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Chapter 4: Systems of Equations 
 
4.1 Solve with Substitution 

To solve a system of equations using substitution, rearrange one of the equations to get x or y by itself. 
Substitute the result of this equation into the second equation.  Solve for the variable. 
 
Example: Solve this system.   2x – y = 10 
       x + 3y = -9  
 
 Rearrange to get x by itself.   x + 3y = -9 
               x = -9 – 3y  
 
 Substitute into the second equation.     2(-9 – 3y) – y = 10 
            -18 – 6y – y = 10 
                  -18 – 7y = 10 
                          -7y = -28 
        y = -4 
 Now that you know y, plug it 
 into the first equation and solve for x      x + 3(-4) = -9 
               x – 12 = -9 
                       x = 3 
 
       Solution:    (3, -4) 
4.2 Solve with Elimination 

To solve a system of equations using elimination, multiply one or both of the equations by a value that 
will create opposite coefficients in front of one of the variables, then add the equations together.  Solve for 
the variable. 
 
Example: Solve this system.  2x + 3y = -1 
      5x – 2y = -12 
 
  Multiply to get opposite  5(2x + 3y = -1) 
  coefficients in front of x. -2(5x – 2y = -12) 
 
      10x + 15y = -5 
      -10x + 4y = 24 
  
  Add.              19y = 19 
         y = 1 
 
  Plug this value into one 2x + 3(1) = -1 
  of the equations and solve     2x + 3 = -1 
  for x.              2x = -4 
                  x = -2 

      Solution:    (-2, 1) 
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4.3 Number of Solutions 

 
 
 
 
 
4.4 Matrices  

A matrix is a rectangular array of numbers.  It is described by the number of rows and columns it has. 
This is a 2 x 3 matrix: 

ቂ
5 −1 2
0 4 3

ቃ 

  
Matrices can be added, subtracted, multiplied by a constant, and multiplied by another matrix.  We use 
matrices to solve systems of equations. 
 
Adding Matrices 
To add two matrices, just add the numbers in the corresponding locations.  If the matrices don’t have the 
same size, they can’t be added. 
 

Example: ቂ
3 0 −2
4 1 7

ቃ +  ቂ
8 −5 3
1 6 9

ቃ =  ቂ
11 −5 1
5 7 16

ቃ 

 
Subtracting Matrices 
To subtract two matrices, just subtract the numbers in the corresponding locations. If the matrices don’t 
have the same size, they can’t be subtracted. 
 

Example: ቂ8 −3
1 4

ቃ −  ቂ
6 5

−2 1
ቃ =  ቂ

2 −8
3 3

ቃ 
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Multiplying a Matrix by a Constant 
To multiply a matrix by a constant, just multiply each number inside the matrix by the constant. 
 
Example:  

  4 ቂ
2 −1 4
7 10 −8

ቃ =  ቂ
8 −4 16

28 40 −32
ቃ 

 
 
Multiplying Matrices 
Before multiplying matrices, you have to check the dimension of the matrices to see if multiplication is 
possible.  If the number of columns of the first matrix match the number of rows of the second matrix, 
then multiplication is possible. 
 
  These match.        These don’t match. 
  Multiplication is possible.      Can’t multiply. 
 
 
 

4 X 2 2 X 3  2 X 4 2 X 3 
Matrix 1 Matrix 2  Matrix 1 Matrix 2 

 
 
 
         The answer will be a 4 X 3 matrix. 
 
To multiply two matrices, you multiply the rows of the first matrix by the columns of the second matrix. 
 
Example: 
 

 ൥
5 1

−2 3
4 6

൩ ቂ
1 3
2 4

ቃ =  ቎

5(1) + 1(2) 5(3) + 1(4)

−2(1) + 3(2) −2(3) + 3(4)

4(1) + 6(2) 4(3) + 6(4)

቏ =  ൥
7 19
4 6

16 36
൩  
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4.5 Solving Systems with Matrices 

Matrices are useful for doing a lot of calculations quickly.  When you take PreCal, you will solve systems 
of equations using matrices by hand calculations.  In Algebra 2, we will use the MATRIX function of a 
calculator to solve the systems. 
 
You will make two matrices in the calculator.  The first matrix [A] has the coefficients that appear before 
the variables you are solving for.  The second matrix [B] lists the answers of each equation in the system.  
To solve the system, you will multiply the inverse of [A] times [B]. 
 

Solution = [A]-1[B] 
 
Example:  Solve this system with matrices.  5x + y = -40 
       2x – 5y = 11 

 [A] = ቂ5 1
2 −5

ቃ [B] = ቂ−40
11

ቃ  [A]-1[B] = ቂ−7
−5

ቃ            Solution:  
𝒙 =  −𝟕
𝒚 =  −𝟓

 

 
4.6  Solve by Graphing 

You can solve a 2-variable system of equations by graphing the lines and finding their intercept.  The 
problem with this is that graphing lines by hand is not always accurate.   
 
Solving a system by graphing lines on a calculator is more accurate.   
 
To find the solution to a system of equations: 

1. Rearrange both equations so they are solved for y. 
2. Enter both equations into the graphing function on a TI calculator. 
3. Press  2nd  and then press  calc  (it’s on the top row of the calculator). 
4. Select  5: intersect , then press  enter ,  enter ,  enter .  
5. The solution will be displayed at the bottom of the screen. 

 
 
Example: Solve this system by graphing on a calculator. 4x – 2y = 10 
         x + y = 4 
 
  Rearrange to solve for y. y = 2x – 5 
      y = -x + 4 
 
  Graph both lines in the calculator.  
 
 
 

Press   2nd  and then press  calc. 
Select  5: intersect , then press  enter ,  enter ,  enter .  

 
 
  At the bottom of the screen, it will display: 

  Intersection 
  X = 3         Y = 1 
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4.7 Using Systems of Equations to Solve Real-World Problems 

We can use matrices and graphing to solve real-world problems that involve two or more variables. 
 
Example 1:  

In one week, a music store sold 9 guitars, for a total of $3611.  The electric guitars sold for $479 
each and the acoustic guitars sold for $339 each.  How many of each guitar were sold? 
 
Set up two equations to represent the facts. 
Let x = number of electric guitars sold        x + y = 9 
      y = number of acoustic guitars sold  479x + 339y = 3611 
 

Create an [A] matrix and a [B] matrix. [A] = ቂ 1 1
479 339

ቃ        [B]= ቂ 9
3611

ቃ 

 

Solve [A]-1[B].    [A]-1[B] = ቂ4
5

ቃ           
𝟒 𝐞𝐥𝐞𝐜𝐭𝐫𝐢𝐜 𝐠𝐮𝐢𝐭𝐚𝐫𝐬 𝐰𝐞𝐫𝐞 𝐬𝐨𝐥𝐝
𝟓 𝐚𝐜𝐨𝐮𝐬𝐭𝐢𝐜 𝐠𝐮𝐢𝐭𝐚𝐫𝐬 𝐰𝐞𝐫𝐞 𝐬𝐨𝐥𝐝

 

 
 
Example 2: 

Abigail and Benjamin are starting a cookie business.  It will cost them $2500 for the equipment 
(oven, mixers, etc.) to make the cookies.  It will cost them $4.25 per dozen for the ingredients of 
the cookies.  They plan to charge $9 for a dozen cookies.  How many dozens do they have to sell 
to break even? 
 
Set up two equations to represent the facts.  Costs = 4.25x + 2500 

 Let x = number of dozens    Income = 9x 
 
 Graph both equations.     y = 4.25x + 2500 
        y = 9x 
 
 Solve for the intersection.   
 
 
 The intersection is at (526.32, 4736.84). 
 Round the x value to represent real-world 
 conditions (you can’t have 0.32 of a dozen). 
 
 Solution:  They would have to sell 527 dozen 
       cookies to break-even. 
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PRACTICE 
Section 4.1 

Solve the system using substitution. 
1.    x + 2y = 2 

5x – 3y = -29 
 

2. 3x + y = 13 
3x – 4y = 18 
 

3. 3x – 2y = 5 
5x – y = 6 
 

4. 2x + y = 5 
-4x + 6y = 12 
 
 

Section 4.2 

Solve the system using elimination. 
5. 6x – 7y = 47 

2x + 5y = -21 
 

6. 8x + 3y = 41 
6x + 5y = 39 
 

7. 2x + 3y = 2 
4x – 9y = -1 
 

8. 3x + 10y = -24 
6x + 7y = -9 
 

Solve the system using elimination. The solutions of theses systems are fractions. Use MATH FRAC to 
find the reduced fractions. 
 

9. 4x – 3y = 11 
5x – 6y = 9 
 

10. 3x + 4y = 18 
9x + 6y = 17 

 
Section 4.3 

Determine whether the systems are independent, dependent, or inconsistent. 
 

11. 15x + 12y = 8 
10x + 8y = 13 
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12. 15x – 12y = 8 

10x + 8y = 13 
 

13. 15x – 12y = 18 
10x – 8y = 12 
 

14. 15x – 12y = 18 
10x – 8y = 14 

 
Section 4.4 

Perform the indicated operation, if possible.  If not possible, explain why. 
 

15. ቂ 2 1 7
−4 8 −9

ቃ + ቀ
11 −4 6
−2 5 3

ቁ 

 

16. ቂ24 −4
15 10

ቃ −  ቂ
−3 16
5 −2

ቃ 

 

17. ൥
3.5

−1.2
5.4

൩ + ൥
7.1
3.3
4.9

൩ 

 

18. ൥
−6
8
5

൩ − [3 −4 7] 

 

19. ൥
1 9
0 7

−2 4
൩ + ൥

−5 7 6
4 0 1
8 −3 −1

൩ 

 
Perform the indicated operations. 

20.    3 ቂ
−4 7
1 2

ቃ 

 

21.   2 ൥
4

−2
0

൩ + 5 ൥
8
9

−4
൩ 

 
Multiply the matrices, if possible. 

22.   ቂ 3 6
−1 −4

ቃ [2 5] 

 

23. ቂ4 0
1 −6

ቃ ቂ
5 −3

−4 4
ቃ 

 

24. [−2 9 3] ቂ
−1 5
4 −6

ቃ 
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25. [10 3 6] ൥
−1
4
2

൩ 

 
 
Section 4.5 

Solve systems using the MATRIX function on a calculator. Write [A], [B], and the values of the variables. 
 

26.     6x – 7y = 47 

   2x + 5y = -21 
 
 

27.   
ଵ

ଶ
𝑥 − 

ଵ

ହ
𝑦 =  

ଵ

ହ
 

 
ଵ

ଷ
𝑥 +  

ଵ

ଵ଴
𝑦 =  

ଵ

ଵ଼
 

 
 

28.   3x – 2y + 5z = -17 
 2x + 4y – 3z =  29 
 5x – 6y – 7z =    7 

 
29.    4a +   b + 2c – 3d = -16 

 -3a + 3b   – c + 4d =  20 
   -a + 2b + 5c +  d =   -4 
  5a + 4b + 3c  – d =  -10 

 
Section 4.6 

Solve these systems using the graphing function of a calculator.  Write the “rearranged” lines you entered 
in the calculator. Round your final answers to 2 decimal places. 
 

30.    4x – 3y = 11 
   -x + 5y = 14 
 

31.    2x + 9y = -7 
   3x – 8y = 4 
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Section 4.7 

32. Adeline and Seraphina have decided to buy a food truck and go into the giant donut 
business.  They paid $4,590 for the truck.  It costs them $1.60 to prepare each 
donut.  They sell them for $5 each because they are so delicious and huge.  
 

a. Write a function that represents their costs of doing business.  x represents each donut they 
make; y represents the amount of money it costs to make that many donuts. 

b. Find Cost(1000) and Cost(2000).  

c. Write a function that represents their income from selling donuts.  x represents each donut 
they sell; y represents the amount of money they earned from selling the donuts. 

d. Find Income(1000) and Income(2000). 

e. Plot the graphs of both functions in your calculator. 

f. Solve for the intersection to determine how many donuts Adeline and Seraphina must sell 
to break even. 

 
 
 

33. Brendan and Tanner went to RC World Plus and found some cool RC racing 
cars.  They decide to race them across the store’s floor.  The path of 
Brendan’s car is represented by the equation B(t) = 2t – 5. The path of 

Tanner’s car is represented by T(t) = 
ିଵ

ଶ
t + 16. 

 
a. Find B(2), B(6), and B(10). 

b. Find T(2), T(6), and T(10). 

c. Set the functions equal to each other and solve for the time the cars run into each other. 

 
 
 

34. Elijah is looking for a laser tag place for his church youth group to have 
a lock-in.  Extreme Lazer charges $38 plus $3 per student.  Laser Mania 
charges $22 plus $4 per student. 
 

a. Write a function E(x) that represents the cost of going to 
Extreme Lazer.  x represents the number of students. 

b. Find E(5), E(10), and E(20). 

c. Write a function L(x) that represents the cost of going to Laser 
Mania.  x represents the number of students. 

d. Find L(5), L(10), and L(20). 

e. Graph the functions and determine their intersection.  

f. If 18 students are going to the lock-in, which place should Elijah choose? How much will 
it cost for 18 students to go?  
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35. Everyone else in class got hungry and decided to order pizza.  Pizza Express 

charges $6 per pizza plus $5 for the delivery.  Domino’s charges $7.25 per 
pizza. 

a. Write the function E(x) that represents the cost of ordering pizza from 
Pizza Express.  x represents the number of pizzas ordered. 

b. Write the function D(x) that represents the cost of ordering from Dominos. 

c. Graph the functions and determine their intersection. 

d. If we order 3 pizzas, which place would be cheaper? 

e. If we order 10 pizzas, which place would be cheaper? 


