CAPACITORS,
MAGNETIC CIRCUITS,

AND TRANSFORMERS



PRENTICE-HALL ELECTRICAL ENGINEERING SERIES

ANNER Elements of Television Systems

ARMINGTON AND VOLZ An Introduction to Electric Circuit Analysis

BALABANIAN Network Synthesis

BARTON Radar System Analysis

BENEDICT Introduction to Industrial Electronics

BLACKWELL AND KOTZEBUE Semiconductor-Diode Parametric
Amplifiers

BOISVERT, ET AL. Signal Flow Graphs and Applications

CARLIN AND GIORDANO Network Theory

CHANG Energy Conversion

CHANG, K. K. N. Parametric and Tunnel Diodes

Davis AND WEED Industrial Electronic Engineering

DEKKER Electrical Engineering Materials

DE PIAN Linear Active Network Theory

DowNING Modulation Systems and Noise

DUNN AND BARKER Electrical Measurements Manual

EVANS Experiments in Electronics

FETT Feedback Control Systems

FICH Transient Analysis in Electrical Engineering

FicH AND POTTER Theory of A-C Circuits

FLORES Computer Logic: The Functional Design of Digital
Computers

FLORES The Logic of Computer Arithmetic

FOECKE Introduction to Electrical Engineering Science

GENTRY, ET AL. Semiconductor Controlled Rectifiers:
Principles and Applications of p-n-p-n Devices

GoLDMAN Information Theory

GoLDMAN Transformation Calculus and Electrical Transients

GoLOMB, ET AL. Digital Commaunications

GRrAY Digital Computer Engineering

HERSHBERGER Principles of Communication Systems

JORDAN Electromagnetic Waves and Radiating Systems

Kuo Analysis and Synthesis of Sampled-Data Control Systems

Kuo Automatic Control Systems

LECROISSETTE Transistors

LEGROS AND MARTIN Transform Calculus for Electrical Engineers

Lo, ET AL. Transistor Electronics

MALEY AND EARLE The Logic Design of Transistor Digital
Computers



William L. Everitt, editor

MALEY AND SKIKO Modern Digital Computers

MARcus Switching Circuits for Engineers

MARTIN Electronic Circuits

MARTIN Physical Basis for Electrical Engineering

MARTIN Ultra High Frequency Engineering

MartscH Capacitors, Magnetic Circuits, and Transformers
MoskowWITZ AND RACKER Pulse Techniques

NixoN Handbook of Laplace Transformation; Tables and Examples
NixoN Principles of Automatic Controls

NussBaUM Semiconductor Device Physics

PARTRIDGE Principles of Electronic Instruments

Paskusz AND BUSSELL Linear Circuit Analysis

PIERUSCHKA Principles of Reliability

PoTTER AND FICH Theory of Networks and Lines

PUMPHREY Electrical Engineering, 2nd

PumPHREY Fundamentals of Electrical Engineering, 2nd

REED Electric Network Synthesis

Reep Foundation for Electric Network Theory

RipeEOUT Active Networks

ROBERTS AND VANDERSLICE Ultrahigh Vacuum and Its Applications
ROBICHAUD, ET AL. Signal Flow Graphs and Applications
RusseLL Modulation and Coding in Information Systems

RYDER, F. L. Creative Engineering Analysis

RYDER, J. D. Electronic Engineering Principles, 3rd

RYDER, J. D. Electronic Fundamentals and Applications, 3rd
RYDER, J. D. Networks Lines and Fields

SANFORD Physical Networks

SHEDD Fundamentals of Electromagnetic Waves

SkoDER AND HELWM Circuit Analysis by Laboratory Methods, 2nd
SooH00 Theory and Application of Ferrites

StouT Basic Electrical Measurements, 2nd

THoMsoN LaPlace Transformation, 2nd

VAN DER ZIEL Noise

VAN DER ZIEL Solid State Physical Electronics

VAN VALKENBURG Network Analysis, 2nd

VON TERSCH AND SWAGO Recurrent Electrical Transients

WARD Introduction to Electrical Engineering, 3rd

WARFIELD Introduction to Electronic Analog Computers

WEED AND Davis Fundamentals of Electron Devices and Circuits



PRENTICE-HALL INTERNATIONAL, INC., London
PRENTICE-HALL OF AUSTRALIA, PTY., LTD., Sydney
PRENTICE-HALL OF CANADA, LID., Toronto
PRENTICE-HALL OF INDIA (PRIVATE) LTD., New Delhi
PRENTICE-HALL OF JAPAN, Tokyo



CAPACITORS,
MAGNETIC CIRCUITS,

AND TRANSFORMERS

LEANDER W, MATSCH

Professor of Electrical Engineering
University of Arizona

PRENTICE-HALL, INC., Englewood Cliffs, N.J.



© 1964 by
PRENTICE-HALL, INC.
Englewood Cliffs, N.J.

All rights reserved. No part of this book may

be reproduced in any form, by mimeograph or

any other means, without permission in writing
from the publisher.

Library of Congress Catalog Card Number 64-24635
Printed in the United States of America

C-11331



PREFACE

Because of the tremendous rate at which scientific developments are expanding
and the extremely short time lag before they are applied in engineering
practice, the engineering curriculum has become increasingly science oriented.
In addition, the student is introduced, at an early stage, to advanced and
sophisticated analytical methods so that an increasing amount of subject
matter is covered in the short space of four or five years of the undergraduate
program. As a result, he often acquires a facility for manipulating mathe-
matical expressions at the expense of understanding the underlying physical
principles. This sometimes engenders a distaste for “hardware.”

This text places major emphasis on the physical concepts, and uses
relatively simple analytical approaches to the study of capacitors, magnetic
circuits, and transformers. Principles of energy storage and conversion are
applied in derivations where this approach seems most effective. The first
chapter, for example, deals with energy relationships in rather simple
systems.

Practical aspects of electric fields and the significance of electric field
intensity as related to dielectric strength, corona, and the construction of
capacitors and single-conductor cables are discussed in Chapter 2. The
treatment of magnetic fields in Chapter 3 uses the concept of the unit magnetic
pole to emphasize the aspect of forces in the magnetic field in a manner
similar to that which makes use of the test charge in treating the electric
field. The concept of inductance is reinforced by relating it to simple magnetic
circuits; the inconsistencies among the various definitions of inductance are
discussed for cases of circuits containing magnetic materials. Although the
student has probably studied electric and magnetic fields in earlier courses
from a more mathematical viewpoint, the treatment in this text is intended
to strengthen his physical concepts. While permanent magnets, electro-
magnets, and transformers play a most vital part in many engineering
applications, a chapter on saturable reactors and frequency multipliers is
considered necessary and has been included. Much of the material in this
text has been used successfully in mimeograph form for a three-hour course
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during the second semester of the Junior year in Electrical Engineering at the
University of Arizona for the past six years.

The author acknowledges his indebtedness to Thomas L. Martin, Jr.,
formerly Dean of Engineering at the University of Arizona, at whose sugges-
tion this work was initiated and whose encouragement has lightened the
burden of this task. Acknowledgement is also due to A. J. Hoehn, Michael
Wozny, and others for many useful suggestions, as well as to my wife for her
patient assistance in the preparation of this manuscript.

Tucson, Arizona L. W. MATsCH
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