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Foreword

The classical electric circuit theory is widely presented in modern educational and
scientific publications. The properties of circuits, which allow simplifying the
analysis of complex networks in the case of change of one (or several) resistance or
load, are known. These properties make appropriate sections in the circuit theory
books. The problems of application and development of basic properties of circuits
in an analytical view draw the attention of researchers at present times, despite
opportunities of simulation computer systems.

It occurs in science that someone looks at traditional problems from another
viewpoint and a whole new direction with a new mathematical apparatus appears in
this traditional area of science and engineering. The book, written by A. Penin, is an
example of such a new approach in circuit theory or methods of their analysis.

This book includes the author’s main publications, results of more than 30-year
searches, reflections, and doubts. All this determine a new, unusual approach to the
solution of a number of tasks of circuit theory.

The combination of such concepts as circuit theory and projective geometry (in
general, non-Euclidean geometry), is a new representation in electrical engineering
and circuit theory. There are almost no modern publications of other authors using
such a geometrical approach for circuit analysis. At the same time, similar geo-
metrical methods are widely used in other areas of science. For a wide audience, it
is necessary to explain that geometry is a much deeper concept than a simple
graphical representation of studied dependences.

In the foreword, there is no opportunity and no need to speak about the content
of the author’s main results, but one important circumstance should be noted. The
used mathematical apparatus gives a successful interpretation for observed
dependences, validation of used definitions and concepts, removes a tradition, and
their formal introduction. Therefore, the book supplements and develops basic
methods of circuit analysis, makes them evidential, and simplifies understanding
of the complicated interconnected processes happening in electric circuits.

The author restricts his analysis by direct current circuits (as models of power
supply systems with one, two, and more loads), which gives the possibility to show
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viii Foreword

in the simplest way the new things or results that geometry can propose for circuit
analysis.

The theorem of the generalized equivalent circuit is such a result. The author
determines the parameters of this equivalent for a network with changeable
parameters and load.

Another result is that mutual changes of resistance and current are set not in the
form of generally used increments (typical for mathematical analysis and a concept
of the derivative) but as well-founded fractionally linear expression. On this basis,
convenient formulas of recalculation of currents turn out. It is possible to carry out
the normalization of running regime parameters and to prove a technique for
comparison of regimes for circuits similar to each other.

Using own scientific and practical experience in power electronics, the author
applies new representations to a number of traditional problems in this area. It is
natural that the author uses idealized models of considered power electronics
appliances and therefore does not give the finished practical decisions. Also, the
possible directions of development of this approach are shown in this book.

As a whole, the book represents a theoretical, methodological, and methodical
interest for those who study circuit theory or work in this area directly. It is possible
to hope that the presented geometrical approach to known tasks and arising new
problems will cause the active permanent interest of experts in various areas of
electrical engineering and radio electronics.

Prof. Anatolie Sidorenko

https://engineersreferencebookspdf.com



Preface

The circuit regime analysis is one of the main problems for electric circuit theory.
The finding of the actual (absolute) value of regime parameters (voltage, current,
power, and transformation ratio for different parts of a circuit) is the simplest
analysis task. If a circuit has variable elements (loads and voltage regulators),
additional analysis tasks appear.

The interest in such circuits is defined, in particular, by the state and tendencies
of development of power electronics, modular power supply, or distributed power
supply systems with renewable power sources. Similar devices, in general, repre-
sent the complex multiple inputs and multiple outputs systems and their loads can
change from the short circuit to open circuit and further give energy. In turn, the
loads can be subdivided into high priority and additional (ballast) loads. For defi-
niteness, it is possible to accept that such systems, for circuit theory, present linear
mesh circuits of a direct current or multi-port networks.

We will consider some of the arising additional tasks of analysis. For example, it
is important to confront operating regime parameters with characteristic values; that
is, to represent these parameters in the normalized or relative form. In this case, the
informational content of these parameters is increasing; it is possible to appreciate
qualitative characteristics of an operating regime or its effectiveness, to compare
regimes of different circuits, and to set a necessary regime.

The other task of analysis is the determination of the dependence of the regime
parameter changes on the respective change of element’s parameters (for example,
the problem of the recalculation of load currents). Thus, it is necessary to set the
form of these changes reasonably; that is, to determine whether these changes are
increments or any other expressions.

Another task of analysis is the definition of the view or character of such an
active circuit with a changeable element (as a power source concerning load); that
is, this circuit shows more property of a voltage source or current source.

In the electric circuit theory, a range of circuit’s properties, theorems, and
methods is well known, and their use simplifies the decision of these problems.
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X Preface

However, the known approaches do not completely disclose the properties of
such circuits, which reduces the effectiveness of analysis.

The method of analysis for a circuit with variable element parameters is
developed by the author. For interpretation of changes or “kinematics” of circuit
regimes, projective geometry is used. For example, the known expression has the
typical fractionally linear view for functional dependence of current (or voltage) via
resistance. It gives the grounds for considering this expression as a projective
transformation. The projective transformations preserve an invariant; there is a
cross ratio of four points (a ratio of two proportions) or four values of current and
resistance. The value of this invariant is preserved for all the variables (as a current,
voltage, and resistance) and for parts or sections of a circuit. Thus, this invariant is
accepted as the determination of the regime in the relative form. Therefore, obvious
changes in regime parameters in the form of increments are formal and do not
reflect the substantial aspect of the mutual influences: resistance — current.

In general, this geometrical approach grounds the introduction and determination
of required concepts.

The book has an introduction (Chap. 1) and four parts. The disadvantages of
known methods are considered in Chap. 1.

Part I (Chaps. 2-5) considers electrical circuits with one load. The application
of projective geometry to analysis of an active two-pole is shown in Chap. 2.
The concept of generalized equivalent circuits is introduced in Chap. 3. The
invariant relationships of cascaded two-ports are considered in Chap. 4. In Chap. 5,
the paralleling voltage sources are presented.

Part II (Chaps. 6-9) considers multi-port circuits. The application of projective
geometry to analysis of an active two-port and three-port is shown in Chap. 6. The
concept of generalized equivalent circuits of multi-port is introduced in Chap. 7.
The recalculation formulas of load currents are obtained in Chap. 8. The invariant
relationships of cascaded four-ports are considered in Chap. 9.

Part IIT (Chaps. 10-12) considers circuits with nonlinear regulation curves. The
voltage regulator regimes are studied in Chap. 10. The load voltage stabilization is
shown in Chap. 11. The pulse-width modulation converters are considered in
Chap. 12.

Part IV (Chaps. 13 and 14) discusses circuits with nonlinear load characteristics.
The concepts of power-source and power-load elements with two-valued charac-
teristics are shown in Chap. 13. Quasi-resonant voltage converters with
self-limitation of current are considered in Chap. 14. The attention to similarity of
characteristics of this converter and some electronic devices is paid.

The book may be useful to those who are interested in the foundations of the
electric circuit theory and also for a professional circle of experts in various areas of
electrical engineering and radio electronics.

The author thanks Prof. A. Scherba (Ukraine) for the attention shown and rec-
ommendations to the publication of the first results. He also thanks Prof. P. Butyrin
(Russia) for long-term constructive criticism and recommendations to the publi-
cation of series of papers. He also thanks Prof. V. Mazin (Russia), who shares his
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area of researches, and appreciates scientific editor B. Makarshin (Russia) for a
20-year hard effort on the preparation of paper manuscripts for publication.

The author is grateful to academician D. Ghitu, the founder of Institute of
Electronic Engineering and Nanotechnologies (Moldova), for the given opportunity
to work according to the individual plan of researches. He appreciates Prof.
A. Sidorenko, the director of “D. Ghitu” Institute of Electronic Engineering and
Nanotechnologies, for permanent interest to the direction of research, support for
this direction and the book publication.

Moldova Republic A. Penin
October 2015
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Chapter 1
Introduction

1.1 Typical Structure and Equivalent Circuits of Power
Supply Systems. Features of Circuits with Variable
Operating Regime Parameters

The circuit regime analysis is one of the main problems for the electric circuit
theory [1, 7]. The finding of the actual (absolute) value of regime parameters
(voltage, current, voltage transformation ratio, and so on), is the simplest analysis
task. In turn, the determination of the maximum load power and maximum effi-
ciency is an essential energy problem [6, 14], including distributed power supply
systems. Such systems, shown in Fig. 1.1, contain multiple power sources, energy
storages, direct current DC/DC voltage converters, charge/discharge units,
point-of-load POL regulators, and loads [4, 13].

Usually, the static characteristics of all the incoming units are used for energy
analysis [9, 12] and analog computation of power systems [11]. Therefore, this power
supply system is the complex DC circuit with a given number of input and output
terminals. For example, such a circuit is shown in Fig. 1.2. The voltage DC/DC
converters are simply DC transformers. The resistive network determines losses of all
the converters and supply lines.

Let us consider the feature of the show circuit. The interaction both between
power sources and loads is the main feature of this system. The regime of the loads
and energy storages may change from the energy consumption to return of energy.
The loads may be also subdivided into basic (priority) and additional (buffer) loads.

Therefore, additional analysis tasks appear for these circuits with variable ele-
ments (loads, voltage regulators). For example, it is important to confront operating
regime parameters with the characteristic values; that is, to represent these
parameters in the normalized or relative form. In this case, the informational content
of these parameters is increasing; it is possible to appreciate the qualitative char-
acteristics of an operating regime or its effectiveness, to compare regimes of dif-
ferent circuits, to set a necessary regime in the sense of similarity theory.

© Springer International Publishing Switzerland 2016 1
A. Penin, Analysis of Electrical Circuits with Variable Load Regime Parameters,
Power Systems, DOI 10.1007/978-3-319-28451-4_1
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Usually, relative expressions are constituted by using of the characteristic values (as
scales) for the corresponding regime parameter [19]. Similarly, the regime change is
defined by the difference or ratio of subsequent and initial regime parameters; there are
changes in the form of “times” or “percents.” For example, the open-circuit OC
voltage and short circuit SC current will be the corresponding scales for the load
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1.1 Typical Structure and Equivalent Circuits ... 3

voltage and current of the simplest circuit. In the same way, the maximum load power
or maximum source power will be the scales for the running load power.

The other task of analysis is the determination of the regime parameter changes
via respective changes of element parameters (for example, the problem of the
recalculation of load currents). Thus, it is necessary to set the form of these changes
reasonably; that is, if these changes are increments or the other expressions.

Also, we have the next task. The change of the load parameters or parameters of
circuit defines the corresponding regime change and its effectiveness. Therefore, a
deeper analysis and introduction of changes in the valid form of both regime
parameters and effectiveness indicators are necessary.

In the electric circuit theory a range of properties, theorems, and methods are
well-known, and their use can simplify the solution of these problems.

However, the known approaches do not completely disclose the properties of the
circuits with variable elements that reduce the efficiency of analysis.

Using the equivalent circuit in Fig. 1.2, we will choose the simplest and
important circuits. The analysis of such simple networks shows the disadvantages
of the known methods.

1.2 Disadvantages of the Well-Known Calculation
Methods of Regime Parameters in the Relative Form
for Active Two-Poles

1.2.1 Volt-Ampere Characteristics of an Active Two-Pole

The simplest circuit of an active two-pole is shown in Fig. 1.3a. At change of a load
resistance R; from the short circuit SC to open circuit OC, a load straight line or
volt-ampere characteristic in Fig. 1.3b is given by a linear expression

Vo V
[L:_O__L:]fc_
R; R;

\43
R’

(1.1)

where R; is an internal resistance and 7€ is the SC current.

Fig. 1.3 a Simplest circuit. (a) (b) I
b Load straight line L
R 1 R=0
i sc
y [L RL
v ‘ \
2
’ R =0
7/ ’ L
0 V.oV
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() (b) R,
R V01
v R,

Fig. 1.4 a Influence of loads to each other. b Influence of voltages sources to each other

In turn, an internal resistance R; in Fig. 1.4a determines the influence of the load
resistances Ry, Ry, to each other. Similarly, the influence between the paralleling
voltage sources Vjy;, Vo takes place in Fig. 1.4b.

Let us consider the straight lines of the initial circuit and a similar circuit with the
other values Vj, R; in Fig. 1.5. The regimes of these circuits will be similar or
equivalent if the correspondence of the characteristic and running regime param-
eters takes place. For the given case, this conformity is specified by arrows.

1.2.2 Regime Parameters in the Relative Form

Let us constitute the relative expression of the load straight line for our simplest
circuit in Fig. 1.3. For that, it is possible to use the values I5C, V; as the scales.
We may rewrite Eq. (1.1) in the form
I Vi

—==1—-—. 1.2
=1 (1.2)

Fig. 1.5 Straight lines of /IV /
comparable circuits L
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1.2 Disadvantages of the Well-Known Calculation Methods of Regime ... 5

Similarly, for the other circuit

From this, the equality of the relative or normalized values for currents and
voltages determines the similarity of regimes

- L L, - Vi W
== === =—=—. 1.3
L IEC IEC ) L V() VO ( )
Then, Eq. (1.2) obtains the relative view
IL=1-V,. (1.4)

Therefore, the relative values Iy, V; allow evaluating the use of the voltage
source for current and voltage of the running regime.

From (1.3), the recalculation formulas of the actual regime parameters are as
follows:

m1:{—L:{L—M7 mV:&:E, (15)
I I Vi Vo
where my, my are the scales.
If m; = my, a geometrical similarity or, more precisely, the Euclidean equiva-
lence in sense of Euclidean geometry is obtained.
If m; # my, an affine similarity in sense of affine geometry is fulfilled.
The load-power dependence

PL=V/ I, =V, (1-Vp) (1.6)

determines a parabola in Fig. 1.6.
In turn, the power transfer ratio Kp or efficiency # of the running regime

is a linear function shown in Fig. 1.6.
Let us consider the analogous relationships for the load resistance.
From (1.1), we get the corresponding expression

V=W

Ri+R.
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Fig. 1.6 Load power and 1.00
efficiency via the load voltage
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