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PREFACE

HE modern history of scientific advancement is marked pri-

marily by the close interrelationship of biology and physics,
so that in the present view, certain biological phenomena are ex-
plicable only by an understanding of structure and function on
an atomic and sub-atomic scale. An attempt to explain biological
phenomena on the basis of the static condition of an organism, a
tissue, or even a cell, at any given moment is to commit an
anachronism as glaring as if one were to attempt to resolve all
questions relating to the physical world on a philosophical or
metaphysical basis.

Biological science in the twentieth century has progressed far
beyond morphological description and analysis by the methods
of classical chemistry, which characterized its earlier periods. It
is no longer content to consider problems in absolute terms, but
seeks rather to relate phenomena one to another The nineteenth
century concept of the cell as the ultimate basic unit of all living
matter has given way to a recognition of the atom as the true
basis of all matter, living and non-living. Finally, it is now real-
ized that increased knowledge of phenomena on a cosmic scale
is to be gained only through increasing the accuracy of measure-
ment and observation on the atomic scale.

Atoms in general may not be regarded as static structures
composed of particles in fixed positions. Rather, they are dynamic
entitics changing in response to outside agencies affecting them,
and in turn, being affected by them; and it is by examining the
phenomena which occur during these changes that one obtains
information concerning the structure of the atom as well as an in-
sight into the nature of those qualities which produce or are the
result of these changes. The atomic and molecular constituents
of living bodies in particular are involved in an incessant flux of
metabolic reaction. The inestimable importance to biological sci-
ence of the discovery of artificial radioactivity lies in the fact that
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viii CLINICAL USE OF RADIOACTIVE ISOTOPES

through this great achievement there have become available ma-
terials for the study of dynamic processes in which cell constitu-
ents are continuously involved. Through this means it has
become possible to study normal biological processes minutely.
There have also been added to clinical medicine new tools for
diagnosis and for radiation therapy.

The present volume purports to acquaint the reader with the
clinical applications which have so far been made of the available
artificial radioactive isotopes. In fulfilling this task the author is
not unmindful of the need for a fairly extensive knowledge of the
physical basis of radioactivity to insure a complete under- :
standing of the subject. Any exhaustive discussion of physics is
omitted from the present work, however, since the literature in
this field is abundant. The author urges the reader who wishes
to go deeply into this field to have recourse to the volumes which
. are enumerated in the bibliography. For the reader who desires
only such information as will enable him to follow the ensuing
discussion with ease, the physical considerations are presented
as briefly as possible, and in full recognition that they do little
more than touch upon the underlying basis for the use of radio-
active isotopes in clinical medicine.

This monograph has been written for the purpose of acquaint-
ing physicians and medical students with the physical principles
of artificial radioactivity, and its uses in clinical medicine. The
author’s own experience in attempting to understand intricate
problems of physics has prompted the use in this text of certain
expressions such as ‘“force of energy,” ‘“‘charged energy,” etc.,
which are not in conformity with terminology accepted by physi-
cists. Such liberties have been taken intentionally in an attempt
to prese~t complex physical processes in a more graphic way.



ACKNOWLEDGMENTS

HE completion of any book for publication leads the author

very naturally to consider those factors which have played a
part in enabling him to undertake and to carry through such a
project. In the case of the present volume, much personal history
is involved, and the reader’s indulgence is asked for a brief recital
of some of that history which has direct bearing upon the writing
of a book about the clinical uses of radioactive isotopes.

In 1939, I accepted the invitation of Professor M. L. Oliphant
of the Department of Physics at the University of Birmingham,
to assist in the development of a program of medical use of radio-
active isotopes—a field which was just beginning to capture the
interest and imagination of leaders in many branches of science.
The medical program which Professor Oliphant had envisioned
had necessarily to be abandoned due to the imminent realities
of World War II, but during a sixteen months stay in England,
my own interest in the biological applications of artificial radio-
activity became firmly based on a solid foundation to which
Professor Oliphant’s own wisdom and enthusiasm contributed
both strength and durability. I am happy to have this opportu-
nity of making grateful acknowledgment of that contribution.

In 1941, Dr. John H. Lawrence extended to me the privilege
of joining the group of his associates at the Radiation Laboratory
in Berkeley. The opportunity of observing and participating in
medieal activities with radioisotopes over a period of nearly a
year, constituted an invaluable preparation for my subsequent
work in this field of radiology. The warm relationship with Dr.
Lawrence and the Radiation Laboratory which has continued
since my transfer to the faculty of the Medical School in 1943,
has been a source of much stimulation and assistance in my
efforts to widen the scope of radioactive isotopes in medicine.

At the beginning of 1943, upon the recommendation of Dr.
Robert S. Stone I was appointed to the faculty of the University
of California Medical School and to the staff of the University
Hospital in charge of radiation therapy. The period of my af-

1X



X CLINICAL USE OF RADIOACTIVE ISOTOPES

filiation with the University of California has been rich in satis-
factions, chief among which I count the friendly associations
with my colleagues.

In the preparation of this volume many persons have contrib-
uted much valuable assistance and advice. While I wish at this
time to express appreciation to all of those persons, the following
must be singled out for special thanks:

Dr. Cornelius Tobias, Dr. Louis Strait, and Mr. Robert A.
Blais read the parts of the manuscript concerned with physics
and offered valuable constructive criticism. Dr. Kenneth G.
Scott reviewed the entire manuscript and gave me the benefit
of his long experience with radioactive isotope investigation.
L. D. Marinelli, Dorothy Axelrod Heller, Drs. Robley D. Evans,
Edith H. Quimby, E. H. Reinhard, E. R. Miller, K. G. Scott,
Raymond P. Ghelardi, Cyril H. Brown, R. G. Fluherty and Titus
C. Evans generously permitted reproduction of portions of their
published work in this volume; the Isotope Division of the
United States Atomic Energy Commission and Tracerlab of
Boston have allowed use of material which has been published
under their auspices.
~ Professor W. V. Mayneord has been especially helpful in mak-

ing available to me some of his unpublished material relating to
dosimetry; Drs. H. B. Jones, J. Gofman, and H. L. Dobson have
furnished unpublished material on the preparation of radioactive
chromic phosphate; Mr. Ralph Sweet advised regarding prepara-
tion of charts and tables, and Miss Joy Polis of Mr. Sweet’s staff
prepared some of the tables; Mrs. J. Mozley prepared the charts
and figures with great skill, Miss Helen Wright assisted in the
painstaking work of preparing the bibliography and index and
Mrs. Shirley McSkimming typed and retyped the manuscript
with accuracy, dispatch and great patience. Miss Mary Morrow
edited the manuscript and assisted in its final preparation for
publication.

Finally, but by no means last in importance and value, Dr.
Milton Friedman offered helpful criticism and suggestions at all
stages of writing the present volume, and Dr. Robert S. Stone
has given generously both encouragement and support through-
out the long period of its preparation.

BerTrRAM V. A. Low-BEER, M.D.
San Francisco, California



CHARLES C THOMAS * PUBLISHER
BANNERSTONE HoUsE
301-327 IEasT LAWRENCE AVENUE, SPRINGFIELD, ILLINOIS, U.S.A.

Published simultaneously in The British Commonwealth of Nations by

BrackwELL ScieNTiFic PuBLications, Ltp., Oxrorp, ENGLAND

Published simultaneously in Canada by

Tue RyeErsoN Press, ToroNTO

This book is protected by copyright. No part of it may be reproduced
in any manner without written permission from the Publisher.

Copyright, 1950, by CHARLEs C THOMAS ° PUBLISHER

First Edition

Printed in the United Stales of America



CONTENTS

(54T oY o) ) I ERRRRIR) e SRR e e IR e T e O
HACKENOWLEDGMENESL A 1L o i b bt a5 obars ms oo 4 geagehesd bt St 00 o
PART I
PHYSICS
: THE PHYBIOAL INATUREOK THE AMOMU. . o | Siee ol e s s <«
Jonstituents of Atoms and Their Properties............
Size of Atoms and of Their Constituent Particles. ... ...
Characteristics of Electron Orbits.............. 0. ...
Relationship of Nuclear Constituents..................
Newer Theories of therAtom . GAe @rsail FA i s oyliag
II. Mass, ENERGY, AND CHARGE RELATIONS OF ATOMS. . ... ..
MusssandsWetghtc. cics. fo o b o m S A R et il
Velocity Dependence of Mass. . ......................
MassiEnergy - Equivalence . " 0 L0 TERT SR L L
007 A LA D AR I bt i brliee il gl g O
A BT R A EIEIL YR B ot oo el il o AT S
Atomic Number and Chemical Nature of the Atom.......
D RADIORCPEVIDN. [ i S lanir e o Jo i 0 s T s d L il
Typesiof Nueclear Badiationg. ...\ uoleqii iy san et b ol
AlphaiBarticlent... Gallc . o oot phib o laibelnian el
ORI Rl ofg N ST IMLE | e X SRR T
Gaprpae Ry 2 N Nl S B LS L R
ArtiticialiRadionetivity. - T 5 R s e 6 e s
Production of Artificial Radioactivity. .. ..............
Nomenclature of Nuclear Reactions. .. ................
Representation of Nuclear Decay.....................
Law ‘of Ratioaetivelecay Y 002 0 T 0 0L S s
Displacement Law ... ... . o ool B S0 LHSLARS
TEOCOPCREN & ot s s o o oo ians 1o woske, AR Ab SEEW LT R
1V. DETECTION AND MEASUREMENT OF RADIOACTIVITY..... ...
Photographio BEffectal MACEIRERE L o e i
Histologic Sections in Contact with Photographic Film or
e or o R L T T Tl R L A T

Histologic Sections Covered with a Photographic Emulsion
Histological Tissue Sections Mounted Directly on a Pho-

tographic:Plate:=m b o be Jx s SRR R s
Tonization]: e v, o PRt L oo T IR S & T T sty s
Absorptiort' ol REdidtion . =<1 . T L S S T
Absorption of -Alpha Particles... . .00 00000, c ot L L
Absorption: of ‘Beta Patieles’ iy i SEREE R S St
Absorption‘of ‘Gamma Rays 1 0 UL L Los e G
Methods of Ionization Measurement. . ................

xi



xii CLINICAL USE OF RADIOACTIVE ISOTOPES

IO ELTaRODTIORL . 55 ol i ol e ARG T o s e e i e D 84
BlectROTeters . i wh Sie s 6 balnh o b h 86
RUlgetCOUNTEER & b Bl s b v fafin el 3 3 RO IMERER T 87
Limitations of Radioactivity Measurements............ 91
Errors Due to Statistical Nature of Radioactive Decay 92
Mechanical Registiembalbet® EE 8. o L ois v vinsion s oh 93
Amplifying and Scaling Circuit..................... 96
Counter /Dube 1l g s tole. s L ol Ses e die il Sl . 98
Relation of Sample to Counter. . ...... oo Al LR 100
Sample s, e Dl TS e e 1( 103
Background Correctlons ........................... 103
V. RADIOACTIVITY UNITS AND STANDARDS. . .. ..:.vu.unini.. 107
Theanttel ot svaer . - oo Gl U it e i e 107
Themthertone il 030, .7 .. o g e es. T Bt 108
Theidoentgon. . s’ . apadie o Tv il S ST or 109
Roentgen-equivalent-physical (rep)................ 111
Roentgen-equivalent-man. . ..................... 14
Hauivalent roentgen. . .. .o vins s vs s Lol - 112
Gram-roentgen.......... 0 Tty ST 2 TR ST 112
| 5157 R T R A RSB Bt RIS 113
05 | AR B G Tl Mg e B SR o e gt 113
Roentgen—pel hour-at-one-meter................ .. 113

VI. SAFEGUARDS AGAINST HazArDs IN THE USE oF Raprioiso-
MOBBRTS. 7o i s rn s S o L b L f L A e e e L T 115
General Considerations. . . . .. . ..e bt bo S i bia SaiEid - 115
External Exposure to Radioisotopes.................. 117
ISTAIBEn i o i o ARt e Sai R ke | 118
. Exposure to Internally Administered Radioisotopes. . ... 120
Disposal of Wastes Containing Radioisotopes. . ........ 121
BIBLIOGRARPHY OF PART L /0iv. . oo NI St | 125
BEFEEBNCES FOR PART L7 L3 o slos s inaio s e oo ot O FORY 127

PART II
CLINICAL APPLICATIONS

INTRODUCPIONE - iohs s ol S fet. bl o | p il st bl a iy 131
I. CrLiNicAL INVESTIGATIONS WITH RADIOACTIVE IsoToPES. ... 134
Radiophosphorits o T30 00, L sl s el st ademnih s, > i, s 134
Production of P* in the Cyeclotron.................. 135
Production of P* in Nuclear Chain Reactor.......... 138
Pressure Extraction ;. . .../ otk oo o 4 bey oo stk isbcbab i « 138
Fuming Nitric Acid Extraction. .................... 140
Biochemical Properties of Radiophosphorus.......... 140

Uptake by Blood Elements and Excretion of Radioactive
Phosphofuli tart Mt e, | 2. L ol s e e 142



CONTENTS

Wptake. ;=1 oil  datfe h 2y ceatineapipd Jootrmmall,
BXeretions, i i e mes caiesgeaissd atinenapedt Un0
Tissue Uptake in Normal Subjects..................
Tissue Uptake in Leukemia Patients................
Differential Uptake in Brain Tissue................
Uptake in Localized Neoplastic Tissue. . ............
Studies of Phospholipid Metabolism with P32. ... .. ..
Determination of Blood Volume and Red Blood Cell
, MO @ 5 st ool o citad Sl don ShIEEL oL
“Studieés of Coronary Circulation./ Rougek .. .o
Studiesyef Cireulation Timel il .o aond liiad . .
Studies on Nerve Permeability.....................
Exchange of P* Between Blood and Extracellular

§ 1501 1 s SRS B I b s . 1 1y 7753 I
Radiation Effects of P*2 . ‘nstuihsifn.cnctablgnth .
Radiophosphorus Detection by Surface Measure-

Chiomic Phosphabe: ¥ L), baos ™ 3, v iambanismmth 5.
Uptake in Human Subjects) . .[adk i el Salwids L.
Exchange of Chromic Phosphate by Body Fluids. . . ..
Radiosoditiin. (e aiissatd s asomsied. o Doo eatiiae .. .
Preparation of Radioactive Sodium..................
Biochemical Role of Sodium. ........... PR Ly
Uptake and Excretion of Naftiuapisd by auldididall ..,
Determination of Extracellular Fluid Volume with
Na2t .. | et mognd e fmsad o Slafigit o
Effects of Trauma and Shock on “Sodium Space”. . ..
Studies of Circulation Time with Radioactive Sodium
Studies on Sodium Turnover.......................
Studies; on iRespitadion 7L fo.ril ouig et Seisisa e
Radiocardiography with Na2. . .t ailits sailimahasd.
Uptake of Na? by Cerebrospinal Fluid..............
Placental Transfer ofiNafnesu. bl o0 il oo,
Absorption'of Na®# bySkingztd . aludl Jasuadieal., .
Radiostrontium and Radiocaleium....................
Production of Radioactive Strontium. ..............
Uptake of Radioactive Strontium by Normal Tissues
Therapeutic Trial of Radioactive Strontium.........
Uptake and Excretion of Radiostrontium in Bone
THBORBOU i oy e dla 5 S v ool oo in ot e ERREMRRAL
Radiolodine . <o 2o v oolb o4 a RGN, 310 UL RN 202
Production of Radioactive Iodine............... A
Preparation of Radioactive Iodine in the Cyclotron. ..
Preparation of Radioactive Iodine in Chain-Reacting
Pilet o v s e s b A NI | MR TER SR, A PAES

164
173
178
185
186
187
187
190
192

192
195
196
202
204
205
205
207
207
208
208
210
211

211
217
217
217



Xiv

CLINICAL USE OF RADIOACTIVE ISOTOPES

Biochemical Properties of Iodine Illustrated with the
Radioactive Isotopes. . ..., BUEEISEEL | |
Uptake and Excretion of Radioactive Iodine by
Human Stubjacts! lotdsad, il sl s
Uptake of Radioiodine in Cancer of the Thyroid. . .. ..
Uptake of Radioiodine by the Human Fetus. ...... ..
Study of Insulin Metabolism with Radioiodine. . . .. ..
Investigations with Organically Bound Radioiodine. . .
Study of Localization of Brain Tumors with Radioac-
tive Diiodofluorescein.. . . . vl 10 .o s liiia L
Distribution of Radiothyroxine in the Body. ... .....
Tumor Necrotizing Effect of Polysaccharides Studied
with Radiotodinie, fovoniasl, 7N L v owiioieed, 1
Badroirohe te b ey S ety G S AR e

Biochemical Properties of Iron. ................... 1
Transmission of Radioiron to the Human Fetus. .. ...
Relative Uptake of Ferric and Ferrous Iron..........
Determination of Blood Cell Volume with Radioiron. .
Studies on Shock with Radioiron...................
Studies on Viability of Red Blood Corpuscles. . ... .. ..
Studies on the Anemia of Infection with Radioiron. . . .
Study of the Nature of “Easily Split-Off”” Blood Iron. .
RAGIOGISENIC .o s v T H ey Sl Lo at il |

Uptake of Arsenic in Human Subjects. . ............
RadiomeFoursthiry gl dhodi Ui Saeaad) o sl )
Production of Radiomercury.......................
Radiomercury as an Indicator of Regression of a Mer-
curial Diuretic from Human Plasma............
Radioactive Colloids, ... S t] Adiom v dig i bennifd] .
Radiomanganebesty leaioas o ah o d ] 55 DERISISE .
Production of Radiomanganese. . ...................
Biochemical Role of Manganese. ...................
Uptake and Excretion of Radiomanganese by Human
SUDJECES it e A o s L R A, S T
Radiogoldise 7 .o westinny d8antibusnbiatd b il .,
Production of Radlogold ..........................
Uptake of Radiogold in Human Subjects............
121 0 T L e S MGIINRR
Produection:of Badiozine. . ... . .« <., -5 . -sadnipdink.
Biochemical| Rolesof Zinc. isaiibundl o o bt L L.
Tracer Studies with Radiozine. . . ..................
Experimental Therapeutic Use of Radiozinc. . ........

II. DosAGL DETERMINATIONS WITH RADIOACTIVE ISOTOPES. . .

220

222
233
239
240
240

240
242

242
243
243
245
245
246
246
248
249
251
254
256
256
257
257
257
257

258
258
259
259
260

260
261
261
261
262
262
264
265
265
268



CONTENTS XV

III. RaDIoOISOTOPE THERAPY ... ... ..ovvvvver cvvanencvennn 284
Radioactive Phosphorus Therapy..................... 285
Treatment with Soluble Phosphates. ................ 285
Chronic Myelogenous Leukemia. . . ................. 294
Chronic Lymphoid Leukemia. ..................... 297
A CUTE HICIUECIIE vl - s 538 o ms ot s o 15 o isnl ORI LT 299
Polyeythemis Vers. .. ...... ... oo dvuomnnenisas 300
Hodgkin’s Disease..........o.ooeveeeeeiiiiieenns 303
Lymphosarcoma. . .......o huueuneeenvnonaiorionans 304
Mycosis Fungoides. . ...t 305
Multiple Myeloma. ...........c.covenee Do) e, 306
Metagtatic CArEMOMA .« « : <5 s 5o 5 oiniem oisaisiaiasralaiy ool 306
Miscellaneous Diseases. .. .......oouviveroraenenenn 307
Treatment with Insoluble Phosphates............... 309
External Therapeutic Use of Radiophosphorus. .. .... 309
RAGTOgoAIII. & -k s s habs /s ore 'ob o godigate s e e 8 N LTE B 317
Chronic Myelogenous Leukemia.................... 318
Chronic Lymphatic Leukemia...................... 318
RO HLOVIREHIIR . ¢ )L/« se 6 o: o aarh ot 4o (ohali foran bt atics 55 s 319
Polycythemia Vera. ...............ooooviiiinenn. 319
Miscellaneous Diseases. . . .. .. PRI FEMNG. T 00 ol o 10 Sl A 319
R CIOAIRE, TDBIRDY:: 5.« i« » 505 o 20 ¢ s0 o coe s o s s s diageTws & 320
Hyperthyroidism. . .............ooiiiiiiinn. 320
Carcinoma of the Thyroid. . .-« oo e v wme v ahs s 334
Radioeonalbet | Mt g | At bimialia 5 5 oo Siasieion Gl 336
Bibliography of Part IL. ..., 350
References for Part IL..........ooivieiniiiiinnninnneenen. 350
Appendix I—Useful Constants. . .............ooooeneneenes 373
Appendix II—Summary of Atomic Particles. .. .............. 374
Appendix III—Calculation of Weight of Any Radioactive Ma-
o e s S S e S i e L R s 375
Appendix IV—Backscatter Constants for p-rays............. 376
Appendix V—Gamma Ray Shielding......:coooeveeeereen.. 377
Appendix VI—Gamma Ray Shieldifig: . . . cow oo i diidigs . 378
Appendix VII—Gamma Ray Shielding. .. .« «:s s depeiec s s 379

Appendix VIII—Dosage Computation in Two Compartments
(Bone and Soft Tissue) for Intravenous Administration of P** 380

Appendix IX—Tables of Isotopes. . . .......oooonrerrrneeeees 388
o P e s O O S T PSP R A T 401



THE CLINICAL USE
OF

RADIOACTIVE ISOTOPES



i



Part I
PHYSICS .



g RINE

l{ s

s




Chapter 1

THE PHYSICAL NATURE OF THE ATOM

THE almost infinite variety of chemical compounds encoun-
tered in nature includes relatively few (88) elementary sub-
stances. Each of these chemical elements is an aggregate of small-
er units, the atoms. '

The atom is the chemical unit of matter. Atoms are invisible
by any mechanical device so far constructed, consequently
visualization of an atom is a matter of concept.

CONSTITUENTS OF ATOMS AND
THEIR PROPERTIES

A good working concept of the structure of the atom, based
partly on mathematical considerations and partly on experi-
mental evidence, was first propounded by E. Rutherford in 1911
and further developed by N. Bohr in 1913. The Rutherford-Bohr
concept pictures the atom as consisting of a small, massive
nucleus surrounded by a very light shell. The mass of an atom is
concentrated to 99.98%, in the nucleus. The atomic nucleus
carries positive charges, the atomic shell negative charges. In a
neutral atom the negative electrical charges of the shell balance
the positive charges of the nucleus. A neutral atom is a dynamic
system rather than a static structure composed of particles in
fixed positions.

The electrons, which are the constituent particles of the atomic
shell (Johnstone Stoney 1874, J. J. Thompson 1898), revolve
about the nucleus at definite distances, many thousand times
the diameter of the nucleus itself. The electron is a particle of
matter and has a mass Me=9.106X10-2% gms. The rest mass
of the electron on the atomic weight scale, based on the number
16 for oxygen as the unit, is A =0.000548. Each electron carries
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6 CLINICAL USE OF RADIOACTIVE ISOTOPES

an elementary quantity of negative electric charge, called the
electronic charge e= —4.80 X 10— electrostatic units.*

The nucleus of an atom is composed of protons (E. Rutherford,
0. Lodge, 1920) and neutrons (Chadwick, 1932). The mass of
the proton is Mp=1.65X10-% gm, that of the neutron is Mn=
1.6622 X 10-2* gm. Their mass ‘A’ on the atomic weight scale
based on 0% differs slightly. A proton=1.00761; A neutron=
1.00893. The atomic mass of a proton, and of a neutron, is ap-
proximately 1830 times greater than the mass of an electron.
Each proton carries one positive electronic charge, e= 44.80 X
1010 electrostatic units (e.s.u.). A neutron, as the name implies,
is a neutral particle of matter without electrical charge. There-
fore the neutrons contribute to the mass but not to the electric
charge of an atom.

These three atomic constituents, the nuclear protons and neu-
trons, and the extranuclear orbital electrons, are elementary
constituents of matter. The nature of each of these remains con-
stant, irrespective of the atom in which it occurs.

SIZE OF ATOMS AND OF THEIR
CONSTITUENT PARTICLES

Despite the extremely small rest mass of each of the atomic
constituents, the space they occupy in forming an atom is rela-

* The unit quantity of electric charge, the electrostatic unit (e.s.u.) is that
quantity of electricity which, if placed in a vacuum 1 cm distant from an equal
and similarly charged quantity, will repel it with a force of 1 dyne. This-definition
was established by Coulomb in 1780, based on quantitative measurements of the
mechanical forces an electrically charged body experiences. The definition is
based on the principles of Newton’s second law of motion with due regard for the
magnitudes of Newtonian mechanics, and the means available for measurement
of gross mechanical forces. The discovery of the atomicity of the electrical charge,
followed by refinements in measuring devices introduced by J. J. Thompson,
Ramsay, and Millikan led to the recognition that the quantity of electrical
charge freely existing in nature is of the magnitude of around 4.8 ten billionth of
the quantity defined by Coulomb as “the electrostatic unit.” This elementary
quantity of electric charge is referred to in modern physics as the ‘“‘electronic
charge” because it resulted from experimental studies concerning mass and
charge of the electron. The electronic charge may be negative or positive. The
negative electron, also called negatron, carries 1 negative electronic charge. One
positive electronic charge is carried by the proton and by the positron which is a
positive electron. Simple arithmetic shows that a total of 2,100,000,000 negatrons,
or protons, or positrons carry the charge of one electrostatic unit. A larger unit
frequently used in physics is

1 coulomb =3 X10° e.s.u. )
1 coulomb =6.3 X 10!8 singly charged particles



