1. qu.u.n.eS awd Cer\.v\-ec*t'ms 4,3

\ qucc- é('me J

CJ.SL: 3}_.0 d;()‘o'XJ

T“J“{: space (ot f‘l'“'f ?)

b
dst= 'zq\_., Qq <

wih e’ dx!"
g(o.me .gfepd
o ®eUWR Cowy de ® o such 'l:.l‘m.t

(<) = €.’ .7 Co)
%ﬂdsx) - }‘\ (x) d (o 'ZQB

Bx’”

%
TG = AN G TG

T/ &) = T 3(70

* GeT Leced Loveuts )tﬂ:waf.

Csoia)] S
K wa'th ANaANb 'z...'p = 1.)5

Infu“cn.t . ,Vo*t \'\"“‘k ;JMQS Qwve Mot \JN.?"Q C('QOI-I'\JQ’J\CQ&3 as
&Lt = A’u (=) €.° =s ' et e ,® v
poo= A S R A

153
:Q;‘“ sy 1ab = ‘3./!3



T‘M's ros() (3“43@) 33MNQ+,B o'-(--l'( Ol}mcluct Q 3@439 ;.'e-/}ol f-r
Fe Fws\'cp?.s CSFI'MM‘%) fm’ﬁvm.us vacler He lecol Lamutr qreup

L
bf/‘h connechan wj‘ * H

e Counnechons and covariqut demavah'cs

. . PRI of
Weorld. {'Q“WS . Ckns‘-#eé . I‘fo C}) - _;_'3- (3}4}40-\-3@%)”-)‘ %.}‘J}

> J ¥ Sf -
v}» V - ))A v + F}‘f \ (Y)b %gr'ga‘ov\ )

\7)‘\’.; = Djuva - r}uf Vp

a o
T&uae«{' Space. feusors & Lomata So(1,%) o)en"u\vs (Med) 5=2Ste 14d3%
—r—

o

(U

o o b
+ U”ﬁc CHcd) L Vv =§I"V"’ wj..qb Vb
col

D)a v
D)-A V& =>),VQ - (W).»

oV
r L y }\{Qc\‘“
C"lcd) a Vb = B}«Vq - NJ)A a Ve

b)t Yo = })A Yy * —:_l- 019...“‘ CY«I\.(P Wu } SPz’ner

“’CJ - %ch(
J

(N Q
- VI.GPBC{'\ fos"‘\ipqi'e_ b V)A egq =0 =2 D)A\[ = eo v}q V

Q b A
Qr Co 5'3)‘\600‘ - Y.‘)«ofejq + (-'U}.nqb e, =90 (X Ca )

> b > Ou U n
=2 Ca (B)xe-)“‘!' LSD)AQ € b ) = F}AJ = ) dep

Cen\nec‘h'm |.|

= The Sru'n camncch'on s a

) )
&)‘Q = UZJ}_‘ * Ce) [ ne +°’3l'nu.]



& a Q aqa b a b
TI“’ = Qe - 'boe;:t = o ‘3397? + W, b€ ~wy v = Tomien
1 )
Q ol oc« o
I‘“f" *‘QU\\-: t}u! =0 = GD (Q) - Z e éCjﬁeal - (A Qrc 30 ea

Lewy' = Civi'ta Cov\nQQ‘[‘lo'L C {W’Qr\ ffCQ -1

K . AC‘\‘I‘OnS and Sc&mme‘\'n'es

iccr — DY - x"‘ x" Z/'Cx)

Lece - P
L:fwfl — YL =t 3 Cae Yo

S pace -‘b'm( ssmne ‘]"".Q S

Sbn\ne*ﬂt s i 3@03( Cnternal sjund‘ﬂ.eS

S0 Sc-.oqr 2(\&4 ¢ tno weaeld or ‘\'°u4.5¢%‘\' >f§°¢ t"\°‘9¥-\

dav 1 B'G) = BG) => Sp:L;0=30.8

qouge Mo ?mr stweffg Cma}-{-e,/’e/./)

achi: Sy = (4 Ty (% }J“’ﬂ)m)

ol : D=0 Opf =P

s = 4| Feemion ﬁ.‘eﬂd Wu T« = bapat space spimers] énden \

Le c«p Ls«.u{l : LP:(.‘) o /\“P WPG;) => S'&p‘ - >Q5 t'G,Bl*PqJP

cﬁmr 3 "’o zq'.u]ﬁ. S}mwe}hﬁ (\M-\H'QV }'C-//)
achon : S"I’ ‘-‘gd“x W (-&--\z- QX"O)*(V"%GG}X/‘(P)
ob

Whew U Pu = I Yot uo!: TV da © Yo = DuYy

— + SRR Sp/n comnechan

Mojorsne  oudihiou st (¥*)E =t ¢, c¥/c”



were: Ln Lo q[:o:«ebwe o; ;Vsl‘un SUC Qouy c*—t“efh}‘e ”3 r’“’;\ g&p

ba wa'te L'J— as

Sq) > qur \L\)\ CP— \{Pl}.‘({) CDirac achren )
EoM : ¥FDuWe=0
Eﬂ Abedian [Maxwell) vecher gfeQd Ar EI.\ = world (ndex )

3 9
cevi KpG) = AcGd = DAk =LAk = VA (33508

%MTt . A’).: Cx) = A)\G‘) +O).Ae(x) = §° A}L = O).t 66‘) 13}‘ e(x\
Sc.lou'
2 F}.‘ > ) ;.Unc\,'ou 6G)

QC})'O‘-‘\ . SA = Sd"x -\a\ (— "",__1_ F)JA
. Frogoer-véA)A = pho ~35AMm
EoM : \7)* Fr = O %M".Q Cavanant Lfc;a')=° [ﬁb ’w‘g'\]
. oy D J2warted index
] ] = 3/43 Grau ¥lhe (WC“'“‘ -sr‘“‘") -?‘ QOO' -QP-)"‘ o = ‘\'°n3<v\+ space Cadex .l

)

)
et ¢ Yhi &) 2S5 Lol 55 2 48, VY r OV

ab
Locod lemulr: 1’,2-}',‘(,3 = N\, P 'l{)_‘P(x) => Sﬂf}m =\ E{.;K“PI{N
omge 15)1.‘ Cr) =1fr,‘ G+ UEL G = S = Pp€a =Dp &

achou S-Q- = gd"% \;-l}\ :LE} Xrof \707:[5, ['Qoﬂ.}q‘&)\ﬁ.'jtrl
t q) p )N X
OOTX“:;Ow_‘M "‘1‘_’ (flo Exqblo{ QJF-EQJD ‘\i‘»‘: Dq‘sz‘ - gq.f .lf').‘
——
Ne Yerssa =5 Trelevant due Yo ¥*F



== fab O T 9T Ry 2
S T Al Q*J’*W“Wr “
S ng\r‘a? e3ST Yor Ry 'qu, = G)

VetE ; Y)'me = ‘df"yq\.. + G ~f)‘°\, S{? r 6 S:{-l

i 3J‘Jf L Qraas =0 C onpks en D’-‘-Ll_l
t Mg M 5 &b
R}A = 2 \6)* b S R}w "'l ¥ b S o R)m

Tofsfou-ireg &lmc{u d . = Z 3)‘ R "?b + L’ j‘,y Q,‘.Or
Repopa 2o =z yr°° R o +CV"J"° j’o Csgmd
o
c ey SR “"aﬂw‘sbq Rpo ‘:‘ZYJ’S\.«RJN

=¥ R+ 2 T Ry

=\ ¥ Q}AP—Z‘JyP\
=4 ¥ (RuS - 5 5T oR)

VoTE : "\1"")““) =4, xY). pa X wakh Lezty=al , Lt st =~
C4D)



wy = = (a0t ((RF- 4 3ir) Sxty

= — gol“x\cl—;l Sﬂfo—-_[z—})‘aﬂ? EX)“LED

E(’t\ S*Q.f\ \"Qp‘sor G}AJ l l

There }ofe :

e SQ S-‘f = QO ¢a Mikawsw' s qae-é:'w—e Wl\e’f’&

O)AY} = /wy ane/ Oj.\e.g ".:B/.*Q* .
Th's s Pe wen< Lcﬁ Raata— Sc\w\a?@/’
C ,;fﬂ.e s=%4 ﬁ't’a( bhas € - }MSQ Cuvar'sace )

) Se 31‘,- C Gta E‘K’YJ O = Ths saa.rs*‘['s Nt

m’r*-s m-«"‘*l has swnd')u'“j

9 8‘}'0 S-u3 u‘)su'\‘ zqr\cﬂr’

Q,‘ * S \.rwesn.cunc ‘

EoM : \U“’fv,,ng—_-o 17 el

or Y,“f o "{f:o Cne M,m)

S =2 Mg*n’g ﬁ'tpd %),J t};)o = werld (nd'ces)
Lol Gy = 2% 2% - -+ g
€CT : % },J Get) = 37('). S x", %f'(’a => S; aro - 3 %2}‘3 +2 3(}*3 3\»;

aguTQ * No ?Mr Samw*ﬂs t'h GR, Bo't' ee . ed-}nau]e Svmvnc"‘f\?

1 >
achen : S% 2t Xd"x J--_l;‘ ‘3,‘ R)»? L Ecnsteca = U, ¢ber i)
(2.“ echr igcmq-e'Qm)
EoM : C/Aa‘-‘ R}.a-'\i‘?r’ﬂzg .
W= G, = qraw C‘burol'us ofe



Caw Wuu"\-z c~wrm3qi‘c ﬁor -He Oac\g vi
3 € - (uvanouce c>£ Sl‘lg‘ ?

@ Tkg }qc‘ -Haoi (Rjao-"z' }}4: ﬂ) eserqrs on SQ S,\{ ‘.s
k%% f‘gmqﬂcasl‘e .

(ded) (wey ¥)
@ We |vew 'ﬁfov-u s"f"s}"‘m*"\ "'l\o-k S=0 and S'Vl

con ﬁdrm'sln o SuUsSY ‘)L'Musﬁgrm'us as
SQ ¢ X .é_. kl) F}QC ‘\") fofns or WC’S"%W«‘M u....Jep
— (u P“.\. sche - 8L =Bew\dor3 Teems
SQ \P X edr(3ﬂ¢> e SUSY QPJey,q eu-shedd

(Hq)'omuo. M) CAr)
\XI{ Q.Pse \Snow ‘me\ Svrefsg‘)w\mg’rr.,5 *‘\’ltt S = VL and S=‘1

con ?_urm'sl\ o Suswy ved‘ef mu(’m‘[zpfef ‘l‘mrﬁum'“3 s

Se An X S Y X
] J Sopet Yau -Hf(’js 'l'l,w n Yt
yge N 57‘)*0"% } e 3 AN .; spoce

—

CY¥Y) (e)
@ Gold Prere be a S:'m'enr 5*“3 ‘.“J“.mk 22 ond 222 (¢

%G’C\U\‘l.yoo x'JQO\ U



T . JG| SdfC’fQ)rq\L’a"\s th A=o

We \rave cowec['ca/ QOfquX ?uc’*t Sem€ cg«tes for ‘l‘ln PocJ €4~ Cnvari'auce to
ac\ud!; ‘ox eacop NfPfSBMW\e{"‘S g'f\vopu‘ul n-‘F onp'.& ‘\LO 3‘% }?ﬂa(
bub dse e 522 memx 7&'\'-?&. We aw a_ou.s o wark Hus v

od{' e W,

\ebs s&ur{- ﬁ,.——s :

4 - 2 __l__. Y }‘ o %b
S}‘- i?. de \F\F 3}‘ Rjao T et ded:\}\ Ca’ Cb %..o(ey

Sg {9 T Y vy

we Wave

:’\&l..lﬂ“ol *‘\.‘5 @u3‘-m*

Do Ca) 1‘-\’-)’

r\—-\\lot\‘u-uk“ v We are Gw::blen‘vos & 3{qoe-h'n~z W bt foryaun

M/V-Q'o _ %fQB e

Se u‘u\fea(u*)'ou L‘_) r«rb werws Vhtmqu3 : de\r\;‘ V}‘\I/‘ '-’-de B (Sl;{ \/}\)

Ye qocqc‘o) wnew Yuok %e 7&3}“. = \7)*@& = Dj-t Cu . B4 P
%wsX\"eq S \:L\wu)f Shovpo/ BQ gi Q/-‘Q ?

SQ Q)Aq = C -Q- \‘q ‘H_J}A (ml«a{'epse o.u'pol-.'fbeg)

\A‘\-\'\ < ‘:u‘us a (‘,.s*'eu.'l -l-o Lg ;,‘7@9/. No‘e "-\a.* 'Hm's
Ce mbinakeen opveqolts er:eo.f?a/ i'n B¢ 5’1‘; = Vv



Let's coMfo*Q {-\u‘u},s errz'c:'l'cts
S = %CQ) + Sy Celtﬂ')

- SS'-, SS’V) S\Yy
s (222« T )5 )

S e Se
A. =~ ~
- \ \ﬁkl — B =>Thy e °0J‘9°t°’°> QM«rJI‘c/
A
SS’MS‘ _ __\~ Y —_[__ — o
o1 gl e (o) S
\J\"‘a.\

A.A: Ths s, ‘3‘3 o‘ef,(m"h‘eﬂ, the c:mru']'a}a‘b of ’1‘1: E'w.,.].,‘-., e?_-o"t‘eug

‘n Feruns o_!_ fmm'_g Q/A—\

%S’ Q '___‘__. Y » 9o b }‘ o) ab _

—g—e—;—;gej« = Sd ;[SCQR*ZQ St e g,.o +ced ey S(K}n )1-Cc)
- SC) = ML Tr (K'SM) = S(ed= & &f'se”
o

= Se. e’ +&’Ses’ = O

Q o
b e}h ea "%/‘
- e — el se.® eyt
=5 Seo\ e}-‘ - eo gQ}a ( Qb )

> S@ba = —eaoeb”se}‘“
- S(Ry‘&) = D,.Swf'- Do 5@,‘*’: WA Sws - Oaub,‘f => Tubol dedml e
GCue feryion G ne fargion
( o S
O‘ - Kri‘dq)‘ e (GQ}‘R Se)— - 2 e\oo ec.)‘ QQP Q}AJQ SQJC)

L dex e (ea” RSEL" -2 Q)A?eo_*‘ seje) = Crelabelig)

Akt



I
o
1%
)
.
¥

=

NoTG se = e e /M SC),Q = c e et <Y 'ig'r = QH"&-*&ms
S = SCelel’ cJBY“‘“

Set evle N ...

» d K) Y
A9
= ~estse,t M, L

s -ed” X NI = eyt bems
S( ;)= 5 (Doyy) = SRy, ++ @, "> Tva) ¥p)
= 5 SCws™) T Yy

)
= S ‘L_P_— “’t(wlw\s
{

- - -l
Sc\nc%\l’cv”\s : W = Q'BQ - e'e- QBQ



Weaggian wp B, (A1) aad (A.2) we obken o {owest
arden (E'LE‘{'WM$> Cn ’?Q’M'uqs ‘\'\q- 2°’a°w‘.u3 NSOQ{“Z

| —
oe N = %Q(B”%-\- 3?.) = (%-c)‘;: Sd"x e (Kra _—\z %r,g) e\éﬁ"f)
——
o !

Theafbe we have an € -cavad'anl ach'su at dowrst ok im
¥QIMMIQ 02.(sz AL N 'l'muguvv\\)‘l“o“ vides :

‘/

() Oy

gc. '(P__}a <
— —

=2 SQGRA [‘{

QQMQ&'\& . I£ Way crua'sd \-Lv.ul' s ';[p o {-\'e \c)n'w Q"S as hlow
QfF<Qt‘S Wwih o \GJ‘J}, —\-Lu'g o.fpcubﬁc/ 9s Sre fefﬂqw
o, = Do ‘fk’} ’F‘H’“% wed{ we'ih QAQ ouar of
DL‘}ADo‘_; = R)uD = GR \.\.
Howervy, Yhem s an  eaver W £o see hew GR
e\uelrs ﬁau& ‘\"Q SUS\/ &Qj(\f\ 02 SUWS%MMQ*“\;
LRe,5¢, 120 = 3¢, (£ QY g, - (4._.0—
= €. Y VJ'“Q\ - (L) = -‘zed’bfe. ~Clad)
R N A A
7_\‘\ b}* e+ D;*EL\‘Q€1>’ b}* (li E‘LX‘\€I>
Dp3T e Y= Tt e,

—
—
—
—
—
—-—

I o

)
—_—
—



Trercfan we o Jaund that [3q .31 € = D3®

Me cower b}”s“ = V)kiﬁ ownd

Syept=Lie s 3 ypet £ 3%ep” = Conplich <..m'...l;'>..b~.o
=30 e+ P a0 g e - dplie®

a " zne tosion
= :7)*3 37 Wy \.6’_),

a a b N
m\\ : Q);.'% =S;€/. ‘{"?f%jqbez; :§3qu-\-§,\e),

(- ~

Sae wth A'e =3y

. we \qq\( s\q.oou—\ -\-\qak C $q| , %Q; BN Q}:‘ = S? qu *-3;\ Q}J\Q
ScT
- D @QM’NO QQCL“'('J(*\B \\

—_:) Loqo.o 3057 Q?)Q"h c"‘r 4.Q$ { Lecq’ LJ&{.I

- N'c,d- ?ch*ﬁw\ t Are Ye ‘)'MuajorMa’o’eqs (c:) a §amm+f‘\3
QJ_ "\Q q(\-"u\ 65 O.?p ocdery ¢n j_g(wu‘gu.s ?

Uv\ﬁcc‘\wt\ql‘e'o&s ‘\""Q QNswer ('S NG ... @ e o
T Wad \een 3°ffa‘>/'03 oFrerwse as Pe Rowete, -&\\w&.)ef
ackeu descabes o 5“&( 2= ;ff’ Wp wherkos e E-W
A et olcscﬂ'l:\.vws %rqw'-l-cl (s lu}})a.s g‘u*emqbu% \(
TMOSRTANT : WQ (bmfo"on)n'qu we MQ\Q Fcr)u'med dsd m.o"( Qpcs ow the
4 d«’mwi’m D eor °m3 SFQQ“J fco&‘utc bt ‘MN‘\“S o resd 1{ .
T\nefc/oc, Ch wernes Cn Ve some wad Un ane D. el maxes

Qef\'m'u\ J«'mmsfms SP@q'op s Jr\w.‘l‘ Qoqo-ﬂ SusY <caca be 3“9‘&'(0/
ol afl orders o« ‘£<nw‘m3 . For cnccw]ok: JEI DY o D=U\




Te Wave N=land D= segm b ol ordey ¢ }em‘m oue hay teo
(atredoce 7-2“""{"/*'\3 beth ¢ P R-D acheu and r

-\~M3fe»rmq‘h'au f‘d'pQS .

S'\{ = - t:\ Sd“re{ ?r‘d’” bo‘\p'} - -l‘—‘-[(\_g.'?‘r \Ea)(ﬁf \’rlfo ‘\'L\-{-J)Yalf).)
—-H(tf,,iftg})(ff"““”lf,)]&
R N G

WQ Susy ‘\‘M}erm}z‘w\ rupes (n) woust be opse Moo&'}fed o
k‘shec-«welor ie/m'm i'?/MS :

%e}»q = ’t’z“ <X \g),

SWp = Dp e =y (@@ v e
"o _ —

b Kop = - ('(g'r‘o}‘tfo— \J;Yp%«-‘gg.vom}

THrekTALT : Wa see thed Poced Sosv ok the 7&).7 ﬁg,w:m fobef
Can be VRl Y anwvu'm{'@s desq&‘acc/ U):'u3 %m\ikm \‘Ms:‘m.
The'y Oy an Qxﬁmfk e£ hew ton'ss o pears v Plsy'ca.
Sewe L3 and 1.5 acdes JP_Q,MUP«L'& e,;g surwvmd%s
mare  ofl Pesz sProctures m"w'ﬂe.sf‘ omd rruder Hs
Fm‘ppcu« e£ é)o,l( Peocod >ofe153mme+f~3 '\vm’mbj‘e El.

Seme \'nerﬁde Q_erm'er\g'g mqm'fapq¥'ous “ F‘e/‘\%('us‘l
at  ofse rc?o(«-o/ Ca the lo'ocess.



A?.rgm]fx H Surefsqu.“‘ﬁs wi (r“'eut‘eel CN"‘) Sufefs:)w\w\e*’\l .

Theve ae.  theores o‘r_ &fefjfov;'f'&l ‘i DY with wee thou
oue (W'=1) 3mvn"n'ne ¥.'JJs : Ne se colled

T"IC. ,?.‘cpa’ ('W"OM{' 076 ‘HOQ SOGLA mo?{w,/’e‘f' c'ucpv’des

4
Yy
o
Ep & ® Exrea Fiewps
o
Oy
The wmost studied cases ave M =2 , 4 | ¢
Nopmbe v og_ so?cfckgre}gs R = € 32
m the Suse q?be\ovo\
_ . a 1,2
x W=2 . Q)J)A)AQ‘E)“
D diud — v
S=2L  s=\ S =Y
(Shﬂ'f'l-“\a)
€¢
. .-.., SL(I) ll IH 40-.“\
KW=y ef‘ Z —— Solv) IF _ , ! \‘P"
sz =0 5:.3/-( S’Vz
E (R .
* N=8 e)u ‘A}A e 8 p’ e S:((:)) -q;"‘ -c >
— S — )
S=a22 S =| 3=o 324 s= YA

<R



éﬁﬁu.o[c'x : Scabar Kt'ue*fc terms  aud \\CbSC ? sches
—

The scedar wiuebie tevwms cau be  uvuderstod ae.oweff:'fq{—(%
{/w‘ Q » p‘e"-fh'm:s" ( ov oum'fl'o.f:‘) 3Cq€a\f Sf;ace. fcrsrccfl'vg
wheve  scafar ‘r,‘e/d.s d.eR (=4, V) rloa3 the refe 0£

C»rc’z'mo*es 2

Se

)]

[a Jigl [ - 20 38”38 —vem ]
)
'~wuc+h'c' CQu fo'(d Sfoc.t
o Oue Cansm'capﬂs Qofwo‘ec'sed Scafar :

4

S

Kep = T
* N Canom'cu((ﬂb uofmqg'sed scafarg
A
KCJ. - —f gg’j

The 3:6'44?{'"“0«") t't»*erfvei-o.h'eu becswes obwevs whew

wn'h’us the wiwel’es terwus as

W
A Y N Seq-&r
£ .= oo W LN -
T D 2 KGED B A = qeswelry

;V'\‘\‘—W

d ;zs‘: d /esj
=> La'u: Qpemeud' N f.'e?d SfQQQ “



Lﬁzr‘reui' ¢ Ta .>qpa(3fuvf}"3 The scabar aewe'}n'e\s ave
o? Q SPQCl.f).Q {'jfe qupcd COSQ* SFOCQS :
G .
CDSQST SfQCQ M = _:{_’ . Casfcll'uo{‘es oa M (fn'c-xpd’s }25'“3
Coffc;f\ud te an epew.eqf o]E & wet bez'ug Qu e*Peweq\~ QI_

HeG:

o 3{&@(6\'@& °£_ G : { Lu"“l kd;w.H a; ﬁ"""' tJl’mG"d‘.N“E
E(.'k Q ja'\’!\\ szm \\\h'cu.—l

3&&&««"«3 ° £ H

V=dimG-dim H
T B¢
- Gset rercheq *‘Q‘I‘I'VQ : J(¢) = e,hl - € R
Scafhes = a(’jébrq .Pc«auuckc_g

a)

o SCQOQ‘ u&q*h’x N ™M C6> = \7t \7 < G

* Scabar wiuetie ‘l'efw.s :
A ; . ‘( -d
A C o= o W CNF) = —— T
]:*Eofsrqujt : £K|'q s Cu\ﬂan'ou'[' vuder ’c“e Qe*l'w sg E_Q G

\)’ = 03' virth 3’66



- A o A VM -4
=S o L = o Tc[)).M MM ]

T T L § oy 38 AL

-fr v [ ¢ 3)*“5"“" {*]
A
=— Tr } M )”HM‘ e gp—. £K;’M
c.uscptcd'ks “') ‘1 [ }‘ ] \r-‘_&ﬂ

S
=- saCy)

¢ Geuevralers of G : T=(:_i),5+=(°4), €. = 3:)
o D
C ,? vnd qwm*uo chftseu‘\‘ 1

tzé}_
T

CT,E.T
- Co - . / .
L P,

T

N Sd-mQ ququpes Qg SfQuP cpcu.mu.i‘s 6£ G SL Cl.3
teT £

e o x By A x
== ¢ '(0 e“"f‘l‘) B (o 4)
_ & (.6'.,- E.) _ (Cose- srw © ) B

a‘h =< v T \-sne Cos & € So(2) = H

h qeucrs bev



Yhew cous'}f'OQ*‘l'us \/ = SLG)

oue Wwost h& quefu-(

So(y)
?gr wel ke Qr‘femeu¥"Q+< h = (_o\ :, ) Oue cherce 'y
£ %
e e X
~ . & SL()
V(g,%) = 3+ e, [o o~ T l < so ()
SO t[“Qt
. e” e’é X
M@gx) =V 0 = | 8, P 4 xePx
Q.U.Ol
4 4 [ Py =4 ]
— ' = — Ty
W w o v }lH M
Y| 4 B
- R -
A 4 ©°
:.".> K() Cﬁ, X) - —Z [_O QM]

voT€ : Coset Spaces e‘ﬁ the ;QIM ‘i—' withh, H 'oet‘us the,

SL () .
So(2) ) g

be Cmpo'fau‘l‘ whew describiugq  tle Scabfar Sewc""fes

MQx:‘wq‘P Cou-\f)acf SUBSVBUP °¥ G (&.KQ

a,n's.’qs gvm.u\ KQPOQQ‘KPQC\& r!doc{‘l'&s.



|V . (oupe('uLdﬂ'\ Sufefsfﬁ\a""\l +o SYM and Mathker }:'rjols

We, A wnwow Sedng o cou?-’c \'\c JO:[ SQferjtau’J-~3 mvn}i'r'eé éo.
ofhev M\’Ch'?bc*s ox_ Nl Surﬂssnne')‘f\&: chc*br M"?"‘; 82 Cl\("ﬁ‘p'ﬂ“ei'.

~—

Su\oe( Yq\.s-ﬂ"lls (sym)

MULTI\PLET |-2 - [-{ ]| Ao | Y | 1|%%m | &

{ qp | |
GIGVI.{'
3w l \

A \ |
VC c\'o( { 4

Ve
ped
Table : WN':= A4 mue'{-('fee'fs 5 g.'e?J.s aud hc@:'cf'{-n states

I\

Coco'p SoSY +mq5£e¢wq+|’eus [6:., (@2)) fMQwe’fQ(]

5:2_,%- S:’()

See;z%z‘&“y,‘ Se A./a 3"!2
SQ'Q;; = gﬂe SQ k
Sovekha Ho?‘l‘(i’pet Vector wwek'[ape ¢t




T\ne bosem‘c La 3{&\43:‘0 ~n

Kre g_o(,c; eue the bosenre terms n the actiow . The :}emo‘om‘c
{'Cfms *\;ev\ P.(’(’ow £v‘ow\_ (eao;‘n'u%

. — "
N GSQL-P:K(
| \ - b
S’:i—:‘gd‘xe[ﬂ-ﬂ' Fwo F/° -
K

A opr o __ L
o 7eE,
pravr;-g "‘V(¢,—§\ + R.wau'-gqic

>
® scalar qeowrltry”

\'e(w\S -
w,' "\'\ QR d

s fqnnc'q Y an Cuteenal quugR s &uw.e‘l'ﬁs G.

—

Ng = d"v"‘ CGg}

We wi'dd ceusrder matter

\—7)‘¢‘ = }/u¢‘ - A}lq qui
L J
v}‘—'L - (v}‘p‘.)*

el'“ eal’ Suua
9

= g AT L)

= Sap’ = (L' #= @
Neté& - Dewav\&.\as

UﬂJe( o,
o w bl
Se#' = 8%G) ()5 83 = 6% % ()
Se 5t = 6%Gy (t&)° 5 B = 08 TS (F)

L_c«)'\ﬁa\'el



Se K(’,S‘ = O R&‘(¢> A a SQLSQt CPQ‘DQP*’Qd 5\3 (e ¥ )
of the oﬁ the scatar

Lo ('5e-.u~e’cr5 og, the
3(60&( i’ft& defeemined by He

scalar Sewe’t Y \(.

S
For cosets Tl => Ge &« G

quoge sgamchy o A
Scabfar °3e\=we+f'~3 auwd V(¢, @)
feqorres the te be
a . This CM‘DQ&S
. YK _ N ”
Kgé = 3¢i BET — Hq]oper MQ}'!‘Q
tw tevwms et o KC95,§’5\ e R . Moreover
Ko (#) = —i K(,3) =2
OB
wheve ave caffed o

« uter ¢ ¢ <
aud e Vo' = 8t - At ()

The meoewmen t w\qfs ﬁ ate.  they Qxf‘essed (LR
¢ $ —
Poo = — =% l_‘_%m QCK-RQ)‘)SK] — fa

\abl.“"\ (Q = 5& v IFI O\AP\) ¥°f



LQS’(PUB Yhe scafar Te"'eu‘)'l'ﬂ'(’ V(Séjgz) ('S vaeu b~3

v =e® K [D{\XI KCTDTQ -3 Ic:'\\)‘lll]-\- ’lipo. ZQ(r‘)QB F

- ~— b v )

F' *Qrms >O ‘D‘*QIM3>O

(.u ‘l‘g/ms e# an Qfl:l."‘mf\s \X/(¢)
wheez  the k&\y?ev decivah'wes read -
Diw = ;W + 8 (3n¥)w

Dew = 2w w + ¥ (:KH)w

L.‘\lor\‘wi‘ : leoﬁ) dcp.‘ned 53: Goe @© Jabs(® ,K@H ,¥(g) & ﬁ(yé?)

Locef Susy +rms¥uwo¥n'oug 81 sSosY 'ofeqw'us.

—nnc 'pocop SosY Jt"%?iocmq 1 S \'qwe Yhe %quel's'c ‘porm

—

Se Fermiou ~ —é- BOSQ\A ) SQ Bossw ~ € termiau

=> Lereutr Cuvarrouce ot the vacvum fq_uffes L Fervaton V7 = O

awd Qousf}UQU,fPS Z-Se Reseu 2 =90 Q?\WQ‘SS .

=2 loreutz (uvariouck at tve vacvom permits L Bessu > #0
— d

wd e R S = O = 305% presenve

o ceusegveatfy £ S¢ Fernis >¢Q ~ Sosy braren

(s‘xw fanc cos/ “ D



Let s Paol: ot tue Se Fecmious (u the

L
I L X —
Gravidrne : Y 12-}‘ = D}&Q e ?k’ e A\ 4 e ’6'}.\
C.‘];fcol.ﬂ; . SQ Wi - .\r—{f[gs}‘(glhﬁg - F‘ e ]
A —
GQU‘B'.'H' : e Aq = *i—ﬁ)’oFra-FZ“( € X DQ
wi th
: v K .
F = € VA D w =2 F-YTerm (u Vg, )
N RN ) —
D = Re (4™ P => D-term (u V(g B
As o vesv@l eue has that
sc ylz=o _ ¢F>=o wK z
S0SY T¥ES => V=-3& wiwl <O
Se >\q:: O 4Dq> =Q

AdS vacoom |}

NoTG

IK_ SUSM ('s breiceu  He 3m«,"l-fne> '(_E)“ Se‘“.s a wass and
QC%UI.\K'.S o pﬁq%f'\'nckuoﬂ u-oc'e B/lz.t 5‘3 eo*fus U.r ‘H\(
3@?0‘3‘\(-5 qsseo'q{?d 'ic. the d:'f‘ec‘[‘n‘ou b¥ 9"{( .

. LK 2
Ex: F-term Lfeo.\co'us => 7 Fe @' owad m;,,_ AN el



NoTG : The exSteuce °£ a de S,Her Vacuvom vrcc}u:'rcs Susy  te

‘oe lo-fo\::e:q = }25‘. SCQ?Q(S fepevo.uf 'ﬁgr c-swgﬁbsn t

G?o‘;ep SUSWY Swf’fcln\'ui bﬁf G'mw"l‘\.) T_KL—-O'.X

Iu QIJQr “'o 3° fcow\ 8033 CS"‘)"“S‘““'*S) ~\~o
SS9 ( 5"?“3'3\“\»@*’:'& &cpa/ 'H'N'ﬁ) oue swikhes s;i 3fc~f+~3

bw se-Hw’us K== 0 . As a resslf :

cb).o — Zfo (Minvewsxi sche .-h'g..c Y
Q}t& — O C No Saqsg r".cpd £°" Q, 3&5;? sgwwefts D
Ve — R= 2w

P — DQ Cso.qu stroctore unqﬁ)ﬂgeftd)

Xy ey \
=> V=K" Fif: + 3 Refab 'y =o

T\nc«fom : UVso Fe#0 andfor D'#0 Sos4a \')f‘eouo'us !

veTE = Susy f.’t{’d theon'es ave wery Cu{'e&'?‘h'us rpocﬁmunds where
o d;'srewr um'dgrsc.p,'{\x c‘pqss@s mﬁ flmne\ue“q l)ek-k CA;Q‘C..}IB

aud afse ot the qtuo.v\{'um Peveld .



V. Pelude to Suf:fs‘}h'uy axd D=10,I1 su,ersmw"}%

F’OU.A s+f4"~¢38 ‘\‘o \}(\=2- ) D":\o Sufefshw"‘ws

‘?qc *'AQ evopuksq S*ﬂ'&} Q\lbﬂ-’*fw
in D"Gl"meus’;'ou) ‘a D=dimeasisus
s
M ~ M
« x> X M [P =>X (%)
Z ) 1
Bsv2d g o O (D | Gmen
o' (¥,0) variadbes

- -

Seb D10 oud B beig 1 frrmisas

H Qse.tqwa - We 3{

-~ 2D (‘ouggmqp frefd theoryy )(H (¥,o) o"* (%02
Stb = ‘1]’(.& gdo’ Vl_?é.t?( BFX * ?C(Mleu kuw\g

@y th c-.( = (‘T,’Itr)

- Meode P Qua s S oud shafes

C ) —2n (%) 2 (B )
w2 2 (aw Qe )

v
N4 at - - . o m2UN
/X/s'e/ > e DZ ,\) ZU\(‘{’ D) el;Zb(" Un (Vo)
) w
—_—




>

- ~
?lowsb{'{ 0~)5 ) &,S ) b]S ) 1‘5 teo erfQ+U3
with € , 1 e 3 s b fﬁ?o. ‘\7'§u3 :

.
\state > = QAm Q+~ 10> =D Gunr ® Ruv & §

D=/ me*f(.c Qu’tt'SSM &\ml
troce.

= Hass of. a state “ .
(N Q“Cf}'ﬁ
{ ps"o : - '
2 N (e
TS LM + B =5 gun = ke sul
Wlee oo wassless
3¥q+€$ l!

) o X3 v
— J=2 p:10 wassks s?ec'\mn' Guwv, &(z)) ®, Cepy X-’c ) ZE\;

(g # chT) A o=, => Cu, Cuwp
(ch 'gf‘ = C"\Y&) Ty ¢ f:‘o, M\ =D Ceed o Cunv , C‘KNPQ

.Q_r;e: A f-Foc\u C(') has .P Qo'}-l'sbu‘wg"'ﬂ'c dadeces Cq’):CCH,-“Hp]

LQ°S¢M%|.QW * QA CQMJt'doA'Q
_ 4t TN | v U P .
'8\.0 - &Kl aq ¥ G 2 - —z_‘ Dﬂg ; § —z'sl e HN“P H oot leim
‘o .

wivn ¥ = #x sy Mo = Hume = Ori Buey =d B



S \X’e caqy st‘o s’qu.\ o YfeLQ S‘)‘ﬁ'ux e"orqxq}fuos VNN
\DQ(‘K%""&MJ {an) BHN ) E ) Cq,> g %ewtfq{'?d 5\3

o{'\e« S{"’I'U\SS arcond -

+ ...

Spebe = = ——  \ate | (o Y (3%™) Gun ) + €P 23 X" R, 60
P W f N
d"c’v\\

G P cwvarione => @ = S
oul/erym vali —_— = = e ee =
Q Q (uvaliau @G F\&
~— ~N J

Vot
A& powes"‘ order Cu '1‘1‘

=> E, oW of au ach'su (1

- J=2,D=|0 SOFQ"Stewl‘i“\ Q<+l.‘b\4 .

_

| 1) 4 1) \ -§ MNP
Sseers = - \dx V6 | R-m 3832 -~ ¢ Huwe H

gz o0 e "
B 7% J S %8 A ~
e =€ P PV € R
- o '
Hk"&d" ¢ X3 A Aunp V2 ~n
° Q. 3CarSCan "iL ei Fane F P"sT Foomg F 7 "




= chsa fvuud's
o0 M
\ Xdlo € o B L, T FH;...“‘ F“} oW
W, ” H,... Hee
€ C Hmg Hn,u‘a* F gty i
. hz I
+ SFQ"‘I' ( 'X ) g )

whece Ywe Jomg e Cuvarsiont g_{e-pal shcu}’an ave 3&% \os 2

A A
Py = Fey = dCepn Faoy = Py = My ACey
—
/‘; — dCCgD
Wy = ch) ¥ Cey A H(s)
—
o \
dCeyy Fesy = Fen+ 3 [(5 wafp -G . Hcs\l
d CC\’)

=2 S’(‘Qf\‘l\ks gfew\ CP\SQO‘ Svfefs‘}’l'uxs we |have :a“‘m'veo(
WN=2 ,D=)o Sore'staw"}‘fes as th hw —eueraw /R \

= S\.Pers\‘ﬁ\uss Oc'\lc Cuw Q “'Qv\-clc'w-@uw'nuoﬁ SfQCQ"{""\MQ “ooe

e« «. 5o what abeut 10-4=¢ e,J‘fq drwmeuwyouns ?



T\‘Q *Sfe EA 5‘-\1*"3‘0\':"}'\) Cam be C-avmf‘c"'ed ‘l‘b -an 8

aund Um'?u-e J=] | D=l Soferjvnw"}xs cwgec'\-ured to be

the ?~w-<wc13\3 @ wit c,ﬁ Q wyi‘m'ws fheory o_g

w\cwlmfouue S qupeo(

] ] R
S.S\)GRA - IR 2,‘|‘| F“l My F ]
W=zt Dzl
‘ ] a -000;; PN '~ »
- — d"x €™ . WAy FRGLLR FRgLE,
+ S&mu' (g)

with 24y = 3= (2w fp)

The g_.'epd o~atend eg e ‘\'\nesf\ ¢S

vy th F-(u) = Fi.. e = ét" Al\zﬂs\\u\

t‘uuq-n.M" un.c’ef
A — A
Seen® = @y
Se Afite = -2 e ek’ Wi

SeWi =DAc€ + .—‘,:Y.r’;~ o faese

A AN

o.2sT

Gao @ AWR? 2 T,
"

= dA(;) . I+ ‘s

ANN

~n MR
-3 5“— Fazpa I ]G



:Eu\f.r“'m{': Nete ‘\'\na"‘ Fhere s we ctufpt’tus te be toned I

\\-’t\\cgr.,,5 => ICA { Gain = Guv ® Gua ECM ® G“w-_;,'§

A
M = (N, 40)
Lm=zo,..,

L ¢
M=O‘ LR

T\\e\ owne ?,’uc’s ‘l‘\tQﬁ

A
Nap => Apmp = Cunp @ Au~4o:’3 Quw

10

Gas , Apses =

) —
— ~ B

—

N=1, D=44 SvfPercrAUTY N=2 A D=|0 Txf* TCA sSuPERGRAVITY

Iu...tes frat: Tle 14D ackiewn o..esc veduces CosxSl‘S'['ev\{'@x

te fle ﬁgre ITA ackiem  (uet mp~3 the ,?u’e-f'c(
coufeuwt )



