0,
1.wt /1. (xegm étiric \'nﬂpreﬁ'idﬂ Of B%y P/m.se_

and  applicatims oKW comol- mak 0£08 236

§ P arallel j:mnsl)ori

[t us cmgoler a beetle moves a unid Ve Vo,(maq a Closesl

pt the Cmstiaind Tt V neds sy

| >

m the ‘tmgw( lem,i-a. V-er:O

‘* be
On a Curved SMf“ce, cannot R

A
wnd\waw( But the WAV shawldl 7
have mo FWJQU(M n WW P!‘W" i-e oleél:.—O
I+ is obviums Yat Lf ]/ moves m Qa Pl;ma the above two Cmaﬂuéwns

1S ezwwniw + dV=o0,qe. PMQXL&( -—ﬁa,us))uﬁt m a P[Mz

Now Adet us Situ(y the © poralled f:m;/;me n Qa S/;/\.we, :

—

let us write, ot tme T,
-

— A ] A -2
V() = Cuso((-t)e@ + Sin ol (4) e? = V.e=o0.
 ondl define W= & X Vee)




lf v s doi«g paralle [ ranspart , S0 dyes W

— . A .
Pr”f: d(-;?.-: d{er X V(t)) = dﬁ,)(\_/.)_‘. er)(c,\(l/‘—?
A A - A A A D 0
obt7«7xe‘,'1 @erx *7)><€y=(de:/'6»)v+ (-\7,&)0@? = 0O
lf
0 0

d-—% A N A
VXE-=0 =>(—S‘mo(olo( bo t twsol o ecp

+ osol ofy + Sid ol'é(ip ] xe =0
A):‘

it (-6 Ao x4 ddyx8) 2 osn [du e+ dirs

S'nwz[ do{é\ + de}xé,] +wsb([+alo(€:; 'l'dfe’(e*] =D




A

é}: S'MON‘C\? étx +Sim98§m<%’ a) r w0 €

~ . A

- é\o_—_ @ ws ¢ € +ws(95ir<}% - S €,
IQ\? = ‘S‘VNCF é\x —*00543 é\j

A A A A

dee:‘ "S‘\MGCJS#) DlG ex - ‘S‘i“GSiﬂ(ﬁ d& e] - @ J& Q;

A A

~ CosQ S’mc{: dé ey + cws@ wsc} d¢ Ch

= -d6 é:- + Ws @O dcﬁ é\‘f

=>~5<rol€:9 = -cws@ ol(f

Lot W'H\J. branch Cut ot ciozﬂ" fron
T north Pole, £ sowth Pale.

1{2 the »(.W‘F oxcoss the branch cut
:t”;Qn we Can O(fLCmnfas:e the (&WF nto ¢
t’“ L"’T\‘,MQO«CA u:f‘dw,m )

dves not acwss The branch

/
f
C‘/d . \\.\. /




l)( the ﬂmr{» acwsses the branch

1.0
2’}‘ _ _
o = cus@o((;) = f (‘WSQ)dQF
= ,% an
Solid a,\g]e'
loseol
So the Mj.le d\w% ﬂ#"ff a PWML{JL{ 'ﬁmmsl)wﬂ(: alm(-)t ac
path s the Solil Qﬁfle enclosedd Ajm Paﬂi
of the area
, =
lot ws  write 2-- é;.yié\(,, ool 4}: V—HW
A2 Nl
A -1 ()

A -
= 1/&)— e e

The comelitiom U:f PW‘W“M :6”""5PU"76 olod = -‘ecr Olece
. AW
. = '\ = t8 d
Ol?Xé\v-:O %&\/'QB;J’W /@’

A "'?A__-' -
A0 xb,=0 O -Cg=dy €O

>, Cé\e"ia{f) (‘0{/(7“?‘10&3)m0 ::":> [é*. 01'%': O ‘} \
O

A —
5 8 (& cudet + de )=




¥ Beﬂ’g P‘\RSQ« Olbfyyuz)( ury, B"WW«W M g’n S'{)M statp

Due % Pemot;cwc;) o.f the lattice, Bloch 7[/‘2”;7 ﬁ/////q%

BUs ws the e&ﬁﬂm can be wnritlem ag /‘kx

_ L Lkr
b g, (9)
/ f PW&’C '

inelers ef bond s Plawz, wave. chtv Lave -fmutwn .
P2
-»k'}'_/ evk.r
Un . O) gatisfies H(k r, V) = Y oronl

Wwe Lreat ‘?Z as an extonal Mr, whaich s olefmu( on o

A (BZ ac{'\uﬂgri\as no bmmbzma > g Homes) .

Z(Jq) = id(\dﬂ' ?)i:::hif} W' 2’(";&(‘”)
n

‘ﬁ'&rwj .

=
‘Q.nu‘l) = VX AnUQ)
R
XJ
BJOL &‘mww% methoel. o(vf’wzo( in dost dactive ,

C-an = @d’kx Atey ﬂf“g'“ k)
/
) I‘Af‘e&w, guantize. If C40, we have a Tope %ﬂ‘@ug
nm-Trwriad bond Strrclive .,




¢
The Bé/fa Cormechion (S iafm( in momestian 5pace.
- -

;-—- (e —> i+t AkR)= X
CoovolinalZ

So where prject o @ bandl | e hoawe H= &.k)+ V2o

+,4)
mourL

Cxi, X5 = i [ o, AJ] %’LCA.;”{;%J]"— L €ijk Vlk

=il %, &R +V(X))

[X,‘, Vix)) = . 2_,\_/, Vo= ..,.,.4-\’-/ s Ca- < €, 2'\'/" \[Zk
) J = Dk, %, X)] 2X; 1%:)!4 N =1 Sk 2%
- - -
= 'h V = Ve éalk)+ %—»\% X Ly, = anomadon s
\rewcdf(')
2 Semi- classt cal Ezmi\’«m w{i o tiom
B 7 > s
bt = Wlatkn)- R XV Loventy force
in phase sphace

LD
kb = - V. &thr) t e XX Bow

e ————a—

e AT B ST A e SRR AT T

| I S




