
Chapter 4: Vectors and Matrices in MATLAB

4.1 Introduction
In MATLAB, vectors and matrices are the fundamental data structures.
MATLAB itself stands for MATrix LABoratory, highlighting its design around matrix computations.
Every variable in MATLAB is a matrix by default—even a single number is treated as a 1×1 matrix.
Understanding how to create, manipulate, and perform operations on vectors and matrices is essential for any MATLAB user, especially in engineering and scientific applications.
This chapter provides a comprehensive overview of how to:
· Create and define vectors and matrices.
· Access and modify their elements.
· Perform arithmetic and logical operations.
· Use built-in MATLAB functions for matrix manipulation.
· Apply vector and matrix operations to solve real-world problems.

4.2 Vectors
A vector is a one-dimensional array of numbers.
There are two types of vectors in MATLAB:
· Row vectors (1×n)
· Column vectors (n×1)

4.2.1 Creating Vectors
(a) Using square brackets
To create a vector, use square brackets [ ] and separate elements by spaces or commas.
Example:
v = [1 2 3 4 5];
This creates a row vector with 5 elements.
To create a column vector, use semicolons ; between elements:
v = [1; 2; 3; 4; 5];

(b) Using the colon operator
The colon operator (:) is a convenient way to generate regularly spaced vectors.
Syntax:
start:step:end
Examples:
v = 1:5          % [1 2 3 4 5]
v = 0:2:10       % [0 2 4 6 8 10]
v = 10:-1:5      % [10 9 8 7 6 5]

(c) Using built-in functions
MATLAB provides several functions to create specific types of vectors:
	Function
	Description
	Example

	linspace(a,b,n)
	Generates n equally spaced points between a and b
	linspace(0,1,5) → [0 0.25 0.5 0.75 1]

	logspace(a,b,n)
	Generates logarithmically spaced points between 10^a and 10^b
	logspace(1,3,3) → [10 100 1000]



4.2.2 Accessing Elements
Use parentheses ( ) with indices to access or modify vector elements.
Example:
v = [3 6 9 12];
v(2)        % returns 6
v(4) = 15;  % changes the 4th element to 15
You can also access multiple elements:
v([1 3])    % returns elements 1 and 3 → [3 9]

4.2.3 Vector Operations
MATLAB supports element-by-element and vectorized operations.
Example:
a = [1 2 3];
b = [4 5 6];
c = a + b;      % [5 7 9]
d = a .* b;     % element-wise multiplication → [4 10 18]
e = a .^ 2;     % element-wise square → [1 4 9]

4.3 Matrices
A matrix is a two-dimensional array of numbers arranged in rows and columns.

4.3.1 Creating Matrices
Use square brackets [ ] and separate columns with spaces or commas, and rows with semicolons.
Example:
A = [1 2 3; 4 5 6; 7 8 9];
This creates a 3×3 matrix.
You can also create special matrices using MATLAB functions:
	Function
	Description
	Example

	zeros(m,n)
	m×n matrix of zeros
	zeros(3,2) → 3×2 matrix of zeros

	ones(m,n)
	m×n matrix of ones
	ones(2,4)

	eye(n)
	n×n identity matrix
	eye(3)

	rand(m,n)
	random matrix (uniform distribution)
	rand(2,3)

	diag(v)
	creates diagonal matrix from vector v
	diag([1 2 3])



4.3.2 Accessing Matrix Elements
Matrix elements are accessed using row, column indices:
Example:
A = [10 20 30; 40 50 60; 70 80 90];
A(2,3)      % element in row 2, column 3 → 60
A(1,:)      % first row → [10 20 30]
A(:,2)      % second column → [20; 50; 80]
You can also extract submatrices:
B = A(1:2, 2:3)   % top-right 2×2 block

4.3.3 Matrix Operations
MATLAB is optimized for matrix algebra.
The following operations are commonly used:
	Operation
	Symbol
	Example

	Addition/Subtraction
	+, -
	A + B

	Matrix Multiplication
	*
	A * B

	Element-wise Multiplication
	.*
	A .* B

	Power
	^ or .^
	A^2, A.^2

	Transpose
	'
	A'

	Inverse
	inv(A)
	

	Determinant
	det(A)
	


Example:
A = [1 2; 3 4];
B = [5 6; 7 8];
C = A * B;          % matrix multiplication
D = A .* B;         % element-wise multiplication
T = A';             % transpose
I = inv(A);         % inverse

4.4 Matrix Functions
MATLAB includes a rich set of built-in matrix manipulation functions:
	Function
	Description

	size(A)
	returns matrix dimensions

	length(A)
	returns the longest dimension

	numel(A)
	total number of elements

	sum(A)
	sum of each column

	mean(A)
	mean of each column

	max(A)
	maximum element in each column

	min(A)
	minimum element

	reshape(A,m,n)
	reshapes A into m×n matrix

	sort(A)
	sorts each column

	cat(dim,A,B)
	concatenates matrices along dimension dim


Example:
A = [1 2; 3 4];
B = [5 6; 7 8];
C = cat(1,A,B);   % vertical concatenation
D = cat(2,A,B);   % horizontal concatenation

4.5 Special Matrices and Functions
	Matrix
	Description

	magic(n)
	creates a magic square (rows and columns sum to same value)

	hilb(n)
	Hilbert matrix (used in numerical analysis)

	randn(m,n)
	random matrix (normal distribution)

	eye(n)
	identity matrix


Example:
M = magic(3)
H = hilb(4)

4.6 Remarks
· Always ensure matrices have compatible dimensions before performing operations.
· MATLAB performs operations column-wise by default.
· To apply a function to every element, use the dot operator (e.g., .^, .*).
· Be careful when transposing complex matrices:
· ' performs complex conjugate transpose
· .' performs non-conjugate transpose
4.7 Practical Example
% Create two matrices
A = [1 2 3; 4 5 6; 7 8 9];
B = [9 8 7; 6 5 4; 3 2 1];

% Compute operations
C1 = A + B;           % Addition
C2 = A .* B;          % Element-wise product
C3 = A * B;           % Matrix multiplication
C4 = A';              % Transpose
detA = det(A);        % Determinant

% Display results
disp('Matrix A + B ='); disp(C1);
disp('Element-wise product A.*B ='); disp(C2);
disp('Matrix product A*B ='); disp(C3);
disp('Transpose of A ='); disp(C4);
fprintf('Determinant of A = %.2f\n', detA);

4.8 Exercises
Exercise 1:
Create a row vector x from 1 to 20 with a step of 2.
Create a column vector y with elements from 5 to 15.
Find:
1. The element-wise sum x + y'
2. The product x .* y'

Exercise 2:
Given a 3×3 matrix
[
A = \begin{bmatrix} 2 & 4 & 6 \ 1 & 3 & 5 \ 7 & 8 & 9 \end{bmatrix}
]
Compute:
· The transpose of A
· The determinant of A
· The inverse of A
· The sum of all elements

Exercise 3:
Use MATLAB to:
1. Create a random 4×4 matrix using rand.
2. Compute its mean value using mean.
3. Extract the 2nd row and 3rd column.
4. Replace all elements greater than 0.5 with 1.

Solutions (Suggested)
Exercise 1:
x = 1:2:20;
y = (5:15)';
S = x + y';
P = x .* y';
Exercise 2:
A = [2 4 6; 1 3 5; 7 8 9];
At = A';
d = det(A);
invA = inv(A);
s = sum(A(:));
Exercise 3:
M = rand(4,4);
avg = mean(M(:));
r2 = M(2,:);
c3 = M(:,3);
M(M > 0.5) = 1;

