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1. INTRODUCTION

______________________________________________________________________________________________________________________________________________________________________


1.  INTRODUCTION 


1.1.  Overview  of  subject 


The term electrical engineering broadly defines the engineering science dealing with the study of electromagnetic phenomena from the point of view of their technical applications. This broad definition covers some different areas: the physical study of the electric and magnetic phenomena, the mathematical modelling of such phenomena, and the theoretical study of important specific domains where these phenomena are essential, such as electrical machinery and apparatus, electric drives, but also electronics, communications, automatic control, computers and power engineering. The definition covers as well the practical aspects related to the applications in the specific fields listed above. However, electrical engineering is to be understood here, in a more narrow sense, as dealing with the study of the most important and common applications of electromagnetic phenomena. 


The present book represents an extension of the lectures presented to the students of the Department of Engineering Sciences, Polytechnic University of Bucharest, especially to those included in the Materials Science and Chemical Engineering Divisions. The contents is so structured as to include the main theoretical aspects needed to the proper understanding of electromagnetic phenomena and their principal technical applications, particularly those of interest for a materials science or chemical engineer. This is not intended to be an exhaustive treatise of electrical engineering: the reduced volume allowed, and the interest of the people addressed to, limit its scope. However, a declared intention of this work is to present a fairly sufficient part of electrical engineering topics that will enable the student to feel at ease with electromagnetic applications, not only in materials science and chemical engineering, but in other non–electrical specialties. 


The contents of the book is therefore consistent with this remark. The first part of the book covers the study of the electromagnetic field SYMBOL 45 \f "Symbol" electromagnetic quantities and basic relations that describe the electromagnetic phenomena. The second part details the general approach by applying the theory to specific electromagnetic systems of large use in engineering, particularly electric circuits. The third part of the work – the second volume – deals with a simplified presentation of some common applications of the concepts previously introduced, namely electric measurements and the measurement of non–electromagnetic quantities, electrical machinery and apparatus, and electric heating. 


The present form of the book was made possible with support from the Tempus Project S_JEP 11219–96 (coordinator – Assoc.Prof. V. Cotârtã, contractor – Prof. F.M.G. Tomescu). As well, the work represents additional educational material to be used in the educational structures developed in the framework of this Project. 


1.2.  The theory of electromagnetic phenomena 


It is extremely difficult to give a definition of the electromagnetic phenomena: one could give a brief description only, by saying that these are supplementary phenomena with respect to mechanical, thermal or chemical phenomena, which occur in the presence of some bodies exhibiting specific electromagnetic states – again supplementary states with respect with mechanical, thermal or chemical states – such as, for instance, a glass rod rubbed in fur, or a piece of magnetite. 


The study of such phenomena results in the definition of new states of bodies, electromagnetic states, different from those that could be explained on the basis of some physical sciences – mechanics or thermodynamics. As a matter of fact, the very study of these new phenomena and states is consecutive with respect to the study of mechanical or thermal phenomena, because the electromagnetic states and phenomena can not be directly felt through our senses: they are introduced on a causal basis only, as implied by their specific effects – mechanical, thermal, even chemical effects. 


Following the present point of view on electromagnetic phenomena, the explanation of the electromagnetic interactions between bodies exhibiting electromagnetic states is based on the concept of electromagnetic field: a specific physical system which intermediates electromagnetic interactions between objects. A simple model of the field–intermediated interaction of two objects only is presented in fig. 1.1.  
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Fig. 1.1.


Some remarks are worth making with reference to this model: 


(1) An object exhibiting an electromagnetic state does not act directly upon another object in a similar state; instead, each such object generates an electromagnetic field and it is this field which acts upon another object. 


(2) While not obvious, another related remark is important as well: the electromagnetic interactions do not act instantaneously at any distance; instead, they are transmitted through the electromagnetic field by contiguity, i.e., from one point to its neighbours and from one moment to the following one, with a finite velocity. The specific form of such a propagation is represented by an electromagnetic wave: this is a time– and position–dependent electromagnetic field which is self–sustaining even in the absence of objects in electromagnetic states. 


(3) There are not separate fields of each object: the fields generated by different objects are superposed in a certain manner and there is a resultant (total) field that is present. However, the model illustrates the fact that each object is acted upon by that part of the total field which is not generated by itself: only the field exterior to an object acts upon it. 


(4) The magnitude of an electromagnetic action imposed by the electromagnetic field upon an object in an electromagnetic state naturally depends on some characteristics of the interacting entities. It can be considered as increasing at the same pace as some quantity characterising the electromagnetic state of the object subjected to the interaction and as some other quantity characterising the field acting on the object. The magnitude  X  of an electromagnetic action can therefore be written as the product of a quantity  Y  describing the electromagnetic state of the object which is acted upon and a quantity  Z  which characterises the electromagnetic field imposing the action, 


X = YSYMBOL 215 \f "Symbol"Z  . 


This book presents the so–called phenomenological (or macroscopic) theory of electromagnetic phenomena, which is sufficient to describe the main technical applications: phenomena related to very large velocities (relativistic phenomena), as well as those related to extremely minute quantities of matter or energy (quantum phenomena) are not considered here. 


The macroscopic theory of electromagnetic phenomena operates with physical quantities that characterise certain classes of properties of bodies, fields or processes, and identifies certain relations satisfied by such electromagnetic quantities. According to the manner of introducing electromagnetic quantities, these are classified in two classes: primary quantities – which are introduced directly on the basis of some (idealised) experiments representing (idealised) methods of measuring such quantities, and derived quantities – which are introduced according to certain defining equations, in terms of previously known quantities. In a similar way, the relations identified in the study of electromagnetic phenomena are classified in two classes: laws – which are axiomatic statements expressing general and fundamental features of the processes under study and obtained by way of induction based on experimental facts, and theorems – which are relations derived by way of logical–mathematical reasoning starting from more general assertions. 


The study of electromagnetic phenomena is facilitated if specific degrees of approximation are clearly defined – these are called states of an electromagnetic field or system. The static state is characterised by time–invariant quantities (including position, that is all media are considered at rest) and the absence of any type of energy transformation. This is the only state where the two sides of the electromagnetic field – the electric field and the magnetic field – are completely split apart. The steady state is characterised solely by time–invariant quantities (including position, that is media at rest are considered only). The quasi–steady state takes into consideration the time–variation of quantities, but at such a slow rate that no electromagnetic waves are possible. The general time–varying state places no restrictions of this kind; it is the most general situation to be assumed in the study of electromagnetic phenomena. 


When studying electromagnetic phenomena, some couples of electric or magnetic quantities are found to be related by specific relations (called constitutive equations), which are associated to the medium where the phenomena are occurring. If the relation between the elements of such a pair, say A and B, is linear and (eventually) homogeneous,


A = cSYMBOL 215 \f "Symbol"B   ,   c = constant independent on  A  or  B   , 

the medium (and the relation) is called linear. The medium (and the relation) is called non-linear if the corresponding coefficient  c  depends on the very quantity it multiplies,


A = A(B) = c(B)SYMBOL 215 \f "Symbol"B  . 

If the related quantities are vectors, there are two more cases to be distinguished: if the two related vectors are always parallel, 
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then the medium where such circumstances occur is called isotropic; when the related vectors are generally not parallel, 
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the medium is called anisotropic. Linear isotropic media will be usually considered in view to illustrate essential features of the electromagnetic field, and other cases will be approached only when needed. 
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