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PREFACE TO SEVENTH EDITION

Anumber of important advances in radiographic equipment
and procedures have taken place since publication of the
previous edition six years ago. Outstanding among these has been
digital radiography. While these should all be of interest to the
student radiographer, they do not greatly affect the fundamental
principles of radiography and so will not be dealt with in detail, if
at all.

The main purpose of the present revision is to clarify important
concepts, based on further experiences of the author in an ongoing
and active teaching program. This aspect of the new edition includes
many areas of revision of text and figures. Those figures that may
have undergone loss of clarity as the result of numerous reproduc-
tions have been redrawn.

Updated and new material has also been included, whenever
this is relevant to basic radiographic principles. Greater emphasis
has been placed on solid state rectifier diodes as well as the pulse
concept of rectification. Valve tube rectifiers have been replaced
by solid state diodes in all illustrations.

For some years the author has insisted on a precise meaning of
penetrating ability of an x-ray beam, and this has been clarified by
text and figure. In addition, penetrating ability has been more
directly related to photon energy. At the same time, x-ray wave-
length has been de-emphasized in favor of photon energy. Increased
attention is given to megavoltage over orthovoltage radiation in the
section on radiotherapy.

Data for backup timing in radiographic equipment with auto-
matic (phototimed) exposure control have been added. This has
assumed increased importance as the result of increasing use of
automatic exposure systems.

A description of an exciting new type of high-speed film emulsion,

vil



viii The Fundamentals of X-ray and Radium Physics

with virtually no loss of recorded detail (Eastman Kodak Company),
has been included, together with a discussion of the crossover
phenomenon in film-screen systems using two screens and double-
emulsion films prevailing in general radiography. The numerical
designation of screen speed with different film-screen combina-
tions can be confusing because these numbers are based on par
speed being 50, whereas the present trend is to assign an arbitrary
speed of 100 to par speed screens. Emphasis is placed, where it
should be, on the speed of particular screen-film combinations
which differs according to the speed of the screens and films.

The most extensive revision involves standardization of terminol-
ogy related to radiographic quality. The term “recorded detail” is
used as an all-inclusive designation for sharpness, definition, and
detail, although there are slight differences in connotation among
them. Penumbra, while still used, is de-emphasized in favor of blur
in referring to image unsharpness. In general, an attempt has been
made to simplify and emphasize certain terminology and avoid
excessive use of synonyms. Figures depicting these factors have
been redrawn.

A new section has been added to explain air gap technic and its
applications in the removal of scattered radiation. This has been
related to magnification radiography.

The preferred term “beam-limiting device,” recommended by
federal agencies, has been introduced, although its equivalent
“collimator” is retained because of its simplicity.

Compensation filters receive more attention in view of the new
lead-incorporated plastic, which makes it possible to insert such
filters in the beam of modern radiographic equipment. A descrip-
tion and illustration of the trough filter is included.

A new section has been added to explain, as simply as possible,
the elements of computed tomography. This includes basic principles,
types of equipment, and image reconstruction, with appropriate
figures.

New information has been included in the last chapter dealing
with the calculation of organ doses in radiography. Beam filtration
for patient protection has also been updated to conform to latest
recommendations.

The author wishes to thank again those individuals who were so
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cooperative in furnishing technical information. These have all
been mentioned in previous editions.

Appreciation is also due our artist, A. Howard Marlin, for his
superb rendition of new and revised figures. These contribute so
much to the clarification of material in the text.

The author wishes particularly to thank Mr. Payne Thomas and
his editorial staff for their cooperation and patience.

J.S.



PREFACE TO SIXTH EDITION

AFTER A FOUR-YEAR INTERVAL, revision time has come around
again. While the physical basis of radiologic technology has
not undergone any revolutionary changes, certain new information
is of sufficient importance to be incorporated in the curriculum. In
addition, it has been felt that some well-established concepts could
benefit from more detailed discussion.

Of special importance has been the development of new types
of intensifying screens, both as modifications of existing phosphors,
and in the form of completely novel rare earth phosphors. This
subject is explored in depth. Furthermore, greater attention has
been given to the basic phenomena of luminescence of phosphors
to elucidate the fundamental nature of intensifying screen behavior.

Because of growing interest in the accurate measurement of
focal spot size, especially in angiography with magnification, the
problems of focal spot evaluation have been presented in some
detail. In connection with focal spot measurement, it was felt that
a simplified description of modulation transfer function would be
of interest.

Direct magnification, having escaped from the realm of “trick
radiography,” has become an integral part of modern small vessel
angiography. Therefore, the basic principles governing this special
field of radiography have been explored, and important references
noted.

The advent of a practical 350-kV unit for chest radiography
using a field emission tube has contributed significantly to improved
image quality in this area. A section has been devoted to the
practical aspects of such high kilovoltage radiography, with empha-
sis on depth resolution.

In the last few years the Bureau of Radiological Health has re-
ported on its studies of population exposure to x rays in radiography.
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xii The Fundamentals of X-ray and Radium Physics

These have been of sufficient importance to contribute to the
updating of the chapter on Protection in Radiology.

As in earlier editions, there has been a significant rewriting of
the text.in an effort to simplify even further the explanation of
fundamental concepts. In some instances there has been an accom-
panying revision of illustrations. A number of entirely new figures
have also been added.

The most recently revised definition of the roentgen, as well as
the proposed new International System of Units (SI), is included to
keep the technologist and student abreast of changes in terminology.

Again, the author wishes to thank the previously mentioned
individuals and manufacturers who have been so cooperative in
supplying pertinent material. To this list should be added 3M
Company; Nuclear Associates, Inc.; and Treck Photographic, Inc.

Our artist, A. Howard Marlin, has again carried off the task of
revising old figures and preparing new ones in his characteristi-
cally competent style.

Finally, the author wishes to express his gratitude to Mr. Payne
Thomas and the editorial staff of Charles C Thomas, Publisher, for
their encouragement, kindness, and patience during the vicissi-
tudes of revision.

I.S.



PREFACE TO FIFTH EDITION

IN THE SEVEN YEARS since publication of the Fourth Edition,
important changes have taken place in the design of x-ray
equipment, although fundamental concepts have undergone rela-
tively little revision. Accordingly, new material has been intro-
duced covering such subjects as solid state rectifiers; newer mobile
apparatus, including battery powered and capacitor-discharge units;
field emission tubes; special tubes for mammography, using molyb-
denum targets and filters; xeroradiography; and saturable reactor
for control of filament current.

Many of the illustrations have been revised or completely redrawn,
and corresponding changes have been made in the descriptive
legends.

Despite the many changes, the format has been kept essentially
intact. However, certain areas have been expanded; for example,
improvements in x-ray tube design; tomography; radiographic
quality; radionuclides and nuclear medicine; irradiation therapy;
and health physics.

Throughout the book, many sections have been rewritten on the
basis of the author’s further teaching experience, with a view
toward improving the explanation of fundamental principles and
the description of devices and equipment. Wherever possible, the
aim has been in the direction of greater simplification. The mate-
rial has been generally updated on the basis of the most reliable
data available at the time of revision.

Credit is again due to the previously mentioned sources. Addi-
tionally, we would like to thank the Field Emission Corporation,
the Machlett Laboratories, the Dunlee Corporation, the Xerox
Corporation, and the CGR Medical Corporation for their kindness
in supplying important material relative to their products.

The author again wishes to express his gratitude to Charles C
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xiv The Fundamentals of X-ray and Radium Physics

Thomas, Publisher, for providing the opportunity of preparing this
new edition.

J.S.



PREFACE TO FOURTH EDITION

IN ORDER TO KEEP ABREAST of new developments in the field of
radiologic physics, especially those concerning the radiologic
technologist and the radiology resident, a number of significant
changes have been introduced into this, the Fourth Edition. Only
the more important ones will be mentioned here.

Again, the format will be retained intact, all changes being
made within its framework. Outdated material, such as mechani-
cal rectification, has been deleted.

The concept of electrical field and the relationship between
static electricity, electric discharge, and current electricity have
been given greater emphasis. The factors in series and parallel
circuits, often difficult for the student technologist, have been
discussed more fully with the aid of numerical examples.

X-ray quantity and quality have been described in greater depth,
and more attention given to half value layer, including a summary
of the methods of measuring it. The determination of tumor
exposure and absorbed dose is explained more completely and is
based on the latest method of converting the data in published
depth dose tables so that they become applicable to any particular
therapy unit. In accordance with recent changes in terminology
proposed by the International Commission on Radiation Units and
Measurements (ICRU), the Capital R now designates the exposure
in roentgens. The exposure rate is indicated as R/min or R/sec.

Due to lack of clarity, generally, concerning saturation current
as it applies to the modern diagnostic x-ray tube, this subject is
covered more fully than before.

In view of the wide use of automatic processing of x-ray films,
mainly as the result of improvement in quality and reduction in
cost, more space has been devoted to the principles and construction
of this type of equipment. In addition, the basic theory of photo-
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xvi The Fundamentals of X-ray and Radium Physics

graphic image formation is presented in greater detail for those
students who seek a deeper understanding of this subject.

The chapters on radiographic quality and its control have been
rearranged and largely rewritten. Radiographic grids are discussed
in greater depth, the latest methods of designating grid quality
presented, and newer terminology used throughout in accordance
with the recommendations of the ICRU.

Under special procedures, bright fluoroscopy (image intensifica-
tion) have been emphasized because of its wide acceptance by
radiologists. Stereoscopic viewing of radiographs has been presented
in a much more fundamental manner than before.

A completely new chapter on radioactive isotopes has been
added. It is not meant to replace standard textbooks devoted
exclusively to this subject, but rather to provide a well-rounded
background for the medical use of radioisotopes for the general
radiologic technologist. The chapter on health physics has been
expanded to include the more commonly used radioisotopes.

It must be pointed out, that insofar as possible, the latest termi-
nology is used throughout this book, conforming to the recommen-
dations of the ICRU, and the International Union of Pure and
Applied Chemistry and its twin in Physics. For example, the form
“x ray” refers to the noun, whereas “x-ray” designates the adjective;
thus, x rays, but xray physics. The form 1311 instead of I'31
exemplifies the designation of radioisotopes. Attempts at interna-
tional standardization of scientific terms are highly commendable
in this age of automatic retrieval of information by means of
computers.

The author again acknowledges with thanks the cooperation of
a number of commercial suppliers in furnishing important data
about their products. In addition to those mentioned in earlier
editions are: Picker X-Ray Corporation; Liebel-Flarsheim Company;
United States Radium Corporation; General Aniline and Film
Corporation; and Smit-Roentgen Company.

Grateful recognition is due Charles C Thomas, Publisher, for
interest in the preparation of the Fourth Edition, and for the
excellence in publication of previous editions.

J.S.



PREFACE TO THIRD EDITION

NLY FOUR YEARS have passed since the publication of the

Second Edition, but a number of changes, some major and
some minor, are considered to be of sufficient importance to war-
rant a fairly thorough revision. This is dictated in part by changing
concepts, and in part by the author’s further experience with
students of widely different degrees of ability and educational
background.

The format and figures have been kept essentially intact, although
some figures have been revised and several new ones added.
Every effort has been made to retain the simplicity of the first two
editions. A decimal system of numbering the illustrations has been
introduced, a practice which is gaining acceptance in scientific
books.

One of the major changes in the present edition is in the
chapters on the electric current, electromagnetism, and electric
generators and motors. Whereas the conventional direction was
emphasized previously, this has now been relegated to history, and
all the directional rules have been altered to conform to the flow of
electrons. This step was taken only after considerable deliberation,
but was finally adopted in compliance with the vast majority of
present-day physics textbooks. For the same reason, the term
condenser has been changed to capacitor.

The theory of magnetism has been brought up to date, with the
introduction of the concept of atomic magnets and magnetic domains.
Otherwise, the same simple approach to magnetic phenomena has
been retained.

There have been no radical innovations in the field of x-ray
equipment generally, but certain theoretical aspects of this subject
have been rewritten in an effort to improve their comprehensibility.

The sections on radiation dosage have been completely revised
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xviii The Fundamentals of X-ray and Radium Physics

and expanded, although the student should be encouraged to read
more advanced material on this subject, especially during his
second year. The modern concept of absorbed dose and its unit,
the rad, have been described in some detail. Filtration and radia-
tion quality have received increased attention.

In the sections on radiography, special attention has been devoted
to intensifying screens. Included are revised concepts of the rela-
tive importance of the effect of crystal size and active layer thick-
ness on image sharpness; the intrinsic and extrinsic factors affecting
screen speed; and comparative data on medium and high speed
screens.

Because of the increasing interest in automatic processing of
films, a section has been included to summarize present informa-
tion in this important field.

The chapter on radiographic quality has been carefully reworked.
The more accurate term definition has been substituted for detail
to indicate image sharpness. The factors influencing definition
have been reclassified and clarified. In the chapter on devices for
improving radioactive quality, emphasis has been placed on mod-
ern collimators in preference to conventional cones, especially
with regard to patient protection. The newer types of Bucky
mechanisms have also been described.

In view of the recent downward revision of the maximum
permissible dose, the chapter on radiation protection has been
reoriented accordingly. Emphasis has also been placed on radia-
tion monitoring methods for radiologic personnel. Furthermore,
the current agitation regarding the exposure of the population to
ionizing radiation has led to a more detailed treatment of the
various methods that can be utilized to reduce patient dosage in
radiography and fluoroscopy.

Finally, answers to the sample problems at the end of certain
chapters have been included in the Appendix as an aid to the
student in checking the correctness of his solutions.

As before, the author expresses his sincere appreciation to Mr.
Charles C Thomas, Mr. Payne Thomas, and their competent staff
for their interest in the preparation of the Third Edition.

J.S.



PREFACE TO SECOND EDITION

LTHOUGH great advances are continuously being made in

Physics, the basic concepts required for the instruction of
student x-ray technicians and Radiology residents have changed
very little since the publication of the First Edition. Nevertheless,
new data which are considered to be of sufficient interest and
importance have been incorporated in the Second Edition.

The original format has been preserved almost intact because it
has proved successful in actual classroom instruction in numerous
schools of x-ray technology. Simplicity is retained throughout, and
abundant line diagrams are employed again to clarify the explana-
tion of basic principles and the description of equipment.

The introductory chapter on Mathematics now includes the
notation of large and small numbers as powers of 10. Terminology
applied to the factors in an electric current and the heating effects
of currents has been revised and simplified.

Brems radiation has received more emphasis in the discussion of
x-ray production. The descriptive material relating to the interac-
tion of radiation and matter has been enlarged to include pair
production.

Fluoroscopic image intensification is introduced and described
in detail, since this device and its future modifications promise to
revolutionize fluoroscopy in the next few years.

More space has been allotted to the inverse square law, a
simplified formula being presented for use in protection and ther-
apy problems. Considerable revision of the chapter on radiation
protection was necessitated by recent changes in the recommenda-
tions of official bodies. Emphasis is placed also on the roentgen
dosage received by patients during various diagnostic procedures.
Obsolete data have been eliminated.

Finally, the Bibliography has been expanded to include addi-
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