m' M_% &g{/&méﬁg ﬁmm S“q»omef#

Iﬁ(ffﬁﬁ&g, a'HEmP‘{.S were ch{e 7o eﬂ"f&nc/ }Dom‘cmé -gfﬂme'/'fy
by combining Space-T1he and (nternal Spmemetries in a non~trivied
way . Coloman amd Mandela proved fAak tlese aflemp?s woold

afwwyg M Tét/ a.fswuﬂa’ a@ 4 W?‘;y Mq)”brj JQ‘AJ‘?K
Ca»m_u'f'ellm re&:éms

T[e Lréq}é‘fﬂr‘ou;ﬁ was ackeoved é_'y Cmffﬁ@whﬂq a new clhss of
Yermimic" goneraters Wt satichy andi-commutatiin relatecns .
Haag) lopustansls and Sohmus discoveed whick Lenmion e
Sgmanetry j@»&a?"or: wee allnoed and proved sy prisst
Hromsform ectlen as {{IO) onr [O/ .1!_)

/) #e SP""\""'/L }Qn@mﬂ::\rj,
Tde above resuld impliss Rk
LBy, T%I= dume P Qp

whee Qu is a (1,0) Symmetry opewator. Tn add i,
[y, P*] =0
et @ i trons bohially rmrinak (no explicit x-dupendonca)
Smiolyy , % & a (0,1) symemetry omrator; so
[&%T]= 15% Q"
[&%,p~] =
Tle Qs satisty andi-commutution relitins. Guen Ho Lorente
propm‘ttlés of e Qs , Hew is Litle treedfom 7y F;f&x'aayﬁe/
563415‘55 franstorms a5 (1,0)® (0, 1) = (3,1) whek 45 @ four-vedfor.



On e lfer hand,
?&.{/@p g %wﬁrmf as [Z(, 0’)@[;{, o6tz (1/0)@ (o,0/
{&:})65;5 ‘H‘a-nﬁcmsv (0/1{)@(0/1!):: (011)@ /0}0)
Tlore € no We/or 14t frmﬂ&-.._; as (o0), so ot best
$0., 088 = so L AT
524 Gl o' v T,
for some Complloy nomber S,
B, sirce [@n,P“]= [Q,,B1=0 and [Z. PA]#e,
.c;[--éf/wj 7‘1&{ Ly )

Sinct @, &3l Hranstorms as a fior vecter,

1., 84 = Aol F,

for;m.n. cmf&tmn‘er ‘f,
From {7 ;aém'll:‘?{y 0";"' o P = Qg '“:

ﬁﬁ&f&,@f = 24F,
Qr/u:oj #;21, su

24Pz @eMate r o g +alg, Zo
Sirce FoZm 20 éfﬂézfréaj 57{n7(€€rj g follows Rt € >0,

Con vestion: A= 7 Can be achreived é;/ r‘€5€¢£«;f e Q)




rs R, &p¢= 2% P»]

whee e s comvenhonall (and can be achiéved by re-scalimg o Q%)
TZe otler anti-commutators are :

§Ru,Qp} = R, @p8=0

G‘K&G‘Se I ¥ 4“‘Cmnpdna4.7l m‘[‘a?‘?‘om, cf@f:ne & = (CQ“) e & <
i i C“Q.:‘x

ot .
[ &, 'T/m,] - ';:['CWWQM
éan,amg: ;K#PM where E‘:M: &:A

T»(Eore»m :
T/‘-e | l/ant:S‘A!}lg o‘?f‘fﬁ vacvum W% 5 a nece.m:uga/
Suﬁ[;dfénif conditen for TZe extsfence Cb" a w(gae.
gup&aswi—r‘ic vacvum.
EOQF: 419/{(’% &(‘&;f Lg aTVxé"' aﬂd vse 'éf" T = 9.3 <
fo obtaem:
THuBx {Qu, Q5% = 4P~
For /4:0 ) 'ﬂis reacl,s:
4P°= QR+ Q'R+, ef+0fa,
Tlu.r, i /0> 4s e vacwom .S?Lai'a_) o

<oiPPled 2 o

and
<olPeloy =0 Q. lod> =06

, o,
I s conditron 13 53?74369/%4-

e vacoum rs _sv,oer.rmee'frr'c



Recall Ho (asumir openators of o Poincante allgohr
Note Hat b
[P:as]=[P,@s]-0
But) [wyRu]# O
[w? @] fo
Tfus, ‘f7e {freab.(c'fbfe f‘f‘ff‘f’seﬂ{a ﬁcihj CT] ”% 5 upef’ S;) mme'ff;y QLC}E’A r
il covlasn dillossedt spins. IF . 18 k.o hop oudd JE P 4t &
érrmbm, ‘ﬂ@hJ '
Ru|B2= IF2 (schematic)
QiR )= B>
whoe |F) and [B) differ by half a unit of spin, Simes
B2 s el ; )O) Saymme’[‘rcy c:,czer‘a‘?‘or.

Defimideon:  (~1)F is ancperator detoned soch Had

-1)FIB> = +IBD>
-O)FIF>= —|F)

Tieo fem:

) Qu(-1F= —(-DFR,
(C't.) +r (‘})F"—" O (“or Fixed nam-2zeqo Pﬂ»)

Coms eguence of lic): SVPerJWLe‘lrEc aw,%,a@l’.r
Cﬂh‘é% esua,g numberr of 60!% and -/érmlmc
cfems of Lreeclom

_promc of (ic): em&aié. tr [[‘"})F{@,{, @i f] o Fwo ways .
Fir'st way - use 1 anticommactation relation for 1l Q's.
Seomd Woy = expond o anti commutator M/Wbé %
%ff(SS(‘m 'U.fl;\g [(..) u“ﬁf ¥¢’ng 2e1e .




Casimir openators of The Supersy mmeTric obgebro.
PZ remaws a Cagimir a'nﬂq‘ﬁar Sinel 1T Comeneiter catl o
%Wa'ﬁ:ﬂ. TAés means Hat ol tlo stater ot make vp
a Supe/tsgmme‘f;ﬁc nulliploA have e Sasme mass .

w? (s ne Pa;p,. a (asimin operator. We need & Supeasy mme fric
g.@mwe(?qflo;h of te PMQ(‘LubMJ/:i vec Tor W .

definirom:

Bu = W- g [a,Q,] N
;-LC.E_:

Tle 4actor of -s‘,- was chosen so et [B,u,gy]: s afpe
[8,,&,]- "'Z"! ARy (B.,P]=0
[6’“’5&]: % PAC_?«

Nﬁxf, we Jeﬁm.

If iy euy'fo cx.ecé fAedt
[Cﬂv, Qu ] = [C,w, (5&_7: [C"b PQ_J'—' O .
Sice Cuy C* 15 Lorents invarcant, £ Rolfocus et
[C,uvc#yj J-d’]: o
Hence 7 Gl 18 H. govinsd (Rowiii operator of 7%
Superscymme'krcy a—egebm.

We cam write:

o cm= 2[8BuP* (B’
'MV



CMVC/.(,V =
Moreover, in Thes ‘pfw-e- ' ‘

) [B“- 84]::.. AME‘JIB&
Deﬁne IMJ‘@ Bé Tzﬂn 1‘-'10 J Sq'f-l.ﬂ@ MMOA MM

commatation relathons and '
C"‘“’ g = —9-m4ﬁj_a
has &}uwﬂues “Qm‘?/g'f-!’), whee ‘j:@,-i-._, l,.. 15 #e
:_fs.uper‘.fpm'f' T/& f!‘l"'edaf';fb/e rep@mﬁﬁ&s anl 7’%“; /MJJ>
U'::-n’;\g 3-‘—' m S)
/j—'&: _S‘&"‘ "1717\ okéél@ﬁiéa.] |
Tn the rest frame , { R4, g‘si}: {Qz;@_}—" 2m  and ol ofleq
owti-commmctators vesish . Thas , 1 state @)= R, /"bj‘ " S
satishes the cnditon Q10D = y
uemﬁg m—wm}w shits Mon 2w :
120, QU , Q30D and RIQI
We Camn Cawfu‘f'e ‘ﬁe, Sfm d‘f 7‘1@5! ;4@49.{ éy wkmg out ‘f% eggpnm&ei

witk resfaec‘f T T L

/ is 41 . Sy5%, [ s “
! fixed s’ g
mJj> / Js~ - __é} 5:_*_::1?4,--_1_. -Ljf:!_ﬂ.:
>3 "'-i:, “'!'2 xR° fx—ﬂ-_ :
' D

h-4 53713



wampll: )= ©
’oos,ﬂlﬂe VAMS O'F 53¢

= 4 _.i 7
D o ) H ——
¢ 2._| 2 3™

c_orrespm«ab ’}'b +we reoﬂ SCG./MJ‘ ﬂ.aa/ Q. Ma.Jor‘w 'perm:m

.bC&éM 49(234225 ot Mom z & [*%ut-ir.Mj e
Lermion deg"‘-’?J of frecolew = 2 | Chmp— Sm‘é”]

Crencise: show 1hat 0»{'3 % (_‘arf‘espmadj de a rm?%for%
a vead scallai frelel cmd furo Ma jé ramnad e mns
[of‘ ESUIIW-M ong. p{f:a-c 'pef"ﬂ!&?«_).

(ase 2 p*=©
One com show Hhat for P*=©,
| L.5 Wn~ T;&a"[@p, @;(]
setshéss Plu=©@
[t by} ~ttug L™PP

(«(Mve ’?f@.;i AJAQTLIJ;;E‘G{ é_g ".4/,«.:»\‘. TA.‘)’} ﬁr Pz: oy
L/; L5 Propar'f(o‘fna{ %o T;M

Lu= (et 1B, = supor—iulliity

TF &ulS2D as before, a smple compotathen yldl.
Wul Q5= (k+3)Pu 12>
Howeven, r Pz0, ""% Fwo states svrive. The massfoss

5‘:.?3-;“40“;2(1 Com5iS f.r { PGA{(C&J' of h/eaéa%
K and K+L . We must add e Correspondeng aw& Santiclys

(COT—Comjigahes), wheek yeelds statos of Kelezity —K end — ~(kF <)




() Kz©

helicities ©, 1 @ hobicitis 0,
(_orreSM&Zg -/o L m«sr&rf Com,a&r .rca!an a.aq/ a
massfess Ma jorana fermiom

(ie) k=4
heliccties 2,1 @ hebite -4 -1

Ccrre;fmo(«'acy o 4 ma:r@ﬁ' M.:Jorama ‘l('ermn‘n, a..a(

a masshess recl vector feed.

o

Forthen gomenaliations
Extended Supeas We‘frj mtrodeces N Spin~ U4
1,0) goneretors, Q@A (az1,., ) and A o,L) goatiators
R The pebra mr‘a&-ég e Q5 15 more compds e .
In tlese Lechoes, we alh not mafe #es acdorad

Ww&é@f{o&. e ’-%W‘/rif O/(I‘(c/_f-ff/ /{é/ug @ .écz.fea/
t/h N:j 50/0615‘(,!:4&:4«67{?3_

Te M veason tor 4, chotie s e # 77 Fwc?
fhat =1 Heories Con descrkbe hiigp SR
las seen natwe ), Lo, N>.2/ aﬁﬂ‘%-/@@/
feamaons Lqve righA-hanotoo! Pertneas, so Mo constroc i
of recisfre Reories of s ﬁcp ae much more dif .



Tle supensymamnetry algobra cam be exTended fﬁM by notiwy

Akt 52,( (S mLe/wn‘t% Cvmféﬂyc 77@ J'%.Sc"ymn\é’?"‘/c a,%agéra
/S Vncﬂwaaea( vndeq :

. .
(5(('0( ? £ o

wlere Y is a redd number‘.. 77(«!, n '/fodace a héw fg""’""’f_'?‘g’
Wq'}'ar‘ R Svch et :

e RR.0-<¥F= o-iq,
pRE. gz ¥
' ’Ekf;\g O In ch("/'!eifka'a/
[EJ Qo(] - “&0(
[R, Q)= &,
We may chocse [R,P*)= [R, T#)=O 4o aclend
‘ffefupm.?pwnefy a/c?ebm.



Supensymmetric Meories . spn-le feoms
Yo spin-0 bosonm supespantners

We have seen ot 'é@. SMP@I ¢ fu/ermu/ 7,//,4—@71{ msisTs
"5 -;lw-a reel .ffa!m; (or egwuaﬁg,/é/, a Cowf.&,( _raz/u)
and a M‘k']éram Lerminm 5 I itk mass m.

(Cormspm'd""c-? 7o 5“")’“@“/‘"&"01:0 # mafﬂif‘_e - 7o
Sufaed‘ﬂ&g,'{-g O T wasilbd ) .

A Lagrangian that respects e Swpersymameliy algobra
£ le:% ln;

A "——“""J" =2 t{/ &

L= ) lo) + iF5p - (44
_ 1| 4% JW Yt — 7
) Loyt t JT'-) 1z

W/.{@te fl./: W[A) ‘r\f-m mér:fwwg Ao/aﬁa-orf-‘(‘(: 7Ca€74¢;’\ '347 /4
(z.e. W is an aaa%ﬁc fomcthon et @%JJ on A bt net A *;)
A= cmpbor sealan
V= fun- Compeonesd MdJ'orm Lecmen

I WiR) is a crnc potynomiat vn A, o 4i & «
n%armwéfe'aﬁ& KRET a%a’ % Weff- 29/{*:/):0 /nao/_@é ,
Smple epample: W= smA?
re;u,%: @ 1[le£ ‘ifeor‘oy afd G J‘Ca./m and G

Wla.J'ar'aMa_ -perm(&h, éo‘fz o?c mard .




oy ot

Tz (8.R)04P) + iF54BuP — Ll bt FE) - mA%Y
~9(AV¥+ AREE) — mg APA(AFAY) — g (a%h)>

ne ‘l(E hat 2

— e e

(c) mp=my

(L'}.._) ‘équ/‘f* = g whﬁ( j(A s

Both (i) amd (¢) anre Conseguemces of Jc;a&;.rgmpe-fr!,

TAJ‘, SUF&IW‘IL"J rélates J(M Caup@,g‘; of
te thoory .

(omverd to ﬁur-—cmmpmad notataon . Defse A- _'d'!f(s toP).

Note Jiaf \{ 1S a Iccjm and .'O

G a PSeoda.rméu "

).HH(J we CAOJ'Q/K (‘mf_Q% we W
7 OU/c/ s _
““&""ﬁﬁmi r}\-!e/.acﬁ;ms.j o aneniag - m{%é’?f



T,@ Supen S‘Weén:: ')raﬂfaérmaféloﬁs ae
J}A = J2 gdfb o
‘%‘f’u -—,,J'io-‘( §Pa ~ V83« (dﬁ)
whee § (s a constant (ce. X—-MW) M;Cm“é@?
ih{:h}fe.ﬂ'maﬁ Pafmm-e'f'fn .
Note : é‘y hermitian _C:U\g'q{‘(d\ , ome abro obtacns:
I LENOE PO 2

- = 3 a,( _Ly_
sty = /33704 AT ~ 733 by

Re

One. cam check tha
b2 = a.K" (exencise: derwe K expliiitdy)
whick means ok e achom, fd*xa?ti (S imvaniant
if flo 4rebd egoations ae satistedl.
Tndeed, 45 is a symmetry. Bt i it rupeasysmmetry 7
Fiest, comsiden ordemany space-time tramsbitsooms :
e %P plxre WP = Blreq)

'pOr' JI;II(IM}"'ES‘IMa.Q Qa,
([PA blx)]= D7 Plx)

Hew, Plx) éc any Foneric f?;aéd} ele, A or V



Thus) 4o am 1ifinitesimall space-trino Pranclodbon

Sa®(x) = Plxtay-g(x)
= a“a'?,a ¢(X)

= ta® [P,‘, 9’)(;:/]

Likew:se 3 pi J; Glx) s a ruwrym.dré #w{ormﬁm. !
we expect !

§¢(x)— RS O,Q“ ¢(x)}

Cowms don:
(508~ 8, 8,)p00 = [ itr@e7@), [i(30¢5&), #l)] |-G5ery

- [[j[qa{.;’_é)/ ¢ [f&*;é)j) gS(X)J

, u.rmé o Tncix r&mbé(}g .
5}&:‘2 _{ and 70@ M;CM“? mﬁl»w Wl Fone ey,

[12,5Q])= 277 3”’9/*
Thus, one ends up il
[«ﬁ,)&]qﬁ/x} = 2foHy - 70-“‘5/[&, bix)]
S [fa-"i— 70’*5) 2,«}‘5(’</



Lef us fest ths re.fu# umig
5, A=as Ve
J;sb,,- B0y g*"aA—J’S«(

The result.
(Z) [S?gs“gqu] A(x) = —;24{50-'“?“‘ 70"3_-) 9,.‘/-\
(i) [84d; <85 8a) 0= ~2il§o«T~9o*5)ou¥ + R

WJIM Q:O .c‘JC I (h:tpo.Sﬂ '*16 A‘eé’c/egmz‘z&m; fa{(fﬁérﬂ{ f)cy "l

We say Hhat o supersymmetry lgebea is resbized om-shelll |
L. affer wposrhon of e Field Egua teoms. |

T derwation c" (id) is nom-triviak , and reguires among ofha,
‘&u‘\gs Tl vse of Frene f&«t‘rt{(ef TRese e a 4‘2%
Simplor for fups-component 4ermirers as compaed 7o
Qw-cwvm-:f Lermims . A suck rdontrtesr ae besed o -
Wty Lagght
J:(ﬂgpa”__ LI a’é‘yﬁ _ a-ﬂv“ar’a:“uf_ﬁ]
5, 58 = L[sf; R il XY

which Lollow from fle completeness of §T,8 §overtle set of 272 matrices.



An aﬂ%ﬂa‘ﬁaﬁe %roo.d\ Noedu’ %M

s ——

33 Neetlen s ﬂem, am (hved anel {ﬁ acton MJ
the exis{ence zfa cmseaved curresd.

Gn/'em CS; as dE‘Aﬁ'—QO{ aﬁWC, wewévnz.:f At J;oz’: 3/41!{’“
for cme (:mbn{aﬁ&mf&é’ab K“ Tln, tle Mellen supercorreat-

Correspoma&)uaq 76 /L‘; /hvm-‘mm-ce /:r .

§9T4 5, T ZA"X

- ™

§(2.X)

whowe we sum ovea X A ‘-F lexe:a;e ovalualo e o ex,p@cnl/y on e
Wess— Zumino medel, ]
NO"te Kd ‘j‘ﬂ I\d! 60'}1 a pec 1£L Md ‘{p/nc r "’!CJ%-

MJE"”M!: TZQM 5% ‘/xﬂj Q’C{& M;lpo.riag ‘I% 'ﬁeﬁc{ egua-lé'wr y
274 = T 4= 0O

4£.€. ‘ﬁe SU,erCUrmd 45 c‘anjeqvea’ 7:& ,f.uf&-,clcmjgj aR c/e‘fne‘?/
wn e vsval way !

@d"fdxj—.( p 5"“:]&’&3——0&

ereniise: Usm 2 e Camenicall commicialion relaticns satuted

L’ﬁ the :,{»ojan'rc ﬁefd tbr_f and o Cancmica ! ey ~Comma St ion
r‘efa‘ét‘(/hs JQ'EIS‘FICG’ b\__t; (J'J 51\:.-»1.4 Hhat

{6, @i = 2ol P 9% tle Nogan
5Q¢L,pr: f@,,@z}{:o dogptl

gpace-time
N - . o s B “cams Dation §
wnére |- S efpresged om .&,M P j?’.c J'UMT’L’-"#'; esn.rs.



ﬂuxih'ang fields
The fuper%mmefric Lranstormations shown awe not oP':fqina.[ _
Note Hhat :

(0) e Hrams formations aw nom~bosean ¢ W is not
gw.c]ra‘l"l}:. n A
(c¢) e f?ersrme‘fry aegeém IS r&ﬁ%ea,a.é au-.rw,
We avoid both (i) awd (ic) bg :ﬁ-/roclau.}y an 'a-«)c?/:a'/g
Cm-ﬁé@ﬂ .S'(JM 14650{ F.
Consider o alt ernatave Zaiﬂ an du&m :

L= (.h)(5%4) + (‘975'-*9,., ¥+ F*F

A e (25

Fis au ausilony field sice \/ doponds on F but et 3, F
5_0 F AGS 'tff‘rvmj éynw-cc.r m )C@éﬁ{erqﬁomj -;6',. FMd F“’t

ang .|

Moo, .,
oF SC#
Taat &,
F*: E’-—u—{ 3 F=/dW =
dA dA /

Insofabmog lese oguatioms back cnto L retorns us ‘fo
W [Qi‘wm}{am The ‘KQMI aQ ml@nlllaa,!



(o ixp.’f‘c‘t'é

. i U« | exercise: sund Lo
e %Oﬁ - 8'“1( | e,cpressr'cm@f K ]

withoo! mposing to +old egua'hams.

@) [6d5-5 8] Xer= ~di(fesT-1025)2.X
for X""'A/ % and F w;’f’(w—f I&q’ooyhg %M&(/%W%M

We Jay ’ﬂd '/% J‘cper.gmmeﬁy aéﬂérq (s @cﬁ%ﬁ’_@_[“.‘i‘% X '

.QEmankbl

L Note e mass dimemsions of fle +reld:
[61=1, [W]=3 | [F1=2, wheh wplioc at [§]= 1.

. Since I F s « hotad dvergoree, [d¥s F is imvaicant
vader He .§Uper5;1mmefﬁc '/Tw;-ﬁorrnq‘f{z;m. 7743 w{ﬁé éﬁ?
vsehul Laten.

hote: % F s a ol th}enjeﬂce IS a Causegue’oceafc/fmkoﬁaﬁ

an_ﬂd si§, Dinee e s»;owym»u.e&ic ﬁ‘us#rmq{‘(f‘m Lo «
Groon inHe 4i2lds, S5F most mvotve Q smee [2.17 1




__O_‘f _IW Couni'bi\g;

conplor scalor A 3

Ma J'c_:ramq Spivor Y o

Beﬁafe linpoc{r\g e ﬁe&{ egmz‘z;ms y % l=1,2) har four

Aereef of #%JW,SIM Vw_‘r Cowpea/}(. lEf:x:'tfm(c M‘.'l{;;/

count Vu amd ¥y as foor indbpendent degrzos of Freedom].
Tné 143{94( edua‘[‘o&ni ae .

2. +
ig-a¥ = (18) ¥
and m.'.‘e- refd-e y/a"‘d .’-L; ‘e&m:hqﬁa ‘%WDO'F £or d?’&f )
of freedom . | IF ;%-_-c S Hew (545, ¥= 0 s a celation betwee, ¥ and Y |

Note: pofk A and )" .{d'}(f& Koo bordon @w focld efw’éfdi‘?d
as wel, bot flose do not atloct e Cwmft;g-

Qﬁe shel Counzét;r‘v’_:'
Complex scaklan A 2
Majorama spinor %/) ';7;;:( <
Compley auxtliony fefol F )
+otals

Dosen o"egree-f of -ic‘eea/dm — 4
-P"Ermfah c]Q(?a.QQI of freedown = G4

In both Cases, S¢, Synme'ﬁ‘f gaa/zam%e&f He & m&é cb/%
numben of boJaM /2:( Lerm /bmayc{e,e rees ot freadg*h '



S Lrom fhe Wess— Zumino ;;,AM

| essom

.1-. Il‘ iS ho'} Géeaq }Iow 'AD bU{/J SU/o&;J‘We‘fr(\C /.q,f/]q,ﬂgia:ﬂj‘
Sij wif 2 known swm»é%,aéd a‘fpwéo@f

e, T[@ fup&\fyﬂme‘[)’/'( ﬁ%f?gfmﬁén /a-w; &t M
immediately eovicos , ever (f a scpersymmedric
Aafqamj»iam Is of‘w"en- '

3k CAQCLM&; ‘/3(@?‘ 710_ JWWZZW& Mrmaﬁo}u
Odﬁﬁ% ’er §u/&fﬂmefrr.0 cz.éggegra /S 50,2’6
faéor:o'us '

4. C/@aéo;oy Hat 7 acthion (s /;?wd,ﬂ:g vndey e
Sup&sw-é-,‘c 'ﬁmrﬂrmﬁé« s olro dedious.

U__-H

; Y/ [ N // ,

s O—F—l *!w supes ym@-ﬂg inCreases T4 r'egwr‘&:f

n V"‘!’@"‘ 97£ ‘A&j‘lf ) uTL fﬁaj( ::: Supen Sy-mef';y
'Efmfﬁofmaﬁht {:a-u)S ﬁa}f AN -VL‘-‘VCE&'L _5‘,,1 'J?f ‘?'-:_r_: { e

b, S‘F(KJd"K s 1hvaard undeq 1 Supensy mmetry
Promctormation . [a hint for (1) above 71

Our gocﬁ-‘ deue,gop a ‘éf‘»‘ra,a:rm o whee L g@[]) W,
' %r:f/{i:rﬂ amd ﬁ[\f’ff [4)'“[4) ar au?famqu\c.



Supecfielh 7 spoc
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