04/16/2008 06:23 FAX 1 510 643 8497 Physics Dept UC Berkeley Qo01/022

©

Neliee L5, o] = [i’,[ﬂl:o porice. R o o rpakil operatir aud T o
. - rallaboishic
> = b/me _>
’{Tf A |
Notiee Mol #Ba Mewawmﬂ‘kgfﬂadﬁdh aw =1,




0471672008 06:24 FAX 1 510 643 8497 Physics Dept UC Berkeley K002/022
Lo b - * .
Of&%mb&%mtc. NM,WLWW

masnuned
Now tomput Ha Simg dacio. of the koot mmomsshuo 32,

Nole, @i - _g0A:. Ao
ot c Rt ’
‘T;: = —.3_.@.._&-_ . L)
; g% +_2_eﬂkc%6k—‘g(3%,
S P = 2y
48 \ = q E +‘é"?x6)J

mmmwwqfﬂzwfmlwmﬁc)qm
Do,,fai?, Thee T o B pbobivithc memachm  (ymB). Tha
fromden au L srawe, won if o pdicptalon o differeid.

Auperss thy sutigy i B2 i+ swall comockine of erdad () x mck,
o Bt Lepodsner 8 P wild be dowaiiled by e imStk L,
Qs ap tUio off and defus a e 4- componud apuier with
T uppin and fewer 2 Companand Apuiers P oand X Tk o, pud



04/16/2008 06:25 FAX 1 510 643 8497 Physics Dept UC Berkeley 003/022

- ®
—im At/ (4)\
- 0

Vae $u Homilbwmion H= cda + mep + 98, o

* et | ¢ ¢
'l'k(_ai = e " m?- N @.
: SNEEE]
_imctlk o dw\/¢ v o\ /¢ b
= Q C _ + me? +q_§()
?ﬂ? o X o -1/14 X
| o -

— We mretha D-P aplc of e Dliac widiiew. Thew ve wih Huo sud
a0 two coupled 240 conmiding dwr  A-componedt ppuners Pandi:

mc?d + ik %% = c@R)X +wmid + 1T ¢

met N +1k((%f. = c(?-ﬂ?)d) -Mc-zé?( +1§'X

*L'kg;f- = C.@-?)X + 1§¢

Ame® X +iﬁ%’_%. s e @R)d +98X.)

tho 20l ogu, thoce are B Homns malhiplyig X . Tha opesdtir



04/16/2008 06:25 FAX 1 510 643 8497 Physics Dept UC Berkeley 004/022

’L‘]K%:;. Q%WXWLLMMQO G(%)I,MJ'&L | |
me* ﬂmMMMMWW%‘M%f«

of the Aame ovdin dea.mmomlg NRM«)-M
Ma o Amt X WM,M@L Mdykma{aﬁcmutﬂ,

—”

ame* X = c(g"-l_?)qs

X =

L (@) .

m
Anics the hemidc momenTam io of pdin T om0, e ase Hat
X (2)¢,
~ aud XKD we say, G i the Unge comprmant sud X He
bmall"  (His o wacig Ha DP ppls of Ha Disac matiin | fr
ralis ot entisy B = melsramatl). e Thus we Rant aoloed
prr X tomodf b Plugasiy this back sk s § opu, wt gt

28 . L@ . 454

New Of aud T Commdbe (G ko punsdy sposs, W punclly apetial)
MO‘:,O}- d.rv:icmma.i},)po



04/16/2008 06:26 FAX 1 510 643 8497 Physics Dept UC Berkeley 1005/022

" ©

z
7 St T 8(ith %_) €2 Bo aee Lo 15] - above
= - k% giuei B, = - @KL =3
2¢ - C
L as,,
B0 L@W)'= -wr - AL FE
Im am 2mce
) |
" (F-27) -5 2 37 (3-4%%)
ime (%_23
o= -
= > - _ 9
- pB = & “Em_é'_g

This 40 the Poulli equaliss. for o opic o padich witl chage q

amd. gdfw §=2. W se thet tha Covoef Pale 284 5



04/16/2008 06:26 FAX 1 510 643 8497 Physics Dept UC Berkeley 006/022

viecluding the wdindiin o) the spon uritl to meguts
b, ancludiig The g-fackr 422, ameges from the
minimad enplios § o B fuae partile Dric epu to tha
£rf fild.

Ltrm}}hm«%wm-.

We begue by putiuig The Durac %MW
motation . &wﬂﬁ«{y’m%&mﬁrmhp@&%u
WW; memhulﬁafow

i'k(%‘.lé_ = —the d.9¢ + mc’—P.[; = He
e LIS ot & a Lneudy pcalan, sice £ oo ome compomact

of a 4-vedhy otz (et,R). e Bdec 91,415]:4\. s wrdle
ol

Ao the LS, awd wile & an

11 b k] Ao A, Tk
[}

vy eha | ¢ Rotev], Ady Y

— TBMWMWFMMM‘%FMMLFH,%?*
L‘kc{ﬁ 23;7 +F’§;%S = %c""{"




04/16/2008 06:27 FAX 1 510 643 8497 Physics Dept UC Berkeley 007 /022

D,
(eqnat)
WJWAW ow T RHS , et La&La-miju.b Av we Gusdd

\—/ﬂdme&lﬁwujaﬂz pr’ M“(PP&) Fﬂ—ma. 4 - vechr
/u-o-m.mﬂ.:ur, M&Mdlgkwﬂ—

that io Y =p
¥ < pd
Thon the Dinte Ypu. bocomss
ik x” L = me
 camclling a fackr of ¢ Y wt sdedeathe comuiad mmedion
opedln,

Haw sve fave
(¥ —-me)¥ =0
#rmgmfmxzawuﬂ;. Kod idt AP ha wetibioe o
W,MMMMMM?!¢LWM7”W
& A-veclor. Wo wld do Mot Uler; for mas gidk metss Hat ¥
b oa 4-conpoand vechor of 4x4 Diree mition ( Lke 7 & a
—dvechy of 2x2 amabicans).
We can mtisduca the couplusg wocth Mo EM futd by means of the

63 = I-'k(ar._- t‘k



04/16/2008 06:27 FAX 1 510 643 8497 Physics Dept UC Berkeley 1008/022

| nwmmwopﬂag @Auwfvﬁm, d:,._—»ﬁvp—.‘tk Ap s P
q io e chaue of tie padich a-d

Ak= (8, A)
AP":" (é, —K) .

(?f"ﬁ’p- 3 yHAp —me) ¥=0.

Cothradtisw bfoeen YX aud am ordivny 4-veddsr Loke Ay,
or o 4-vedsr #W—wﬂ;ﬁ?ﬁ, mw? comwirn. Haw oo
MMM%MMM Lot Xgha«? 4-vecht . “Thia

— & X = & yrX.
in called e Elg;gnt_au__M. Sr Fowno of Mo arvbaliie , tha Diuac
%MJ:,;W
R e
This 4o regaded a0 the povmuod werniin of ta Duiac egudlane. b &
meﬁu&ﬁm Hawi 2brnion wevaces ::h‘%_i: =W,  H=Doac Henilhiu,
Ww.
The covarsant foum of tu Dersc oguakire io oquivaluk (o the NR
= ) ot Pl aqudi withe 422, aswe dowe guet sham. Gud
HeE & o suiplor thaw the Pauli aquddinie v foue , cic spe of tha




04/16/2008 06:28 FAX 1 510 643 8497 Physics Dept UC Berkeley 009/022

| @

Ho Pauli 2quadioi 5 o we sball shrwr hikte, urbon & o xpandad
o Righor onda ok (%Y.

The Y% mditas ane au abtiondlie fowe o) e Dice mdlischo,
sadod shon e wrik b rvoed tho covoriaid aspect of to Dosie
Ettuath\». M%Wafﬂx _3,[5_ wikicso caw be crunihd
@Wagmww waewmqfﬂm.

Fund, thu aw te walas of Hau maties. e Lave

%,o___F‘ _ (! O CD?) o ( ) (b\hﬁf)
o -1

o =pd = (: cr> (9 o (_h > (wegt)
Y O -0 ]

Neek, the Howibiody popediis . Recall Hok e aa  Houmihiou .
T i '2{°=-[3=. Hm—k.‘q

= pai = ki~ Howmi Bau.

()= (pa) = dp= —pv  pla (paud=o

Remanb . UJA# ds we woe an wpprc (enihiaveriant ) andix pn Y ¢
buk a fower £ Sdix o o 7 Becawse ¥ 4o Tha spatil pact



04/16/2008 06:28 FAX 1 510 643 8497 Physics Dept UC Berkeley K010/022

|
o] @ d-veeknr VX, and A io mecortany do widicale wrtillor 4

sobitvarcant ot covarvat iwdex io infandsd. 0n fov i, A
A MMMMA«/,M'J,M%J“;_M (ﬂmh,m"a“')
Ao e quit vae a lrwer wdi on all cases. Tha dame o B
Qfﬂs—ﬂﬂbﬂoc&% v-‘lx/d-l: wbicd Lo vever A p’;dfajf;aa:f&fa.
4 ~wveckyr,

'rfw{:cl +he mcm& “é:,tn;,d , Aititig Ao
mm@&‘mawﬁw Aums of the g
maliiens.  Nite |

%,X-o’ycl} — {P,P} = 2 /M M?KM {F?d;_}:o
. I 2 .

¥’2/°,7("}= {P;Fdiiz Fbr.)di,_+(50"£[5_ =Pd;_Pp{£ =0,

xyt')yjl = {Pdi, F.o{)‘: Pﬂ“ﬁ +Pﬂq’“ - . FTO(CDIJ' "‘F?"GN(

:-{digka = — 284

Jl—kﬁmwm.u«y’

Iyt= 239%™ |

i io the mart compuct frm of e Doisc algohas it fovks covmniod,
omd ondeed i ol pes that b i o, gmce we fart irdded sut A
Framefraati  pupeiits of te Y matrsces sndis Livesty
bransfrmitons .



04/16/2008 06:29 FAX 1 510 643 8497 Physics Dept UC Berkeley o11/022

@
We. MWM?WWM#WMMM
MLM;:“WW wmmd;amm%f,ofwhm

with, the Homa aacda_«rw‘-imf)

at ’éxyi‘oﬁ MWMMW}UM&#
W. One aest with covdimits XM Jo,alq,:am v enwidin

¥4 v
a mua#;mjg/ ppace—fenie ot Hackf, hahiig x* ,,.lh._ x'® @ ahand
e puppost e pmapporg i Fniar 2 ppocifuid by @ anabix Ay,
ﬁl”’{"-: Mw ‘xv

e Ltthle dot o Al L)Ap@@«cﬂﬂa&u,ﬁw&&&wﬂtﬁd




04/16/2008 06:30 FAX 1 510 643 8497 Physics Dept UC Berkeley o12/022

@
Nottee that o mm’bluimwb;'ﬂm% 7 CA—f}a-c.Q—_&L)

Tiro- ke o Bight-Liks) i posewed by a Lowdy dromofsmitis
P padicutar, the mctoide of Bhe Lhd cme in amapped wcho chulf
e iice in maped woie Hialf ) cud the fight con i msiped 4k
adf. Qo we shatl ate, Yu sliiie of B frumd Light cone may bt
mapped o didf, w pite tha wdicie of tha brckund Light eme (&
depinds o thi Loty hasofosmedtind).

Subatititiing xRz Ay K7 uido tha g . abee, we gof

'xq .A-Hnt %p.v N.(& xp = “xd jqe KP g"" oLl xq,

LA”.« o oo = L j

Tummwwﬁvw,%huawmw.
Lot Hﬂwmmﬁb\wg&m Cllgd%«u

ALY :
N = mobiix wdi WW AR, i
4 = " no " qu

h

o ()

Qetially | gamfg' wﬂzﬂmumat«cw Isua‘m'ﬂbﬂfﬂ?ﬂ
a Lo WMM,&, | |



04/16/2008 06:30 FAX 1 510 643 8497 Physics Dept UC Berkeley 013/022

®
!A{QA‘—:Q_\
%MWMWM&MWM{ ""‘me
RPTR=T 3 Re 0B
witice T 2o fhe 3x3 ul.mi:kj e ast of ol 3%3 oriugmad
makicrs %VMGL'W,MJ o(3), By Comparcsdn , we
pet Hhat a W;Waawao%yd
notiix unth asspect Ao o Muhewsh mdii 9, initedd
o Yo Cuclidiam mebic T, bt & Lavg o s that tha
pct of Loty Frasafomatoncs by oun dafriitioic foms o graap;
MW"’M o(3,1), meaniny ﬁqmégwm
rthosoad wrt. a miliic with 3 apece-Lihe onfl 1 Hoe-Like
AN=T o o Lowdy hrowefewidios (mﬁ&p, (WY,
r“31' =q. | |
Nk, by kahuig ddinminadds , MM
(dak RY = (the dcbg  cameels from bith 2idio)
fo dat A= 21, Thuo N alwnys okako.  Qufact by
mltiplysg by g e gt
| (KA =T




014/022

04/16/2008 06:31 FAX 1 510 643 8497 Physics Dept UC Berkeley

oYy

K = 3N,
o Thie o ot quite as puiple as the aule R7'= R*gww
_WW,MJMMiM:aMQ.

(.A..q )Hv = Qﬂu A@id ﬂpv
bu oy cant, bkt ATSNTJaud medbiply frow B M by AN
aud frow the night by IS, and ae got

g=  (K")q(A")

%A*‘Ma/&ﬂqwé‘(’kamﬁc—mﬁ«i F,«.la%,ifﬁ A\GAAAAZ
O meo% ‘\’WAAB’U’MM ad A= I\,A;__)H\u« |

N |
N-g N-= l\fll\_,tgl\,/\z = /\;3]\2:3,

| P,
_,ool\ioafno-

We ot iy Loty bausfmiiois a0 sapingy f Aprca—tim
ondo doel, that ir, wr 0w febig tha adide poud of view. Mot
WWLMMMﬁW¢M4m,W
MWKWMW%MM
#hae thaony o nitiioie i quaitin wechanies bk ponoitin, aud



04/16/2008 06:32 FAX 1 510 643 8497 Physics Dept UC Berkeley 015/022

we wll godiiae 2 anth Loudy frowefoundiog . Wl gue pome ©
oromplon fransitly of b active Loudty bromefeumatiois ase used .
Tha ppece of Lowdy bawfomadisis 1o 6- dimontizmad | ok Lo, 4

fakon G poaamdive po oprady & LT Ploieally Hhuer paamitiv
can be doidiid mmaa&uugemg o ppatiad robotess , pls
ﬁhawmoeamﬂoda Mﬂ_maw Tﬂn_gcwﬁ-l-ﬁa.*

AS’\ 9 - Madwlw»cd Mn.Q‘l-K‘\Mﬂ?uxM‘lf‘wua‘\l:\(o

mmunbers for do rpecfication, but A'q A= ‘AM:WC
mhxafWJrﬁd/\M potes 4 Lbiea LT a
Wc 4x4 wifuix Las 10 indspeadad compensnds , po T
e 1o powmidios — 10 rweliands = 6 paamitas Lt vver
‘o Apecify a LT The guab mawfeld of 06,0 can be
Mongld of @ the 6 dimonsional suface in o 16 dimavsional]
Mpace of 4x4 makices, ke mddiicss on Ha puface pedisfy
KaN=3.
LMMMMAﬁWﬂihmmﬂuuw&aiw-&m
ﬁwmo(s)o{ 3x3 M’e«owm(w) . Hod caoe,
i tpace in 7 - dimensional | cnd the eodbion RER=T
WGM@,M%&W madiux R e o3



04/16/2008 06:32 FAX 1 510 643 8497 Physics Dept UC Berkeley i016/022
/uz%w‘uw -6 = 3 ‘&?MMJILM gv-da Muaga\c.abm (-&hw Ha

3 Euﬂuamﬂkm. Q%wunlmtﬂg tha merf o3) bra
3- dimemacinal suface o 9-d  amdbix space.

Qo e saur Jaot pemading the guvup amaeitrld O convids 3]
fors discovmettid componsds  ( cach conpomad Lo Commaddid, buk
Bipconmactd fom codi Mac).  The ausliicss on The o compomeih ae
dobimguched by detR= 21 -hase wih dhR=4) an popu astibos
and Hhoos itk A=) axw smpuaps. Zo the gvowp marifrd 03)
Sovhs pomatluis Gho in:

b

Lo profin prope
\_dobP=-1 SukR= +1

7 S0(3) - n.d o 31:304'«@3.
malios wndh A =4,

o(3)
Tha paspin compamoud s ﬂmmmw s0(3) . M codrauins Hu
Wackily T, andd 3o called the Wdedby compongid | %Wﬁm
Canm be ettinuonaly comochd with the dedik. ‘FB&MAM!M
WW% ppatiad mveraion mddiix

P= Q"\—\\"_T'



04/16/2008 06:33 FAX 1 510 643 8497 Physics Dept UC Berkeley o17/022

@
Aumes Ha MB"G"'“‘? o(3,") m)rwmo.o oAt dob =21,

we axpct tot the Lewidy WMMMa{dM&
dio @onmectid componads. T momifeld 2 6 b-d  purface i
1o-4 walux npacs.  Qedually, He mamifeld 06,1 eonassta af 4
divemmnstid compmeds. The cheier io mode by dd N, which caw b
20, and the sign of A%  (Hhe 0-0 componed of A).

The massing of No io that & io th eodficid Couactighe
ofd Tome omd the mewr time, e, su %'H= AW’ we Have

t = Aot + ot Tmo

oy o _ R+
-A_.Q' - %-k

D i tasy dy shne from T dibiition AFaAzg Hat  [A%] 21
Y Ao io pueiive (Rwee A2 D) B amcans that wrhow B ol huis
b inounssn, Baw po doto 1. S that cann, No= Pht = y = YN 1-v
dmvumm%aﬁmﬂmimdwjx M4 thr wauad
W&Mb{tﬁ&ﬁiﬂt‘m Whie N0 io sagitiie (hemer
No £ -1), Hun thew t inervante, Yu mew dome 4 docramsen. This
mcans that the LT A colacio a Lims - nwenoa] opeitionc, pacaps
son odddion h pstationo awd booits.  Juch o LT amapo the
How o poms pramples of e matiiso tokon fron tae foun




04/16/2008 06:34 FAX 1 510 643 8497 Physics Dept UC Berkeley 018/022

Ce‘m/pcm.wlta o{ 003, ¢

~ maliix d.ni'J\ piywe Ao
T +1 +1
P -1 +\
T -1 ~1
PT | +] -1

. (—-\ -" o \
PT= 0) 1 .
-\

Thus, the WMM 0(3,.0 Lrobo /:;Ni'}wﬂ ,qu;b,;,



04/16/2008 06:34 FAX 1 510 643 8497 Physics Dept UC Berkeley 019/022

| |
o)
pojol

Y A beloys h te Wadidly comprent, Thaw e say
rhat & i 2 propu Lowidly bawefewdling . For to i
heing ; we sl rediit et ouly A5 the prpe Lowdy
travcdrmaation , bt we will rotusm o goacky, srmuchat Adtie.
Wao probably wodk ot Bow on s cowins for tone -nsenad

A woefud themem o Mot Quory prupe Loneds rousfemation
can be timigualy foctied ke a Adati boise o dvosk ;

0 (33 ‘3

A=RB S
The pfibico o gk the sama oo the ndtdinics we atadiid look
pemedin | ek etph o noprosedad by 4x4 aibicie mikied of 3x3,
with g oxtin A gl eslumn. addel Yo tihe ean of the fovis
conpoant, ek i wit hauged by a nokedin. . For sxemple,



04/16/2008 06:35 FAX 1 510 643 8497 Physics Dept UC Berkeley 020/022

@

ljo 0O o

R&©)= [ o | i © o

O O en B - hm B
O

1 o o) (@)
N
R(,0) = O | en® ©  ANG
o O 1 o
o k-—-ﬂav‘vle O (‘,09
| o @) o
R —_
Q(z]e) = O eaé) —-MQ O
rmB B @)

e

ftr@ﬂave&u}iyafa M,Iimmdﬂ%mﬂiwd(m3
prramitie Py by | o

\

1)-
c”

5
/8-:‘ .____.._..-’ = | : J .
1/1 - VY2 I~ [3""

Ofumﬁuewmdﬁbew\ﬁueﬂmﬂ'bmmm-



04/16/2008 06:35 FAX 1 510 643 8497 Physics Dept UC Berkeley o21/022

| | @
dofuied by
ZGQMA
¥ = c,ch\A
gf/s:ﬁd_«kﬂ.
Nele thet peucee 1<pcd, -m<A<+o, .0.,.‘11....4039\,
WMMMBW ONGa QAL

eorh A Aud ) o o
Auch D corh )\ o) o

B(X,\) =

O O [ O

0 ) 19) O i

Coati A O MA o

B({\I))\)= o | o o
Auch A o el ©
o) o o ’

Coade X 0 o  puhkd
JERVE o ’ © ©
0 o : °

0 ek A

2k O\ O



04/16/2008 06:36 FAX 1 510 643 8497 Physics Dept UC Berkeley Ko22/022

@
MmMa‘w,hwwimmmm

ockive paman. Lok @oﬂum.tt-wdmbga@m;h
ot nest: | | |

= [ o
0

O

Now apply o hoet a,l-m\ﬂ Sha u-M\S,_M@ﬁ ek =y, M'Xf-"XP:

| v me Yy €/
ﬁbfu‘: B(Q,’\)rfv Po = rmcg? 1 = ¢
| P 2 |
o .
‘.-fYU.A.l = 'Mc"/g MM?:‘ymﬁ, fr:v?& Theee onn



