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§% The Road Coloring Problem
“ Section 29: Whats an Inverse?

N

matrix operations had an identity element. The identity element
for addition is, for obvious reasons, called the zero matrix =

Our investigations in the last section showed that all of the

since all of its entries are 0. There is a different
size zero matrix for every size matrix, since only matrices
of the same size can be added. j

There are also

looked at the di erent representations for these matrices, and one
of these was the road subgraph representation. Below is road

di erent size identity matrices for multiplication. We

subgraph of the 4 x 4 identity matrix.
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@% The Road Coloring Problem

From our earlier work, we can easily write down the
matrix for the road subgraph above. We will start using
the symbol 1 for “identity”. So below is the 4 x 4 identity matrix.

4,

m= |0 1 0 0

Notice the similarities all of the identity matrices
have with one another.

K The key characteristic in all of them is that there \
Is a diagonal of lis going from the top left to the
bottom right. These 1is signify the road loops that
we saw in the pgure on the previous page. The road
K loops leave everyone in the same position.

/
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$% The Road Coloring Problem

KThe identity matrix must always have the same number of rows as\
columns, just as with the road matrices since each building is both a
‘leave from” and “go to” building. In fact, since matrix multiplication
iIs far more important in mathematics than matrix addition, we
call one of these matrices with lis along the main diagonal an
identity matrix(®=). Here is the 5 x 5 identity matrix:

[I]5x5

In mathematics, an inverse is always the object that gets us back to the
identity element. Soto nd the inverse of an element we always have
to think about certain questions. The rst thing we have to understand is
what operation we are working with, and the next thing we need
to understand is what the identity element is for that operation.
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§% The Road Coloring Problem

Letis look at some examples:

>

What is the inverse of an integer when we
are doing addition?

Question 1: What is the operation?
Answer:; Addition of integers

Question 2: What is the identity
element for addition of integers?

Answer: The number 0. >

Remember, the inverse of an integer under addition is
the number we add to get back to 0. We use the term
additive inverse (=/==) for this number.

What is the additive inverse of 7?

N
7+x=0 T > )
—_ [(® [®D
J
<
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The Road Coloring Problem

4,

What is x? The correct value for x is -7 since
7+ (-7) = 0. We say -7 is the additive inverse of
7, since adding -7 to 7 gets us back to the
identity element O.

>
S—_—

Now letis think about the kind of
questions we need to ask to pnd the
multiplicative inverse of a number.
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%@% The Road Coloring Problem

K We always need to understand two \
things when pnding the inverse.

What is the operation?
Answer: Multiplication of numbers

What is the identity element >
for multiplication of numbers?
\ Answer: The number 1. j

Suppose we want to pnd the multiplicative
inverse of 20? What number gets 20 back
to the number 1 when we multiply? In other
words, pnd X in the equation

200 x =1

o,

K The correct value for x is 2—10 since 20 ® %: 1. \

We sayz—l0 is the multiplicative inverse of 20, since

multiplying 20 by 2—10 gets us back to the O

K identity element 1. j
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§% The Road Coloring Problem
What is the multiplicative inverse of 0? ) @B
>
-
—

\¢
= To answer this, we try to pnd
‘ g ﬁ;’ D an X that satispes the equation:

o
<~
Ox =1

Is there an answer to this equation?
Is there a value for x which makes
this equation true?

Since O * x = O for every possible x
we can put into this equation, we say that
0 has NO multiplicative inverse.

So some numbers donit have inverses!
)

Now what about our
matrix operations?
>

Once again the important things to identify
are the operation in question and the identity

element for the operation.
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§% The Road Coloring Problem
K To nd out if matrices have additive\
inverses ask the same two questions.
What is the operation? Q
Answer: Addition of matrices.
What is the identity
element for addition of matrices?
K Answer: The zero matrix. j

add to get back to the zero matrix. Just as with

numbers, we can have matrix equations.
q -

-
To write a matrix equation involving the zero
matrix, we will need a symbol for it. Remember, we use
the symbol [Z] to refer to the zero matrix. O
The equation for pnding the additive inverse of a
matrix [A] would look exactly like the equation

The inverse of a matrix under addition is the matrix w j

for integers O
[A] + [X] = [Z] ‘
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§% The Road Coloring Problem

Name Teacher Date

Exercise 29.1

A matrix, [A], is given below. Asateam, decide if this matrix

has an additive inverse. Also, write an equation that you would have to
solve to nd the additive inverse of this matrix, [A]. Report to the class
whether you found an additive inverse for [A], along with the general

equation to nd the additive inverse of this matrix.

1 1 2
m=|6 0 5
7 3 4
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Worksheet; Matrix Additive Inverses

Name Teacher Date

c Exercise 29.2

Inaividiial Wort: For each of the matrices below, write the equation that
you need to solve to nd the additive inverse of the given matrix. Pay
special attention to the size of the zero matrix in your equation. Then

solve the equation to nd the additive inverse.

Example :
P 1 1 2
m-|6 0 5
7 3 4
0 0 0
Equation to solve: [A] +[X] = 0 0 0
0 0 0
1 1 2
Solution: [X] = 6 0 5
-7 3 4
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