Chapter 17 ~ SIMULTANEOUS
LINEAR EQUATIONS

LINEAR EQUATION IN TWO VARIABLES

An equation of the form ax + by + ¢ = 0, where a, b and c are real numbers and a and b
both are non-zero, is called a linear equation in two variables x and y.
For example :

x + y — 5 = 0 is a linear equation in the two variables (unknown) x and y. Note that x =
2 and y = 3 satisfies this linear equation.

SIMULTANEOUS LINEAR EQUATIONS

Let us consider two linear equations in two variables.

x+y—-56=0
2c—y—-1=0 o

These two equations are said to form a pair oﬁ_sf’;nultaneous linear equations in two
variables x and y. ~ ¥ g

A solution to a pair of simultaneous lii e’q.ﬁgjqwations in two variables is an ordered pair
of real numbers which satisfy both the réahuations.

In the above example, x = 2, y = 3 1s ;a@gﬁiﬁon to the pair of simultaneous linear equations.
We can check this by substitutin;‘f# 2, v = 3 in each of these two equations.

The process of finding an ordered pair of real numbers which satisfy both the equations
is called solving a pair of simultaneous equations.

There are two methods to solve a pair of simultaneous linear equations:
(i) Substitution method (ii) Addition-subtraction (or Elimination) method.

Substitution Method

Procedure to solve a pair of simultaneous linear equations in two variables :

- e e m—

(i) Solve one of the given equations for one of the variables.
(ii) Substitute that value of the variable in the other equation.

(iii) Solve the resulting single variable equation and substitute this value into either of
the two original equations and solve it to find the value of the other variable.

The solution may be checked by substituting in both the original equations. 'f_
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Solve the following pair of simultaneous linear equations :

2x + Ty = 30, x — 3y = 2.
Solution. Given equations are :
2x + Ty = 30 (@)
o S il

We can use any equation to express one variable in terms of another. To
avoid fractions, we can express x in terms of y by using equation (zz).

x—3y =2 = A=rdy F 2

Substituting this value of x in equation (z), we get

28y + 2) + 7y = 30
= 6y + 4+ 7y =30
=5 13y =30-4 = 13y =26 = y = 2.
Substituting this value of y in equation (iz), we get

x—3 X2 =2 =4 il =2 — ]

Hence, the solution is x = 8, y = 2.

m Solve 4x + 3y = 14, 9x — 5y = 55 by substitution method.

Solution. Given equations are : _
4x + 3y = 14 (1)
Ix — 5y = 55 _ ..(11)
Using equation (i), we get "
4x + Sya=nl4 TR ; LU

Substituting this walie of x in equation (i), we get

9 x 14;35'\__.53; = 55

9(14 - 3y) — 20y = 220 (Multiplying by 4)
126 — 2Ty — 20y = 220
—47y = 220 — 126 = —4Ty = 94
y = —2.

=
=
=
=

Substituting this value of y in equation (z), we get

4 + 3 x (-2) = 14 = 4x—-6=14
= 4x = 20 =5 | =0 i
Hence, the solution is x = 5, y = —2.

An alternative method of solving a pair of simultaneous linear equations that is perhaps superior
to substitution for systems such as
4x + 3y =14, 9x — 5y = 55

i« known as addition-subtraction method or elimination method. In example 2, we noticed that
| solving these equations by using substitution method involves-fractions regardless of our choice of
" variable and choice of equation. The addition subtraction method enables us to avoid fractions.
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Addition—Subtraction Method

Procedure :

* Multiply one or both equations (if necessary) to transform them so that addition or
subtraction will eliminate one variable.

* Solve the resulting single variable equation and substitute this value into either of
the two original equations, and solve to find the value of the second variable.

Solve 4x + 3y = 14, 9x — 5y = 55 by addition-subtraction method.

Solution. Given equations are :
4x + 3y = 14 vl 2)

To make coefficients of y equal (numerically), multiplying equation (i) by
5 and equation (iz) by 3, we get

20x + 15y =70 (@)
27x — 15y = 165 ...(1v)
Adding (iii) and (iv), we get
47x = 235 —
Substituting x = 5 in equation (i), we get’
 4x5+3y =14 = 20 + 3D 14
= 3y =—6 = Y Sec e
Hence, the solution is x = 5, y =% 2.

Example 4. \ Solve : 14x — 3y = 54, 218,23y = 95.

Solution. Given equations are, ;
14x — 3y = 5% )
21x — 8y = 95 (i)

L.C.M. of coefficients of x (14 and 21) is 42. So, to make both coefficients
equal to 42, multiply equation (i) by 3 and equation (ii) by 2 to get

42x — 9y = 162 | ..(111)

42x — 16y = 190 ...(Iv)

Subtracting (iv) from (zii), we get
Ty = —28 = y=-4.
Substituting y = —4 in equation (i), we get
14x — 3 x (—4) = 54 = 14x + 12 = b4

— 14x = 42 =X =3,
Hence, the solution is x = 3, y = —4.

FEL I CEN Solve :

3—-2(3x + 4y) = x, x;3—y;4 =2T15'
Solution. The given pair of simultaneous linear equations is
83-238x +4y)=x o (2)
B im0 -2 o = (@)

4 5 10
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From (i), we get
3-6x—-8 —-x=0 = -Tx—-8 +3=0
= Tx+8-3=0 s GIEL)
Multiplying (ii) by 20 (L.C.M. of 4 and 5), we get
5(x — 3) — 4(y — 4) = 42
=4 5x — 15 — 4y + 16 = 42

= hx — 4y —41 =0 ven (ED)
Multiplying (iv) by 2, we get
10x — 8y — 82 =0 oo LD

Adding (iii) and (v), we get
17x — 85 =0 = 17x = 84 =3 =D,
Putting x = 5 in (ii1), we get
7Tx5+8-3=0 = 35+8y-3=0
= 8y+32=0 = 8y =-32 = y=-4
Hence, the solution is x = 5, y = —4.
Note. In particular, if the coefficient of x in the first equation is numerically equal to
the coefficient of y in the second equation and the coefficient of y in the first

equation is numerically equal to the coefficiént of x in the second equation, then
it is better to proceed as in example 6 (given below).

Solve : 15x — 14y = 117, 1A M5y = 115.

Solution. Given equations are+4
156x — 14y = 117 sl
14x — 15y 5. )43 walBL)

Adding (i) and (77), we get
29x — 29y = 232

= X — _’y — 8 ..(iii)
Subtracting (ii) from (i), we get
X+y= 2 .(IU)

On adding (iii) and (iv), we get
2x = 10 = x = D.

Substituting x = 5 in (iv), we get ‘
o + y = 2 = N = ¥
Hence, the solution is x = 5, y = —3.
ms‘mlve:y—-3~ =8, 2y + Le—ig)
X X
Solution. Let -i_- = z, then the given equations become
y—38z=28 £)
2y + 7z = 3 ...(1)

Multiplying equation (i) by 2, we get
2y — 62 = 16 ..(1i1)
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~ Subtracting (iii) from (ii), we get

A 132=-13 = z=-1
Substituting z = -1 in (i), we get

3 y=3'XCl=8 = y+3=8 = y

1

X

I
ot

Now, z=-1 = =-1 =. X =~1.

Hence, the solution is x = -1, y = 5.

' ':n‘:a‘uzl'lv'e:.E + L] =, et = 23.
. . X W X Yy
Solution. Let % = a and % = b, then the given equations become
6a + 76 = 4 (1)
5a — 4b = 23 . (11)
Multiplying (i) by 4 and (ii) by 7, we get
24a + 28b = 16 | (i)
35a — 28b = 161 ...(1v)

On adding (iii) and (iv), we get
59a = 177 =S a=19

Substituting @ = 3 in (i), we get &
6x3+Th=4 = 18+7b=t@

= 7b="14 —_ b=— ®
Now, a=3 = ;F\ﬂ = x=3

and b

1
=-2 RQYW=-2 = y=-3
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Solve the following (6 to 12) pairs of simultaneous linear equations :

6. (i) 3x-2y=5 (i) x =3y + 5
5x -3y=13 8x=Ty+1
e {3 R R
e (1)5——q—22 (i1) 29 3b 1
S8 et T
e 7 34 6b 1
8. () 3x+2(y-8)=0 (i) 2(x-3)+3(y—-5)=0
5x—-5)+3y=0 5x-1)+4y-4)=0
o e e oo X B o
9. (D - g 12 (i1) : - 3y -5
P SN i i R A5 =BT L0 S Tt e
S i =13 R T 18 — 5x
10. (@) 4lx+ 53y =135 (if) 78x — 97y = 116
53x + 41y = 147 97x — 78y = 59
R s gy AL
1357548 3,1'.—;—5 (u)x y=1
dx+ > =1 E—4y=9
) b x
N NES S 8 %
s (i) ;©§1
Jre s an Mo+ = =3
X y \I Yy

—

” PROBLEMS ON SIMULTANEOUS LINEAR EQUATIONS

A wide variety of word problems involving two unknown quantities can be solved by
assuming two unknown quantities as x and y and then writing linear equations
corresponding to given conditions. Then solve the pair of linear equations simultaneously
to get the values of x and y.

Example 1. _/ Twice one number minus three times a second number is equal to 1, and
the sum of these numbers is 13. Find the numbers.

Solution. Let the two numbers be x and y. :
According to the problem,
2x — 3y =1 )
and x+y=13 +iZ)
Multiplying equation (ii) by 3, we get
3x + 3y = 39 ..(222)

On adding (i) and (iii), we get
5x = 40 =) o= 8,
Substituting x = 8 in (ii), we get
8+y=13 = ¥y =8
Hence, the required numbers are 8 and 5.




|
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Example 2.

Solution.

Example 3. 2

Solution.

Example 4. ~

Solution.

If 1 is added to the numerator and 3 to the denominator of a fraction, it

becomes % If 1 is subtracted from the numerator and 2 is added to the

; ’ 2 ‘ .
denominator, it becomes = Find the fraction.

Let the required fraction be = .

y

By the given conditions, we have

x+1 = il i %=1 d 2

y+ 3 2 y+ 2 5
= 2x+2=y+3and bx -5 =2y + 4
=3 2x —y =1 wi\l)
and 5x — 2y =9 .(i1)
+Mu1tiplying equation (i) by 2, we get

4 — 2y = 2 WALED)
Subtracting (iii) from (ii), we get
Ri=2

Substituting x = 7 in (i), we get
2xT—-y=1 — U o |
— —y=—13 — y=13

Hence, the required fraction = -1%

A two digit number is four timesythe sum of its digits. If 27 is added to
the number, its digits are reversed. Find the number.

Let x be the digit at ten’S\place and y be the digit at unit’s place. Then
the number is 10x + y.

According to the firstycondition of the given problem,
10x +y = 4(x + y)
= 10x +y = 4x + 4y
= 10x —4x =4y — vy
=3 6x = 3y Bl iy, (Z)
The number formed by reversing the digits is 10y + x.
According to the second condition of the given problem,
10y + x = 10x + y + 27
— 10y —y = 10x — x + 27
— Oy = 9x + 27 — S AT T (1)
Substituting y = 2x in (it), we get
2x =x + 3 =5 K= 3.
From (i), y =2 x 3 = 6.
Hence, the required number is 36.

The cost of 7 kg of sugar and 5 kg of rice is ¥ 354, and the cost of 6 kg of
sugar and 7 kg of rice is ¥393. Find the cost of sugar and rice per kg.

Let the cost of sugar per kg be ¥x and that of the rice per kg be Xy.



Solution.

Example 6.

Solution.
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According to the problem, we have

Tx + by = 3564 )

6x + Ty = 393 w11
Multiplying (i) by 7 and (it) by 5, we get

49x + 35y = 2478 ..(117)

30x + 35y = 1965 ...(1v)

Subtracting (iv) from (iii), we get
19x = 513 — e
Substituting x = 27 in (z), we get
7 x 27 + 5y = 354 = 189 + 5y = 354
= 5y = 165 =y =33,
Hence, sugar costs ¥ 27 per kg and rice costs ¥ 33 per kg.

The weekly incomes of A and B are in the ratio 3 : 4 and their weekly
expenditures are in the ratio 1 : 2. If each saves 1000 per week, find
their weekly incomes.

As the weekly incomes of A and B are in the ratio 3 : 4, let their weekly
incomes be % 3x and T 4x respectively

As their weekly expenditures anéyin the ratio 1 : 2, let their weekly
expenditures be ¥y and 2y respectively.

Then, weekly savings of A%"T8x — y)
and weekly savings of By="% (4x — 2y).
Since each saves ? 1000 per week, we have
3x —y = 1000 sokih)

4x — 2y = 00 = 2x -y =500 oKEL)

Subtracting (ii) from (i), we get x = 500
3x = 3 x 500 = 1500 and 4x = 4 x 500 = 2000.

Hence, A’s weekly income is ¥ 1500 and that of B is X 2000.

Four years ago, Marina was three time old as her daughter. Six years
from now, the mother will be twice old as her daughter. Find their present
ages.

Let the present age of Marina be x years and that of her daughter be
y years.

Four years ago,
Marina’s age = (x — 4) years
and her daughter’s age = (y — 4) years
According to the first condition of the problem,
x —4 =3y —-4)
= x— 3y = -8 ()
Six years from now,
Marina’s age = (x + 6) years
and her daughter’s age = (y + 6) years
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According to the second condition of the problem,
x+6=2y + 6)
=5 x -2y =6 sil2L)
Subtracting (i) from (i7), we get y = 14.
Substituting y = 14 in (i), we get
x—2x%x14 =6 = X —28 =0 — s

Hence, Marina’s present age is 34 years and that of her daughter 18
14 years.

FETICYA At a certain time in a deer park, there were 45 heads and 146 legs counting
both the deer and the human visitors. How many deer and how many
visitors were there?

Solution. Let the number of deer in the park be x and that of human visitors be y.
As each deer and each human has one head, we have
X +) = 45 i)
As each deer has four legs and each human has 2 legs, we have
4x + 2y = 146
= 28 +y=13 .(i1)

Subtracting (i) from (ii), we get x = 28.
Substituting x = 28 in (i), we get.
28 + y = 45 = vy =N

Hence, there are 28 deersgnd*17 human visitors in the park.

A boat goes 25 km dewnstream in 25 hours and 12 km upstream in
3hours. Find the speed of the boat in still water and the speed of the
stream. .

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

Since speed = dis,tame
time
25 :
= — =5 + v = 10 Sk
X + Yy 75 X +Y (2)
and x-y= 1—32 = x—-y=4 rsU1)

On adding (i) and (zi), we get
2x = 14 =y =T,
Substituting x = 7 in (z), we get
7+y=10 = ¥ =3

Hence, the speed of the boat in still water is 7 km/hr and the speed of
the stream is 3 km/hr.
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10.

11.

12.

13.

14.

15.

16.

1

18.

19.

==, e e T

The sum of two numbers is 40 and their difference is 8. Find the numbers.

The sum of two numbers is 2 and their difference is 8. Find the numbers.
The sum of two numbers is 2 and their difference is 1. Find the numbers.

Twice one number minus thrice a second number is equal to 2, and the sum of these numbers 1s 11.
Find the numbers.

The sum of two numbers is 35. If the larger is doubled and the smalier is tripled, the difference is 5.
Find the numbers.

Two numbers are in the ratio 4 : 7. If thrice the larger is added to twice the smaller, we get 87. Find
the numbers.

Two numbers are in the ratio 2 : 3. If 20 is added to each, the ratio becomes 6 : 7. Find the
numbers. '

If 4 1s added to the numerator of a certain fraction, it becomes % . If 4 is added to the denominator,

it becomes % . Find the fraction.

The sum of the digits of a two digit number is 12. If its are reversed, the new number 1s
12 less than double the original number. Find the number)

A number of two digits is 4 more than 3 times the gp@of the digits; and if 27 is added to it, the dlglts
are reversed. Find the number.

Four erasers and six pens cost ¥ 36 whﬁ@ asers and nine pens cost ¥45. Find the cost of one

eraser and one pen.

The cost of 5 kg of sugar and 71 Qme is T 153 and the cost of 7 kg of sugar and 5 kg of rice is
¥ 147. Find the cost of 6 kg of sugar and 10 kg of rice.

Sanjay paid ¥ 27 for 5 mangoes and 8 oranges. If a mango costs ¥ 1-50 more than an orange, what is
the cost of each mango?

Drawing pencils cost 80 paise each and coloured pencils cost T 1:10 each. Two dozen assorted
pencils cost ¥ 21-60. How many coloured pencils are there?

Two years ago, Sumitra was five times as old as her daughter, and eight years hence, the mother will |
be thrice old as her daughter. Find their present ages. | . | P

Six years ago, the ages of Sujata and Sushma were in the ratio 4 : 3. Nme years ﬁmnﬁm ﬂxetr ages
will be in the ratio 7 : 6. Find their present ages. 5 owse

The monthly incomes of A and B are in the ratio 3 : 4andtheirm" thly expenditures a ~inther

7 : 11. If each saves ¥ 2500 per month, find the menthiy Income af ach JEE
L-J : 2

23 LanmShours, find x and y.

A boat can go 70 km downstrea
(1) of the baat in atﬂ] water
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w Anequation ofthe form ax+by+c =0, wherea,b andc are real numbers and a and b both are
non-zero, is called a linear equation in two variables x and y.

= Two linear equations in two variable form a system of simultaneous linear
equations.

w A solution to a system of two simultaneous linear equations in two variables is an
ordered pair of real numbers which satisfy both the equations.
w There are two methods to solve a pair of simultaneous linear equations :
() Substitution method
(i) Addition-Subtraction (or elimination) method.

w A wide variety of word problems involving two unknown quantities can be solved by
assuming two unknowns as x and y and then writing linear equations corresponding
to given conditions.

et e e T e

owing ,ﬁﬂo 3} pm‘rs of simultaneous linear equan@
‘_ = =1

” 42y = 11 (ii) 3x + 4
B | | 5x + &+ 7=0

Riiay
3 2 1
(if) 2x 3y 3
1
i_ e 1
4x 2y 8

is 5. Ihe digit obtained by increasing the digit in ten’s
Flmd the numben

Bavads bt -—'n ?fithe_ other by 80.
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