GR [w [05“010’7, /404:'& kem,z/ Let«f“ve /Q_

%—w : I TLe o(a“q,m'cs d aaller .Q-no&ot‘o-n n owwelsfaart’c‘mqf
E Q,‘M;,), - 110upenlisn Gusov

m The C(yna.ﬂu:cs 75/aaa‘&'»mr Jf:g%
I. RCC@@.‘ OM a (IJS M/d)- /ZJemauaw-n w/[al,

cqmaﬁ'ms a~ve M’&/Mﬁ( 0""’5 % @tmn{

_—> 44'\7 C,M, wo(uowl the C,MS 7 ol
/wmaﬁe-f /¢'//S A ST ‘e 67«5 a»vuow,
'(“Savs end {Aa:r covenant oéﬂ.vot’m .

=> /{/en( a temsor /'o[l, "f, /av cat slaeu‘es 7 /’“"t'""'-

- + +
e, 7/}1‘4”, W://;Aa/on, w /dc...

P Contvo o st

Notation : a...b
sz % C".x/ covanent
t{/veot?:s o&ié@l

Vot - drny S/ﬂb(—nw egunation can so
toe !)(,ﬂ;SC" 17%) ILC(M/a/&'ca)&p() ﬁ‘dﬁﬂ?\f ﬂﬂﬂt‘m

(s« €y A/M,KM:] & 5@&':,,; 59)

Ques bioan:

(m[t( 27 4 Aﬂtvf also an edd G Conmeion ﬁ/d ﬁ;?




7“, we adl/: gdf, €4 e o&/}eww P'elo(ak.-j ‘= /—',k - ﬁk
P aaﬁuul(7 a Gansor ;J-(/

- :”(r azx,' ;.r&.' 2 v
[ a =7 3wk pueze T axr sansrl ¢

Pald -

- S, %" %’ X' dxt v
r' b DX IN*IT® 2xF Ix" Ix’ r""}

S (M) — &y -7,

£ Q:é D a

”» - s ,' v bnson ote G haov
=> R —> 252524 q e
. 2x* 9x° 9% ab /’"/v-v?: covoiny Lo ehe

%ﬁ-m#

@L‘kco‘uuv an adds tonal commecdaon F 9 Sarme a9
u;n‘tlvoaaa“)n’ ﬁiiMfas a mew {MJN ﬁ‘.{d Q

Remark: == ‘vavidtins’ STLs witt lehave tonsovintly ]

thms o‘f amolion %»wm ﬁ‘g‘ﬁ'ela’s 2
Actron fma/)/& : (s o speocl wlibivity )

/4447 £‘1047 7 maeller ﬁa(/: can be 4/:..:1
67 5,0((//70;; e Sa°(a,zo( Ld;vw,tm
ﬁﬂ’l’lcttm,l- ’lqde}/ Q S(dz/a'r /[«nct'm
f the maller ﬁ//j « - . oA amd ther ﬁvs'é

Tovcre £l somelinnts Omct the wnclices

COWX"(OMG aﬁw‘wﬁ‘ws, o(uow Lo _#f‘l Mcfcc
L (Lr) = L‘”""’({(ﬂ‘) . .(2 {‘fu/ c. .l,eg )




a D%Me é‘e aaﬁ'a'n cht'wna/:

/\/Jz_/:_:mwe/\m
7/;'0(.’x e R

= Lo

S[‘f] ::Jl:\(/‘:}
B

"~ Some bowdid
nd clpsed “—olenn

Thus, eadh phoprcad ficled Vi) (as o fumtio of both
Space arvd t“/me) o mapped cnto a mmber S[Y].

a Actton Fwnu/;z& (w Poswﬂfi)doéw‘cdpl«yuks:
Jn muﬁdvel ,o/tyutal /4'6(0(5 L ave sutb thaf
S[t] & extiesmal oo the Space of ol fiells ¥

UTAMS-’ TAC e Hev /L'alds "f 06(7:

55{[’7*.7:0 )
X4

These vl be the Cgms c/ wolaom /« 7 ﬁ'e/o(g Y.

a De'/t'm["&‘o-n A [4

Def: A “vavialion §Y " of lhe fictits 4.0

o av(’tbw B v a a'neo/?a-nme{er
Fomme Lok

deformation, Y, (R,p), weith A (-£.2), %
L clefovrmntion pom ot




]\ 2 o mw-—oé/wmwaa\n.

So 'é/uvf /

1) (/’ /0,/7) = ‘ﬁ,-,(f) V/J eM

2) ‘7"“(2,,;)- %,(p) V)\, 15[ PéM‘B

8 (/J = ?‘P(i)(l/f’)
u)(P) >3 o

Dtj: TAC dct‘d-n /pwha])/& Mo readS:

_25[+] -z
O- > - /w aﬂ vaunale L V19 S‘f, .
éva&aﬁ
Terin T
: — : QTT__ 5 y € eeo
PX =0 : S[z‘/(’u et ,Z):M,,. ,d
B d2 2
Tt I
-+ ?% 8(%) C--Jje) ﬁl'd ‘rx
2 %‘) . d;e
W
j\/ assm/,ﬁ‘m,
Lepois also o
the /f; c-wiz(o(enwﬁvw

t(vnA.f z‘m..,I,E Se/oaw- i/;




Toenn IT-

Recalt, Atsmyomsf gentivie
(oorlimale 57/5?3.4‘.\ ﬁ ~-9/

o We«vﬁ‘u: e e = ,a./fwfﬂtm

i L and i (ot te . va,g
2

ox ¢

ww7 (ow&é«/uuﬁ 57,I‘é/ua -

SO, )= (5% ") e

"'7 Ten..77' = ZS o o (S‘f('“ -J)J'G f?d’x

I(e

z i ) L)
- (t) c-..of % e (s,
,3 ’atl) e.d,e le /

— oC V—-vd?
(?“t. eJ,e),eé‘t) . ‘1] J X

0»: ﬁﬁn u [ ”Law—w(lvy twu”.'

fxenrs e:

Show CEhoX /uq” ;,,:
r’:-', .0— H J‘V‘.’Z

Zg KCJ'C 7,;—'49’(
¢ Ia

— divg K
= ‘Z gs Vo a_(z=1‘/;o(x'a...40{x"
4
6QMA ééeorem -> o tr deiom tion Recnl - o&'vJ,_/(= Lkﬂ
_ZS :(L;(aa(i'—o(u;()-n‘
: = Ao 2

buwf: [K< §¥ and SY¥p) =2 7Pe?8
by property d) of vonations.,

> =0




TAaS, t“'ME St.M//&}'es ama( enl WMM :

Tm T

s T — N
DS /M a..b
0=22| _ TS S R T
? k /l: o - izg[-b%;m:ml 6 ’(u') TR (—a m,n...thd;e )le é‘f(c) e d V;' X

5[416( st LlL /ov Al vavialrons (sy

= 1A _ [ L =&
7] (L“:‘: P ’a%‘)“:...l;e JC

j
[u/e‘r - LQ} rm’e e g qfa'o-us ”

Gl'm L(*); lhege €9gms r'elo( the Cyg»s. dfwvﬁ'rn /nr <.

;xam'p,&; ,4,.“[.\/‘44(1{5(",&-' /'e/a( ‘///\ﬂd_vmp{
0 Suk ' descnbe ¢y

- T’ 2mesnn (,4;.,‘ 4&-‘&"4*‘)

d Ldr!'v\r'm z
- Chosse Po/eu‘c cls aX ovb. /,og:uf
and a//afJ % e’\w'u. fnlnw’/»& R
— Obtowum fm-m spec. el [Q’v'»q;d“”.'
= — “b a2
L= _Z(%a Cod + s "/’)
ﬂ Zalhr’éa e 87444'5‘“: K,(c;'m’cova(on e?uoﬁ‘ou

(gx@va‘.r{: er/7) %ab gab_ il (// -0

ra




Sxample

The ele otvwaﬂzt‘c 'ﬁ elols

0 Assuwme theve ave mo oéa-v;zs
(c'.l. €heve ave 0»\/9 Em waus)

a D%MC the ”EM *-Paﬁ-b‘o/”af a
real- vummber - valieed a-ne—/a-v‘u /4.

ﬂ (0\1&4"(1-' (Ae ﬁb{d S"fem;f/m Lemsor +:
Fi= oA

g Recall that the € and B fields are
comprmols of the d-Jomn T, (ap o o futo 42)

a TAB Ldrlﬂ w (ﬁa-m ey..uc'v. /?vziva/'?/&):

- ’ T ac b Exeve s : conn'le
L= . s td § J 2 Gt f forms

a Var7u;} w. vesp. €o /4, he £ L. egaalins vead:

T e
t"ci :0 /rfcaz”. éésh g'/' = O

a J.( o ,,[,, Evee é“‘,/ > Max el €gms

?':AJ., “eai +Fyera =O
b U &3 nof o g‘"&"t"}"“"}’?’m J¥
o Simmplyi | dF =0 (ww bt s &cw)

FTodA and 4%=0




Cc—wl/ﬂ,&;c —vatued

fxm'plc: /4 o/tav;el Sca/av[c'cjc/ (P,Z—‘
(Su/» ' g o&u«'le,e;.,'ﬂ: wcs«ws)

{0;e€40q e 74 &&c‘tf'mdiﬂl Losam .

a tc,wv /,Mlua/'g/é 74/&6 ;v-u- G/ec. n/.én'/y:

g&;&«l 0‘!\% conshat

Lz (A ) (B rreA) 5™

vy Co—w,,&.#?“
wltd Levmn o Lol ® /uu
JJ Hywn'»o»l,'/ww,‘a

A e
*@42/7,‘4/‘ At o | ac b
co MY -I;,—‘f"f e +. 7‘:.4; P 4

C¢,4,‘{;"‘(+”',',_ﬁf- 7)nt’)
O 1,;/ ¢*= ¢

o~
1 Var/ W-‘H'Sp. <o 'f'=) L. L. 9

%.(, iab"*—'ﬁ:-l? +t'€/4a;a‘( *, “.6/4‘ Y)_"‘.eAa)b;ab":o
W

[lleiion Govdmn /0"'{’ ) n//c/l‘ca( by 4

and U‘M7h7 w. “‘/} {0 &k ‘/[lld} {Al 601«/0/ ahwl.. e,,mt'a-u.

a Vav7 w. 1?5/). {o /40. =S E. L. eqa

_ be # 4
L3 7 —e V(¥ e A Jie (Variedd)=0
A r
/70\/‘{ /4 “7 %e/fa{ 47 %,V’,




Dc’—nc eyM@ﬁb‘n: (Bm/ breatomat of basts rnnky of D iume s/u}mfvs)

Jon special velalorty :  (with wnils suc that 4-1)

( 7 ¥(x) = Diver euation”
(D)

¥, P
Wltbv-t (/l: (:;‘) v a S/)unvv

3
‘PV 6&55‘4«/: s / o~ Creles
Serch as ng L7Ms

and the {vw U x4 malnees }IF a&/

ﬂ WAZ (*) .2 £’M4«tm (‘)‘) w ;/ala'ﬁ'av”/ O‘OSm
so thot eack (M/)d‘”&d# b d 06(7,5
the /(Z#n Gava(o‘n e,MA&‘o'n. ]M/:ﬂ(:

(D) = (’ "}"F%, ’w)(l'}&dgu-w) ¥ =0

> ("'r"'}l"’,,g.‘) ¥ L')t'lvl, wm - t.mrva‘, +w1)(f=o

Sm_gf»\- m'ﬁrﬂ@’\?

:7 (r’)‘ve?? 44«)'1“0
t_mm,ﬂdﬂxmu A wordd ovop out.

S (£ rp) 2.0, 4w ¥ =0

% 1 (77995 1a") =0

wlq'duh £Ae wn 6w:lw e,.«»t'rn p;-ﬂ./ s/)aa.




Jn &ew\! n&ﬁ‘wﬁ:
ﬂ 37 0‘002;\»7 o avf‘auwnu/ t{w‘(, ;9'?,

we ackueve

J"M’: »7"" VP&M

r ¢ ous Svf# ot cao ?‘"“7“7 ;‘Ffv+/>ﬂ;)7AJ
Su/ﬁ'as.
a le} W&'v: 65 :
(L')"/’zr ~M) (* =0
O 8«7’ WAJ( ) é‘c Cove vrant o&mw’&uﬁ 5/,4'4‘01?
v t=¢
I .

Recall: The covaviont dhvivetive of avedor gids the imfulesiimal Lovats
{Vmsw.ﬁu ‘7 W‘AA {‘l. Wx" ‘V‘ffot’ umdey nﬁ»ﬂ'{?hﬁllPM (ms,wf.

Jlew: The variont dnvalove of a Spermov :40-:1(?4‘.(1 Lhe rotalion
4 the $fu'«w ‘7 Lhe sarne lm/“«'/rw Lovents ‘(vmt ovwation,

Rec.oa: Jnﬁmésaowl f)anw#—ntpwfd o veov € om e N mn c.:

G
Cg - eg“‘ Ve/eg :ef +Wg(e/,,)eso

Recall: Y cocvvalonre 1-/rv-vw|. tahes

Vales that ame in foantes sl
Loventr CramsformaTions.

/)MW éms’pw‘f :74'55(5

[oremtz fws/wmd‘im: G . d

wa{élfmslow‘fp«rmesé(z e‘ = Ag es M{‘ A (4 = 5? + W?(ey)
,&,‘7{‘5 of vedlovs , i.e. lhey cam S .
stz’maﬁ",.««.;sjlw. becm $se€ WJ, a&‘r S Wige = "”]6 . (;/:;‘i;{[;:.f/% de}

Uis & Lomtuts brams formelines.




/%w UA we ko {Lf h:)[ lmli lvmy /ov sy u;/.pnla/{'ms/aa'f:

A Stvatny: A dhe sarmme cof. Lovenls toongfovemation o Spusovs
—vetal- fi Sfrase
[ov th e /Ja-u%l {vws,aov'f.

To {lis emd: Re:ﬂ Fv'm ;,.uubl Ww‘é hacy G Ww
Lom{i- "mi/ovm‘zv'o-u e Xs o a f/amlv

I /455 uwm e {S

L.

., arve OV bascs o S/n‘mo-r space,

these ave Suimo
Y = ‘/’;(i? ins (2 g
= «° ;

a Haw A the S. {vns wom amdey Lovenlt {nns/mmﬁms‘l
e, what & [ S =0 (Lotyytoge,=wjle)

0 Fvom 5/:«&[ n&é-m‘§ Ao bnown thot
om/e-r Aﬁ;..'(m:m.l Loruéé 'fms /NM‘NS,
N=75", +u

Ta d r}‘m ‘[‘VMS/NM ad

C.o e+ wle
Where Aseo ['y»/’,yt“}]cmﬁmﬁ? ” r~ e

/Zecav(l 'éAa/f C; {VM}MMS MJ ‘éAC Dt.‘v‘.c S/M;nNS {m‘ﬁ’“ as N

on Sﬂtta, a/v—c ;lmmﬁo‘ ‘7 amomenlusn,

apevstors, e T rue™t =fixed), o they
’u\é«z' the cormmmntationveldions [x, WA ET

v *~
;«Mj»i LM‘éMMMMM’L S“ﬁS‘ _—wf [y /yJ]S :
by o f‘v-?fﬁ/! /M'/ m"/ﬂ% ‘ %\/‘
“ M /f C o = A(‘F)“ -5 (/(Mﬁ{{'r m t((rwwuv( éwb‘(& fwa.,;/
i“;:w ]’: s,j;w ;,‘alwww o~ Eloe S puina otates by thels A pun ¥,

lypcts bt ol ont commacbiom. vl
et M7 = [pp0].




Appty to CR:

]J a vcofw e,., ) b;'ﬁ'a«-/euwﬂs/ PCW {msPu'&f
wm the dindiomof €, thew # ohasms am u‘n/wlm'(eu'n-( :'m‘fdﬁru’;
mamealy e W/M/?“MJ lovent? /wS/wmt‘o-n

Wpy (e.)

whiihi o the value # the conmedion I=fomn, i.e.:

S
e e + wle)e
r V A Y

— From this owe tan mmo&.o&,e wead #
Q/M b covartorn It olovtval: ve /.v ve Fov$

2
ve‘ef - w/l(e..)e‘)

ﬂ %W, WA(M a sﬂt'mdv S, ) hﬁw’/eu’mﬂy
pavn il {mslpw'&f wm the dbvediomof e,
{4% A oo exfew'ums the u?/(mo'/eulwn( vofadron,

(. <., the W/M/eh»‘«/ Loven?? {vo-ns/ormt‘o-u

WPV (ea )

WA«J» o the velue aj the conmedion l/m Tles :

Loead infirtsgrmed Lovenls Crousgfonmation,
ce; 80 cal valos %Um comnedion l-/m.

S22 Spe=qwle” [y o] s,

. < 4+ .
Sc > S, VCQS.

k/Z\—/'tfo be detorrmned




f'-—'> T‘e covavowt &dwt'u 1 e base’s Wdfﬂ!{f,-f¢

Diveae -5Fl.n0V$ A

%5 = -yl @)Ly

a

= For f&n.um{ Di rec Spa oS Y(x)= ¢'(x)s,
the bz w&/w V Yoeldl's:

S‘Cooz’v Ca%‘nd/«xt'ws

v Y= z(‘m) :(veq FE) S+ ¥6) 7, 5

(.€.: VY= e(¥) —fwe) (V1Y
™ oo
e, (¥) = s e, ¢) oo Lt

D[vat eqgm slion

TAe }lm.lva(n&ﬁ‘w'st'c Dt"nc e’.«a/ta-n

(0‘}/‘Vcr _w) ¥ =0

now Ms é‘;‘s exlo»&k«//m:

pre (® - wle) e 2Ly ps]¥ —mt=0
s
o /E Ao, s Hearmo o foirrt Hiomel uivnttive of ¥ .
Re ok : The ya&ivmf‘af btwee n the Livme ofe-wfw D= t'r,‘Vc,.
and the laflva- ov o('/fl&méer‘fofudw 0 alse fecommne s:
D=o+§ .

To tha's WJ, one W“I:M‘HM '1‘( G-cs:mm J"‘w f

sflomtinl foms wr o s called (Lefford alyilom.




