Linear Equations in

.3 ,
' Two Variables

LINEAR EQUATIONS IN TWO VARIABLES

Anequation of theformax + by + ¢ = 0,wherea, b, carereal numbers(a # 0, b # 0),
is called a linear equation in two variables x and y.

Examples ~ Each of the equations
(i) 3x—4y+2=0 (if) 2x+5y =9
(iii) 0.4x+0.3y =2.7 (iv) v2x—v/3y=0

is a linear equation in x and y.

SOLUTION OF A LINEAR EQUATION

We say that x = oo and y = B is a solution of ax + by +c = 0if ao. + b + ¢ = 0.

EXAMPLE Show that x = 3 and y = 2 is a solution of 5x —3y = 9.
SOLUTION  Substituting x = 3 and y = 2 in the given equation, we get
LHS=5%X3-3%X2=(15-6) =9 =RHS.
x=3and y = 2 is a solution of 5x =3y = 9.

SIMULTANEOUS LINEAR EQUATIONS IN TWO VARIABLES
Two linear equations in two unknowns x and y are said to form a system of
simultaneous linear equations if each of them is satisfied by the same pair of values
of x and y.
Example Consider the system of linear equations
x+y=10,x-y=2.
By substitution, you will find that each of these equations is
satisfied by the values x = 6 and y = 4.

Hence, the given equations form a system of simultaneous
linear equations in x and y.

SOLUTION OF A GIVEN SYSTEM OF TWO SIMULTANEOUS EQUATIONS

A pair of values of x and y satisfying each of the equations in a given system of two
simultaneous equations in x and y is called a solution of the system.
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Show that x =5, y = 2 is a solution of the system of linear equations
2x+3y=16,x-2y =1.
The given equations are
2x+3y =16 ... (@)
x—2y=1. ... (ii)
Putting x =5and y = 2 in (i), we get
LHS= (2X5+3X2) =16 =RHS.
Putting x = 5and y = 2 in (ii), we get
LHS = (5-2X2) =1 =RHS.
Thus, x = 5 and y = 2 satisfy both (i) and (ii).
Hence, x=5,y=2 is a solution of the given system of
equations.

Show that x =3,y =2 is not a solution of the system of linear
equations 3x —2y =5,2x+y =7.
The given equations are
3x-2y=5 ... (@)
2x+y=7. ... (i)
Putting x = 3 and y = 2in (i), we get
LHS = (3X3-2x2) =5 =RHS.
Putting x = 3 and y = 2 in (ii), we get
LHS = (2 X 3 +2) = 8 # RHS.
Thus, the values x = 3, y = 2 do not satisfy (ii).

Hence, x =3,y =2 is not a solution of the given system of
equations.

CONSISTENT AND INCONSISTENT SYSTEMS OF LINEAR EQUATIONS

CONSISTENT SYSTEM OF LINEAR EQUATIONS

A system of two linear equations in two unknowns is said to be consistent if it has
at least one solution.

INCONSISTENT SYSTEM OF LINEAR EQUATIONS

A system of two linear equations in two unknowns is said to be inconsistent if it
has no solution at all.



Example

Linear Equations in Two Variables

Consider the system of linear equations

x+ty=3,2x+2y=7.
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Clearly, we cannot find values of x and y which may satisfy

both the given equations simultaneously.

Hence, the given system is inconsistent.

SOLVING SIMULTANEOUS LINEAR EQUATIONS

(GRAPHICAL METHOD)

METHOD Let the given system of linear equations be

Casell

Caselll

ax+by+c =0

amx+by+c,=0.

()
... (i)

On the same graph paper, we draw the graph of each one of the

given linear equations.

Each such graph is always a straight line.

Letthelines L, and L, represent the graphs of (i) and (ii) respectively.

Now, the following cases arise.

When the lines L, and L, intersect at a
point

Let the graph lines L, and L, intersect
at a point P(a, ), as shown in the
adjoining figure.

Then, x=o,y=p is the wunique
solution of the given system of
equations.

When the lines L, and L, are coincident
When the two graph lines L; and
L, coincide, the given system
of equations has infinitely many
solutions.

Y<
P(a, B)
Ly
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Y'+
Y
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Casellll
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When the lines L, and L, are parallel

In this case, there is no common
solution of the given system of
equations.

Th in this ca th iven —— -
ué,' .s case, e give o) \x
system is inconsistent. Y L,
L
)

(ii

A

SUMMARY

(ii) infinitely many solutions if the two graph lines coincide

(iii) no solution if the two graph lines are parallel

system of two linear equations in x and y has

(i) a unique solution if the graph lines intersect at a point

GRAPHS

SOLVED EXAMPLES

OF EQUATIONS HAVING UNIQUE SOLUTIONS

Note Such graph lines intersect at a point.

EXAMPLE

SOLUTION

1 Solve graphically the system of linear equations

x+2y=3, 4x+3y =2.

On a graph paper, draw a horizontal line X'OX and a vertical

line YOY' as the x-axis and the y-axis respectively.
| Graphofx+2y =3
x+2y=3=2y=03-x)
(3-3)
2
Putting x =-31in (i), we get v = 3.

= y=

Putting x =—11in (i), we get y =2.
Putting x = 1in (i), we get y=1.

Thus, we have the following table for the equation x +2y = 3.

X -3 -1 1
Y 3 2 1

Now, plot the points A(=3, 3), B(-1, 2) and C(1, 1) on the graph

paper.
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Join AB and BC to get the graph line ABC. Extend it on
both ways.
Thus, the line ABC is the graph of x +2y = 3.

|Graphof4x+3y =2
dx+3y=2=3y=(2-4x)

N y:(2_34x). . (i)

Putting x =—41n (ii), we get y = 6.

Putting x =—1in (ii), we get y = 2.

Putting x = 2in (ii), we get y =-2.

Thus, we have the following table for the equation 4x + 3y = 2.

x -4 | -1 2
y 6 2 -2

Now, on the same graph paper as above, plot the points P(—4, 6)
and Q(2, —2). The point B(—1, 2) has already been plotted. Join
PB and BQ to get the line PBQ. Extend it on both ways.

Thus, the line PBQ is the graph of 4x + 3y = 2.

The two graph lines intersect at the point B(-1, 2).
x=-land y =2 is the solution of the given system of

equations.

Solve graphically the system of linear equations
4x—-5y+16=0and 2x+y—6=0.
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Determine the vertices of the triangle formed by these lines and the
X-axis. [CBSE 2006]
On a graph paper, draw a horizontal line X'OX and a vertical
line YOY" as the x-axis and the y-axis respectively.

| Graph of 4x -5y +16 =0
4x—-5y+16=0 = 5y =4x+16

4x+16
116, o

=y

Putting x =—4in (i), we get y=0.
Putting x = 1in (i), we get y=4.
Putting x = 6in (i), we get y =38.
Thus, we have the following table for 4x —5y +16 = 0.

x —4 1 6
y 0 4 8
Now, plot the points A(—4, 0), B(1, 4) and C(6, 8) on the graph
paper.

Join AB and BC to get the graph line ABC. Extend it on
both ways.

Thus, the line ABC is the graph of 4x—5y +16 = 0.

| Graphof2x+y—-6=0
2x+y—6=0= y=(6—2x). ... (ii)
Putting x = 0 in (ii), we get y = 6.

Putting x = 2 in (ii), we get y = 2.
Putting x = 3 in (ii), we get y = 0.
Thus, we have the following table for 2x +y—6 = 0.

X 0 2
Y 6 2

On the same graph paper as above, plot the points
P(0, 6), Q(2,2)and R(3, 0).

Join PQ and QR to get the graph line PQR. Extend it on
both ways.

Thus, the line PQR is the graph of 2x +y—6 = 0.
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id

The two graph lines ABC and PQR intersect at the point B(1, 4).
x=1and y =4 is the solution of the given system of
equations.
These lines form ABAR with the x-axis, whose vertices are
B(1, 4), A(-4, 0) and R(3, 0).
Solve the following system of linear equations graphically:
4x—=5y—-20=0and 3x +5y-15=0.
Determine the vertices of the triangle formed by the lines representing
the above equations and the y-axis. [CBSE 2004]
On a graph paper, draw a horizontal line X'OX and a vertical
line YOY' as the x-axis and the y-axis respectively.
| Graph of 4x—5y-20 =0
4x—5y—20=0 = 5y = (4x —20)

4x —20
2%. )

Putting x = 0in (i), we get y =—4.

Putting x = 21in (i), we get y=-2.4.
Putting x = 5in (i), we get y = 0.
Thus, we have the following table for 4x — 5y —20 = 0.

o | 2| 5
y | 4 |24/ 0
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Now, plot the points A(0, —4), B(2, —2.4) and C(5,0) on the
graph paper.
Join AB and BC to get the graph line ABC. Extend it on both
ways.
Thus, the line ABC is the graph of 4x —5y —20 = 0.
| Graph of 3x +5y—15 =0

3x+5y—15=0 = 5y = (15—-3x)

y= @ ... (i)
Putting x =-5in (ii), we get y = 6.

Putting x = 0in (ii), we get y =3.
Putting x = 5in (ii), we get y =0.
Thus, we have the following table for 3x + 5y — 15 = 0.
x -5 0 5
Y 6 3 0

On the same graph paper as above, plot the points P(=5, 6) and
Q(0, 3). The third point C(5, 0) has already been plotted.

Join PQ and QC to get the graph line PQC. Extend it on
both ways.
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Thus, the line PQC is the graph of 3x + 5y —15 = 0.
The two graph lines intersect at the point C(5, 0).
x =5, y = Ois the solution of the given system of equations.

Clearly, the given equations are represented by the graph
lines ABC and PQC respectively.

The vertices of AAQC formed by these lines and the y-axis are

A(0,—4), Q(0, 3) and C(5, 0).

Solve the following system of equations graphically:
3x+2y—11=0and 2x -3y +10 = 0. [CBSE 2006C]

Shade the region bounded by these lines and the x-axis.

On a graph paper, draw a horizontal line X'OX and a vertical
line YOY" as the x-axis and the y-axis respectively.

| Graph of 3x +2y - 11=0

3x+2y-11=0 = 2y = (11-3x)

11-3

Putting x =—11in (i), we get y=7.
Putting x = 1in (i), we get y=4.
Putting x =3in (i), we get y=1.
Thus, we have the following table for 3x +2y—11 = 0.

X -1 1 3
Yy 7 4 1
Now, plot the points A(-1,7), B(1, 4) and C(3, 1) on the graph
paper.
Join AB and BC to obtain the graph line ABC. Extend it on both
ways.

Thus, the line ABC is the graph of the equation 3x +2y—11 = 0.
| Graph of 2x -3y +10 =0 |

(2x +10) .
2x-3y+10=0 =3y =2x+10 = y =" .. (i)

Putting x =2 in (ii), we get y = 2.
Putting x = 1in (ii), we get y=4.
Putting x = 4in (i), we get y =6.
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Thus, we have the following table for 2x —3y + 10 = 0.

% -2 1 4
Y 2 4 6

On the same graph paper as above, plot the points P(-2, 2)
and Q(4, 6). The third point B(1, 4) has already been plotted.

Now, join PB and BQ to obtain the graph line PBQ. Extend it
on both ways.

» 4

o

W

N

v

The two graph lines intersect at the point B(1, 4).
x =1, y = 4is the solution of the given system of equations.
These graph lines intersect the x-axis at R and S.

The region bounded by these lines and the x-axis has been
shaded.

The shaded region is the ABRS with B(1, 4), R(-5, 0) and
11
5(5-0)
Solve the following system of linear equations graphically:
3x+y-11=0,x-y—-1=0.
Shade the region bounded by these lines and the y-axis.

Find the coordinates of the points where the graph lines cut the
Y-axis. [CBSE 2002C]
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On a graph paper, draw a horizontal line X’OX and a vertical
line YOY' as the x-axis and the y-axis respectively.

| Graphof3x+y—-11=0

3x+y—-11=0= y=(11-3x). ... (@)
Putting x = 21in (i), we get y =5.

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

Putting x = 5in (i), we get vy =—4.

Thus, we have the following table for equation (i).

X 2 3 5
Y 5 2 —4

On the graph paper, plot the points A(2, 5), B(3, 2) and C(5, —4).
Join AB and BC to get the graph line ABC.
Thus, the line ABC is the graph of the equation 3x +y—11 = 0.

Graphofx—y—-1=0
| |

x—y-1=0=>y=(x—-1). ... (ii)
Putting x = =3 in (ii), we get y =—4.

Putting x = 0in (ii), we get y =-1.

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

Thus, we have the following table for equation (ii).

x -3 0 3
-y —4 -1 2

On the same graph paper as above, plot the points P(=3, —4)
and Q(0, —1). The third point B(3, 2) is already plotted.

Join PQ and OB to get the graph line PQB.
Thus, line POB is the graph of the equationx—y—1=0.
The two graph lines intersect at the point B(3, 2).
x =3, y = 2is the solution of the given system of equations.

The region bounded by these lines and the y-axis has been
shaded.
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Y S

On extending the graph lines on both sides, we find that
these graph lines intersect the y-axis at the points
Q(0,-1)and R(0, 11).

GRAPH OF EQUATIONS HAVING INFINITELY MANY SOLUTIONS

Note Such graph lines just coincide.

EXAMPLE 6  Show graphically that the system of equations
3x-y=2,9%x-3y=6
has an infinite number of solutions.

SOLUTION  On a graph paper, draw a horizontal line X’OX and a vertical
line YOY” as the x-axis and the y-axis respectively.

| Graphof 3x—y =2
3x-y=2=y=0CBx—2). ... @)
Putting x =—-11n (i), we get y = 5.
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Putting x = 0in (i), we get y =-2.
Putting x = 2in (i), we get y =4.

Thus, we have the following table for 3x —y = 2.

X -1 0 2

Y -5 -2 4
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Now, plot the points A(-1,-5), B(0,—2) and C(2,4) on the

graph paper.

Join AB and BC to get the graph line ABC.
Extend the graph line ABC on both sides.
Thus, the line ABC is the graph of the equation 3x —y = 2.

| Graph of 9x—3y =6

9Ix=3y=6 = 3y=(9x—6)
_Ox-6)

-3

Putting x =—-2in (ii), we get y =-8.

=y

Putting x = 1in (i), we get y=1.
Putting x = 21in (ii), we get y =4.

Thus, we have the following table for 9x — 3y = 6.

X -2 1 2
y -8 1 4 4
Now, plot the points P(-2,-8) and
Q(1,1) on the same graph paper.
The point C(2, 4) has already been
plotted. o

Join PQ and QC to obtain the line
PQC.

Thus, the line PQC is the graph of
9x -3y =6.

Thus, we find that the two graph
lines coincide. Hence, the given
system of equations has an infinite
number of solutions.
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GRAPH OF EQUATIONS HAVING NO SOLUTION

Note Such graph lines are parallel.

EXAMPLE 7

SOLUTION

Show graphically that the system of linear equations
2x-3y=56y—4x=3
is inconsistent, i.e., has no solution.

On a graph paper, draw a horizontal line X'OX and a vertical
line YOY' as the x-axis and the y-axis respectively.

| Graph of 2x—3y =5

2x=3y=5=3y=(2x—-5)

2x-5
= y=(x3 ). . ()

Putting x =2 in (i), we get y =-3.

Putting x = 1in (i), we get y=-1.
Putting x =41in (i), we get y=1.
Thus, we have the following table for the equation 2x -3y = 5.

x -2 1 4
Y -3 -1

Now, plot the points A(—2, =3), B(1, —1) and C(4, 1) on the graph
paper.
Join AB and BC to get the graph line ABC. Extend it on both
ways.

Thus, the line ABC is the graph of the equation 2x — 3y = 5.

| Graph of 6y —4x =3

6y—4x=3 = 6y =(3+4x)

= y=(3+64x)' .. (i)

Putting x = -3 in (ii), we get y = 73
Putting x = 0in (ii), we get y = %
Putting x = 3 in (ii), we get y= %

Thus, we have the following table for the equation 6y —4x = 3.
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X -3 0 3
-3 1 5
Y121 2| 2

Now, plot the points P(—3, _2—3), Q(O, %) and R(3, %) on the
same graph paper as above. Join PQ and QR to get the graph
line PQR. Extend it on both ways.

Then, the line POR is the graph of the equation 6y — 4x = 3.

It is clear from the graph that the two graph lines are parallel
and do not intersect even when produced.

Hence, the given system of equations has no solution.

Show graphically that the system of linear equations
x-—y=83x-3y=16

is inconsistent, i.e., has no solution.

On a graph paper, draw a horizontal line X’OX and a vertical

line YOY' as the x-axis and y-axis respectively.

| Graphofx—y =8

The first equation is x —y = 8.

Now,x—y=8 = y=x-8. (@)
Putting x = 3in (i), we get y =—5.

Putting x = 4in (i), we get y =—4.

Putting x = 5in (i), we get y =-3.
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Thus, we have the following table for the equation x —y = 8.

x | 3 | 4|5
y | 5| 4| 3

Now, we plot the points A (3, -5), B(4, —4) and C(5, —3) on the
graph paper. Join AB and BC to get the graph line ABC.

| Graph of 3x — 3y = 16|

The second equation is 3x — 3y = 16.

(3x—16) .
3x—3y=16$3y=3x—16©y=T- ... (i)

Putting x = 21in (ii), we get y = _%)—0 == 3% =-3.3.
1

Putting x = 3in (ii), we get y = 5 =25 =-23.
Putting x = 0 in (ii), we get y= 30 =-52=-53,

Thus, we have the following table for the equation 3x — 3y = 16.

X 3 2 0
Y 23| 33| =53

Now, we plot D(3,-2.3), E(2, —3.3) and F(0, —5.3) on the same
graph paper as above.

Join DE and EF to get the graph line DEF.
i
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It is clear from the graph that the lines ABC and DEF are
parallel and do not meet when produced.

Hence, the given system of equations has no solution and
therefore, it is inconsistent.

EXERCISE 3A
Solve each of the following systems of equations graphically:
1. 2x+3y =2, 2. 3x+2y =4,
x—2y=38. [CBSE 2007] 2x-3y=7. [CBSE 2006C]
3. 2x+3y =8, 4. 2x-5y+4=0,
x—2y+3=0. [CBSE 2005] 2x+y—8=0. [CBSE 2005]
5. 3x+2y=12, 6.3x+y+1=0,
5x -2y =4. [CBSE 2006] 2x-3y+8=0. [CBSE 2007C]
7.2x+3y+5=0, 8. 2x—3y+13=0,
3x-2y—12=0. 3x—2y+12=0.
9.2x+3y—-4=0, 10. x+2y+2=0,
3x—y+5=0. [CBSE2004C] 3x+2y—-2=0.

Solve each of the following given systems of equations graphically and find the
vertices and area of the triangle formed by these lines and the x-axis:

11. x—y+3=0,2x+3y—4=0.

12. 2x -3y +4=0,x+2y—-5=0. [CBSE 2005]
13. 4x-3y+4=0,4x+3y—-20=0. [CBSE 2008]
14 x-y+1=0,3x+2y—-12=0. [CBSE 2002]

15. x-2y+2=0,2x+y—-6=0.

Solve each of the following given systems of equations graphically and find the
vertices and area of the triangle formed by these lines and the y-axis:

16. 2x-3y+6=0,2x+3y—-18 = 0. [CBSE 2004]
17. 4x-y—-4=0,3x+2y—14=0. [CBSE 2006C]
18. x—y—-5=0,3x+5y—-15=0. [CBSE 2009C]
19. 2x-5y+4=0,2x+y—-8=0. [CBSE 2005]

20. 5x-y-7=0,x-y+1=0.
21. 2x-3y =12, x+3y =6. [CBSE 2008]
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Show graphically that each of the following given systems of equations has
infinitely many solutions:
22. 2x+3y =6,4x + 6y = 12. [CBSE 2010]
23. 3x—y =5,6x—-2y =10.
24. 2x+y =6,6x+3y = 18.
25. x—=2y =5,3x—-6y =15.
Show graphically that each of the following given systems of equations is
inconsistent, i.e., has no solution:
26. x—2y=6,3x—6y =0.
27. 2x+3y =4, 4x + 6y = 12.
28. 2x+y =6, 6x + 3y = 20.
29. Draw the graphs of the following equations on the same graph paper:
2x+y=2,2x+y=6.
Find the coordinates of the vertices of the trapezium formed by these
lines. Also, find the area of the trapezium so formed. [HOTS]
HINT  The line 2x + y = 2 cuts the x-axis at A(1, 0) and the y-axis at B(0, 2).
The line 2x + y = 6 cuts the x-axis at C(3, 0) and the y-axis at D(0, 6).
Area of trap. ABDC = ar(AOCD) — ar(AOAB)

:<%><3><6>7<%><1><2>=85qunits.

ANSWERS (EXERCISE 3A)

1lL.x=4y=-2 2.x=2,y=-1 3.x=1y=2 4. x=3,y=2
5. x=2,y=3 6. x=-1l,y=2 7.x=2,y=-3 8. x=-2,y=3
9. x=-1,y=2 10.x=2,y=-2

11. (x =-1,y =2); A(-1, 2), B(-3, 0), C(2, 0); ar(AABC) = 5 sq units

12. (x =1,y =2); A(1, 2), B(-2,0), C(5, 0); ar(AABC) = 7 sq units
13. (x =2,y =4); A2, 4), B(-1, 0), C(5, 0); ar(AABC) = 12 sq units
14. (x =2,y = 3); A(2, 3), B(-1, 0), C(4, 0); ar(AABC) = 7.5 sq units
15. (x =2,y =2); A(2,2), B(-2,0), C(3, 0); ar(AABC) = 5 sq units
16. (x =3,y = 4); A(3, 4), B(0, 2), C(0, 6); ar(AABC) = 6 sq units

17. (x =2,y =4); A2, 4), B(0, —4), C(0, 7); ar(AABC) = 11 sq units
18. (x =5,y = 0); A(5,0), B(0, -5), C(0, 3); ar(AABC) = 20 sq units
19. (x =3,y =2); A(3, 2), B(0, 0.8), C(0, 8); ar(AABC) = 10.8 sq units
20. (x =2,y =3); A2, 3), B0, =7), C(0, 1); ar(AABC) = 8 sq units
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21. (x =6,y =0), A6, 0), B(0, —4), C(0, 2), ar(AABC) = 18 sq units.
29. 8 sq units

SOLVING SIMULTANEOUS LINEAR EQUATIONS
(BY ALGEBRAIC METHODS)

(I) SUBSTITUTION METHOD

METHOD Suppose we are given two linear equations in x and y. For solving
these equations by the substitution method, we proceed according
to the following steps.

Step1.  Express y in terms of x in one of the given equations.

Step 2. Substitute this value of y in terms of x in the other equation. This
gives a linear equation in x.

Step 3. Solve the linear equation in x obtained in Step 2.

Step4.  Substitute this value of x in the relation taken in Step 1 to obtain a
linear equation in y.

Step5.  Solve the above linear equation in y to et the value of y.

REMARK We may interchange the role of x and y in the above method.

SOLVED EXAMPLES

EXAMPLE 1 Solve for x and y, using substitution method:
2x+y=7, &x-3y+1=0.
soLuTioN  The given system of equations is
2x+y=7 ... (0)
4x =3y =-1 ... (ii)
From (i), we get y = (7 — 2x).
Substituting y = (7 — 2x) in (ii), we get
4x—3(7-2x)=-1
= 4x-21+6x=-1
10x =20

= x=2.

U
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Substituting x = 2in (i), we get
2X2+y=7=>y=7-4=3.

Hence, the solutionis x =2, y = 3.

Solve for x and y, using substitution method:
3x Oy _ +¥_13

273 =23
The given system of equations may be written as
9x—10y+12=0 ()
2x+3y—13=0. ... (ii)
M :

From (ii), we get y =

Substituting y = 13- 2x 2x in (i), we get
Oy — 10(133— 2x) +12=0

— 27x—10(13-2%) +36 =0
= 27x-130+20x+36=0
= 47x-94=0=47x=94 > x=57=2.

Substituting x = 21in (i), we get
9X2-10y+12=0=10y=30 = y = 10 =3.

Hence, x = 2 and y = 3 is the required solution.

(1) ELIMINATION METHOD

METHOD In this method, we eliminate one of the unknown variables and
proceed using the following steps.

Step 1.

Step 2.

Step 3.

Step 4.
Step 5.

Multiply the given equations by suitable numbers so as to make the
coefficients of one of the unknown variables numerically equal.

If the numerically equal coefficients are opposite in sign then add the
new equations.

Otherwise, subtract them.

The resulting equation is linear in one unknown variable.
Solve it to get the value of one of the unknown quantities.
Substitute this value in any of the given equations.

Solve it to get the value of the other unknown variable.



Linear Equations in Two Variables 91

EXAMPLE 3 Solve for x and y using elimination method:
10x +3y =75, 6x —5y = 11.

soLuTioN  The given equations are

10x+3y =75 ... (@)
6x—5y =1L ... (ii)
Multiplying (i) by 5 and (ii) by 3, we get
50x + 15y = 375 ... (iii)
18x—15y = 33. ... (iv)
Adding (iii) and (iv), we get
408

68x=408:>x=W:>x=6.
Putting x = 6 in (i), we get
(10X6)+3y=75= 60+3y =75
= 3y=75-60=3y=15= y=5.
x=6,y=5.

EXAMPLE 4  Solve for x and y:
1x+15y+23=0,7x-2y—20=0.
soLuTioN  The given equations are
11x+15y =-23 ()
7x— 2y =20. ... (ii)
Multiplying (i) by 2 and (ii) by 15 and adding the results,
we get
22x +105x = —46 + 300

= 127x =254

_254 _
= x—127—2.

Putting x = 2in (i), we get
22+15y=-23
= 15y=-23-22

= 15y=—45=y=72 =-3.

Hence, x =2 and y =—3.
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EXAMPLE 5

SOLUTION

EXAMPLE 6

SOLUTION

EXAMPLE 7
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Solve for x and y: [CBSE 2000, ‘04C, ‘05]
0.4x-1.5y=6.5,
0.3x+0.2y = 0.9.

Multiplying each of the equations by 10, we get
4x—15y =65 ... (4)
3x+ 2y= 9. ... (ii)

Multiplying (i) by 2 and (ii) by 15 and adding, we get
8x +45x =130+135

= 53x =265
_ 265 _
= x=7%3 =5.

Putting x = 5in (ii), we get
15+2y=9=>2y=9-15=2y=—6 = y=-3.
Hence, x =5and y =-3.

Solve for x and y:

%+3y=8,§—4y=—5. [CBSE 2010]

Putting % =y, the given equations become:
4u+3y=38 - ()
6u —4y =-5. ... (i)
Multiplying (i) by 4 and (ii) by 3 and adding the results, we get
16u+18u=32-15

= 34u=17
17 _1
= u=ﬁ:7' ...(111)

Putting u = % in (i), we get

1
(4 5)+ay=8=2+3y=8
=3y=8-2=3y=6=y=2.
Now,u=%:>%=%:>x=2.

Hence, x =2and y = 2.

Solve for x and y:

2,3 135

243132 %=—2 (x 0 and y #0). [CBSE 2008C]
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EXAMPLE 8

SOLUTION
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Putting % =y and % =1, the given equations become
2u+3v=13 ... (D)
Su—4v=-2. ... (ii)

Multiplying (i) by 4 and (ii) by 3 and adding the results, we get
8u+15u=52-6

= 23u=46
46
= u—g 2.

Putting u = 2 in (i), we get
2X2)+3v=13=>30v=13-4=9 = 0v=3.

Nowu=2=1=20=2r=1=x=1
1 1
And,v=3:>?=3=>3y=1=>y=§~
1 1
Hence,x=§andy=§'
Solve for x and y:
L1 lJri=8(x9t0 +0) CBSE 2004C
2x Yy rx 2y 'Y : [ 1
Putting % =uand % =, the given equations become
%—U=—1:>u—20=—2 .. (@)
u+ =8 = 2u+v=16. ... (ii)

Multiplymg (ii) by 2 and adding the result with (i), we get
u+4u=-2+32

= 5u=30
-30_

= u=-g =6

Putting u = 6 in (i), we get
6-20=-2=20=8=0v=4.

Now, u = 6=>*—6=>6x 1=>x=

"'>|’_‘ ox\»—\

And, v = 43%—434@ 1=y=

Hence, x = % andy =7
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EXAMPLE 9

SOLUTION

EXAMPLE 10

SOLUTION
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Solve for x and y:
1,1 _,1_1_
7+@_3, 2x 3y =5 (x#0,y+0).
Putting % =y and % =1, the given equations become
o %—3:>6u+7v 126 (@)
5 =5 =5= 3u-20=30. .. (ii)

Multiplying (i) by 2 and (ii) by 7 and adding the results,
we get

12u +21u =252+ 210

= 33u=1462

462 _
= u=-33 =14.

Putting u =14 in (i), we get
(6 X 14)+7v=126
42

= 7v=126—84=42:>v—f 6.

1

1o1a= =1 :>x=l-

Now, u =14 = 14

And,v= 6:>y—6=>6y 1=>y=

Hence, x = ﬁ andy = g'

Solve for x and y:
3a_2b 4 3b
+ ==-2= +0).
x Ty 5=0,% y 2=0 (x#0,y+0) [CBSE 2005C]
Putting % =y and % =1, the given equations become
3au—2bv=-5 ... (d)
au+3bv = 2. ... (i)

Multiplying (ii) by 3 and subtracting (i) from the result,
we get
9bv +2bv=6+5
- =11 _1,
= Mw=11=0v=97,=7
Putting v = % in (ii), we get

au+3=2=aqu=-1 =>u=_71-
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-1 11 -
Now, u = 2 :>x— 2 =-x=a=x=-a.

1 1_1
And,v=F=>?=F:‘y=b.
Hence, x =—aand y =b.

EXAMPLE 11 Solve for x and y:
6x+3y="7xy,3x+9y=11xy (x+0,y+0).

SOLUTION  On dividing each of the given equations by xy, we get

6 _ .
74‘?—7 ... (i)
3.9 ..
y"‘yzll. ... (i)
Puttine L = 1. ..
utting -~ = u and Yo vin (i) and (ii), we get
60+3u="7 ... (iii)
3v+9u =11 .. (iv)
Multiplying (iii) by 3 and subtracting (iv) from the result,
we get
18v—-3v=21-11
= 150=10
-10_2,
= 71573
Putting v = % in (iii), we get
(6x5)+3u=7=>4+3u=7=3u=3=>u=1
Now,u=1=1=1=x=1
2 1_2 3
And,v=§:>?:§©2y=3:>y:7

Hence, x =1and yI%-

EXAMPLE 12 Solve the following system of equations for x and y:
5 1 6 3

x—1 +y—2 N x-1 y-2
1 _

SOLUTION  Putting xlj =yand -2 v, the given equations become

2, =1. [CBSE 2008C, '09]

Sutv=2 ... (1)
6u—3v=1 ... (i)
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EXAMPLE 13

SOLUTION
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Multiplying (i) by 3 and adding the result with (ii), we get
1u+b6u=6+1
= 2lu=7
1

= u=ﬁ:3

Putting u = % in (i), we get

1 _ 5, _ —n_5 1.
(5% F)+v=2>3+v=220=2-3 3 0=3
1. 1 _1
Now, u = §=> 1 3=>x 1=3=>x=4

[by cross multiplication].

Lo 1 1 1
Slm11ar1y,v=§:>F:§:>y—2:3:>y:5

[by cross multiplication].
Hence, x =4and y =5.

Solve for x and y:
15 22 _ 40 55
x—y Txry Y aoy Taty

=13, x +yand x + —y.

[CBSE 2008C]

Putting —— y =wuand + T the given equations become
15u+22v=>5 .. ()
40u + 550 = 13. ... (i)

Multiplying (ii) by 2 and (i) by 5 and subtracting the results,
we get

80u—75u=26-25
= bu=1

= u=

01|H

Putting u = % in (i), we get

(15 %>+220=5

= 3+22v=5

= 2w=2=0=%=1"

Now,u=% 1y=%:>x—y=5. ... (iii)
1 1 1 .

And,v=ﬁi>x+y 11 = xty=1L .. (iv)

On adding (iii) and (iv), we get 2x =16 = x =8.
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SOLUTION

EXAMPLE 15

SOLUTION
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On subtracting (iii) from (iv), we get2y =6 = y =3.
Hence, x =8 and y = 3.

Solve for x and y:

1 412 _1 7, 4 -9
22x+3y) 7(3x—-2y) 2’ 2x+3y) (Bx—2y) “~
where (2x +3y) # 0 and (3x —2y) # 0. [CBSE 2004C]
Putting (ZJclTy) =u and ﬁ =7, the given equations

become
12 1 .
HAEl =S = Tut24v=7 ()
and 7u+ 4v=2. ... (ii)
Subtracting (ii) from (i), we get

_ _5 _1.
202)—5:>v—20—4

Putting v = % in (i), we get

7u+<24 X %)=7

= Tut6=7=7u=1=u=1
Now,u=4=_-1 __-1oo3,-7 (i)
, 77 xtay) 7 Y
1 1 1 _ )
and U—Z:W—Z:>3x—2y—4. ... (iv)

Multiplying (iii) by 2 and (iv) by 3 and adding the results,
we get
4x+9x=14+12
= 13x=26=x=2.
Putting x = 2 in (iii), we get
2X2)+3y=7=3y=(7-4)=3=>y=1
Hence, x=2and y =1.

Solve for x and y:
2 .3 4 9
“—+—==2,—-—=-1 (x+0,y+0).
Gy BV gy T o
1 1
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EXAMPLE 16

SOLUTION
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2u+3v=2 . (1)
4u—-9v=-1 ... (ii)

Multiplying (i) by 3 and adding the result with (ii), we get
6utdu=6-1

= 10u=5

_5 -1,
= u=qg 7 u=y

Putting u = % in (i), we get

(2 %)+3v=2

= 1+30=2=30=1= 0=+

Now,u=%:>%=%:>«/;=2ﬁx=4.

And, v=t=> L=l /=35 ,-9
T3 Ty T3 y y=>2

Hence, x =4 and x =9.

Solve the following system of linear equations:
(@a—-b)x+(@+b)y=a*-2ab-b?
(a+Db)(x+y)=a*+b°. [CBSE 2004, ‘07C, ‘08]
The given equations may be written as
(a=b)x+(@+b)y=a*-2ab-b* ... ()
(a+b)x+(@+byy=a>+b> ... (ii)
Subtracting (i) from (ii), we get
{(a+b)— (a—Db)}x = 2ab+2b*

2b(a+D)
= 2bx=2b(a+b)ix=T
= x=(a+b).

Putting x = (2 + b) in (ii), we get

(a+b)*+@+by=a*+b*

= (@+by=@+b)-(@a+b)’

= (a+b)y=(a*+b>—(a*+b*+2ab)
—2ab

= (a+b)y=—2ab:»y:(a+“b)-

x=(@+b)andy = (;%rag) is the required solution.




EXAMPLE 17

SOLUTION

EXAMPLE 18

SOLUTION

EXAMPLE 19
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Solve for x and y:

ax+by—a+b=0,bx—ay—a—-b=

0. [CBSE 2000, ‘04C, ‘05]

The given equations may be written as

ax+by=a->b

bx—ay=a+b.

.. ()
... (ii)

Multiplying (i) by a and (ii) by b and adding the results,

we get
(@+b)x=@*+bv») > x=1.
Putting x = 11in (i), we get
(@axX1)+by=a->b
= atby=a-b

= by=—b:>y=_7b=—1.

Hence, x =1and y =-1.

Solve the following system of linear equations:

2(ax—by)+(a+4b) =0, 2(bx +ay)+ (b—4a) =0. [CBSE 2004]

The given equations may be written as

2ax —2by =—a—4b
2bx +2ay =4a—Db.

. )
.. (ii)

Multiplying (i) by a and (ii) by b and adding, we get

(2a*+ 2% x = (—a*— b
-1

= 2@+ x=—(@>+b) = xX=—5"

Puttingx=71in (i), we get
2a X (%)—2by=—a—4b

= —a-2by=-a—4b

= 2y=db=y=3r=2,

Hence,x=_2—1andy=2.

Solve for x and y:

b
%—%=a+b,ax—by=2ab.

[CBSE 2000, ‘04C, ‘05, ‘07C, ‘09]
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soLuTioN  The given equations may be written as

a*x—b*y =a’b+ab® ... (1)

ax —by = 2ab. ... (i)
Multiplying (ii) by b and subtracting the result from (i),
we get

(a*—ab)x = a*b—ab®
= (@®—ab)x=b@*—ab) = x=b.
Putting x = b in (ii), we get
ab—by=2ab = by=—ab = y=%‘b=—a.

Hence, x =band y =—a.

EXAMPLE 20  Solve for x and y:
V2x—y/3y=0,y/5x+y2y=0. [CBSE 2000, ‘04C, '05]
soLuTioN  The given system of equations is
ﬁx—«/gy=0 ... (0)
V5x+y2y=0. .. (ii)
Multiplying (i) by v2 and (ii) by v/3 and adding, we get
(2+v15)x=0 = x=0.
Putting x = 0 in (ii), we get
V2y=0=y=0.
Hence, x =0and y =0.

ASPECIAL CASE  When the coefficients of x and y in one equation are interchanged
in the other.

METHOD Step 1. Add the given equations and from it obtain an equation
of the form x+y =a.

Step2. Subtract the given equations and from it obtain an
equation of the form x —y = b.

Now, x +y =aand x —y = b can be solved easily.

EXAMPLE 21 Solve for x and y:
37x+43y =123, 43x + 37y = 117. [CBSE 2008]
soLuTioN  The given equations are
37x+43y =123 (1)
43x +37y =117. .. (i)
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SOLUTION
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Clearly, the coefficients of x and y in one equation are
interchanged in the other.

Adding (i) and (ii), we get
(37+43)x+(43+37)y = (123 +117)

= 80x+80y =240

= 80(x+y) =240

N x+y:%jx+y:3_ ... (i)

Subtracting (i) from (ii), we get
6x— 6y =—6
= 6(x—y)=—6=>x-y=-1 ... (iv)
Adding (iii) and (iv), we get2x =2 = x =1.
Subtracting (iv) from (iii), we get2y =4 = y = 2.
Hence, x =1and y = 2.

Solve for x and y:
152x — 378y = —74, =378x + 152y = —604.

The given equations are
152x — 378y =74 .. (@)
—378x +152y = —604. ... (ii)

Clearly, the coefficients of x and y in one equation are
interchanged in the other.

Adding (i) and (ii), we get

{152+ (=378)}x + {(—378) + 152}y = ~(74 + 604)
= (226)x+(-226)y =678
= (226)(x+y)=-678

= (ty) =B S xry=3. ... (iii)

Subtracting (ii) from (i), we get
(152 +378)x +(-378 —152)y = (74 + 604)
= 530x—530y =530
= 530(x-y)=530 = x—-y=1 . (iv)
Adding (iii) and (iv), we get2x =4 = x =2.
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Subtracting (iv) from (iii), we get2y =2 = y = 1.
Hence, x=2and y =1.

SOME MORE EXAMPLES

EXAMPLE 23 Solve for x and y:

x;1+y;1=8,x51+y;1=9. [CBSE 2007]

soLuTioN  The given equations may be written as
3x+1)+2(y—1)=48 = 3x+2y =47 (@)
and 2(x—1)+3(y + 1) =54 = 2x +3y = 53. .. (ii)

Multiplying (i) by 2 and (ii) by 3 and subtracting, we get
(4-9)y=94-159

= Sy=-65=y="3 >y=13.

Putting y = 13 in (i), we get

3x+(2 X 13) =47 = 3x = (47 -26) =21

L2y

Hence, x =7 and y = 13.

EXAMPLE 24  Solve for x and y:
2,3_9 4,9_
Xy oxwyrxoy o

SOLUTION  Multiplying each equation throughout by xy, we get

21
Xy (x+0,y+0).

2y+3x=9 - (D)

4y +9x =21 ... (i)
Multiplying (i) by 3 and subtracting (ii) from the result,
we get

6-4)y=Q27-21)=2y=6 = y=3.
Putting y = 3 in (i), we get
2X3)+3x=9=6+3x=9=>3x=3=>x=1.
Hence, x=1and y = 3.

EXAMPLE 25  Solve for x and y:

Xy 6 Xy
Tty =g,y_x=6 (x#0,y*0and x+y).
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EXAMPLE 26

SOLUTION

Linear Equations in Two Variables 103

The given equations may be written as

Xty _5 ,1,1_5
Xy

=2 y
yox_1 1
xy 6 x
Adding (i) and (ii), we get

2 _(5,1\_6_ _
?‘(6*6)‘6‘1:”‘2'

)
.. (i)

x~6
1_1
y 6

Subtracting (ii) from (i), we get

2 _(5_1\_4_2 _
?‘(6 5)=6=3=v=3
Hence, x =2 and y = 3.

Solve for x and y:

7x=2y _ 8x+7y
Xy =5, Xy =1
We have
7x—2y:5:>1
Xy y
8x+7y 8 7

Xy :15:>?+Y:15. ... (i)

5 (x#+0,y+0).

-2-5 .. ()

Multiplying (i) by 7 and (ii) by 2 and adding the results,
we get
(226
y v
65

= =657 65y=65=y=1

Putting y = 1in (ii), we get

8.7 7
1Ty =1B=3=015-8=7=7x=7=x=1

>= (35 +30)

Hence, x=1and y =1.

EXERCISE 3B

Solve for x and y:

1. x+y=3,

4x—-3y =

26.
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3.

11.

13.

15.

17.

18.

20.

22.

24,

26.
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2x+3y =0, 4.

3x+4y=5.

. 3x=-5y-19=0, 6.

—7x+3y+1=0.

x_ Y _

57 9=6 8

x, Y _

7+§—5.

4x—-3y =38, 10.
29

6 —yZT'

2x+5y =73, 12.

x-2y=+¢

0.4x+03y=17, 14.

0.7x-0.2y =0.8.

7(y+3)—2(x+2)=14, 16.

4y—2)+3(x—3)=2.

"3

2x -3y =13,

7x =2y =20.

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

x y

T+ =11,

5x

_1__
6 3= 7.
3y

Zx—T=3,
S5x=2y+7.

2x+3y+1=0,

7—4x _
3

0.3x+0.5y = 0.5,
0.5x+0.7y = 0.74
6x+5y=7x+3y+1=2(x+6y—1)

x+ty—-8 x+2y—-14 3x+y-—12
2 3 B 11
HINT a=b=c=>a=bandb=c.
5 6
Sty =13, 19.x+g=6,
%+4y=7 (x=+0). 3x—%:5 (y=+0). [CBSE 2007]
3_ 3_1
2x—?—9, 21 5 y+9 0,
7 _ 2,3
3x+?—2 y+0). X y_5 (x+0,y+0).
9 4_ 5_3_
X y—& 23. % y_l’
13,7 3
3 ?—101 (x#0,y+0). o @—5 (x+0,y+0).
1.1
% 5—2 25. 4x + 6y = 3xy,
+i=13 cx0,y+0) 8x+9y=5xy (x+0,y+0)
3x y 6 'Y . y y ’y .
_ 5 2 __
x+y=>5xy, 27. xty x-y 1,
3x+2y=13xy (x+#0,y+0). 15 N 7 10

Xty x-y



28.

30.

32.

34.

36.

38.

40.

42.

44.

46.

48.

50.

Linear Equations in Two Variables

3 2
x+y+x—y
9 4
xty x-y
44 30
x+y+x—y
55 40 _
x+y+x—y_
71x+37y =253,
37x+71y = 287.

=1

=10,

13.

23x =29y =98,
29x — 23y = 110.

1,1
Gxty)  GBx-y)

11 _-1
2Bx+y) 23x—-y) 8

2 n 3 _17
(Bx+2y) (3x—2y) 5~

5 1

=3
4/

[CBSE 2007C]

29.

31.

33.

35.

37.

39.
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5 2 _1
x+1 -1 2

10 2 5
Y+1 +j—7, x#+-landy+1.
10 2 _
x+y+x—y_4’

5 9 __
iy x-y 2.
217x+131y =913,
131x +217y = 827.
2x+5y

xy =6,
4x-5y

xy

1 4 5 _-3
2(x+2y) 3(Bx-2y) 2’

5 3 _61

4(x+2y) 5(Bx—2y) 60

32x+y)=7xy,
3x+3y)=11xy (x+0and y+0).

Gr+ay) T Gr-2p) 2

x+ty=a+b, 41. %+%=Z,

ax—by =a*-b*. ax—by =a* - b’ [CBSE 2005]

¥

pxtqy=p-4, 43. 5 -4 =0,

qx—py=p*q. ax+by = (a>+b%).

6(ax +by) = 3a+2b, 45. ax—by =a’+1?,

6(bx —ay) = 3b—2a. x+y=2a. [CBSE 2006C]
b%—%+a+b=0, 47. %’W%:a%b{

bx—ay+2ab=0. [CBSE 2006] x+y = 2ab. [CBSE 2010]
x+ty=a+b, 49. a’x+b’y =7,

ax—by=a’-b’. b*x+a’y =d*.

x, Y _ x Y _

atpTath ptp=2

ANSWERS (EXERCISE 3B)

Lx=5y=-2 2.x=9,y=6 3. x=15,y=-10 4. x=2,y=-3
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5. x=-2,y=-5 6.x=-1y=1 7. x=14,y=9 8.x=6,y=36
3 -2 1 1
9.x=§,y=T 10. x=3,y=4 11.x=§,y=§ 12. x=4,y=-3
13.x=2,y=3 14. x=0.5y=0715. x=5y=1 16. x=3,y=2
17. x=2,y=6 18.x=%,y=—2 19. x=3,y=2 20. x=3,y=-1
-1 1 1 1 1 1 1 1
21.x=7,y=§ 22.x=z,y=7 23.x=7,y:§ 24.x=7,y:§
1 1 5 1
25.x=3,y=4 26.x=§,y=§ 27. x=3,y=2 28. x Y=7
20.x=4,y=5 30.x=8,y=3 3Lx=% y=g 32 x=2,y=3
33.x=3,y=2 34. x=3,y=-1 35.x=1,y=2 36. x=1,y=1
37. x %,y:% 38.x=1,y=1 39.x=1,y:% 40. x=a,y=b
41. x=a,y=b 42. x=1,y=-1 43.x=a,y=b 44.x—%,y=%
45. x=a+b,y=a-b 46. x=—a,y=b 47.x=ab,y=ab
o (@A) (@Pd bR T
48. x=a,y=b 49 @b Y @b 50. x=a",y=b

HINTS TO SOME SELECTED QUESTIONS

9. The second equation is 18x — 3y = 29.

11. Given equations are 6x + 15y = 8, 18x — 12y = 5.

7—4x

12. ===y =7-4x=3y=4x+3y=7

13. Multiply each of the given equations throughout by 10.

14. Multiply each of the given equations throughout by 10.

15. The given equations are

2x =7y =3,3x+4y=19.
16. 6x+5y=7x+3y+1 = x—-2y=-1.
7x+3y+1=2x+12y—2 = 5x—9y =-3.
xty—-8 x+2y-14

17. 5 3

=>3x+y—8) =2(x+2y—14)
=x-y=—4

x+2y—-14 3x+y-—12
3 - 11

(@)

= 11(x+2y—14)=30CBx+y—12)
= 2x+19y = 118. ... (i)
Now, solve (i) and (ii).

18. Multiply (i) by 3 and (ii) by 5 and subtract.

19. Multiply (i) by 4 and (ii) by 3 and add.



23.

24.

25.

27.

29.
32.

35.

36.

37.

39.

40.
41.

42.
43.

44.

45.
46.

47.

Linear Equations in Two Variables

1_ 1_
Put;—uand Yo

5u—30=1and32—u+2Tv=5 or 9u+4v=30.

v to get

Now, solve 51 —3v =1 and 9u + 4v = 30.

Putting%: u and%= v, we get
THE=23u+20=12
u,v_13

§+ 2 :? = 2u+3v=13.
Add (i) and (ii). Subtract (ii) from ().

Divide each equation throughout by xy to get %-*- % =3, %+ % =5.

1 _ 1 _
Put X+y =uand -y =0.

1 _ 1 _
Put P =uand -1 =0.
Add (i) and (ii) to get 108(x+y) =540 = x+y =5.
Subtract (ii) from (i) to get 34(x—y)=-34 = x—y=-1.
2,5_,4_5__
?+Y_6’ Y x T 3. Now, add.

1 _ 1 _
Put Grty) u and Gr-y) .
1 _ 1 -

Put a2 - uand Gx-2y) 0.
6x+3y=7xy = G437
3x+9y=1lxy = %+% =11,
Multiply (i) by b and add (ii) to the result.
bx +ay =2ab ..() and ax—by=a*-b>
Multiply (i) by b and (ii) by 4 and add.
Multiply (i) by p and (ii) by g4 and add.
bx—ay=0 .. () and ax+by=(@@>+b?).
Multiply (i) by b and (ii) by a and add.
6ax +6by =3a+2b ... (1) and 6bx—6ay =3b-2a.
Multiply (i) by a and (ii) by b and add.
Multiply (ii) by b and add the result with (i).
b*x—ay+a’b+ab?=0 ... (i) and bx—aby+2ab%=0.
Now, subtract (ii) from (i).
bx+a?y =a’b+ab® ... (1) and x+y=2ab.

Multiply (ii) by b? and subtract the result from (i).

107

()
.. (i)

G
. (i)

.. (i)

.. (ii)

.. (i)

.. (i)

. (i)
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48. Multiply (i) by b and add the result with (ii).
49. Multiply (i) by b2 and (ii) by a* and subtract the results.
50. bx+ay=a2b+ab2 ...(i) and h2x+a2y=2a2b2. ... (i)

METHOD OF CROSS MULTIPLICATION

THEOREM The system of two linear equations

ax+byt+c;=0,a,x+by+c,=0,
4, b . o
where a, + b, has a unique solution, given by

Y= (bycy —bycy) _ (c1ay—cymy)
(@b, —a,by)’ Y (a,b,~ a,by)
PROOF  The given equations are
ax+by+c=0 (@)

a,x+by+c,=0. ... (ii)

Multiplying (i) by b,, (ii) by b, and subtracting, we get
(@b, — a,b) x = (byc, ~ bycy)

_e=byey) o4 by —
= x= @b,—ab) [ 4 * b, = (yb,—a,b,) *+ 0].

Multiplying (ii) by a,, (i) by a, and subtracting, we get
(@b, —ay b))y = (¢4, = )

_(qa,—cm) .
= ¥= (a,b, —a, b)) "

Hence, a unique solution exists, which is given by
_ (byc; —bycy) _a,—ca)
(@b, —aby)’ y (@b, —a,b,)
This is customarily written as
x Yy 1

(byc; = bycy) - (c,a,—cya)  (ayb,—a,b)) '

(a,b,—a,b;) # 0].

REMARK The following diagram helps in remembering the above

solution.
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EXAMPLE 2

SOLUTION
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Rule Numbers with downward arrows are multiplied first;
and from this product, the product of numbers with
upward arrows is subtracted.

SOLVED EXAMPLES

Solve the system of equations 2x+3y=17,3x—2y=6 by the
method of cross multiplication.

The given equations may be written as
2x+3y—17=0 ... (@)
3x—2y—6=0. ... (ii)

By cross multiplication, we have

_ y
(3 x (—6)—(x—2) X (-17)} ~ {(-17) X 3= (=6) X 2}

B 1
T {2 X (-2)-3 X 3}
- x _ Y __ 1
(-18-34) ~ (-51+12)  (-4-9)
x _ ¥y 1
= 52" -39 13

_ =52 _ _=39 _
= X=3 =4,y= 13 3.

Hence, x = 4 and y = 3 is the required solution.

Solve 4x—-7y+28=0,5y—-7x+9=0.
The given equations are
4x—7y+28=0 .. (@)
—7x+5y+9=0. ... (ii)
By cross multiplication, we have

X y 1

{(—7)><9x—5><28} {28 X(-7)—9X4} {4X5-(-7)X(-7)}
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EXAMPLE 3

SOLUTION

EXAMPLE 4

SOLUTION
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N x ¥y 1
(—63-140) ~ (-196-36) _ (20 -49)
x _ Yy _ 1

= 203 232 29
_ (203 232

= x=(T5g)=7 and y=(5g)=8.

Hence, x =7 and y = 8 is the required solution.

Solve

Taking % =uand

2u+3v—-13=

1_

Y
0

S5u—4v+2=0.

=—-2, where x #+ 0 and y # 0.

v, the given equations become

By cross multiplication, we have

_ 1
[3x2- (Z)X(lw] [(13)X5-2X2] ~ [2X(—4)—5X 3]
_ _ 1
= 4T s

-23
1_,1_
= ;—Z,y—?)
-1 _1
= Y=Y =3

Hence, x = % and y = % is the required solution.

Solve ax+by=c,bx+ay=1+c.

The given equations may be written as

ax+by—c=0

bx+ay—(1+c¢)=

. ()
.. (i)

By cross multiplication, we have
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x _ Y __ 1
“b(l+c)+ac —cb+a(l+c) (a*-b?
_cla—-b)-b _ca-b)ta
x_i(az—bz) andy—i( )
_cla—-b)—-b ca—b)+ta
Hence, x = 7([12 ~bh and y = @ bz)
EXERCISE 3C
Solve each of the following systems of equations by using the method of cross
multiplication:
1. x+2y+1=0, 2.3x-2y+3=0,
2x-3y—12=0. 4x+3y—47=0.
3. 6x-5y—-16=0, 4. 3x+2y+25=0,
7x =13y +10 = 0. 2x+y+10=0.
5. 2x+5y =1, 6. 2x+y =35,
2x +3y = 3. 3x+4y =65
7. 7x—2y =3, 8. L+il=4,
22x — 3y =16 x y 19
371274
1.,.1_
9. Y'f'? =7,
2.3
Y"‘y: 17(xi0,y#:0).
5 2
10. - +1=0,
(x+y) -y
15 7

11. T—T—a+b, 12. 2ax +3by = (a+2b),
ax —by =2ab. [CBSE 2007C] 3ax +2by = (2a+D).
2
13. %—§=O, a)lz ayb (a*+b*), where x # 0 and y # 0.
ANSWERS (EXERCISE 3C)

1. x=3,y=-2 2.x=5y=9 3.x=6,y=4

5. x=3,y=-1 6. x=15,y=5 7.x=1y=2
1 1

9.x=z,y=§ 10. x=3,y=2 1. x=by=-a
(4a-b) (4b—a)

2. x=""5,",y="gp 13. x=a,y=b

4. x=5y=-
8. x=18,y=15
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HINTS TO SOME SELECTED QUESTIONS

8. The given equations are 5x +2y — 120 =0 and 4x—y —57 = 0.

9. Putting % =uand % =0, we get

u+v—-7=0and 2u+3v—-17=0.

Now, solve for © and v.

10. Putting ——~ & + ) =uand ——= =0v, we get

(x 12
5u—2v+1=0and 15u+7v-10=0.
Now, solve for u and v.
11. The given equations are a>x — b®y — (a®b+ab?) = 0 and ax — by — 2ab = 0.
12. 2ax+3by — (a+2b) = 0 and 3ax +2by — (2a+b) = 0.

13. Put%= uand % = . Then, au—bv =0, ab®u +abv — (a*+b%) = 0.

CONDITIONS FOR SOLVABILITY OF LINEAR EQUATIONS

CONSISTENT AND INCONSISTENT SYSTEMS OF LINEAR EQUATIONS

A system of equations a;x+by+c, =0,a,x+b,y+c,=0 is said to be
consistent if it has at least one solution. On the other hand, the above system
is said to be inconsistent if it has no solution at all.

CONDITIONS FOR SOLVABILITY OF LINEAR EQUATIONS

The system of a pair of linear equations
ax+by+c=0,a,x+by+c,=0
(i) has a unique solution,
b,

. a1
1 qt
f b,

. (b b _ (G~ Cm
and the solution is x = (ﬂlbz*ﬂzbl Y= (ﬂlbz*ﬂzbl ),

(ii) has an infinite number of solutions,

bl Cl
lf gz bz
(iii) has no solution (1.e., inconsistent),
e b a
if a b - G
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SOLUTION
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SOLVED EXAMPLES

Show that the system of equations
2x+5y=17,5x+3y =14

has a unique solution. Find the solution.

The given system of equations is
2x+5y—17=0,5x+3y—-14 =0.

These equations are of the form
ax+by+ce=0,ax+by+c,=0,

wherea, =2,b,=5,¢,=-17and a,=5,b,=3, c, = -14.

o _2b_54a_-7_17
5'b, 3’¢c, -14 14
a b
Th Jiil.
us,a2 b,

Hence, the given system of equations has a unique solution.

By cross multiplication, we have

x _ y __1
(-70+51)  (-85+28) (6-25)
x _ Y 1

= 19757 19
-19 -57
= xX=9 1andy—7 3.

Hence, x = 1and y = 3 is the required solution.

Find the values of k for which the system of equations
x—2y=3,3x+ky=1

has a unique solution.

The given system of equations is
x—2y—3=0,3x+ky—1=0.

These equations are of the form
ax+by+c=0anda,x+b,y+c,=0,

wherea, =1,b,=-2,c,=-3and a,=3,b,=k, c, =-1.

o, b
bZ

For a unique solution, we must have u—l
2
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1,2 -
37 i k+-6.

Hence, the given system of equations will have a unique
solution for all real values of k, other than —6.

EXAMPLE 3 Show that the system of equations
dx+6y=7,12x+18y =21
has infinitely many solutions.
soLuTIoN  The given system of equations is
4x+6y—7=0,12x+18y—21 =0.
These equations are of the form
ax+by+ce=0anda,x+b,y+c,=0,
wherea, =4,b,=6,¢,=-7and a,=12,b, =18, c, = —21.

4 _4_1b_6_1 G _(=7\_1,
5, " 12°3'5, 18 3 and ¢ =(31)=3
a_b _¢o

Thus, a0, = b, i

Hence, the given system of equations has infinitely many
solutions.

EXAMPLE 4  Find the value of k for which the following pair of linear equations
has infinitely many solutions:

2x-3y=7,(k+1)x+(1—2k)y = (5k—4). [CBSE 2008C]
soLuTioN  The given equations are
2x-3y—-7=0,
(k+1)x+(1—-2k)y+((4-5k) =0.
These equations are of the form
ax+by+ce=0anda,x+b,y+c,=0,
wherea, =2,b,=-3,¢, =7
and a,=(k+1),b,=(1-2k),c,=(4—5k).

Let the given system of equations have infinitely many

solutions.
a_b ¢
Then, %0, G
2 -3 -7

= &+1)  (1-2k  (@4-5k
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SOLUTION

EXAMPLE 6
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2 _ 3 _ 7
= *k+1) " (@k-1) (Gk—4)

2 _ 3 3 _ 7
= kD) - @k-1 ™ k-1 T Gr-49)

= 4k—-2=3k+3and 15k—12=14k-7
= k=5andk=5.
Hence, k= 5.

Find the wvalue of k for which the given system of equations has
infinitely many solutions:
kx+3y=k—3,12x+ky =k.
The given system of equations is
kx+3y+(3—-k) =0,
12x+ky—k=0.
These equations are of the form
ax+by+c=0anda,x+b,y+c,=0,
wherea, =k,b,=3,c,=3—-k)and a,=12,b,=k, c, = —k.

Let the given system of equations have infinitely many

solutions.
b, ¢
1 _ 1 _*1
Then,a—2 b, "¢
ngz(B—k)
12 &k —k
k _3_k-3
12 "k~ k
k_3_ 43 k=3

(k=6ork=-6)and k(k—6) =0
(k=6o0ork=-6)and (k=0or k= 6)
k=6.

Hence, the given system of equations has infinitely many

=
=
=
= k*=36and kK*-6k=0
=
=
=

solutions when k = 6.
Find the value of k for which the given system of equations has
infinitely many solutions:

x+(k+ 1)y =5,

(k+1)x+9y+(1-8k=0. [CBSE 2003]
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SOLUTION

EXAMPLE 7

SOLUTION
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The given system of equations is
x+(k+1)y—-5=0 .. (D)
(k+1)x+9y+(1—-8k)=0. ... (ii)
These equations are of the form
ax+by+tce=0anda,x+b,y+c,=0,
wherea, =1,b,=(k+1),c,=-5
and a,=(k+1),0,=9,c,=(1-8k).
4 _ 1 b _(k+tl) o -5 5
R N R (T (=)
Let the given system of equations have infinitely many
solutions.

a b ¢
Then’ﬂ_z_b_z_C_z

1 _(k+tl) 5
= &+~ 9 " ®k-1

1 (k+1) (k+1) 5
= G+ 9 amdTg T REo
= (k+1)>=9and (k+1)(8k—1) =45
= (k+1=3ork+1=-3)and 8k*+7k—-46=0
= (k=2ork=-4)and (k—2)(8k+23)=0
= (k=2ork=-4)and (k=20rk="5>)
= k=2

Hence, the given system of equations will have infinitely
many solutions when k = 2.

Find the values of a and b for which the following pair of linear
equations have an infinite number of solutions:

2x+3y=7,(a-b)x+@+b)y=3a+b-2. [CBSE 2008C]
The given equations are

2x+3y—-7=0, ... ()

(@a-b)x+(@+b)y+(2-3a—-b)=0. ... (i)

These equations are of the form
ax+by+c=0anda,x+b,y+c,=0,

wherea, =2,b,=3,¢,=-7

and a,=(@—-b),b,=(+b),c,=(2-3a-D).



Linear Equations in Two Variables 117

42 b3 qa_ 7 7
a, (a—-b)’ b, (a+D) &, (2-3a-b) (Ba+tb-2)

Let the given system of equations have infinitely many

solutions.
a _b ¢
Then, ET 72 = c,
2 _ 3 _ 7
= @-b (@+tb @Ga+tb-2)

2 _ 3 3 _ 7

@-0) @+ @y " Garb-2)
2a+2b=3a—-3band 9a+3b—-6=7a+7b
a—-5b=0and 2a—-4b=6

a—-5b=0and a—2b=3.
Onsolvinga—-5b=0anda—-2b=3,wegeta=5and b =1.

uud U

Hence, the required values area =5and b = 1.

EXAMPLE 8  Find the values of m and n for which the following system of linear
equations has infinitely many solutions:

3x+4y =12,
(m+n)x+2(m—-n)y=(5m-1).
soLUTION  The given system of equations is

3x+4y—-12=0,
(m+n)x+2(m—n)y+(1-5m)=0.

These equations are of the form
ax+by+c=0anda,x+b,y+c,=0,

wherea, =3,b,=4,¢,=-12

and a,=(m+n),b,=2(m—n),c,=(1—-5m).
a 3 b 2 12

a b _ a_
o, mrn) b, (m-n) e, T Gm-1)

Let the given system of equations have infinitely many

solutions.
a_b_o
Then, 5%"D0," 0
3. 2 12
= (m+n) (m-n) (Gm-1)

3 _ 2 2 12
= Tmrm - m-n ™M sy T G- 1)

= 3m-3n=2m+2nand10m—-2=12m—12n
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EXAMPLE 10

SOLUTION
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= m-5n=0 ...(i) and m—-6n+1=0.
On solving (i) and (ii), we getm=5and n = 1.

Hence, the required values are m =5and n = 1.

Show that the system of equations
3x—=5y=7,6x—-10y=3

has no solution.

The given system of equations is
3x—5y—7=0and 6x—-10y—3=0.

These equations are of the form

ax+by+c=0anda,x+b,y+c,=0,

wherea, =3,b,=-5,c,=-7and a, =6, b, =-10, ¢, = 3.

ﬁ_B ;ﬂﬁ 5 _1_ 489_7_7

6

b2 10 23,373
b
Clearly, = i

G

Hence, the given system of equations has no solution.

Find the value of k for which the system of equations
x+2y=53x+ky—-15=0

has no solution.

The given system of equations is
x+2y—-5=0
3x+ky—15=0.

These equations are of the form

ax+by+ce=0anda,x+b,y+c,=0,

wherea, =1,b,=2,¢,=-5and a,=3,b, =k, ¢, =—15.

a1 h—zamﬁi=‘5=l-
3

2,35, kmdg, =55

Let the given system of equations have no solution.

o _b o
Then,a—z—lJ2 G
1_2_,1
= 37%k73
1_2 42,1
= g—kandki?’
= k=6and k #+ 6, which is impossible.

. )
.. (ii)
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Hence, there is no value of k for which the given system of
equations has no solution.

Find the values of k for which the pair of linear equations
kx+3y=k—2and 12x+ky =k

has no solution. [CBSE 2009]

The given equations are
kx+3y+(2-k)=0and 12x +ky—k=0.

These equations are of the form
ax+by+ce=0anda,x+b,y+c,=0,

wherea, =k, b;=3,c,=(2-k)and a,=12,b,=k, ¢, =k

o _ kb _3 g4 @k _ (k-2
5 12, ke T Tk
Let the given system of equations have no solution.
m_b o, a
Then,sz—b2 5
k 3, (k=2
= 12Tk T R
-2
= %=%and%i—(kk)
= k*=36and k* -2k + 3k
= k*=36and k*~5k # 0
= (k=6ork=-6)and k(k—5) # 0.

Case1. Whenk=6.

In this case, k(k—5)=6(6—-5)=6 X 1=6 + 0.

Case2. Whenk=-6.

In this case, k(k —5) = (=6)(—6 —5) = (— 6) X (-11) = 66 # 0.

Thus, in each case, the given system has no solution.

Hence, k=6 or k=-6.

Find the value of k for which the pair of linear equations
Bk+1)x+3y—2=0,(K*+1)x+(k-2)y—-5=0

has no solution.

The given linear equations are of the form
ax+by+c=0anda,x+b,y+c,=0,

where a, = (3k+1),b,=3,¢,=-2

and a,=(K*+1),b,=(k-2),c,=-5.
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4 _(GBk+1l) b 3 G_-2_2,
6 =) b, (k-2 M, =575

Let the given system of equations have no solution.

M _b oo
Then, a, =D, )
(Bk+1) __3 " 2
k*+1) (*k-2) " 5
Gk+1l) _ 3 . 3 2 3
@) G-y O andgyEse @)
3k+1
Now, (Gt 1y = oy = (6 D=2 =36 +1)
= 3k2—6k+k—2=3k>+3
= 5k=-5 = k=-1.
When k = -1, then Clearly,ﬁ + %

Hence, the given system of equations has no solution when
k=-1.

Find the value of k for which the following pair of linear equations
has no solution:

3x+y=1,2k-Dx+(k-1)y=2k+1.
The given linear equations are
3x+y—-1=0 ... (@)
2k-1)x+(k-1)y—(2k+1)=0. ... (ii)
These equations are of the form
ax+by+ce=0anda,x+b,y+c,=0,
wherea, =3,b,=1,¢,=-1
and a,=(2k—-1),b,=(k—1),c,=—(2k+1).
4 3 b, 1 G -1 _ 1

@ (@k-1)h, kD)6 @k @k
Let the given system of equations have no solution.

a b S
Then,afz—bfz sz

3 _ 1 1
= @%k-1) " (k-1) 7 @k+1)

3 1 1 1
= @k-1) - -0 ™ E-1) T @2k

— o 1 1
= 3k—-3=2k—1and ) + @k+1)




EXAMPLE 14

SOLUTION

Linear Equations in Two Variables 121

_ 1 1 .
= k=2and *=1) ¢(2k+1)

- 1 1
Clearly, when k = 2, then k-1 + (2k+1)

1 1 ]
A VESVIRCESY

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

+

Find the values of k for which the system of equations
kx—y=2,6x-2y=3
has (i) a unique solution, (ii) no solution.

(iii) Is there a value of k for which the given system has infinitely
many solutions?

The given system of equations is
kx—y-2=0,6x—2y—-3=0.

This is of the form
ax+by+c=0anda,x+b,y+c,=0,

wherea, =k,b,=-1,¢c,=-2and a,=6,b,=-2,c,=—3.

b
(i) For a unique solution, we must have % +* Fl
2 bl
kK, -1 k1

Hence, the given system of equations will have a unique
solution when k # 3.

b
(ii) For no solution, we must have % = bl + %1
2 2 2
k_-1.,-2
6 -2 -3

k_1_2
= 6273
= E-landb+ 2= k=3andk+4.
Clearly, k = 3 also satisfies the condition k + 4.

Hence, the given system of equations will have no
solution when k = 3.

(iii) For infinitely many solutions, we must have
m_bo_o

a4 b, ¢
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ie., % = % = %, which is never possible, as % +* %

Hence, there is no real value of k for which the given
system of equations has infinitely many solutions.

HOMOGENEOUS SYSTEM OF EQUATIONS
The system of equations a,x + b,y = 0 and a,x + b,y = 0 has

. ) a b
(i) the zero solution, x = 0 and y = 0 when u—; + b_;

b
(ii) an infinite number of nonzero solutions when - bf
2
Note The homogeneous system of equations is always consistent.

EXAMPLE 15  Find the value of k for which the system of equations
3x+5y=0,kx+10y =0
has a nonzero solution.
soLuTIoN  The given equations are of the form
ax+by=0anda,x+b,y =0,
wherea1=3 by=5anda, =k, b,=10

bh_5 _1.
~jand g =ip=7
Let the given system of equations have a nonzero solution.
b 1

H_ 5 3 1
Then,uz—bzi =2

Hence, the required value of k is 6.

Then

= k=6.

EXERCISE 3D

Show that each of the following systems of equations has a unique solution
and solve it:

1. 3x+5y =12, 5x +3y = 4. 2. 2x=3y=17,4x+y=13.
x, Y
3. §+§=3,x—2y=2.

Find the value of k for which each of the following systems of equations has a
unique solution:

4. 2x+3y—-5=0,kx—6y—8=0. 5 x—ky=2,3x+2y+5=0.
6. 5x=7y—-5=0,2x+ky—-1=0. 7. 4x+ky+8=0,x+y+1=0.



11.

12.

13.

14.

Linear Equations in Two Variables

. 4x—-5y =k, 2x—3y=12. 9. kx+3y=(k—3),12x+ky =
10.

Show that the system of equations
2x-3y=5,6x-9y=15

has an infinite number of solutions.

Show that the system of equations
6x+5y =11, 9x+ 5y =21

has no solution.

For what value of k does the system of equations
kx+2y=5,3x—4y =10

have (i) a unique solution, (ii) no solution?

For what value of k does the system of equations
x+2y=53x+ky+15=0

have (i) a unique solution, (ii) no solution?

For what value of k does the system of equations
x+2y=3,5x+ky+7=0

have (i) a unique solution, (ii) no solution?
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k.

Also, show that there is no value of k for which the given system of

equations has infinitely many solutions.

Find the value of k for which each of the following systems of linear equations

has an infinite number of solutions:

15.

16.

17.

18.

19.

20.

2x+3y =7,
(k—1D)x+(k+2)y =3k
2x+(k=2)y =k,

6x+(2k—1)y = (2k+5).
kx+3y=(2k+1),
2(k+1)x+9y = (7k+1).

5x+2y =2k,
2(k+1)x+ky = (3k+4).
(k—-1)x-y=5,

(k+1)x+(1-k)y=Bk+1).
(k—=3)x+3y =k,
kx +ky =12.

[CBSE 2010]

[CBSE 2000C]

[CBSE 2000C]

[CBSE 2003C]

[CBSE 2003]

Find the values of a and b for which each of the following systems of linear

equations has an infinite number of solutions:

21.

(@a-1x+3y=2,
6x+(1-2b)y=6.

[CBSE 2002C]
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22. (2a-1)x+3y =35,

3x+(b-1y=2. [CBSE 2001C]
23. 2x -3y =7,

(a+b)x—(a+b-3)y=4a+b. [CBSE 2002]
24. 2x+3y=7,

(a+b+D)x+(@+2b+2)y=4(a+b)+1. [CBSE 2003]
25. 2x+3y=7,

(a+b)x+(2a-b)y=21 [CBSE 2001]
26. 2x+3y=7,

2ax+(a+b)y =28. [CBSE 2001]

Find the value of k for which each of the following systems of equations has
no solution:

27. 8x+5y =9, kx +10y = 15.
28. kx+3y=3,12x+ky = 6.
29.3x—y—-5=0,6x—2y+k=0 (k+0). [CBSE 2008]
30. kx+3y=k—3,12x +ky =k. [CBSE 2009]
31. Find the value of k for which the system of equations
5x—-3y=0,2x+ky=0
has a nonzero solution.

ANSWERS (EXERCISE 3D)

L.x=-1y=3 2.x=4y=-3 3.x=6,y=2 4. k +-4

5. k+ 2 6. k+ 2 7.k 4

8. kis any real number 9. k is any real number other than 6 and -6
2. () k+ 3 (k=" 13 ()k+6 (k=6 14 ()k+10 (ii)k=10
15. k=7 16. k=5 17. k=2 18. k=4 19.k=3 20. k=6

21.a=3,b=—4 zz.a=%,b=% 23.a=-5,b=-1 24.a=3b=2

25.a=5,b=1 26.a=4,b=8 27. k=16 28. k=-6
2.k +-10  30. k=6 3L k=_5—6

HINTS TO SOME SELECTED QUESTIONS

9.%¢%ék2¢36ﬁki6andk=ﬁ—6.

So, for a unique solution, we may take any real value of k, other than 6 and —6.
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12.(1)39&1:»59&—1:»“& 2.
(11)3 - i%é% andg#:%ék:?'

13.(i)§¢—:»k¢6.

14. ()L =+

2
K
(11)3 2+ =>3-2+73>k=6
iﬁk#il(]

2

(11)5 #:7:>k 10.

Clearly, 5= k 73 is never true, as é 73 is false.

k-3 _3_ -k _ k=3 _ 3_k
0. kT4 7k and ¥ =15

k2—6k=0andk2:36@k(k—6)=0andk2=36
= (k=0ork=6)and (k=6ork=-6)

_ _=2_1
2L T T3
3

= 3a=9and2b=-8 >a=3and b=-4.

k _3,-3_ k 1
28.1— k:/:—6é— kandkiz
= k?=36andk + 6 = k=—6.
k_3_,k-3
30. 5= * = = K =36and k(k—6)#0 = k=—6.

WORD PROBLEMS

SOLVED EXAMPLES

PROBLEMS ON MONEY MATTERS

EXAMPLE 1 8 chairs and 5 tables for a classroom cost X 10500, while 5 chairs and
3 tables cost X 6450. Find the cost of each chair and that of each table.

SOLUTION  Let the cost of each chair be ¥ x and that of each table be X y.
Then, 8x + 5y = 10500 .. (@)
and 5x + 3y = 6450. ... (ii)

On multiplying (ii) by 5 and (i) by 3 and subtracting the
results, we get
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EXAMPLE 2

SOLUTION

EXAMPLE 3

SOLUTION
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25x —24x = 32250 - 31500 = x = 750.
Putting x = 750 in (i), we get
8 X 750+ 5y = 10500 = 6000 + 5y = 10500
= 5y = (10500 — 6000) = 4500
= y=900.
cost of each chair =¥ 750 and cost of each table =¥ 900.

The coach of a cricket team buys 7 bats and 6 balls for ¥ 13200. Later,
he buys 3 bats and 5 balls for I 5900. Find the cost of each bat and
each ball.

Let the cost of each bat be X x and the cost of each ball be X y.
Then, 7x + 6y = 13200. .. ()
And, 3x + 5y = 5900. ... (i)
On multiplying (i) by 5, (ii) by 6 and subtracting the results,
we get

35x —18x = 66000 — 35400 = 17x = 30600

_ 30600 _
X="97 = 1800.

Putting x = 1800 in (ii), we get

5400 + 5y = 5900 = 5y = 5900 — 5400

5y =500

y =100.

cost of each bat =% 1800 and cost of each ball =¥ 100.

U

37 pens and 53 pencils together cost I 955, while 53 pens and
37 pencils together cost X 1115. Find the cost of a pen and that of
a pencil.

Let the cost of each pen be X x and that of a pencil be I y.
Then, 37x + 53y = 955. ... (@)
And, 53x + 37y = 1115. ... (ii)
Adding (i) and (ii), we get

90x + 90y = 2070 = 90(x +y) = 2070

_ 2070
= xty="g

= x+y=23. ... (iii)



EXAMPLE 4

SOLUTION

EXAMPLE 5

SOLUTION
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On subtracting (i) from (ii), we get

l6x —16y =160 = 16(x —y) = 160
= (x—-y) =10. ... (iv)
Adding (iii) and (iv), we get 2x =33 = x = % =16.50.

Subtracting (iv) from (iii), we get 2y =13 = y = 173 =6.50.

cost of each pen = 16.50 and cost of each pencil =3 6.50.

Taxi charges in a city consist of fixed charges and the remaining
depending upon the distance travelled in kilometres. If a person
travels 60 km, he pays X 960, and for travelling 80 km, he pays
% 1260. Find the fixed charges and the rate per kilometre.

Let the fixed charges be X x and the other charges beX y per km.

Then, x + 60y = 960. (D)
And, x + 80y = 1260. ... (ii)
On subtracting (i) from (ii), we get

_ 300

20y =300 = y =55 = y=15.
Putting y = 15in (i), we get
x+(60 X 15) =960 = x=960—-900 = x = 60.
fixed charges =X 60 and the rate per km =< 15 per km.

A part of monthly hostel charges in a school is fixed and the remaining
depends on the number of days one has taken food in the mess. When
a student A takes food for 22 days, he has to pay ¥ 4250 as hostel
charges, whereas a student B, who takes food for 28 days, pays
X 5150 as hostel charges. Find the fixed charges and the cost of food
per day.
Let the fixed charges be X x per month and the cost of meals
per day beX y. Then, we have

x+22y = 4250 .. (@)
and x +28y = 5150. ... (ii)
On subtracting (i) from (ii), we get

6y =900 = y = 150.
Putting y = 150 in (i), we get

x+(22 X 150) = 4250
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EXAMPLE 6

SOLUTION

EXAMPLE 7

SOLUTION
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= x+3300 = 4250
= x=4250-3300 = 950.
x =950 and y = 150.

Hence, the fixed charges are ¥ 950 per month and the cost of
food is X 150 per day.

The monthly incomes of A and B are in the ratio 8 : 7 and their
expenditures are in the ratio 19 : 16. If each saves ¥ 5000 per month,
find the monthly income of each.
Let the monthly incomes of A and B be ¥ 8x and ¥ 7x
respectively, and let their expenditures be ¥ 19y and X 16y
respectively.
Then, A’s monthly savings = (8x — 19y).
And, B’s monthly savings = (7x — 16y).
But, the monthly saving of each is I 5000.

8x —19y = 5000 .. ()
and 7x — 16y = 5000. ... (ii)
Multiplying (ii) by 19, (i) by 16 and subtracting the results,
we get
(19 X 7-16 X 8)x = (19 X 5000 —16 * 5000)
(133 =128)x = 5000 X (19 - 16)
5x =15000 = x = 3000.
A’s monthly income = (8x) = (8 X 3000) =< 24000.
And, B’s monthly income =% (7x) =3 (7 X 3000) =< 21000.

Uy

On selling a TV at 5% gain and a fridge at 10% gain, a shopkeeper
gains X 3250. But, if he sells the TV at 10% gain and the fridge at
5% loss, he gains X 1500. Find the actual cost price of TV and that of
the fridge.

Let the cost price of the TV set be X x and that of the fridge
beXy.

Then, total CP of TV and fridge = (x +y).

o 5 (105x 110y> (21_x 1_y>
SP in first case-?(loo +900 54 50 T 10

1
gain in this case =% {(% + J) (x+ y)} 20 1()
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SOLUTION
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50,%+%:32502>x+2y=65000. e ()

95 19
SP in second case =% (1110066 + ﬁ) =3 <11x J)

10 T 20

gain in this case =% {(111_0x + %)— (x +y)} =3 (% —%)
So, 75— 55 = 1500 = 2x — = 30000. .. (i)
Multiplying (ii) by 2 and adding the result with (i), we get

5x = 60000 + 65000 = 5x = 125000 = x = 25000.
Putting x = 25000 in (i), we get

25000 + 2y = 65000 = 2y = 65000 — 25000 = 40000
=y =20000.

x = 25000 and y = 20000.

Hence, the CP of the TV set is ¥ 25000 and that of the fridge is
¥20000.

A man invested an amount at 12% per annum simple interest and
another amount at 10% per annum simple interest. He received an
annual interest of X 2600. But, if he had interchanged the amounts
invested, he would have received % 140 less. What amounts did he
invest at the different rates?

Let the amount invested at 12% be T x and that invested at 10%
beXy. Then,

total annual interest

_%<x x12x1, ¥ x10 X 1)2 <6x+5y>.
- 100 100 50

6x+5 .
S0 =2600 = 6x+ 5y = 130000. Q)

Again, the amount invested at 12% is ¥ y and that invested at

10% is X x.

Total annual interest at the new rates

S (yx12 X1 x><10><1>_ <6y+5x>,
j( 0 " 100 )73\ 0

But, interest received at the new rates =3 (2600 — 140) = ¥ 2460.

6y +5x
50

= 2460 = 5x + 6y = 123000. .. (i)
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EXAMPLE 9

SOLUTION
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Adding (i) and (ii), we get
11x+11y = 253000 = 11 (x +y) = 253000

= x+y=23000. ... (iii)
Subtracting (ii) from (i), we get
x—y =7000. ... (iv)

Adding (iii) and (iv), we get 2x = 30000 = x = 15000.
Putting x = 15000 in (i), we get
15000 +y = 23000 = y = 23000 — 15000 = 8000.
x = 15000 and y = 8000.
Hence, the amount at 12% is ¥ 15000 and that at 10% is ¥ 8000.

Each one of A and B has some money. If A gives X 30 to B then B
will have twice the money left with A. But, if B gives X 10 to A then
A will have thrice as much as is left with B. How much money does
each have?

Suppose A and B have X x and X y respectively.
Casel When A gives X 30 to B.
Then, money with A =% (x —30)
and money with B =X (y+30).
(y+30) =2(x—30) = 2x—y =90. .. (@)
Casell. When B givesX 10 to A.
Then, money with A =% (x +10)
and money with B =3 (y—10).
(x+10) =3(y —10) = x —3y =—40. ... (i)

On multiplying (ii) by 2 and subtracting the result from (i),
we get

sy=170 = y=120-34

Putting y = 34 in (i), we get

2x-34=90 = 2x=(90+34) =124 = x =2 =2,

x=62and y = 34.
Hence, A has ¥ 62 and B has 3 34.
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PROBLEMS ON NUMBERS

EXAMPLE 10

SOLUTION

EXAMPLE 11

SOLUTION

The students of a class are made to stand in rows. If 4 students are
extra in each row, there would be 2 rows less. If 4 students are less in
each row, there would be 4 rows more. Find the number of students
in the class.

Let the number of rows be x and the number of students in
each row be y.
Then, the total number of students = xy.
Casel When there are 4 more students in each row.
Then, number of students in each row = (y + 4).
And, number of rows = (x — 2).
Total number of students = (x —2) (y +4).
x-2)(y+4)=xy = 4x-2y=8
= 2x-y=4. ... (@)
Case ll. When 4 students are removed from each row.
Then, number of students in each row = (y — 4).
And, number of rows = (x +4).
Total number of students = (x +4)(y —4).
(x+4)(y—4)=xy = 4y—4x=16
= 4y-x)=16
= (y—-x) =4 ... (ii)
Adding (i) and (ii), we get x =8.
Putting x = 8 in (ii), we get
y-8=4=y=12.
Thus, x=8and y =12.

This shows that there are 8 rows and there are 12 students in
each row.

Hence, the number of students in the class = xy = 8§ X 12 = 96.

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

Let the larger number be x and the smaller number be y.
Then, x +y = 1000 .. ()
and x* - y* = 256000. ... (ii)
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EXAMPLE 12

SOLUTION

EXAMPLE 13

SOLUTION
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On dividing (ii) by (i), we get

*=y* 256000
Xy 1000 X7

Adding (i) and (iii), we get
2x =1256 = x = 628.
Substituting x = 628 in (i), we get y =372.

2

y = 256. ... (ii)

Hence, the required numbers are 628 and 372.

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

Let the larger number be x and the smaller one be y.
We know that
dividend = (divisor x quotient) + remainder.
Using the above result and the given conditions, we have
3x=4y+3 = 3x—-4y=3 ()
and 7y =5x+1 = 5x -7y =-1 ... (ii)
Multiplying (i) by 5, (ii) by 3 and subtracting, we get y =18.
Putting y = 18 in (i), we get
3x—(4 X 18)=3=>3x-72=3
= 3x=75=x=25.

Hence, the required numbers are 25 and 18.

The sum of two numbers is 8 and the sum of their reciprocals is %

Find the numbers. [CBSE 2009]

Let the required numbers be x and y.

Then, x+y =8. ()
+

1,1_8 X7y _8

And, y 15 xy 15
= x&;y = % [using (i)]
= xy =15.

(x—y)=y/(x+y)*—4xy

=/87—4 X 15 = /64— 60 = y/4 = +2.




EXAMPLE 14

SOLUTION

EXAMPLE 15

SOLUTION
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Thus, we have
x+y=38 ...(i)} or {x+y=8 ... (iii)
x—y=2 ... (i) x—y=-2 ... (iv)
On solving (i) and (ii), we get x =5and y = 3.
On solving (iii) and (iv), we get x =3 and y =5.

Hence, the required numbers are 5 and 3.

The difference of two numbers is 4 and the difference of their

reciprocals is % Find the numbers. [CBSE 2008]

Let the larger number be x and the smaller number be y.

Then, x—y =4. ... (0)
1_1_24 .. 1.1
And’?_f_ﬁ . x>y:>y>§
X“Y _ 4
= Txy 21
4 _ 4 - o
= 21 = xy=21 [using (i)].

=/42+4 x 21 = /16 +84 = /100 = +10.
Thus, we have
x-y=4 ...(i)} or {x—y=4 ... (iii)
x+y=10 ... (ii) x+y=-10 ... (iv)
On solving (i) and (ii), we get x =7 and y =-3.
On solving (iii) and (iv), we get x =—-3 and y =—7.

Hence, the required numbers are (7 and 3) or (-3 and -7).

The sum of the digits of a two-digit number is 12. The number
obtained by interchanging its digits exceeds the given number by 18.
Find the number. [CBSE 2006]
Let the ten’s digit of the required number be x and the unit’s
digit be y. Then,

x+y=12. Y]
Required number = (10x +y).

Number obtained on reversing the digits = (10y + x).
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EXAMPLE 16

SOLUTION

EXAMPLE 17

SOLUTION
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(10y+x)—(10x+y) =18 = 9y —9x =18

2 y-x=2 ... (ii)
On adding (i) and (ii), we get
=14 = y=7.

Putting y =7 in (i), we get
x+7=12=> x=12-7=5.
x=5andy=7.
Hence, the required number is 57.
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]

Let the ten’s and unit’s digits of the required number be x and
y respectively.
Then, the number = (10x +y).
The number obtained on reversing the digits = (10y + x).
10y +x)+(10x+y) =99 = 1l(x+y) =99 = x+y =9.
Also, (x —y) ==£3.
Thus, we have
x+ty=9 ...(i)} or {x+y=9 ... (iii)
x-y=3 ... (ii) x-y=-3 ... (iv)
From (i) and (ii), we get x =6,y =3.
From (iii) and (iv), we get x =3,y =6.
Hence, the required number is 63 or 36.
Seven times a two-digit number is equal to four times the number

obtained by reversing the order of its digits. If the difference between
the digits is 3, find the number.

Let the ten’s and unit’s digits of the required number be x and

y respectively.

Then, the number = (10x +y).

The number obtained by reversing the digits = (10y + x).
7(10x+y) =4(10y +x) = 332x—y) =0

= 2x-y=0=>y=2x .. (@)



EXAMPLE 18

SOLUTION

EXAMPLE 19

SOLUTION
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Thus, unit’s digit = 2 times the ten’s digit.
(unit’s digit) > (ten’s digit) and so y > x.
y—x=3. ... (ii)
Using (i) in (ii), we get 2x—x)=3 = x=3.
On substituting x = 3 in (i), we get y=2X3=6.
Hence, the required number is 36.
A two-digit number is such that the product of its digits is 14. If 45

is added to the number, the digits interchange their places. Find the
number. [CBSE 2005]

Let the ten’s and unit’s digits of the required number be x and
y respectively. Then, xy = 14.

Required number = (10x +y).
Number obtained on reversing its digits = (10y + x).
(10x +y) +45 = (10y + x)
= Yy—-x)=45=>y—x=>5. ... (0)
Now, (y +x)*— (y—x)* = 4xy
= (y+0)=y/(y—x) +dxy =/25+4 X 14 =81

= y+x=9 ... (i) [ digits are never negative].

On adding (i) and (ii), we get

y=14=>y="7.
Putting y = 7 in (ii), we get

7+x=9=>x=9-7=2.

x=2andy=7.
Hence, the required number is 27.
A two-digit number is four times the sum of its digits and twice the
product of its digits. Find the number. [CBSE 2005]
Let the ten’s digit of the required number be x and its unit’s
digit be y.
Then, 10x+y =4(x+y) = 6x—3y=0 = 2x—y =0. ... (@)
Also, 10x +y = 2xy. ... (if)
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EXAMPLE 20

SOLUTION

EXAMPLE 21

SOLUTION
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Putting y = 2x from (i) in (ii), we get
10x+2x =4x* = 4x* - 12x =0
= 4x(x—3)=0
=x-3=0=x=3 [ ten’sdigit, x # 0].
Putting x = 3 in (i), we get y = 6.
Thus, ten’s digit = 3 and unit’s digit = 6.

Hence, the required number is 36.

A fraction becomes %, if 2 is added to both of its numerator and

denominator. If 3 is added to both of its numerator and denominator

then it becomes % Find the fraction. [CBSE 2009C]
Let the required fraction be % Then,
x+2 1 _
yr2°3 = 3x+6=y+2
= 3x-y=—4 ... (1)
x+3 _2
Also, y+3°5 = 5x+15=2y+6
= 5x—2y=-9. ... (i)

Multiplying (i) by 2 and subtracting (ii) from the result,
we get
6x—5x=-8+9 = x=1
Putting x = 11in (i), we get
3—y=—4=>y=7.
Thus,x=1land y =7.

Hence, the required fraction is %

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

decreased by 1, the fraction becomes % Find the fraction. [CBSE 2010]

Let the required fraction be X Then,

y
(x+y)=2y-3=x-y=-3. ... ()
-1_1
And, ;_1 =5 =>x-2=y-1

= 2x-y=1 ... (i)
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On subtracting (i) from (ii), we get x =4.
Putting x =41in (i), we get y=x+3=4+3=7.
x=4andy=7.

Hence, the required fraction is %

EXAMPLE 22 In a given fraction, if the numerator is multiplied by 2 and the
denominator is reduced by 5, we get (g) But if the numerator of the
given fraction is increased by 8 and the denominator is doubled, we
get (%) Find the fraction.

SOLUTION Let the required fraction be X Then,

y
;%5:3 = 10x =6(y —5)
= 10x—6y =-30
= bx—3y=-15 ... (0)
and x2+yS =2 = 50+8) =4y
= 5x—4y =-40. ... (i)

On subtracting (ii) from (i), we get y = 25.

Putting y = 251in (i), we get
5x—(3 X 25)=-15 = 5x-75=-15 = 5x =60 = x =12.
x=12and y = 25.

Hence, the required fraction is %

PROBLEMS ON AGES

EXAMPLE 23 Five years ago, A was thrice as old as B and ten years later A shall be
twice as old as B. What are the present ages of A and B? [CBSE 2002C]

SOLUTION  Let the present ages of B and A be x years and y years
respectively. Then,
B’s age 5 years ago = (x — 5) years
and A’s age 5 years ago = (y — 5) years.
(y—5)=3(x—-5) = 3x—y=10. .. (D)
B’s age 10 years hence = (x + 10) years.
A’s age 10 years hence = (y + 10) years.
(y+10) =2(x+10) = 2x—y =-10. ... (ii)
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On subtracting (ii) from (i), we get x = 20.

Putting x =20 in (i), we get
B3X20)-y=10 = y=60—-10=50.
x=20and y = 50.

Hence, B’s present age = 20 years

and  A’s present age = 50 years.

A man’s age is three times the sum of the ages of his two sons. After
5 years, his age will be twice the sum of the ages of his two sons. Find
the age of the man. [CBSE 2003]

Let the present age of the man be x years and the sum of the
present ages of his two sons be y years. Then,

x=3y = x—3y=0. ()
Man’s age after 5 years = (x +5) years.

Sum of the ages of his two sons after 5 years = (y + 5 +5) years
= (y +10) years.

(x+5)=2(y+10) = x—2y =15. ... (ii)
On subtracting (i) from (ii), we get y = 15.
Putting y = 15in (i), we get x = 45.

x=45and y =15.

Hence, the present age of the man is 45 years.

PROBLEMS ON TIME AND DISTANCE

EXAMPLE 25

SOLUTION

A man travels 370 km, partly by train and partly by car. If he covers
250 km by train and the rest by car, it takes him 4 hours. But, if
he travels 130 km by train and the rest by car, he takes 18 minutes
longer. Find the speed of the train and that of the car.

Let the speed of the train be x km/hr and that of the car be
y km/hr.

Casel Distance covered by train = 250 km.
Distance covered by car = (370 — 250) km = 120 km.

Time taken to cover 250 km by train = % hours.

Time taken to cover 120 km by car = 120 hours.

y
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Total time taken = 4 hours.

250 |, 120 _ 125 , 60 _ .
T+7—4:> ¥ +y =2. ... (0)

Case Il Distance covered by train = 130 km.
Distance covered by car = (370 — 130) km = 240 km.

Time taken to cover 130 km by train = % hours.

Time taken to cover 240 km by car = 240 hours.

Yy
Total time taken = 4% hours = 4% hours = % hours.
130, 240 _ 13 , 1300 , 2400 _ 45 .. (i)

x y 10 x y
1_
Yy
125u+60v=2 ... (ili) and 1300u+2400v =43. ... (iv)
On multiplying (iii) by 40 and subtracting (iv) from the result,
we get
5000u —1300u = 80 — 43 = 3700u = 37

_ 37 _ 1 1_.1 _
= U=3700-700 ~ x 100 ~ X~ 100.

Putting u = ﬁ in (iv), we get

Putting % =uand v, equations (i) and (ii) become

(1300 X 1(1)—0) +24000 = 43 = 24000 = 43 — 13 = 30

-3 _1 . 1_1
= V240080 ~ y - 80
x =100 and y = 80.

Hence, the speed of the train is 100 km/hr and that of the car
is 80 km/hr.

= y=80.

Places A and B are 100 km apart on a highway. One car starts from
A and another from B at the same time. If the cars travel in the same
direction at different speeds, they meet in 5 hours. If they travel
towards each other, they meet in 1 hour. What are the speeds of the
two cars? [CBSE 2009]
Let the speeds of the cars from A and B be x km/hr and
y km/hr respectively.

Casel When the two cars move in the same direction:

In this case, let them meet at M after 5 hours.
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A
l«———100 km | 5y km -
I

= 5x km >

Then, AM = 5x km.
And, BM = 5y km.
AM~-BM =AB = 5x—5y =100
= 5(x-y)=100 = x—y=20. ... ()

Case ll When the two cars move in the opposite directions:

Let one car move from A to B A N 5
and let the other move from | x km fa—y km —»|
B to A. Let them meet at N | 100 km |

after 1 hour.
Then, AN = x km and BN =y km.

AN+BN = AB = x+y = 100. ... (i)
Adding (i) and (ii), we get 2x =120 = x = 60.
Putting x = 60 in (ii), we get 60+y =100 = y = 40.

speed of the car from A =60 km/hr,
and speed of the car from B = 40 km/hr.
A train covered a certain distance at a uniform speed. If the train
had been 6 kmph faster, it would have taken 4 hours less than the
scheduled time. And, if the train were slower by 6 kmph, it would

have taken 6 hours more than the scheduled time. Find the length of
the journey.

Let the original speed of the train be x kmph and let the time
taken to complete the journey be y hours.

Length of whole journey = (xy) km.
Casel When speed = (x +6) kmph and time taken = (y — 4) hours.
Length of total journey = (x + 6)(y —4) km.

xy=(x+6)y—4) = xy=xy—4x+6y—24
= 4x-6y=-24 = 2x—3y=-12. ... (@)
Casell  When speed = (x — 6) kmph and time taken = (y + 6) hours.
Length of total journey = (x — 6)(yy + 6) km.
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xy=((x—6)y+6) = xy=xy+6x—6y—36
= 6x—6y=36=>x-y=6. ... (if)
On multiplying (ii) by 3 and subtracting (i) from the result,
we get
3x—2x=18+12 = x =30.
On putting x =30 in (ii), we get y =30—-6 =24.
x=30and y =24.
So, length of journey = (xy) km = (30 X 24) km =720 km.

PROBLEMS ON BOATS AND STREAM

EXAMPLE 28

SOLUTION

EXAMPLE 29

SOLUTION

A man can row downstream 20 km in 2 hours, and upstream 4 km
in 2 hours. Find his speed of rowing in still water. Also, find the
speed of the current.

Let the speed of the man in still water be x km/hr and let the
speed of the current be y km/hr.

Speed downstream = (x +y) km/hr.

Speed upstream = (x —y) km/hr.

But, speed downstream = difiti;;réce = % km/hr =10 km/hr.

And, speed upstream = % = % km/hr =2 km/hr.

x+y=10 ...(@) and x—y=2 ... (ii).
Adding (i) and (ii), we get 2x =12 = x =6.
Putting x = 6in (i), we get 6+y =10 = y=4.
Thus, x=6and y = 4.

Hence, the speed of the man in still water is 6 km/hr and the
speed of the current is 4 km/hr.

A boat goes 16 km upstream and 24 km downstream in 6 hours.
Also, it covers 12 km upstream and 36 km downstream in the
same time. Find the speed of the boat in still water and that of
the stream.

Let the speed of the boat in still water be x km/hr and the
speed of the stream be y km/hr. Then,
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speed upstream = (x —y) km/hr

and speed downstream = (x +y) km/hr.

Time taken to cover 16 km upstream = ﬁ hours.

Time taken to cover 24 km downstream = (xzfy) hours.

Total time taken = 6 hours.
16 24 _ :
x—y+x+y 6. ... (@)

Again, time taken to cover 12 km upstream = (xl—zy) hours.

Time taken to cover 36 km downstream = 36 hours.
(x+y)

Total time taken = 6 hours.

12 36 _ ..
x—y+x+y_6' ... (ii)
Putting (xl—y) =wuand (xlTy) =vin (i) and (ii), we get
léu+24v=6 = 8u+12v=3, ... (iii)
12u+36v=6 = 2u+6v=1 ... (iv)

On multiplying (iv) by 4 and subtracting (iii) from the result,
we get

_ _1
12v=1=0v=15
= 1 =L:>x+ =12 (v)
x+ty 12 y=is -

On multiplying (iv) by 2 and subtracting the result from (iii),
we get

- -1
4u—1:>u—4

1 _1 o .

= x_y—4:>x y=4 .o (Vi)

On adding (v) and (vi), we get 2x =16 = x =8.

On subtracting (vi) from (v), we get 2y =8 = y =4.
speed of the boat in still water = 8 km/hr,

and speed of the stream =4 km/hr.



Linear Equations in Two Variables 143

PROBLEMS ON TIME AND WORK

EXAMPLE 30

SOLUTION

8 men and 12 boys can finish a piece of work in 5 days, while 6 men
and 8 boys can finish it in 7 days. Find the time taken by 1 man alone
and that by 1 boy alone to finish the work.

Suppose 1 man alone can finish the work in x days and 1 boy
alone can finish it in y days.

Then, 1 man’s 1 day’s work = %
And, 1 boy’s 1 day’s work = %
8 men and 12 boys can finish the work in 5 days

= (8 men’s 1 day’s work) + (12 boys’ 1 day’s work) =%

8,12 _1

= xty~s

= 8u+127)2l ... (@) Wherel=uandl=v.

5 ¢ x y

Again, 6 men and 8 boys can finish the work in 7 days

= (6 men’s 1 day’s work) + (8 boys’ 1 day’s work) = %
6.8_1

= xTyT7

= 6u+80=1 (i)

On multiplying (i) by 3, (ii) by 4 and subtracting the results,
we get

—(3_4)\_1 -1 1_ 1 -
40=(3 7)‘35:”‘140:>y—14o:>y—140~
On putting v = ﬁ in (ii), we get
—(1__8)\_12 (12  1\_ 1
6u=(714g)=140 = # =140 < §)= 70
1_1 _
= X7 = x=70.

one man alone can finish the work in 70 days,

and one boy alone can finish the work in 140 days.

PROBLEMS ON AREA

EXAMPLE 31

If the length of a rectangle is reduced by 5 units and its breadth is
increased by 2 units then the area of the rectangle is reduced by 80 sq
units. However, if we increase its length by 10 units and decrease
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the breadth by 5 units, its area is increased by 50 sq units. Find the
length and breadth of the rectangle.

Let the length and breadth of the rectangle be x units and y
units respectively.
Then, area of the rectangle = xy sq units.

Case | When the length is reduced by 5 units and the breadth is
increased by 2 units.

Then, new length = (x — 5) units
and new breadth = (y +2) units.
new area = (x —5)(y +2) sq units.
xy—(x—=5)y+2)=80 = 5y—2x=70. ... (0)
Case ll. When the length is increased by 10 units and the breadth is
decreased by 5 units.

Then, new length = (x + 10) units
and new breadth = (y — 5) units.
new area = (x +10)(y — 5) sq units.
(x+10)0y —5)—xy =50
= 10y-5x =100 = 2y—x = 20. ... (ii)
On multiplying (ii) by 2 and subtracting the result from (i), we
get y =30.
Putting y = 30 in (ii), we get
(2 X30)—x=20 = 60—x =20 = x=(60—20) = 40.
x=40and y = 30.
Hence, length = 40 units and breadth = 30 units.

PROBLEMS ON GEOMETRY

EXAMPLE 32

SOLUTION

Ina AABC, Z/C =34B =2(£A+ £B). Find the angles.

Let ZA=x"and 4B =y°.

Then, 2C =34B = (3y)".

Now, Z/C=2(ZA+ ZB)

= 3y=2(x+y) = 2x-y=0. ... (D)
We know that the sum of the angles of a triangle is 180°.
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ZA+ ZB+ £C=180° = x+y+3y =180
= x+4y = 180. ... (i)
On multiplying (i) by 4 and adding the result with (ii), we get
8x+x =180 = 9x =180 = x = 20.
Putting x =20 in (i), we get y = (2 X 20) = 40.
Thus, x =20 and y = 40.
ZA=20°,4B=40"and ZC = (3 X 40°) = 120°.
Find the four angles of a cyclic quadrilateral ABCD in which
ZA=(02x—-1),2B=(y+5)°, £C=Qy+15)° and £D = (4x - 7)".
We know that the sum of the opposite angles of a cyclic
quadrilateral is 180°.
ZA+7C=180"and /B + /D = 180".
Now, ZA+2C =180° = (2x—1)+ 2y +15) = 180
= 2x+y) =166

= x+y=83. .. (@)
And, 2B+ 4D =180° = (y+5) + (4x—7) = 180
= 4x+y=182. ... (ii)

On subtracting (i) from (ii), we get

3x=182-83=99 = x =33.
Putting x = 33 in (i), we get

33+y=83=y=(83-33) = y=>50.
Thus, x =33 and y = 50.

ZA={(2 X 33)-1)° =65°, ZB=(50+5)" = 55°.
ZC={(2 X 50)+ 15§ = 115°and D = {(4 X 33) - 7}° = 125".
Hence, /A =65°, /B =55°, /C =115 and «D = 125°.

EXERCISE 3E

1. 5 chairs and 4 tables together cost ¥ 5600, while 4 chairs and 3 tables
together cost I 4340. Find the cost of a chair and that of a table.

2. 23 spoons and 17 forks together cost ¥ 1770, while 17 spoons and
23 forks together cost X 1830. Find the cost of a spoon and that of a fork.
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A lady has only 25-paisa and 50-paisa coins in her purse. If she has
50 coins in all totalling ¥ 19.50, how many coins of each kind does
she have?

. The sum of two numbers is 137 and their difference is 43. Find the

numbers.

. Find two numbers such that the sum of twice the first and thrice

the second is 92, and four times the first exceeds seven times the second
by 2.

. Find two numbers such that the sum of thrice the first and the second

is 142, and four times the first exceeds the second by 138.

. If 45 is subtracted from twice the greater of two numbers, it results in

the other number. If 21 is subtracted from twice the smaller number, it
results in the greater number. Find the numbers.

. If three times the larger of two numbers is divided by the smaller, we

get 4 as the quotient and 8 as the remainder. If five times the smaller is
divided by the larger, we get 3 as the quotient and 5 as the remainder.
Find the numbers.

. If 2 is added to each of two given numbers, their ratio becomes 1 : 2.

However, if 4 is subtracted from each of the given numbers, the ratio
becomes 5 : 11. Find the numbers.

The difference between two numbers is 14 and the difference between
their squares is 448. Find the numbers.

The sum of the digits of a two-digit number is 12. The number obtained
by interchanging its digits exceeds the given number by 18. Find the
number. [CBSE 2006]

A number consisting of two digits is seven times the sum of its digits.
When 27 is subtracted from the number, the digits are reversed. Find
the number.

The sum of the digits of a two-digit number is 15. The number obtained
by interchanging the digits exceeds the given number by 9. Find the
number. [CBSE 2004]
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.

A number consists of two digits. When it is divided by the sum of
its digits, the quotient is 6 with no remainder. When the number is
diminished by 9, the digits are reversed. Find the number. [CBSE 1999C]
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A two-digit number is such that the product of its digits is 35. If 18
is added to the number, the digits interchange their places. Find the
number. [CBSE 2006]

A two-digit number is such that the product of its digits is 18. When 63
is subtracted from the number, the digits interchange their places. Find
the number. [CBSE 2006C]

The sum of a two-digit number and the number obtained by reversing
the order of its digits is 121, and the two digits differ by 3. Find the
number.

The sum of the numerator and denominator of a fraction is 8. If 3 is
added to both of the numerator and the denominator, the fraction

becomes % Find the fraction. [CBSE 2003]

If 2 is added to the numerator of a fraction, it reduces to (%) and if 1 is

subtracted from the denominator, it reduces to (%) Find the fraction.

The denominator of a fraction is greater than its numerator by 11. If 8 is
added to both its numerator and denominator, it becomes % Find the
fraction.

Find a fraction which becomes (%) when 1 is subtracted from the
numerator and 2 is added to the denominator, and the fraction becomes
(%) when 7 is subtracted from the numerator and 2 is subtracted from
the denominator.

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 2010]

The sum of two numbers is 16 and the sum of their reciprocals is %
Find the numbers. [CBSE 2005]
There are two classrooms A and B. If 10 students are sent from A to B,
the number of students in each room becomes the same. If 20 students
are sent from B to A, the number of students in A becomes double the
number of students in B. Find the number of students in each room.

Taxi charges in a city consist of fixed charges and the remaining
depending upon the distance travelled in kilometres. If a man travels
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80 km, he pays ¥ 1330, and travelling 90 km, he pays ¥ 1490. Find the
fixed charges and rate per km.

A part of monthly hostel charges in a college hostel are fixed and the
remaining depends on the number of days one has taken food in the
mess. When a student A takes food for 25 days, he has to pay I 4500,
whereas a student B who takes food for 30 days, has to pay ¥ 5200. Find
the fixed charges per month and the cost of the food per day.

A man invested an amount at 10% per annum and another amount
at 8% per annum simple interest. Thus, he received ¥ 1350 as annual
interest. Had he interchanged the amounts invested, he would
have received X 45 less as interest. What amounts did he invest at
different rates?

The monthly incomes of A and B are in the ratio 5 : 4 and their monthly
expenditures are in the ratio 7 : 5. If each saves I 9000 per month, find
the monthly income of each.

A man sold a chair and a table together for ¥ 1520, thereby making a
profit of 25% on 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.

Points A and B are 70 km apart on a highway. A car starts from A
and another car starts from B simultaneously. If they travel in the same
direction, they meet in 7 hours. But, if they travel towards each other,
they meet in 1 hour. Find the speed of each car. [CBSE 2007C]
A train covered a certain distance at a uniform speed. If the train had
been 5 kmph faster, it would have taken 3 hours less than the scheduled
time. And, if the train were slower by 4 kmph, it would have taken
3 hours more than the scheduled time. Find the length of the journey.
Abdul travelled 300 km by train and 200 km by taxi taking 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]

Places A and B are 160 km apart on a highway. One car starts from A
and another from B at the same time. If they travel in the same direction,
they meet in 8 hours. But, if they travel towards each other, they meet
in 2 hours. Find the speed of each car. [CBSE 2009C]
A sailor goes 8 km downstream in 40 minutes and returns in 1 hour.
Find the speed of the sailor in still water and the speed of the current.
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A boat goes 12 km upstream and 40 km downstream in 8 hours. It can
go 16 km upstream and 32 km downstream in the same time. Find the
speed of the boat in still water and the speed of the stream.

2 men and 5 boys can finish a piece of work in 4 days, while 3 men and
6 boys can finish it in 3 days. Find the time taken by one man alone to
finish the work and that taken by one boy alone to finish the work.

The length of a room exceeds its breadth by 3 metres. If the length is
increased by 3 metres and the breadth is decreased by 2 metres, the
area remains the same. Find the length and the breadth of the room.

The area of a rectangle gets reduced by 8 m?, when its length is reduced
by 5 m and its breadth is increased by 3 m. If we increase the length by
3 m and breadth by 2 m, the area is increased by 74 m? . Find the length
and the breadth of the rectangle.

The area of a rectangle gets reduced by 67 square metres, when its
length is increased by 3 m and breadth is decreased by 4 m. If the length
is reduced by 1 m and breadth is increased by 4 m, the area is increased
by 89 square metres. Find the dimensions of the rectangle.

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 Delhi costs ¥ 4150 while one full and one half reserved
first class tickets cost ¥ 6255. What is the basic first class full fare and
what is the reservation charge? [HOTS]

Five years hence, a man’s age will be three times the age of his son.
Five years ago, the man was seven times as old as his son. Find their
present ages.

Two years ago, a man was five times as old as his son. Two years later,
his age will be 8 more than three times the age of his son. Find their
present ages. [CBSE 2008]

If twice the son’s age in years is added to the father’s age, the sum is
70. But, if twice the father’s age is added to the son’s age, the sum is 95.
Find the ages of father and son.

The present age of a woman is 3 years more than three times the age
of her daughter. Three years hence, the woman’s age will be 10 years
more than twice the age of her daughter. Find their present ages.

On selling a tea set at 5% loss and a lemon set at 15% gain, a crockery
seller gains X 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 each of the tea set and the
lemon set. [HOTS]
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47. A lending library has a fixed charge for the first three days and an
additional charge for each day thereafter. Mona paid X 27 for a book
kept for 7 days, while Tanvy paid ¥ 21 for the book she kept for 5 days.
Find the fixed charge and the charge for each extra day.

48. A chemist has one solution containing 50% acid and a second one
containing 25% acid. How much of each should be used to make
10 litres of a 40% acid solution? [HOTS]

49. A jeweller has bars of 18-carat gold and 12-carat gold. How much of
each must be melted together to obtain a bar of 16-carat gold, weighing
120 g? (Given: Pure gold is 24-carat). [HOTS]

50. 90% and 97% pure acid solutions are mixed to obtain 21 litres of 95%
pure acid solution. Find the quantity of each type of acids to be mixed
to form the mixture. [HOTS]

51. The larger of the two supplementary angles exceeds the smaller by 18°.
Find them.

52. Ina AABC, ZA=x°,4B=(3x-2)°, ZC=y° and ZC— ZB=9°. Find the
three angles.

53. In a cyclic quadrilateral ABCD, it is given that ZA=(2x+4)’,
ZB=(y+3)°, £C = (2y +10)° and £D = (4x —5)". Find the four ang]les.

ANSWERS (EXERCISE 3E)

1. ¥560,%3 700 2.%40,%350 3.22,28 4.90,47 5. 25,14
6. 40,22 7. 37,29 8. 20,13 9.34,70 10. 23,9
11. 57 12. 63 13.78 14.35 15.54 16.57 17. 92

3 3 25 15 5
18. 47 or 74 19. 5 20. 10 21. 36 22, 26 23. 9 24. 12 and 4

25. 100 in A and 80 in B 26. fixed charges =% 50, rate per km =316
27. fixed charges =X 1000, cost of food per day =3 140

28. ¥ 8500 at 10% p.a. and ¥ 6250 at 8% p.a. 29. % 30000, ¥ 24000

30. ¥600,% 700 31. 40 km/hr, 30 km/hr 32. 1080 km

33. 100 kmph, 80 kmph 34. 50 kmph, 30 kmph 35. 10 kmph, 2 kmph

36. 6 kmph, 2 kmph 37. 18 days, 36 days

38. length = 15 m, breadth =12 m 39. length = 19 m, breadth = 10 m
40. length = 28 m, breadth =19 m

41. first class full fare =¥ 4090, reservation charges = 60

42. 40 years, 10 years 43. 42 years, 10 years  44. 40 years, 15 years
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45. 33 years, 10 years  46. tea set =% 100, lemon set = 80

47. % 15,% 3 per day 48. 50% solution = 6 litres, 25% solution = 4 litres
49.80g,40g 50. 6 litres, 15 lires 51. 99°, 81°

52, LA=25°,/B="73°,£C=82°

53. LA=70°,4B=53°,£C=110°, 4D = 127°

HINTS TO SOME SELECTED QUESTIONS

3. Let the number of 25-p and 50-p coins be x and y respectively.

_ x ., ¥ _1950.
Then, x +y =50 and 275 =700

8. Let the larger number be x and the smaller number be y.
Then, 3x =4y +8 and 5y = 3x +5.
10. x—y =14 and x> - y? = 448.

@y 448
x+y= =) —H—SZ.

15. Let the ten’s digit be x and the unit’s digit be y. Then,
10x +y
x+y
16. Let the ten’s digit be x and the unit’s digit be y. Then,
xy=35and 10x+y+18=10y+x = y—x=2.
W+ - (-2 =4xy = (y+x) =y (y—x)>+4dxy = /144 = 12.

Now, solve y—x=2and y+x=12.

=6and 10x+y—-9 =10y +x.

18. Let the ten’s digit be x and the unit’s digit be y.
Then, (10x+y) +(10y +x) =121 = 11(x+y) =121 = x+y =11.
(x+y=11,x-y=3) or (x+y=11,y—x=3).

21. Let the required fraction be %
Then, x+11=y = x—y=-11.

And, X838 4y i3 -3 424 = ax-3y=-s8.

y+8 4
23. Let the required fraction be %

Then, x+y—4=2x=>y—-x=4.

;%:%ﬁ3x+9=2y+6ﬁ2y—3x=3.

1_1_ y*x_1 - -
y73: xy =3 = xy=16 X 3=48.

24. x+y:16and%+

(=)t =(x+y)2—4xy = (16)2— (4 X 48) =256 192 = 64
= x-y=8or x—~y=-8.
(x+y=16,x-y=8) or (x+y=16,x—y=-8).
25. Let the number of students in room A and room B be x and y respectively. Then,
x=10=y+10 = x—y =20. ... (i)
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And, (x +20) = 2(y —20) = x— 2y = —60. . (i)
Now, solve (i) and (ii) to get x and y.
Let the fixed charges be X x and rate per km be X y. Then,
x +80y = 1330 and x + 90y = 1490.
Let the fixed charges be % x and the charges for food be ¥ y per day. Then,
x + 25y = 4500 and x + 30y = 5200.
Suppose he invested ¥ x at 10% p.a. and X y at 8% p.a.

X X X8 X1

(x 110% ). W o ) 1350 5x + 4y = 67500. o (@)
X 8 X X 10 X1

(x 130 D, s ) 135045 = 4x + 5y = 65250. .. (il)

Add (i) and (ii). Then, subtract (ii) from (i).
5x =7y = 9000 and 4x — 5y = 9000. Find x and y.
Let the CP of a chair be ¥ x and that of a table be X y. Then,

125x 110y _ _ .
100+ 100" = 1520 = 25x +22y = 30400. G
110x , 125y .
00+ 100 = 1535 = 22x+ 25y = 30700. .. (i)

On adding (i) and (ii), we get 47(x+y) = 61100 = x+y = 1300.
On subtracting (i) from (ii), we get 3(y—x) =300 = y—x =100.

x =600 and y = 700.
Let the speed of the car from A be x kmph and that of the car from B be y kmph.
Then, 7x -7y =70 = x—y =10. ... (i)
And, x+y =70. ... (ii)
Let the original speed of the train be x kmph and let the time taken to complete the
journey be y hours.
Then, length of the journey = xy km.
Casel Speed = (x+5)kmph and time taken = (y — 3) hours.

xy=(x+5)(y—3) = 5y —3x=15. ()
Casell Speed = (x —4) kmph and time taken = (y + 3) hours.
xy=(x—-4)(y+3) = 3x—4y=12. L. (i)

From (i) and (ii), we get x =40 and y = 27.
length of the journey = xy = 40 X 27 km = 1080 km.
Let the speed of the train be x kmph and that of the taxi be y kmph.

Then, 320+ 200 - 1L - 600u+4000 =11 .. (), where L =uand =0,
And, 20+ 280 8 -, 355+ 3000 =7. .. (i)

Let the speed of the sailor in still water be x kmph and the speed of the current be
y kmph.
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Then, speed downstream = (x +y) km/hr.
And, speed upstream = (x —y) km/hr.

8 40 _2 .
x+y=m=§éx+y=12 ()

8 _ = "
and x*y_1:>x y=8. ... (i)
Solve (i) and (ii).

Let 1 man’s 1 day’s work be % and 1 boy’s 1 day’s work be %

Then,;+§=% = 2u+50=%

and §+?:% = 3u+6v:%'

Let length = x metres and breadth = y metres.

Then, x =y +3 and (x +3)(y —2) = xy.
x—y=3and 3y—2x=6.

Let length = x metres and breadth = y metres. Then,
xy—(x=5)(y+3)=8=3x-5y=7.

And, (x+3)(y+2)—xy =74 = 2x+3y = 68.

Let length = x metres and breadth = y metres. Then,
xy—(x+3)y—4)=67 = 4x—3y =55

and (x—1)(y+4)—xy=89 = 4x—y=93.

Let the basic first class full fare be ¥ x and the reservation charge be X y. Then,

x+y = 4150. ()
And, (x+y) +(%x+ y): 6255 = 3x + 4y = 12510. ... (ii)
Let the present ages of the man and his son be x years and y years respectively. Then,
x+5=3@y+5) = x-3y=10 ()
and x-5=7(y—5) = x—7y=-30. ... (i)
Let the present ages of the man and his son be x years and y years respectively. Then,
(x—2)=5(@y-2)=x-5y=-8 (@)
and (x+2)=3(y+2)+8=>x—-3y=12. ... (ii)

Let father’s age be x years and son’s age be y years. Then,
x+2y=70and 2x+y = 95.

Let woman's present age be x years and daughter’s present age be y years. Then,
x=3y+3=x-3y=3

and, x+3=2(y+3)+10 = x—2y =13.

Let the cost price of the tea set be X x and that of the lemon set be X y. Then,

<95x 115y (19x 23y)

100 " 100) @ty =7 —xty) =7

:>3y—x=l40. ... (@)
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21x+22
And, (1980 T} 4y)=13 > QL2 (v =

= x+2y =260. ... (ii)

Now, solve (i) and (ii).

Let the fixed charge be ¥ x and charge for each extra day be ¥ y.

Then, x+(7-3)y =27 = x+4y =27 ... (@)

and, x+(5-3)y =21 = x+2y=21. ... (ii)

Let x litres of 50% solution be mixed with y litres of 25% solution.

Then, x+y =10 ()
50x , 259 _ 40 x 10 _ .

and, 355 100 100 =" 100 2x +y =16. ... (i)

Let x g of 18-carat gold be mixed with i g of 12-carat gold to get 120 g of 16-carat gold.
Then, x +y =120. ... (1)
Gold % in 18-carat gold = (33 X 100)% = 75%

Gold % in 12-carat gold = (33 X 100)% = 50%

Gold % in 16-carat gold = (24 X 100)% = 00 2o

75% of x+50% of y = 290 % of 120

75x , 90¥ _ 200 X 120 _ ..
= 1007100 - 3 x100  oxt2y=320. .. (id)

Now, solve (i) and (ii).
Let x litres of 90% pure solution be mixed with y litres of 97% pure solution to get

21 litres of 95% pure solution.

Then, x +y =21 ... (d)
90x , 97y _ 95 x 21 _ .
and 100 7100 =100 — 90x + 97y = 1995. ... (i)

Now, solve (i) and (ii).
x—y=18and x +y =180. Find x and y.
ZA+ 2B+ 2C=180° = x+(3x—-2)+y =180 = 4x+y =182. .. ()
ZC-4B=9"=y-3x+2=9=>y-3x=7. ... (i)
From (i) and (ii), we get 7x =175 = x = 25.
Putting x = 251n (i), we get y = 82.
ZA=25,/B=(3 X25-2)°=73",£C=82".
We have, ZA+ 2C=180°and £B+ £D =180°.

(2x+4)+(2y+10)=180 = x+y =83 (@)
and (y+3)+(4x—5)=180 = 4x+y =182. ... (i)
From (i) and (ii), we get

3x=99 = x=33.And, 33+y =83 = y=50.
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EXERCISE 3F

Very-Short and Short-Answer Questions

1.

10.

11.

12.

13.

14.
15.

Write the number of solutions of the following pair of linear equations:
x+2y—8=0,2x+4y =16. [CBSE 2009]

. Find the value of k for which the following pair of linear equations have

infinitely many solutions:
2x+3y=7,(k—1)x+(k+2)y = 3k. [CBSE 2010]

. For what value of k does the following pair of linear equations have

infinitely many solutions?
10x +5y — (k—5) =0 and 20x + 10y —k = 0.

. For what value of k will the following pair of linear equations have no

solution?
2x+3y=9,6x+(k—2)y=3k—2). [CBSE 2010]

. Write the number of solutions of the following pair of linear equations:

x+3y—4=0and 2x+6y—-7=0.

. Write the value of k for which the system of equations 3x+ky =0,

2x —y = 0 has a unique solution.

. The difference between two numbers is 5 and the difference between

their squares is 65. Find the numbers.

. The cost of 5 pens and 8 pencils is ¥ 120, while the cost of 8 pens and

5 pencils is ¥ 153. Find the cost of 1 pen and that of 1 pencil.

. The sum of two numbers is 80. The larger number exceeds four times

the smaller one by 5. Find the numbers.

A number consists of two digits whose sum is 10. If 18 is subtracted
from the number, its digits are reversed. Find the number.

A man purchased 47 stamps of 20 p and 25 p for X 10. Find the number
of each type of stamps.

A man has some hens and cows. If the number of heads be 48 and
number of feet be 140, how many cows are there?

2,3_9 4,
It5 y xy and y xy find the values of x and y.
If 7 x y 12 and +y = 1then find the value of (x +y).

If12x + 17y = 53 and 17x + 12y = 63 then find the value of (x +y).



156

16.

17.

18.

19.
20.

21.

11.

16.

. For no solution, we have —=-—
a b,
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Find the value of k for which the system 3x+5y =0, kx+10y =0 has a
nonzero solution.

Find k for which the system kx—y =2 and 6x—2y =3 has a unique
solution.

Find k for which the system 2x+3y—-5=0,4x+ky—10=0 has an
infinite number of solutions.

Show that the system 2x + 3y —1 =0, 4x + 6y —4 = 0 has no solution.
Find k for which the system x + 2y =3 and 5x + ky +7 = 0 is inconsistent.
.3 2 _ 4
Solve: x+y+x—y 2 and x+y P =1.
ANSWERS (EXERCISE 3F)

. infinitely many 2. k=7 3. k=10 4. k=11 5.0
k=R 7.9and4 821635  9.65and15  10. 64
35and 12 1222 B.x=ly=3 U3 15. 4

=2 -5 ,-1
k=6 17.k +3 18. k=6 20.k—5 21. X=5,¥=75
HINTS TO SOME SELECTED QUESTIONS
. Given equations are x +2y =8 = 0 and 2x + 4y — 16 = 0.
m_bo_o
a " b, G

So, there are infinitely many solutions.

.2x+3y—7=0and (k—1)x+ (k+2)y -3k =0.

For infinitely many solutions, we have % = ZbA = %
)
2 -3 and o=
(k—=1)  (k+2) (k+2) 3k
= 2k+4=3k-3and 9% =7k+14=>k=7.
al_b1_c_1.

. For infinitely many solutions, we have 50,

-2 -k5 k5 L ook-10=k=k=10.
M _b a.

)

2.3 .2, 9

3 1
6 r-zadg * 3r—3

27 %2 3"md k 773

= k-2=9and3k-2+ 27 > k=1land k + ?'
Hence, k=11.
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a_b o, a
o by T o
Hence, the given system has no solution.
b
6. For unique solution, we have Z—l * b_l
2 2
3.k 3.
5 * = =k + 7l
7. Let the required numbers be x and y. Then,

2_.2

X"y _65

x-y=5andx?-y* =65 = oy T3 - Boxtys13
Solving x—y=5and x+y =13, we get x=9and y=4.

8. Let the cost of 1 pen be X x and that of 1 pencil be X y. Then,

5x+8y =120 ... (i) and 8x+5y=153. ... (i)
Adding (i) and (ii), we get 13(x+y) =273 = x+y =21 ... (iii)
Subtracting (i) from (ii), we get 3(x-y)=33 = x—y =11 ... (iv)

From (iii) and (iv), we get x=16and y=5.
9. Let the required numbers be x and y such that x > y. Then,
x+y=280 ...(i) and x—4y=5. ... (ii)
Solve (i) and (ii).
10. Let the ten’s digit be x and unit’s digit be y. Then,
x+y=10 ... (1) and (10x+y)—18=(10y+x) = x—y=2. ... (i)
Solve (i) and (ii).
11. Let x stamps of 20 p and y stamps of 25 p be purchased. Then,
x+y=47 ... (1) and 20x+25y =1000 = 4x + 5y = 200. ... (i)
Solve (i) and (ii).
12. Let there be x cows and y hens. Then,
x+y=48 ... () and 4x+2y =140 = 2x+y =70. ... (i)
Subtracting (i) from (ii), we get x = 22.
13. The given equations are
2u+3x=9 ... (1) and 4y+9x =21 ... (ii)
Solve (i) and (ii).
14. Given equations are 3x +4y =5 ... (i) and x+2y=2. ... (ii)
Solve (i) and (ii) for x and y and find (x +y).
15. Adding the given equations, we get

29(r+y) =116 = x+y =50 =4,

. : 3_5 _
16. The given system has a nonzero solution when =10 = k=6.

17. For a unique solution, we have% + % =k + 3.
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18. For an infinite number of solutions, we have
2_3_

aq b
19. Here ; b] #: Hence the given system has no solution.

b
20. The system will be inconsistent when Z— = b—l E—l
) 2
1_2_,3 -2,
5k 77 :”‘*5
21. Put —— = yyand —— =vtoget 3u+2v=2and 9u—4v=1.
x+y X= y

Thisgivesu=%andv=%'50,x+y:3andx_y:2.

Solve for x and y.

MULTIPLE-CHOICE QUESTIONS (MCQ)

Choose the correct answer in each of the following questions:
1. If 2x+ 3y = 12 and 3x — 2y = 5 then
@ x=2,y=3 (b)x=2,y=-3 (c)x=3,y=2
2. Ifx—y=2andszy=%then
(@ x=4,y=2 (b)) x=5y=3 (c)x=6,y=4
2
3.1 fT_%JF_ Oand %I?;then

(d) x=3,y=-2

(d)x=7,y=5

(a)x—Z,y 3 (b)x=—2,y=3 () x=2,y=-3(d) x=-2,y=-3

4 13 +%=4and -1 =11then
(@ x=2,y=3 () x=-2,y=3 (O x="y=3()r=72y==
2x+y+2 3x—-y+1 3x+2y+1
5. If 5 = 3 = 6 then
@ x=1y=1 (b)x=—1 y=-1 (c)x=1,y=2 (d)x=2,y=1
6. If — 3, 2_ =2and 4 =1then
X+3/ xTy x+y xTy

@r=%y=3 ®x=3y=3 ©x=3y=%

7. If 4x + 6y = 3xy and 8x + 9y = 5xy then
(@ x=2,y=3 Mb)x=1y=2 (c)x=3,y=4
8. If 29x + 37y = 103 and 37x + 29y = 95 then
(@x=1Ly=2 (b)x=2,y=1 (c)x=3,y=2

9. If 2**¥ = 2*7¥ = /8 then the value of y is

(@) 5 )3 © 0

dx=1y=-1

(d)x=2,y=3

(d) none of these
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2.3 _ 1.1 _
If;+?—6andx+2y—2then

(a)x=1,y=% (b)x=%,y=1 (c)x=1,y=% (d)x=%y=1

The system kx —y = 2 and 6x — 2y = 3 has a unique solution only when

(@) k=0 b)k+0 (c) k=3 (d) k+3

The system x — 2y = 3 and 3x + ky = 1 has a unique solution only when
(a) k=-6 (b) k +-6 (c) k=0 (d) k+0

The system x + 2y = 3 and 5x + ky + 7 = 0 has no solution, when
(a) k=10 (b) k + 10 (c) k=%7 (d) k=-21

If the lines given by 3x +2ky = 2 and 2x + 5y + 1 = 0 are parallel then the
value of k is

-5 2 3
(@) ) & © 3 (d)
For what value of k do the equations kx —2y = 3 and 3x +y = 5 represent
two lines intersecting at a unique point?

15
4

(a) k=3 (b) k=-3

(c) k=6 (d) all real values except -6
The pair of equations x +2y+5=0and -3x -6y +1=0has

(a) a unique solution (b) exactly two solutions

(c) infinitely many solutions (d) no solution

The pair of equations 2x + 3y = 5 and 4x + 6y = 15 has
(a) a unique solution (b) exactly two solutions
(c) infinitely many solutions (d) no solution
If a pair of linear equations is consistent then their graph lines will be
(a) parallel (b) always coincident
(c) always intersecting (d) intersecting or coincident

If a pair of linear equations is inconsistent then their graph lines will be

(a) parallel (b) always coincident

(c) always intersecting (d) intersecting or coincident
Ina AABC,£C=34B=2(£ZA+ £ZB), then ZB=?

(a) 20° (b) 40° (c) 60° (d) 80°

In a cyclic quadrilateral ABCD, it is being given that ZA = (x +y +10)°,
ZB=(y+20)°, £C=(x+y—30)°and £D = (x +y)°. Then, /B =7

@) 70° (b) 80° (c) 100° (d) 110°
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22. The sum of the digits of a two-digit number is 15. The number obtained
by interchanging the digits exceeds the given number by 9. The number is

(a) 96 (b) 69 (c) 87 (d) 78
23. In a given fraction, if 1 is subtracted from the numerator and 2 is added
to the denominator, it becomes % - If 7 is subtracted from the numerator
and 2 is subtracted from the denominator, it becomes % - The fraction is

(a) 25 (b) 32 (© & d) 2

24. 5 years hence, the age of a man shall be 3 times the age of his son while

5 years earlier the age of the man was 7 times the age of his son. The
present age of the man is

(a) 45 years (b) 50 years (c) 47 years (d) 40 years
25. The graphs of the equations 6x—2y+9 =0 and 3x—y+12 =0 are two
lines which are
(a) coincident
(b) parallel
(c) intersecting exactly at one point
(d) perpendicular to each other
26. The graphs of the equations 2x+3y—-2=0 and x—2y—8=0 are two
lines which are
(a) coincident
(b) parallel
(c) intersecting exactly at one point
(d) perpendicular to each other

27. The graphs of the equations 5x — 15y =8 and 3x -9y = % are two lines

which are
(a) coincident
(b) parallel
(c) intersecting exactly at one point
(d) perpendicular to each other

ANSWERS (MCQ)

1.() 2() 3@ 4 5@ 6® 7. 8@ 9@
10. (b) 11.(d) 12.(b) 13.(a) 14.(d) 15.(d) 16.(d) 17.(d) 18.(d)
19. (a) 20.(b) 21.(b) 22.(d) 23.(b) 24.(d) 25.(b) 26.(c) 27.(a)
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HINTS TO SOME SELECTED QUESTIONS

. 4x -3y =-1,3x+4y = 18. Solve.

. Putting%=uand%:v,wegetu+2v=4and—u+3v=11.

2x+y+2 3x-y+1
5 = 3 = 6x+3y+6=15x-5y+5=9x—-8y=1

3x-y+1 3x+2y+1
3 = G = 18x—-6y+6=9x+6y+3 = 9x—-12y=-3

Solve (i) and (ii) to getx =1land y = 1.

1 _ 1 _ _ -
+y7uandx_y vtoget3u+2v=2and 9u—4v=1.

Solve for 1 and v to get u =%andv = %

x+y=3andx-y=2.

. Divide throughout by xy and put % —uand L =vto get

y
4o+6u=3 ... (i) and 8v+9u =5.

This gives u = % and v = % Hence, x =3 and y = 4.

. Adding (i) and (ii), we get 66(x+y) =198 = x+y =3.

Subtracting (ii) from (i), we get 8(y—x)=8=>y—-x=1.

.2X+V=2x7y=23/2:>x+y=%andx—y=%80,y=0.

1_ 1
Put;—uandy

a b
For a unique solution, we have afl + bfl
y) 2
Ky Lok+s.

b _
For a unique solution, we have 17; + F; So,% + TZ =k #—6.

. aq b c
For no solution, we have R
@b o

1

_2 ;3 14
g—ki Vi = k=10and k +

-Hence, k = 10.

b
For parallel lines, we have 4 é %

]
3_2k

15,
5=% F 1 =>k7far1dk9E 5 =k=

a b
For a unique intersecting point, we have u_; * b_;
% * —TZ = k # —6. Hence, correct answer is (d).

Mm_1_-1b_2_-

-1 _ 5.
Here, ,- 373" b, =

-3 and 61
o _b

Cq . .
o~ b, * Y So, the given system has no solution.

=v.Then,2u+3v=6 ...(A) and u+%v=2ﬁ2u+v=4.

161

.. (id)

.. (ii)

.. (ii)
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; 1bh_ i 1 a_-=5_1.
17. Here, =20, =3 and & 153
a_b q& S0, th h 1
a b2 0, the given system has no solution.

18. If a pair of linear equations is consistent then their graph lines will be intersecting or
coincident.
20. LetC=3B=2(A+B)=x".
Then, C=x°,B=(3) and (A+B)=(3) -
(A+B)+C=180" = 5+x=180 = 3x =360 = x = 120.
/B= (120) 40°,
21. ZA+ ZC=180°and ZB+ 4D =180°.

This gives x +y =100 and x + 2y = 160.
22. Let the ten’s digit be x and the unit’s digit be y. Then,

x+y=15 ... and (10y+x)—(10x+y)=9=>y—-x=1. ... (i)
23. Let the required fraction be % Then,
x—1_1 .
T2 =Sy S2-2=y+2= -y =4 (@)
x—-7_1 ..
y—2 3ﬁ3x 21=y—-2=3x—-y=19. ... (ii)
24. Let the present ages of the man and his son be x years and y years respectively. Then,
(x+5)=3@1y+5) = x-3y=10 ... (@)
(x=5)=7(y—5) = x—7y =-30. ... (i)
m_6_2bh_-2_2 a_9_3
R L A T T e
a_b,a
=%,
So, the system is inconsistent and hence the lines are parallel.
m_2bh_3 g m. b
26. 5, =1, = =250 g, ¥ 3,
Thus, the system has a unique solution and therefore the lines intersect exactly at
one point.
27. The equations are 5x — 15y —8 = 0 and 15x —45y —24 = 0.
m_5_1h_-5 8 _1
*15*3'b2 45 3‘““1 2073
b
= % bl o -L and therefore the system has infinitely many solutions.
vl

Hence, the graph lines are coincident.
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TEST YOURSELF

MCQ
1. The graphic representation of the equations x +2y =3and 2x +4y+7=0
gives a pair of
(a) parallel lines (b) intersecting lines
(¢) coincident lines (d) none of these
2. If 2x =3y =7 and (a + b)x — (a + b— 3)y = 4a + b have an infinite number of
solutions then

(@)a=5"b=1 (b) a=-5,b=1
(c)a=5b=-1 (d)a=-5b=-1
3. The pair of equations 2x +y =5, 3x + 2y = 8 has
(a) a unique solution (b) two solutions
(c) no solution (d) infinitely many solutions

4. If x =—y and y > 0, which of the following is wrong?

@¥y>0  Brty=0  ©uw<o @ i-1-o

Short-Answer Questions

5. Show that the system of equations —x+2y+2 =0 and %x —%y -1=0
has a unique solution.

6. For what values of k is the system of equations kx+3y=k-2,

12x + ky = k inconsistent?

5
7. Show that the equations 9x — 10y = 21, 32_x - ?]/ = % have infinitely many

solutions.
8. Solve the system of equations x —2y = 0, 3x + 4y = 20.
9. Show that the paths represented by the equations x—3y=2 and
—2x + 6y =5 are parallel.
10. The difference between two numbers is 26 and one number is three
times the other. Find the numbers.
11. Solve: 23x + 29y = 98, 29x + 23y = 110.
12. Solve: 6x + 3y = 7xy and 3x + 9y = 11xy.
13. Find the value of k for which the system of equations 3x+y =1 and
kx +2y = 5 has (i) a unique solution, (ii) no solution.
14. In a AABC, ZC=34B =2(£A+ £B). Find the measure of each one of
ZA, ZBand Z£C.
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15. 5 pencils and 7 pens together cost ¥ 195 while 7 pencils and 5 pens
together cost X 153. Find the cost of each one of the pencil and the pen.

16. Solve the following system of equations graphically:
2x-3y=1,4x-3y+1=0.
Long-Answer Questions
17. Find the angles of a cyclic quadrilateral ABCD in which ZA = (4x +20)°,
ZB=(3x—5)°, ZC = (4y)°and #D = (7y +5)°.

35 , 14 _.o 14 , 35 _
oy xSy tany =Y

18. Solve for x and y:

19. If 1 is added to both the numerator and the denominator of a fraction,
it becomes % If, however, 5 is subtracted from both the numerator and

the denominator, the fraction becomes % Find the fraction.
b
20. Solve: % - 7y =a+b, ax— by =2ab.

ANSWERS (TEST YOURSELF)

1. (a) 2.(d) 3.(a) 4.(d) 6.k=%6 8.x=4,y=2
10. 39, 13 1 x=3,y=1 12 x=1,y=2 13. ()k*6 (i)k=6
14. ZA=20°,4B=40°, ZC =120° 15. ¥ 4 per pencil, X 25 per pen
16. x=-1,y=-1 17. LA=120°,4B=70°, ZC=60°, «D = 110°

18. x=4,y=3 19.% 20. x=b,y=-a
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