—]mu
elling price ot one table = Y 100~ 100°
According to the given condition, we have
]—:EEI - mu - 1520 => 125x+ 110y = 152000 => 25x + 22y = 30400 - (1)
100 100° :

If profit on a chair is 10% and on a table is 25%, then total selling price is T 1535.

(r+£.r)+£w+-§|;] ='1535
100 100

= 10, .12, - 1535

100 100°
= 110x + 125y = 153500
= 22 + 25y = 30700 .. (i)
Subtracting equation (ii) from equation (i), we get

3x—-3y=-300=x-y= -100 ... (1ii)
Adding equation (ii) and (i), we get

47x + 47y = 61100 = v + y = 1300 . (iv)

Solving equations (iii) and (iv), we get
x = 600 and y = 700
Hence, the cost price of a chair is 7 600 and that of a table is ¥ 700.
EXAMPLE 10 Studentsof a class are made to stand in rows. If ene student is extra i a row, there
would be 2 rows less. If one student is less in a row there would be 3 rows more. Find the number of

students in the class.
SOLUTION  Let the number of students be x and the number of rows be y. Then,

Number of students in each row =x /1
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When one student is extra in each row, there are 2 rows less i.e., when each row has

( ; + 1| students, the number of rows is (iy — 2).
Total number of students = No. of rows x No, of students in each row
— v -[J—:M'ch—z;
= 1':_1-—2T;_-+_|,u-2:._ngILz:U (i)
U

x
; P [ ; a0l
IFone student is less in cach row, then there are 3 rows more i.e., when each row has [ 1]

students, the number of rowsis (if + 3)

Total number of students = No. of rows x No. of students in each row

= .1'-[;—1](_:f+3):>x=x+£—y~3=-£—u—3=ﬂ .- (1)
! Yy ¥y

= X N ..
Putting — = 1 in (1) and (ii), we get
i

= ~2u+y-2=0 ... (ii1)
= -y-3=0 .. (iv)
Adding (iii) and (Iv), we get

= H=-5=0=21=5

Putting  — 5 in (i), we get y =12

X X
Now, H=53=—-—=5="=5=y=60
v 12
Hence, the number of studen ts in the class is 60.7

EXAMPLE 11 8 menand 12 boys can finish a piece of work in 10 days while 6 m
finish it in 14 days. Find the time taken by one man alone and that by one boy alone
SOLUTION  Suppose that one man alone can finish the work in days an
can finish it in v days. Then,

enand 8 boys can
to finish the work.
d one boy alone

One man’s one day’s work =

One boy's one day's work =

' 8

Eight men’s one day’s work = =
. 12
12 boy's one day's work = =

Since 8 men and 12 boys can finish the work in 10 days

{ & ) 3 2
100 o 1-1:[ = E{_E:I

— F —

sl
v ) X y 1)
Again, 6 men and 8 boys can finish the work in 14 days.
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¢ 84 112 . s
14[E+—H-J=] == —+—=1 (1)
Xy Xy

1
i‘uttmg l = irand — = v in equations (i) and (ii), we get
y
80 +1200 -1 =10
B4+ 1120 -1=10
By using cross-m ultiplication, we have
i - ]
~120 + 112 -80 + 84 H{}x 112-120 = 84

Wy 1
= -8 -4 -1120
8 | —4 1

= i = i andy=—=——

-1120 140 -1120 280
Now, = L =3 l = L = x = 140

140 x 140
and, 1"2—-]—::‘l i::f-tjf—EE,U

280 y 280

Thus, one man alone can finish the work in 140 days and one boy alone can finish the work
in 280 days.

EXAMPLE 12 On selling a tea-set at 5% loss and a lemon-set at 15% gain, a crockery seller qmna g
7. If he sells the tea-set at 5% gain and the lemon-set at 10% gain, he gains <13. Find the actual price
of the tea-set and the lemon-set.

SOLUTION Let the cost price of the tea-set and the lemon-set be ¥ x and T y respectively.

CASE1 When tea set is sold at 5% loss and lemon-set at 15% gain,

Loss on tea-set = ? L
100 20
15y 3y
Gain on le ot =T —— =%
on lemon-set 100 20
: 3y x
Net gain =3 — - —
5 20 20
i Ejll—i:.'f’::-Bt,r“.'-::14{1::-Jf—3_1,ﬂ+14l’l=[’l sodD
20 20 :
CASE 11 Whet tea-set is sold at 5% gain and the lemon-set at 10% gain.
Gain on tea-set = ? L 3.4
{1{] 20
101 I
Gain on lemon-set = ¥ b/ A . 8
100 10
A I
Total gain =T — + =
otal gain -5 10

Frrp——e——— T Rt =— oM
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Xy i

—ds==]F s dys x+2y—-260=0 ... (ii)
— 20 10 = X+ 2y=260= x+2y
Subtracting equation (ii) from equation (i), we get

-5y +400 =0 = y = 80
Putting i = 80 in equation (i), we get

X—=240+140 =0 = x =100
Hence, cost prices of tea-set and lemon-set are T 100 and T 80 respectively.
EXAMPLE 13 It can take 12 hours to fill a swimming pool using two pipes. If the pipe of larger
diameter is used for four hours and the pipe of smaller diameter for 9 hours, only half of the pool can
be filled. How long would it take for each pipe to fill the pool separately? |NCERT EXEMPLAR|
SOLUTION  Let the time taken by the pipes of larger and smaller diameters alone to fill the
poolbe x hours and y hours respectively. Let the total volume of the pool be V cubic units.

The pipe of larger diameter fills the pool in x hours. This means that in x hours the volume of
water that comes out of the pipe of larger diameter is V cubic units.

In 1 hour volume of the water that comes out of the pipe of larger diameter is

14
. cubic units.

; 4V
So, in four hours, the volume of the water that comes out of the pipe of larger diameter is =

cubic units.
Similarly, the volume of the water that comes out of the pipe of smaller diameter in

; S
9 hours is y -

Itis given that if the pipe of larger diameter is used for 4 hours and that of smaller diameter
for 9 hours, only half of the pool can be filled.

19 |
L L | T i)

% y 2 x oy 2

If both the pipes are used for 12 hours, they completely fill the tank.

12 12
12-1{+12V=‘[xr - — 4+ — =] (i)
x y X oy
- 1 —— ‘3 :
Putting — = u and ; = © in (i) and (ii), we obtain
x
L] Yo : 7
u+9 =— :
5 ..(1i)
12u +12v =1 LAiv)
Multiplying (iii) by 3 and subtracting from (iv), we get
1 1 1 1
-brv=-—0V=—=—=— = y=30

2 30 y 30
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| T
Substituting o = o in (iii), we get

9 1 1 9 1 1 I
i+ —=—=q=—-—=— D l=—=>—=— =2 X
50 2 2 30 5 20 X
Thus, the pipes of larger and smaller diameters fill the swimming poolalone in 20 hours and

30 hours respectively.

—  EXERCISE 3.1

LEVEL-1
1. Ifina rectangle, the length is increased and breadth reduced each by 2 units, the area is
reduced by 28 square units. If, however the length is reduced by 1 unit and the breadth
increased by 2 units, the area increases by 33 square units. Find the area of the rectangle.

2. The area of a rectangle remains the same if the length is increased by 7 metres and the
breadth is decreased by 3 metres. The area remains unaffected if the length is decreased
by 7 metres and breadth is increased by 5 metres. Find the dimensions of the rectangle.

3. Inarectangle, if the length is increased by 3 metres and breadth is decreased by 4 metres,
the area of the rectangle is reduced by 67 square metres. If length is reduced by 1 metre
and breadth is increased by 4 metres, the area is increased by 89 sq. metres. Find the
dimensions of the rectangle.

4, The incomes of X and Y are in the ratio of 8 : 7 and their expenditures are in the ratio
19 : 16. If each saves T 1250, find their incomes.

5. A and B each has some money. If A gives T 30 to B, then B will have twice the money left
with A. But, if B gives T 10 to A, then A will have thrice as much as is left with B. How
much money does each have?

6. ABCD is a cyclic quadrilateral such that £A = (dy + 20)°, ZB = (3y - 5)°, £ZC = (4x)°
and £ = (7x + 5)°. Find the four angles. [NCERT]

7. 2men and 7 boys can do a piece of work in 4 days. The same work is done in 3 days by
4 men and 4 boys. How long would it take one man and one boy to do it?

8. Ina AABC, £LA=x°, £B=(3x - 2)°, ZC=y°. Also, £C - £B=9". Find the three angles.

9. In a ecyclic quadrilateral ABCD, ZA=(2xv+4)°, ZB=(y+ 3)°, £C = (2y + 10)°,
ZD = (4x - 5)°. Find the four angles.

10. Yash scored 40 marks in a test, getting 3 marks for each right answer and losing 1 mark

for each wrong answer. Had 4 marks been awanded for each correct answer and 2 marks

been deducted for each incorrect answer, then Yash would have scored 50 marks. How

many questions were there in the test? [NCERT]
11. Ina AABC, ZA = x°, ZB = 3x"and ZC = y°. It 3y — 5x = 30, prove that the triangle is
right angled.

12, The car hire charges in a city comprise of a fixed charges together with the charge for the
distance coyvered. For a journey of 12 km, the charge paid is T 89 and for a journey of 20
km, the charge paid is T 145. What will a person have to pay for travelling a distance of
30km? [CBSE 2000}




3.112 MATHEMATICS

13.

18.

19.

20.

.

A part of monthly hostel charges in a college are fixed and the remaining depend on
the number of days one has taken food in the mess. When a student A takes food for
20 days, he has to pay T 1000 as hostel charges whereas a student B, who takes food for
26 days, pays ¥ 1180 as hostel charges. Find the fixed charge and the cost of food
per day. [NCERT, CBSE 2000]

. Half the perimeter of a garden, whose length is 4 more than its width is 36 m. Find the

dimensions of the garden.

. The larger of two supplementary angles exceeds the smaller by 18 degrees. Find them.

[NCERT)

. 2Women and 5 men can together finisha piece of embroidery 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
embroidery, and that taken by 1 man alone. [NCERT]
Meena went to a bank to withdraw T 2000. She asked the cashier to give her
T 50 and ¥ 100 notes only. Meena got 25 notes in all. Find how many notes ¥ 50 and ¥ 100
she received. [INCERT]
LEVEL2
There are two examination rooms A and B. If 10 candidates are sent from A to B, the
number of students in each room is same. If 20 candidates are sent from B to A, the
number of students in A is double the number of students in B. Find the number of
students ineach room. [INCERT EXEMPLAR]
A railway half ticket costs half the full fare and the reservation charge is the same on half
ticket as on full ticket, One reserved first class ticket from Mumbai to Ahmedabad costs

T 216 and one full and one half reserved first class tickets cost T 327. What is the basic
first class full fare and what is the reservation charge? [INCERT EXEMPLAR]

A wizard having powers of mystic in candations and magical medicines seeing a cock,
fight going on, spoke privately to both the owners of cocks, To one he said; if your bird
wins, than you give me your stake-money, but if you do not win, I shall give you two
third of that’. Going to the other, he promised in the same way to give three fourths. From

both of them his gain would be only 12 gold coins. Find the stake of money each of the
cock-owners have.

The students of a class are made to stand in rows. If 3 students are extra in a row, there
would be 1 row less. If 3 students are less in a row there would be 2 rows more. Find the
number of students in the class.

One says, “give me hundred, friend! I shall then become twice as rich as you’’ The other
replies, “If you give me ten, I shall be six times as rich as you’’. Tell me what is the
amount of their respective capital? [NCERT]
A shopkeeper sells a saree at 8% profitand a sweater at 10% discount, thereby getting a
sum of T 1008. If she had sold the saree at 10% profit and the sweater at 8% disciount, she
would have got ¥ 1028. Find the cost price of the saree and the list price (price before

discount) of the sweater. INCERT EXEMPLAR]

. Ina competitive examination, one mark is awarded for each correct answer while 1/2

mark is deducted for every wrong answer. Jayanti answered 120 questions and got 90
marks. How many questions did she answer correctly. INCERT EXEMPLAR]
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15. A shopkeeper gives books on rent for reading. She takes a fixed charge for the first two
days, and an additional charge for each day therea fter. Latika paid T 22 for a book kept
for 6 days, while Anand paid ¥ 16 for the book kept for fourdays. Find the fixed charges
and charge for each extraday. INCERT EXEMPLAR]

ANSWERS

1. 253 sq. units

2. Length =28 m, Breadth=15m
3. Length =28 m, Breadth=19m 4. X’s income = ¥ 6000, Y's income = I 5250
5 A:T62,B:3734 6. A =1209 2B = 70°, ZC = 60°, ZD = 110°
7. Man: 15 days Boy : 60 days 8 A=25°3B=73%C=282°
9 A=70°% B=53°,C=110°, D=127° 10, 20 12. R 215
13. Fixed charge =¥ 400; Cost of food per day =3 30
14. Length=20m, Width=16m 15. 997 81°
16. 36 days, 18 days 17. 10, 15
18. 100, 80 19, Fare =% 210, Reservation charge =¥ 6
20. 42,40 Gold Coins, 21. 36 22. T40,T 170
23, T 600, T 400 24. 100 25. ¥10,¥3

HINTS TO SELECTED PROBLEMS

10. Letx and y denote the number of right and wrong answers respectively, then
Ix—-y=40, 2x-y =25
19. Suppose basic first class full fare is ¥ x and reservation charge is T y per ticket. Then, x
+y=216and x+ y+ (x/2) + y =327,
20. Let the stake money of first and second cock-owners be ¥ xand ¥ y respectively. Then,
we have

3 2
X=g¥= lEand_u—Ex =12 = 4x-3y=48 and -2x+ 3y = 36

22. Let the money with the first person be ¥ x and the money with the second person be
T y. Then,
X +100 =2(y—100)and y + 10 = 6 (x — 10),
VERY SHORT ANSWER TYPE QUESTIONS (VSAQs)

Answer each of the following questions either in one word or one sentence or as per requirement of the
questions: )
1. Write the value of k for which the system ofequations Y+ y =4 =0 and 2v + ky - 3 = 0
has no solution.
2. Write the value of k for which the system of equations
2x-y=>5
6x + ky =15

has infinitely many solutions.
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1. Write the value of k for which the system of equations 3y — 2y = 0 and kx + 5y = 0 has

4.

:’.‘"

infinitely many solutions.

Write the values of k for which the system of equations x+ky =0, 2x =y =0 has
unique solution.

Write the set of values of a and b for which the following system of equations has
infinitely many solutions. '

2x+3y =7
2ax + (a+ b)y = 28

6. Forwhatvalue of k, the following pair of linear equations has infinitely many solutions?
10x+ 5y - (k-5)=0
20x+10y -k =0
7. Write the number of solutions of the following pair of linear equations:
x+2y-8=0
2x + 4y =16 [CBSE 2009]
8. Write the number of solutions of the following pair of linear equations:
v4+3y—-4=0
2x+6y =7
— ANSWERS
. -1
1. k=2 2 k=-3 3. k=— 4 k22— 5.0=4b=8
6. k=10 7. Infinite 8§ 0

- MULTIPLE CHOICE QUESTIONS (MCQs)

Mark the correct alternative in each of the following:

b

The value of k for which the system of equations
kx —y = 2and, 6x — 2y = 3 has a unique solution, is
(a) =3 (b) =3 () =0 (d)=0
The value of k for which the system of equations 2x + 3y = 5and, 4x + ky = 10 has
infinite number of solutions, is
(a) 1 (b) 3 (c) 6 (d) 0

The value of k for which the system of equations x + 2y — 3 = 0 and 5x + ky + 7 = 0 has
no solution, 1s

(a) 10 (b) 6 ()3 (d) 1

. The value of k for which the system of equations 3y + 5y =0 and kx + 10y = 0 hasa

non-zero solution, is

(a) 0 (b) 2 (c) 6 (d) 8

If the system of equations 2v+3y=7and,(a+b)x + (20 - byy =21 has infinitely
many solutions, then

(@ a=1,b=5 ) a=5b=1 a=-Lb=5 (d)a=5b=-1

. If the system of equations 3x+y=1land, (2k-1)x + (k - 1) ¥ = 2k + 1 is inconsistent,

then k =
(a) 1 (b) O (c) -1 (d) 2

v
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9.

10

11.

13.

14,
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If am = bl, thenthe system of equations ax + by = ¢ and, Ix + my =1

(a) has a unique solution (b) has no solution
(¢) has infinitely many solutions (d) may or may not have a solution.

If the system of equations
2x+3y =7
2ax + (a+b)y = 28
has infinitely many solutions, then
(@) a=2b (b) b = 2a (€)a+2b=0 (d) 2a+b=0

The value of k for which the system of equations

x+2y="5
3x+ky+15=0

has no solution is
(a) 6 (b) -6 (c)3/2 (d) none of these

If 2x-3y=7 and (a+b)x—(a+b-3)y =40+ b represent coincident lines, then a

and b satisfy the equation
(@ a+5b=0 (b) 5a+b=0 (€) a—5b=0 (d) 5a-Db =0

If a pair of linear equations in two variables is consistent, then the lines represented by
two equations are

(a) intersecting (b) parallel

(c) always coincident (d) intersecting or coincident

g Xy ; ; ;
The area of the triangle formed by the line ke I with the coordinate axes is

(a) ab (b) 2ab (c) %nh (d) %nb

The area of the triangle formed by the lines y=x, x=6and y=0is
(a) 36sq. units (b) 18 sq. units (c) 9 5q. units (d) 72 sq. units
If the system of equations 2y + 3y = 5, 4 + ki = 10 has infinitely many solutions, then
k=
1
(a) 1 ® 3 (c) 3 (d) 6

If the system of equations kv — 5y = 2, 6x + 2y = 7 has no solution, then k=

(a) -10 (b) -5 () -6 (d) -15

. The area of the triangle formed bythelines x =3,y = 4and x = y is

(a) 1/2sq. unit (b) 1 sq. unit (€) 25q. unit (d) None of these

The area of the triangle formed by the lines 2v +3y =12, v~y -1=0 and y -

(as shown in Fig. 3.24) , is
(2) 7sq. units (b) 7.5 sq. units (¢) 6.5 sq. units (d) 6 5q. units
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Fig. 3.24
18. The sum of the digits of a two digit number is 9. If 27 is added to it, the digits of the
number get reversed. The number is
(a) 25 (b) 72 (c) 63 (d) 36
19, Ifx =a, y = bis the solution of the systems of equations x -y = 2 and X+ y =4, then the
values of @ and bare, respectively '
(@) 3and 1 (b) 3and 5 (c)5and 3 (d)-1and -3
20. For whatvaluek, do the equations 3x~y +8 =0and 6x ~ky + 16 = 0 represent coincident
lines?
1 _1
@ 3 ® -3 (€2 (d) -2
21. Aruna has only ¥ 1 and ¥ 2 coins with her. If the total number

of coins that she has is 50

and the amount of money with her is T 75, then the number of ¥1 and ¥ 2 coins are

respectively

(a) 35and 15 (b) 35 and 20 (c) 15 and 35 (d) 25 and 25

—  ANSWERS
Le 20 3@ 4@ s 6. (d) 7. (a)

8. (b) 9. (a) 10. (c) 11. (d) 12.(¢) 13. (b) 14. (d
15. (d) 16. () 17.6)  18.(d)  19.(a) 20. (c) 21' (b)}
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]
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SUMMARY

A pair of linear equations in two variables v and i can be rep resented algebraically as
follows:

ax+by+ce =0

X+ by +¢y =0,
where a,, ay, by, by, ¢;, ¢, are real numbers such that a2 +b% 20, a,” +0," #0.
Graphically or geometrically a pair of linear equations

a X+ by +¢y =0

a,x = byy +¢; =10

in two variables represents a pair of straight lines which are

i b w Lo I‘i C
Ly b (ii) parallel, if hin el MO
by 2y By G

(i) intersecting, if

a, b g

(iii) coincident, if =
!?2 ‘;'2 L‘:
A pair of linear equations in two variables can be solved by the:
(i) Graphical method (i1) Algebraic method.
To solve a pair of linear equations in two variables by Graphical method, we first draw
the lines represented by them.
(i) If the pair of lines intersect at a point, then we say that the pair is consistent and
the coordinates of the point provide us the unique solution.
(ii) If the pair of lines are parallel, then the pair has no solution and is called
inconsistent pair of equations.

(iii) If the pair of lines are coincident, then it has infinitely many solutions —each point
on the line being of solution. In this case, we say that the pair of linear
equations is consistent with infinitely many solutions,

To solve a pair of linear equations in two variables algebraically, we have following

methods:

(i) Substitution method. (i1) Elimination method.

(iii) Cross-multiplication method.
It apx +byy+c;p =0
X + byl + ¢, = 0

is a pair of linear equations in two variables x and y such that

; ”I hl . . Y - . . .
i — # s then the pair of linear equations is consistent with a unique solution.

a b,
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” " e nsister[t.
(i) a.: - ;:1 » 4 + then the pair of linear equations is IncoO

< 2 Cq N

< ) . F . - tel}; ma 4

(i) = b -, then the pair of linear equations is co
a, ¢
solutiong.



