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S'EI.ECTED PHYSICAI. C.NSTANTS

: (See Appendix A for a more complefe I:sﬂ

Hpedlatimght L0 G ._3 00 >< 10¢ meterS/sec = 1.86 >< Lig

Mass-energy relation ~ ¢X(=E/m) .931 ’\Iev/amu E 899 x 1018 ,oules/kg'
-Grﬁ;{;i_t;a;ti'qﬁﬁ]:'cbfng,:taﬁtf“ G . __6 67 >( 10 11 g m*/kg

ﬁ."U-ni?efs_'_al'_"gas-'gb'ﬂSt'aI;"t :3 Sk _ g 31 ]OHIES/IHGIE K = 1.9 cal /mole “I& -
. . = . = = . - 00823 ll-atm/mele “K ' -

Tr‘iplepoint Gf water . Ttr . 2:3 16 “K

Perm eabﬂlt} QOﬂSt&ﬁt‘ < . | 1.26 o 10&6__'-heﬁ-ry:/ﬁ{é£eﬁ;
Permlttlut}c{mstant Eﬂ : 885 ¢ *Ioﬂli‘farad/meter
Avogadro's constant  No  6.02 X 10% molecules/mole
Boltzmann’s constant k '._.1 38 )-( 10"'"3 wule/molecule °K
Pla.mk’s censtant e o v '6 63 X 10 ~34 }aulmsec |
Elementa,ry charge' = © o g 1.60 X 10—-19 coul

Electron charge-to-mass ratio  e/ms . fG- X 10—11'-'@{11/1.:;““ .
Bton fetmess o mp ), 67 X 10“”’ kg

'Electfo:ii-'ﬁiagﬂéti_c moment g _ - . _9 2? X 10"’"2‘i ]QHIQ/tEblﬂ



SELECTED PHYSICAL PROPERTIES

'Déri'sit'jr of 'a-ir (STP)
Den31ty Gf water (‘3’0" C“*
DenSIty Gf mercur} (20“ C)

'qpeed of sound in dry air (STP)

Accelemt_lon of gravity (s_tanda_rd) -

Standard atmosphere

A'Iea_h__:fadiu_s of the earth
Mean e’iihth_—-stm | distan_'ce'
Mean f';a:r_t’,_h;mooﬁ distance

Ma@ of.:'é_érth'

Heat of fusion of water (0°C, 1 atm)

Hoat b vaporiistiih of wolal (100 0 1 atess

”?'\ffelting point of ice--'-.- |

'_ Ratio of speclﬁc heats (-y) for alr (20“ C)
_-Wa.velength of the sadmm yellow duublet
__Index of refractmn of water ( @ 5892 A)

_Indax of refra,ctmn of cmwn glass (@ 5892 A)

1.29 kg/meteﬁ

100 X 10° kg/meter?
-'13 5] >< 1(}3 kg/meter
. .331- meters/sec 1090 ft/sec
0. 81 muataf-:'rs/sec:2 = 3" 2 ft/sec*

'101 X 108 nt/meter" 14.7 lb/m& |

= 760 mm-Hg

6.37 X 10ﬁ meters. -3960 mlles

L. 49 X 103 km | -92: 9- )( '106 mlles_-' '

o - 3. 80 >< 105 km = 2 39 X 105 mﬂes'__ - -'
e X 1024 kg
' -.'.79 7 cal/gm-.

039 cal/gm o
| . O_'OOQC"" 2{3 15°K e
. 58'9'2;"3- .
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Phyéz’c.&, Part I, 1s a reviﬁed printing of the sécgnd”editién of :*Physicé-fér'-
- Students of Science and Engineering. In this (196[}) new prmtmg of Part II
the foﬂowng revisions ha.ve been made. . '

1. A supplementary b{?t of 142 problems has been prowded These have
been carefully assembled so as to permit, when combined with the numerous
problems in the original set, a wider Chmce of area of interest and 1eve1 of
dlfﬁculw than heretofore available .

. A new Topical Supplmlent on the dlﬁpremlal form of Maxwell’
PC}h&UOHS and the electromagnetic wave equation, has been written for
reference of students whose instructors choose to discuss this more'
advanced material. | .

3. The original appendices have been expanded and modermzed and
some new ones have been added in order to increase the usefulness and
accuracy of such reference materml Front and back end papers have beeu_
changed accordingly. e _ ' '

4. Pagination, numbered references, qymbalb' and units' havé' "been"

changed, where necessary, for conmstency with the new Part I and the
above revisions of Part I1.



rofoce fo the Second Edition

ThlS revision n of Part 11 of Physzcs for Studems of Science and Engmeermg,
which we hope will make our book more useful to students and instructors,
is based on classroom ‘experience at many institutions during the last two
years. The basic outline of the book and its underlyzng phlloqophy remain
unchanged. We have, however, modified the treatment of many topics,
among them Ampeére’s, Faraday’s, Gauss’s and Lenz’s laws and Huygena '
principle, to make them clearer and more explicit than before. The experi-
mental basis of the laws of physics has received Increased stress, and new
experimental material, such as the radiation pressure measurements of
Nichols and Hull, optical masers, relativistic particle accelerators, and fiber
optics 1llustrate the basic concepts. More than half the figures have been
redrawn for greater clarity, and new figures and photographs have been
inserted in key places. The questions and pmblems have been re—evalu—
ated and more than 200 are new. e

In a few places we have supplied new sections EIthEI" to extend or to
improve the understandmg of the basic material. For example, there are
sections in reduced type on the electric vectors (E D, and P) and on the
magnetic vectors (B, H, and M). RC circuits are discussed, the Compton
effect has been mcluded in the treatment of the wave-partlcle duality, and
“a discussion of electromagnetic fields as seen by observers in relatlve motlon
has been added. - |
- Other 31gn1ﬁcant changes are (1) references to the htera.ture avallable to
students have been supplemented and brought up to date; (2) the 51gn'.

vii
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conventions for geometrical optics have been put on a more physical basis;
(3) attention has been called to examples or problems that contain impor-
tant new material by using italicized titles; and (4) we have further syq.."
temized and smlphﬁed the notatlon In several places, particularly in wave
optics. - |

We continue to be mdebted to Dr. Benjamin Chi for a531stance In pre-
paring the illustrations and for his detailed criticism of the opties chapters.
One of us (DH) wishes to thank Professor G. Wataghin for courtesies
extended at the University of Turin while this revision was in progress.
Finally, we extend special thanks to those students and instructors who
have been kind enough to write to us about their experiences vnth the first

edition.
Davip HaLripay
‘s RoBERT RESNICK
January i, 196';9 | i A

- Pittsburgh, Pennsylvanm .
Troy, New York el



Preche to Fll‘Si’ Edmon

The tlme lag between developments in ba,sw scxenee and their applmetmn
l'__:;-_to engineering practlce ha.s shrunk enormously in the paet few decades.
The base of engmeermg, once largely empirical, IS NOw largely scientific.
_Teday the need is to stress prmelplee rather than c:pemﬁe preeeduree to
select areas of contemporary interest rather than of past interest, and to
'_condltmn the student to the atmosphere of ehange he will encounter during
his career. These developments require a revision of the tredltzenal course
in general physics for engineers and scientists. .
 The most frequent oriticisms made in varymg degreee of textbooks used
~in such a course are these: (a) the content is encyclopedic in that topics are
not treated with sufficient depth, the discussions are largely descriptive
" rather than explanatory and enalytlcal and too many topics are surveyed;
(b) the content is not sufficiently “modern,” and applications are drawn
mostly from past engineering practice rather than from contemporary.
~ physics; (c) the organization of the material is too cempartmentahzed to
reveal the essential unity of physics and its prmcrples ) the approach is
‘highly deductive and does not stress. suﬂielently the cennectmn between’
theory and experiment. Of course, it 1s unlikely that a textbeok Wlll ever
| be written that i1s not criticized on one ground or another. _
~ In writing this textbook we have been cognizant of these crltlclsms and
'-_heve given much thought to ways of meeting them. ‘We have-considered
‘the possxblhty of reorganizing the subject- matter. The adoption of an
atomlc approach from the begmmng or a etructure bmlt areund energy in
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its various a,spects suggest themselves. We have concluded that our goals
_can best be achieved by modifying the selection and treatment of topics
~within the traditional organization. To shuffle freely the cards of subject
“matter content or to abandon cnur(,ly a sequence which represmts the
growth of physical thought invites both a failure to appreciate the New-
tonian and Maxwellian synthescs of classical physics and a faupcrﬁclal
understanding of modern physics. A solid underpinning of classical
physics is essential to bmld the superstructure of mntempomry [)}IVbICS in

our opinion. _ |
‘To illustrate how we hope to achicve our goals within ths fr amowork we'

prc&cnt here the pruwipal fca.t,urc Of our book.

Ma,ny topics are treated in greater depth than has been custamary
hcrotof{}re a.nd much contemporary material has been woven into the body
of the text. For example, grawtatmn klnctlc theory, elcctromagnetm
waves, and physical optics, among othcr% arc treated in greater depth.
"'letemporarv toplcb such as atomic c#r,and:au*ds collision cross section,
iner moleaular forces, mass-energy conversion, isotope separation, the Hall
effect, the free-clectron model of conductivity, nuclear stability, nuclear
resonance, and neutron dlffm(,mon, arc discussed where they are pertinent.

To pu*mlt this greater depth and inclusion of econtemporary material, we
'htwc omxtted entir ('=ly or treated (mly mdlrectly much tmdltlonal materlal
such us blHl})]L m whmea *-.mtm ¢ tension, wa{:mlty, 3]0r;metry, change of
state, humadity, pumps, practical cngmcs musma,l scales, architectural
_acoustlcs electmchcmlbtry,_Lhermoe]cctnmty, momr&, alternatmg-curmnt
_LII‘CUltb, electromcs lem .,Lberratmns (:olor photometry, and others :

2. Wehavb tried to revca,l the unity of physms in many wa,ys Through— |
out the book we stress the gcncr..l,l nature of key ideas common to all areas
of phymcs For example, the conser vation laws of energy, hncnr momen-
tum, angular momentum, and charge are usod rcpem edly Wave con_eepts'
‘and pr oportles of v1bmtm;ﬂ, aystems such as resonance, are used in mechan-
ics, sound, electmmagnumm optlcs, atomic physics, and nuclear physms
_'I‘he ﬁeld ('(mcept 1.5 apphed to gx awmtlml ﬂmd ﬂow eleetmmagnetlsm |
' I‘h(, mtcuclatmﬂ 01’ the various d;wmlmea of phybxc.‘a is empham?cd by
the usc of physical and mathematical analogies and by similarity of method.
IFor exrnnp]e the corr (,ap(md,ences between the mass-spring system and the
LC cireuit or, bi,tween the acoustic tube and the clectromagnetic cavity
are cmphaslzm , and the mterweavmg of microscopic and macmseoplc
approaches is noted in ‘heat phen{}mena and electrical 'and magnetic
phenomena. We have tr 1ed to m alke a smooth transition between particle
;nu,chmucb and kinetic theory; btr(,hmng that, in their classical aspecets, both
belong to the Newtonian synthesis. We have also sought a smooth transi-
tion between elentromagmllsm and wave optms pointing frequently to the
.Maxwelhan synthesis.
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Wc dl‘iCllS‘i thc hm:tatmnq 0!’ {Lmu al- ltl{‘ms_alld Lhe dOmam of thelr
3\ a.hdlty, and - we ‘emphasize the gcncmhzm;:, nature of contemp()rary ideas
“applicable in a broader dommn Throughoui we aim to show the relation
_ of theory to t,xperlment and to dcvelop an awarenes.s of the nature and uses'_

3 Our approach to quantum phymcb is not the trad:t,lonal descrlptwe
5‘0 Rather we seek to develﬁp the contempcrary conccpts fa,lrly rigor-
ausly, at a length and depth a.pproprlate toan introductory course, Inthe
early chapters we pave the way by pomtmg to the limitations of classical
theory, by stressing the aspects; of classical physics that bear on contempo-
rary physics, and by choosing illustrative examples that have a modern
flavor. Thus we stress ﬁCldb rat, hor than circuits, particles rather than
:exicndcd bod:cq and wave optlw rﬂ.ter than g [.,comctrlcal optlcs Among
_thc 1llust,ra.twe fotmt;-l(,s arc molec ula.r potu:t,.ml encrgy curves, bmdmg
energy of a deuteron, nuclear collisions, the nuclear model of lhe atom the
_Thomson atom modcl malccula,r dlpoles drlft qpccd of electrons, stabihty
of betatron orbits, nuclcar magnelxc rcsonance the red shift, and others 1;00

numerous to meutmn L . e L |
~ The point of view is that. of devclopmg the f undamental 1deas of quantum _
_physms The cuatomary descriptive chapter on nuclear physies is, for
--example not present. Instead,dhe wave-particle duahty, the uncertainty
~principle, tht cmnplemcntarity prmmple and thc correspondence pl‘lIlClple
-"31‘0 StI‘E‘JSEd | -- _ | G e | . il '

4 The mathcmatma] level of our booL assumes a con{,urrent course m "
calculus. The derivative is mtmduccd in Chapter 3 and the mtegral in
Chaptcr 7. 'The related physical conc epts of. al(}pe and area under a curve
are develaped steadily. Calculus is used freely in the latter half of the
book. Simple diffcrential cquations are not avoided, although no formal
procedures are needed or given for solvmg, them.. Vector. notation and
“vector algebra, mcludmg acalar and vecetor products arc used thr{mghout
Dlsplacement 1s taken as the pmtotype vector, and Lhe 1dea, of Invariance
of vector relatwn& is developcd |

" 5. The number of pmblcms 1S unusua.lly large, but few are “plug-in”
problems. Many involve extensmnb of the text materml contemporary
applications, or derivations. The qumlmns at the end of cach chapter are
intended to be tlmught—provokmg they may serve as the hasis for class

discussion, for essay papers, or for self-study. Only rarely can the ques-
____tmns be answered by dnut quotation f10m the text.

o - The book contains an unuaua]]y large number of worked-out emmplc% |
with the ”plug-m variety used only to emphasxm a numerical magnitude.

Algebraic, rather than numerical, solutions are stressed. IExamples some-
times extend the text treatment or discuss the fine points, but usually they
arc applmatxons of Lhe prmmplm often of vontempm ary phyqzcs !
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7. The textbook has been designed to fit physms courses of various
_lengths In Bma.ll prmt there 18 a great deal c:)f supplementary materlal of
an adva.nced hlbtoncal or phllowphaml Lharacter, to be omltted or
included to varying degrees dopendmg on interest :md course length In
addition, many chaptcrs may be regarded as opt:mml Each teacher will
make his own choice. AL our institutions Chapter 14 (statics of rjgld' |
lmdlcs) and Clmpters 41 and 42 (bcﬁmttrlcal opl;lcs) arc omitted. Other
possibilities suggested, depending on emphasis or depth desired, or the
“nature of succeeding courses, are Chapter 12 (rotational dynamlcs), Chap-
ters 17 and 18 (fluids), Chapter 24 (kmctxc thcorymﬂII), Chapter 32 (emf
| and ozrcmts), C‘ha.pter 46 (pol.xrlml,mn), zmd Cha,ptcrs 47 and 48 (quantum

| 8 We hzwe wdopted thc mks &ystem of umtﬂ througheut although the
?__Brltish engineering qystem s alqo used i mechamcs Having observed the
gradual exclusion, year by year, of the cgs systcm from ﬂdvanced textbookq
we have seen fit to limit ourselves to the bare d(,ﬁmtlon of the basic cgs
-_qtnnul ics. An t‘XtGllblVL llsl, {)f (mworamn fﬂ.(‘mrs 4;}[}0&1‘5 in Appendlx G .

We wish to lh.mk the engineering and science students at both Ren‘ssel&er
Polytechmv Inbt:tutc and the University of Plttqburgh who have bornc with
- us through two successive pmhm;mry editions. Constructive criticisms
from our collcagucs at cach institution and from some e:ght revicwers ha.ve_
resulted in many changes. Ben;amm Chi of R.P.I. has been of major
: service i in all ’LS])LLtb of the preparation of the manuacnpt Fmally, we
express our deep appree iation to our wives, not only for aid in typing and
_proofrea,dmg but for the patlcnce and encoumgement w1thout whxch thxs
_book mlght nwer have bcen Wntten - B -
- - ne DAVII) HALLIDAY

ROBERT RESNICK

January 1 960 |
Pzttsburqh Pennsyluama E
Trm, New York e
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