Matrices for VCE Unit 4  (Clayton 2017) on TI –Nspire CX (CAS)
Software Version 4.4 (by Sanjeev Meston, T3 Instructor)
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	Select option 
1: CREATE
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	To create a     (m x n)   Matrix
	
	Enter the Required
Number of Rows        (m) 
Number of Columns  (n)
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	Use the Tab key to enter the elements
TAB key 
will move across rows and then column
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	Using the Template Key on
The Handheld
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	Creating a Row or Colum Matrix
[a,b,c]
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	Use The Transpose option
To Change 
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	To create a Random matrix
of  m-rows  and  n-columns
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Operations with Matrices (Rules) and Storing Matrices
	Input
	
	Output

	Addition / Difference
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Storing       Assign a name to a matrix 
Both serve the same purpose
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	Assign
[image: C:\Users\Sanjeev\AppData\Local\Temp\SNAGHTML8cc94f3.PNG]
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	Note: All stored and Assigned Variables show up as bold text on any
[image: ]Applications:   Calculator, Graph, List&Spreadsheet etc
[image: C:\Users\Sanjeev\AppData\Local\Temp\SNAGHTML8dbfde5.PNG]

To access stored variables  click the VAR   
key and select the variable from the drop down list
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	In the 2nd case note the negative sign in front

	
	
	[image: ]

	
	
	[image: ]

	Multiplying a Matrix by a scalar quantity
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	Multiply mat1 by “a”


Multiply mat2 by “b/c”
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	Can you square (^2) a non square Matrix?
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	Condition for Multiplying 2 Matrices

	Order (Dimensions) of the two Matrices is a key factor to determine whether the two matrices can be multiplied or not
The number of Columns in Matrix 1 must equal number of rows in matrix 2 
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	Conclusion:  In Matrix multiplication
If AxB   and  BxA exist
then 


  
Question:  Will 


YES: if A and B are Inverse of each other




Properties of Matrix Operations
[bookmark: properties]Properties of Addition
The basic properties of addition for real numbers also hold true for matrices. 
Let A, B and C be m x n matrices
1. A + B  =  B + A    commutative
2. A + (B + C)  =  (A + B) + C    associative
3. There is a unique m x n matrix O with 

        A + O  =  A        additive identity
4. For any  m x n matrix A there is an m x n matrix B (called -A) with 

       A + B  =  O        additive inverse
____________________________________________________________
Proof of Property 1      We have
        (A + B)ij  =  Aij + Bij     definition of addition of matrices
                        =  Bij + Aij         commutative property of addition for real numbers
                        =  (B + A)ij       definition of addition of matrices
Notice that the zero matrix is different for different m and n.  For example
        [image: http://ltcconline.net/greenl/courses/203/MatricesApps/proper1.gif]______________________________________________________________
[bookmark: scalar]Properties of Scalar Multiplication
Since we can multiply a matrix by a scalar, we can investigate the properties that this multiplication has.  All of the properties of multiplication of real numbers generalize.  In particular, we have
Let r and s be real numbers and A and B be matrices.  Then
	1. r(sA)  =  (rs)A
	2. (r + s)A  =  rA + sA

	3. r(A + B)  =  rA + rB
	4. A(rB)  =  r(AB)  =  (rA)B


[bookmark: multiplication]Properties of Matrix Multiplication
Unlike matrix addition, the properties of multiplication of real numbers do not all generalize to matrices.  Matrices rarely show the commutative property even if AB and BA are both defined.  There often is no multiplicative inverse of a matrix, even if the matrix is a square matrix.  
Let A, B and C be matrices of dimensions such that the following are defined.  Then
1. A(BC)  =  (AB)C                 associative
[image: http://ltcconline.net/greenl/courses/203/MatricesApps/proper4.gif]        [image: http://ltcconline.net/greenl/courses/203/MatricesApps/proper3.gif]
We have      
[image: http://ltcconline.net/greenl/courses/203/MatricesApps/proper5.gif]        
so that
        
Check (AB)C
      [image: http://ltcconline.net/greenl/courses/203/MatricesApps/proper6.gif]     [image: http://ltcconline.net/greenl/courses/203/MatricesApps/proper7.gif]
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THE ORDER OF MULTIPLICATION IS IMPORTANT
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2. A(B + C)  =  AB + AC        distributive
3. (A + B)C  =  AC + BC        distributive
4. There are unique matrices Im and In with

        Im A  =  A In  =  A        multiplicative identity
We omit the subscript and write I for the identity matrix.  The identity matrix is a square scalar matrix with 1's along the diagonal.  For example
        [image: http://ltcconline.net/greenl/courses/203/MatricesApps/proper2.gif]
[bookmark: transpose]Properties of the Transpose of a Matrix
Recall that the transpose of a matrix is the operation of switching rows and columns.  We state the following properties.  We proved the first property in the last section.
Let r be a real number and A and B be matrices.  Then
1. (AT)T  =  A
2. (A + B)T  =  AT + BT
3. (AB)T  =  BTAT
4. (rA)T  =  rAT
Check on CAS
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Creating Matrix from List and Spreadsheet page
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Determinant and Inverse of a Matrix  (Condition) The matrix has to be a square matrix
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	Singular matrix: (When its determinat = 0)
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	A matrix is singular when it determinant is zero, hence its Inverse does not exist

	Inverse of a Matrix  (The Matrix has to be a square matrix)
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	The product of a matrix and its Inverse
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	Create Identity matrix on TI CAS
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	Solving Simultaneous Linear Equations on CAS  (Using the Matrix Method)

	Mathematical Logic used:

 


	
	Example





	Method 1
[image: ]
	
	Method 2
[image: ]
Method 3
[image: ]


Sum of Rows  / Columns in a Matrix
	Sum of Rows    Method 1
[image: ]
	
	[image: ]For Column total (Transpose the matrix)
Note, you can only add two rows at a time



	Sum of all Rows 
[image: ]
To sum the rows of a matrix post-multiply with a summing matrix (will be a column matrix).  Note: Number of rows of the summing matrix must equal the no. of columns of the original matrix. 


Sum of all Columns
To sum the columns of a matrix pre-multiply with a summing matrix (will be a row matrix). Note: Number of columns of the summing matrix must equal the no. of rows of the original matrix.
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	                        Sum of all elements
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Combining Matrices and Dimensions of a Matrix
(Augment Command)
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Diagonal Matrices / Symmetric Matrix
	menu>Matrix & Vector>Create>Diagonal 
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	Symmetric Matrix
	A symmetric matrix is a square matrix 
which is symmetric about its leading 
diagonal (top left to bottom right). 
The transpose of a symmetric matrix 

equals the original matrix. i.e.  
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TRIANGULAR MATRICES
A triangular matrix is a special kind of square matrix. A square matrix is called lower triangular if all the entries above the main diagonal are zero. 
Similarly, a square matrix is called upper triangular if all the entries below the main diagonal are zero. 
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Note that if you transpose the upper triangular matrix on the main diagonal you obtain the lower triangular of the matrix. 
[image: ]



Zero matrix: A matrix of any order with all zeroes, is known as a zero matrix. The symbol O is used to represent a zero matrix.  Can be created using 
menu>Matrix & Vector>Create>Zero Matrix 
syntax: newMat(rows,columns). 





Binary & Permutation matrices
As the name suggest, a binary matrix is an array of 0's and 1's. 
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	A permutation matrix is a square binary matrix that has exactly one entry 1 in each row and each column and 0’s elsewhere. When used to multiply another matrix, it can produce that permutation in the rows or columns of the other matrix. There are n! permutation matrices of size n. 
[image: ] 
order 2 
2!=2
[image: ]
order 3
3!=6




		Properties of permutation matrices: 


1. Multiplying any matrix A by a permutation matrix P on the left has the effect of rearranging the rows of A. (= “permuting” them) 
2. Multiplying any matrix A by a permutation matrix P on the right has the effect of rearranging the columns of A. 


3. The inverse of a permutation matrix is the same as its transpose:  
                                                                         Switching Columns
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	Switching Rows
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	What if I want
A B C    in the  3rd row 
M N O   in the  2nd row
D E F     in the  1st row
J K L     in the   5throw
G H I    in the  4th ro
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	What if I want
A B C    in the   5th row 
M N O   in the  1st row
D E F     in the  2nd row
J K L     in the   4throw
G H I    in the   3rd row
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Examples of Permutation Matrix
[image: ]

Communication Matrices
[image: ]


[image: ][image: ]Dominance Matrices
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Matrix Recursion / Transition Matrix
Steady State Matrices
Step 1: Set up a Transition Matrix  (each column total must be 1 or 100%)
Example:
The following Transition Matrix can be used to describe the weekly pattern for soft drink consumption amongst 200 students surveyed in a school

 
Of the 200 students surveyed the initial state Matrix was 
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Dominance Matrices

A digraph is a graph with directed arcs between nodes. The directed arcs are signified by arrow heads as shown in the graph below. In many
practical applications, the need to indicated a direction becomes apparent

The above graph might represent a tournament where each arc signifies the result of a contest between any two players (for example a
directed arc between 4 and B might denote that "4 beats B").

A graph might also represent water flows, or food chains, or the spreading of rumours, or even the sales of used cars. Digraphs can be used in
any situation where there is an implied directional relationship existing between multiple entities.
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