Mayro SPQ‘(Q -

MGuw II  Intevlude : (.Ohmcho;v.é, :

Divac I’V‘no—vzoPaZ(, Bohvh -_A-ha\v’ohuov
(H-{Lb Bezry 's phase

Inkernalvonal Doddora( fm%ﬁﬁm in Science

‘ ;1“ ‘m »—»-u- A Bresaa,

- - 2 ——y,
2 u\\.\\'&’\htn - i -



4 Connections

M N - dimen Ronal )’V;Q’y,(‘#fd )E* ’

F — U Ve tfor bundl /d ,

fm Ex=r
TN

ACE) = A®, M) |y

i
Prfoms ANE)  felhions
57{
Y, ohn e (hon !
NSNS

V’ AO(E) — A'CE) |rneay
\7(;‘ o) = df o + fve  lehna

A Mele
(fu huk‘oh)

A= (Bc--Ac) local Jrame over U
3; € /\OCE!U)

CAL) -0 Aa(2)) fm o} ﬁz vae O
f&'br{
thew 4, w = (Ldfj)

€ Nr(A‘/U/

s, t.
Canne (how )Larw,

éﬂdrj

e
/'S L
o

]

V4

[—

L-2




n
} = 4 2; d; 4¢ (hon
=L g F&(?’)
| 3,
St

ooth fuelkions A A° IU”

}a aal ¢ 5(/:'1/‘( $Sion

thew .
Vi = d} « W (d-(-w)}
(\O(ﬁ M()Mé\)
fv’ Y

WFO’V\ ComWatken with Y € }(M)
\f{,({*ﬂ* % J\'(,Z.g;:!

(U, 3) @) = (O (X)) e Ex

/couariaxhé (J{/‘u'(/w(«‘de o} Z q[om% X

’JZ} 4 (Wom o)[ E Onfohﬁ ¢
Cfro\jcﬂ's oo C)

' } i 5 Pqﬁ.l{/ ('}
, Gowf- CQHVF)

\\\ )
\, [vE=o]
° ’Z /Fan!fc{ (/-
CCovo.n% nstont )
(Q(oh% C)

Vel < ]

-3




Ca)

|

AN

E .. —E

as) i)

arallel Wansport
Popféwhor F
(L(W-Cdu’f‘r\ lﬂn_)

(Ol (o) = (Ct)=x,( CrloSed ) the 7‘6/5
Bie wse to e holonouny  yiong o ¥ ah .

4 4% order S/vslcm

al 0&/; <W‘ows

C fa-u.(:hy »-ela‘:f',)‘ﬁh‘h},

ot g! Sel, g,ﬁwtm |
U i Kal (onokkan

Utven §, / :7 :
Parallel Scchon
along ¢, the
Pavalle| quSForf
of 50 aJoh% £

( hon2ontal h‘#)

Te (&) = ka)

T

3(o).




gX‘ILChd;
Vi ATE) — A"
V(9s) = Qr) + o olg

CL(.\LVG.‘HAZC . Q: v2 ( /‘o” linear (wmodule

Vitr) = v (odf+fvr)

DVGP'W"‘j ) )

b~ form, . ;
= worad{ + df AV0 +fvv = [v0
I
0O
58 = 98 I i Catyathate

7[af 12%)

Q- form with unbees tw End(E)

ISt = N(swW) = VSAw + 5 duw
= SWwAW 4+ Sow

=3 iJl,: dw + wAW i*

‘ﬂr\evc]Lore ), JSL is e obsku (Ko fo

e existennce o} o o'l
parallel  Gethiom

Q s calleal k(:{ (L Sl =<0

dw*w«w T O

Biom h{ szo dn = SL AW = WAJSL

-5

= § (dw+waw)

Cotr‘ltavh 'S
-foﬂmw,lo.

(s tmatiucne
G’M»Qk‘m )

1




4 Theorem 0 Uit Gonediom on E—oi

Crpe e
( rwqa,e) Thewn ,m;lx_td. o ¢ EP on?

ony depends  on [¢] hoohovtaﬂ tngs of ¢

r—p | Mo de P(hd@hdi

T M 'S simply
e, Conne ded

Tn gnoal (9 Het)

‘*’ Te Eaco@b defines a Npﬂgmﬂa&.’
| Cvier Bk E)) o RedMyxe)  Hmrohl
( vancoue s Ffaa;}g ) €.g. wa proch. l‘hlﬂ;%‘\ @sa’*d‘*"h

( velderta , Sth &SIhaet)

if E =l , bve bund& , bhen

m?mum.\
A= dw + waw = dw
\/"V\,/

]
(4]

vl this rmh,cocs fo Levi- Clwbn's f‘mrmda
C ARty S !,7 ; vg‘tﬂk’g%g yhm(n ,))

Co, 1o [H
e C ‘D\‘.\Q o,

CHot me
% TR Yok mess )
(i Ingths ae preserved.--)

=
r
S



The BRohm- Aharonov f#fct

/ﬂt f‘-fr = H’\PI SCH'fé'o/(h?t[ f<7eca,/~f9h
fer @ thavgeo (how rela hrushi)

pa Fde

- ok (v-42,4) g8
H= - % (/ <4 )

“X @ : 4 4 i ey
{1? YL jﬂ"'@‘\f‘a, ol %:g.a_ S, HL’%

i b ~ PoFChL'Nfi /jr/,{, “ (& ) A )
o

ey ~ %M“%ﬁ e ‘Wy ‘ Scaley- pet,
A —e A+ )

Veday [}'”1

Yonqe Imvariant form
x’ =t ) 1%( Xy ) } Now tnlce o Golewnoid

Dm = 3#4,{&,& S A — 7
2.z o' B,
= 9§
Qo ( ‘
fe ) B, T .
J ' =

TN T

)_«-__(,31[\1,2) =

] ‘ e
I /‘1‘,/ }‘-._ Dre. O la s oo,

2y
Cyl indviol Gondinatey

T




L[Qm({‘f‘@hwth C Coptnt ) !

P
. Na—"
H= 2 (p-34)" .. ¢ RTARS
2m C‘ C“) 2m [P'+-rl7 (Py ZFc)
A Gmong(al kams’larm%'ah beonc nafe S +P22J

s
bt quom&wm fmccham'mﬂy
-iqg &, 9
Yo W = e /ey

eliminades o from e SCnsdinger €9 ushion
bt {‘o Q&CG'S fhe [)Okhd,mf Conolc hons :

- (9%,
W(iny = V(o) bk ’\P’ICZn’)ﬁ e L /hc /

V)
‘H)ls fe SL(U\‘M% h ah lh{:f‘tl»crence Pq )‘hm
Sowwce 0 I §AM#‘ *Q_g" -
€l (thons i 17]8
e T T | 4
S { g -8 (s
| i@ - Jz %d@
R vaneghes oudside M folenoid
A olocs mot l(’h‘u.’#(hﬁ % heokom: M = ”22\ £0,0l
&, () = 0 O - o [~
ﬁ,CM)gZ/ 2 .8 d -%( ‘{r‘:l/
j Adl = m 4, Biot - Sovy st Ag ey
C ﬁ‘(
®
TOFQL"%!M PWC"




UPS"\O‘{;: onthe Fnivial (O‘mp&x bne
buwnd & L’Qo M

]
M¥ q

.Hm% Cohne Lhon with wen M'wal
holonemy

e 1>

cwrv/odu te (= 0 on M)

C’%r‘natwm on 1RY)
ome has a f‘tPreuwM‘w’h Of N, () &7

C&mm%vhce o.j, Q %poio%{&( P%D\Sc)

Dtﬁwv\ko\( qromety  plays o (rueta € rode
thotghont Wodten phyiic

e o below : Jouge Mp()fmd\ o QM




% The Vﬁ@t%/h{ ke P;m;;apolf bvec , 193]

L —p lQa frwal Wne bundl

( there (8 no Canonceal tawalizaNon )

A e
j = (1 \7 = -h Cd'F-‘-C»A )
%\Mf%@ﬁ' ne /%
nAQ v 14a 1
o;c,';xg*or Wdﬁﬂ‘ p#ih:ﬁoal
ffﬁf 0, bma%m U‘ix’(ﬁ g!'fﬁ (t‘i B
| 5= 4
R= 48 Jocteed wpon as a 2- feim
he ( He d«ée& s»lpwn&:@sr o [!25

. i eleng Food )

; ,
woVK  fn llg \ .[o}!l Skra bt magnekc ‘:chMgc
3 | lonctnbrodred on the ui'gin

N

nooE Z,;T ‘GZB dr (= ";%r% JTQJ

Mmone pel¢ M‘l’gwg{‘y  (ontaching ©
() onspde chage
. onopac *
" /T Theoven»  (bivac ) %a{:mqh‘o:
. () M= Shm  mer
L0 2€
0 : m
e o~~~ H*( lan §o’1) 2 H,‘('Sz) =j 1: 0
, (2: R
(J. %m.‘!s '\“Wf‘ﬂ\
IJE o 9 E o E-dC=E.mdo

V4 c“d“(d 2 «}sﬁm (
7

div E = p Dreugs$

olkv B = o ompk i
ohopet§

> g-lo




’ \\ N a/f- ”78
d V“""‘"’\“ k- \\ (Y ¢
) . ¥ " Ong‘t h
¢ s N \\ \
/ g £ \
‘ . v Voo
( ’ / ’ \/ . { ,
l ( / ‘ ‘ “ [
j { ! { { ;
: f @ { !
l l ( h / ( : !
1 ¢ {
i g \ k\\ . / 1{ / /
13 \ ¥ N L - L - '/ //
\ \ Y ;7
\ N _ ‘
\ . / ,
\\ \ NSNS, / g
\ ~ r ,
\ g . G
\ ] ~
~ P
dl%@m%d jv = ‘§ S , dQAdj egzents...
gcowh}, 0,l 0o

2w lzm% humber§

:

| ‘!’oPoCO%{CoL E\l'?&s)
Jﬁomm&x

Velog
2 Cohehon +°"“

W/\/V""/\/E/_P—M—VI

£0ab commechon. o
A rePrcSeM*a/kom 0}

fhe }Mvmdwncw“ﬂ(f ‘K’"Wr OULM

7, CM, %)
via, p@;mm@ ’Wﬂ%‘gﬁ%
vo(u‘;m{, Wamv.ﬂm

Skl Grnied (Concenhaked Gavy

4 o

Devg s

(Concentrofed ) Voriafy
= Cluvvefute

W = oV
Cor = 0 dvergence- fae
? 8 "wfﬂ/&k«
P’\“‘thn,
/} v/ ’ }‘\\
> Salemoid ~
( Ahovonay - Bohm
? A vecker pakhk&
 Fadh  Cle<)
. eitcwom@(ﬂi(« )“'l“( §
ot ) LS. Jeonp—

ALY




Explicdt formula for patalld trom spo

fb!oh% o wmve W"Y“t'\ng Ioc«aﬂy J u«/boh 'Sd’}\‘m}
) =AY,

%)
one qhs
(d+w)yt)zo '(d+w)/+({)720:,o
=9 dA +wA =o  L¢, gA'_‘_wAzo
A ool tkpresian of paollf )= 1d

rohs port
Pe Chcw $ l‘/‘crnkd

f+ G = -w 5 we obfein /

i‘ . (/{7) - I . f (:(,{w.) C('{'\)OH‘( d{'m,
Z' mz( C0s K. b, ¢}

¢ f
2 . (k)di o
E B exp SO G(wdl T < ‘[o G ) 7
L
"thc omlured £ pone h (oy w:' ]

P The GCVCM 5yskm t$ Momr M@wavrmksj |
50 Woﬁ C ct), Ccla)] o t+4

b GIECG L e AW = epEC )
m - Stmplites tz e
0 t b
- — .
SRR 4 ‘
okt 4k 0%t 4t ¢ty sb




in o mutshell

% Adiabahcity ¢4 Berry phage K\‘
/

Qd\&b&h(‘\&‘
(Ihfn @)50\/\/9 vy g Ram Yoo H2H(E)

[dtb(}(( "'ﬂ, , o dCZ«QWCY’V‘Q SFC(’VL(VHJ
(%) H(B) [mce)y = E, (t) [n(t)> phaje {¥ecglowm

< mlE) [m (£)> = 6, . In (&> !m/(é)>
;(UL dyh‘\h'n'cc\lhqs > ;,, (é)
Y(0) = m)> for Some m /\?—*P\ e T ey
~3—f E (®)dy
Them  (E) = 2 G (t) & P00 (25
/m and
Com (F) = = G (8) <
= T Cu<mimy e ﬁj (E.Lcr) “Em(t)d2
him
Deffetewiiahon of G)  yiolos
HIRS & M8y = E, 18+ E 1)  =>
¢(mtey = <l b MmEtn
E‘b. - Em &‘ .
0 Qol{a ba Hc(f\/
vy mifyzo e Gys g cmiens
G%CC’) - %%M\

Trvwne dore  Cans (F) = 0 q.a,( ’hgi'n 4
W) = Cplt) ¢ ERAENUTL I (b
e AP (L) € M- dgenspace of Hit)
| I -13



| [ Galt)
AlGo C,n(k) = £ w ,'anoyeo{ 7lor

' . . a{m
dalt) = 1 <min> ™ g yean!

1., (t)

i M (£)> = < | m(¥))
Dl <’?{\'R S = 0 (Born—’yzocl( ?mge/
N
y |~ @
¥(w)
Perenngbe < 5635\6(

A Bz WYLy projethon omfe the line [ W]

Born — ok ( Bewy - S{mo~,  (OWNne ‘14'0"")

*Lovi . Gwta®
V= Bd
* NVasimann ¥
VW = [wo<wd by

. . :
J-kw =y <Ay y V4= 04

VE4) = df 4 +i95 = df 4+ 5 64 = @+ 04 )4

Cole (hiow

Adiabakhec tvelulom : o

peanild Mmspoﬂ- w.v. to
‘;‘yb‘\k £ O q(om} e
CT-14



Cy(&'c evonhon

!

Bevy phase
f(/n,ro{fn> = Codmiapdmy
G Stokes )
A\N
2 6 Chrvatu e
. = i . e by tma hery
CP,n [ <nim? |
— Kz 4 <midn
Mot/ A('”’ = = Iw <mi1dm>

0L CC) = CPM(';’) = éA(m)
g Btﬂy Phq_((

Totl P\n%e (Cgmm% Now Aharonw - Ananhdan
- R 1 phAse |
1 om P(¥)
Y= - . Jo E,(dr  + Y%LQ)
4
dy nam;al %Lovnchc
O}

E) o dA™ &~ Dwn <dml A 1dm)

1]
I
]

| .(M) . * _ . = .,
; FAJ' da' 4 da! __;[ th(<?1'h|-a'jn? (‘N-O)))



Tor COWP&M’KSS, we vecod ha
s;Lg”QWt‘h(} jLOZVnufq Jov F‘W

g &= Z [ y<m|

M
(m)
E' 7= =Im 7 < dnlmd>a<mldn>
M
_ -Im 3 <dnimyaA<mldn>
st m
( <midmy eir) = ~Dm 2 {atdny <midm)

MmEtm

b <midmy = <m]d Hpw» .

mEm Em - Exn ad.‘fﬁzz‘ ,‘!:1;1"2"** malion
| -
(
_, Fm) . T T <1l|dH|4n>;\<mMHm$
ME N (E'M‘E‘h)z
S5 v _ 4

Ovi¢ &\wié 2 F
N



