BB202 BUSINESS MATHEMATICS
LECTURE 3
SOLUTION OF LINEAR SIMULTANEOUS EQUATIONS

3-1 Formulation of Linear Simultaneous Equations

Example 1:

A movie theater offers three different tickets for admission: Male Adult, kids and ladies. The charges for the tickets are RM 7, RM 4 and RM 6 respectively. On a particular weekend, it is found that a total of 220 tickets have been sold and a total of RM 1260 has been collected. In addition, it is also known that 340 pieces of food coupons have been distributed. Food coupons are issued free of charge to customers. Adults receive 1 coupon, kids receive 2 coupons and ladies receive 2 coupons respectively. Formulate the problem as a set of simultaneous equations and find the number of customers of each category who have visited the theater on that particular weekend.

x = 100, y = 80 and z = 40.

Example 2:

A company produces 3 products, A, B and C. In an attempt to justify the company’s account, the accounting manager wishes to find the number of products manufactured for each category. It is known that a total of 200 units have been manufactured. Each unit of product A, B and C is priced at RM15, RM16 and RM12 respectively. A total of RM 2790 has been collected in the sales. In addition, the unit manufacturing cost for each product is RM10, RM9 and RM6 respectively. The total manufacturing cost has been recorded RM1580 to date. Formulate the problem as a set of simultaneous equations and find the number of products of each category which have been produced.

x = 50, y = 60 and z = 90.

Example 3:
Mr. Samad plans to invest RM x in the bonds of Gagasan Carriers Sdn. Bhd., which pays 7 percent interest, and RM y in Baycorp Sdn. Bhd. bonds, which pays 10 percent interest. He will invest RM10,000 and requires that he receives RM820 interest. How much should be invested in each security? 

x = RM6,000, y = 4,000
3 – 2

Solving Linear Simultaneous Equations 

3-2-1

Substitution Method

Standard linear simultaneous equations of 
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 variables and 
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 equations are given below:
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An example set of linear simultaneous equations of 3 variables and 3 equations are given below:

3 x – 3 y + 2 z = -2

- 2 x – 2 y – 3 z = 0

x – 2y + z = 12

Standard linear simultaneous equations of 
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 variables and 
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 equations can be solved by substitution method. The first equation ( parent equation ) is substituted into second equation to eliminate one of the variable. This gives rise to one equation of two variables only. Next, the first equation ( parent equation ) is substituted into the third equation to eliminate the same variable. This gives rise to another equation of two variables only. Both the equations of two variables form a set of simultaneous equations that can be solved easily. The result of the two variables can be substituted back to the parent equation to obtain the result of the third variable.

In short, a set of simultaneous equations of three variables (three equations) has been reduced to a set of simultaneous equations of two variables ( two equations ) that can be solved easily.

Like wise, a set of simultaneous equations of four variables ( four equations) can be reduced to a set of simultaneous equations of three variables ( three equations ), and then to a set of simultaneous equations of two variables that can be solved easily. The process can be applied to a set of linear simultaneous equations with 
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 variables.

Example 4:


Solve the following simultaneous equations: 

3 x - y + 2 z 
=   0

2 x + y - 4 z 
= - 9

   x + y + 3 z
=   6

Solution

We denote each equation as

3 x - y + 2 z 
=   0  …………………………………… (1)

2 x + y - 4 z 
= - 9  …………………………………… (2)

   x + y + 3 z
=   6  …………………………………… (3)

We wish to eliminate the variable y.

From  (1), we have    

y = 3 x + 2z ……………………… (4)

Substitute (4) into (2)

2x + (3x + 2z) - 4z = - 9





5x – 2z = - 9  …………………….. (5)

Substitute (4) into (3)

x + (3x + 2z) + 3z = 6





4 x + 5 z = 6   …………………….. (6)

We need now to solve a set of 2 simultaneous equations only: (5) and (6).

Doing so, we have x = - 1 and z = 2.

Substituting x = - 1 and z = 2 into (1), we have 3 (-1) – y + 2 (2) = 0

Hence y = 1.

x = - 1, y = 1, z = 2 

Verification of the results is left as exercise.

Example 5:
Solve the following simultaneous equations using substitution method: 

x + y    =   2

y + z 
=   9

z + x
=   3

Solution

We denote each equation as

x + y    =   2  …………………………………… (1)

y + z 
=   9  …………………………………… (2)

z + x
=   3  …………………………………… (3)

We wish to eliminate the variable y.

From  (1), we have    

y = 2 – x   ……………………… (4)

Substitute (4) into (2)

( 2 – x ) + z  = 9





- x + z  = 7  …………………….. (5)

Substitute (4) into (3)

z + ( 2 – y ) = 3





z – y = 1      …………………….. (6)

The simultaneous equations (5) and (6) needs to be considered now.

The only variable that can be eliminated is z. Doing so we have

 y – x  = 6   …………………………… (7)

We are not able to obtain results for either variable x or y. But when we look closer we found that we are able to match (7) with (4). Solving (4) and (7) we have x = - 2 and y = 4. Substituting the results back to (2) we have z = 5.

x = - 2, y = 4 and z = 5.

Verification of the results is left as exercise.

Example 6:


Solve the following simultaneous equations using subsititution method. 

2 w - x – y + z

= 9

4 w + 2 x + 2 y - z
= 8

   w + x  + y - z
= 0

 - w + x – 3 y + z
= - 6 

Solution

We denote each equation as

2 w - x – y + z

= 9  …………………………………. (1)

4 w + 2 x + 2 y - z
= 8  …………………………………. (2)

   w + x  + y - z
= 0  …………………………………. (3)

 - w + x – 3 y + z
= - 6 ………………………………… (4)

We wish to eliminate the variable x.

From (1), we have x = 2w – y + z – 9  ……………………………….. (5)

Substituting (5) into (2)
4 w + 2 ( 2w – y + z – 9 ) + 2 y – z = 8





8 w + z = 26  ………………………… (6)

Substituting (5) into (3)
w + (2w – y + z – 9) + y – z = 0





3 w = 9  ……………………………… (7)

Substituting (5) into (4)
- w + (2w – y + z – 9) - 3 y + z = - 6





w – 4 y + 2 z = 3 ……………………. (8)

The simultaneous equations (6), (7) and (8) can then be solved using the technique that we have learned before. It is left as an exercise.
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