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About the AHthors 

R ich11rd Feyn,nan 

Born in 191 in ~c,,· York City. Richard P. Feymnan received bis Ph.D. 

from Prin('cton in 19-!2. Despite his youth. he played an irnporlant part in the 
~la11lrnttau Project at Lrn, Alamos during \Yorld \\·ar Il. Subseq11cully, he taught 

at Cunwll and c1t the California Institute of Technology. 111 1965 he received the 
\uhPI Prize in Ph~·::,ics. along with Sin-ltiro Tomouaga allCI .Juliall 'chwiuger. for 
his work in quantum c'lcctrnciy11amic::,. 

Dr. Fc·.nunan wou his ::\"obcl Prize for succcssfull.,• rcsol\'ing problc'ms with the 
ill('11ry of q11ant um 0lrct rodynamics. IIe also crcatC'd a mat hrmatical theory that 
ac·c·rmms for lit(• phenomenon of supC'rfiuiclit:v in liquid hdimu. Thereafter, with 
'.\[ 11rra\' Gell-;\lann. he did fundamental work in the area of WC'ak interact ions such 
a;,, hl't a dee a.,·. In la tcr years Feynman play<'d a key role in the cl vC'lopment of 
qrnirk t hrnry by putting forward hb parlon lllo<lel of high energy proton collision 
prO<'C'SS('S. 

f3l·vond thC's<' achi0,·emC'nts. Dr. Feyumau introduced basic new C'Omputa
tioual tC'chniq1w:, and notations into pb>·sics above all, the ubiquitous Feynmau 
<lia!!,rams that. perhaps morC' than any other formalism in rC'CC'nl scientific history. 
haw changed t hC' \\'HY in which basic physical processC's ar(' couceptualized and 
eal('l 1h1 t (•d. 

Feynnian was a rrmarkahly effective educator. Of all hi· nmnerous awards. 
Ill' ,nis <'SJ)C'Cially proud of the Oersted :t\Iedal for Teaching. which he won in 
1!)7~. The F< yn ma II Le ctitrr'S on Ph ysic.s. originall~· pn blishcd iu 1063, were 
de:-,nilwcl h.Y a rc\'iewC'r iu C'icntific American as "Lough. hut nourishing ancl full 
nf fiarnr. Aft<'r 25 >'ears it is the, gnitk for teachers and for the best of beginning 
stncl{'Hts." 111 order to i11crPasc tbe underntancling of physics among the lay public. 
Dr. F<·ymuan wrote The Character of Physical Law and QED: The Strange 
Thtnl"!f of Light and .Uaitcr. He abo authored a muuber of ad,·anced publications 
that h;n·<' become classic rE'f<'l'encC's and tC:'xt books for resC'archC'rs and At ndents. 

Richard Fe~·mnan was a constructive public 111a11. His work on the Challcngrr 
('0111111ission b well known. C'speciall:r his famous drmonstration oft he snsct'ptihility 
ol' the 0-riugs to cold, an clc•gaut <'X))<'rimrnl which required nothing more than 
a glass of ice watC'r and a C-damp. Les::, wdl k110\Y11 \\'<'l'C:' Dr. ft,ynmau·s efforts 
on t hl California talc Cmricnlum Committc<' in the l!JGOs. w her<' he• protest <'cl 
thC' uwdiocrity of tt•xtboob. 

\ n•cital of Richard Fc~·11ma11·s myriad scientific and educational accomplish
lllPllb cannot adequately capture the essence of the man. As any re;=tder of 
c'\'('11 hi:-. mrn,t tc•clmical publications k:no,\'S. Fryuman's lively and multi- ·i(kcl 
pt•rsonalit~· shines through all bis work. BcsiclC'A being a ph)·sicist, he was at 
variu11:, t iml's a repairc'r of radios. a pickrr of locks. an ~u·t ist, a dancer, a bougo 
playn. and even a decipherer of :\fa>·an hierogl,\'phics. Perpetually curious abont 
hi.- world. hC' was an exeu1plar~· c111piricbl. 

f1idmrd Feynmau clircl 011 Febrnary 15. 19 . in Los Angc•l :-;. 

Robert Leighto11 

Born in Dc>troit in 1010. Robert B. LC'ighton did ground-breaking work i11 
solid !->lat <' ph>·sics. cosmic ray physics. the b<'gi1111i ngs of modC'l'n part ic.:lc• physics. 
s1)lar ph,,·sics. pla1wt ary photography. iufrarC'd asLronomy, and millirneter- ancl 
,11lm1illimC'll'l'-wiW<' astronomy owr the comsc of his life. He was widely known 
for his i nnoval i ,·c design of scientific in .. -;trnments. and was dcC'ply admired as a 
t Padll'r. ha.Ying anthorP<l a highl.,· infh1eutial tC'xt, Prinriples of Alodcrn Physics. 
llC'fon• joining 1 h' team dcwluping The frynman Lectures 011 Phy.c;ics. 

In t lw L'arl.'· 19.'50s Leighton played a key role in showing the mu-meson decays 
intu t \\'o ucut rinos awl au clect ran, ancl made Lhe first lll('asureni<'nt of t llC' energy 
spPc t mill of tllC' <1('C'ay C'lC'C'tron. Ifr was the first to obsc'J'VC' stra11ge part idc 
<lPcr1ys aft <'r I heir initial dbc·on'r.'·· and el uciclat eel ll1rll1,Y of the propC'rt ics of l he 
ll<' W strn11p;<' partic:ks. 
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In Llw 1uid-l%(b LPighlo11 ck\'isccl Doppkr-shift and Zc'rm,m-di'Pc·t ...,nJar 
c·amcras. \Vith tlw Zcr111a11 C'l:Hlll'l'a, Leighton an<l his stuckut:-. rnap1wd tltc· 
su 11 · s lllag11C'l iC' fidd with cxcdknl resol u lion, kacli11g I o striking cl i:-coY<·ric•:-. of a 
fi\'c-111i11utt' osC'illalion i11 local !->Olar surface' \'C'loC'iliP:,; and of a "s11p<'r-gra1111lat 1C lll 
pat tern,·· t Im:,; opening a lll'W field: solar sC'i!->111ology. Lei?,hl on abo dt'sigm•d a ud 
built <'qnipment to make• dc•arc'r image!-> uf the plmwts. and opcued anorht·r ll P \\' 

nc•lcl: aclapl iw opl ics. His wrrr c·cmsidcrctl t lw ht>!-il intag<'s of t hr plmwt.., t111t il 
the era of space C'xplornlion with probrs bqi;an in the' 19GO:-:. 

1 n I lw rarly 19GOH. LC'ighl ou dc'\'eloped a 11ovcl. i11rxpr11siw infra rPd t c•lc•:-1·11pP. 
procl11dng I llC' first s11n·e,r of t]w sky at 2.2 miC'rom;. whidi l'l'\'t'alc'd Hll llll<'XJ)t '< 1-

Pdly larg<' nnmhc'r of objc'cls iu om galiDC,\' too cool tu l>l' sc•t'll \\'it h the• ltu111,u1 
c•yc.•. Dming t hr mi<l-UJGOs lw was Team LeadN at .J P L for huagiug Sri1·11c-P 
l nv<'Htigation:,; 011 the l\larinrr 1. (i, and 7 rnis:,;ions to ~fors. Lt'ighto11 pla,\l'd a 
key role in tlH' dC'vt'loprnc'nl of .JPL·:-: first deep-space digital IC'lc\·ision ..,\·:-.t1•111. 
alld c·untributt'd lo C'arl~· C'U'orts at imagt' procrssing an<l Pnhaucr111C'11I !(•drniqtH•:-.. 

1 n t lw 1970s. LC'ighto11 · s iul t'rest shift t'd to t lw drn•lopmC't ll of larg('. i 1tt>xp011-
si \'C' dish antC'nnac• that could lH' used to pnrslll' millinlC'IC'r-wm·e intNfc,ro11wt ry 
aud s11bmiUimt'tcr-wav0 ast ro11omy. Onn• ag;c1in. bis rc111arkahk t'XJH'rinH·11-
I al ahili t iC's opened a ne\\' [idd of sciC'nC-t'. \\' li ic-h l'Ollt i111 H's lo he \'iµ,orot1..,Jy 
pmsucd at tht• OwC'ns Valk.\· Radio Obscr\'atory a11d till' ,\taC'ama Larg< \[il
limc'tt'r/st1h111illimrt rr Array (,\ Ll\I ) in Chile. 

Robert Leighton died 011 .\ lc1rC'h 9. 1!)97. i11 Pasacll'mt. California. 

1.Jlati/1,ew S111ul.~ 

Born iu L919 in Oxford. 2\lassachuset t:-:, :.folthew cuub n'<'l'iwd his I3.\ from 
Clark Uni\'crsil.\· iu 19-10 and his .\ IA fro111 RiC'c Fni\'l'rsity in l!) ll. Dm111µ, 
\ Yorlcl \\'ar II he H<'rwd 011 the l\ lanhattan Projc•ct at Los Alamos. worki 11µ, 011 
l'lcctronics and iustrurnculHtion. After the war Samb lwl1wd found t lH· Los 
Alamos FC'dcrnlion of Atomic S,i1•11tisls. ,Yhich lobbied a~aiust the furtlwr w,P of 
1111clear \Yeapons. Dming that p0riod lw C'arncd hi:,; Ph.D. at :\IIT n·:-<'atT!t inµ, 
C'osmic rays u11dcr Brnno Rossi. 

In 1950 S1111cb was recruited liy Callee-Ii lo build allll opC'rall' its 1..-, (,t'\" 
t'kelrou syuchrolron. Ik \Yas lht• first tu :-:!tow. IIH'on•tirally and exp<'ri11w11t a lly. 
t lie irnpori an<·c• of qmmlmn c•ffccts iu C'lt',t ro11 aeC'Cll'rnl<lrs. 

From HJ(i() to l 9GG. Sands scr\'cd on I he Connuissio11 on College Pliy ... ics. 
spearheading reforms in tile Caltc('h unckrgraduatc ph,n;ics program I hat (·n •r1u•d 

The Fr.lJ11 ma11 Leet u.rrs 011 Pli .IJsics. Dmiug that t iuw hC' also :-,t•n·ed a..., a 1·u1 b 11l
l an! 011 n udc•,u· W<'npons and disarmament to I he Pn•si< kn I · s Sc-i('llC't' . \c h ·i:-or.\' 
Co1111nitteC'. the' Arms Control and Disanuarnc.'llt Ap;t'11cy. and the' Dc' part11H·nt of 
D<,fcnsc. 

J 11 196:3 a uc b bt'C,lll tC' DC'pu t >. Direc-1 or for const rnC't ion allCI operation of 
the• Stanford Li11t•ar Accrll'rator ( 'LA '). wht'rr IH' c1lsu workC'd OJI thl' Stanfrml 
Po:,;it ron Ekct ron Asymmetric Rings (SPEAR) :3 Ge;\' cullidN. 

From l !Jo!) lo 19 5 Sands was a ph)·:-.ics profc:-,sor at l'uin•rsity of California. 
Santa Cntz. st'rvillg as its Vic<' Chancrllor fur cient'{' from 190!) to 1U72. [[p 

rcceiwcl a Dbtiug11isb0d 'c,rviC'c Award frolll l11c' Auwrinrn .\s:-.ociatiou of Plnsil's 
Teachers in 1972. As ProJ'C'ssor Emeritus. llC' ('Ontinncd to br c1ctivt• i11 part id(' 
r1c·cclcralor researd1 until 199cl. Jn 199 the Arncrica11 Ph.vsieal 'oc-icty H\\·arded 
'c111cls Lhr Robert R . " ·ilson Prize .. for bis rnan)· contrihutions to ,H'C'l1h•rator 

physics and t lw dc'velopmcut of' dcct ron-posi t ron c1 ucl proton rnll ich-rs ... 
In his rC'tircm0nt 'ands mt'ntorcd local ele111e11tar)· an<l ltigh school ..,ri, ·11t·t• 

trachcrs in Santa Cruz, lwlping; them :-:et up t·o111p11t<'l c111d laboratory an iYit i1•:
l'ur their sLuclt'nts. He a lso supervi::;C'd the cditiug of fl y11111n11·.~ Tips 011 Phy,ir·, . 10 

which he coutrilrntrd a memoir <kscrihing till' CT<'Htiou of Tl,1 Fe y111111111 L, c l 11 n ., 

un P!t,11-~ics. 
~faith<'\\' and:, died on °t'plt•mhn 1:3. 2011. iu 'antn Cruz. California . 
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P reface to the New MillenniHni Editio11 

'\par\.\· fifty yPar:-. haw pa:-;sC'cl :;iuc<' Riclrnr<l Fc,rnman taught lhc introclnctor.r 
ph~sic:-. com-;t' at Caltc•ch that gHn' ri:-;<' to th<'~c three , ·olnmC's. Tli r Fey11 mm1 
Ltdt1f'(<; 011 Phy.~ic8. In those fift~· ,\'<'Hrs um 11rnlerstaucli11g of the physical 
wmld has diang<•d gr<•atly, Intl The Fr>y11man Ledu.res 011 Physics bas cn<lm<'d. 
Ft'.\'t1111a11·.., kdnrC's arc a~ pmn•rful tuclay a· whC'n first publishccL thanks to 
Fl'ynman ':- tmiqu<' physics iusights and pedagogy. They ha\'c hct'n studied 
worldwide hy novices and mat nrc physicists HlikC': lh<'y lict\'(' b<'en translated 
into at ll'a:,.t a cluzc•n lang11ag1•s with 11101·e than 1.5 millions copies priut c<l in tht' 
En!-!,lbli la11µ;11age alone. PPrlinµ:-. no otlwr :;et of physic,; books has had such widt' 
impact. for :-.o lonp,. 

·r hi:,. V1111 Mille 1111i11m Editio11 u:-;hrrs in a new era for Tlic Fcynman Lectures 
on J>liy8ic.~ (FLP): tlH' l\\'l'nt.\'-firnt century Pra of electronic p11bli,;hing. FLP 
ha:-. ht·c'll 1·om·C'rtl'cl to r.PLP. with the text and Pquations <'xpn.•:,;sc•cl i11 the l!,\T'E;X 

<'l<'c·troui(' t.\'P<'S<'t ting laugnagC'. and all fig11n•s rC'do1w nsi11g modern dra,wing 
SO ft \\'H rt'. 

'I'IH' c·ousc•q11e11c·(•s forth<· print version of this cditim1 an' not startling: it 
look::.. almo:4 t hl' sanw a,; the original red books thal physics stucl<'nts have known 
r111d lmHI for decaclt•H. The main diffcn,11ce:,; arc an <'xpauclcd aml in1provcd inckx, 
tlw 1·u1Tc<·tio11 of ' S C'rrata fmmcl by renders ov<'r the five ~·cars since' the first 
priul ing of tlw pr<',·ious edit ion. and the t'asc of correcting errata tlrnt fut urt1 

rc•adns nm~· find. Tu t hi:-. I shall rcl urn helm,·. 
1111· rBool, i ·r·rsio11 of this edit ion. and tlw E11hancl'd Elcdronic Vf'r, ion an• 

l'il·ct runiC' innovaliom,. By contrast with most eBook versions of 20th C't'nt my tccb-
11 intl hooks. \\' hose <'(Jlla I ions. figures and so met imc•s <'\'<'11 t <'Xt lwconic pixcllal cd 
wllC'll otH' t ri<'s to c• nlargc th<'m. the h'TEX m 1:umscript of the Nrw A!ille11niu111 
]::,'r/it icm makc•s it possible to CT<'a te cBooks of t h<' highest quality, in whiC'h all 
f1·at 11n•:-. 011 tlH' pag<' (c'XC'<'])l photographs) can be enlarged without bomicl and 
rl'tain thPir pn•ri::;l' shapes a11d sharpness. And 1 he Enhanc·<'<i El<C'lronic \ 'c.:rsiun. 
wit It it:- andio and hh1ckhoard photos from F0y11111a11·s original lectures. and its 
linb to ot lwr rl'snnn·<•s. i:-. an i1mu\·at ion l hat would ha Ye givC'n Fcynman gn'a I 
plensun' . 

. fl<>niories of FeyHnu111 ·s Lecltares 

The•:-<' t hrcc' \ ol11mes H l'l' a 1-;df-co11tai11ccl pcclagogical t real isc. They arc also H 

historical rcrnrcl of Fcymnan·s HJGl GJ nnclergraduate physic. · lcctun•s, a cour:,;0 
n•q11in·d of all Calt<1ch frC'shm('ll all<! sophomon•:-. rcgardlC'ss of lhcir majon, . 

Hl'ad<•r:,. 1na>· woncl<'l'. as f ha,·c. how Fc')·mmm·s lcctun•s impacted the st11de11t s 
\\·ho at trnckcl them. F0ynman, in his Pn•facc tu lht'HC' \'OlUHH'S. offered n som0,Yhat 
JH').!,Ht i\'l' Yit' \\' . " [ du11·t thiuk I did Wt)' well by t lw st11d(•11ts ... It wrot e. j\ [attllC'\\' 
Sarn b . i11 his lll('llloir in Fcyn 111a11 ·s Tips on PI, ysir·s expressed a far more posit i\'c 
\k,, . Out of n trirn,,ily, iu spring 2005 I C'lllaikd or talk<'cl to a q11asi-ramlmn set 
of 1 i' :-.t mlcuts (out of abont ].j0) from Fc·~·uman·:-, 1961 5;3 class somC' who had 
µ,n·at <liftiC'1tlt~ with t lic das". and so1tH' who nrnst en•cl it with ease: 111ajon, in 
liiul11gy, dH·111i-;t r~·. c·u~inccri ng. ).!,eology. mathematics aucl nst ro11omy. a:; ,,·<'ll a,; 
in pl1ysiC's. 

Tit!' iull'tTl'11i 11g .H'Hr:- might ha\·e g la;,;ed tllt'ir llll' tnori1•:-. \\'ith H euphoric tint , 
lint , il)l)lll .'O 1wrcc11t n•call F<·>·nmm1·s lectures as highlights of th<'ir colkgc .\'<'Hrs. 
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·'It was like going to church." The lcct ures \VCre ··a tran formational cxpcrieucP. ·· 
··the experience of a lifetime' . probably the mo ·t important thing I got from 
Caltech:· ··J was a biology major but Feynman \; lectures stand out as a hip,h 
point iu my undcrgraduate experience . . . though I mu ·t admit I coulcln·t rlo 
tlJe homework at the time and I hardly turned any of it in:· ··I ,rn among the 
least promi ing of tudents in this COUl"'e. and I never mis ·ed a lecture ... 1 
remember and can still feel Feynman·s joy of discovery . ... Hb lectures had an 
... emotional impact that was probably lost in the printed Lecture.:· 

B.r contra t. several of the ·tudcnt have negative memorie. due largely to two 

issue : (i) "'You couldn't learn to work the homework problems b)· atten<lin~ t lw 
lcctmes. Fcynman was too slick he knew tricks and what approxi1uat iorn, C'ould 
be made . and had intuition based on experience aud geniu · that a beginning 
st udcnt does not rossess:· Feyuma11 and colleagues. aware of thb flaw in the 
course. addressed it in part with materials that havc been incorporatc'd i11to 
Feynman·s Tips on Physics: three prohlcnH,olving lectures by Feynma11. and 
a set of excrcii,c · and answers as.,embled by Robert B. Leighton a nd R od111:-. 
Vogt. (ii) ··The insecurity of not knowing what wa." likely to b e cfo,rns:-.Pcl in 
t h<? 1wxt lcctme. the lack of a text book or n 'f<?rc11cc with any cmmcct ion to 

the lecture matNial, and co1tscqncul inability for us to rC'ad ahead. wc'n' w1y 
frustrating .... I found the lectures exciting and uudcrstandahlc in the hall. l,u1 
lhe_\· were Sanskrit outside [wlwn I tried tu n•cuustruet the d!.'tails] :· This prul>J.•111. 
of cours<'. was solved by these t hre<' \'ohunes. the printt•d ,·prsion of Th( Ff .1111111,111 

Lecl tl'l"C' S 011 Physics. They bee awe l he kxl hoo k from which Cal t cclt :-.t 11dt•uts 
st udied for many yearn thereaft er . and the_\' liw• on lodc1y as urn' of FP.\·11mr111·:-. 
great est legacies. 

A Hist~~ry of Err11(11 

Th e Frynman Lectu,.es on Physics wa!:> produced ver.\· quick!.\· by F<,_,·11111an 
a nd bis co-authors, Robert B. Leighton a11d l\lat.thew Saudi,. working fru111 

and expanr\inp; Oil tape H'torcling:, anc.l hlaC'khoarcl photo:-; of FC'ynmcrn·s com:-.l' 
lecturcH* (both of which are incorporated into the En/l(l,ncul Electron fr \'1 rsion 
of tl1is Neu Alillumillm Edition). Giveu the high ~peed at which Fc·.riw1,u1. 
Leighton and 'ancl · worked. it ,,·as inevitable that many c•rror:-; crept i111 o t Ill' Jirst 
C'dil i011. Fcymnan accumulated long lists of dainl('d t•rrata oYcr thl! hllli~\·q1w11t 

years errata found by students and faculty at Caltech and by readc•r:-. aro1md 
the• world. Iu the J960s a nd early '70s. Fcynman mnclc• time in hb iu1<'n:-.c life• 
to check mo::;L but not all of the claimed Nrnta for Vohunc':-. I aml lL and i11,prt 
correction:-. into s nb::;equent pri11ti11gs. But Fe)·mnau·s sc•n:::.t' of dut>· m·n·r ms<' 
high enough aho,·c tlic cxc:itemt•nt of discovering new thingi, tu make hi111 d<·al 
with the errata in Volume Ill. t Aft er his untimely death in 19 . lists of t'ITHta 

for all three n>lumcs were deposit eel in tlw Caltech Ardliws. and tht•rc• t h<·y lar 
forgot Len. 

Jn 2002 Ral ph Leighton (son of the la.lc> Roh •rt Ll'ighton and cumpat riot o[ 
Fcynman) informed me of the' old errata and a 1ww long liHt compih-cl h.Y R.alpl1·s 
friend [ichacl Gottlieb. Leighton proposed that Caltech procl11c-e a np,, edit ion 
of The Fcynma11 Lectures with a ll errata corrected, a ucl publi:,,;h it alongsid<' a IH'\\" 

Yolume of a uxi liary nmtl'rial. Fcynman'.s Tips 011 Physi<'8, which ht' and Cottlieb 
wc•re prcpariug. 

Feyuman was my hero an<l a close persona l friend. \ \ 'hen I ~aw t hl' list · of 
errata and the content of the prupm,cd 11<'''" volume. I quitkl.,· agreed to on r::,.t'<' 
this project on behalf of Caltech (Feynma11·s long-time academic honw. to\\ bich 

* For descriplious of lhc gcne:,i:, of Fcynman ·s ll'd ures and of tht'M' vohmws, sPl' f'.•y1111ann ·~ 

Pr<'facr a nd the Forewords to each of tlw tlirrc- \'olu111es, and also ;\[att 'amb· ;\J, 111oir iu 
Ft.ynmr111's Tips 011 Physic . and Lill' 8pPcial Pnfar, In the Commcmomli/lt Edilio11 ,if F/,f', 
wrillcn in 1!)8!) by David Goods te in and Gerry Ncug<'bauer. which also appears i11 t hP '.!11(1.'j 
D1fini/ipc Edition. 

t ln 1975. lie started checki ug errata for Volume Ill but go1 dbtractc<l by ot ll('r thill~!- a 11d 
1wver finished th<· task. so no COJT<'Ct io 11s were ntadl•. 
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he. Leighton and and · had entrusted all rights and re ponsibilitie for The 
Fcyn111an Lecture~). After a year and a half of mrticulous work by Gottlieb. and 
car<'ful scrutiny by Dr. t,.Iichael Hartl (an outstanding Caltech postdoc who vetted 
all l'rrata plu the new volume), the 2005 De.finitiue Ed'ition of The Feymnan 
Lecture.~ on Phy. ics was born. with about 200 errata corrected and accompanied 
h>· Ff ynman ·s Tip. on Physics by Feymnan, Gottlieb and Leighton. 

l thought that edition ,ms going to be "Definitive". \\°hat I did not autic
ipat<' _.,-a~ the enthusiastic re~ponse of readers around the world to an appeal 
from Gottlieb to identify further errata, and submit them via a website that 
Gott lil'b crel:lted aucl continues to maintain. The Feynman Lectures Website, 
www. feynmanlectures. info. In the five year since then. 965 new errata have 
bet 11 ..,nbmitted and un·iyed the meticulom, ·crutiny of Gottlieb, Hartl. and. ate 
13ode (an outf:>tancling Caltech phy ics graclnate student. who succeeded Hartl 
as Caltech ·s vetter of errata). Of the ·e, 965 vetted errata, 0 were corrected iu 
th(' fourth printing of the Definiti11c Edition (Augu 't 2006) and the remaining 
.'..,3 are correct('o in tlJ(' first printing of this New ll1illen11ium Ed?°tion (332 in 
rnlumC' I. 263 in Yolumc II. an<l 200 in Yolume III). For details of the errata. ee 
www.feynmanlectures.info. 

Ck•arl.,-, making Thr Frynman Lerturcs on Physics error-fTee has become a 
worlcl-wiclr romnnmit>· enterpri c. Ou behalf of Caltech I thank the 50 readers 
who hm·r· contributed since 2005 and the man>· more who may contribute over lhe 
cou1in~ vmrs. Thr namrs of all contributon. are posted at www. feynmanlectures . 
info/flp_errata.html . 

. \!most all the c•rrata han' been of three types: (i) typographical errors 
i11 pro:-.c•: (ii) typographical and mathematical errors in equations. table's and 
fi~11rc•s ::-.ign errors . incorrect nu111bC'r · (e.g .. a 5 that should b(• a .J), and missing 
suh~<'ripb. urnmation signs. pan'utheses and terms in equations: (iii) iucorrect 
lTo:-:- r<>fort.'llC<'s to chapters. tables and figures . These kinds of errors, though 
not lt'lTibl)· serious to a mature physicist. can be fru. trating and confusing t·o 
f l.'>'ll lll,lll. s primar)· a uclicncc: students. 

lr is r<>markablP lhat among the 1165 errata corrected under my auspices. 
011h sev<>ral do I regard as true errors in ph:ric::,. An example is Volume II. 
pag<' 0-fl. \Yhich no,v :,,ay::, ..... no t:.tatic distribution of charges inside' a C'losed 
!Jro11111/cd conductor ran prodncc ;:iny [electric] fields oulside'' (the word grounded 
wm, lllllit terl in prC'vious rditio11s). This error was poiuled out to Fe)'lllnan by a 
1111111lJl'r of reaU('rs. including Ben I ah Eliza bet h Cox, a student at The College of 
\\.illiam and \,fary. who had rC'lied on F ym11a.11·s C'rroneous passage in an exam. 
Tu '.ls. Cox. Fryuman wrote• in 1975,* "Yonr im;truelor was right not to give 
you an,\· points. for )·ow· an:,;wer was wrong, as he demonstrated u:iug Gauss·s 
l,rn 'r ou sboul<l. iu ::,ei(•ncc. belieYe logic a11d arguments, earrfnlly clrawn. an<l 
1101 c1ut horitie::;. You also l'C'1-Hl t lw book correctly an<l unckrstood it. I made a 
mistake. ">O the hook i::, wrong. I probahl>· was thiuking of a gro1111drd conducting 
sph1 n' . or cl:,;l' of the faC't that movillg the charges around in different placrs 
i11">idt• cloPs nul affect things 011 the outside. l am not sure ho,v I did it , 1ml l 
p;oofed .• \ncl vou goofed. too. for hcli('viug 111(' ... 

11011.· tl,is .. Xe,v .1.Kille1111i,.na Editio,a Canae to Be 

Bl·l we<'n :Jm·ember 2005 and .July 200G. :3.JO errata wrn• submitted to The 
Fr·!J11rnrrn Lt<'ftlT'cs l!'r bsift www. feynmanlectures. info. Remarkably. the bulk 
of t li<':-.c came from one p<>r:-011: Dr. Rudolf Pfeiffer. thrn a physic poslcloctornl 
fl·llrnv al the Uni\'crsity of Yienna. Austria. Thr publisher. Addison \\'(•slc,y. fixed 

0 < rrat a. hut halkecl at fixing more because of cost: the hooks were being printed 
Ii) " photo-offset process, working from photographic images or the pages from 
till' t<}(>tb. C01TPC'ling all error i11Yolvecl rc•-t_vprsetting the entire page, aucl lo 

1•11s1ttT no IIC'\\' error~ rn'pt i11. t llC' page \\'as r0-t>'PPSel t wire by two different 

"' l'uge,-, 2 2X!l of f>crfcrtly Rrn.wmo/1/r Dt.t•inlions from tit< Bwtcn T'mck, The Lrttrrs of 
Riclwnl F' Peyrrnw11. Pd . \Jichrlle Feyuman (Basic Boob. New York, 2005). 

vii 



people. then comparrd and proofread b.\· sc,·cral otlH·r pcopl<' a \'<'r.\· co:-t I.\· 
process illClcl•cl. whcu hundreds of errata arc im·olvPd. 

Gottlieb. Pfeiffer and Ralph Leighton \\'ere \'l'ry unhappy about thb. M> thl'y 
fornmlated a plan aimed al facilitating tlw repair of all c•rrata. and abu ai11wd 
at producing eBook aucl C'nhanccd c•lect runic v0n,ions of Thr Fe ynman Lu tun.~ 
011 Physics. They propm,cd tlwir plan lo me. as Caltech·s rcpresentalin•. i11 
2007. I was c11tlmsiastic bnt cautions. After seciug further c!C'tails. ind11cli11c; a 
onc-diaptcr demonstration of the Enlwnf'ul Efrtlronir· \ ·c ,·sion. I n·cmnm1•111!Pd 
lhat Caltech cooperate with Gotlli(•b. Pfcifl'n a11d Lci~hton in tlw t'X<'rntin11 of 
their plan. Tll(' plm1 was approved by thrc•c :succ(•ssiv<' elm in, of C'altP('h \ Di\'i:-w11 
of Physics. l\lathemalics and Astronomy Tom Tmubn•llo. Ancln>w Laugt. Hild 

Tom , oifcr and the complex kgal aud contract 11al el<•tail:- ,,·pre• work<·d 0111 hy 
Caltech ·s Iutcllcc-t nal Properly Co1111scl. Adam Cochran. \Yil h the puhlkat irn1 uf 
this Nrw Mille1111iu111 Edition. tlH' plan ha:-. ])('ell cxec11ted suc-e·c's:-.fnll.,. de•:-.pit<' 
its c0111pkxily. Specifically: 

PfC'iffcr and Got tlich ba,·e converted into DTEX all \ hn'e' rnl1111ws of FJ,P 
( aucl ah;o n1orc t l1an 1000 cxc1-cist·s from the Fey11111a11 course for incorpornl iou 
into Fcynmrw ·s Tips 011 Physir-s). The F LP figures ,,·0re n'drnw11 i 11 n1ud1 •rn 
C'lc'tlronic forn1 in India. under guiclawc of the FLP G<•rman tra11-;lator. Ifr1111i11p; 
lleiuze. for use in { he Gc'rman edit iou. Gott I iPI, anJ PfC'i lfcr t radcd 11011-c•xcl nsi \'<' 

usc of' their b'1E){. equations in the German edition (publislwd by Olcle•nhomg) 
for 11011-cxdusive nsc of lfrinzc·s figure's in this ,Vi 10 1Uillcnnium Euglbh l'dit iun. 
Pfcifrc'r and Col tlieb have nwt iculously dlC'ck<.•cl all I he !,.,\TE,,"< lcxl aud equal inns 
and all the rcdraw11 figures. and made COITl'C'I iorn, a:-. 1wcdcd. :'\ate Bode «11d 
I , on hPlmlf' of Caltc•ch. have cloue spot checks of text. cqnaticm:-.. and ligmc•s: 
all(I n'111,ukahly, we• have found 110 errors. Pfeiffer and Cot llic•h are 11nlH'li1•Yahly 
meticulous a11cl accurnt<·. Gottlieb and Pft•iffcr arrallt,!,Cd for .John ullirnn at ilw 
lI11ntington Library to digitize llw photos of Fc.n1mau·fi 19(i:2 (i.1 hlackhoards. 
aucl for Gcorgt• Blood Audio lo digitize the lecture tapt>s with financial suppnrt 
and c'uco11ragc'lll<'J1t from Caltech Professor Can'C'r l\lC'ad. logii,{ ital :-.11pport fru111 
Call cch Archivist Shelley Ern· i11. and legal support from Cochran. 

The• kgal issues were' sPrious: [u the l9li0s. Calf ech licc•nsed to :-\ddisou \ \ c ·slPy 
rights lo publish l he priut Nlit ion. a1td in t lte l!)!){b. rights to clbt ribnlc• t lic a 11dio 
of Feynman ·s kc.:tmes and a variant of au electronic t1dit ion. lu the• 2000s. t hroup,h 
a scq11c11c o[ acquisitions uf thosl' licensc.•s. thC' print rights WC'l'C trau:-.ft•rr<·d to 
llw Pn1.rso11 pnblishiug gro11p. ,d1ile rights to the audio a11d tlw clcctronk wrsiou 
,,·en• t ransferrc•cl to the Pcr:--c•ns publii,hiug group. Cochran. wit b the aid uf Ike' 
\\.illiams. an attorney who specialize:-; in p11hlislti11g. sueC'P<'<kcl in uniting all of 
these rights with Pcrscu:-; (Basic Books). ntakiug possible thb Nru• Mille 1111 £11111 

Edit ion. 

A<•l.11ou•l,ulgn1e11ts 

011 behalf or Caltech. 1 thank t lie rna11.\· pe'oplc who have mad<' t hb N, w 
.Alillen11iu111 Eclition posi:;ihk. Specific-ally. [ thank the k<·>· pcopl<• 111e11t io1H'cl 

abo\'e: Ralph Leighton, l\licltaC'I Gottlieb. Tom Tomlm-lhi. :.\liduwl Han!. R11dolf 
Pfeiff<•r. Ilenning] lcini('. Adam Cochran. CarvN :.\kad. ::'fat<' Bode .. 'lwll<'y Erwin. 
Andre•,,· Lange. Tom oifcr. Ike \Yilliams. aud the• 00 pt1oplc v.·ho s11ln11it tee! l'rnita 
(listc'd at WT,,TW.feynmanlectures.info ). And 1 also thank ?\[idwllt• F1•ym11a11 
(daughter of Richarcl Fey11111a11) for lwr cont inuinµ, support aud ach·in• .. \Ian Hie<' 
for lwhind-tlw-scc'ncs asi-;islauce and ach-icc at Caltech. Stephan P11chq.>,!!,l'r ,llld 
Cah·i11 .Jnckson for assistauce and advice to Pft•iffe r aho11t rn11\'cr:-.io11 of FL I' to 
BTE)(., :.\Ii cha •I FigL ~Jaufrcd molik. aucl Andreas ' tang) for clistns:-io11:-. a 1 u ,m 
correct ions of errata: and the Staff of Pcrseus/Ba:-.ic Boob. and ( fur pre•, i1111::-. 
editions) the• staff of Addison \\'eslcy. 

Kip S. Thorne' 
The Fcyunu-111 Professor ol' Theorl'l irnl Ph.Ysics, Emcril us 
California l11stitute of Tcdmolog~· 
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F e y11naa11 "s Preface 

TllC'sC' arc• the lecture~ in physics that I gave last yC'ar an<l the yC'ar before' 
to tltC' freshman and sophomore clas cs at Caltech. The lectures arc, of course, 
not n rbatim they have bC'cn eclitcd, sometimes extensively aucl sometime: less 
so. Thl' !eel urC's form only part of the complete' course. The whole group of 1 "O 
st ndPnh ~at herecl in a big lectmc room twice a week to hC'ar the 'C' lectures and 
t lH'n t lwy broke up into :,mall groups of 15 to 20 8t udent8 in rcciLntiou sectiom; 
1mc!Pr the guidance of a teaching assistant. In addition, there> was a laborntory 
sl'ssiou ouce a week. 

Tl1e special problem we tried to get at with the. e lectmes ,,·a8 to maintain 
tllC' inter<' t of the ver~· enthu~iastic and rather :-.mart students coming out of 
the high school1-i and into Caltech They have heard a lot about how interc> ting 
and t•xciting phy~ic:-. is the tlleory of relativity. quantum mechanics. and other 
mocl1•rn idea . By the cud of two years of our previous course, many would be 
very cli:-.couragcd lwcausc there were really very fow grand. new, modern ideas 
pres1·11t Pel to them. ThC'y were made to study inclined planes, electrostatics. and 
~o forth. and after lwo year:,, it was quite stultifying. The problem wa whl'ther 
or llut we could make a course which would :,avC' the more advanced and excited 
studt•nt h>· maintainiug his enthusia:,m. 

The kcture1-i hNe arc not in any way meant to be a survey com8c. bul arc very 
:-.crions. I t hunght to acldrchs them lo the most intelligent in the class and to make 
:-.urC', if possible'. tltat C'vcu tlw most intelligC'nt sludC'ut ,vas unable to complctC'ly 
<'ncompa-,::- en'rything that was in tllc lectures by puttiug in sugg stions of 
appli<'nt ion:,, of the idC'as anti c·oncC'pts in ,·arious dircC'tions outside the main line 
of at tack. For thi8 rC'a~on. thongh. I tried wry hard to make all the statements 
,l'i arcnrRtC' as possible'. to point out in every cm;C' where the equatiom; and iclea8 
titt<'cl into the body of physich. and how when the>· learned more things would 
he lllodified. I al ·o felt that for such st udcnts it is important to indicate' what 
it b that the>· should if they arC' sufficiently clC'ver be able to understand by 
ded11etion from "·hat has heC'n said before'. and what is being put in as :,omethiug 
tH'"- \\' he'n ne\\· ideas came in. I would try either to deduce lhern if the)· were 
dcthtt ihlc•. or to explain that it wns a nC'w idcc1 which hacht"t ai1y basis in term, of 
t hi11~s the) had alread,v learned and which was not supposed to bC' provable hut 
was jnst acldecl in . 

.-\t tlH' start of tlwse lecture:,,, I as~ume<l that the student· k1ww something 
,YhC'n t llC'y ram<' ont of high school- such things as gcomet rical optics, simple 
dtt'111istr~· ideas, and so 011. I also didn·t sec that there was any reason to 
makt· the' lC'cturcs in a definite order, in the scuse that T would 11ot be allowed 
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