NOW FOR SOMETHING
COMPLETELY

DIFFERENT...

THE BASES ON WHICH THE ARCANE. MECHANICS OF
THE “STANDARD MODEL" ARE. BUILT ANE NET ALWAYS
TAVCHT (WRITTEN ... Hut Hhey ave funm.

¢ THE DEUELOPMENT OF ESPRCIALLY THE ELECIROWEAK-
UODEC TS FULL OF INTERESTING KISTORY, FALSE STARTS,
INTRLEUE , MYSTERY £ SOME PRETIY NON- HEP .

e [ PROPOSE TO SCHEMANCALY . . (IITH A MIVIMUM COF

MATHEMATICS . _
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CITEW SUmMMER SeHuee, (953

‘GAUGE - THEORIES

-an eccentric introdvetion

e.BRréci
MICHIEAN STATE

A PECIEATION IN THE HSTORICAL ARD
CROSS - WULTURAL ROOTS OF MODERN]

GAUGE. THEDRIES OF THE ELECTROMAGMNETIC,
WEAK , AND STIZONG INTERACTIONS

ntroedvetion

vses of sywmmetry £ invaviance in physics

gavge principle

weak. infevactions

crifical pheuomena

BROKEN symemetry

thgqs , et al. mechanisu

PITING [T TOSETHER —» WENRBERS & SALAM MODEL

| WANT TOTELLYOU a Story ..,







nivedechen: field Heory primer

ACATALOG  WILL SUFFICE...

FREE (AGRANGIANS EQUATIONS OF METION
scalar fields :
= L 3 p-Lutt 3pd"d + m p*= 0
spn V> fields:
L= B[ LV -m]HA)= 0 (L83, -m )¥lx) = 0

spin |, messless flelds :
;{-.-.-'/4[-’-;“[:!“’ aFFW-;O
FrM= dFA'. 3AR
spin [, wassive fields :
£ = J \C#!l{rv N %Miep&“ ‘)”_va*_ Wi’z o
%= ”R"-3"BF

INTERACTIONS -

felw'ouas“wg_ sw ¢ = e‘ rfaf) x‘.'r[t) Af‘ (“

Loocswa = 3402) ¥be) $lx)

PARTICLE SPECTRA - &
~ak
$y= [ d% [alk)e ‘1 atfi)e ™
(zn)"’Zcurll N
@hm opevatfoy 17/
.. Just lilee annletion operator =

Guantvun osclllator from (5 yeor quantvm mechanics




.;wo& (g55nt om mqu w Q‘Mam{vm mechanics 74 .

OUR. FAITH HAS COME FULL CIRCLE ...

¢ We are awmused ot the iwmage of Kepler , awong wany
otners, fvying 1o beud the obseneod wnivevse luto an
@ pricri wotiom of hou it ousht fo be — for Keple,
it ovsht To hove something Yo do wifhh the Platonic Solids.
fov ctuers, ¢ " pevfact Geowetry °, chrcles._ fhen ellipses...

¢ We ave o a&-?-{;vewf now ’ Oue. of Yy mesgeqes.

> WWHIAT DID EINSTE(N DO IN SPECIAL RECATIVTY 7
—> HE DIDNT WVENT THE TRANSFORMATIONS NECESSARY
Loveuty. did thed onvlitev
—» HE DIDNT ESTABLISH THE MATMEMANCAL RIGOR
Powncare did fhed caviier
* WHAT HE DID WAS DEMVE THOSE RESULTS BY ARLVING
FRoM AN A PRIORI PREDIVDICE NEGANDING A REFRSANE
For. sSYymmeTey

- THAT WAY OF THINKKIUGE CAVEHMTON ... SPACETIME.
SYMMETRIES TOOK. ON A FUNDAMENTAL (MACKHTANICE.
IN PuySies. ..

ouly to be confused 5 fvustycteo! by
I. The discovevy of uon- spacefiwe. symmetvies
(05 , isesphn.. the “WTEavm" SYMMETRIES )
fr 2. The discovevy thad Nopwe is cctuelly RARELY

4

Sqmnu.frfc A epproximeotfe sywimeTVes .




(|vitk. lesson on sywuuetny in quantu weckauics |!

QUANTUM MECHANICS:

* QROUP OPERATIONS PEPRESENTED BY UNITARY CPERATORS, u
IN A UNEAR VECTOR SPACE OF STATE VECTORS, |« (

ene
veetors fvansform : (ot — [ot’'S = UlneD e

opevators trapsform: @ — Q' = uou™
¢ (F SYSTEM (S SYMMETRIC wrt R0V, [H,G] =0

o An importaunt theovew came cut of the incredible methewatics
qroup of F.Klein in Gotlingem — wvitlen down ty Enmmy Moether :

SYMMETRY (= CoNSERVATIEN (AW

e (F TARTICULAR INTEREST ARE SYMMETRY CROUPS WITH

2 PRESENTATIONS LIKE. U(E)= @ §£ &f
N “causedTors” oF mHE

GROVP § CPENATORS
HAVING QUANTUM #5
AS EIGENVALUES

o  COUNECTION THROVEY “CHARGE® & A CONSENVED “CURRENT" —

Q = [d% jo(x)

(UANTESIMAL
PARAMETERS

where a,. j"(l) =0 s?jm'ﬁes a conservchen Qw




ick. lessov on symmetny in Guentum weckawics 2

QUANTUM FIELD THEORY:

»  lx) 1S AN OPERATOR $—d'= udu™
= (l iz £6°)o (1+ LZ‘JQ')
. 2 4+ stJ[Q’ w\]
so [&)6t)]= $tx) =
(uote: often  UUW™' = exp( e ;‘;tj?_'i) &) ... a phase )
i cisemualves of Q;

o SuPpese [H k]=0 D u=0

CET  HIPY = Eulpud

THeEN Ql-lll-;..,) » E..Qlﬁb ‘Bu) ¢ 62'730\.5 ARE
tl RBoT™ EIGEN STATES CF

Hafn> = EnGIRD WITH SAME En- degeverste

—> MAY NEPAE SENT ORTHOSONAL
STATES WiTd DISTINCT
QUANTUM NUMTERS.-.

o THBME (S A SPECIAC E(GEWSTATE OF H--. THE VACUUM.
HloY =0 Is ALwAYS TRVE Fon VAcvui STATE
USUALLY | (T (5 AssUmED MAT PR U= eiQx
WloS = [0 R ALL SYMMETUES

=) Qo =10
(£ GloS # p , THEN THERE MUST EE DECENENATE VAcvA
E dse [Hal=o. sStay funed !




jovge symmpetnes (-

HISTORICALLY...

® Soon) AFTEn. eeneEnAt MNEAWMIUTY WAS IIITTENS RY
EINSTEIN. H. WE YL PROPOSED A MODIFICATION . _.

He ADDED WVARIANCE W)ITH RESPECT TO

( |
a. ?p., & /\(x)g,.:—_) sqwme Alx) phase

b. (5 the r(,g:flcr amhiiu-:fvy vequived of e{mffowosnc.ﬁ?.

poteunhi¢ls .
a . 2 _ ~rdx e LE\!G-THS ARE
a.is wavd. ds”s 9,.‘,&" —> Ads ; RE "G AVGED *

- suggests an lnvaviauce even thovsha space = tHme
Can change ovev all space avd fime.

- the wedictor which holds e spacehme stvuetuve
ﬁjd‘lﬂef wovkd be the electvomaguehe field,

—> ALt CALLED A GAVGE TMANSFONMATION "

“ilovr tdess show a Dovdeyfyl cohesion . Apeyt from the

agveem ent with reality, i is at any vafe o

Gveud i0se achievewment of mind.” A .Einstein 4o H.Weyl (414.

THE THEDRY -— AN EARLY ATTEMAT To UNIFY GRAUITATIIN
WITY ELECTRO MACNETISM - -- DIONT wertic.

... but, tue name stvck.

(N 1927 Lomdm vevived the ides ... bt the syusme tvg
snt the sccle of Spacetive | rétuer the phgse.rf

the weve fonction .




Javge sywswetnies 2

GLOBAL, U0) SYMMETRIES :

~L6Q
1We)= e “GLOBAL* => SAME PHASE. INDEPENDENT OF
SPACETIME &+ E(x)

“WU()" D 1 PARAMETER LIE EROUP HAVING
& AS GEWERATOR

Hx)—» &%) = U’
" e"o‘i Y(x)

SIMALE EXERCISE | : FRw the Divac free field , show that a focal Ulr)
forwation leads 4o an mvaviaunce, and hexce
conseverd quanmtum numbers, q .

lc. show €= X(Y)- L(v)=0.

GLOBAL SYMMETRIES NOT UERY RESTRICTIVE < MOT REALLY
CONSISTENT WiITH RELATWITY € (OCAL FIELD THEORY. ..

LOCAL, U() SYMMETRIES:

460¢)Q

U@ = e “LOCAL" = POTENTIALLY DIFFERENT PHASE

AT ALL SPA CETIME PoNTS 6=6(x)
$)—> Y'le) = % yx) NET SO SIMPLE....
-2 6(x)  6x)
LN 24)= ¢ NG [ivy e bte)

= ¥([id"d, - m] ¢ix)- q3.6(x) $o)“Hx) # L(4)

160
SIMPLE EXERCISE 2: Fov ¢-=(:,‘(‘;5‘) aud W=C . whatis the

Physice! Symmetry tor Elobe! Ulr) 1




Juge. syw wmefvies 3¢

Lenvative tevm covses trovble ... define o new divevgence cperator
10 cancel the wwanted term !

DP = 3r i X; \as.ve.f wrawed vecty operatoy

goal is fo get Hhe gredient term fo trausform <imphy. ..

iq6lr)
6

(D4) — (D.¥)'= (Dp¥)

o START of Wi L= Y\ A8 Dpu-m ] ¥lx)
= ¢(x)[£(“c},+ A‘!"Xr. . mJ Y{x)

ansforne Yo ¥
L04) = 219") = T B ds Xy - g2 600)] e 41
STILL NoT 2ueHT ! |
must simltanedushy traustorm  Xp —> Kpo = X, - iqdp ()
ana | Deuote K T AqALK) o the Gradiewt locks like
Dz utiqhAu |
£ TOTAL TRANSFORMATION NECESSARY T LEAVE £ ALOKE (s:

L Q6(x)

V)= $'le) = e $(x) cAuCE
" (NVARIANCE OF
A,,{,(\_y A,, (-‘f) = A,,.(.:() - ap- 9(’() Zn.d KIND_

L= F(ilY-w)¥- qALFIY (- g RuFr) <¢ T =

free ¢ "intevaction”  added free A, el




TURNING THE UTILITY OF AALIAWWAS
ypside- down...

IF INVARIANCE. WITH PESPECT To LOCAL, (1) SYMMETRY

IS, a priori , OF PARAMOUNT (MPORTANCE. ...
one is forced to imvent the pheton.

DEMAND OF A SYMMETRY.. GET NEW FIELDS A;%D DynAMmics !/

OTHER SYMMETRIES —>» MEW SPW 12.. FIELDS T

THE (INTRIGUING TESEARGH PROJECT IN (954 OF
YANG £ MILLS .. AND IUDEPENDENTLY BY SHAW

a) LOCAL SU(2) SYMMETRY —> ISOTRIPLET OF PN 1 FIELDS

b) GRAVITONT L
ao 2 ey / 2 charged
DEMAVDING L= & — bk <1 ,
isovecter =
Lovewtz veetor




Yorug HsUs 1*

AGAIN : f:: :P_(;.l""a/.. -w ) ¥
A LS "-l'-.-.- (:{:‘;) as bases fov S‘U(\.) apcm-‘fars

DEFINE. A NEW COVARIANT DERIVATIVE ...

Dy = 2 iq b . T ; - J
wErigh.T ¢ wostiture § (0Fs of clgsbra-
L= FUVp-m)t- g T 4. By -y f A

- Y% ?z[ (:v"’:v?_ (EVL;‘)(Z"' Ev)]

& b b
~ o self- couplings fov bo's . "){. 1
b

-t

b. PLELD (S STILL MASSLESS
=

QUE MIeHT HAVE HOPED THAT THE l% WoyLDd HAUE. FOUND
-y
wonkg As Wi .. bvt wesslessuess is a fotel flow.




wWeale. intevactions | eivea 1960 .

SINCE PAUL| ¢ FERMI IN 1530s...

n - =§
‘-"—é: : S Bl
A~G P

F e”

20 YEARS OF CONTRADICTORY EXPERIMENTAL RESULTS,
SURPRISES , BEAUTIFUL THEORY (1A58 Feynman % Gell-Mamn) __
A PAL-TAG BUNDLE OF DECAYS WERE FINALLY AL
RECOCMIZED TD BE “WEAK" € PARIYY - UIOCATING

. URISTICALLY DESCRIBED BY: P
“
| iW.,. %

Wt charged -
isosptn vaising[loneving
MESS|ve

c-

THERE WERE WELL- KNOWN PROBLEMS

e
\{e‘\{w Uletes Unikart f.? Ve x}w w T ubovnded
e
_ amn. W
/-T‘ % / 2W Production
e

Coutains am iwpovfawt hint. _




it 7

THE ONOBLEM (' TH N CIE) T THE

e
WONGITURIRAL DEGREE OF FrREEDOM
. MASSLESS SN 4 FlEwns HAVE 2 dof --- polevizahons, L, R
(Gowge Invevionce )
. MASSwE Sim 1 FIELDS HAVE 3 dof... vsvacey TArED AS
L,R, € LONGITURINAL

g P(A=0) ~ g“ at hish enevyy

HINT (N ELECTNOMALNETISM - -

2) ProbucnoN
WY Y RoTH ensints
+ REQuinE) BeCAUSE
Y §

REQUIRE GAVEE
INUArRIANCE . _
PRETEwD THAT ¥ HAD A MASS... & THERERRE A

LonsiroeA. dof

TS BADLY. REHAVED MOLAATION TERM
CANCELS BETWEEWN THE GAATPHS. .
(N AINDSIGHT, CANCELATION CAN RE ARrAANCED Fn W.T.

c.iHher, vequive a uend,

oV | Vequive 4 hew , heary
huuq electvon

spw 1 feld

4 I
.-C." E AAAS
A VM v V)

v/

fay tuned.




AVt 2

ENCOURAGEMENT ().

ELECTROMAECMETISM EXHIBITS A MAEICAL BEHAVIOR...

/‘% (m:y hqd'mu\

(clean lepfm )
SAME CoURLING (1w limit)

SO DO WEAk INTERACTIONS. ..

}; (wessy Uadvons )
(elean !w*aws \

same covPeme ! (vectry weak chavge)
C> consevvetion of seme.f-hf‘us

Spin 1 pvepegator ... S gauqge Symmehny T
CVC .

COULD THE WE((-BEHAVED ELECTROMACNETIC INTERAETION
BE [ECATED TO THE IL(-REHAVED, BADLY. BRED wedr 2

Schwiugey, Slaw, Word, Cleshow, Wemberg.. _. Using Vaug- Mills

- , Wt idees.__(
) ()
1The w-

BUT... YANG- MILLS FIELDS MUST BE MASSLESS . « sigh




i hicol phesomtena | !

... AN INTERLUDE ..

MEANWHILE — CONDENSED MATTER PHYSICS WAS HAVING
GREAT CONCEPTUAL & EXPERIMENTAL SUCCESS
with 24 ORDER PMASE TRANSITIONS
... Coopevative phencmena in many- hodky physics

A MINI . AEEANDA ~

UGCHT. SPEED REVIEWS OF

- the thermodymamics of phase tansifions

- Meen Reld Theory £ the Cinsburg- lawdau Dhevomenclogy
FERROMAEWETISM AS AN EXAMPLE OF A “RROKEN SYMMETRY *

.- AN INTERLUDE WiTWiNG AN INTERCUDE . ..

GCOLDSTONE THEOREM
o DILWTE ROSE GAS AS AN EXAMPLE CF THE COLDSTONE THEREM
GOLDSTONE - vot!

- Svpeveoudvetivity

RAC. 2 PAMRTICLE. AWSI1CS WITH THE SDWTION . (D67




hevumedymamies of phase vausitins |

IWHAT IS APHASE ¥

FORMALLY .. A REGION OF ANALY'TICITY CF THE FREE ENERGY...

& Hhenumodyuand'cs
.F —. k_s'r LuZ fvom stzfisheal tuechanics> Covues
> T o HeaT dentvatives 9
- '

F=U-TS (Helumholtz)
G = F+pV (Gibbks)

33(-9_& = (..a_F)
aTPaN aT VN

e A PARTICULAR PHASE MICHT RE REALIZED WITH MINIMUM G ...

fe

} from thevwiodymnausics

+  MoE THAN 1 PHASE MIGHT BE PossiBLE (wimy same H )|
SUEGESTING THAT ANALYSIS OF { FOR NON-ANALYTIC BEHAVIOR
(S APPROPRUATE.

HEM AT CONSTANT P s
DENSITY , 4= b

COBMISTENCE LINE
d6, =le, Across wexisteuce e




Mevmodyuaues of phase transfions 2:

--')
Pﬁ__ 4 L ‘cP 7
b [MAGINE HEATIDG . WHILE UAINTAING

//d EQVILIBRIVM BETWEEN S £ 4, C—d
72
dég = d6¢ wheve dG; = V. dP - <.dT
tvi ha = heat alosavhcd i
W / “ om{*im:ﬁiﬁ the ke ”
P S¢-S¢ = Q_S s i (Clavsivs - Clepeyvon )
dr %-v. &V Tav
= latewt heat
G V={-3"/aP)r s ( ap‘) S - G=T(%y),

\
\

g
e

. g g SCCI . | A NS —
Z P F. P F. P T T T T
Fi@sT DERNATIVE

6F G IS DISconTinpog = |5t orDer PT. "

THLES PLACE ACROSS
(COEXI'STENCE CURVE

(UCIAL CONCEPT (S THE SYMMUETRY OF THE PHUASES...

* A SYSSEM EITHER HAS A SYMMETIZY --. OR IT DOESN'T
o [F THERE (S A SYMMETY CHANGE —> RT. HAS TAKEJ MACE
HICH TEGNEE OF SYMUMETRY = (ACK OF ORDER.

¥ \ )
MORE YMMETRY ORERATIONS = HIeH ENTROPY
S

(@ HieH TeMPERATURE.

NTE: € f Doesn'T INVOLWE A SYMMETRY CHANEE .







>

N\ ve
A DISTINCTION

WHILE  veERY DIFFERENT, THERE (S CLEARLY
SOMEMIJG THE SAME  ABOUT DEWSITY (N
A FLID ¢ MAGUETIZATION (0 A FERAO MAGNET.

.. a4 vn :uersc/r‘f7 _







-—-1/{4 tete el {;meb G’" ‘W‘:ﬁ. - *VM ;h“/‘ > 2 ;ﬁ’a-

LiQuID- GAS 2d (sING MonEL

, H
P L /V
“+ MAGNETIZATION
A C]

A

Fre——————— -
" T A T ¢

= MAGNETIZATION

H

P
A :




“‘evuerdyronsies of phase travsifons 23

a0
-

P

L “Huid” THASE BOWDARY (5 A CINE
SEPARATING TWoO DISTMCT PAASES
Ok A SYSTEM-... whetf dmﬁasviskes
+thews here? DENSTY

(® T, THAT DISTINCTION VANISHES

} GEL ARE EQUALLY ORDENED AT T

TIANS ITWONS  Whitest DON'T TXSMAY A SUDDEN STATE CHAWGE. &
HAVE A CoTINUOUS CNTROPY CHANGE --- CALLED "ORDER.DISOIRRDER ™
TRANSINONS ... DEMVANUES ANE DISCONTINUGS .- “CAMBIA “ TR,




thevwodyuncwues cf phese tvansitious 3!

THERE ARE PT. WHICH ARE CONTINUOUS AT (3 ondER.

< v=0%e);  #=E%), S G=T(¥%r),

- /’;\

L l

e

£ P
1‘
2" DeawaNeE D> “2™ onder PT."

o TOUOWING ON SYMUETRY RCUS.. (MDA £ EINSBURG
(NVEASTED A DEGREE OF FREEDOM TO MEASURE THE ORDER

IN A SYSTEM : THE ORDER PARAMETER , %(T).
.. And in 53 doing , univevsalized the study of phase tmusifions

e IF M =0 THEN SYSTEM (S IN ORDENED PHASE
(M # 0 THEN SYSTEM IS IN DISORDERED PHASE

s iF Y(T)— O oWTWdoUsLY THew P.T is 2 opder
SYSTEM . EXAMPLE Te (K)
ligud. ga.s b= Fe H20 647
fevvomaguet M Fe (044
supev Flvid q’qrovwl S 4He 2
supereouduchvity  ¥enyper pairs Pe ?
fevve clechvics P truglycevine svifate 323

Biveny alloys  Concewhuafion Cu-2Zn 729




Thevuredymamdes of phase tvansitions 4.

e R y
P TSl T e
.\. /
Fe. fe F M

1 7,




‘+hevwodyuausics of pucse hansitms 5!

VEAR. T.  CAWDAV POSTULATED THAT WE CAN WITE A
FneTiol , L (landay free enewy) ... ReLaTED TO G. < V

L(PT,4) = Lo+ ALRAT) o 4 §AT)4¢ .

pro = T2T % FLIP , ABOVE § BELots
peCO D TeT, PHASE TRANSITION

$50 AusAYsS
e MINIMIZATION OF L GUARANTEES A STABLE GROUMD STATE
. PRESUME  cOOD BEHAVIOR NEAR. T, : (PT)= b(PY(T-T)+ ...

L. = L.b 4 b(T-T‘)‘ﬁ'I + 5114

TR % T=T, TET
L L L

B |
N
SIMPLE EXERCISE 3 Y=t \/ 5 (T-T.)
2§
SHow { = b (rT)
2§

TWO CHARACTERISTICS PR TLTe !
I. GROUND STATE ENERCY (OWERED

2. MULTIPLE GROWD STATE CONFIEURATIONS PoSSIRLE.




.*éywmaﬁut- fhiswa [©

SYMMETRY IN PHASE TRANSITIONS

veo FERROMAENET

TR o ALl DIRECTIONS EQUALLY
THT, L) (My=p PPOBABLE.. CROUD STATE
¢ ://Tﬁ S INVARIANT wriSO(3), Us
+[Hg]=0

2D HAMILTONIAN INVARIAN T
urtSO(32)

« A SINGLE . RANDOM
DIRECTION (S SINELED
ouT

« SYMMETRY OF GROUND
STATE IS (OWERED
SO0R)— sol2)

‘ L”c G:’=0 5_1_‘1:!!

T¢T. 7}’!‘, MX#0

* SPECIAL STATE OF AFFAIRS.. Commeon Fo 2*° ovder 4. ...

SYMMETRY OF GROVND STATE (S (OWERED FROM THAT OF
THE HAMILTOMIAN

* SYMMETRY (S SMDTO BE “SPOWTANEOUSLY BROKEN “ o
(lovsy phrase .. beHey is “HIDDEN SYMMETRY * )

SYSTEMS WITH SYMMETRIES WHICH ARE NOT RBROKEN ARE RARE (
lassieally £ quavhomt mechamicelly




NORFHINCTAA — fuwin o€ e c_z.vt,‘bef
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Spenfeneously bvokea sywwmretvies 1!

HOW DOES SYMMETRY GET OST 7 WHERE DoeS IT 667

CLASSIE. .. CLASSICAL .. ExAMPeE  (solved by Euier) :

F
/ /Lu 1
. ETd¥ + Fd'% =9
L-: { da¢ da® X=y=0 (s a solvkon
J d24 dar
Te
BUT, WHEN F> $W'ET = £
£Z
&L’ X (or c,) = CSinkz k::\/":f/sr
e fi;
SYWMETRY (S (oST --- HIDDEN (sauce equebiandf wotu )
— ROD couLd HAVE PlexeED AN INFINMITE
- MUMBER. OF DIRECTIONS TD RULDEE .. .
te I ACLORDANCE WITH ORIGINAL SYMMETRY

d‘vs# (ke fefmmajud'

~ INTERLUDE ~  AROUND 190 HEP THEORISTS WERE
STRUGLLING WITH A MUMRBER. OF RRoraEN
SYMMETRIES © SU(3), SU() Pary ...
W Weinbers got ¢ Lhiff of CMPs success ¢ began trying to
apply Sowe of these ideas —> ides tuat sywmetry isnt some,
but hidden wis eppecting to hina ... and wrong .




Cold stone theoveun !

WRONG BECAUSE ...

GOLDSTUNE. THEOREM . A SYSTEM WHICH HAS A SRONTANEOUSLY
(6.T) RROKEN CONTINUOUS SYMMETRY MUST
HAVE MASSLESS, BOSE- EXICTATION S
(This spuiled Weinbevg's hopes, as there ave no wasskess
Pin 2ev6 pavhicles. .. )

G.T. WOrRKS FINE FOR CMP_ .
eq {crvomagueﬁsm

frttrrtrt? trrertt
CROUID STATE. 1 EXUTED STATE

Lub thats wot what waguets do ( lage maguets.. !)
guevgetics taver : r”’—)\@ s o S & <\ re

ﬁd e loug._ uaue.fcusfh MACROSCOPIC , QUAMTIZARCLE.
excitation with eneviy

€ = MS g ((- cos ;Z ) ("dispcvsfm“)_
a

AS Z]’-—»o , €= 0 =P “MASScLESS ™

. Gs £ the grovnd stete ts il of SPW wAve excitehons . ..

IF YOU LIVED WSIDE AT TLT, ,HOW WOULD YoU RECOENIZE.
THAT THE SYMMETRY CF THE HAMILTONMA (s So(?) 2

. Thets our sihuetion,




(pldstone. Theovew 2.

PROOF -

* SUPPOSE WE. HAVE A COUSERVED CVRRENT , dp jh(x) =0
FOR SOME SYSTEM HARACTERIZED BY FIELDS ¢ (x)
S LJ"(x)' db(x’)] =0
% [ 3°0), 6(x)] - 7-[J6), 0] =0
2 (43 [ §o0. 80Y] - (45 [ 76, 00] = © (",}f:,?,ff.? e
v
¢ C‘>, ovey the svrface “"‘zs'-‘.p

e 3, [@l) )] =0 > [&,80)] = coustant, C
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