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1 Introduction
The article Systems of Equations with TI-Nspire™ CAS: Matrices and Gaussian Elim-
ination described how to represent and solve systems of linear equations with matrices
and elementary row operations. By defining arithmetic and algebraic operations with
matrices, applications of matrices can be expanded to include more than simply solving
linear systems.

This article describes and demonstrates how to use TI-Nspire’s builtin matrix functions
to

• add and subtract matrices,

• multiply matrices by scalars,

• multiply matrices,

• transpose matrices,

• find matrix inverses, and

• use matrix equations.

The TI-Nspire examples in this article require the CAS version of TI-Nspire.

2 Matrices and Vectors
In TI-Nspire CAS, a matrix is a rectangular array of expressions (usually numbers)
with m rows and n columns. The dimension (size) of a matrix is denoted as m× n.
When stating the dimension of a matrix, m, the number of rows is always stated first.
An example of a 3×4 matrix isa11 a12 a13 a14

a21 a22 a23 a24
a31 a32 a33 a34

 (1)

A vector is either a matrix with one row and multiple columns (a row vector) or a
matrix with multiple rows and a single column (a column vector). An example of a
row vector is [

rv1 rv2 rv3 rv4
]

(2)

and an example of a column vector is cv1
cv2
cv3

 (3)
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2.1 Matrix and Vector Creation with TI-Nspire
2.1.1 Creating a Matrix

There are many ways to create a matrix with TI-Nspire: with one of the matrix tem-
plates from the Math Templates pane, by selecting an entry from the Matrix - Create
sub-pane in the Math Operators pane, by selecting an entry from the Catalog pane,
by selecting a menu item from the Document Tools - Matrix & Vector - Create menu
in a calculator page, or by entering the matrix entries with the keyboard/keypad. The
simplest and most efficient way to create a small matrix and define its entries is by typ-
ing the definition. For example, to create and define the 3-by-4 matrix labeled 1 above
and name it m1, type

Note that the matrix is defined with square brackets, the row entries are separated by
commas, and the rows are separated by semi-colons. After the entry is complete and
the enter key is pressed, the entry is replaced with its matrix form representation:

2.1.2 Creating a Vector

Since vectors are either 1×n or m×1 matrices, vectors are created the same way ma-
trices are created. To create the 4-entry row vector labeled 2 and name it rv, type

After the enter key is pressed, the entry is replaced with its vector form representa-
tion:

To create the column vector labeled 3 by typing, enter

After the enter key is pressed, the entry is replaced with its vector form representa-
tion:
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2.2 Accessing and Modifying Matrix and Vector Components
A matrix consists of three components: rows, columns, and entries. The components
are accessed and/or modified using row/column indices.

2.2.1 Accessing/Modifying Matrix Rows

An entire matrix row can be accessed by simply specifying the row index. The entry to
access row 2 of the matrix m1 is

Modifying an entire matrix row is accomplished by simply replacing a row with an-
other row that has the same number of columns:

A new row is added to the bottom of a matrix using the function colAugment() pro-
vided the row and matrix have the same number of columns:

2.2.2 Accessing/Modifying Matrix Columns

There is no simple way to access a matrix column. However, the subMat() function
can be used to extract a column from a matrix. The arguments to the subMat() func-
tion are (matrix,start row,start column,end row,end column). The follow-
ing entry extracts column 2 from the matrix m1:
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A new column is added to the right-hand side of a matrix using the augment() func-
tion as long as the new column and the matrix have the same number of rows:

Modifying the column entries of a matrix must be done by either modifying the in-
dividual column entries or by using both the subMat() and augment() functions.
The entry to replace column 3 in matrix m1 with column vector cv is:

2.2.3 Accessing/Modifying Matrix Entries

Individual matrix entries are accessed and modified using both the row and column
indices:

2.2.4 Determining Matrix Dimensions

The number of rows and columns of a matrix is found using the functions dim(),

rowDim(), and colDim():

2.3 Matrix Equality
Two matrices, A and B, are equal if and only if

• the dimensions of the matrices are equal; and
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• ai j = bi j, each row i, column j, entry in matrix A equals each row i, column j
entry in matrix B.

The TI-Nspire dim() function and the logical operator, =, can be used to determine if
two matrices are equal. As an example, given the three matrices

determine if matrix m1 equals matrix m2 and if matrix m2 equals matrix m3.

The row and column dimensions of m1 and m2 are equal and the entries of m1 and
m2 are equal, so the two matrices are equal.

Since the column dimension of m2 is not equal to the column dimension of m3, the
two matrices can not be equal.

3 Matrix Algebra

3.1 Matrix Addition
Just as two numbers can be added, two matrices can be added as long as the matrices
have the same number of rows and columns. Adding matrices is performed by simply
adding matrix entries in the same row and column positions: ci j = ai j +bi j where ai j is
the entry in row i, column j, of matrix A; bi j is the entry in row i, column j, of matrix
B; and ci j is the entry in row i, column j, of the resulting matrix C. Matrix addition is
defined as follows [DeFranza]:

Definition of Matrix Addition: Given two m× n matrices A,B, the sum A + B is
the m×n matrix with the i j term given by ai j +bi j.

A symbolic example illustrating the definition of matrix addition is
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A concrete example of adding two 2×2 matrices is

Properties of Matrix Addition [Kuttler] Let A,B and C be matrices of the same
dimensions. Then the following properties hold:

• Commutative Law of Addition: A+B = B+A.

• Associative Law of Addition: (A+B)+C = A+(B+C).

• Existence of an Additive Identity: there exists a matrix 0 such that A+0 = A.

• Existence of an Additive Inverse: there exists a matrix−A such that A+(−A) =
0.

3.2 Scalar Multiplication of a Matrix
Recall that a scalar is just a number. Thus, scalar multiplication of a matrix is multi-
plication of a matrix by a number.

Definition of Scalar Multiplication of a Matrix: Given a scalar k and a matrix A,
the matrix B = kA is the matrix whose entries are the entries of A multiplied by k:
bi j = kai j.

A symbolic example illustrating scalar multiplication of a matrix is

A concrete example of multiplying a matrix by a scalar is
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Properties of Scalar Multiplication of a Matrix [Kuttler]. Let A,B be matrices,
and k, p be scalars. Then, the following properties hold:

• Distributive Law over Matrix Addition: k(A+B) = kA+ kB.

• Distributive Law over Scalar Addition: (k+ p)A = kA+ pA.

• Associative Law for Scalar Multiplication: k(pA) = (kp)A.

• Rule for Multiplication by 1: 1A = A

3.3 Matrix Subtraction
Subtracting a matrix B from a matrix A, C = A−B, is defined in terms of matrix addi-
tion: C = A+(−1B). The resulting entries of C are ci j = ai j +(−1bi j) = ai j−bi j. A
symbolic example illustrating subtracting a matrix from another matrix is

A concrete example of subtracting a matrix from another matrix is

Since matrix subtraction is defined in terms of matrix addition, the properties of matrix
addition also apply to matrix subtraction.

3.4 Operations on Matrix Entries
In addition to the standard arithmetic operators, +,-,*,/,^, TI-Nspire also imple-
ments arithmetic operators that operate on individual matrix and list entries. These
operators are called dot operators and they are .+,.-,.*,./,.^. When used with an
expression and a matrix or list, the dot operators apply the specified arithmetic opera-
tion to each matrix or list entry.

Following are some examples of the dot operators used with the matrix

Add 5 to each matrix entry:
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Divide each matrix entry by 10:

Square each matrix entry:

The dot operators can also be used with two matrices or two lists. Given the following
matrix of exponents

Exponentiate each entry of matrix m using m1, the matrix of exponents:

TI-Nspire logical operators, =,<,>,..., used with two matrices or lists also operate
on individual matrix entries, resulting in a matrix or list with boolean values. Examples
of comparing entries in the two matrices

are
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3.5 Matrices and Lists as Function Arguments
Most TI-Nspire functions are vectorized, meaning that matrices and lists can be used
as function arguments with the function applied to each matrix entry. This functionality
is especially useful for vectors of functions. For a couple of examples, given the matrix,

the derivative of each entry is calculated as

and the indefinite integral of each entry is calculated as

4 Matrix Multiplication
Matrix multiplication in TI-Nspire is performed the same way scalar multiplication is
performed. For example, the matrices MA and MB

are multiplied together, producing the matrix MC as follows:

Observe the following:

1. Matrix MA has 2 rows and 3 columns and matrix MB has 3 rows and 2 columns.
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2. The product matrix, MC, has 2 rows and 2 columns.

3. The row i, column j entries of matrix MC are sums of products of row i entries
of MA and column j entries of MB; e.g., MC[1,2] is the sum of the products of
row 1 of MA and column 2 of MB.

These observations exemplify the definition of matrix multiplication:

Definition of Matrix Multiplication: Let A be an m×n matrix and B an n× p matrix;
then the product C = AB is an m× p matrix. The i j term of C is the dot product of the
ith row vector of A with the jth column vector of B [DeFranza].

The dot product of two vectors, V 1 and V 2, both of equal dimension, n, is defined
as the sum of the products of corresponding terms:

dotProd = v11 ∗ v21 + v12 ∗ v22 + · · ·+ v1n ∗ v2n

The TI-Nspire function dotP(v1,v2) returns the dot product of vectors v1 and v2 with
the same dimension. However, the function can only be used with either two row vec-
tors or two column vectors:

A simple function to calculate the dot product of a row vector from a matrix A and
a column vector from matrix B is easy to define:

The user-defined function dot prod(A,B,row,col) can be used to calculate the row,
column entries of the product matrix MC = MA×MB:

Note that matrix multiplication is defined only if the number of columns of the first
matrix, A, (the multiplier) is equal to the number of rows of the second matrix, B, (the
multiplicand). Because of this requirement, it is possible that AB is defined but BA is
undefined as demonstrated by multiplication of the matrices
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The product MA×MB is defined, but the product MB×MA is not defined because
the column dimension of MB (3) is not equal to the row dimension of MA (2):

Even when the matrices have compatible dimensions, AB is generally not equal to
BA:

The conclusion from results of the above samples is that matrix multiplication is not
commutative.

Properties of Matrix Multiplication [Kuttler] Let A,B and C be matrices and r,s
be scalars. Then the following properties hold:

• A(rB+ sC) = r(AB)+ s(AC).

• (B+C)A = BA+CA.

• A(BC) = (AB)C.

5 The Matrix Transpose
The transpose of a matrix A is a matrix AT whose terms (aT )i j = a ji: the row, col-
umn entries of A become the column, row entries of AT . Interchanging the row,column
positions of the entries effectively interchanges the rows and columns of the matrices:
row 1 of A becomes column 1 of AT , row 2 of A becomes column 2 of AT , etc. A
result of interchanging the rows and columns is that the dimensions of A and AT are
interchanged: if A has dimension m×n, then AT has dimension n×m.
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Definition: Matrix Transpose Let A be an m× n matrix. Then AT , the transpose
of A, denotes the n×m matrix with i j term (aT )i j = a ji, where 1≤ i≤ n and 1≤ j≤m.

A matrix M is transposed with TI-Nspire by either selecting the Document Tools -
Matrix and Vector - Transpose menu command or by typing m@T. For example, to
transpose the matrix ma

using the keyboard/keypad, type

After the enter key is pressed, the keyboard entry is replaced and the transpose is
calculated and displayed:

Properties of the Transpose of a Matrix [Kuttler] Let A be an m× n matrix, B an
n× p matrix, and r and s scalars. Then

• (AT )T = A.

• (AB)T = BT AT .

• (rA+ sB)T = rAT + sBT .

5.1 Symmetric Matrices
Definition of Symmetric Matrix: An n×n (square) matrix A is symmetric if A = AT .

The general form of a symmetric matrix is
a11 a12 · · · a1n
a12 a22 · · · a2n

...
...

. . .
...

a1n a2n · · · ann

 (4)

An example of a 2×2 symmetric matrix is
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An example of a 3×3 symmetric matrix is

Determining if a matrix is symmetric with TI-Nspire is easy. Simply test for equal-
ity of the terms of the matrix and the terms of its transpose:

5.2 Skew Symmetric Matrices
Definition of Skew Symmetric Matrix: An n×n (square) matrix A is skew symmetric
if A =−AT .

The general form of a skew symmetric matrix is
0 a12 · · · a1n
−a12 0 · · · a2n

...
...

. . .
...

−a1n −a2n · · · 0

 (5)

The diagonal entries of a skew symmetric matrix are equal to 0 and the entries below
the diagonal are negatives of their corresponding entries above the diagonal.

An example of a 2×2 skew symmetric matrix is

An example of a 3×3 skew symmetric matrix is

Just as determining if a matrix is symmetric, determining if a matrix is skew sym-
metric with TI-Nspire is also easy. Simply test for equality of the terms of the matrix
and the terms of its transpose multiplied by −1:
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6 The Identity Matrix and the Matrix Inverse

6.1 The Identity Matrix
The identity matrix is an n× n square matrix. The entries along the diagonal are all
equal to 1, and all other entries are equal to 0. Examples of 1× 1,2× 2 and 3× 3
identity matrices are:

Just as the scalar 1 is the multiplicative identity for scalar multiplication, the iden-
tity matrix is the multiplicative identity for matrix multiplication. Multiplying an n×n
identity matrix by an m×n matrix A yields the product matrix A:

and multiplying an m×n matrix A by an m×m identity matrix also yields the product
matrix A:

An identity matrix is created in TI-Nspire by either typing identity(n) or by se-
lecting the Document Tools - Matrix & Vector - Create - identity menu item, then
entering n, the size of the matrix:
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6.2 The Matrix Inverse
Definition of Matrix Inverse: The inverse of an n× n square matrix A is the n× n
matrix A−1 such that

AA−1 = A−1A = In

where In is an n×n identity matrix.

If a matrix A has an inverse matrix A−1, the inverse matrix is unique. That is, if
BA = AB = I, then B = A−1.

In TI-Nspire, the inverse of a matrix MA is calculated with the reciprocal operator
−1 (exponentiating the matrix using an exponent of −1):

To determine if a matrix B is the inverse of a matrix A, calculate both BA and AB.
If the product matrices are the identity matrix, then B = A−1, the inverse of A. If either
product can not be calculated or either product is not an identity matrix, then B is not
the inverse of A. For example, to determine if the matrix

is the inverse of the matrix

calculate both products:

Since both products are the identity matrix, M2 is the inverse matrix of M1.

Properties of the Matrix Inverse [Kuttler]

Let A and B be n×n matrices and I = A−1, the usual identity matrix.
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• I is invertible and I−1 = I.

• If A is invertible then so is A−1, and (A−1)−1 = A.

• If A is invertible then so is Ak, and (Ak)−1 = (A−1)k.

• If A is invertible and p is a nonzero real number, then (pA)−1 = 1
p A−1.

• If A is invertible then (AT )−1 = (A−1)T .

• If A and B are invertible then (AB)−1 = B−1A−1.

6.3 Finding the Inverse of a Matrix
Even though TI-Nspire has functionality to calculate the inverse of a matrix, knowing
how to calculate an inverse is essential knowledge for the study of linear algebra. Find-
ing a matrix inverse is a simple process involving only row operations to reduce the
first n columns of an augmented matrix to reduced row echelon form. An algorithm
for finding a matrix inverse is

Matrix Inverse Algorithm [Kuttler]

Suppose A is an n×n matrix. To find A−1 if it exists, form the augmented n×2n
matrix

[A|I]

If possible do row operations until you obtain an n×2n matrix of the form

[I|B]

When this has been done, B = A−1. In this case, we say that A is invertible. If it is
impossible to row reduce to a matrix of the form [I|B], then A has no inverse.

There are three row operations for transforming a matrix to reduced row echelon form:

1. Interchange any two rows.

2. Multiply any row by a nonzero constant.

3. Add a multiple of one row to another row.

TI-Nspire has four built-in functions for easily performing row operations:

1. m:=rowSwap(matrix,rindex1,rindex2) interchanges the rows with row num-
bers rindex1 and rindex2 and returns the resulting matrix.

2. m:=rowAdd(matrix,rindex1,rindex2) adds the entries of two rows of a ma-
trix and returns the resulting matrix. rindex1 and rindex2 are the row numbers
of the rows to combine.
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3. m:=mRow(expr,matrix,rindex) multiplies the entries of the row with num-
ber rindex by the value of expr and returns the resulting matrix.

4. m:=mRowAdd(expr,matrix,rindex1,rindex2) multiplies the entries of the
row with number rindex1 by the value of expr and adds the resulting values to
the entries of the row with number rindex2. The resulting matrix is returned.

Each of these four functions can be typed in a calculator page or inserted in the page
with menu items under the Document Tools - Matrix & Vector - Row Operations

menu in a calculator page.

The TI-Nspire function rref(matrix) can also be used to reduce an augmented ma-
trix to the form [I|B] in a single step. However, this function does not display the row
operations used to perform the row reduction.

6.3.1 Finding a Matrix Inverse Using Row Operations

The following examples show how to find a matrix inverse or to determine the inverse
does not exist using TI-Nspire’s row operation functions.

Example 1: Let A =

1 3 6
2 7 14
0 2 5

. Find A−1 if it exists.

Step 1: Define the matrix and create the augmented matrix:

Step 2. Add -2 times row 1 to row 2:

Step 3. Add -2 times row 2 to row 3:

Step 4. Add -3 times row 2 to row 1:
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Step 5. Add -2 times row 3 to row 2:

Row reduction is complete. Columns 1-3 of the augmented matrix now contain an
identity matrix and columns 4-6 contain the inverse matrix. The inverse matrix is ex-
tracted using the subMat(matrix,rowstart,colstart,rowend,colend) function:

Example 2: Let A =

2 4 −3
5 10 −7
3 6 5

. Find A−1 if it exists.

Step 1: Define the matrix and create the augmented matrix:

Step 2. Add − 5
2 times row 1 to row 2:

Step 3. Add − 3
2 times row 1 to row 3:
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Step 4. Add -19 times row 2 to row 3:

At this step, the terms in columns 1-3 of row 3 are all equal to 0. This means the row
reduction process can not transform the first three columns of the augmented matrix to
an identity matrix. Therefore, the matrix ma2 does not have an inverse matrix.

7 Matrix Equations
A system of linear equations can be expressed as a matrix equation in the form

Ax = b

where A is a matrix containing the coefficients of the equations, x is a vector containing
the unknowns, and b is a vector containing the right-hand side constants of the equa-
tions.

If A is an n×n matrix and has an inverse A−1, the solution to the system of equations
can be found by multiplying the vector b by A−1:

x = A−1b

This equation is derived by multiplying both sides of the equation by A−1 and applying
properties of the matrix inverse and matrix multiplication to the equation:

A−1(Ax) = A−1b

(A−1A)x = A−1b

Ix = A−1b

x = A−1b

Example: Write the system of equations
x+3y+ 6z = 25

2x+7y+14z = 58
2y+ 5z = 19
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as a matrix equation and solve the equation using the inverse of the coefficient matrix.

The coefficient matrix is

The x vector is

The b vector is

The inverse of the coefficient matrix is

The matrix equation is ma∗ vx = vb and the solution is ma−1 ∗ vb:

The solution can be verified by multiplying the solution vector by the coefficient matrix
and comparing the result to the right-hand side vector:

Since a matrix inverse is unique, the same inverse matrix can be used to solve an
equation involving the same matrix equation with a different right-hand side vector.
This is useful for real-world applications where a system is modeled with a single set
of linear equations and collection of experimental data results in different values for
the right-hand side vector.
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8 Summary
This article described and discussed fundamental matrix and vector operations: matrix
and vector creation, matrix addition and subtraction, matrix multiplication, transposing
matrices, inverting matrices, and using matrix equations to solve systems of equations.
Examples of using TI-Nspire’s extensive matrix functionality to perform these opera-
tions were also presented.
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