Section 4-1  Review: Solving Systems of Linear Equations
A system of linear equations in two variables can be expressed as follows. Note the use of subscripted variables in place of the x and y we used before. It doesn’t really matter what variables you use.
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The solution to such a system of equations is the set of ordered pairs (x1, x2) such that each ordered pair satisfies both equations.

Example 1: Nutrition

A fruit grower can use two types of fertilizer in an orange grove; brand A and brand B. Each bag of brand A contains 8 pounds of nitrogen and 4 pounds of phosphoric acid. Each bag of brand B contains 7 pounds of nitrogen and 6 pounds of phosphoric acid. Tests indicate that the grove needs 720 pounds of nitrogen and 500 pounds of phosphoric acid. How many bags of each brand should be used to provide the required amounts of nitrogen and phosphoric acid?

	Brand

	Bags


	A

	x1


	B

	x2



	
	
	Brand A

Brand B

Constraint

Nitrogen

8x1
+

7x2
= 720

Phosphoric Acid

4x1
+

6x2
= 500




Multiply the first equation through by -1 and multiply the second equation through by 2:
-8x1 -  7x2 = -720

 8x1 + 12x2 = 1000

Add the two equations:

-8x1 -  7x2 = -720
 8x1 + 12x2 = 1000

-------------------

        5x2 =  280
         x2 =  280/5

         x2 =   56
Substitute 56 for x2 in the first equation:

8x1 +  7(56) =  720 implies x1 = 41

The fruit grower should use 41 bags of brand A fertilizer and 56 bags of brand B fertilizer.

Graphical Interpretation

       Nitrogen Constraint: 8x1 + 7x2 = 720

Phosphoric Acid Constraint: 4x1 + 6x2 = 500

	Nitrogen Constraint


	x1

	x2


	0.0

	102.9


	41.0

	56.0


	90.0

	0.0



	
	
	Phosphoric Acid Constraint

x1

x2

0.0

83.3

41.0

56.0

125.0

0.0




The red line represents the nitrogen constraint and the green line represents the phosphoric acid constraint. The two lines intersect at (41, 56).
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Example 2: Supply and Demand

At $2.13 per bushel, the annual supply for corn in the Midwest is 8.9 billion bushels and the annual demand is 6.5 billion bushels. When the price falls to $1.50 per bushel, the annual supply decreases to 8.2 billion bushels and the annual demand increases to 7.4 billion bushels. Assume that the supply and demand equations are linear.

(A) Find the supply equation.
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Solve the first equation for b:

b = 2.13 – 8.9m
Substitute this into the second equation:
    1.50 = 8.2m + (2.13 – 8.9m)
=>  1.50 = -0.7m + 2.13
=> -0.7m = -0.63

=>     m = 0.63/0.7

=>     m = 0.9

We then use this value of m to find b:
   b = 2.13 – 8.9(0.9)
=> b = -5.88

The supply equation is given by: 
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(B) Find the demand equation.
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Solve the first equation for b:

b = 2.13 – 6.5m
Substitute this into the second equation:

    1.50 =  7.4m + (2.13 – 6.5m)
=>  1.50 =  0.9m + 2.13

=> -0.9m =  0.63

=>     m =  0.63/-0.9

=>     m = -0.7
We then use this value of m to find b:

   b = 2.13 – 6.5(-0.7)
=> b = 6.68
The demand equation is given by: 
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(C) Find the equilibrium point.

Solve the supply and demand equations simultaneously:

p =  0.9q – 5.88

p = -0.7q + 6.68

Substitute the value of p in the first equation into the second equation:

   0.9q – 5.88 = -0.7q + 6.68
=> 1.6q        =        12.56

=>    q        =        12.56/1.6

=>    q = 7.85 billion bushels.

Substituting for q in equation one:
p = 0.9(7.85) – 5.88 = 1.185 dollars/bushel.

The equilibrium point is 7.85 billion bushels of corn at a price of $1.185 per bushel.
(D) Illustrate the system graphically.

Supply: p =  0.9q – 5.88

Demand: p = -0.7q + 6.68
	Supply Equation


	q

	p


	6.53

	0.000


	7.85

	1.185


	10.98

	4.000



	
	
	Demand Equation

q

p

9.54

0.000

7.85

1.185

3.83

4.000
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