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Spectral Curves

duration: 3:04:13

4-1



4/0:05:05 — 4/0:57:57

(/(. C pcc v\ Curues
Le- ‘ g(ﬁé(m( Courve N LQ\( WCA’\‘Y
ool wit gonmg fene shbe S (Y > T

kwow Speiivuw ol TIU\‘ wpahcoleq e v Tio\ g cssgq;\m(‘}\

E}%m,\vm(()@ Soecfuom sl T(()\ N \'iwe—(u&?ﬁhﬂﬁ.\/»‘f
A vel .

hefe Wae \:(0\ A M v rs, Squ\fow L
_ (
raa\ Al f)(u\ =~ A< ‘367., =y dud (o) = (/('6 /L)?'>
Tl = e T s« polquowvel ol duy. L w 'y

B2

N, o= dab T __\ g" - L

4-2

(0:52:52)



Sluﬂ»\aS “\15 ~

=0
QJM—:—S\‘;\? < ?b(u(UO\-v.\(‘/\ .(v l(\) 6(’ &-15*(& L 57 Me‘\"(gc‘ G(CL’kFQ!\
L-ﬁd\c( P,)(L ob U—;G:O =) /t"z (u) L‘)\((( bew 2. L’ﬁé\ﬁg 1)0(4 O.FU:Q-
neor falegs X () do ot weed b ' gl qNeel ot L¥O
Golung- exuqﬁ(wc Lo QMQ(?/RG;"V( 909;\\0% o e b & IW’/S EV.
Nowe  whafe ,du cond a-|/ Galu gp’e\‘z Q;\\O»\S o |

D Squais - et Youeclh pobl G o A2 1 L
qu ¢ ; whet E,Lt\:(\))') ;<\+ z)

D‘).

alecoric eq. ok %5 2L m 7/{).,_-.) 20 colud? C)& )=1- 2\
Wage e ylefe (&) = T (3

\ )

4-3



Nofe. flet 19 s gecia\ e v=w
V=242 -1 (°- .
lig Froo Flod =2+ 5 -5 T -11 <

ol clecds of a\y. ey wate N ’Z;lL‘\“Q" S:(U{’*"’W
02—(_——' = Uz\_ = 20

(reletet b So(=) gyt v )

oet 20T @iley ww & oge wol SIVRNRTC P .p\yec)\'

_Si\mq\.b %O(U\\‘Qk> v . ) pey
L=71 gllzu\ - k’S'\VM(/L) - ) > Q:;“\rd

a1 [ es@ e (e >
W) :\o\{-——cw?c o LA ) e @D

Tlol= W o) = Z’ o (< 27) h- ’\03\:(1\\\ &) "((05((05”

4-4



(6_{(21}‘

st
A

Nz (N = 4+
a\\ et Ru (ﬂ}“

A .
SQONL'(O& Q‘-‘ Olf\'_ U‘(\'L; : \ g\v\sr = Coxd-c“\—q»} A 0)

exe\ at L=3 qfec clcea F(U) 9 4 3-3°
0'7/’

M e, T )

Gleck g A2J22  Qocauats ag T2 S-Y cos [

Erm\eh Eo'\“b f" et Ao e o' A X
Vee ™ Gl 2e - Vv

U'i,[ ,E“ Ygu = T - 2e '

v, Oy

4-5



Goectee\ Cuue
wuegRgete gquase ol reda  godks C)w“' vRsgldooo et

N\

oel poik O is wlere avalehaty & 4, (0) Wreles

,T\.L(U\t %'F(G\ X Q‘(\)’G‘QO (U'—S) Swa\\a\fc((
g o

Eolow ucekor TN okoved v =G 0(57¢G+ee'
m o= 3 FO < & {ee'™ « ol
2 (v (s)) fefonme & il veloe ol wYe e chrV!(‘fT
cohalve by 2n ¢ whkrelenges egenvelues T e
? luleem)) = T, (Ole)
A ol = 3 75 WM.

4-6



L eigecnvelae foekgs RO Lo a too —sleeted

(ove( OC’ -&' LUA'\M: eopreve ek =Gz o\

\o\m,c(» wav e CDMC‘eJ I~ go(s los-( \0\\6*~CL; ots

Q)'y..\_,uo&ua &VCA\\OxS ‘C&(U) s %cus\,\\)qlue&%\*o\hé-— Q(Z\
wof\ —Mw. h@t\pbv\.
o Qa R’(.Q»-% QU\’(/& ce r s QC\\Q\_»> )\'A\q:{

z
foc 2ty e U acsoasls o cluek 0((;7 cd vho@eC
k. VBl - € a2 (U(z)\ el e oo whak alzy

K Aigroh
Roo toifee  i¢ o complex corve ((Spechsal core )

A=\ <o‘au,&o\raﬁ 2.\ cowpex. Syae (u,’t‘\ et

\“:\ e €y dur (Tl -7 =0G,

4-7



-f—or euel 1 valoe @f/ D) these oue fuo 1 S 2el
pravide Pofuavtal.. wag 227 F+ L (F)=uR)

T s EIEER < ot - .

Bxo—p\ L=
CeclZN | 2icec & e
RO ER C- e el g P
t §) ) v

edve  v(@= 1 s (2R

< Vo= ot V(2
A(J()D :k 2 - (2 )

(\ A
ca—e b ot 247 = F ¢

T V2

4-8



4/0:57:57 — 4/1:32:32

4.2 Bromd Gale amd Excidatons

(6~poric eckal curie b (refturbcte @lovr—s -,
F.QI(DM‘Q\JJ-SP\C, qroevel stede « exccfafious.

Grsoed Sted. = o
- S =€,

‘33)(0) = \0\* "\'J 52‘-:’1 ejﬁe,..aq\ LU 4\ ) /u

=) T(U\:’ ﬁ(g\\' o e pvetvs

Wene  wa Gy CSe - Voot c‘«so\a"'t‘H{g., ~> 3"""'\
o woneel geuwr af L g g lL-23> -
Sreckel ¢y 15 Uiglily c(,qc/.w:m\& i

4-9

(0:34:35)



AL%R:\-—UQ&.‘ oC \- O SR E\Q\
' N0
flol = Tlo ey = e« 005 gy )

-

. W) = ! o= j-t( Z U;L-'q\'\\'j
Walvl™ 2 AL RN \ o<

V .
le¥el e e gonts oy Guri)"—(u—‘)" )1
2 u

C

A
Y Ao eote b _ T k=LA
fle—» o G/ \N):Zvl:’\l,ZM\r-—— (:1:>*—‘ -_1::7

W Geaguley \'}Aﬁ\'\b‘w a—If "\’("L (0) A Uzck

[00‘" e QQSW‘S M(’ Ca (A\%L\/—%} s g/ 4 "‘Qs dlywc.[—ed
JO g va({)wb(\\. (4 Wufj ’]“do Lheerby o Q\* 'lts&e,'\\kf‘_,

4-10



P Q-

Swuqle Bxclabon s yeatrrs 197 6 @
o o C‘\osev\-&'. T > aclmene '\L-r\g? VRN _ 7T 5
A Re 0
Plagecs Potuomc el adyis o T(0), U2

dOb&(o\,\ C") thr \;);4\4 L L t?{ggq\)zs P°l\\\4-
OF(0) = 1€ (07 = (=7 seemsab ey
vt (u=30,.) ‘exceph ok
05634

&QXOMC& 20‘ L((A?— )L—

u |

4-11



O\ S C\&-‘ﬂkcs ol cowt’f?‘\&wb stede AUyl Tv)

ZLe bbb oey wom I
< .. =

oo St = B A N Wy

-
=) SCS‘—‘—-'e (S8

Qmaf g\, < WA OUA @,

X S'\? ) e’ ,
-1 Cl<D _ Zeléun'z—-m

—

>l = Tt EG) B2 - ¢

Sieeilou bo excfalhv~ of DQAYOLMO@J. VeV u—.
(Ve JRX =2 JH =-134 g(\.q% weatday oq,)

Ko~ you - T
o \\'Mui\u o g 8T z agiers!
R A v IR R S
%H ' WY
e W= 3, = LI



Holkewe Cxe fahnes fuo o T

leadlig orotaec e telas .

Geeckral CuioL Q&’U\'&“—S O~ &Xact d.tSc*b?kL,_ (40(@»0} Liweay Fﬁ 2

eq. e T larsg./, s\ obfa< precuc. reyolts iuc(ud.wl

Lo~ »L\W 2 “—eo‘r,
L-‘ exct fa ke w weats o ?,u- AN S

L /N EN - =

-> .
ConGerad c(.m,;g ) (b\c\@ of- ‘?\g&c T LA woddl

4-13



4/1:32:32 — 4/2:45:47  (1:13:15)

U3 3)11'\&\»( @\ Dvisor

Sin qu 'a\;st

/\)q d%\re\v-‘g Q= ("Z
Y, Corr. @ Je-vecharg
’\'(o\ L()a, (gﬂ = . (o) Ve (u)

Eq. s a Solukoe w, () Foc ot R, (Y (& oM L
dl?wwoc o U \g m\*h‘c; al Mmoot curA A d\ule.

2 T ges ...

A ows Brs v T Uas o pyle Siasu lomy
= NalW) Ues Guuer Slaglan'ty
kvoo  V(0) hes -G pole ab v=U=O
(aun (ew.ove  Sikqulon b vy \ﬁQSm(AvD o Sowe Pol.{u. O
s dees wb ollect etoaevwac(wxs
G wd wiheslew sivge\ety k')c,(o) k le expected.

C.\'a;u\mc*cfs dutese v ek \4'-( tEv e«.

4-14



?. gqoq,s.c-rmsr chglenna (o T, (0) kot wot T (L) (dicegoum’luk)
(subvadichru Low agsoy «alu) do e awmalyke
=Y Yl has a SRyoge— vost $i~3u\om\+<1 at bro—cl of.

% . nernalicahou ol ey e Oecfo s ic v datyguiaaed U EO g
; R_
ey teUGRwelWge W (ol by S(0) by fuss qzwg(\/(m‘)t_\oi‘bb.

(E;f""‘(:ﬁlk' FI>C9(0m4E5-

. a&' qua\se,f(w\’ Gw \40{\-» Q,\%p,.UQ(j’bG ou“l}l\—k(-("* ‘t)/t (U = (U)
0 w\oue&(omw\ \(\)\ S ot - dAie SD\‘C‘(Agﬂ")LL ol e ge Qoe\ru\;g
- gugle toe edggavecker W, 1) = Wy (5)

now ~0Q(¢odbuo&&a\ol& TW)
T(U) — (A(U\ Kl\s) ) JS D ace a.ua(q Ke

qt v=3.
C(a D) ( T e wed)

4-15



Qjo‘c.”\:a\\)ﬁﬁ —\
T W= 3(A<DI0) 2 (\(A“’\ D) R ()

\foTaa—o\'» ?“' ase Wwwase T ~T2 el cod = O
A
EM ak =05

AW = o)) £ (o-0 S .
((A D) (A'- D)-t'lc'-e’”\’

w -——t5u'47) WO {;C‘\,eaqu_ 1(2:&;(" \CR?1-4:\ug Q?CS\V~&K
(eve e rUcarose ol eigpevedsis ar u

— R
Yol = ( Alo) = e ko»

4-16



Bawalicial (oc Conms \m‘\‘v) V& as a focetie on U
1 (G) ?“\’z(c\
nowne \Y \P(%\ = \")a('z,) (U(;}) s Omaly 5’? own [

OU\‘ U=9o
BV eqan®T TN YR =tmw(®

< (), \Q(?.\ ose ammalyfhe o~ 1
erom~\  Jaiw i L=

A
@) = (ot %)

4-17



m., waw Cq\ 'Dl! J \‘SC(

§ca((v1 O'P g\/(}_) YNe = c&\*emwuzo\ whese aSe gksu’qh\klo>2
G Y= Ay @)

frT*JLf‘LIL*fGZ, we lAOWiaaeL(fsu:_ ¥ (;%’! LS Sova. Po- e ot C})(‘t!\kcithéL

! <
. Ve o ¥ @21 Lo oe ok Vp
\ e -
?D( c\oice U("J (\ o)) = \'\) (27 = ( S(?\ ) <K mtgb_ Cone.

(ed»(gg Ncb(\.et*\— - \\)(2‘7 :"O &-C\)\AC’/’\'D‘\— 3‘(2)
we\-cofived Lyt 00 po-r f 0 Ve ) et of Qoleg &\?):G

s ek ewcodes all dyvosniel date gf ele

. . V. &
=) ‘\1\,:\ dquaraial Qiurser for dale (k{idf ;wl'

FoaN P s O

4-18



Dhexeebve gictose for TR
Yo wmey V> P (eflr e €)
awe\q v w5 delied ef fo amliy, ¢ BeScnies olicechnn
\im ate oles ok [(2) Lot tuge oonele Prom wotmalisl—
Ve @& =1 {k s whage Y (@D~ v‘_J—
Dioisor covgists of ol eonds 3, wWhere < (3] klces
@« Spel (2 @i ecHon.

Clam &\\{v»z( conclsts of %—k( points o T
Whets- (-J s CKL(&“C O-C r

bofee Donckio Clo)em (o, (0T gl Y2 (.10 - o)™

¢ L 5)
L

4-19



A, £lo) 18 a wme woithic fouchi— oL o

o (eghonunla of 20 . wler oy oo digp \lves luectos W, &> ¢y
.c«(()\ (e~cuivy Tl St = al<o Mq(‘[ (Y3 LtQ.{e.

79 Yeros of F(0) pie bxerdn poivis. v
- wobe B\ 20 € Mo veckor tie collinese 0N 0 ) SCH*e

L T s disgenelishle (genence O 9 Mo eipmect=s St €T
el .
Dtter btonets pont aulyn bula Siwalt 2250 Lor FO) .
for &« cove U O oS s Yo glueks afe u—ecled hy
gc' Broe cobs = 2ge1 geeda goivts.
3. wmesowmeiene L. —c (0} o CO\AA?OLC'(' C Whas ag W“"( Ro\es es 2ecos .
Z(QQ\) p\es. all Qeleg e dotle Uy mucvuehoe SOV (o s
dooble gole dpe do eflar S 10 of T,(0) (shale) = g\ gules w SR

4-20



oragy =2 shie Ve =(A\-1¢))

pawalive ek Ve o w -ty S,

(

oo\ ok {LH = —( Ef er\‘v“"' ((“O“C\

4-21

m——

Se € €
=



Euolo Ko~

K%KR g e e k\)\\« OA’.uw«w‘cm\ Acte & chde

el woves ook ohr WAl DT Sen el Loy
d\T v\o\wt\i‘l‘t\

ARAAR A= VIR n e

leer New el celue fer A
J
d‘,(\(x(%) ~Maw(@~ (Vr MYy &) - @)
U\bbv\ih@().[ ( Luf MNM'\&(& (WX So\uN e
(06\r ag . vage e pale 3 « dooble oles om labe ¢ides + ance)

M _ s (up M) v @)

dt ~ 43

4-22



l o erfal >
((O Q’i“’ o\ —(
= (, Sl
— —wf ] = + A
sy \2 €F Mt ¥
+
1
S
2¢ U UZ) <)
I S
I = 2 _Z llds Lo echel
Cosg 0w wel. Wwe '2/(6@3/

4-23



Q%MW4

sc(g(few hes (6 (®) cotat o gu(m«me\n—( o~cA Co~s.<'t\a~r§¢ 5)

o lowess Tle dyqice! qecnt of eucse Qion a= L-1 Nq=L-L
hecaee gk veoo telebed do vy is dostole ok £ T
mlong Ak QisecGoe (o ueh coded U
wob W diusSor
(RN 8w 2KR0alla. gk L=

L

e
Tl =id < T IS¢

ok LUz & Q(c‘u,.\)edog ol -\@d\ e ol Cixed '41 L e,
\l\f-((b’SQ T(QD):{C& V\,Q\)Q_;"'\*\LQC CCen (6\4\'&2)' VAR

4-24



GoRese. O N = e ... o U

1- 2w -
ST ’T(’L\ = /( pul — \%‘%n\‘*-—-

E(‘Ya-\l&dolg Lh‘,b(oﬂ CS O T /%o)é

(3‘;)‘4’(%0):1 3 (2)
(33w G © T (B

4-25



, 4/2:45:47 — 4/3:04:13  (0:18:26)
U.U (onghruchen ok Solukons

_g_geb\wmu\ Coue
coushruelt () o Roww— subaee

~2 = Flo(x)t Gy« ek Tlol) =

Flo) ¢ aPoly wontel ol abg. L !
leadiy tong T =2 O/ yxo Lo\ dief
doX To) — (l-t \/UL)

Ag - eq. docoies Q-1 bro—da ob = LA cots | Gowns 2

hes L (wdep: mavdoW
(o ¢ Qo O o L~ ather e leg

4-26



‘D\,W ol Dl ngof

0SCons WoReafRg e W ()= ( ;b\\

64 & weeworghc fov el of  degree A« ("Pa\éﬂ

Riomanu -2ode e =  3vq A.o £ w c(,\oocxk> & ()
(g« ®ole> | A gealicg A sUifE)

A2 srecon £ 3T
Rs couchnok v g (e LRI+ QT e
T(Uh\)"‘r(}? PSS ~ +% (@) @) ey
F T« & Y@ e )

r—QCov(HVO(' clele Zu_, Cro ’\_10\

4-27



/\\\\ F/é- px‘s’x*d

[ouglo@L/ &@f CLYVYR %\u‘ozlb\ \M*S ﬂ - L-T
Q(?V\IQC/QO( Les %-4:2 = L\ de.b.
U bhes | &oc Lecow T (V) g‘z Lo a

e,
a\%o,,w v 2L dell = Me ok flhax ¢prce S

4-28



Chapter 6

Quantum Spin Chains

duration: 3:21:01

6-1



6. &U&M"‘UW\ gf\w C[/\a/\‘uj

Focvs om Gpw (liecw Meduls -
O’K.O‘-( Lot~ o lw elecs of Wb QM modM s

° '\’\J\,( (Cw l7( Vﬁa((d (,O!h- M U\A,{C(Q(L\ CFMLJO\{/L
s fuy con Ul Guere\ rawelers (o hive
° S\AM)’ dACL:\As oS 2 geuod'vi OM o (s

0 (ous ars aywax\wc(( (1<AD QFT wodls

°¢@0Y [&"V’* C?UOWJ‘\"V wow.Geys &QQVoac(& clssicl eclawics.
o fray o del wwauk\\'c wekes als

BM taquies - TNL I fommegarse  awh{emor..
ey G Oge. a\'\s\‘)‘& f(}’ U"‘%L\ QMM«)V, (0w o 2 g
eqeet BU0 A AT o ewcrgy Wik 2oeege

o\Si\Ab wodb\ - C(QQS' chob &y wedd  |alhice of s¥iug, oliglwwd MY ey
Retsenlery guanton @ dawe Ol model T, 41D wodul, Ho adks o V.

6-2



6/0:08:35 — 6/0:53:32  (0:44:57)

é( “”Q&tspv\aaa S?\M C(»\CLJ:./\
Cekor Sen skbe 1D\ | o6 e conpler lic. conly.
=) g(;‘\ g,\,z dlgca\'mo\ \b( \Iec(z,\rs'pco\ \\/-': CL

Q\;\\ C\/*CM\* 0(/ \L./S(L (- Ve L-Lo(d (—e._\gor ch&,oc}f*
\\[‘g“'.:_\\/,t oW, o .. & Ve

H:\gg.;} N \\/&L ‘/\QS &/‘\_,&.bg,'g.\ 2_L', %asi) 'P(oxm‘?ueb Q—\k\a)
1L LTATL

‘ ®C L
Raw“-owou\, o\guck{ ‘)’\ \ \\/ = \V ( ach (Ga:((\( (AO\A—tOGbQW>\>

N= 21 K=\ oV -V @ Y.,

6-3



HU‘%M How 4o wion c&w9a'+7
Kz Ao (420 « M BFac¥)< X, (%86") <X (700™)
ol co-Neelong o gocaceters Aoy, fg\&c& wheaqetole -
o Obwerc 7\X#/\L{ tAe # )\ﬁ oS XY “ edU |
o fus ASequal A= K, Xy @ Y2 ol S0(2)
oall Ay raal K= Kez Ay 9 K el ¢o (3
- Ne hos Envel elleck L slilts Q¢ ecniegies aqualiy (o L A)

,Cwo\wb,

Tocog su WKK Ao = = Ax= —Aus —hg= 3 A x>0
Hj e Bud (N ONa) = 1= A1) - exi i)

\

QK\NJ‘* O Q)(\ab);\bob = - ex ()\;4)

eX VM\) = \,M\>

6-4



‘Boowdafﬂ (ou d( ,\\ ) \A'S

e oy \Oom‘o\a\u) tocd (Kpe ¢
o finde closed | permadue oodenies - N | =V,
o finle TS TN
o Wbt clelns , asyeelohc v dovies
(Moice Was tegodt o~ > peckr
o Liwle dac.g ‘ Foale et =7 discrte

o ubiwile duaces - ouding oot (pechruwm

6-5



Cyuanat e y

XX wods\ Ues (o (R) / SVIGA | H') oreef S\ -

() delwes cuw - \'Nar ' W), acks oo Pam (i walneay

- RN
Sy = —%;C\s)-

Lo (0. 23 b 3_ ‘ ave <
Cotmele boe (£, [S) . S&,] ltg}'u € S)
2r_ 32,24,

S) - c(ﬁ 'd’ .
Duss e\ o Q) geaeraled (/d.,\ O“"G‘SU(&( b~ §
~N L -)

-
- v = __\_ -
R ‘3 gl = < L%\G')'
)=\

\—&«CM i’ca&ud" (ceszse«v(—akm o~ L’h\o\ (A,g‘(qwa. ol '/L

6-6



SC(M‘*(\\‘ WAW( C°“""V"°§ Q':m KQ»\\'OV\:M
LK( “3 ‘:fO §Q‘\-~ " w:Lo&L)‘L_S
=7 fecrow~ et Uac L TIVSVVY SRV ( wolﬁéﬁl,vh o So (D)

lewsor groduet dacompesho ok (BT vk ot wrans

(=2 - 1 e (o)
=23 ) ® 2 (')
L=W e ) o 3 (p & 2 (o)

N gph ) of welipe
= 2! clebes o
eqoa\ QMN‘D\’

wolkiglictty o
Cucle WKH(W -

6-7



C[QQ{qu\ uﬁ-\)f o~ H,‘gw Co\ Tz
e chessiont U b Nirgr saseall Hoipterg oo
fow SR~ (fw " KKxX " o Nlh\wawl St Se 2% - "y

2..3-&(

Q\Q\A—LGM—( \!ch\ol (G \\/ W Wodks ce S@~ op Z )

. _ ) ~Z 2
eigpvalins ob sph cove. z—'gj fome ~hg o thg

Coarellye Mol Sagg NN Moo dag H) \-Q&(ak'ws LD
'\\.‘Nocbuck, ’\(wc)‘gl\(, —H{-e\ <O se.

=

2 )
Ty { (240 - 30
Q’(ﬂ&v!‘/] P (l Q»%&\_UC.‘-US o+ J Ofe WL \M,D \\,{»

6-8



A Lw qoe Hoe, oes | (o f recpects @) a~d s fukslaW—L
\
W= 2@ e 2¢ (£ 55: 1)
wlee o\i&auwc. L‘/ (2) 1= A l{’& ‘-(2\ /dz r(-ﬂ: (’-2,"\\ l

¢ Q)@+ T  w ()= M‘)*é\ -

‘Stlbkd Cb( C= ’/z, &o‘( a2 )((cu--c dac e .
Gec. ol Jja s 40 RY

—5‘\,, & K d< y*ha G’u 7;{; ‘(dj.u" 5'/-[;-‘ exr i

Ui L) = ¢ « 1 _ _

Q b \(/ \(’ H) *2—2ﬁ -‘Sﬁ'dﬂ —

~(or §O0  obl. o "
dagsicl Ao

t
e N :
nh ZC)()“_’

oSy~ (1 H")lu,_) _ \OD 3),;1!
( L-e(ﬂ)‘v\o"af\ 7"’\03 A< SJ' S"-t(

A
S5

6-9



6/0:53:32 — 6/1:12:12

6-L Cpeckrow of Tn ((oged Cledia

(ouvectio «al Qaé:.ﬁq
Mo & 0\t Rechaon ol ’r(u@-v‘wzs (Lev Uy cowv. wetodese

® Bnorarale basis o€ W™ L L) W20 WL 480, -

N L
o Puebwalt Mo M as a 2x2° mahiy v Re3  lasis
o Diehen sl Qra\y\a ( (- ex ), PV S e Srix

e Orlue ej%_.‘bc@(ut Q&\‘)Lﬂbv‘—- L 2"% LL bea (~ % -\au(@, eq,

cwehd o Ge 0Rd by hand for L= 6
"COvau(-U‘ alyeove o oddr. el L 10

o i od oy wb Wl for \0\‘»5 Ao ~¢ <6
Short (hawg L=3 L= @LIxE-0
L=2 (1) €~0 (3R) x €= ’L(L\R\ e (0?:51' (z
(Ix E<4 (V) »¥E=5 (o)x E=F~
(o) x E=L

6-10

(0:18:40)



Befla Fgeahovs

We cor b x & Sys. oL a'g . e - Q;(M Vouriabks v € €
.S L M .
‘Y Vi — VO, 41
(9_‘;%;) - T e k= A... M
W~z =1 Y- O, -
Q%

A \vdo_?‘ e . CC)\( ™M Ot cnow) ()0\ =) Cé(( X’u&v A'sersla

(@inm Tor eorrq wypesiate (polheut) Wit Gy woe J=k£ -1
Rate (o 0l b oq. i < Ly s Nek Behe cofs y

Ulc,‘* '/z U\L" =
124((3;~_.eA\1_/ l"_==— (; §./\ - ':> — - S .4r'<:SE§? '
\ Ui = T e )

o) Geglek o =S+

M Uz\ﬂ/(t)\& -QA(V—\.VO(M =

?‘(\/\s

i+

6-11



6/1:12:12 — 6/2:18:57

6.3 Coocdivale Refws Aucale

Colodne of Rutelarg ¥t iy Wems el

Resed on & gquas, ~eehcle gickie on on wlinle clan.
NI SERN L@(szsujn‘c VQouome, out M 99‘\\—&%@ ad\\) af Pe b,

\lﬂcuuw Clele
%—Qd\:ow%ﬂﬂ—%@\!&cmw Qe \O) 1= (\LL .‘_-\1/5, O
e
M- d"vgl]rq acls [m‘v(é\(q R,'O) Ll‘dm',,(o)f eﬁj"j((lO)c\o)»lo)
= Hlp)=Eloy=0 - - o
Gluee i eWewa for Mo cpic Qﬁzvs (L= L-Citte)

6-12

(1:06:45)



M&qWOW (;‘-(4\,95 M: A )
= . ¥ L=o
clew. . Clate \)3: Lo LT L 3D L= Liw e
HO\M C(OQL') o Lok C’LCT&5 LLLCQJ'-—S( DC 33 Cou tecve Now |

C;iC7Ak.-CL1>$:;t§: &/\ \“(':* \ g<:(:4;:q"'2 U ({~ ;j& L)¢)h.;>5xyh\¢gatqlg
‘%@%CL‘/(&> love Lol wow . L ot o owes

\?> C = i) e\)? \3) '/\«050&\ Slele
w»aouo\. ts (N (qoaq \ Q&(‘\'c()\ uz"'\.\ oL &-a,C, V
Hlp>= Zef’ (k)_\ >« ¥ 1)>)
\.‘°°‘>;2: ‘Q\(l))“\ -1+ ‘))"\)*'))
%2 oM (A o e 1)) < e
)

MAG G- Mg yel. Q,\@ z 7 (\-—(og ¢) < H 5)"'2 (P/L)

6-13



¢o Lo L=ca “}G( QU@UQKW) So \eadb'us e(g).
W e F ],:L\W'LL' weeeh (e el f:-}—Eﬂ W=0,..,.L-1
QO\( Qiop ?*J{Od;c“\'\ \53 es Cor coolt ag
\\-&\.\
C(Dc;&d \JOU“@\OUV‘ CO!.CQ(\\\;., Q&M\\Q,g_ Q ‘\"O &bcoL welues.
e Cecke witn H=4 Soc Yot lea  Lolnte

6-14



Scalteding Fochor
Gales wl to s\ Hes ] ,
<> = (LT L1414
fore o Cood eefr vadar K. K ack, lpeaMy D lpd & | gD

JHfD

lp<q)= c

\ch R

05 Qpghele annsale (g y<\qie k

5<k7

Ubing elpveloes o ele) < e(q)

oo &OF wl H~E:—: l’(- e(?),e(c() ow l P <615
tontock
- (el\%«(“ ,ZQ k\) Z e/(?""o \)<\)_€‘)L/ feren

J

\__———"""’ —
Q(\(M.M—‘UN'\C w ﬁ’\o\

6-15



ot wead on  |@egd
1Q < ¢ { %< \ @U-&\ ) .
= (e 1 e—lew«() 2 < l

‘: -A

Couw-Pore Frog ei%gk\»
lgay:=leg<q?2« S(ea) lgeed
Secheovy (ocke S ax /( ?
o —-26{‘:‘-&& @
Sleali= — /g 34

et 20" |

Swles do DM gpledic| Wmer qdec M

6-16




?Q&lekr’ S‘@d -gc‘ q@lﬁ wg_

M:$ Mc\fn\/&w) Mtuve o2 633‘ C(St(tﬂ-#’\'ﬂ\'m (“-aa)%\..>
Cacks wmyoon RS WAR- oo B Befle Ausaly for tier i

R ) = 10 <re 20) %S85 (2,2,
*Sll\e‘}i‘?\ LQ&) ~ S@ gq;} l ??4 . < ?Lﬁ
*‘823(?44334‘?@'} (QQ QA}\?'ZAQ‘sé?(w

e ST Sal L ol geiuise @ dach lems ose aauecS2d.
taRicelly exgeck Py y - E=elp)<el®) ve(e)
(l’(-b)(‘ﬂ,h,\%) = ‘)Z < b")” < )<2>

(

wool Lowe ke raucel (0\(  Fed Cﬂkbeac ? \7z/ 83}

W equel €, P Hoge Mirccle : wo 3-—wa§w. coy ke ck Fesun |
\‘3( 4?7’/{‘1) excel '”AA-.L

6-17



Mireec(e s '.u‘%m\&b'ﬂ. N condeet Yens Yoc M235.
N has T 2 =) exQ ecSed .

_Cca\%exlvb ol H?? et gons s ch,‘rov;geal
(}\’\'O a Qequéce ob o ~esquo— Qccu'tn'uj eou,\é#

(z\ ?3)?\" ?%%/Ql ?3\&17'»/‘?\; P, ™ 9
/) alk R

. ¢ f2 e 75 €3 A ¥ % Q T2 ¥y

6-18



Soloban on lowile  Chouin

6> = [v..))  E=0
(

(Q\Cﬂ \le2a® « g("\’(ct\ 2<p) Keel) <el(g)

\“W\S > i g"] ? TN < ... <L ?'TTU'")> E: _-2“—_—"k Q( fb\)
& éSM

Notes 9, delisd wed 2w (lafied)
orduiws ok u e lers Ouly (or Qc.d,e«,kc(wé \‘((’u:‘i>

No idmﬁ'@&( mote b4 : .é(\‘)('p\):: <\ = Ferwiio~g ‘

Qu () gL(w(rq celcled o Y=0 : S(?‘()?:/( 6(07 = O
\5&0\&9‘( 2‘. Cor cu(2) \MU\H‘(\U\S.

6-19



Boormd %Wb

dik.
Lot shites ke e wohnelicchle L&()\ colb o w0 e w("h“ww“«\
dbcp"(’ RY, Lo o emww-«%&\ %sod‘\‘w ©S )-5 TR

do gace—d fut all G ose ceal.

\00\’ car OL(SD &((OW (‘o\a—ekﬂ»f( Qw \C eng\u.,L{c( a\tod'(\- ' e(({udl,_o(

.Q;(Qowha( °('€3u\\4 (‘o/ -earL Q{Cw\e wa /e Cc:cﬂe« WQQM o 1 0\.6‘&_
s malre  Guie ool cren b of iz aS\p Rk \ g=-hal Cw(’Y’bu/\a—» C'}cfo

ac hiewed \Ot.( g Q‘c\ TOoO RN X}Qr CLIELN Sy wo—te.
, \OOU‘QOQ Q'\CJZS

qu< €7 W—_ OG wbuovs,

, el weew -
0, (R) = 25 (F2) en (1= Fa’ (%) % g

w5

6-20



6/2:18:57 — 6,/2:40:38

6.« Koty Equakomg
t&wg ou Q\\f\:\& lQ&h’odﬁc s (gk\—c—f.
Uoced Qoo

ﬁ’uﬂ(‘\“(" penodic wedn fuchos . (')] - \\(,) = é‘)k\" \*)

@u@'\rlokouz el e Congp o(: C Sies om Acin
(G ler (NG b W) wlise M\ o (e k@ - T g
’% wetda hourdoey b Se Perodie
o @\cl eltuosh s W wou P ,
U R R
LSealrer ity ol M quows .T Shig;?

west <)n)?» )H ‘(‘(0‘44)2')3 ">)"“)‘+LN}>

6-21

(0:21:41)



Ob"&\w (EJLM £ Quou¥°‘§
o, L T
> Pe 2:': g?k’ o ) =1

L€ W
o—=~E
af
¥\

M
E:LE\ < keb’)

/

—_—

—

r@"Ci——(
("

M
P= 2 fe (mod 2W)

6-22

Q@W

Qu{ k:4\..-(?‘1

4 ol B

(PL—

wle- €

, Zﬂ’
P& quehed ac

-—



Rapl @y UnceNus

BE ofe (w %76»@%%@ (o .
Whodiwee wers seb of Badla woks l,v,L'S

_ N U\L*(/Z
Q\'- 2 Q.\‘CCO"' @Uu) UL—: —\7-/(9{-{?“'(1(\ Ql_?‘ec —
O V2
L—\—t "
§ V. = _—~ L
L N) U —\ &< 6(07; iy - —
Ut
Rkl equetoo
(A L n
( j - = A m M
U= ¢ =\ U —p—¢ /
-Q';‘é‘(« . \
o ! o | l
P Ay <ie e A
e =N — £-= z_,', Vo t'4 Uw""/z) o=+ Iy

6-23



6/2:40:38 — 6/3:21:07  (0:40:29)

é) : S G@/V\M ‘?.M'SO\\‘ oS

Dpew C(‘fwws Se i v imfidte

H = *2.\ '\/\h.» G\Alk o o J&«ai-—\/ eK\‘Z‘*Q}\ w.‘v j‘;’((--~°°

QC/" N('h-« ""e €(€\ O & ngsws chle (e (-{-?>

H-e@) O = (A- \
L © Q\\VQ ( C«skl’GLFlQr\»s ‘?;\Q/Q) \)

Need o e cel wfL aolte (hie af coe E= e (£9)
H+p>-¢  el-e)= el<) T=-¢

(H-eR)|-e> = (1- e™?) 1)
Q/(a(/"' JMS&-SI'“"" ot l-el"f' |ﬂou»0(°w/,

o), = e leed e ke [+ \ =D

6-24



b\)(h‘\ l’()OO‘AdLW" CCQ“’CAV:S ch/“o/ kL.
kl/ (&?\ = _ e-'zig' A—e*t o

A- e:"?

Awu\ocloqskq CQ( rig\X Nooo~devny  ak gl\\—'_ ')-.: -
o\ \
\\9172—: e ¢ \-t'\7>'+ &+‘?\' k{g (“%(’) (-?3

o (+9)= & .
foc congislesy v wad fo sahsly e (o= kye (=) .
S (+e, ) S (<2, -9)

g well as _ T
¢ ('—Q(*‘\\ S ('(’("l)

6-25



Fol taolk rwegron chetes -« Bafla Equadions

((L—ﬂ (“"?zw
Q. Ke [«g) M P, ¥
-—\T S < Cuy ¥ /)

Q\(L-(’ ('?‘*\ kL (&fk) 0=\ g("?“k (Pi)
L2

6-26



XK nodel

STAVAN,N New C(Alg(:»“"] {o lOCc.( l—eMS
H; oy (A@/\) <« R (&zz&/\\ t Xq (/\@6’%) © oy (G'% 90'%‘)
* g Csﬂmts’(ték &6"\) Vot (6549 6" — 6’“90"’(3
Q% Qcd o2 \2sfS celeledh (o -

coune  euNe\ eezrgy sy (L) D S
v oL - C,‘L"Ofu&"\'m—\ Cu( clocedd Aucus ‘\XK?/a “’gd?;

ot gl ¢ros > TP o Sw, = Y

some ovacall Sca(ﬂ‘ﬂ o doi = ¢ 31>

o otne. (ot anuw&f L\/ qQ=e"™ auisoh _At"z{(Q-('//q)
o bne Wb Pux pocowalec @

6-27



% 6(‘ ('\—‘\.‘UO\I\,O\«—LQ\.C,\ "
s A (U\k-e;/z\ ezeL :T\‘ gl\ [ (U(,L-—ULJ(I\

in W) S Gl (ow-ve=0)
V&S

ie(u\_’ g:m "\ (U +“h) \_‘ _ 1( \
T e hilu-w e lo) - v

Obk’w“\ KXX e du\ Qo( "\:O

6-28



%\A«Q[ g?\u XKXS Cou&c({x‘-\)v\ s=A (O)‘ ‘/l')l '2>
P(CW\“«S K% CO{ +‘J°~§‘\L" C<>u{\/(‘o- ‘La H ‘:!‘-/U( &(GCLL—C(r'e,a.

/ (00>
3 PY-»
L % E’; _\’o_/_(__B
- (20>
124>
lo2)D
EX)

P \_\‘%/
‘)

(ovy o4t Wb ocabs  accoediy s T

vacoue ¢lale \0} = lo..c. o) ,

mageo Rl (9= 2 ') l6..040._0)

e

) AN
xR &

6-29



{x)o WOGUO-S Wi @v-‘-v.,gk Lena

— '\"QA‘"" ) n
\QAO(\ /?A}, =350 T \“*/\‘._’\‘w D

)

| .27 = ”Z 'V | 2 D
(\'Q-E) \’\?<0\> = %) Q;(VQG\)7(KV[,.,}/(X_.-3 « « | 2{3)
g (e 0= 2 (kl,,,’/(’/{\..-»f “l.3.)
'k)“w\ echL U\;\e.g\t(ﬁ.,

\¢a? =1p<q«Slace) « € peq ;20

wie Co (abteds fackes R 9 releyet Yo BC
C (oteck bene o LV -~ ivrd,cqu.

6-30



V&\s\kv\s el equeds-c
) — e - — e,(b\: ——?/(\))

O~

% Ow — UL-Q X

—

Uy o=t  Lu—0p —<

L7
X KXy = XXX X W e Y > U (g

. 14 ' . *

U<k U — Vg + « ©_ VLS

,——) - ll - . e - ' Q,(QNC —'?/(\))
=5 et Lu-—0Up < o

6-31



Chapter 7

Long Spin Chains

duration: 2:36:40

7-1



7/0:02:35 — 7/0:32:50  (0:30:15)

7. LO(/\S Quontonm Chonns

A U“sv\b“ S‘\?eo('(\)vu

FWOMW)W'-&"‘C/ VU eouwn \07 (v»okct ¢o(2) drsca. d ot
Qoles wdtn P madwons | tousider ook Cuec s

Moda Vowyyers s
cou Gl dar BEC (o (03 ,. pObﬁ« “ ! ‘ WO&L LW
N O €'/ - W— Qg <« ¢ l
LL (03 wtle_ 5: (00 — £ 2n, = O
U - V73 %;\V Upe— Vo

I, d&?b»o( ow Yracch atol \oj (dﬂ:cw“f) -, .(wc:) - > €™
wedx vww\r([b fowSL V’““V‘W _"’/'z, a-\o\-e('/z

7-2



Q\M\J» \J\cvzvuwb

U{‘/L
(L \o
3 U—fo
\ ™ 2TWn

low ewaiges Cor swal (Wl == L

L 200
PR N

"'0\’7/\ Mowl &AS FM(

30

—

e = Y sil® T

n Q\\/\‘LL Qixcd\ GS Lﬁ@



g&, ere) Me g ond

M e guens uofh- d(sknc" wio L pouapRls  nw
'\\A\KJ‘CLC/SN'O‘-'S% be gae\\ We gas ol UAe oS (QS%\—VQK&/\)

L ‘
O = %\’“V» oJ\" LO Tl gcq,“q‘ﬁ {*&fv—
U — U, : Uzw, -~ 276w, .\

~;\0 /94]0 >l 1= 0O
3 Oy~ —* ) Lémw, = LIaGwg =€ D

-~ ,
Co\»»gj\!-r Q\ L// \ Sw—-?\JL =7 GQuw ,,L 9'«,3(& U o Lt/\vé.

(vades seyefal e o s Gk o~ ot Laoer nv-dex

7-4



SC@M Uw’UL-k; _ 2 \ .
TR g it o, < O s

—2 L M

n 2

"‘S‘hf’w ! all SUQ__ s 2 — -~ O

L e BUw- 2L

L#e

Con asgo—t 80&,“‘%\@ (eot2\~

lw@b¢

\_qut‘g ‘—-; Cou~e a(ca. €eq. (Do/ 5Uu wflbh a CXOOJ? So(ol-»'ov‘ SU,,,,

, ab. Lo )
\INF cc.\\b{ gla tbecdd Befrae Ros v £
co b Yo 'D( € e ™Mb c’.q%(e keguon € Coviecho—¢

7-5



M(N\uov\ S 0 ectrown

e Nb’o o
o </ _ o
® ‘?\ ‘ M){;’E 0
: Nr?/ v AV ] /
R AT e
P R S AN < ¢
. 3 < )

®
J

i _ (i w
M:; Z Mu P‘-: 2 ‘Mw\ “C’ €= %H“ -———“Lz
w N

€9’>pu)~‘°»((v’ UL (o of & el DdoSo—c.
4+ [ ¢me comeckes O] fetehve - L.o,

7-6



7/0:32:50 — 7/1:08:56  (0:36:06)

1.2 Teabdimeymsle Co.&ﬂuuuu»\

et as wlllle M o be locge as w0
o lhou to dbis‘v'/u\c wo B o/t Yo ? oko E~ H-v\z
aSSu~—e ﬁw'L modl vy d S ewocin Yoo dedt l\oal' uo@rw Pop.

Cbu\)\\vC,{_ Ouﬁx(c ’\L«A’ /(¢M<LL "»Svocowwvx L\B\Co-e_
o (ehaaor ot Mol mew avelugis.

‘D}Q(Q‘%\AH@UL of ‘Ui Voots
( U C,/l
U [}
s o
;

. Cy
A ) Co
) .
0 : :
2 . ‘
3 ° .

P .
;] % :
\ s e L

-7



T oddex L0 Mol mscale L = LS
&Q(uxzs— RBaO Vooks Wgele o- cw\xeofg C—k/ L’-: t)&b’

dorslvy @G debivd on cocfours C
o~ Wl -\(,ZSA\) (0(57
W
Tehor Equaben ene Qo\\ouk5 W - bt AT Coc

P g(ZO\VQ(\') < ’Z’GV\ch Yoy \T 6(/

(& —N

Coe

1
3
Prncioal voltue ecgeapton Lo g & fwe ‘o Z’

\)
Boa o\ b gl g fLids T dloupes (Beme —H\M’ ew
« - @ - < L

S \

o\
|
MV \H?\CC\\"’] Q\)( (60\.&'011( éL"

7-8



gg’a\f‘v\ Cocve

"V\(o&.)CL/ QuaArn'WQW\ w’k,w Q\)vék’v\ q (0") O ¢.

~\. _ d\‘/\l 'Q(G/) J’
Q)= -6 20 -

r~ 5 ’ ~
paluse @@ w €1 eole ok Gmo gV~ (G
(_u\/h/d\ao‘li \a\*o,vok ou\' a,v\’ Cb« (&fng%'w{h'es)
Batwr e - (/\(ﬂ/\ (4 (U—té\ + q(S-é)) - 2T, oy /Je C,C
O
dscont q(B«e) 1o Z’H’mw’q@-éﬁ a“olvb’l'hccz?k bonda ek

doavelie q’(3+e) — _4’(5,5} Yegl, .

Q’ dicecwel b-AQweled over o« = W.L U_w}' ol (L~
cot Weige L. wnode\
SRechel cuote oAt

7-9



Helwdneg FPoronth botom Ao
a4l clacg cotr. Haes. Wod! Gon Ldx A~ L
Ve Cohelen® ghates ob @ . o) | o3 alues.
Gom ' stede 19D Pledoled S

<s|s5\sH =S
Doecator X exe.val <X§}=— l((é (< a-&\)X)
M(h Lo H} "
LHDS = W (LU=« S0 (116,60 (id'e’(\)%‘)

R-.-, -\i Z \, S) S"’(\ ) ox.\v\ Q'(ox 2l 9;3&&
|

7-10



‘%D N - —\ R
Co 41=v\14&~ t_;'\ - <;;’:) <;; (\J;(E;Q)

-—
-—

Gt X w Ly (W

D! 1 2 —N{t

w2 ot (13 (@ e

= 1 y (O(X é”z Hour of  Cout Helelog wodl
L( <LCTCSAL€L‘*\ '1’01 tE/EL/

7-11



%g Adx?&cfowswkc (JYOO\*O\ gjmi,k
OCCM,K(--

E(A{’ avq kL\Mw "

(owzsl' &Wry s oblarc '>-1 a(lgwj ws , =2 y L2
lﬁ\ﬁ\&%w [ D(/-‘-‘iw-— tyu\ DQQ°<~\L a,(,ﬁr}\\_\—@v&— e~ A S‘pLO
=72
N DI B N A S (S A LD
Cco S=A =2 S—o
Contd be exapoleled o L>2 | wolb exeectly

°(,\)a/~.v(’ pOlA'(‘S‘ C{« \AMC-L\\ON\FS '\—-a \,Q, lu,.\ §=0 &uﬁ.; .
«wdt PoSEMle eKac,Hy J

st AV LALALD £ AALALNTITY « al oher
diicolt oliators € WAL

7-12

7/1:08:56 — 7/1:37:26

(0:28:30)



Defle Equalus o Wi AT anod < T
l L« : wa o et o=

Oj ()TF: ~l'\—\—g\%\»\\\‘ - A a\,(c"an—- v

Nasonv alt v ¢ (R

L le Befw - o>

H ~
— CZT‘\
2 oot (20) = F Zaschon (o) < =0
=\

L
. £ 5 2
\ ’(A °, o~ .

f—wa"%\\'\\/v wede vods QO/ LD oo ( \/\{1\« ,QA/\,%-DL,( :

L

— A £ U < *’5/ \ V\u;O QQ{GJC«( (ew# (u 3\ gw»)

° Ow\v\ Q\W')‘.L scoaQa\Mnc\
° \AL\VC,lA\ﬂOOu‘V‘S wode woalstrg V\Q/’L\ choly We \‘\\OCCUQNLQQ.

7-13



0GGL == OO 0 M= L/‘L

= -2 S S SETEE A
® O D e © @ © & O e L=

= -2 =S £7 S +3 -
® O ® O @ ©o @ © € 0 e 0O o = (U

Gm/l‘sf(ﬂez(\/owbw\\'c_ Qw» o~eh shede
{V\‘Leaym( EqeXog
A@S)ﬁ:\'w\\'lu o(%.czﬁ;v wole Lrgcgibed \A‘\ SQK'MQ\‘N o )61
1 dk -
e(9) = L oo el = L golv e )

0 N ~eo
C*J“' L:"°1 4 1— ";Jijtb\-ill (oofhs ‘}.&(5L1L><' c;(}* Beliw <‘=>¢’&"

7-14



Bele e
0= 2ose o [201- 1 | du 00 auredor (v-0)

-

— 25§ dv o <4 T

=
Al evecti et L kerel ob dilleven fo
Y r) 2y ()
— — 200 (V) =0
1< W \« (v~ “ @

G\ bl oo . by Fooney N —

ol)= \%? e "° R Rle)— (dv e 009

7-15



Note Voocer w \(tsvo\

8(23 26‘:\)6_ e——‘é\
2% A<ov
‘\W&CO(%J eq

!
2cosh (6p)

e/.\O(/’L . e—: \e) (ZCQ) _ E (é\ =0 =D \’2{9’:

Q(cﬂ'} ol ctoe— ‘\""‘L\ (%TO}

L L
'\((o): a-e_‘v":

20 ogi(a\ (‘\7\”

7-16



6C°° YN g““‘-/l& 'Reheaf\«\t}

P b.64
= L gd(’ e (&= 2 \og2<2 L

L(du (O(J
C&L \g A~y uv®

F:O Or P:'; 1—\_ CO‘*QI»Q-LI QK@(‘M&& W\a&(b Wi

P_’ O M: L/}__ eV
- T M=y o4l

d= (’/z-' M= o0 bl ha\l -—Q\\ij

7-17



7.4 Spmons,
Belta GQUQ(\'Du S

ExcitaNon Dy Wi Ny qeq of L Unoctoo2d wodes abmedl k.

lmkc,lm( ec(uakok Y(O( """‘\5 GWQ«J 'S v (fl
<€

O= ] occtan (ZJ - 2 g dv @(07 el ()

o

-

- Q dv p(ﬂ T AT ’%Ls-jx.. (0-us)
—00

motilicaton O () @ comgides ot ahioe S@ of- oﬂn—»c*:h}, My MdX ..

« z&vge(ﬂ 75
- 5 Zﬁ&o(‘ﬂ”zg(‘)’uo‘):o

-0 /l—e (\) “V)
161 [2- (Lo ¥

, . [ e
Fooﬂfk(dhv\cb(\)l; b ololin }\2(9);-’ Z 9 o s (9/7') .

7-18

7/1:37:26 — 7/2:26:01

(0:48:35)



gPiuov\ QConldaﬁ
Q\AUD\,\ CL\,KC(/ e(()b) crg

Con &
B e s T

P
-—",—/—F

2eosWB (eShlao)
W‘bmw-(—-bw glc ((»"z P(\)O] L KO{D é@ Q] ( 2 NQ&M(’Z\) )
= 2arcdan danW (30 — ‘;:IT -

OUQQ.QJ%‘\Q\-— felehow @ vs \9: C(Q\ - — TG (.*?)
/\’e(ﬂ
C&x§?§1,‘;;0\h. (Clgc>b4¥tn ¢7ua(\(a(-{;:*4/'
t < ¢lo) 2 O
- ‘:'Th/ 0 k’i’." W

TAVY \ML“/ ol/ "b{ootkiw Yo S cacvy.

Hou? ol Refle cods

Yefu—eig  4tin X_ SR (0) - = 1L
?Es‘zs \-’ (\ r = (:Z}*r\:‘( ﬂ;‘f‘\ /1

7-19



(Pt\u‘ st SPhow Clejes

§\7\qu as (52‘!5('\\"’!—1?’k PR IRI S \A_P/\’ Q\Q\,... C,‘Q\v C\(v? (\L\ULWch_:\
box o (O("'QC/‘\')‘Q* ev e tevo—e of A\ Yefre (oot O(’CL‘C— Ve .

\v roenves Sy ./L e ed &09\4\45(.

‘MQ°‘M Q'D\\A' gq'ﬂb‘—\f (ﬂ"f‘ L[V \W%% l/\ C&\,\ ‘QK\QL Y \?CA‘(S 0&‘(‘1
Ceso s es 83 $50Q. = 53’}62 +w9§?\u0u1 “wa 3.,0 =Ackle.

hoklin ad e Po oD E- elen < elen L. ol

EO-E Y =0
Q25T e-©
P Q=%
T ; <7 7 E=LCorexer = L x2e,
- - N <y 1
L =2 - <g e I Yoo d.ot. to e

qagg =y o auas -

O 6 0000 °op0p 0o oD@Do® OO .
el US = pwons -

7-20



04d Logn

§(($\x\\4 At o peibecl pallen oF a\l{/\ak\ux 0cCoveN N\
feour ~Lm30 o430\ Tumically -

-\ =3 A S ST~ S ~4S
© 0 © OO ® o ® 0 © p e 0 ® 6 © C\MS\*Q‘M“

O o&&‘\uy"\. /&w’us B TAT LY, T, SVEVA -V, of Speor) s papaVed
Eo-C
i Lo\ wed Y

TN

iy 1} W o T <N

100— %touul»\ é\‘k (\M,<4/ &”“5‘1) J 2 d\ookd(d'S Wea ¢ P’/‘f:ﬁh/
E: 1‘:-\05 Z ~ 0 (A)

7-21



S P§t.0(~« SC&/k\'C{\wb

gf‘\uovs cfle Q(A»\:\\C(J»' éx CQ‘lof‘\b'\,S QC a qm‘;o\ S-‘.Q'Lk B

gaa\\—(r 0— o '«\,C\.\«L Lne_ (d(‘gcud—; w\\)ut e(; A 5

QRicsuveh Cee Ynou i 1ow.§\ ,
‘e s op

Caivons ale G 'z o doobluds O gakwoq;.ﬁ wawix/\?éaw\,_x

S(v= - (/(-' (b0 T (1<t (v-v) (U"*’ \d « \ )
V( 4—6’ (U’U)\ r< ‘ (\)-—v)) L~V U A

&@U hCe Ccu\-\ (d&/\zwkt ol (ee. U,u\ " C(u’\;\ = S(U—U)
(AN ..2_,
(i n 7 V=2 ocYo\. 1‘%(’71,?4{—?‘(1?)

e Yo Rdackor Soue Canabiix as for WG

i SOR) e,

7-22



7/2:26:01 — 7/2:36:40 (0:10:39)

+.S §\>{C£€‘U\M T TNRIN

* Terroregueie  Vaeovw - E=0 Pco 3= o

- Maguon  exedtafions (QQM'X« \y s o7 ol wa'/«z o e uombpy )

- 5 WIM\ — 'Z(T\,) o) L
T UE T

W
° (04\‘( wowltf of wo&wt:\; ]:c\’ Cle o de wowyer = nou ~lwecr hree
| duCemed b
| Bethe B2 - okt (Ceatdhy)
. gq‘u\on—\ Q}(zfqukgb o.(< aw#,-Ewo—awL‘c, NN — ((M e Q&"“S)
d)\‘gpuc,'mu Jdotov Q/N -— s;—\ (——Q) Q\Q o~ O LLO)
- .‘ wod
om‘%&wwu. vacbuw, Ex2L \O‘jﬁ' =gl ( dl"}o
- - Lﬁ""‘\ Ve % - e
-~ o = - — > |/ G
Cob=g T Peste2 T V2 4 syl

7-23



Chapter 8

Quantum Integrability

duration: 2:07:12

8-1



8/0:00:35 — 8/0:31:25

Y. QuOWlf\)W\ \V\\recofalo{\&'lﬂ?

g-‘ r\l—\’\“‘“\k %(‘\MC&\Q\V\

Reec\\ gcq@\‘-e,nltrj wic WA ceg Q!uCoovx\‘tled\ o Lo
g (\) Q) = (\)—\J\X Eb LS Sy
o

V- - L
Cor e BT e Llavons & CORY N23 Aavs | o\so cplee. 5“‘,\5*}“‘9’

Heue wlodwee ar opoceler R (-t Wix

2C(" (U \,\‘__ (\)-\)\8 5@, L5 g&g

L—V 4 L
‘Z 0 wl&,éo/ of pO( waey <;\‘4-c> \\(lc cosld Uga.
: <) A\
R:\WeN 2V o Qo b cot uedalina Ree

(L-V) 1 «cex
R-= -V € (

8-2

(0:30:50)



AN N S A
GreeWeel Degiosete R an RLN R (u, W) \\;—lz
\

wok to {2Rleg b o0 R ocd coupesihae #b A dia qrotens
7 A 73 A . A

g . . A y A Z
+ ) 2,
(Owrpos: Fon Z o poe £
Rl
R\BQ‘Z = u{ 2 R (U, \sg\ sz (UL(\r)
n
Ve s
O 1(\0

8-3



\Prsreﬁ\ s of Q- Mot cesS

Tof Qeek geallesr ~ Naw q-Baxler— Ea.

(2\2,(“ UL\ 2‘3 (\)‘“’D QZQG’LU") Q (‘*\z\\ \ R}(U\%\Q (U\ V?)
(212 ‘2(’5 Qz’s - Q?—’b Q\“s Iz

3‘”&4
8, /
e
{ & &

> 71

\(QE ACTERS fo d),Qf(y\_\ ISLA—‘QL \Jeww arsoss Waie<,

\N

\

8-4



Cled Drogedy . R =R or Rao Ria= g

\ L
E le

Kjg‘ = N U

@} - = ‘27\(“1\0\)

\I( T = €Ky P \\’2\\’(\ &

L - (R
olfogehinar:
Ro Py Rony= By B Ry ed B 2y =0l
HakS

QC(ofua\cA AN Egn,vo‘a(\'q_ qoor St

8-5



+w° ovx  Ospe/Ng ce\eredh {4 \DMS\\csr

of jo Yy g
Q (U\U] = eX @ -

u.(( )U
for canlbering. (daNeel palcles

for ocpuet vuzo B tavelas Roo) =R (0v) =d
Z )

2 \ +
o }U v )‘” ) e laled ‘o
> = L) squelr
s CIINY oo VN "R
\ R, P ‘

2

8-6



£ 2 (/lewake,s
MOMOdL(DW e Ceaces

( (eSe ‘oou\-ducv\ weswedtoq ualny

T(b) JIL\»LA as

Ta(U) - RQ.L. 2&,\.——1 BRI Ra.z’ Qa\\
Drag wekehoc
«5 ‘(( ' . Va Vo éu—\
RIEY, % % —(?— . ({_!‘%}—
L
A. .. (l @\ Z L—\ v
for « \Low ., oo deaiw all V, equeal =O.

8-7

8/0:31:25 — 8/1:27:26

(0:56:01)



Trece  F(O) = (‘f‘ra T (O)

| (L 5 AL

%j) = T e~ = (B —-.—‘—(%
(I e =1 — 172

1.-.¢C A L L

A1
I daCS me A %Flo\ \ ?(V)? = O
- Qt/\ E?{O) ( Q(\I)] = O

o bd, b 60,

\ — | —

T :é;_ ] VE(% é}
A A L

8-8



8-9



Local Clhocees

(o) (S wou—\seal OQ,Q(‘CVMY (op+w\u3 Cotee local Cec e

MQJ&‘- ot ?O‘wsr ufO:‘vk/. expoud
O 2 ' (\) o) = exX,.. =~ \uedea) ‘% ter Ha;z-&...

) ))

kk-ex e - kenel of Ko . op.

k*‘@o' */Ifr’b * \04@% i RS
S TR f

7‘@ J

e o . £

8-10



CL(CUC’ g‘m U’ oQ -

a(wip w////p ol

T P

3 PR

= exp (D) « 1o erpl:P)

L -\ L

w

o~ expli P)

<l
I 7')

:‘M RE

Re. = ex (JP-t'U H‘( )

8-11



EOL\W‘B’\’ ol 'Lu\-s c@ er (‘\PP"(I‘OKX
e¢p ({ Dot < 107"{:3 * .. )

g—
-

|10y

G

gm—

]C—(

\

=\ &=l



Mul\ <locel C\nwcy«,s

cougider e (squcehn) ooV b yoos

| ]

Ro,j’ (o\()) = \(‘}\0); ~<\Q Sa'}“ - 3J

e <;;’Cl') = 1EE?<\‘,ri — | ()’ ‘l‘Jj =
’} | \&
v =k < e { éP' —_— .l
A = a0
L
Q

Exze~d  TI(0) won 0 Ao

‘;Ci' | P“ &
a - = -\ —
' \

8-13

i






8/1:27:26 — 8/2:07:12

€3 B\bernatve Tyees of Retne Avcatre
A&%bmu’c Yol Bucets 2

UG mouodOuy '(;(OV . Cwx Sace A acts @ 2x ) wah v

AYW E(U)) AR ‘
N el 6,6 D ode opesators ac by
(o) Clo) D o Cue — ( KRilbeyt space

O\ro(.q A Cllckdom . RTUT - lahows (L(c-—..j Baxles eq )
R, (0v) Tolo) T =T (D Tu (@) Rye (00)
g basis ) (1) and sy ME R s ol iwane—t
AD  tegroe # vpfdasm sexe (B Fligom U T s T 4l
Ve 05 & Prmeewodr o0 corelon () auihiehion () wd oy, (AD/g
o~ OWELOFT gy eppe (UL 1) 2107 ey 19-92=Bl0)..Bly |9

8-15

(0:39:46)



Ch. {2y B(U\\-~ B(Um\ \07 ole eigudau, o F(0)= AY0r < Do)
Q,(Q,LM\HA\OL S

A ' L v :
o fUEE (2 F e
=« V "UL*(‘/L i k=t V- Vi~ f

=7 _

Al D = O('(/ ‘&%O\c( terws whdl el oo vided B

\ X '
(U-k/) (r \)u UL-\" Q0{4\\ Ee . ¥ Lefn eq !

U-‘/L Uy — OL-—(

Q#u
oo~k FLv) = exQ (P WwE+ '\U'LF; t - )

M ’ * ) C
& ’/ — ~ (_L"_ - L. _ (
e‘? ((?\ k:\: 0:)‘;' ‘:L e = t%\ Wet'e Q"‘/Z) F3 - (:Z:\ uUh, < h) Z(W"h\

8-16



A(cjdomic Befw Ansate for Higlar—Rek Claig /Sc(c“u;e‘g
e <u () T (A E)
D

P\\ g\ x oo Ar n~ &&r\’«. Su&q\o‘.e'v
SLINY T= L NLRE < - .

" r
&(( oMl (%\Aue.‘og as &codwels of AlK‘C_,

Crecte Wmiguon quati goReles rom a vacowe N N..o ND=|O
‘ |-
(/OL( ViY :) 'Er \ r+‘ > -5 \ v > eof\)\;\cx\{_ QA\ H'((a.b(f- Spece (cU)

g gheleg oo eD 2D = @r(u“zj il (S TR e

8-17



Pﬂna\\q he Q-QM A’AGGJZ/

Gl b 3\ Nh @rQress. owm
V‘ ' L

Fo= T e < (2 ) © v ouFh
&:’ N ./ L < P=t u- L)h»“*(‘ﬁl.—
O A

What does CGlew? (eeall T N@Z)\' 12~

T (o) ~ (’%&:\\L (0 q. 8¢ as coel ccots)

O~

cowmnzeie Twis o obeye '-F\Q- wiswatels odd. ,?,)ug ab y= vy -ty
wedoss ¢ (U\c”'/z t€)

..

_)
€ Q‘\ L\«J\)L Uv*' R et V- Ve

'\—‘ Vu - VJ." € Liy-"% ) T\'UV'UC*‘

" \ ol
N \ Ju ”Ue,; (U\k - l/z\j' T'Uh,'ue/'k‘ » =0 W
c Le U "'OL ‘/I/ &\ VL~ Ub V, U ‘C—ﬂ \wb‘&

8-18



Rovler Equeowm ; (W) = LU*;/’L)\_ E (v -"IL) ?b\f(""";"(

U- L)(L——U ( 2 U-0u =<
o\ *(U"/L) 'l’ < CU'} %) ) “

N URVESTY : gzt U~ Uu

\ Pl o~ Poly. ol
w\co doce "30(»(&0...;»( Q(u) = |\ U'Du) Ceftwe cools
o\

e)\\oooL eq.- Qo( E(O] N4
Bl QU = (0+2)7 Qlu-i) x (0= " Q Lox)

v\W-UMCL eq. - Racler eq. -Cof alo) :
gt Ssen T L difiuee 2 . seee b sooby A(0)

U\ Qe ?u\«(v\o-—\d_( w0 (e WO gu\u( -QO(SMC«("L T (0\
\\X Vekla L .

8-19



Chapter 9

Quantum Algebra

duration: 2:30:33

9-1



9/0:01:08 — 9/0:21:46  (0:20:38)

3. Qoo P\genre

1.1 Lie A(C&e,\ﬂb\

U e q&c%(\/mw 3 'S yeckor Spece Wt Ue hralets ©, 3 as ot
i}] 3»4% - g

oo lwtog . o.w({-s\,wveh;(, -Qc.k'gﬁvf el - ed

Pepe of g (G g - Eud (W) (Veeer o ow W)

b Bk W a\ee lore, ¢ tonpachd a8 & commuTefer of waaps

Le(a, 0@3= p(Labd)  ab €9,
o doce o (§wc61\rw1\ bess X e \q - N
[Bqls\a) = ’cabc_JL £ ¢ toeck Ca/D-

9-2



(wonant quad. Fore
M= Cp3 e D°
wvase sk Cautoun— Xli-g Loen
(ab) = W e (@) pas ) &~ k(3% T°)

tor ¢ = su () = co (B)

.ca\f . avc.

7%} _
C—C’Jo = C - gq‘b = €

9-3



Losy Akaga%ms

Covn encool dig. ow Spechal( Ppor v wmbo a\q -

\oog G\%Q\ﬂfk SE%({"J IS Paweed by elee s
30\\,\:: 22 37 Wlse we? :{Meﬁ pou~ g

oo el of o grearetor YT

loy a\y s a Ue aly Wl
c

o . A0
ES\”\ \ ’5%’\15 \Q C :ka\n
L%\Maq \ 2 3\,] = %W“M & a\oc— J -

9-4



he\§ \60( Q\t}e\/oms . 0\-\\«/\ QoS ’vwvwwtt) leve (s
2 %Y.%} / 9 <)

Quq\u&\(gv (22€. - 3\\)%\ o {ep Y of S om W del
Op S\:%\i‘} - Tud (W)

(7% Ve 20 oI 2e€ aal sar
eve. (e} QXL \DSLQO\ For l\ksy,,\,;\\iu) doe ‘o ophonced iw&duc(»[ub

! I
+"°° QU‘\'\ .\ Q’? Q%( ‘ Q 2\ \

( n . N .
— ( v
Q%,|1" - GZ‘ (520 ( < \ ® 9%" 1’5 \'('V'C&UC\O e \L ’ N
G%\\e%n ole 0-d 2 +2

9-5



A1 Classica| luteqraly ity

clesgical cvaalRe v ck\—g well wl Lo ewsth «F Lie bi aloe ras,

Lie Biateelacen

Le Qb‘p.(am W bwse dwal "" s also o Ue a\gelrea
coda bk im—lwo Lie a(%(/mf Strychuies af\gtoam?ad‘bk

Bl b e yescleeds P . ﬁ ._s,ca ®3
otk for alt abeqg  Cfeg®
Cf([a\\o"ﬂ = Pt (a.6%)
duel ok Boel Ue rmcer s calles? Lie cottechet o

§:q4 = ¢ ® cwesk w2 ok s\‘uwuu
12 9®Q P!
Aoel Sacolh (. (A4 PpPis <P P) (S@ D5 () =

9-6

9/0:21:46 — 9/0:49:21

(0:27:35)



(owrr o\ Vity  ehweeen o % [ T3 5
5([@&,'3) = La. sl ] «L 8 L]

— _ ey O for Wy
Labec = \obJ® c«bL®dTacd. qued fon m

Clegcico\ C-MaNx

P oclaeg t-eldy Y £ 8®j goChh ek
Sly= [ v,a.
c Gk -GSy of & {cplies Tt e P>P) is v e\eo»-('ofb
- dual Aaccs\a' (d- (2quine¢ Tt &>
T N=Tce . cri+le Gal<lr 2, ) é{:.\\,u\l . tobe
= g s clled cohodes] (Eﬁ(n =09 ouasi— @3 ple~te

\'hwku Cbr$'

9-7



Exaw-zle

~2L Cauw “® BS’ M
" (Uc\” = =
U-v U-v
Cou»fcdc_ (‘e) (00? a(ylam (oaﬁs RYGL™ ':SQ\Ac UV\ :Sk

E(QMJ Qof [U/ =D lV)
et to oxgress C€9g EUlU-(] ® 9 CV«‘;U

= -?/§ = - « = y
w=0 e ™ luz-:q ayj,vn-—\ & 3 4

- ey ca\clies c(Gsg. et \eawb—’@&“w “ KW\ (7\7: O
Cur U ey oy &oo-ded (. |
“d0 a o quad rav. oo
v« P(()t -Li Cay -J\A-l@j"' = - 2/\‘4__\ OL \OO( &(65- ot

We —0 "Q\IQJ -

9-8



Clocsi] i cahon ondt Conghvel o
Yoo goﬁusts to C(c,;'s, ‘.(QE (&‘ppu‘eb\%&n—\

Moy Weese cfassiled by Re\ouin < Duleloh -
T\A(ea sl 'Fy(?es ( colched (o P eelbonn o6 poley a )

rodi g\ /7(/\'& \\f"‘iww&,ff\hl)(l@ e Qghe (X Y2
X 1
x K*KK
£ x .
X : CikRR
W a(l(K'(
’X /

Towonds ~ckocke oeelol lovde @uple (¢ o’\a\:\f\) © 3[\/_]
L\C\\Q’ \OO( Q,(Sp.w U—( ﬂ .(CU’ '3 o 6[“3 OJLYC(M Ld-‘\
a“"\\“")“‘\“" wrk quad Corne V(- O\ _[ ] r al melave &«(Slv-l-;
Tou'] teal dooble O D e glow
PRV J e classieal do N _ku\a(g?cck\f’“‘—(ﬂ“’(

9-9



9/0:49:21 — 9/1:33:00  (0:43:39)

A5 Quontons Agehras

Enveloging Plagcyre

YPQ"’ *‘aézj_!,d_,r ‘/\Q_ a(CT(\m’\a . CO("(CQQO‘O(»—) L{e groar &
119 well ¢ Qreowc)rs ot all o:l} fw;( elevec te . = U(Cﬂ

DQ%\N LYS" “"cugor a(?L{om T(cs\ . o_g\e;\*fc\n\ Qo\u(uowi.—_.‘j
w dlawss 0‘(3 Wi\ (epeet—y ordec of (@l 1 worde .

:]rl.:S}D :]SCZ_ :#: -25Ck.,ZS<L 7359 '*@436 i\vtl‘r‘, “~&D\*g,.,lc~\5
Eww. a\(y&\-m UYCS) ¢ e d ‘1 '\ﬂw\\év( iup Lo bre ciete wiia
“w o A’cx - e . Y -
e S A U Sl i PR Sl
(choold Weld W Guy ealywenial Y \( = X._ Y )

U(%) =T (a) /gqow\ (P77 ST f a L 39).

9-10



Wy U(OO v quoaton  duySiasé
* UWe alge o SLU(@ as 9= spam (Kq)

Com egpiesc  godwoks of e gevemtbuws 5
or 3T 31T efe. wlits opechny Lia alg Skuchie

o Lie qeup GCU(S’ GS Z,QKQ(OQ \ QGSS

o TemCor Qudvels ese uwatornliy aefiioh
o We cae Ao hou- wdh  doleca shewe of U(OQ R i“&")‘cﬁ(ﬁ“.

Rl Aloyeloee
U(g) hes & wehorat Koo algelsre chocd

Kotk a\a v bcoun el \ iasgseialve bie.\e,(m\q«c. Wt ok e dn

9-11



(v gdes s WMol cley N evec Lgld e
¢ Poduck mo Cogrodnchk A a K-lmeer(dascocatse veys

p\(f\®f\-—l>hr A A A ®
'ra;a(éydm‘g: CO\M\?C“\.(O:\\\""\( \n*wec«.\ ‘u\ > A
Alp o)) = (s e y\zﬂ( A & A (W)

Nole ¢ eeded (or corsiducy o lemsor g0d . tepretatelors .
0, (XVi= (o & 0N (A ()

o ot € ad coouﬂ't?
Lile A ./):A-HK
comddly (gl oX) =k, 9 LalV =X

9-12



s anhoode > /—\"’ A S&K%Q\(;\S
(2 LA X)) = e O

HTexists & s wuique .

—

Z S OM,L'—\AOMO o..\ocq\wsw of Q\n /CO C{\a .

P (Z0N O =5 (1 (VoK) erprcity

co Q\'OQ*’C/"—

AU = &o2) (AN A0=Pep

2 '.\ACO(Qorcieg V\Ltjq\\’d.L [ mverce ofF eleects ol A

9-13



Exa. pl ﬂ'—%f AT U(‘])
(‘A( Xo )= XX (modsle ke brechels walhechi

CO?Yo&»CJr"
AYQERYL A(39)= T7er <1070 Teg
exg (a\) OxQ (e ®& ev(a) ex? (aV € G

(L—\)-ﬁo(r} COQ(ac&u()( Ccl own A‘u— L
S04 AT G- 3
k=1

.\L b’\)m:)’
Dy € é(’l?z/i( ;7(47-;4, 0(3&} =0 A €4

N, S ()= A 5 (3% = - 3“, 2 (18 (4)) = exple<)

9-14



Untuergal R-Mehnx

weduce puw Rmewx R E A oA

\MJ(-»@ ’R MQ\\/(C-LQ OE (.u(—eﬁ( S"(S- ale \*&—\’Q\Q&((&{
eee (0. & ) B k-7 teuwr spacaas wo \V\&\\[L

LR Ve la\es A(K\ W\ Z(\O Loc awd K

R 4 (x =ZOOR ANX)= Rac e

(6 @o0wck oed 0¢Q. cogmduch oic b (wrcesgen (L)

o came (we cocommo ehuty ) ok T e
telaled by i low WocgComahon R

=) QUOGI— €8 Gotmy R K Sy Co e
65 A0l 1y of Coclors v alecSof Qw"h’o\' e teAS :\h\,}gi‘s

9-15



&U&S: - 'Nr.‘a-»gd lc \\“"U)
A( UZ) — '2 12 Kz}
Az/(m « 2 I3 R ‘2

iw?\»\ ’\'\»«L \(0.\.5 -%c;«k/ QC(UQHOV\

R\L(RQ 223\ CP\Z A, (2) = Z, ('O R~
= ( Rzg'? \2)2\'2,

Utl‘K“Q"‘(", QT '\\AcérQoNT"S -Q»\)s(\om
con (u(-QJ(,ba,ysg(,,tw‘ ‘vt 2 eoqlr\'chs ey A C°~Qe<:K 0(4{‘

9-16



0/1:33:00 — 9/2:30:33  (0:57:33)

QY ‘(oqu\oW\ Alachvn
&Ub-\.r('uw Q\Lb&"\(‘('« Cfﬂw&do(‘a QO( )()(}( Haw%jQ.gf,m (Lae~

A\ag\ﬂk
Youqyiona ‘((Cg\ s del . oFf ()(6?:03\—

Ceweraled Q)V\ (Q(\od\»c)cs(ea(«-(mw;e.\s oA leve(—ece qe I 32
o~ loved - o O\ =Ny ‘{Qﬁ" Zc,{( ( a="1.._. A (3,
E‘3°‘ . "3\" 3 = '\rQ oo c bcv & (eve\ —2¢c0 = 3
13&\\(\932 '\'Cabc YQ b\)a Noctlogng 1w a&}’o(—j,
Pg Leve (e lcWoan .

M) I« qdie =t - T

Q

mle Wolar leoele T, WS>\ cue eqessed es Conuokfogof L(’S

3 1\

9-17



o\ aleglen
CoR roBuack L\(\W:\®\7 ATN= 3l <\ ® 35
A(YY) = Yo« ne™« LTy ¥ © 07
wdgeds SMO=A 3 (3= -°
(KM= -« ,zi{( P“%P‘u&\ Ud
== Y W TT lor ge=se(
(1= 32X = ¥ -2t T GoF iwvoloka)

Evolwa ke %f&@u\&\\QM ot Lo %CO]

0= 4 (T =T 0, (¥ = v e (39
(\’.‘mé- of Cayve CeleNen ‘-‘1 O (or co-§\'s'<~cu(‘>

9-18



\'wa‘y»kzods dciim 0C L gtk—as( USe U)’-:Q

@0(”;/\/ Co (%) =(O(3°‘], @o(‘{q\ c O.

RQ?(' pc\'\ o~ & GL\OJ\ of L Ctlﬂzs

Con = (00~ o0\ o A7

Nole
L,(ﬂ-z,j o (- Zt{ ktp%%ﬂg) 35
(2RC,

0 ()= 20,3 e (€)= W 2, = 007" (39
'\AWHMC lM%L wmouod 10— ((0‘ abt Uz X Tlu):e;(—(:(aj.&é;\(.(u)

9-19



Symme Ny

Leb e g, o Hw k\‘—: £(~ "(QL H(c; ‘R&Kuet\'e"(,(‘a(

[Gct« <"547} H] = O q s Q Ct(waV7 of Arotin

{@A/\Gﬁv \’\3#’ O (\ou( Leacs ol bomdcwy )\:'(,L.7
V(%) 'S wet & S fummnt b ol ol

s Doher by gerodic wovdar m.dihacs

S Syl tiq of ke

¢ povidss gl quohin oprratece (ot hon (aunl. leh)

9-20



Ma\&kou g/)"«us
pr doey L((%) &cLov\ Urg a0 ?Lc\(/ﬁJ (L‘IOO\ l?l""( QN>

hed 1o fkc)\)\%% 3%
(U% ey = z (
p )(‘3 (5%-(\&)) Qoo 2 NS Q(j)\r-n :

Q(ﬁ%\\(ag \?\,., ew\\: M ] . ‘?r«\

o (¥ )h.,-tz(cr sy -67 6% )

o (N V8 = 4 2 (e'?’ k> — 1))

_ "\'k 2( —(Q‘A ‘\’k) -Z e‘f\ \)>/ -b\ CO"(’,/Z ' ’P>
“9

ot
OW\ \_,\,r—"“'—’
Y- 14 LDH%\ w > = vl

9-21



R- hanx

C waWiv of ((Mu(\'-,'?\)v I\:(a\-“’“” ot ure gLong 'S R
g(w\\/._\ oQ S &\M( '/‘O H’(’ﬂ " qua;\'-(ccoww/al.’/-%

R/A((ch Z(m R @Mﬁ(tu-u\ D+« ex)
Com A6 Qor Lod. eval. tee. wite x= 37, ¢
A= e v<6 7T g =Cu(N)
KRN0 (T*eN+veT) TS VA 1% 7€
(U (v,V)

Q. cccowm . \n-plles cbr X= 77 Q—_ R ovol + (Z-L ex

for Y=\ \~p\ies hR= (v-v) Ry
R~ (b)) + ke

9-22



Vewgsor Yro dweoks

Q/C mehs  aeks o~ Lw&of Qo suchk of ue c;\&s(ecﬂk‘ckts
%Q?OS& Ca.; CUC”\ ( QZQQ(QQJB e, ¢S -(UuA.

Ctow\-.‘tl Cepl D@D: & B
Lo 8%d = yu My—sw.

(Ve 1) = U & (0 Cor €yl
Wat dores 1o Y (gq) 2 lo> = 14> € T
CcwGots 5 gheles - (o= UMW«WHe™m
Com cct wih feu sin /bue,;.\.s (a) = H{;)“NJ‘)G B

\eOQA-’éu:» ( leve(-oue o&u,t .

ATV = L (1L < 3 WM =L (2>

9-23



A 10> =30 1T + 3 v L) = £X 1ML «d & KD
= g (L) 18D « 3 (L-v-T) \ &>

AV =0

A(L('> o) = 3. = (U \w(’\ﬂ\o

(U~V—\—\ll\’1 m E ofe_
. felated oy N
\V/
%QWCC.((G( celekedh Wy
V(4
.. (0- \)-\t
erles (2atos o€ SR _ga(\:\e_, Soc L-v=1% & oﬂé;\o&mh 'S

at
\ooun A Cheles ok b,.) lettof oc0d. i< \V\d_u,owgosr.m'ty bt dvatsle .

9-24



	Title
	Contents
	0 Overview
	1 Integrable Mechanics
	1.1 Hamiltonian Mechanics
	1.2 Integrals of Motion
	1.3 Liouville Integrability
	1.4 Variations of Integrability

	2 Algebraic Integrability
	2.1 Spin Models
	2.2 Lax Pair
	2.3 Lax–Poisson Structure

	3 Classical Spin Chains
	3.1 Heisenberg Spin Chain
	3.2 Integrable Structure
	3.3 Spectral Parameter

	4 Spectral Curves
	4.1 Spectral Curve
	4.2 Ground State and Excitations
	4.3 Dynamical Divisor
	4.4 Construction of Solutions

	6 Quantum Spin Chains
	6.1 Heisenberg Spin Chain
	6.2 Spectrum of the Closed Chain
	6.3 Coordinate Bethe Ansatz
	6.4 Bethe Equations
	6.5 Generalisations

	7 Long Spin Chains
	7.1 Magnon Spectrum
	7.2 Ferromagnetic Continuum
	7.3 Anti-Ferromagnetic Ground State
	7.4 Spinons
	7.5 Spectrum Overview

	8 Quantum Integrability
	8.1 R-Matrix Formalism
	8.2 Charges
	8.3 Bethe Ansätze

	9 Quantum Algebra
	9.1 Lie Algebra
	9.2 Classical Integrability
	9.3 Quantum Algebras
	9.4 Yangian Algebra


