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Introduction: 

In this chapter, we turn our attention again to matrices, first considered in 

student have the basic knowledge in Matrix Algebra their applications in 

engineering.  

As the reader will be aware, matrices are arrays of real or complex numbers, and 

have a special, but not exclusive, relationship with systems of linear equations. An 

(incorrect) initial impression often formed by users of mathematics is that 

mathematicians have something of an obsession with these systems and their 

solution. However, such systems occur quite naturally in the process of numerical 

solution of ordinary differential equations used to model everyday engineering 

processes. Systems of linear first-order differential equations with constant 

coefficients are at the core of the state-space representation of linear system models. 

Identification, analysis and indeed design of such systems can conveniently be 

performed in the state-space representation, with this form assuming a particular 

importance in the case of multivariable systems. 

In all these areas, it is convenient to use a matrix representation for the systems 

under Consideration, since this allows the system model to be manipulated following 

the rules of matrix algebra. A particularly valuable type of manipulation is 

simplification in some sense. Such a simplification process is an example of a system 

transformation, carried out by the process of matrix multiplication. At the heart of 

many transformations are the eigenvalues and eigenvectors of a square matrix. In 

addition to providing the means by which simplifying transformations can be 



 

MATRIX ANALYSIS FOR ELECTRICAL ENGINEERING DEPARTMENT 2016/2017 

BY DR.HISHAM L.SWADI 

deduced, system eigenvalues provide vital information on system stability, 

fundamental frequencies, speed of decay and long-term system behavior. For this 

reason, we devote a substantial amount of space to the process of their calculation, 

both by hand and by numerical means when necessary. Our treatment of numerical 

methods is intended to be purely indicative rather than complete, because a 

comprehensive matrix algebra computational tool kit, such as MATLAB, is now part 

of the essential armory of all serious users of mathematics. 

In addition to developing the use of matrix algebra techniques, we also 

demonstrate the techniques and applications of matrix analysis, focusing on the 

state-space system model widely used in control and systems engineering. Here we 

encounter the idea of a function of a matrix, in particular the matrix exponential, and 

we see again the role of the eigenvalues in its calculation. This chapter also includes 

a section on singular value decomposition and the pseudo inverse, together with a 

brief section on Lyapunov stability of linear systems using quadratic forms. 

 

1.2 Review of matrix algebra 

This section contains a summary of the definitions and properties associated 

with matrices and determinants. A full account can be found in previous study. It is 

assumed that readers, prior to embarking on this chapter, have a fairly thorough 

understanding of the material summarized in this section. 
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1.2.2 Basic operations on matrices 

In what follows the matrices A, B and C are assumed to have the i, jth elements aij, 

bij and cij respectively. 
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1.4 The eigenvalue problem 

A problem that leads to a concept of crucial importance in many branches of 

mathematics and its applications is that of seeking non-trivial solutions x ≠ 0 to the 

matrix Equation  

A x = λ x 
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This is referred to as the eigenvalue problem; values of the scalar  λ for which non-

trivial solutions exist are called eigenvalues and the corresponding solutions x ≠ 0 

are called the eigenvectors. Such problems arise naturally in many branches of 

engineering. For example, in vibrations the eigenvalues and eigenvectors describe 

the frequency and mode of vibration respectively, while in mechanics they represent 

principal stresses and the principal axes of stress in bodies subjected to external 

forces.  
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Example 1.3: Using the method of Faddeev, obtain the characteristic equation of 

the matrix  A of Example 1.2. 
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1.4.2 Eigenvalues and eigenvectors 

The roots of the characteristic equation (   ) are called the eigenvalues of the 

matrix A (the terms latent roots, proper roots and characteristic roots are also 

sometimes used). By the Fundamental Theorem of Algebra, a polynomial equation 

of degree  n has exactly n roots, so that the matrix A has exactly n eigenvalues λi, i 

= 1, 2, . . . , n. These eigenvalues may be real or complex, and not necessarily distinct. 

Corresponding to each eigenvalue λi, there is a non-zero solution x = ei of (   ); ei is 

called the eigenvector of A corresponding to the eigenvalue λi. (Again the terms 

latent vector, proper vector and characteristic vector are sometimes seen, but are 

generally obsolete.) We note that if  x  =  ei satisfies (   ) then any scalar multiple  βi 
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ei of  ei also satisfies (     ), so that the eigenvector ei may only be determined to within 

a scalar multiple. 

Example 1.4: Determine the eigenvalues and eigenvectors for the matrix A. 
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1.6 Reduction to canonical form 

In this section we examine the process of reduction of a matrix to  canonical  form. 



 

MATRIX ANALYSIS FOR ELECTRICAL ENGINEERING DEPARTMENT 2016/2017 

BY DR.HISHAM L.SWADI 

Specifically, we examine methods by which certain square matrices can be reduced 

or transformed into diagonal form. The process of transformation can be thought of 

as a change of system coordinates, with the new coordinate axes chosen in such a 

way that the system can be expressed in a simple form. The simplification may, for 

example, be a transformation to principal axes or a decoupling of system equations. 

We will see that not all matrices can be reduced to diagonal form. In some cases we 

can only achieve the so-called Jordan canonical form, but many of the advantages 

of the diagonal form can be extended to this case as well. 

The transformation to diagonal form is just one example of a similarity transform. 

Other such transforms exist, but, in common with the transformation to diagonal 

form, their purpose is usually that of simplifying the system model in some way. 
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Example : Verify results (1.19) and (1.20) for the matrix A 
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