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Preface

In the thirteen years since the appearance of the first edition, my interest in
classical electromagnetism has waxed and waned, but never fallen to zero. The
subject is ever fresh. There are always important new applications and examples
The present edition reflects two efforts on my part: the reﬁnement and

: mprovement of material already in the first edition; the addition of new topics

(and the omission of a few).

. The major purposes and emphasis are still the same, but there are exten-
sive changes and additions. A major augmentation is the “Introductlon and
Survey” at the beginning. Topics. such as the present experimental
limits on the mass of the photon and the status of linear superposition are treated
there. The aim is to provide a survey of those basics that are often.assumed to be

‘well known when one writes down the Maxwell equations and begins to solve

specific examples. Other major chahges in the first half of the boek include.a new
treatment of the derivation of the equations of macroscopic electromagnetism

from the microscopic descnpnon, a discussion of symmetry propexties.of

mechanical and electromagnetic quantities; sections on magnetic monopoles and
the quantization condition of Dirac; Stokes’s polarization parameters; a, .pnified

* discussion of the frequency dlsperswn ‘characteristics of dielectrics, conductors,
- and. plasmas; a discussion of causality and the Kramers-Kronig dispersion

relations; a simplified, but still extensive,*version of the classic- Sommerfeld-
Brillouin problem of the arrival of a signal in a dispersive medium (recently
verified experimentally); an unusual example of a resonant cavity; the normal-
‘mode expansion of an arbitrary field in a wave guide; and related discussiens of
sources'in a guide or cavity and the transmission and reﬂeetlon coeﬂitxents of mat

“obstacles in wave guides.

Chapter 9, on simple, radiating systems and dlﬁracticn, his been enlnrged to

- taclude scattering at long wavelengths (the blue sky, for example).and the optical

theorem. The sections on scalar and vectorial dlﬁractxon have been
improved.
.yl
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ﬁlapters 11 and 12, on special relativity, have been rewritten almost '

completely. The old pseudo-Euchdean metric with x,=ict has been replaced by
g™ (with g*=+1, g"=—1, i=1, 2, 3). The change of metric necessitated a
complete revision and thus permitted substitution of modern expemnents

and - concerns about the experimental basis of the spccxal theory - for,

the time<honored aberration of starlight and the Mlchelson-Morley experiment.
Other aspects have been modernized, too. The extensive treatment of relativistic
kimematics of the first edition has been relegated to the problems. In its stead
is a gisenssion of the Lagrangian for the electromagnetic fields, the canonical and
symmetyic stress-energy tensor, and the Proca Lagrangian for massive photons.
Significant alterations in the remaining chapters include a new section on
traautiqnmd:anon, a completely revised (and much more sansfactory) semiclas-
siea{tm&tment of radiation emitted in collisions that stresses momentum transfer
instead of impact parameter, and a better derivation of the coupling of multipole
fields to their sources. The collection of formulas and page references to special
- functions on the front and back flyleaves is a much requested addition. Of the
~ 278 probléias, 117 (more than 40 per cent) are new.
~ The one area that remains almost completely unchanged is the chapter on
nragnetobydto ynamics and plasma physics. I regrét this. But the book obvi-
"ously bas gmwn tremendously, and there are’available many books devoted
‘exclusively to the subject of plasmas or magnetohydrodynamics.

Of minor note is-the change from Maxwell’s equations and a Green'’s fnnctlon
to the Maxwel equations and a Green function. The latter boggles some minds,
but is in' conformity with other usage (Bessel function, for exampte). It i is st:ll
Green’s theorem, however, because that’s whose theorem it is.

Work on this edition began in earnest during the first' half of 1970 on the
occasion of asabbatical leave spent at Clare Hall and the Cavendish Laboratory
in Cambridge. I am grateful to the University of California for the leavé and
-indebted to N. F. Mott for welcoming me as a visitor to the Cavendish
‘Laboratory and to R. J. 'Eden and ‘A. B. Pippard for my appointment as a
Vlsltmg Fellow of Clare Hall. Tangible and intangible evidence at the Cavendish
_of Maxwell, Rayleigh ‘and Thomsot provided inspiration for my - task; the
stxmulation of everyday -activities there provided necéssary diversion.-

* “This new edition has benefited from questions, suggestions, comments and
criticism from many studéuts, eolleagues, and strangers. Among those to whom [
owe some specific debt of gratitude are A: M. Bincer, L. S. Brown, R. W. Brown,

“E. U.Condon, H. H. Denman, 8. Deser.. A. J! Dragt, V. L. Fitch, M. B. Halpern,
A. Hobson, J. P. Hurley; D. L:-Judd, L. T. Kerth, E. Marx, M. Nauenberg, A. B.
Pippard, A. M: Portis, R. K. Sachs, W. M. Sasiow, R. Schleif, V. L. Telegdi, T.
“Tredon, E. P. Tryon,‘v : F. Weisskopf, and Dudley Williams. Especially hetpful
were D. G. Boulware, R. N. Cabn, Leverett Davis, Jr., K. Gottfried, C. K.
Graham, E. M. Purcell, and E. H. Wichmann. I send my thanks.and fraternal

- greetings to all of these people, to theother readers who have written to me, and

Yo
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the countless students who have struggled with the problems (and sometimes
written asking for solutions to be dispatched before some deadline!). To my
mind, the book is better than ever. May each reader benefit and enjoy!

Berkeley, California, 1974 - . J. D. Jackson




Preface to the
First Edition

Classical electmmugnenc theory, together vmh clmxca! and qumm
miechanics, forms the core of present-day theoretical training for undergraduste
and graduate physicists. Athorou@grwn&agthesesubjemiqumﬁd&t
for more advanced ot specialized training. i
Wmmmmmmmemc&ymmmﬁmmm
twoorpc!haps&lemmnbeymdelementﬂyphyma witht!wem’pﬁnis-
on the fundamental laws, labmuﬁyvenﬁeat:odandehbbrdhmafmr
consequences, circuit analysis, simple wave phenomena, and radiation; The
- mathentatical tools ‘utilized include vector calculus;: ordinary’ differetitial eﬁua-
tions with ¢constant coefficients, Foutier series, and perhaps Fourier or Laphice -
transforms, partial differéntial equitions, Legendre’ polynomisls, and Beseet
* functions.
' Asageneralrdeatm—semesterommemeiectromagnefwﬁneoryugwénto
beginning graduate students. Rnsforsuchacmusethatmybootisdew My
aint in teaching 2 graduite courss in electromagnetisni is at Icast threcfold. The
firet aim is to present the basic subject matter as'a coherent whofe, with eémphasis
onmeunityofelemicandmagnéhephmdmena,bothmthmphyﬁwbﬂdsm
in the mode of mathematical description. The sécond, concurrént aifn’is“to
déveiapmduuhzeanumberoftoplesmmathemmmlphymcsmmuw
i bth' electromagnetic theory and wave mechinics. These inchide - Greé's
theorems and Gfeen’s functions, orthonormal expanisions, spheﬁenlhumd&,
cyﬁndﬂcdandsphenulBessclfuncﬁons.Ath:rdmdperhapsmostmpbnant
purpose is the ‘presentation ofnewmatenal,espedallyontheintéracﬂoﬁ
‘felativistic charged particles with clectromagnetic fields. ' In ‘this last-
pérsoial prefererices - and prejudices enter strongly. "My choice of topi&ris
governed by what I feel is important and usefal for stadents interest&d* in
theoretical physics, experimental muclear and high-cnergy phyﬂcs, and thﬂ‘hs .
yet ill-defined field of plasma physics.
*ﬁebookbegﬁsmthemdiuomlmannermthelec&mucs Theﬁutdx
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xit Preface to the First Edltion .

chapters are devoted to the development of Maxwell’s theory of electromaghet-

ism. Much of the necessary mathematical apparatus is constructed along the
way, especially in Chapters 2 and .3, where boundary-valus p

discussed thoroughly. The treatment is initially in terms of the electric | field E -

and the magnetic induction B, with the derived macroscopie quantmes Da
H, introduced by suitable averaging over enseiblés of Atoms or mplpufes
the discussion of dielectrics, simple classical models for atomic polanzabxhty are
described, but for magnetic materials no such attempt is made. Partly -this
omission was a question of space, but truly classical models of magnetic
susceptibility are not possible Furthermore, elucidation’ of the interesting
phenomenon of ferromagnetism needs almost a book in itself.

The next three chapters (7-9) illustrate various electromagnetic phenomena,
mostly of a macroscopic sort. Plane waves in different media, incluling plasmas
as well as dispersion and the propagatxon of pulses, are treated in Chapter 7. The
discussion of wave guides and cavities in Chapter 8 is developed-fer systems of
arbitrary cross section, and the problems of attenuation in guides and the Q of a
cavity are handled in a very general way which emphasizes the physical processes
involved. The elementary theory of multipole radiation from, a localized source
and diffraction occupy Chapter 9. Since the simple scalar theory of diffraction is

" covered in many optics textbooks, as well as undergraduate books on-electricity
and magnetism, I have presented an improved, although still approximate,
‘theory of diffraction based on vector rather than scalar Green’s theorems.. -

The subject of magnetohydrodynamics and plasmas. receives increasingly
‘more attention from physicists and astrophysicists. Chapter, 10 represents a

‘-sumey of this complex field with an mtroductxon to the main phyqeal ;deas

involved.
The first nine or ten chapters consntute the . basic . material . of ¢lassical

electricity and magnensm A graduate student in physics mgy be expected to -

have been expased to much of this material, perhaps at a somewhat lower level,
-as an undergraduate. But he obtains a more mature view of it, understands it
more deeply, and gains a considerable techmical ability in analytic methods of
solution when he studies the subject at. the level of this book,-He is then
_prepared to go-on to more advanced topics. The advanced topics presented here
are predominantly those involving the interaction of charged particles with each
oother and with electromagnetic fields, especially when moving relativistically.
_The special theory of relativity had. its origins in classical electrodynamics.
And even after almost 60 years, classical electrodynamlcs still impresses and
" delights as a beautiful example of the covariance of physxcal laws undér Lozeatz
transformations. The special theory of relatmty is discussed.in Chapter. 11,

where all.the necessary formal apparatus. is developed, various kinematic

- consequences are explored, and the covariance of electrodynamics is estab-
- lished. The next chapter is devoted to relativistic particle, kinematics and

dynanucs. Although the dynamws of charged. pam(:les in clecttzomagnenc felds

-

\\



Preface to the First Editon  xiii

can properly be considered electrodynamics, the reader may wonder whether
such things as kinematic transformations of collision problems can. My réply is
that these examples occur naturally once one has established the four-vector
character of a particle’s momentum and energy, that they serve as useful prﬁcuoe
in-manipulating Lorentz transformations, and that- the end results afé Va}uable
and often hard to find elsewhere.

Chapter 13 on collisions between charged pamcles emphis:zes energy 16ss
and scattering and develops concepts of use in later chapters:' Here for the first
time in the book I'use semiclassical arguments based on the uncertainty principle
to obtain’ approximate quantum-mechanical expressions for energy loss, etc.,
from the classical results. This approach, so fruitful in the hands of Niels Bohr
and E. J. Williams, allows one to see clearly how and when quantum~mechamcal
cﬂccts enter to'modify classical considerations.

“The important subject of emission of radiation by aoe;lerated point charges is
ducussed in detail in Chapters 14 and 15. Relativistic effects are stressed, ‘aid
expressions for the frequency and angular dependence of the-emitted radiation
are developed in sufficient generality for all applications. The examples treated
range from synchrotron radiation to bremsstrahlung and radiative beta proc-
esses. Cherenkov radiation and the Weizsicker-Williams method of virtual quanta
are also-discussed. In the atomic and nuclear collision processes semiclassical
arguments are again employed to obtain approximate quantum-mechamcal
results. I lay considerable stress on this point because I feel that it is important
for the student to see that radiative effects such as brcmsstrahh_mg are almost
entirely classical in nature, even though involvirig small-scale collisions. A
student who meets bremsstrahlung for the first time as an example of a
calculation in quantum field theory will not understand its physical basis.

Multipole fields form the subject matter of Chapter 16. The expansion of
scalar and vector fields in spherical waves is developed from first principles with
no restrictions as to the relative dimensions of source and wavelength. Then the
properties of electric and magnetic multipole radiation fields are considered.
Once the connection to the multipole moments of the source has been made,
examples of atomic and nuclear multipole radiation are discussed, as well as a
macroscopic source whose dimensions are comparable to a wavelength The
scattering of a plane electromagnetlc wave by a spherical object is treated in
some detail in order to illustrate a boundary-value problem with vector spherical
waves.

In the last chapter the difficult probiem of radiative reaction is dlscussed The
treatment is physical, rather than mathematical, with the emphasis on delimiting
the areas where approximate radiative corrections are adequate and on finding
where and Why existing theories fail. The original Abraham-Lorentz theory of
‘the self-force is presented, as well as more recent classical considerations. = -

The book ends with an appendix on units and dimensions and a bibliography.
In the appendlx I have attempted to show the logical steps involved in setting up -

&
v . B
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xiv  Preface to the First Edition
a system of units, without haranguing the reader as to the obvious virtues of my

choice of units. 1 have provided two tables which I hope will be useful, one.for -

converting equations and symbols and the other for converting a given quantity

of something from so many Gaussian units to so'many mks units, and vice versa. -

The bibliography lists books which I think the reader may find pertinent and
useful for reference or additional study. These. books are seferred toby wthor S
name in the read;ng lists at the end of each chapter.

This book is the outgrowth of a graduate course. in classical cbctrodynam:cs
which I have taught off and on over the past eleven years, at both the University

of Iilinois and McGill University. I wish to thaak my colleagues and students at

both institutions for countless helpful remarks and discussions. Special meation
must be made of Professor P. R. Wallace of McGill,' who gave ‘me ' the
opportunity and encouragement to teach what was then a rather unorthodox

-course in electromagnetism, and Professors H. W. Wyld and ‘G.: Ascoli of
Ilhnons, who have been particularly free with many helpful suggestions on thie .

treatmemot warious topncs. My thanks are also extended to Dr. A. N. Kauvfman
for repdmg and commenting on a preliminary version of the manumpt, and
toMrGLKancforhnszealoushelpmpwparmgthemiex. -

J. D. JACKSON .
Jm'y 1962 . . SR TETTTLI T SRS LIFRL 3
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