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The lectures that comprise Volume 3 are a continuation of Volume 2. Feynman started this series earlier 
than normal, July versus October, since he felt he had not completed the prior year's lectures where he 
wanted to be. So this Volume 3 picks up where he left off and runs all the way into QED and weak 
interactions. I am sure the reader will find in it, as I did, the magic and genius of Feynman at his best.-jtn 
12/20/2012.
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C$ ( T^e/J c?ufr*JTim

£c>. TXe ?flTK is L
TrftiL flCfOSS TwO MOouTfl iws by waflf of T^e sf tDout . T K e r e

Lofty jwro Q & & (/&W6- TV e Lo
TftKfeS ^00 fr<OOND TVC MOJMTftiM VftlVcf TV\frK TV»€

o^tr |T. T>u& rJfcw ftfProAck wf lS -f-irsr P(USfA»r bv

TV\flT ?V\vs i tA i Theo r i es crt-^ -be
•Dl-f-ftffflJT frKlD H=Vok tAj»Fv\S OuOK - fe f tT^ r tS . Sor -v fe -fo^ MUt rtTlONS

You set fl L O T - o»>ers Are ^trv iiMirto IN T^e i / iSib<t iTY

IT is ft- vt-ry pouJ^-f^u T O O L TO "Possess ft K-AJO&O Lfr-os-& c?4 ftLL
To ft &-ivfio Probi-frM. TV PersoM ufho WA-^ TV\ KidouJtc-o &-t- c/b*i
tA»^ft<r IS WOT &0 TV /̂ N ~

TW » bit MrtTVic f» ftn c s pro btew c o M cey v t-o t^iTK P ro ̂  i ** <& fry. i s rt«* fr
of ft- Strie-s ,or soMe oTV\er f foperTV o^ TKe

i ^/VNF T~O MflKf is "^flr T>iere is flworxer «*>flr TB
TO soL^e- Problems TV»^H T>»e T^ftOtTtoN&t eucciOtf-mM orD£n^6- o"f

A-WD ^ tVoTKCTeS. \ / f cV o-fTW TKe
prove- TV be Tv\ c-

8

The Reader should pay close attention here to what Feynman is saying; he is pointing out his fundamental 
approach to understanding the world. He is always looking for back doors, some that are initially locked, 
to "get into the house". With multiple ways into a theory each offers its own unique explanation or 
interpretation; each offers a new window into our world and understanding. This is the Feynman 
"essence". jtn note 

Read this carefully: jtn note
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To SoU^€ TKe pRObLEM we uJiUL rtPPtY T^f coOCOMb OflU&E TO

(N free

- V^A A>ID = -Vcp -i- ^A/^t: w*TK These
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f\ o- e
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7. IMTP-ODUCTWN TO QU&WTOM
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The Two CrXTreMts of A. w here. no o^e c^s €

Pt-r f*cT reso LOTION fl>->cJ IN TKe oHie*. wKeire. yo«J

HO rtsotunoM ^ <_, es TK€ vftu&e ujXev-e. yo^ e^perie^ce rn\
(VTu/e .

MftTicftL BXPitfVfrT>oH frwe>i here 15 nock be Tie R. i

t *p lA»N lM<y WVifrT veAUY 6-OfrS OiU Thftr TXe S o * c A U l £ - D \AJftve

pftcKcr Red^cTjoH bosi^ess. jhe (cjert JKAT The CLCCTRONS ^flN be

/iNV w h e r e b f c f cu^d THe bftrntr <*v c! SodJeiOLy ^poio G-OIMC>-
ft KoL£, 5<poeetei> douoî  TO fl i/ery lUfryvo^ /'efeioi^ IS fl
represtrJTftTiON oV C-->H^T o-oes o/J. The t^pL^^^n^oN o-f ftti

is M ocK More coMPt 'c f l reQ Th^ftj T h i s - T^e PO&IFIOH of ^e p^oTON
/VfJd EieCTTO^ MUST b€ 5Pecitl«d flLOMO- UJ(I> TKe v*LVG5 -for CX. ^Hi b.

WKerJ More />frrncLt5 Ar^ iWvoti/ed IT is uecejs frr1/ TO spfctf^ Alt
LOC ftru>M5 ftn<* "̂ e toui^ber o-t uAyiftbt.e« G-O«DP e^ndty. IT
TO W&-er TV.C. tieft of rt t^jftve pro?AOnrnio&~ /^ sf»/ice

IT *># A i^\ftTKe Mitntrtt refrtstrJTTtnoM of fr probfl-bairv
u>h»ck iTSfrff 14 TiM^rfiJd SPftct wfr r r iwtr . IT (5 K/h-<i -Air

MiAi<t TD "oo T>»is bor its rhe ONt^ w/j^ TO

I'd t lKfc TO boiLd ft -frrti-»e WOR.IC f^ft. bc-TTCR- O^JcleR.STfl^'cil^l o-
The ideft o-f A P^ob f lb tL 'T^ flMPtjrude AfJd- KOLJ IT i3 e^^creo
by 7Kt prestmce ^f soi-vt rtpp/>r/^ru^ TKrtT Pe^HifTS LOcflT7ow of

. if T>\ e i c CTVO N is £jecre«* frdi-» l>e source

e^eRG-r £ crn/e*M by PVz-n ; T)iew over T^
TO 7>t JrTecTDR. THt. fti^pLi Tu d t 'S pro p£>rT?O/vJ ftL T"o

t P (.(.eMo-ix) ^ | Kfl^feM'r Proves TU You ^hy TK(i veLrtno wi t»ip >5

| l^rtue^'r ftorKeae d uoiTK Some iwesseMTift

now - so ftcce-p" irv\flT~ i c A/O rAtfice rhis

Qoe-snocJ of cK^rJ6-i^&- ^e frMPti lu.de- fceujces To
QUJ r-n Qbs evu AT»ow c^flNoes T>»e HOHeiJTUJn oi TXc

fls v^etc As iTi

T>\nT L-IC^WT of A on/erj uo/^i/e-t-ewtTK A
hfls A MoMf*)TV»-i ^SSocift-reo i^irv IT o-iveiJ b1/ P =

'VSK -for ft G-i^/fT^ A sVi*rr eMO^&-K TO "see" T^e

ITS MOM4-WTUM fc^OtJCrK TO SK l f "T tTS

M. A MAXIMUM TD TKe A-eivJO)M IM t- r\ft^iMJr-\/ TKe /MFer-f<

. IM oT>>eR. ^XkfrA ooor^s ujiLL ^ e 5 Mtfty TKe P tc ruRf . To

TVN.J ouT, LfrT'S
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"î
-

.
_
J

n (* -»
-»

ra rt z T T fl^ r- r*

n O J r* •f -; V
\

^ij t O « -^ -s O C7
~

r- J 5 ^T C
-

t/
i o- ,̂ ^ *

1> -1 o -^ L« ® r ^
* 3 o Z tf x ? c Q
.

£ C
1. o E ? *<~ o\
^

O f Q
. 5 (T
)

3 o J rr z. -i c 7 ^ c?J C £ y 1 i— t« H (X
1

V o £ ? s '"
f

,
y *S _ H (/> i £ c- <r

% «/* ft> -j (̂/> U — i jj « w 3 -1 m E 3
-

rt
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) <; n> •̂ -c
.

-1 T> (̂
i C c— -1 t T ~d n T O
-

(-> -1 T
1 a. î
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-ĵ
H

 
X ->*

r 
^ ^.\
?¥ •\ *

?
 

5*
1^

t/i
 

*•
£• 

^
•̂
 

"̂
= x

C
"

U

1
 

x
-f 

r-.
m

rt
J
 ^

^
*T

 
X

^
 

-
^

o
i

?
 

c
-.

\7
t

t
- «*
" 
^

^ 
£
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»

d 
TO

 
d

e
-c

j-
e

io
e

rf
lr

e
c

d
 

M
tU

T
T

O
fJ
 

I
t

•z 4r •̂ P D a- tu (f AI o £ w j i. H o n» -o <

A CL A a.
•̂ ẑ
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As ft secoNo EXAMPLE
G- mfc •foLLov/v' iw

(TT~ P )

-0.3 • [vi * C - y 3 ) • < * , - C-
• a^ • 59, c.. e<?. u - a.. • c ^9 . -f ;

be (u The I s / i - ' / t> " ^ M r o s c ^ T r e r ft&I=:i/i • /H To

TO be no The | V X , - ' / L > vmr£- • flHp TO scfrTTCr #5 X-

/h^P. -ro ^cfrrrtr ^VoM j'/^ - ( / t> )»JTP C Tl" PJ,

T\ne w o r t d cvi- T^eor&noftu FVs'^icji IT IS C Q H H O r i TO

' 0 . 3 TT1" P -"

T

The oT^er Threfr sc/Hr&ii»«j6- fti-ipi erodes

WflrY To

71* M -*> T Z ^ M »

T T ^ N -> 71° P =

you <rer~ The HftMo of b«- a c f t i c
15 eflSf 5 'wce ^e hftve

ouT. "H^F TheoRV Off The Sa^ O-rtfup /& o^e (yf T>e
6 - U I D l M < r - P R l W C l P f t l S of STRQNCr lMTeR-ftCT)0 MS,. |r IS V

IT".

J 58



S U 3 G-ROUP

of IA/O«.KHJ&- WJITV The soz. oroup i**

cftst of STTOJOO-LY jNTer/KTiWG- PfrRTJCte-S wrt.5

CCOSe /Nfl-LOc-r Thffr Wt fO(j(Jd (AJ)TH ONfr-Ultfy P»OM6i\J7VM.

effect OUT t^oR*. t^rtS tx)io6- ouce
There Are OTVie*. -p/VKTlCLfe tA^HIcK iKJTtfWT

iA)K\cV\e frre (JQT So ^orrUMftT6 IM

jiiv> TV»e 5^^- /Jioftcocry. IM ITS riftce

foRM Vt tCrVxe r order H t t t T i P t f e T S t 'Ke OCTfcTS FhrJd

TVie S03 G-roj? is redoc»bt fc ~DOVOM TO 3

The G-roop re-pr&s>fc-u<rfmOM CoM66f>T IS frPPi-iet) TO

These oT^er Pfrr-nci.es. TV\iN6-s -TBiOT> TO is. G-er vt^V cou-fos»wo-

a -ff^sr btcfrus& There IS A LoTfe o4 PldatlNfr ftrOUMd TO

oor fttt T>e coe-f-f ic^eWTS. i>j esseto^e vJK/n we
LlKfr TO "DO iS TO 6-XTeiOd our iD€rfl 0^ TKe P/0/0 - iouc t

iWTfc^/vcTioios ro N^W Pftr-nctt R^/vcTioios HKB TVe

TV\ tftwtdfl pfrRTictes , Sia-Mf i mod oMtcrfl p-frRTictes ̂ TC . A

of TVe 4^nay of wo
OIO T>>e W6XT P f t - C r & . T K i

TKe Juioe i<^8 issue O"^" PbR-TOUSr Mft Crft ^ iMfe.

e of TV»e OCT&T frMd "toe-cjFier crro^piioos ftS EN'-uosei?

TVe ^,ti^CK L iwe hft^e t fc-D TO A forMotfrnoiO of The

errv tftvo^ Cro\/erN>U6- h^Mbership IN> eft-c^ s-roup. The

\  fefttCT IS / tNALOOOOS To The HtrO dec<? Y ev

of T>e /ATOMIC ete^eAJTS. Tloo^ is is possibtero COIOSTTUC
These MutriPLfc-rs frjO(i ^ There frfte /hviY Mis»5iwo-
I"E ^OSijbLt PRtDKT »TS €-)C»STeiOce IM

f^UVbLliK ITS iSOTOplC S p ) M , cK ATXrfc,

o^e sock pftrncte P^<hcT&t> THIS i^frY ^fts TKC jQ.
"TV\ WeftvieiT K&Mtoer ST TVe (iectnpT CrWOp. ON^

TKe, iMor-TyjTJT PfrffrvifcT6K$ £rx<^6-pT -ftlP- TVc

If ir ror/os OUT TO be d/f-fereioT 4roK\e
e>p^<-re-D ; H/VM UO*IL 6-^T TV^e fi^Kte -fiU6-£^ of-
Aw flr d -iV-o I-A 6-0 <i .
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WhAT" W£- V^ope TO bg- ftbie TO X>0 oJlTV TVie bO% 6TOUP

JM uMde^s^mr^d IMO- The &-oifctiOGr p/?.iNClPLti b^-hiud The

Pferfecr S^ vni^en-Y of These PfrrTKLfrS IS TO KePR&^t^r IK)

4-ewe-s.T- wuMber o^" <-OW6Tf|-rOT$ POSSibtt ftLL The

of INT&RftCTIOWS. So 4nfrR , how€t/frR.; TVe SU3 trroup is

TV>e perffctr Mftchiw^-ry The SUT. Grt-oup iS. TVne

IN Mf t5>5 ofr TVe i urerftcTiNO- PftT"ncL£-S "DiSTUR-bS Th«

S*iHHerrY ref>res>efOTeo by TK& su"b CTV^O^P. A

$U ̂  Qrroop AUouJ5 OS TO HfrKt FreOlcr/OwS u)hi cK M

be IM frriror bf ftS Huch A5 ^0Qyo. »3V ftssomuo- ThfrT

is \ t f d e e d PerftrcT we CAM G-CT fl se^i -(?oftLirATtv/e

ATioio ^°r fr Pft^-Tic^L^a Re-/V-c-noM , » • £ . , if

owuf b-e-r jiu T>e bfti-t pfrR.K. y or i-f iri ^ t»6r

uj tLU RiOOuJ ThftT. iWfe- ^H"̂ - )M &orT of ft

U InOiA/ o-o-od "T>« TKeorY U.

TVie i r f e ^ o - TVe. SO ^ GrrouP iS TO s~rfrRT

fr s^srei-\H 3 Possible
C IO uoHicft MI&-HT- covre

e ofrN (aevforM ft TY^s^orn DW TV»e^e

The coi-ipi-erc coNJyo-wr"^ o-f TVe MrtTr'> e-iefiefjr, i. *,
TVe .STftTtS

ITS L ^ K f c COi05tdentOO- TVie /ViOTlPdR-TlctW. TVere frre M » w e

of T^e pfrrTicte - fi*oT)pfrrnc Lt-
. There is ft siwo-ter repf es&»oTftno

rr roTftTIOM;tr > s TK e s

i A > i ft > -t- » O > I <3 > T »U v
The oTVier ei&.KT~ POSS i biL iT ies C

ISO-TOPIC SHH — r 7-

I B f\) A [

o ij(AA-ti&a-2cc)

Z /V "eg
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31. rioRE ON THE

TVie SH3 Crro<Jp c/^o be

USed To desccibfc 7>ie flpprtreror SYMMerries ffi^d Pitire/i\;$

beTw^efc^i The vftrio^i ei.a*ie*jT?h-Y Pfrft7lct£$, )« sradn^o-

of TV«e 5<J"i G-vOJp iT IS coi\ eiO I erJT TO Lflbet 7V>e 5Tf)T65 (M 0- Mfru)

o- IM re^Ms of ('c?ofl*x$." A 9^firJC

ixp TO Mfl-Kfr T>ns STuff a îei?. r̂ TKe

To UMdersrfhOd. QuftvKS do MOT exiST; or 1

Tt»ert ftrt SOMfe PKVSiciSTs oJi»o U»tve coiJ V tMced TVe Crt)

IT »S IM TKe ^rt/tS'T of TV\ ^o^co^l^e^oT ^ Science- TVftT

be (j-K/nore-d "rv,o\>5frMc*s o-f -DDLL^TS ft> 6-0 hotJT -for QoerKi »tu TV,e

.- tr covjtdAj'r be i/^ flh/ice hrtud^ T>tfl-ce uv^

Pits. »̂- M ŷ TVicY Ufl^e -m 60 fre-T A TD^ of crftp

of The deeyesT pfl-ci-fto TYervjcK / )^^ut |T B^Ckl 7t)

eterClprDLV'ifc- The KettOor 0-P- »T -for /O

MftreLr PTOCI^JM There

. This IS uOhrtT I "Pfty TT^iej -h>»?.f STD Huolr* 4or TVe

TV\ <?ufKKS ftre described T* Wflve /^ t̂ jJXDfuic SPIM

of l/i fr>id /tr*6 titpftbce of KAVCWCT TKret

ck/brflcT£YS CAa Ther-x A, 15, frNei C.

t^ofrrKS cm4 be Bo<j*od ToG-erKer

fc* by ftM^ K.MOWM DyMftMtcfti tfrwS

uoouLd be -bot/iod 5inceihe resr Mftss is

6-fti-ie.

c?L»ftr»cs e?c»snMCr IN TVte fouLOunHG-

TVie c^fvr^e M^^beRj Y - 7>>e

TV^e STrftToc^ewfcss + TVe
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As flWOTher* skorT k (tNd MOTflTIOiU I frr Me lA/fclTfc A £.

for fl STflrfc IW i/VlajcV, T^e TOTflt SYMMeTrV IS

rviirr IT is ftwri - ^v MM e-rric i^ <?ufluT"Y foJd spiw* It*

by TV jJOTflDON The -fouto vv; »H(r

* A - t C R t B - ) -
IM TV\»S N£TW se-r TVvt TWO s^MMemcaL s-mres ftftft ftro<i
Ccc frre MOT

B LA^l I *'/•».
Meutroiu

A LCAJ AiLca^acc^
21' 21° *i+

] =

CLC^J r =-0

is cftued TKe wocte-oM oc-r&-T ^Tsid we u)rcrrfc- IT dou>»J CAST
. T^€r f^ Are 8 STftTSS VA/lTVx TV/ 0 ffiSSlbUr 5P*^S 5O w6

A 7»TftL o-f Ife Posstbte sTKVre^ fttTt>6-e^er. For TWc

A^d TV\ 10 STftTfc SYST6M TV»e<6r wfcre 4

/i. 50 "T>\ftT TVere Were

-rorftu STftres The>i 15 i b - r ^ o ^
t7(pe-CT For A Thiw^ w

TVuS IS TKe &-/tM&- PHYSICISTS ? tft V TO describe T>ic

They See tW T>\ -pfrrnci.6-S. TV\ TVeorV is MOT Pfc-rfe-(_r food oiofr o-f

irs weft-K. POINTS is i»J ATmboT\wo- TVe ten qoftrK MASS TO TV\ G

<?<jfluTY PfrrncLfr. TV»S, \ WOT iv^fr bec/W5>t IT ^oe-i NOT
-for dtcyeN£f*¥rfc 5»Tftres. ive qufrr^ J^^A doesrJ'T worK

•W l^ttrVvcr /bJo-ui/h- r\OMetd7vn. AJdw&- note

TV»e Vi-fr»

e

TV\

UT rts ^er vve cmu'T ^pt/hu ^^r TWO <?i/Ar*$ v^oui<* HICK

Vou MOW ALL iv^ere (5 TO t^wow A6o^r <? J(KK5 -
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."»
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we WILL M O W ArreMpT TO frppuy TVe MftG-it of

TO &OU\/IMb- TV>c t-HtfMOMlC O&ciLlrtrotf.. VJ fc-

TO couce/ivi our$eu\/ers t>J iTW SOLVHJ<>

nor^S bur lA/t- i*jilL h/Nfr TO u$fc The

o-f oPerfliDrs TD IWQTK. oor wjft4/ TV\rou

70 iHPu^ T>ns TechMtc?^^ IS /hOY bfclTer TVftT TVxe oTVer

0 X Jo&T S^touoedj (T fS

Wfe- STflTT bY iMriTlUCr- TVie ttftwi LTOiO tfriJ -for TVie

r\M6 ^TVioofa-K, -for vfcrtSows OT Ki &• h Cl^S5 co

-froM 7t TO The \/ftfiflbUfe <^ To -Decors" -^QSITJOM ^

H = £*• t 4 ww/*1"^.w
UJILL weed T>.e COMMU rATiou reuftnoio bt-Twt-erJ (p /hod 9 boy

IT bfc-fcre

'̂ % + L

cff The PI a 4 iw The r i c rV iT s i d & - (TVe oPer/tTOR. IS

So uo& coiLL dGTiiofc- "Ty\ tterniTt^bo fVdOOiWT To fofc

- *• V—^ (f
Zwifo u

CL ftroci GL* uoe c%i Sou^ e j-or 0 fliJ d p iu rerns of

i(a, -CL)

l M orcier TO fi^urt OUT uahf tT fl t(_ TVeb £ S ^ M b o t S ^oe/hJ we-

TO coio-maue A L t T T t e TurTVier /h^ci C A u c U L f l r e TVie pro doer

- jj. _ _ L
"h W Q ^

Y w& c/hM. -fiiod TVte S'rod tft-T" CXC) - _H -f- J-

syM^erry w»Tv\ouT" t^orKi^o- IT OUT So ' ~' *^°
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WAV TO excess a i n > ts TO retire IT TO The
srrvre lv \ t i> -strict- IT "Produces The. ru-i tc&-eto/flu>&.

The Et?tMUT7 * ~

* -for CUn? iT IS pro^orTlOiOfiU TO The l»-i7S7ftTe:

So TViftT (X I ft > ~ d * I n-1 >

Wouo TVie dv\d CM coefficiWTS fl-re »JOT UW corretflrcd

To deTeR-Miweo rhe vf lL^feS o-f TVi e C 's
bc-

*
Ch-/ 0- J >i

*
So ThftT *

M L "Vi "̂  •*•i " \ '— v* r\ ^ n i

P p ^ yi

c*., -
c/ha Thew oovire

0* I Tn > = -fTTTi I X) 11

CX I H > -- -Tn I -n-

The s^oftre «TOT Tern
TVie HicrhtST irrrre of TVie o»J6- I 'M <SOIKI&-TO or ton it*

IT hctp« TO K e e p Th

Now toe taf lve TO 5rrfti&hTe^i OUT SOKJ&-TVI iruo-. L O O K S

h/hpptNS ^ 71 9 - I , Cn-i - * uihicU is (upoiSi b t e

SO 11 CftiOftJOT bt CfcSS TViftW O. WetL^ iAJh f l -T li IT i^ ft O-

U»OIU'T we Keep Lowe-HMO- 7f bv "i uwT/c i^t- o-o

0 ; -h>r Thftr Mfl-irer ivCr ofrft/ fliwjftYi Keep COUTMT\

The e-(6-6^^Al,J^S G<3 JM fl-<r-/*o AfV. So

-. There MUST £>e ^ "Lo^tiT"
you ou ty Prod uce o.
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35. 3*f. A LlTTie T r tERMODVWflMICS ReV- VoLT"
40,

I s f t i o eitruer 1 < d &- it/ 6- ^ -fewj e-Xft^pt-tS of TKe useful-

Ness of The k f t f M O u i c osutlflTOR. IN Soi^tMfc- fl jJJMbtr of

O M f c ( NT£/t^3'"^ 0- Appiic/rnori IS [^ TKe ftrefl o£

i. wkfl-r Vfc <*>fotT TO do is recflTe ojy <?u/horo»-\f /I (?(//hor/^rtd HflfttOiOic osciuflroR TO The

of /* crnrrrt^/ji ' . OK^ ^flaooy W I L L Tbt TO ret^Tt eftt^

ol "Die trVS-nfli. TO fir corves ̂ o^i/J 6- ^o<*6- of TVie

/rroft. TVyeiJ its IXe &t*tr<rt couTtror of TV%e trm

-i. f A5 IT TEKlpfcRrtrvCe- cK^r06-6S^ "^* ch/lwo-fr MOST be ItJ UWiTS df "ti

The cRVsr f l t T0 ^ *^Ad& u p o^f ft (-oT of

deioored bf OM eiJera-V; £ . ( £ i £ 5 ,.. £i . We w iU Tih-i<.

STflte i de f twmo A CtRT/Hw erJtrcr/ CO^Te*oT £ * . T > u S

us A V O I D ft ny deereNe/flc}' -probiEMS by spec[4v i iac r
O d S f t V t r o & - T>i*Vr ThfiT FfKAt^tTer defiiOeS TV\ ST^Tfc- of TVie

ir i& mporT-frior TO TO IWT oo

of TVe sy^retM doesu'r MfcAio moyThiw 6- - tr is MOT ft precise-

04- TVie Stmt Of T>\ &rSTe-M. If we di i - rvrb TVe 5ysT«-i by

bft-Th -for ft L O M O - Period o^ n n e / our ^ N O o J u e d W r of ~0\

MOT cKfliJ&frd. ir'i so<"T o^~ L » K & fmviwcr A k-.s

Sidf or wi*«ber hftviwo- ft cefl.TfhM PrObftbaiTt 0^

op, ir D O f c s i o ' r MftHfeK TO o^'r^OMe o^ ^^tu lAJht fTher The

is TK»"OyJ^ by krt-r»d or spasl ftroaivJd )U A uJKee t

is

ft5 VAJfc ^10-fcT ASK. w/KAT ib The ?rObftbUlT* of TV\tf d i e

ft pflrTituufl-R. ^r^re C ' - ^ j Cxposi i -Jo- ftN R Priori 6-t?e5St-d

we CAT) ftsit w K f t T 15 -me probftbiuTY o-*" TV e t r y i r f t L

I M A Pf trTvcx /L frK. S"TftT& l. The v o U o L t o ^ Ther rtoByMftMtcS, • (S

IN This rflTfcer- S iMpte 4 ^ i - M U t frnO»l of TV>e P < " O b e b a * T Y Joi

IT 15 6-lx/tAJ b« _ EV

/k IS cftLLfrd The boLT~£Mft>J CONSTtVWT*.

TVve liot-Tt MflKiH L f t w . TKe rrororTjOrtflilT* cOiuSTftn^r c f l L L jT
/

/ C l , i S c * e T e r M t N f r d -Snron The
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ON

would L \ K e T3 discJ^s -i-uirTher i*/hftT I Mertrt bv

Ten perA-ivre. 0u The Qvftr-nvn level. if

TO Tf\i K frbo JT ON& fli^M bei^o- flT A

" TViftro /W OTHeft bfrc/jvs* * ThfcrJ / h^ve
T/te Ten pe^ /Truce of B*tuo*)5 (f P/Vrrjct^S. IT is

The Te^p6rftn;re dee^d^ Ow The- -Si^t o-/-

THE co>oce?r of ft -D^4i^j7~e TenPerftTarf -br fr -SYSTEM is

Jt(sr fl A/ertr 5TflTe^&xjr of j'oar x/oo^itdG-fe o-f The THIWO-. IT

1M MO NX/AY describes l^KflT TH £ 7h|fJ<r li, Vou M f t V

A jsiett- ol cheese iw /^- box OR A cou tenon/ o-f /}77?ni i/J ft

6-ASj TKe Te^ptr/trvre of TKeSVsren i$ s j^p t
of iN-fofhiVno^ frboaT T^esySre^i. 0^lr 6-eiuerftL KWo (AiufeeL 6-§- of

The svsreî  ^KicK H ftv be ^T 5 OM£- T-ev^Perrt^ure T t s

bv rh6- profe^bu^ri' R^tA-no^sK/p of* bt/wo-
eiMer(yy tevet or a?oo7h6r , s/vy £, d^d to. TK6

ID Mjoderstftrw WKfrT 1V\is ney/os is -n> BM/OO- T>,& SYSTEM

lAMTh ft >/erv L flTb-e l-« WT t»/tT>\h is AT

T. You rviero ASK. k -ovvAT is The ? robAbu ITY T^A

A LON(r Period ai 7"IM6, j.

mnorv) TO &-ei- iw £-901 L i b

Thfr^ysreM I^IUL be -fooiod ii^ The

AtreflrdV KMOtAJ ThA/T TKe- P f O b A - b i H T V 15 G-»veixi bv

pro ?orTlOn> A11TV GOMSrfriOT i$

_L = L.

6 The. n eft^o eioerOry G? -

TVie -fvfc^ eioerb-y o-f The S

The (MpOi^TYywr POiNiT i wftrJT TO t^ftKe v S ThftT |T IS

TO TOLK frbowT AN rtroM A-T Ter-ipfc**/m/R£ T »-f IT

T



*
 Z 5 

»
d 

"
? 

? ô
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. METHODS AW PRobuens of

Thirr we Hftwe /hu

•of ft we

IN
wove IMTO The probte^i I

f-veTVods of

IMO of The

NOUJ rfrft-oy TO Move- ON TO nore

s, <?.t."D. Bu

TO M/VK.G-

/bre &-Q IMO- TO be- dv s c<j£>& • N<J- T^e, Propernes of

1M /V

. NOu>

ftt^^

oh b^K

aji Tv»e box frfte î or crtrjc/tu SiNce-

ALt*( t- eT TVie d I M^rO^ (OMS 6-0 TO

o-f Tine /ftdifrTIOM "^ The b^X) 15

A SOHNrt-noM 0"f °S>C 1 LLfVTOi2.y

As hrti-MOrJic o5ciLL f lTD^_s

TVie eYoercrV »w £-ftcU Mode- (S Jusr "tS 6ON. l^Keio Thev-e is

L>|0 ir of e-iO&rG-^^ IICAJM ( IN T>>c box- ^& SfN TViftT TVviire is out

IS ZTW^ THCM Th«rc ftffr

"-o

of To

oi

re-sr

Mf\Or\ t f iLtV

r&fn.

. Since TKere flre /ho iiJ-bioiTe ioi/Mbev a-f

UOOKS LiK.6 TVteve is ft M iw^uiTe- /H-»oo»JT"

eve^i if The, sysre^ is iw ITS Grrou*>eJ

be i/oroN(y' "^e resT e^ev*&-y c/HONOT" be (

Oit>R. AiOALVS»S uot iA)itL -*l> TVie

b^ S^fcrr ft-c-n^ o- (T

TVe tero pOiMT

we oMin"iMo- romou T-

t WCQN S

" Af , ^0 ffrv we JotO*

. TVius IAJ& dowr

CT\ o- A w a y wot\ttx; wt Tn^fc- oor « /i.~t\to »M
LC/eL . Siuct There ISM'T" ft- Cr-o-od lpu?nOTO>A TVeo^V

v^fc J J&T sub-rrftcT frwftv The "prJ^te^ by MOV

About" tT. / doio'T" KieAru TD 6 iMPuf THAT ThtS 15



*
 

=r
 

2
i

? 
£ a> L

r* F 
*

C
 

O

- o

I ^ o z c

r O

3
:?

 
<r

o -i
3 '" v O C

'

(* 
w,

<v r
 

3>
-T
 
*

Z *
 d i 

?
r,

5 
X

I

r 
Z

^ ^
 

«
•

- 
z>

2
 

-c
Z

 
_

^ 
r

c-
 

,-,

••
J

;h
 

*"

2- 
? R

.

O S, 
3

m o r r . p <~ o o ;* r ,

r n r 0 I '-. L H O

I
 t

(* 
y

•> 
^

» 
-i

I 
I

T
 

ff

f X
P O z

o
 
^

O
 

c/
i

r n -\

i t/

c T

is

£ 1

r 7 ( 0 r r1 2 Z
. 

of
t

O
~
 

y

fO

C
 

P
£ -I

 
(f

s

r I "",
 

^

y 
^

i C 2

r - ^ C r r i.

^f
 

R
 

C

o -i £L o

fl
.

o

^ 
if

is

2
 
5

i

2 
—

o
 

r
?. 

1-

(T
) 

— T1
c^
 

^

r
0- O rr a-

f '- s 
. 2 i r

0
 

-3
O^

 
T

o 
2

-*
- 

c ? J : 
*

Z
 

f»

t1
 »

o
 

—

2

-0 C
/l >* T) o f> C
fl

t t^ 0 en

-. r 3 "

^ 
r

- 
?

u-
 

O

o
 

z
-h

 
o o

•F
 
<

6
 

3>

(̂
 

C

0
/1
 

^
 

-^
=>

 
**

 
5
"

o 
"

 2
^ 

^
-

 
"°
 
i

"
 

3
 

?
- 

c
r cr
 

£

-
 

5
r) a 

? 3

(t
 

T1 r nv
C -C

 
r,

21
 

>
Z
 

3
 
^

r
*
 

O
 

G
*

r t-

r 3- r ~-

-
'

~ E 0

£
 

C
>
 
°

^
 
*

 °
1
 

*T
~>

 
-^

H
 

°-
?
 

J
 
"

-\ o t

{^ v<< I
«o

 
M (S>

3 
d

r -• c V. r •

C
f o

. C-
.

it-
. = r C f. */

s 3 o 
T

c 
«* O

"
—

 
c

q-
 

H

r ft

- "S s

j-
 R =i 
3

N

d 
^

C r • .-

r -c U o 
-

Q S 0 O

r

P

*
 ?

c
 

-i

r 
^

(P
 

—
C

i C

r



~ <T T
1 r

1
 3

J
s
, 

0 . _ 3> <f n --
:

V
.C

,

I r • •>

-o o -£
- 3 n t T *C c. £ Z
. r -c ^ m 3 2" rf t ^£ _ ro

3 cr> 2 51 IP «=; a f c T ^ *
rt 3 Q_ £ i/" 3 3
i

*
4
*

(^ E fT <- <
-

S
>

t/
^

li
- ft •o i Q
.
I <t

o •f -s If 't
1 n 3> f 3 o 2
. ^ E jr n r ts> -o 3̂ J O 3 o z 3> r 3 5* 11 r c 3 cr ? o -f

•f
l 

—
 

F"
? 

z
 1

£
 

*>
 

•<

^
 

-
 
^

2 
r
 *

3-
 

3
*

* 
* 

3
-<

, 
t 

o
^>

~ 
5

>
 »

 r
V

 
}

S 
3

c
 

3
£ 

/o 
o

rf
-s

 
/T

\ 
*r

-<
 

«"
 

-+•>
£ 

^
^

 
H
 2

n.
 

- 
1

3"
 

r* «
•-
*"

t 
*

-s
 

G
*

? 
i"

X 
a-

 
o

? 
3,

3
5 
f

 5
(̂
 

^
 

V
\

=
r 
r
 
0

a»
 

^

*"
 
°

 
S

~
4
->

 
Z

J
'
 

T
3
>

 
3

Z
 

?
^

fi
t 
3

*-
 

i 
o

^
 

$£
 

1
' 

«n
 

ff
 

.
X
 

r
l 

^
o

 
O

3 c^ z -1 s; > r- H ? C ? -S r n> m r T r 3 3 3» 5 c. T J r n̂- r 0- z. t^ c o r T
\>

O tf* r r* «"
•

*7
s

-4
> H o 7> tA

£ T ? <r T
.

Q E 9 6 i. <? 3 t1 z. a- o c -i 3
-

o 51 n>

r -^ Q
- •s O <T s <r̂ £
^

/~
s

•r
,

^ cr o 2 r r o -*
-•

E fl1 i Mr 7^ r -c
. r o c -^ r- 0̂
- y 3
> T 3 O E r

o > < -\
^

E y r 3" C ^ a> n E 3
) <^ 3) -o C •s T ^ 3 r C C
. 3. n» <. ? -c tf- -4
-̂

T
^

•
^

C C
" (t̂

1 3
-

3> -1 £ ^ J"
 

»*
-

3> <; ^ Q
-

0
 

<
-,

Z 
eJ

^
 

it U
u

—
 t

3
"

IT

.̂ S 5 3>

H
 

r

^
 

E

o
 

O
1

<
 

£

-
 

1,
c/> ^ 

3

^ 
^

-
 
Z

t/s
 

r> rt
^

M

1 ^
7

:
11 S 4 z a

*
3 
i

0
 

"
-K

 
_

2
 

^
 
^
 
^

. 
tf
l 

T
 
°

e
l-
 

<
 
4
-^

n^
 

-r
i- 

^
 
-:

 z
>

c/ w ? 7- o <r V H O Z u. it- r -1 Z —
i

o d j (T
.

—
 •
 

r- 3»

r 
-»

*-
• 

(T
>

*l
1

-r
^
~

 
i—

7^
 

o
C

!̂
 

? IT ^ P O 3 <r̂ *

? 
^

-J
 

5>
o
 

f*
z. 

c.
*
*

C

o 
3

-H 5
"!

rt 
Q

-

$p c 
»

C
 

*
"

?
 ̂

cr -c o_ f^ H
-.

E

cn -o c :» i- H O 3 /T
s

lP tt
<

^
r>

H
 

o
3*

" 
"^

o&
 
I

^ 
-I

3.
 

1
r

fp
n 

z fl\
- 

<r

^
 
"

I
 * n̂^ <; =*> o c c. S — (V

Z
, m X ~\ O E c/> T -^ H ? T ^ «t o •d G Z -H CP Z n> 75 C -c CT -t a Z f o c c -\
 ?? 

-
? - 

N
2

 
o

J
 

c
s 

-1
z 

'
" 
r o

0
5

 
r-

-^
 

-i 
1

-
j 

0
 

^

t 
-^ 

s
? 

? 
s

s 
"

c 
—

Is
9

c^
 

"*

i
 ?

 '
H
 

v
-

n»
 

-\ n> 7s
€

T
 

r
\
 
*

 
N

"1
 

r 
v*i

:
 ̂ 

f
?

 ^ i i t 
2

>-
 

\

<r 
K

^ 
?

O
 

'

d 
*

O

t
 

? T

2
 

3>
H

 
?

n- 9
 

£
5 

*
3 

£
0
 

^
z

 
ni

-1
o 

r
•• 

5 
c

-v
 

^
 

?
r

 
o-

>
 

<r
- 

F
 

^ 0
\. 

•*"
1 

T
1

"
 

^
 

?
jQ

 
R

r 
^

\ 
(T

•N
J 

2
1

^>
 

5 
5;

o7
^ 

«
. 

o
 (̂

 
<

< 
fi

^
 

E
7*

 
f n

t 
?

£ 
3 t c^ H

^
0 -\ •1 c

tf £
.

3 *T A rr- 4^
> r̂ o 1 $ o «— •* o -h f^ 1 O O
u

fT t/ — Z

I ? Pi U
" o V * 5> ns r> 3> & i<" m 5* 0 •̂ A

£^ c I 2 3 -j o Z. (V
ll

p" ^ £ o E 5
" 0 T lJ
\ 3> O
- a~ z C

1 i Q tJ 3> r- r- sJ P> W *o "T
3 o Z -\

y > 1 f t C
-

» <̂r a. o £ 9 M 3- cr T
) -^ O 0
" r- (P 3 c^ 4̂P C Z a- fp 7) c^ -I ? Q
.

£̂P ,4 #

E C
f a <T
)

5 f— t ? 5> o 5 a. 6
^

I) r ^c J 5 Z 7< r o E r- â
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ON THt SIMpL|C|T\ vei2.K £ie^f^ AWd V«1Y subrte. She Se&K-S TO

M IrtlHl te Tine. CoHpll <-ftT(OM$ ft^d O S fr rfc^i-T Pk VSI cft l

CftH TtVKfr — 4h e ^erV oiTe-M be- reduced 7t) SiMpLt

YC^JO- 7v\ese s niPte ec?oftriOMS TD

phrSic / |L RESULT uo^ic^ is Dbsen/ftbtt /^TOd /Vi*
ftccur/VTe RePrejerxJT^nora of TKe ReflL WOR.IC* flLMOST

of fn* ftrnsft-H. MftH i^ ftUoftYS Co^irOMTed

iioo- v-es-nrtcnoiOS uJ^e^ ke ATVfcMpTS TO

t tfwc Tke obvious cl ifhcuLTie-5 PR-trse^JTe-d by
of h ^ S OoorJ BrfhM i$ ^rtnoST JN TV»e

Ke See fl udor^e- t^es^. T> iRT CreT5 (»J V

Uft^ T0 ?u/AP AlP- 0 OT of Uis resr Chft»ke*5(

-t\o-v»Ts fr>j ' every evodtjoo- b^rrte U

A weui

TV>e 1 1 n

TRV TO ^ iSuf lL iT:£ SOKI e- ow e

ft "TUoiOdersrorn i^ ke we-verr s^vJ. Jus

(roes - oio • The su^ ' s INCI ae-(jT he.f\~r caries CO^-K-£T°TS |N
.

fVTTM05pKere wh ioK cftuses evfl-por/rnoN o -̂ w

pressure (ViOd TEMPe-r/rrure ufcftd TO

GLOOMS ft^d Ty\e)j trxectvo STfrric ^^Ar

touo^ poiMT 5 0 dd W U l"ei.€^SlM6- TR. en e^d o o S

0-f OieiUrV frcconpuedl by TKe do^w fouJUMo- or Kfl-
V^IT^

OR , PerKfr^s t T^e bertor^ o^ A 5MOvo ffl Lt folH-eU TV>e

of

A 5MOo ffl Lt

, Wo

l-f

Pure- sciewce
be*niW* of->i

fe TO

be n^rivfrT^ by TV\IS

ALL a-r-ovi\i^l sot-ie
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T V \  n A O o r i T Y o

bt soux/ed fcxA-tri/f - £\/fcM UNfcftr probtfews-

To frPPtY PHf sitftt /hOd NmThfr^vftn oftL ft"PP fffXiMflTlOUS »N

correcT ft*4$>*3e*. TV\ A-biurf TO

ftT TVie /tTf ro ?n fi-re TIM& \  6ot^iMo- A

15 A 6reAT e-irr ftiJU o?ot tJUich tvet -vowfr s^ootd -tw î«* TO

. "!>>& Cr-fcTJtvflL MeTViOi Of rtJTrt-<-KtMO- ft

is TO /)-pPtY "ptTTOrbftDOM

frre Two TVPes oV Perrvr b/tnoMS Theories

is The Tint-- iMde-ptAXtewT /t>Jd TIM& -

71M6-- iiJde^>etOde<oT ProbueMi

/hod &t eretsivAi oes c^

ft Tmfc - i w«itpeiod eivjT Hî i I L Tt) to i ftM H <*>e

OUfc uJV»»cli 15 WOT

wtTV\M AdJflcerJT SYSTEM. 5oc^ ftu isotftTtd if&ret^v c/bu

A TvAN&fnow berwefciv) s-nmoufl-rv

snvrred OUT iw ft sr-frre tohitk w/rs »JOT AM eifr^si^-nvTe- of H

MOST .Sf&TSMS /V<e WOT iSOLAT^d -h-OM TV fr tXTfcRWAl \A/Oft-d SO

7r/tN5inorJ4 bfriwerfcvo c i t f

iuvteM soboecr TO exrerwfti.tr

pro b Lews As pflvntie COLL is (OM /Wd <i6tfy ft/e repre&e-^Ted by

rcfcS. SotviNtr T^e&t* PiTObUt^i IS 0$ More

T IMfc-^fi-pe-M^HoT

TV\r

W>TV TV\

SYsrens

TO boT^ T^-Pe& oi "PeRTU V b irTJ 0 M

Thfe i c i e f t OT sepf l - r r t -bU^ hfrMi LTOioirtrJS. vUe^ we- ooriTe rh&

H m

is coMpoied Of- Two pfKT$. TKe u/flve- fupjcTio^ Tf i s
.£ e^t «

*• * ' * ' ' *- v j v y ^ « f i iwv ^__ ^ L_ ^
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The- PouT o-f wriTiMo- ooT H for The heuuKi ATOM is TO Skouj ujV»e*J

I bJriTfc $ ( X 0 , X i J ( frM Mfl-KiMfa- fl -SfaorTliftTvjd

The- j|J<itpe^>c*ewT yftv»fi"bu£s c0jjTThj06-d in/ The

M order TO ste ^o^o H l $ > produces W I $7 ft5

er let's rry fl COMPOS »rt w/rve- -JTJMCTIO^ of^ TVe -for M

Ju^A.) s Cpl CAO CpJ, C X . J

oofessfrd ft-T The prodocT -forn 'be-crwse o"f our

TiMpUTUdes. FLOfrfriM 6- ^ JJJTD TKe

Ho O^JLV OPfr^flTEb ON Cf ft>jd H. Oltf

/hod EM Are Jusr Mi/nbfrr& &o ThnT "T>tf c/^j cowe- OuT

50 ^ftT w -- e; t
The &N\&».6-ies Add i^/hite i>e

This is H \/e«.v iMPoi^TtHJT proFernes oi Seffr^ftbufc SV^Tfc-MS

IM M o r e coMpuicftred ?rot>uei-v. "H^fr K & y POIWT

sPecTruns

TmE-"DE?END£HT

I'd tlKt TO TALK ftboUT The TiM e-

bfe-Cfi-056- IT

COWSTlTUTei The U)Jderp*NNIMO

frPArr or iA)eftK tX cOt;/>ctt*

lMTfr(tfrcni4o- fietd. A TVPicf tL e^cAMPLfe is 0N£a

il4 Th tC rVOOMd STftTe cxJh / L fc /booTVier J j^ 50M 6- e*cir£-d

AT 5DHe ( ,AT£d TIM& Tht T>J O ^Y5>Tei°i^ C /tW lUT&RftC

Tp-frMs-r&i^ eToeftfr)1. The problem is TO f»trore- ooT 7V.&

''fVftT Thfe- Tr/ttJStT|OiO LAJIUL Occ^R. SucK fo* e^itMptt w o o L d be

/V cflviTV ^e-SOW/rTOfc ^O^&iTTlMCr Of M)U to«5 fMd M i L L J O W S 0"f

hfrrnoMic oscttt/rrods ooUtok cmvi inTt-vrt-cr I^/ITU SOM&-

IKI Tut- crtViTY TO utJdes-&o /tw /V^-sorp-now 0~f A

Perhfty<,
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^
fb £ s- Q c~ ft

i
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-

er _^ 3» a n o tl r 5
1 2 o 3 o X

IA r- o £ »— -c 5» 1̂
 
* 13 o cr 1 v
\ i c ••v •£ i T 2 ^ a> •̂ T 3
5 (- 3 o 7> *C
"

t̂
l cr T
1 n 3> C
o ^

- 
C

r.



z o P o 2 1 J 3

Q
~

^ e-o

'« -  
-o A
-

••o

<U

T) I

) 5

•j

IP?
<U

-J

••

u 2

J i i •t 3 _) cr :>
tl A
.

P "2
.

O
J

•
•° > *&

Q>

t-
 

•*.

y
i

"\
~ o < :

0 V (. w. O
J h V
? li O O

o — •
J u>
 

_

-o
 

f f-
-i 

5
2
 

o

^ •? 
H

•3 3 
f 0 •3 f- j: i

«
 

?
 

. 
^

£
 

€
 ̂

 
*

t—
 

L>
 

_ 
~
>

vO 3

*!>
 

?
 
?

: £

1 3 P

-
 

3
 -

3 
-f 

2

,4
- O u z >

J 
J* 

J»
^

 
-

 
O

J

-*
(£

*-
^
 

2
 

- >
P 0>

ft
.



C
o

Q
> cf- o c -\ T
. P- a s o f- c/
\ ^ f> 5 VJ JL <T ?~ <T
\

-0 3 s s £/
v

*̂
 i
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4\f lMT£Rft<-TlON Of ft

£ni55iOH fvoM flrJ ATOM IM fl

I'd NOiA) LlKt TO Tft t -K flbo^T TV,e firsT RtflL prObt£-M

|M C?U/hv>TUi*\. Tint? protien / w/fr/T TO oooRK. flu? 1$

TO Predict LOiTK CAJlafrT (VoBOQlUTy /tN ATOM "JILL fcMif fl

EX6T The ritdifrnort FteLd , /Wd fcMlT LKrkT." To c^OriC Th»S

(Aje hftve TO (bro beyoiOci T>& cifrS6icflc Theory o-f Lto-^T

4roM ftTDH rtrOci puftiJTj^e The rft^iftTlOh) f»etd. We SWfrLU coM^lclt(2-

SlM<rlt eutCTTOM S^STCM^. f ^ /t^ kydvoCrerO ftTO H bec/hJSt 1>ere

TOO M/bUV Thl(^o-S 10 Keef TP./KX O-f. T^jj' 15 owe of- Tine.

ttMS of Q £ £ > ; Keef^o- 5-rrflitrKT 7>»e worfiTlOM is ft

. I hope ro HrtKt The Pfese/JT^nOM IS ^5 cLfcftH fr& ?05S i

WILL coMitdeR TV\ ATOM TO ^mftLU benu fl^ ^nvre of

hn-pp&Mi As IT Mft\ct$ A TP-f^smoM TO ^Tt\Te

UOILL T A K t Plflce IM The ^ftUK" "BV ''d/h"tc" I

The bftcKfrv^oOjOd r/VdlftnoiJ (S IW ITS G-rt>Oad STflTt ; l.f. There

flRfc HO "PMoroiU6 IN ftrJV MOdeS. "T^ e^&R^r'T' |N tftoU HOde of Tht

1-S The 6-voi/iod smre eiOfcfG-V ^00/7.. W^ hflvt puLted The

SUG-KT o^ Uft-Md, t>o»-vvcW c wft^RcTet-i^fc^ Q* t .T> bv re«iE-iiiJ)wij- The

5T(Vre To b& The t̂*-o ElJtrCrr STflTt, U/e I>o This bec/

oi/er ALL nodes The. tt^o pOi^T fc>Jfr*"(ry (5 l^-hhllT6. To NA-Kfc -TV»e

is fj^rcesSft^-V TO cur oft of The T^e^ueAJci' vflvfrt iw ihJ

lA/ftX. This is The -hrsT JfMprOrJ 0+ i)JTerM(Vu

C? & 0.

The Aroh TO be m A>i ewornous
flrvAMV Hodti of The n îiimoio r»6tj. The b^ 15 tfrR-6-E

u^orry ftbouT R tf LecTiOtviS -frOM The Si

HOd-e IM Tke. F(6Ld unit be Modeued Ai A

!4ic OSCILL /VTDR.. EACH no<At ^HL b«£r c
TWO itOdiceSj \K,y^M(i I , \K dtiOOTfcs TKe ^Jftve MOnbtr of The r-ioje

"^^ ^rfrre of Pot/KilimOM tAJhich is e»T^ei^ up

Z vfl-t^es oi^tY. The diSL^cti-itiOT of The
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hfts so -km. ftpptfli?,£:<i TO -be porrt SIMPLE

ru/ftrd IS ,o*i TV\ GONtr/H-*, qjitfc 50bTt

we e*press£rd A^; uj reri-is of The -field O?C-//)TTORS

(X* iAJfr hft ' fr iNTrodtfcerD ft LOT 0-f TtC-hNicftl TDl ff »

SucW pnibutwS AS iwfiMlTltS Cr°f> UP uJVvick K/^ve-TO b^detT

WlTV* b^ TviCKS /VMd M/V^tCs-IC /hod A- L oT of U /hod wJftvjNCr.

AS wt UMdfr/5lThJd <?.£.T) TDDffV ^ TVieftfr lS l&- OMlV O W f c -fo if M Utfl T70A/

©£ uJViich resutr^ ivoM H O d e L / M 6 - The -fifc-tc/ ^5 A ser- je^o-F
o5ciilATOR<> . IT is /\ coHSfccpoerwce oi T>iis -fornu

t leVJTDS TO TVtC TErCkMlCfl-L Dt^fvcOtT ie$ u)>ilok CfroSt ^ TO

"Pootr TV»e v/fl-DDiTV of CJ.t.D. W e - S ^ f l L L discuss TV»es
ftS l>ieY co^e up. So L&T's froceed ft^jd Str& uJ ^ frT IS

U CfluSfeS itCt FV\ d iHlCuLTf.

To ireSTricT our Probtei-i to ftr&T oP-<i

tT ts Pos&ibL^ To di$c/h-d T)ie 5eco/Jd ordtr TSTM IN f\\.t.. The

A1" TtRh. ALSO if we cowSldCrR- The Grfrc^fr V-7^ "0

•P^A - A"? /V^d . H = _ e ^0A ^)
IVlC.

? is TH£ MoneAjTOK of fctecrroM. flNA TKe ^ecTOP.

(6 Defined ftT TV\tr "PaSiTlOK Of TWt et,£CT*OM. NotP SOb5T)TODN(r

for A

|I|MT

we /tee Atytuv ro coMF^re rtte

TO &v<tu^frTt This txpress'iow uot Mo&r conPyre The

1Kr I "^^ > ^^ Tlie'J S(?OftTfc IT TD

6-er The. Profefr^aiTV. OK/h'. <A>e- /Jee-d ro dtsc^tbe TVe u*

of



foiOCTlOM IS

I A ' ; O.Ofl ..... OPP>

inflects TKis ^fW*S ftxitT 7>ie /ht>e\s IN STffTt I Cfol

Ld. u iw T*ie 6rrcrOiJci

The tevoes C fo) //ofi^ire MUi-ibe/- of TVen)
of

1 AoU o^oj^...^ 0,0,0 >
SAY* TKc ATt>M 16 lOOvo i»J /TS cmWidct ^T(^T6 u)hi Lt-

node uohi^K î ^s /l-b&orbe^ Ojot- -phoro^ or
The ATOM UO$T. we'tt
5 ~ u A = .

The SVSre^ AYV 6-iv/eTJ /Vs
e N gn c*- v

E fc* - 6, t 0 * G, -f O

LfeT's w / r t T f c ouT ^C /5»d ^ m Te««s of T^ie prodocT of ^ fjyfe

To heke cLfrnfy T>te iMeftMi^o- of "0\

$,CXo) is TVv? uj^v-e fjjJcnoM of TKc. /jToM IN 7>>e ^irsr £XciT£^ J

TV\ MftThtMrt-ricrt L e^Pre-SSioH O't" J'tx0) is x tines ft 6-fluSStft-N

The ^fv^e JUNCTION of TVe Nft nodt (A- TKe -f>&Lj »s o-i^ttM bv ft

dtSTTritaoTioiu SiMct (T is IM The 6-rouwd srft^fc C fltc Mo<i£-s
* t

ibu-nO|J5 itJmfULr Therefore (paC* ) °< e " T W K i ^ N ). IN
OK,t , W '

5-mre The sri^e^ ^o/tve ^u/ocno^ 's

Tlie toTDM **^5 /V î  AVe uN CTlOia 0(_x.) wiKic-h iS fl CrAuSSiftrJ S 1 N C 6 <T

IN 1\\ o-vouiOcL S rftrt , T\ie ^-^ et«L JOOLAJ U^s ON 6 Mode oot-u cl^ (S

t c A t l 'T T>e ^,x node u^Kitk Uas fl LA! five /UrJCTlOjJ ^pt
<J

Mow ^fr c/fTM T*V TO COM.p^T6- The rfl F£ of TP /V M S 1

The jN-forM/H~10M / tv^A»l A^bte- TO v$6.
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2. ReMft«.KS OM i— oR.de*. NON

I GrO OM "H> T>e £*** Order

TV»eory

Of Q £*> , I'J UKfr TD Dl£ci/5S The UM»r/mOA>S

? frS

KffV€r

& rvie.

f if The
Wfc leftrned TV\

RANS. T fOb
a

TVie

ooiTK

Ftr

frcrei> up ON b

HOuftTiOAi of The

Rou& J fts

uoViere

TVrtT ft

AM

by

TO

uO|LL

TKe
_, _ - -- . — r
A --Z.J4li_CL

'K1 ' L

de\^e uo? e-d The.TVuS 1>ore-NTlftL

w r o T t tT AS

HINT - e_^-'

The

of T>\

eyoct of

ft

we UAve-

/had /\) li

t/jTc-vftcnoiJ

t&» TDTflL

A)V t e

ftT

fts fl
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i
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"Doe TO The, A P P ^ O X JMATION MM& iw caicui fln*Ji>-
Tt> Cro frcm 6 t o -f

> - v * tt C^^ Jf * " >
£xPto4<JtKtr TO flfST ORder \A/£ fire

rXTlftv TO A-CT OMlf OMCfc btTvoeeM t /Nd -f. As fl.

TV^vs fmr ordfr*- ApPrcoc iMftnOrJ ; w;fc K /We wo use- ioR. The

liiJwjU* rhis T&YMS de^cvibt^ A TWO -4dU ACTIOK of

TTftrJ6i'nO»4. SiMCt we frre dltfluwtr CAiii> -hvsr o rdeY frpp

The OPe/ftTOR-S OL frrad (X* oMtV wioviC OM T>ic ?K)TT)N STiftTE

ONfc Tine . iVis MC-AT^S TV)ftT TKc - f twr tL rtiOd iwmfll SrftT£

r by OiuiV OiJe- TKoTOM. WKfrT TVieM of f\i uJKere

CftVlTV IS fitted \A\Vr\r t-OT of 7K(3TO^J ) W S*tV MOdt tf-

OrtLL "Jhe^t n horaMS) /hid fl T

T>ie cre/tr/ON

To HAK-t rf rR^SiTlOi^ /W The T>flRK IS TfOTORnOhWl TO TW

" K l t i . T h t S - foLLOuXS -froM TVie 9^ftMTUM Theory o-f O5c» L L

Predicrs ^ * , i -
^ h-t-M aT / © n > - -^>it/ i n M >

T>\ probftblt iT^ TO A b s o r b fl f ^oTO ̂  '5 ProporDOAJft t TO

. _ .
^ Y\- I I cc I n > ^ J n <-n- 1

ftre- The s^Jftre of These
TKe L fl-ST EK/TMpfcE uot oOOfK oaT loflS -for The cft,$t T) = O .

ALL The nodes of The fietJ were- l*> TKe 6-roJud

eni65it>M COOUd TT^Xt ?LfHt where i/o The

The flfrti wtT>\t ThoroiJ- lA^e Cfllied This ei-i/s

JM The sexist TV\frT ti -Diuio'T weed TO be forced e?crerAJ/*iif.

tA^lThOcfT "OOiMO TQo Mooh COOrK t^ ̂  h rtve t6^/ged hOw) TO

our res«Jt TS TO f) sy^reM ^hfre Both ft-b^orpnoiJ

c/ha -mKfc ?u ftc6 . Fur rher uoe C/hu com couT>e- ThrtT .*

iT of er-nssioN • = *̂ ^ ' t

^ of ftcUorp-noiJ
f



7hc coef/cK-/ur$ C f *re et^fll T>Je ro T>»e Ffror ThflT

The cohpLt* «wvyo-/tr£ dr The i/ecro* ?or6*mftL Er^t/tfu The

u iTsec-f. F*OM rve res^n TVU^ Obm-i^ed

COMCUJOC. dedoct soMeTViiuo- /noooT ThfefMrtc t^ua i bR lun

TWO smres ^f ft sysrew a m /hod n,

TViftr FOR- £n?cMUbri JM T>ie TWO iT^-Tfc5> H05F be IV The
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of eK&R(yV flrui MOM&I^TVM. I did 'Hits To Keep The-

The.

PITT IM so -The 4- t?iM6T06i oioftv c* ei/riV -fowcTjoia is
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^

t̂
i

r» o o o 3 cr t~ a c -I £ 5 r 3? I o o- ±
*

T* o
.

O J
-

^ f̂ 3
-

<V r ^

n

^
 

E
 

C
^
 

F
 

3
£ 

I? 
*

C •o
d

- 
y

Z
 

rr
?

z
C

 
1s

 
-*

•
f*
 

£
 
^

£
 

/-
,

s> 
^ 

°.
&
 

?
 
^

o
 

ff
- 

<
^
-

3-
 

*
?

 
f^

-^
l

^
 

-.«
*x

i I
—

? 
.. 

-'
^-

r 
°^-

««* 
?

0
 ^

> 
o

^s
 

^
^

 °̂ «£ r c 1 •n 2 H ^ t ^i •*
!

-
P O 5> n o o £ E e^



^N INTRODUCTION TO

WEAK INTERACTION

is ft CLASS* o-f »

of ei&c<nt>d¥

\H

does WOT obey

or

TViflT

—
1- V

bv - AM eie-cnnaM

pfrrrvcie uotrh ^p

P -^

? -re" —>

^ t /^~ ->

The cin^/Vc,-rer6ncs of

(II. r^jcnoM r»nes

L2.)- Rife-KT ArJd uefr

(3) 5TT/tl06-etOC5S IS

. "TVie

'/z . OTVier TVPes of

-t V P

CK)

iS

010
ftre

order o-f io"'° sec

TO e-jtpu/HM

7>ie obe^ T>ifr

The rryhosmoM

Proposed

t of- ruce As

i$ p rt) "Pornoio A L TO

Tv,e mmfit ft>id

TV, ove

•FCM frj





/ / /
-faffiJYV ^T^V^^T^i

f "^ 'i
7-

ry^ •JVy

' '

^f^p
1 '/.

01 -

<&°^p" yoym



V-r -> +

AA

^-^U^L^A
P-r

I + ±c^t^J( ^^

' $4-A--t-£/w-—^

]U

C,L., D I
i \ ( ^l

1







[4

>/? JGT>~^S>I

o^h(>- r vp



V

Td

o ̂

1



L 'S7Q^C^>

7 -> H K.— ^

D r e —->

M-
C

J ("7"
f '/ C /
/t^V ^M^A

^t
i

-t- —
U>

7^
V X

Tf

OyX

0-5

f
u- Tkr

CPVlOl.A*Tl^ TVe.



J

ft

0
0 rv

fN
j O \

J

C
\ \\
O

V p

X > \

4
- A

^ -4 1 •^
te

"0

vx » •

:
 f
e

V
-

.*
£ . -

& *

I*
 

«l
*

^

"K
,

'"

h-

V Q
J

v
j I



Y^jrw**^ir^v\ ^j &
---%r.~ ^nu^

'

TVV

-AX ™

i_f.



f-

/

L
li

-A
/ r

4- ^ ?y y~

4 /.'
~

IF*) /

\/i
f

>%*^-7

c
'V£^_-UTT

o\ kJ

^w>or

(t^j
^ /


	Orthogonal functions solving Diff Eqs
	Vector & Scalar Potential notation
	A path to QED
	Waves in Free Space
	Normalization in fourier Theory
	Waveguides
	Waveguide QM analogy
	Regi Trajectory
	Magnetic Monopoles
	EM Mass
	Magnetostatics
	Intro to Quantum Mechanics
	Watching the Electron
	Dirac Notation
	Amplitude Invariance
	Free Particle Amplitude
	Conservation of Probability
	Intro to PAth Integrals
	Momentum Representation
	Schrodinger Equation, SE
	Dirac Equation
	Parton Theory-sidebar
	Penetrating Coulomb Potential
	Time Varying Wave Function
	Hydrogen Atom SE
	Scattering Theory
	Quantum Theory of Scattering
	Rotation & Angular Momentum
	Generators of the Rotational Operator
	Spin
	Rotation Matrices for Spin 1/2
	Proton scattering
	Liegroups SU(2) & SU(3)
	Strong Interaction
	Pion-Nucleon Scattering
	SU(3) Group
	Quarks Stuff
	Dirac Eq for Hydrogen atom
	Harmonic Oscillators with Diff Eq Techniques
	Harmonic Oscillators with Operators
	A Little Thermodynamics
	Methods & Problems of QED
	Zero Point Energy
	Electron-Positron Annihilation
	Simplicity of Nature-Sidebar
	Intro to Perturbation Theory
	Atoms & EM field interactions
	Transition Amplitudes
	Coulomb Excitation
	Transition Rates & Scattering Theory
	QED Supplement
	Interaction of a Radiation Field & Matter
	Non-Relativistic Perturbation Theory-1st order
	Radiation Equilibrium
	2nd order Perturbation Theory-Scattering
	Relativistic Scattering
	Pair Production Negative sea
	Manifestly Invariant Theory of Pair Production
	Rules of QED
	Virtual Photon Propagation Electron-Electron Scattering
	Higher Order Correction Terms
	Kinks and wires in Feynman Diagrams
	Electron Self-Energy
	Mass & Charge renormalization
	Lambda Theory for mass renormalization
	Charge Renormalization Vacuum Polarization
	Weak Interactions
	Raw Notes not transcribed on weak interaction



