ﬂ . 15 .,-_5'} - : i . . ] )
AL PR FAL 0189 el QLA Gl
12 F
i 7 7 rE £

: C T
ot the motion of particles i o ﬁ”ﬂﬁw%ﬁf/&{?&g..f,ﬁ,ﬁg’? Jﬁméaf Con

Be deaess bed 6--0@4 germetrie Avole, The poind hew w Hoat
ales ﬁ@wfe ﬁé&fﬁ Cavi Ko wigwecl m Hics sray .

r 4 {!/J’ 4 A7 ; f,s,,. ' _.-’asf? & s £ » ;
A3 s well Riowsn, fhe prcliles "’?;f gerienal /2-6’1{?&’?—[?525‘”}%‘7‘%] Wy@%

Are a Jﬁ;@&;é (=), % e M (space fime , boae Wﬁ%ﬁgﬂ"/),

Lonan . ‘ ‘
The waties of w( x ) Lie /"'if///&/f:cazﬁf% L a M&%@‘? Spael V sves
Voo conplex numfbers. Fov éidzzfuf/li,:z//wza/‘ a 0%@4?@9(' ecalasr
fa&&% o i RE( m’mpﬁg&“ m@mé@f;ﬂg ), |
Tmpplicitinhe rabue of PC x) w o charce of a Hfeseriel frone.
Wowt oy fov faz fﬁm/Mweaym%f;ﬁl’L@«.Mﬁﬂ at %) &mﬂ also for V.

Tn e ;M%'D‘& ,@4{@%@/@&. /’qua g /fm é&wm ﬁ%/&@, ,;«g_@f_’@,M@if_

ma;ﬁ/i;&wmgf aKed . %@g@%wﬁm? o e dberee , M mm

N /\zg:m 0}9 % "_’Z}élfé,éiléw. jf {/)(%)ffelﬂf
. IONGYA we Syvlemn {re,mj, U

T 4C P e‘“*’lﬁf e'? - Se"'(‘ﬁ%)‘

z/ ) , .
| ” | I e nowal heatneit, s
-3 f¢ ﬁewifms, of ool ne At /?ewa{//

ﬁé’é’ivﬁéﬁafﬁ@gﬂé 4 C:..Jg:ra'wzfg/mw;/e. SRALLER ¢

vk hatoes ko aocetnd - Howeesen %vw exanip L o /szsf“:{,w-«af
that o "eorect” Mwwﬁ«%@z shoild tnobdle W,

Jod o Oemite le Sperce @f Qll Neferecict wg’?!,.ﬂém at x "i%z p}{'
T tosa Ccae above Hova ane 2l waluies Of &, pille oL+ 2
zljféﬁf«-gfg;ézfi&ﬁt( ;‘ME@% ol /fww # v a cincle .

tander o gatrge f”zzz:@@wﬁ?wgwt, atren ; Wl }(} s %) Wix S Thia
cortecponeba to a wilation of W framie i ffe . egative

: . - ‘ ‘ g |
Aireshion (clothuwiie ). We See Hat fhe spoce of fue grrup g

~ ¥ T ¢
;/’ e Wﬁbﬁ;f@w&f}i’ f“;/g_‘,g..f;:s-g:zsn@a%@ widle pvint f@fffig{ff”éu , Mo Same aq Hoe




. L G2
%Mﬂé | / raviss viv P an, ielateol ,{yo?/ an elrsit %

Ve ?’Vﬁ"% &ff)}' /%[ Ja éPX) Herr P?(M{?GUC/))Z;’ Mie haies -
WMW’W”%%’? 2 = Q’IX’MW

, ) j%m abrre
: KS\W”/OZ{‘l‘ej%}

gyzd/fbm P;:{fé;mi} :/oe"i’“ = Pg

- .';(10 ‘—~/’ . ) .
QD/P - 5)6 ‘/’//o/ = ¢¢e 5 - GU/P’ = g 111)/{0 = (4>
M}fﬁﬁfw&{, }UW/?M%MMZ Q’ﬁj’wwéou%ﬂx}m@&lo
P e Px/'wﬁ may wike 'Z//(X)p_), g%% mfr’xpfme e
by Some paessuphiov, we have W3 ) gauge chioioe, &elow) .
e %@fwma/ﬂzé@ fie abroe o a grenp & Witl zf@W 7
%W'W*&"mgf@éé?x (XWWM) W tatbeol a
/@W/M«Q f,'é;fe bvndly wilh FLoUp G B foe ;“/gw
whove x . Pio called W Ftlat space ., There miced be a
mapping & P M ey aadoctates o P W pouat X
(vaP). I pePx, g—pg Vet 91089 a!ﬁoﬁﬁi‘ﬁa?ﬂ‘cmé
ejuc':/a/fwmi agf 6wl Py, St P+ MxG MW

)y n lhe filed wladive fo p o T




Aun exanmgple of a nvn fivial PFE w fy Mok, 2
S8 w oa Ut %{&Mmé& aover S T;jzi% - gi@%&%g%ﬂj g”aifﬁ’&g.{t

/Cf‘f Ve M, lben o funshon &,/ U— P i called a gauge,
Y Gx) e B, This awoccates a p e Py to x; and Hiew we

ooy comaudder %ﬁmm Gix,p) av frclon of X T
Waph = wix, e(x)), In hf@\-f'am/tf Lwe M the ttouat
m/ﬁ’f;mg a frachon %fxa/@sm./ A
Dnvplics foah fhe fame P Lo
ff'xeal el foveid %ﬁ’z%&%f% Z 7z Whack,

which, oue tovifa.
Uf m We M we Oﬁ/@ﬁ@. wwﬁi‘fﬁ@@ %Mgfé; 6;/(/%)} e, (e

com, ke G (x) = G (X} g (X) wbere X& Un W arcol ‘
9 uw Xl UnW— G, (]hméf

Yo (x,pd = Y (X 6y0))
b (x,p) = 4 (x, @)

e P (x,p) = P(xy 6u (x)guwx)) = gu;f Pix,6,6))
MWW? | (1) above. | Thws we c&aﬁ,f{% Cee Wat 65, (,g inolecol
0, ohsied Afﬂ@ww% m /ﬁ@'W@é Coviee . |

( Doy math M«agﬁ Hoie w calbed local 7’74'07;;2,5:\'542% o).

&WW C A uAIon Of Spaceds P (?,«f?f*’é{w"ﬁwf at @é&}&/g@#&% /';3 et
Cifl fﬁ{m Wm&?@&"‘f Maa & (%g},g/;@f{% . There ﬁmu,ui' Oﬂff‘ a h/v;z//ifaowﬂaz

Jri Pes M, T adtcuds aé(%/ Lelpots F tie. f/’;’é@z ?%z 6@54,@ /ﬁd‘z/m//‘ % OZ/J
o flicr . ’

A common Cundle w e wnion of f Mﬁin{f?f&w?{ Spaces T My TM.




ad iy / ’ &
COUZI/VMWH cruatives g Wﬂ/.f/lé—a‘z-f*!c:%’)&

#

O@«Le, pﬁyy«mé %@m{w@ugﬂ:u seel 1A f/Q’-"f’f@%f{? ﬂ’fff%&ﬁ S A

g Milee / 4,
/8 - ﬁ“’w/?’ﬁw"f/” cer. At z/,,/ ol v ;;??élt;a(ru A leacher,

xi:! o
Lo S A

B e u{f ‘&. - o X} e é'[f {:/ 4 j P o
A%  — — AR HE Y= fo

;?)&;””l*’“ Secte w abey  niolid wald oot Lm,,»,,mfuﬁ e// Cx )
L L/D C\H’@/\} Lt /%w(;&f&l@f@me vy u‘\}ﬂdw (EIEEr c}w«ﬁ}" Sirtag

ﬁgi

e Fetvaotidess P&M, elf PER  wndd s z@ff/éy ¥ ol

eme Funbbeor Y (X)) 0 x — VJ(%)CI/
(Lol “*’gﬁ.ﬁﬂ/f Folro Foratsbytontod,

I U Vi o Do Vi Vg/ Debidor -
o, gcﬁ’ﬁ{ 24 Lisme djfrﬁiftﬁfw&

f‘MM*\/L-{‘/ Sty

D VeV,
U(x) > Vi

wo e 1 ""W”X Al e mnel, dre Falle wvvee PRFE 3 sund

ce Uly) ;ZBWVM@%M/@M o g’ Vi, Vi e i Do @Mﬁé@a fsmwsé
A) Vl/ glfgﬁr;/}ﬁ‘/ﬂ -59?2’/%/;7;‘;3, e,(:{:f/ g,ébg,&@f (7{{,&1 f%{ -~ g/@ g / ?Mi//

!
| # Pyl ;L’(x’ _ Wiy) — L¢y) (X )

[y~ B | §x o @)

Dezac. sk o f.{éf el U(’g’) ¢
# W xj Le W (1) »’fm f/.
/&ﬂ?{ %{,@ \/0;,/@@ Odtﬁ Plroaty Q%m%m G m«a{; &QM

Mﬁ aiam &ix&é’.’. oLl &ogwf’ MW%{S‘?W@@Q ffggg ,é@/m MMMQ&
- ﬁf W“ﬁ SogniliAd.




be now ot Hu path be G5

= x+ SX, XeT M , 0<I<E

()( !;@’ & WQ‘Z@“&’ g:m 7;% 5 Y= Z }e:jé: m;:]mm) E !/4 gf%@ﬁé‘f/ M
D -

we set Ix-yl = & Ay mentovad TM = U Tih Voo

M%&Wf brndbe . xeM

smzm%mmm

Uly) = A+ &&
Wbare Z gun chomerd of Woo Lie- Agebro, Mo presely
4 Vi m He lepresendation T of G, un Z wom bz
pepucsutalion AT of 0%, e Lo - Agebra Z oleporrole on

' ’ 0q b ATCAL) -
X: Hu a ot TM wilh, vatued b %
WMM@%Z v o the oual Space fo TM,
T M ( eotarigeat Bl )

T M = é_g?‘;{“/w; Ty O&M S;@ng Qrﬁ-;;/\//
Tle elemesta Of %M aae Ke ‘//wy.fam w.’j//r/'oz::'dv-‘
Aunades one Offen aphs W = Z’w'dw/%ahmy
W&w@@”@*ﬁ?,ﬂf}(uﬁwﬁ of TxM,
o w:X - £ (feRmn ALCaz),0n) wille = (w,X) =
WK (ﬂ/%a?i") = T Xe,

4 J | | _\ ’
81 e 5—% o aihon for dxt
e /%ﬂw]%u; pnide

Z- FX) = wX)
B - form e wvalues o dTCGE). We N
art Uly)= ?wpf-a)(x)
| ‘ B




A s.:z alb. ou&(f@w’\g ’ fredituphion . Gg

W Pu the so catd
Jo sec fns conesden a fivafe patl y 1 [0,4] — I, ylo) = x
y(t) = yoand dinde o bndo small pieces, Thow ’
Jmeo= T ::Zé . I ove Lovtio at Mp(fw ) =
et T L (Pl Tt ]

- oy

Ohe AEEL //M-ﬁ yéwm% Srroty as
(dtsZs ) ot 2,)(dZ,2,). . ..

Swell fennia olo pot ymatie Sertae, beaniiae e aled Aeid
npool /@/z/wé/w&f:f_

(clt; 2, )( ity 20 ) (el BV (HgZe)
SM@%@ /Z;/zfﬁ"{ é' AR ’ éij:f ra f g j&@ faﬁ/fff; 0’2@{@4}4@ é»a:f -QA@@//%J
f’(ﬁw f% f{/z/\%*? 4L 7%’?/ N o= 2 ' .
@);Mp ) s AP (R (2, (2

/ Pt 2N (4,2, + (dZ)7)

nl
=3 | l(dt 2 ) (dtZo )+ (dt 2, Vo teZe )j -
2, ) diyZe
i o f ,f 4 /')/ /‘vﬂ.ﬁ/f[' fn;f:;l

&0 @fmé“ﬁﬁ ;rf’ég?_a DA W@%mfﬂ&f /c?m”f/ T Al / £
4 " 1 g2
fhe hariber ”*j” f ol we e expans sron Of (a+tbtc... ) -

""" a:?’w/,(,é/ﬁ;f (@J@J/««?'«} % A m/ 3 f R EP AT Wx £,

o, Pla ot 1

We now calewlale fhe denvative (D) M%Wy&mr

f
[
| Q@?%ﬂ/&?f&# [ Srv cren
|
|
|
|
|

(D) =M{:ﬁwﬂ Ply) = wix) - ZP(xXIE
~ 3

_ oy Quix) _ 2y _
Xieo Ld i(iﬁg»(x) = X( 2 - Zp) = XVy




, G
Jo swnvmange ;

A covamput devivalive fo 2 PFB had e fornn
V="2-2
whew Z = Z1ZE(x) dx, b a A~forvme on M wll, valicey
o W Lie algetro of G
A = ;JZ!:@CX) To
whie He Ta ae a bave of dw (G} . T w now natwaal fo
/_'Wff% z ol W gy fwfa{s Al
We hawe chueoltrecd golge %quﬁﬂ“wmézéms/ Wy (X ) = 9 "M  (x)
We wike nitead %ﬂl & gawge fenafortnation
W) — Uhy) pix)
wobuich o o hamegformabon Wi Vi V) il W ann
Clowont of T(Q) amel hix— hy | phane xeMausl hxe &
On Ve other hand ke haise

//{,(5} ; V;{ g \f(gg‘

v o we M heave
Do Ha " gauge hmaw;ﬁcrwawai Sy ferv
‘ h

Uly) 1 Ulh) Vi — UChg)Vy

U'y) = UlhydDCx) L' Chy)
e




Thorcfne e assacink A UHCy) a gouge fictd

Uiy ~ T (hy) (4+ 62T = Avszh

T Chy)= TCh )+ & %ﬁ;{@

S 1 + é(ggﬁ(éx) ?’Z”(é}:’)-aém ﬂ(x)%?@fﬁ?)})

t

"‘v

= "
%WA = TOZITOS) — T (x) Q_JL“(A;")
dx

{igm,m Fa%@iﬁ}iﬁ)x O = Q}Eﬁw +3@“%{_§:}

o x DX
We cawn recrite is a8 ( z gﬁﬁ'ﬁé 7@,@&’/ j
A g»Ag”' e g ngi

¥w/w;%m@&m- of gacge fwﬁ&ﬁtf«a . o

We eall Z (ov Al oan aﬁ”’ww cenneelion S e e a
Way Ao ¥ oonieed ' e pecto Spoced ot x arel Y -
e cast alao mﬁaméaﬁe /ﬁg 9@,@% ya E/j' '%IJ ff Ae. ?,o

7

- frome X fo ' v fwo differecd wnga.

gfﬁ *“‘“;ggj*’ ?«u& 5{%‘5}{ % (?ufm ?”wg}/
7 I g e

J/ éj B i{ o = Y ;;

ES W% 5?5” = ??me‘g% = X+QIY X Xé?;:z

-_54/(3/): PO+ & = w () 48 X (B = A0

Y(y+e'y) = Q0 ¢ £+ £ 9O + 22Ty P PUx) /_/J
L}/(%fﬁf)’) :...‘ YIxX)+ E,ng/) + £y Wx) 4 so VXV?HD(x) /WM%

&8

- 3 & G) Ae g . Tl f&wm,g,éa vo Ve treual one for ?ﬁﬁﬁﬁv




EN]

\/va &d %{MW /fmfm&?[ @wﬁéért@rfﬁé, T M a2 ;ffzi rzwz&rxcﬁ%z, ate
1%‘ e Spovce TM x ?’Wf o (o a 2 - ud’?’/“f“}xfﬁ/ vl Lo
called the convatune.,

m t
(/9@0 733

gzwm&s ale Ciupey of acoclojntion (S/MW/(A;,@
"Sheked bines . H mﬁhg 1o note Hoat Hie M/r'/oﬁbwj

m M ofa W partiele o "nime ! gecdesic P,

g}mgﬁ Heory avd PYonational pruceple




