Integrated 2

Matrix Multiplication: Rows × Columns
Multiplying one matrix by another matrix is very different from adding or subtracting matrices. To see how, let’s look at a simple example.

Going to a Movie
The Gonzalez family is going to a movie. The family has two adults and four children.
	Ticket Type
	Price at Cinema 12
	Number in Category

	adult
	$9
	2

	student
	$7
	1

	child
	$5
	3


To find the total cost of the family’s tickets, you can multiply each number in the first column by each number in the second column and then add: $9 ∙ 2 + $7 ∙ 1 + $5 ∙ 3 = $40. 
In matrix arithmetic, we always multiply rows times columns. So one matrix has to be a row and one matrix has to be a column:

Price of tickets: P =
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Number of People: 
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The A, S, and C letters are just labels and aren’t part of the matrices.

We can write the total cost T  of the tickets as T  = 
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This product of two matrices means that we multiply each number in a row of the left matrix by the corresponding number in a column of the right matrix: 9 ∙ 2 + 7 ∙ 1 + 5 ∙ 3 = 40 and then add all the products from that row.
Notice that we’re multiplying each entry in the row by the corresponding entry in the column and then adding all the products. The result is a new matrix with one row and one column.

Try multiplying these matrices by putting the entries in the provided blanks and then doing the arithmetic.
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Just do the arithmetic and write the total for these matrices.
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Oops! What’s going on with that last product? The –7 in the first matrix has no corresponding entry in the second matrix. The matrices are not conformable.

Conformable Matrices

To be multiplied, matrices must be conformable: the number of columns in the left matrix must match the number of rows in the right matrix.

You should remember the word “conformable”, but you don’t really need to remember the rule. If you master how to multiply matrices, you’ll know that two matrices aren’t conformable because you won’t be able to multiply them.

Multiplying Matrices with More Than One Row or Column
You can multiply matrices that have more than one row on the left and more than one column on the right as long as they are conformable. For example, suppose the Douglas family plans to go to a different movie theater.

	Ticket Type
	Price at the Shoebox 16
	Number in Category

	adult
	$8
	2

	student
	$7
	2

	child
	$6
	4


Represent the prices each both theaters in the left matrix and the sizes of both families in the right matrix. The product is a new matrix, T,  with the total prices for each family at each theater.
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Which theater should each family go to? We can find out by using a single matrix multiplication.
	The product of row 1 of the left matrix and column 1 of the right matrix is 9 ∙ 2 + 7 ∙ 1 + 5 ∙ 3 = 40. The result goes in the 1st row and 1st column of the answer.
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	The product of row 1 of the left matrix and column 2 of the right matrix is 9 ∙ 2 + 7 ∙ 2 + 5 ∙ 4 = 52. The result goes in the 1st row and 2nd column of the answer.
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	The product of row 2 of the left matrix and column 1 of the right matrix is 8 ∙ 2 + 7 ∙ 1 + 6 ∙ 3 = 41. The result goes in the 2nd row and 1st column of the answer.
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Find the product of row 2 of the left matrix and column 2 of the right matrix and put it in the 2nd row and 2nd column of the answer above. Which theater should each family go to?
The Gonzales family should go to ____________, the Douglas family to ____________. 

Practice
Try multiplying these matrices:
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Then check your answers by multiplying them on your graphing calculator. Use the instructions in the “Master 8” handout.

You can multiply matrices with other sizes. Just multiply each row on the left by each column on the right. Try these and check your answers:
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More on the Dimensions of the Matrices
What’s going on with the last two? According to the box on page 2, the matrices aren’t conformable.

The dimension of a matrix with m rows and n columns is m×n. It is called an m×n matrix.
The result of a matrix multiplication has the same number of rows as the left matrix and the same number of columns as the right matrix.
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For example:

When the dimensions are written as shown by the arrows above, the inside numbers must be equal for the multiplication to be allowed. The outside numbers give the number of rows and columns of the result. Also, go back and look at the labels of the inside dimensions in the theater example. Notice they match exactly.
First write the dimensions of the result, and then multiply the matrices. Check them with your calculator:
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