Systems of Equations: TUTORIAL; Application-Nutrition

A. Solving a linear system in three variables by hand.


EXAMPLE:  Solve the system 
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by hand.

1. Choose any two of the above equations.
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2. Eliminate a variable.
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3. Choose another pair of equations from the original system.
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4. Eliminate the same variable (in this case x) as you did in step 2.
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5. Use the resulting equations from steps 2 and 4 to solve for a variable.
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 EMBED Equation.3  [image: image7.wmf]
6. Back substitute to find the other two variables.
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7. So the solution to the system is x= -1, y=4, z=7, or the ordered triple 

(-1, 4, 7).

B. Solving a linear system using the rref feature on the graphing calculator.


EXAMPLE:  Solve the system 
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by using the rref method.

1. Write the given equations in standard form: ax+by+cz=d, where a, b, c, and d are constants.
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2. Write the augmented matrix, A, which consists of the coefficients and constants.
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Insert this matrix into your calculator.

3. Let your graphing calculator perform Gauss-Jordan elimination on matrix A by using the rref feature in the matrix menu option of the graphing calculator.  The resulting matrix is
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4. Thus, the solutions are x= -3, y=2, z= -1, or (-3, 2, -1).
C. Solving a linear system using an inverse matrix and your graphing calculator.


EXAMPLE: Solve the system    
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  by using the inverse matrix method.

1. Write the given equations in standard form.
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2. Write the system in matrix form AX=B, where A is the coefficient matrix, X is the solution matrix, and B is the constant matrix.
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Insert matrix A and B into your calculator and store them.

3. Let your graphing calculator find the inverse of matrix A, A-1.
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4. If AX=B, then A-1AX=A-1B.  Note: Matrix multiplication is NOT commutative.  So if you multiply the AX on the left hand side by A-1, then you must also multiply the B on the left hand side by A-1.

So A-1AX=IX=A-1B, which implies X=A-1B.  We will now use our graphing calculator to find 

[A]-1[B]=X= 
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5. The answer is x= 
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, y=0, z = 
[image: image20.wmf]16

5

, or (
[image: image21.wmf]8

19

, 0, 
[image: image22.wmf]16

5

).
D. Dependent and Inconsistent Systems


EXAMPLE 1:  Solve the system 
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   by using the rref method.

1. The augmented matrix is
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2. Using rref on the graphing calculator we get:
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3. The bottom row of the reduced matrix corresponds to the equation

  0x+0y+0z=0



Thus, we could insert an infinite number of possibilities for x, y, and z, and 



have a correct solution.  In this case, we say that our system is dependent 



and we choose z to be arbitrary, meaning we pick ANY real number for z.

4. The second row of the reduced matrix represents the equation

0x+1y+(-5/13)z=-5/13.



We then solve this equation for y.






y=(5/13)z-5/13---This equation gives us y in terms of z.

5. The top row of the reduced matrix yields the equation

1x+0y+(-14/13)z=12/13.



We then solve this equation for x.





      x=(14/13)z+12/13--This equation gives us x in terms of z.

6. There are an infinite number of solutions to the system depending on what value of z is chosen. 

· For example, if we choose to let z =0, then


y=(5/13)(0)-5/13=-5/13 and

        x=(14/13)(0)+12/13=12/13, yielding the answer (12/13, -5/13, 0).

· If we let z=13, then 

y=(5/13)(13)-5/13=61/13 and

x=(14/13)(13)+12/13=194/13 yielding the answer(61/13, 194/13, 0).



Thus, we write a general answer of   {((14/13)z+12/13, (5/13)z-5/13, z)}.













This indicates that z is the arbitrary variable and x and y are dependent on



the chosen value of z.

EXAMPLE 2: Solve the system 
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   by using the rref method.

7. The augmented matrix is
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8. Using rref on the graphing calculator we get:
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9. The bottom row of the reduced matrix corresponds to the equation

  0x+0y+0z =1






  0+ 0  +  0 =1

0 =  1 This is clearly not true.

Thus we say our system is inconsistent and therefore has no solution.

NOTE:  If using the inverse matrix method with a dependent or inconsistent system, the coefficient matrix A (from AX=B) will not have an inverse matrix, A-1.  Thus, you will be forced to use the rref method to determine if the system of equations is dependent with infinite solutions, or inconsistent with no solution.

ACTIVITY    1

Nutrition: Suppose you are training for a competitive triathlon.  As part of your preparation, you need to not only exercise rigorously, but you also must watch your diet.  In particular, your nutritionist recommends that your daily intake of protein be 76 grams, carbohydrate intake be 50 grams, and fat intake be 26 grams.  Your diet consists of protein shakes, fruits/veggies, and meat/poultry.  The table below gives the average nutritional content of each per serving.





protein shakes

fruits/veggies

meat/poultry

Protein (grams)


12



10



12


Carbohydrates 


10



9



2


(grams)


Fat (grams)



6



0



10

How many servings of each item should you eat daily?

1. Let x, y, z be the number of daily servings of protein shakes, fruits/veggies, and meat/poultry, respectively.  Write a system of equations that describes your given situation.

2. Find the number of daily servings of protein shakes, fruits/veggies, and meat/poultry you should consume by solving the above system by hand.

a. Select two of the above equations and eliminate a variable.  Record the resulting equation below.  

Equation 1: _______________

b. Select another set of equations from above and eliminate the SAME variable.  Record the resulting equation below.

Equation 2: ​​​​​​​​​​​​​​​_______________

c. Using Equation 1 and Equation 2, solve for a variable.

d. Using back substitution, find all remaining variables.

e. Write the solutions: x=______, y=______, z=_______.

3. Find the number of daily servings of protein shakes, fruits/veggies, meat/poultry you should eat using the rref method on your graphing calculator.

a. Write the augmented matrix that corresponds to the original system of equations.

b. Write the reduced matrix found by using rref on the above matrix in your calculator.

c. Write the solutions: x =______, y = _______, z = ________.

4. Find the number of daily servings of protein shakes, fruits/veggies, meat/poultry you should eat using the inverse matrix method on your graphing calculator.

a. Write the system of equations in the matrix form 
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.  Input matrices A and B into your graphing calculator.

b. Find 
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(the inverse matrix of A) and write it below.

c. Use the inverse matrix to find the solution matrix, X, and write that matrix below.

d. Write the solutions: x=______, y = ______, z = ______.

5. Discuss the advantages of solving the system using the graphing calculator (rref and inverse matrix methods).

6. Which method (by hand, rref, or inverse matrix) would you be most likely to use to solve a similar problem?  Explain.
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