Systems of Linear Equations

Real Life Problems

The methods used to solve a system of linear equations will now be applied to real life 
problems.  These problems will involve 2
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2 systems of equations as well as appropriate instructions necessary to complete the problem.  These equations will be written in algebraic form to represent the information given in the problem.  The next step is to use one of the methods presented in this unit to solve the equations to determine at what point the equations are equal.  In some cases, the system of equations will be represented graphically on the same axes. Using the graph and the points of intersection, these results will be analyzed with respect to the given problem.  Before beginning these real life problems, it may be beneficial to review expressing statements in the form of an equation.

Example 1:  

Express the following statements as a linear equation in two variables:

a)  The sum of two numbers is 75.

b)  Six times the larger of two numbers less three times the smaller is 180.

c)  The cost of advertising on a local radio station is $50.00 per day plus a down payment

     of $20.00

d)  Mr. Portrait charges each graduate a sitting fee of $16.00 and $7.00 per photo to take 

     his/her photo. 

e)  A local car rental agency charges a daily rate of $30.00 and $0.15 per kilometer to rent

     a car.

Example 2:
Express the following practical problems as a system of linear equations in two variables.

a)  The sum of two numbers is 401 and their difference is 9.

b)  Five times the larger of two numbers plus four times the smaller is 276.  Three times

     the larger less twice the smaller is 60. 

c)  A piggy bank contains 426 coins made up of dimes and quarters. The total amount of 

     money in the bank is $79.80.

d)  A local contractor offers his customers two methods of payment for work totaling

     more than $1000.00. The first plan requires a down payment of $250.00 plus $40.00

     per week until the bill is paid.  The second plan requires a down payment of $400.00

     and a weekly payment of $25.00 until the bill is paid.

e)  Tom Talk-a-Lot has recently opened a new telephone company and is offering new

     plans to potential customers.  The first plan offers a monthly fee of $29.95 and $0.08

     per minute for long distance calling.  The second plan offers a monthly fee of $35.75 

    and $0.05 per minute for long distance calling.

Solutions:

1.  a)  Let x represent the larger number                          
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          Let y represent the smaller number
     b)  Let x represent the larger number                          
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          Let y represent the smaller number

     c)  Let c represent the cost                                           
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          Let d represent the number of days

     d)  Let c represent the charge                                       
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          Let p represent the number of photos

     e)  Let c represent the cost                                            
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          Let k represent the number of kilometres

2.  a)  Let x represent the larger number                            
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          Let y represent the smaller number                          
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     b)  Let x represent the larger number                           
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          Let y represent the smaller number                         
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     c)  Let d represent the number of dimes                               
[image: image12.wmf]426

=

+

q

d


          Let q represent the number of quarters                   
[image: image13.wmf]80

.

79

$

25

.

10

.

=

+

q

d


     d)  Let c represent the cost                                             
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          Let w represent the number of weeks                       
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     e)  Let p represent the price                                           
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          Let m represent the number of minutes                    
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The above statements are examples that could be used to review expressing statements as linear equations.  Since these examples should be sufficient to complete the review, no others will appear in this document.

Real life Problems

Example 3:

Barry and Marcie have permission from their parents to use the family snow blower to earn spending money for an upcoming school trip.  Barry is advertising his price at a rate of $10 per hour plus a service fee of $25. Marcie has set her rate at $8 per hour plus a service fee of $35. When should each person be chosen to blow snow?

a)  Write a system of equations to represent each service.        

b)  Solve the system of equations to determine when the two services cost the same 

           for the same number of hours.

      c)  Represent the two plans graphically.

Solution 3:
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      a)  
         Let c represent the cost.

               Let h represent the number of hours.                                                                       

b)      
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Barry and Marcie will both earn $75.00 for working 5 hours.

For snow removal that will take less than 5 hours, Barry’s service should be used.  For snow removal that will take more than 5 hours, Marcie’s service should be used.
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c)  

Example 4:
A local music store had a sale of CD’s and DVD’s.  Martin bought 3 CD’s and 5

DVD’s for $104.92.  Leigh bought 6 CD’s and 3 DVD’s for $125.91. Elyse bought 2 

CD’s and 10 DVD’s for $149.88.  What was the unit price of each CD and each DVD assuming that the price for all the CD’s was the same and he price for all the DVD’s was the same.

a) Write a system of equations to represent each purchase. 

a) Solve the system of equations algebraically to determine the unit price.

Solution 4: 

Only two variables need to be determined so any two equations can be used to solve. 
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a)         Let c represent the number of CD’s.

            Let d represent the number of DVD’s.                                                                       

b)       
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Martin and Leigh paid $14.99 for each CD and $11.99 for each DVD.
 OR
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Leigh and Elyse paid $14.99 for each CD and $11.99 for each DVD.

Each CD cost $14.99 and each DVD cost $11.99.

Example 5:

Your father has announced that he must purchase a new furnace for his business.  He has received three payment plans for the same furnace from Irving Oil. The first plan  will cost $650 but only $10 per month for maintenance for the life of the furnace.  The second plan will cost $300 plus $20 per month for maintenance.  The third plan will cost only $100 but the maintenance fee is $30 per month.  Your dad is having difficulty choosing a plan but you told him that you could help him make the correct decision. Show the mathematical presentation that might help your father decide.

Solution 5:  Let c represent the cost.

                   Let m represent the number of months.

The three plans that your father must choose from are shown below:
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Dad can now see that Plan 1 and Plan 2 both cost $1000 for 35 months.

Dad can now see that Plan 2 and Plan 3 both cost $700 for 20 months.

Dad can now see that Plan 1 and Plan 3 both cost $925 for 27.5 months.

To show Dad which plan will ultimately cost the least, the plan will all be graphed on the same axes.
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From the graph, it can be seen that Plan 1 begins as the most expensive but after 35

months, it becomes the best option.  Dad should choose Plan 1 since the lifetime of a furnace is longer than 35 months.

Example 6:

You are selling your motorcycle and decide to advertise it on the Internet on Walton’s Web Ads.  He has three plans from which you may choose.  One requires that you pay a down payment of $50 and $1 per day.  The second charges you $30 as a down payment and $2 per day.  The third plan has a down payment of $20 but charges $3 per day.  Under what circumstances would you choose each? 

a)  Write an equation to represent each plan.    

b)  Solve the system of equations to determine when two plans cost the same for the

     same number of days.

c)   Represent the three plans graphically.

Solution 6:  

      a)             Let c represent the cost.

                      Let d represent the number of days. 
                                    
[image: image45.wmf]20

3

30

2

50

1

+

=

+

=

+

=

d

c

d

c

d

c


      b)
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Plan 1 and Plan 2 each cost $70.00 to advertise the motorcycle for 20 days.

Plan 2 and Plan 3 each cost $50.00 to advertise the motorcycle for 10 days.

Plan 1 and Plan 3 each cost $65.00 to advertise the motorcycle for 15 days.

c)  
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To advertise the motorcycle for ten days or less, Plan 3 would be the cheapest option.

To advertise the motorcycle for more than 10 days but less than 20 days, Plan 2 would be the best option.                                                                                                 
To advertise the motorcycle for more than 20 days, Plan 1 would be the cheapest option.
Example 7:
A local cable company now offers phone services through their high speed cable connection.  They have three different monthly payment plans.  Plan A charges a base fee of $8 and $.06 per minute.  Plan B charges a base fee of $15 and $.03 per minute. Plan C charges a base fee of $20 and $.02 per minute.  When should someone choose each plan?

a)   Write an equation to represent each plan.         

b)  Solve the system of equations to determine when two plans cost the same for    

      the same number of minutes.

c)   Represent the three plans graphically.

Solution 7: 
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a)           Let c represent the cost.

              Let m represent the number of minutes.                                                                                   

b)  

             
[image: image57.wmf]15

03

.

8

06

.

+

=

+

=

m

c

m

c

                                                            
[image: image58.wmf]20

02

.

15

03

.

+

=

+

=

m

c

m

c

     

         
[image: image59.wmf]3

3

.

233

03

.

7

03

.

03

.

7

03

.

7

03

.

03

.

03

.

06

.

7

03

.

06

.

8

15

03

.

8

8

06

.

15

03

.

8

06

.

=

=

=

+

-

=

-

+

=

-

+

=

-

+

+

=

+

m

m

m

m

m

m

m

m

m

m

m

m

m

                                  
[image: image60.wmf]500

01

.

5

01

.

01

.

5

01

.

5

02

.

02

.

02

.

03

.

5

02

.

03

.

15

20

02

.

15

15

03

.

20

02

.

15

03

.

=

=

=

+

-

=

-

+

=

-

+

=

-

+

+

=

+

m

m

m

m

m

m

m

m

m

m

m

m

m


           
[image: image61.wmf]22

8

)

3

3

.

233

(

06

.

8

06

.

=

+

=

+

=

c

c

m

c

                                                      
[image: image62.wmf]30

15

)

500

(

03

.

15

03

.

=

+

=

+

=

c

c

m

c


                                     
[image: image63.wmf]20

02

.

8

06

.

+

=

+

=

m

c

m

c


                              
[image: image64.wmf]300

04

.

12

04

.

04

.

12

04

.

12

02

.

02

.

02

.

06

.

12

02

.

06

.

8

20

02

.

8

8

06

.

20

02

.

8

06

.

=

=

=

+

-

=

-

+

=

-

+

=

-

+

+

=

+

m

m

m

m

m

m

m

m

m

m

m

m

m


                                         
[image: image65.wmf]26

8

)

300

(

06

.

8

06

.

=

+

=

+

=

c

c

m

c


Plan A and Plan B each cost $22.00 to use the telephone for 233.33 minutes.

Plan B and Plan C each cost $30.00 to use the telephone for 500 minutes.

Plan A and Plan C each cost $26.00 to use the telephone for 300 minutes.

c)  
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To talk on the phone for 233.33 minutes or less, Plan A would be the cheapest option.

To talk on the phone for more than 233.33 minutes but less than 500 minutes, Plan B would be the best option.

To talk on the phone for more than 500 minutes, Plan C would be the cheapest option.
Exercises:

1.  Rafael and Timothy are competing in a sporting event in which the person with the

     higher number of points wins the trophy.  They are entering round three, a bean bag

     toss, and each has112 and 86 points respectively.  Both are hoping to win the round or

     at least have even scores at the end of the round.  This will allow both contestants to 

     play for the trophy in the final event.  Before beginning round three, Rafael picked a

     wild card that will give him 2 points for each successful throw.  Timothy’s wild card

     will give him 4 points for each successful throw. Solve the system of equations and 

     represent graphically. How many successful throws will each person have to make in 

    order to be tied at the end of round three? 

2.  Two sisters, Jana and Kelsey, have decided to start up a baby sitting service.  Jana has 

     set her fees as $10 plus $3.50 an hour. Kelsey has her fees set as $6.00 plus $4.00 an 

     hour. Solve the system of equations and represent graphically. How many hours will 

     each have to baby sit in order to make the same amount?

3. “We Type 4 U” is a typing service that offers its customers three payment plans.  Plan 

     A charges a base fee of $10 and $.30 per page.  Plan B has no base fee but charges 

     $.40 per page.  Plan C charges a base fee of $18 and $.10 per page.  Under what 

     conditions should someone choose each plan? Solve the system of equations and 

     represent graphically.

4.  Charlie, Lucy and Derrick were at Tim Horton’s discussing their long distance phone

     bills.  Charlie was charged $19.50 for 30 minutes of usage to the United States and for 

    120 minutes of usage within Canada.  Lucy was charged $10.25 for 15 minutes of 

     usage to the United States and 65 minutes for calls within Canada. Derrick’s bill was 

     $12.50 for 10 minutes of usage to the United States and 100 minutes for calls within 

     Canada.  Assuming that they are paying the same rates for long distance minutes to 

     the United States and for calls within Canada, what rates are they paying for each of 

     these services? 

5.  A local gym offers a choice of monthly payment plans for those customers who are

     unable to purchase a yearly membership. One plan allows the customer to pay a flat 

     rate of $35 per month.  A second option allows customers to pay a base fee of $10 and 

     $2.50 per hour.  The third option has no base fee but charges the customer $3.50 per 

     hour.  When should a customer choose each option? Solve the system of equations and 

     represent graphically.

Solutions: 

1.  Let p represent the total number of points.

     Let t represent the number of successful throws.
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At the end of round three, the bean bag toss, each player will have 138 points if they each have 13 successful throws.

2.  
[image: image73.wmf]Let c represent the cost.

        Let h represent the number of hours.
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Jana and Kelsey will both earn $38 if they baby sit for 8 hours.
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[image: image75.wmf]Kelsey should be called to baby sit for 8 hours or less.  Jana should be called to 

   baby sit for longer than 8 hours.

3.  Let c represent the cost.

     Let p represent the number of pages.
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Plan A and Plan B each cost $40.00 to have 100 pages typed.                                     
Plan B and Plan C each cost $24.00to have 60 pages typed.                                                  
 Plan A and Plan C each cost $22.00 to have 40 pages typed.
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To have 60 pages or less typed by “We Type 4 U”, Plan B is the best option.  For more than 60 pages, Plan C is the best option.  Plan A is never the best option.

4.       Let u represent the rate per minute for usage to the United States.   

          Let c represent the rate per minute for usage within Canada.      

                                 
[image: image86.wmf]50

.

12

100

10

25

.

10

65

15

50

.

19

120

30

=

+

=

+

=

+

c

u

c

u

c

u



[image: image87.wmf]25

.

10

65

15

50

.

19

120

30

=

+

=

+

c

u

c

u



 EMBED Equation.3  [image: image88.wmf]Þ

  
[image: image89.wmf])

25

.

10

65

15

(

2

50

.

19

120

30

=

+

-

=

+

c

u

c

u

  
[image: image90.wmf]Þ

  
[image: image91.wmf]50

.

20

130

30

50

.

19

120

30

-

=

-

-

=

+

c

u

c

u


                                                                                               
[image: image92.wmf]10

.

10

1

10

10

1

10

=

-

-

=

-

-

-

=

-

c

c

c


                                                                                    
[image: image93.wmf]25

.

30

50

.

7

30

30

50

.

7

30

12

50

.

19

12

12

30

50

.

19

12

30

50

.

19

)

10

(.

120

30

50

.

19

120

30

=

=

=

-

=

-

+

=

+

=

+

=

+

u

u

u

u

u

u

c

u

                           

[image: image94.wmf]

[image: image95.wmf]50

.

12

100

10

25

.

10

65

15

=

+

=

+

c

u

c

u



 EMBED Equation.3 [image: image96.wmf]Þ

     
[image: image97.wmf])

50

.

12

100

10

(

3

)

25

.

10

65

15

(

2

=

+

=

+

-

c

u

C

u



 EMBED Equation.3 [image: image98.wmf]Þ

  
[image: image99.wmf]50

.

37

300

30

50

.

20

130

30

=

+

-

=

-

-

c

u

c

u


                                                                                                
[image: image100.wmf]10

.

170

00

.

17

170

170

00

.

17

170

=

=

=

c

c

c


                                                                                
[image: image101.wmf]25

.

10

50

.

2

10

10

50

.

2

10

10

50

.

12

10

10

10

50

.

12

10

10

50

.

12

)

10

(.

100

10

50

.

12

100

10

=

=

=

-

=

-

+

=

+

=

+

=

+

u

u

u

u

u

u

c

u


Charlie, Lucy and Derrick are each paying $.10 per minute for calls within Canada and $.25 per minute for calls to the United States.

5.  Let c represent the cost.

     Let h represent the number of hours.
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All of the plans cost $35.00 for 10 hours at the gym.  
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As can be seen from the graph, all the plans cost $35.00 for 10 hours at the gym.  However, Plan 1 will never exceed $35.00 and would be the best option for anyone who spends more than 10 hours at the gym.  Plan 3 would be the best option for any customer who spends less than 10 hours at the gym. Plan 2 would never be the best option for any customer.
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