MODULE 2: LORENTZ AND POINCARE GROUPS

Gre1).1o; It w o seb O’B oL\')e,C)bS fo’(bowiv\,g,
| ﬁ speci fre rules .
(r C°M’P°Sit£m" v G T2 € &, W(ﬁu*ﬂz_)éé}.
(1) Assoclablve : (ﬂ,*ﬂz)*93 = 31*(32*3§)
(Erool,wo‘(': moy oY vy not be COY“W“**’M)
(3) Identity: J Le G, sudh that 3*1=1:9.:-?,V3ec
(&) Inverse - Y9€G, T §'€G, such thab 9¥§=5%5<!
In physical problems , group elewwws refor Lo
certan trmwstormmms o} ow o't,Je,c)t.
§j Mmgj’,rj tra,n‘gtbrmai’/i.ms d\.omge, SewiL Pw}:eftj
(*) Tha 0"0‘)2»6&3 y wSthale 9&0&1«3 Semy_ dltther ?wfe,ftj tnvariavt.
They defint “Symmekry 3rrwrs"

Usequl Fov studying dynamical pwperties of
ﬂf%&o&w, urki?,\ l;}?\,vo..ri.aw\c,e, U For or H .




Gro’lﬁf Sv mm et rees LLOJL b conservabion Lowt un
physical problemd. The ochjech wn cshuch trowmssmatios
ach i described by o “state”. Such a stabe i
convenient , bub may net be cowpl.ctelg fkgsic»(‘

Represenbations Mapping bebeten abctract
C}V‘o‘\p}) e,Q,Q/MMS Q,V\)r SCVJL,OW'\E, m,a:tric,e/.s.

(9, % 3,)%%, & (M xM)x M3
Dimension ¢§ the woabrix wu  the JAW\&\(\MW&‘A}?
ik the repredentalion. 1 & Ldenti by mabnx.

Stoatey oue conatructed o column ve.cthS,
. Whaddh the trou\sbrmodxm walk ricey ock.

For o 4iven ginwp ro . 6§ elemends may be

firite countably (njinite ; Conlimususly indiribe .

Rf,r recembotion diwmemsion can be firabe or infinite.
Trivial rep. © ¥ gy & | (one-dimensionsd)



]:t o boasn can L>.e, chosen , such thel the matrices
Leco me [obook-ouaaa’ohhe«, than the mrm:e,v\toJIo«w

A calh ed reducible . Othwrwise it W (rreducie.

Exa»mPL% () Small esl ronbviviol greup A Zf{l,—l}_

Occuwrs n reglection, parity, time reversal.
Two irreducible reps. Trivial and {I1,-11

(2) Crys‘f;al ﬁl’b\/«'ys Jco'r rtoalions ond WM'

) Lattrce translation groups.

)

(4) Rototwvons amd Evrans (ations tn Cavbaviuum,
(5) Ga,u,a,g, growps  for freld theories




L-Dre,vvtz. ‘ﬁro%: Describes tr‘om,s%‘brmaﬂ»w

A s?aw-ﬁ»w v Spectal re,LaJtu'u-ii"g.

Tkeﬁ Le,a,\pe, aLX,’NaLXr,: O}*U ob(r\at.xvz ce/tz—- OLYZ)

Cnvor ok whem changing inerbiol dframes.

:<(O"'_,E)l> & held JLLXCA

AssSume : qua’*’irg wnith tensors and

OW\,?VJ-O‘«V ra o emtb wm mtﬁ—ekm
Invowiance 7§ Vv Lwple en thak tha trangprmaliors
: P M V >

e Limear : x/P= N X + &, (aw(;./\)z::i.
det AA=1 Continuously connected 1o Lo(zy\xn:ly
At N =-1" _])szo(,vxi: Jrem i Lendi t7y @.j_P,T').

Y)'\,\v



The %’U\M cafro’l)kf w cauul inkoMO?Q//\.mA [orentz
qrnp 0T Princore Gioup.

g ol = 0 (ne translabion), the growp i colled.
L\,omo%eneo’lM [orerdz grwp. Tt breoks wp
(nbe Jour disconnected subgebs Labeled by

,S'jmw»e)bréw % &‘éi&y ond time-reversael .

«— Arnw o’t tewe

L@  — ?mritj
L_/_rl_ W Ca/(/te—'l, J)rofe/r o rtho chrnous [srenkz SM;JP
1t has deb A= +1 N +j—,anluA,€AiaLe—v\ﬂ'@,

[t & om exacht symmetbry o ol QFT.
Nete : —na,n.sé)gbrmauoms n %nwal. relalx@ﬂ('{‘j [Uklrt

Lorenkz Grebp descri bes To misfacc b’{g cunrtd
choce-time at any poink (Locally inertlol jrame).




Sjﬂ\meﬁ"‘j o’re/ra\pWM m wm ‘Ukwrj Frume,

the rwrm ({5 ijsi«:AL stoter. That Cw»f»l,du ot

o oorrquMv\,ﬁ. tm,nS%-ormai}Low A uY\/i,‘ba,v-‘y.

‘P‘\'jsic,aut stobew ot oLa,Ssr;fch. @C@TAA;V\.Z,'to

wni tary  reps. of U symme)trd group .

FLM u’PWoJTm m&j w1 6{. He_rmi‘(ﬂ:ww, ond. Thar,

Ao el belov\,g o unibory Y‘Q,Fre,se/yd;at\bM.

For conlimusud growps, it U converrent Lo talk

tw termas % ro.ra.mubm that csver the grsup

w\,aw\,i%O’Ld,. The elements v the ne_[jklomrlw-u—a(,

(t C”\'@/'\zt('t(j can be described M*\a. Taj(mf ezxramsz'oh.

Ge,v\,e,raxm OT the 9*‘0‘*’? GQQ)k“\L tc\y..\r&.riou}.s oncc‘,tlbns

on lhwdn T can Move awaN Jrom Lhmh‘b:,
%——‘: i‘l"zc.ELTL +. ...

T, form o vector Space o d describe thae

tongurd” spack %t the 3 =g raarn UL o Lo\udm’tj

For umitary reps. , gemerakovs axe. takem th be Permitian.



Genrerabiors and ther commubalion rudes doine
the O«LW {ﬁ the A The comwm uwbalion rnday
qive O combinalion of ﬁme/m)bm

Thw s alca—ci)r-&, Com,pl,e/tdg Acfines the taws’aa.
§ the grup w\ani%;u(,al,, bubt ret T8 topolegy.
(Lce/ aroups and Lie ¢ with their unatar))
reps are keauri% waed in Hl'%v EW P"\ygiq.
Nhaw norms o the generatovs have the same sign,
the grovp w colled Compact. If wl, than the
group W colled nen-compact -

The Loremtz group aoﬁvxa_ M g,;au_tcmcwm
)(’*, K nen-Compocl, and W dansted by s50(3,1).



TV‘G,V\.SLWoWS . 'T[\e/j JCorm oo Commutbatvve Grewp
whvese Oow»PVsit’ion rule, & oddidion.
chrbswxwm mulliply . amd honce are M
exponentials o the coordunabes, ie. =€
{&{,k,x} a&e,%’\,v\,u oL unit’owj rep. fw thWw,,
(a,loe,LUL loj the real f@mmte/r k. . Ab(. reps.
ore. ore-dimensional , becauwse the grovp w cornmubdlive .
Generaolr se Lo Cuf'ob'tm"j Aimension by kx—ﬁ-[_g,)_()
(xV integers | then {k)} o B Brillown zene .
{x} W& real Une, tham {k] s also o rea Line.
f Xta) = [e,xp(a,i-‘t;) f(x)]x
Gre,we,r‘odtﬂ‘s ouwe. PU= L'B‘* ) Gﬂmf ede mends an
Ww be expressed as exp (-t Qr.?r)’ ‘boscﬂf\-u\r‘
With commubaltvon vrule {P"’ij = 0.




Kjto\ﬁov\,gvmk 19005'[76'_ _l;[\& %W %MMM ot
JHo (P - X)) . Antis ymmetbric
The Growp abﬁ—e/a'fou W given by
[T T8 =i (5T gMr" 975 g T )
T the 0(1)6’\,}'\/\,1’\5— (a,oldo\',vw) re,rm:emi:aixofv\,)
x % =[exp(F 7’“))]qu[5
__.rxv o P v — * 14
(3 )«p_t(g"‘g" Spfa).
R,ota.b\':@w OJ(‘O’(M\JL 4 L ? .
: /\ —[ o ces® sinBS
Z—JLX(:S Lj @,—_—_(,)'z F" (o —snb ms.bl

m lA N Ortc\zo%oV\ﬂ,L Cre_ \MWtQ. MV‘LK
Grenerakors T = éiJkTJ axe I-?e,v)*m/itl:am.

> [2) o



o \ )

Boo,st' M/Ohé, Z-O0XLS . ol _(CooSh,Y) c';» z—sinhr)
i —Si:\,hv) °o o Co:shr))

by M = Wos (tamhy:%) ' .
A%{; &k net Unitary bub has dokb =1 .
Ra.f)iob\':tj " “'wwif‘;% o Successive booshs .

Generotors kK= T%° are H exr ma tvom.
In toted, Poincart gronp has 10 gemeralss
[Pt 34, K"}

L —

E'Tke, ?Bmkr QQGTAI\:V\;MQ/)‘C—QN\' cdrr e arrav\_ﬁ,e_.\, s

27 %X2 Cow oot rux ¢ Mo = ttZ X-iy)
plox X T <><+aj -

Tt w Hermutiom . The Lovrent 2 traws%-ormqjxov\s
toke the form  xX'Pe=Q (o) Q"



et Q=1 1DF€/§€/YV€A the rorm tZ__XZ_vz__Zz.

Rotobion obowl z-axis . o _ G%P(%e o).
b‘j o gle ° U tary mabrix

Leoves t, 2 Cow\]oone/vut's uWOMW'

XY C»M[oonw\)(?s geb rotated Lj 64',6.

Doost olong z-oxw Q:—@?‘P(JZ”?“E)
by repidsty 7 Hermitian matbrix
e ow e XY o mponent's wndma.n%e_o{.
t,Z cwmponents gk oka—ns&i by el
The 2x2 complex mabrices with deki=[, Jorm™
the g reup SL(2,¢).
Sfinor‘s ore olo\]ec:bs tromsJor menyg a.c,c»ord&vg,‘b)

/

Y o= QY (Lineor wm Q)



Arbityory Q can be biroken wp inte rtationt and
beot s bj FO’LO.Y‘ aLQ/C»M,Pa.Si‘tL‘OV\,: Q,:U,e,H.
Adet Q = 1 =S deti U =1 )T'r(H)'-‘—O.
SL(2,C) W toPoLosficM/(:j e,nVM\raLunt 12 53><R3°
Q;—_.,i Proabu.c,w e c)r\ow\?,e, ;r_w Xf'“o”r,,)
but it btakes Y —» Y, Tt canbe produced
by ro t atvon angc I . Further rmtakion G
mngle T brings back Y 1 itself.
Thos belaniowr v rot seem Po'\:v\.t 5L jechs
28 riﬁ\:& bodien . It con be seem vw rotalions b/{f
c(,cfbmo,loh, O’taJe/c)t\S
Cooro(/{' V\Aﬂ;b YbPrCSwIWOW . @ omd. —Q avc w(u{b.ftd
S0(3,1) ~ SLCZ,C)/'Z?_ :)oul:‘ﬂ connected.

To-laol,oa/\;LaL _Swpe,md,bdl)m rwle 5 RBosen states
conrst be Superpeosed with Fermuwon Koles.



S"Piy\,-—.stal’/\?,gh'cs ‘er»rm: Followst from Lorentz
M}togzﬁkw L th  dascrele P,cC, T Symme/tri%_

Ex.c'/lf\,my\é,e, e/t{;e,cj? can be undone by 2w .
¥ o objeck ( belonging to a poir o tdnbical djects)
For a %M\,Md/ reprc.swﬂaﬂ% , e uae ;Tr'v as
T=(727",7" < = (757, T%)
Their Lie 'al,aae,(yra,. A .
CJ";,:TU’J:'LéiJka (or FxT =1T)
{jt} JL""”\' The F.?taf/(.ov\, .su,|05Y'B'1A? So@) or SUR).
[T K{'J:z‘,e”"(.K“ |
[K')K?] = bR TR L k'Y demet farm subgrotd
These also oL@,j Pawi{:y oond tlme-reversal Pn?extiw-
P, T Labels con be a.sgfamei Lo Lovenktz grevp Yeps -



[N NTT = £ 0at, 790t [35 KIHL RS T-IGKT)
="§{ié""k:f L e K]
:J;,-_te”k(JK”Kk)

rn tT = 0, [N NI e N

One con Con.struc)t the rou,sm& owmd. an@fm.x, cperatse

for theao OJ,%Q)oms ' N ; ‘\\

Rewmvember : l'qt M) = ‘/3(3'-\4) — i (ml) \a',vwi:\>

Thes CZ‘,/W‘CS :klmte, A . \-e,“ave.soui:ams oShon
YW= —F, .. -, 4 ww steps 55 1.




Finite dimensionsl thvtsw\baf;\io«ws owre thon
(odoeled by g=0,% 1,3 o coith dimnsionality

2

Zj»-f—l ., These are Mto,vj \fw ot oalion g
The Czol’ﬂféf‘”’"ou\'\—& VQ—PV‘Z—AQMOJ'/'VM\A ot nef umimg
f\r\f 7\11 /\IT 3 ul thoert are ra :p'v\it& Lo sional
wnh fary \ron&S@V\JCaL\}M\A G the Lsrentz group,
-ﬂ\LSC re,,are,ge,n,tw&iw ('b’ tha Lok&\’\.tz aIN‘UbP one.
devet ed by o pasr o’% numbers (n,m)) it
N )
fNince 5:)-_-,[;[)-;-&71') ‘tc\p_,to’tal,s‘;m.* Mvef\‘emm

. So

,S‘w'i‘t'Olm Ne':; (Y";M\ ‘;TT*CM:V\')-

AMhaow wEM, the reps. ore vt rPa\rifc‘/ v charge
conjw9 aLiown e,camwtq.

Rote thal T does not interchange N ond NT’
on & ke,v\as the heliaties the same.



(0,0) . Scakar (e.9. Klein Govden freld).
(4 ,0) omd (0,L) : Weyl spiners (legt and right handu]
(3,0) @ (0,%) : Dirac spiner (reducible vep)
(1,0) ond (8,1) : Veckors with specific chirality
(E.g.. E:tli_f?>
(1, 0) ® (O,l) : ELe,c/tnma-ﬁ'Nm‘Cf"M FIW'
(£,%) ¢ 4evecer (e, 1", A7)
The botal dimensionalily (3 (an)x(@ml).
The 36\16(),5 do ot Le%nﬁ. L umbtory veps.
Grovitoms cover mmv\&ws Space F{' Iy -

(
2 JJZ_,) & (Jz'_ )"2[:): ((SGOA; ISQOA)

gvm/ \av‘\t\.S"yW\,
. () E0,0)  CLol@Coil)
G—Y'O\VLtGY\.S thws BQ/\AV\% (v t\;u., re,ryse,se,nxai;um (\)l).



], Euclidean TA}W\L, X4= LK )OU"\"L the invariana
L @Lx')a— (_atxz)z_-l—(a(,xs)z-(-(a(x‘*)?‘ s des cribed by
the grup SOMH). It & egjnh volent T
SUR) @ SUC2) with all generalea Reyrmi ttom,
omd. ol 36iwi,be, oLiynen sional rﬁfruu»twt\"OM umitowd_
The kclarasw\ﬁatéw ot ageam Lab eled loj (n, m)
The Cadirmwr O’PW&tm T\I’Kf oV ﬁti\TT Con be
Weed, to obtawn evgemvalueo n(n+l) omd m(mH).

In Prncere grovp [’Pt&, J§¢J= L(ﬁr’{?«-— Berg).
Only o commubing seb of sp erodists st rucked
)Crvwb {?f") JS’(} Can be wsed ) 7 g‘)&d{"j CVAAM'MM
wambers & physical quonbium steleo .
Commonky used set includes P omd Cosimir
opevakers 35'07 ﬁ, NT owd T




Groli Lean rup This v the symmebry grenp
A neon -relatvari stie gpaw—tﬂww tv—amst'onvxwm-
Tl |o ?,Q,h,woutm owe the Soame od tw Princard
9greup Lub their Commubation rules simpliyy
for < o, ThiS Limibing technigpe oo cellad,
T niv— W igner Contraction.

F_;w m Uy Pz H = M+W with M~ and, WM

T ~ - L
T~1 bt K~

. IV\}\OMWQ
[Pﬂ , Ta;] = L écJ'k 'Pk : P, dez,'bfpogc. Lorent?,
[P.,T5) =0, [P, Kid =4Fy gt

[Ki K3 =0, [P, ky)=-iM8&y }Gamm
[W) KL:]:""PI: )CM,MJWV\.&)';O‘
These O\A%V %‘m“’" tha Princare growp relatrons -



.‘Fﬂ’/afpeaxlmé m the Commutbebor v M %MW

'/k cend ol c/‘/\,aurgk, i Thae O«L&e)vro\.
Superslection rude: Staber with diffevents

vl wan oﬂk M canncst be Qu.oae/rpm—cl
. C)b\: e ' . 5¢(Tzﬂ_l) —
Projechhvt repres alron: U(Tm)U(T) =€ U@ T)
ALt’ermaﬂ;\fd(j' onL Com Lv\tw';vei? M o an extio
ﬁbwe/auto‘f (A—ée,biam) It Wl have om Mg,m\ra.bu,
tov eachh Pk/jsic.ai, stole .
CCwssiﬁCaﬁ?ow ot ifim,rb\:o{,e_ stotes -
We V\LQJL oo sek (% Muiiuoug oommullim.& W
{Pr&} commule aw\,e!, aNe c,ovwcvxi'/iovx.dig 'talc.un,_to Le
po.r¥ o this seb. Cosimir sperabor ‘F’*Pthsz‘w
o invoriomt for thin cdassificalion.




Pawdi— Lubanski vecdbor : th""iélw) P, The
[wh Pl=0 and whip =0

w! de net commule sith ea ch—sthar
v s =P . Gro voper

fW )W]-—'DC W%’Pr flxcjff’o_‘%#
W th Cagiwvur O’IDMaD'V a’/uom,tuﬁ'bw W tﬁ Pamd,q,.
C—v\mf pwolMc,uL by fwh] oQ,Q,fom.olA o valur 6§ m>.
va\,'(;a/('y Y‘efrerswl'ab\?cws °/t ?o'inc.a,v-é Fr~p are
/{W{fl;v\ﬂ,be, ae/\'MLV\-MbV\-ﬂL. (Mvmezvd:a, are u.\r\'om»\uy
Little gromp @ These are Lorentz transjormdlions
b leave PP invarianl. (ie. Wﬂv 'Pv: 1:’”)
These tdenlviy tha p w o§ the rQaPV'C.SQ/V\iO\j/\;%.



Vouwtiows P«gsibib»’ﬂ?w fvv’ ]ohz
’Dt&:(o)o'o,o) VOLCMUJ’W W630(~3,l)
l:’a: m” >0 : Pr; (m,0,0,0) Massive paricl We so()
in reab frome

,PZ____ 0 - [arb: (k,0,0,k) Massless particle We ER).
moving along Z-0xis

b = -n*<o: p=(s,0,0,n) Tachyow WeSo(2,1)
(UVLPl\gS[CﬂJ/)

The Libtle grups S03) amd ER) have Yimite

di memsionad unitoary representations - (labeled by W)

EC2) com be viswaldsed on the Unuit ] nhatian

group  orith redius of sphere R —> o9, and

exarmining the neighbourhend of the ntation axia.

( Tvne ik —Wightr conbraclion)




R—0o0 T,~1, Joamd T, 0 R (Xyv R X and % d)

[z Let T, =RA omd T, =RB.
/ﬂ-@i\ Then EA, Bj -0 (gor;ﬁpov\."l,t

" [7, AJ=1iB ,[7,B]=-iA
Lt‘gk}t-c,owu coordinatesr ¢+ xT - x°+ NS

Fer mass leas parﬁd&o, W =0 . The aL?elr»»&
sabisfied by W' w',wt u that 4 EC2).
0 ther scalor Casiwir o"owauto'r's c;ov\s'bru.otcifm

Princare gencrabors eithar vamush o reduce T

those v Loveniz grup. (eg PP a0, T )




(P*, 35T Fo for p=x om p=p

The W FXP that commube o th PF are Mrraw\ﬁ.ut
S the \/\jv ComPonG/V\)bS-

With Puwi=v, the Uttle grwp has 3 paramebess.

\':\f2'>0: IWMYM%V‘O-ML, W= o
\/\/4;3 ""lz‘ e"’oj’k?o T()k - mE
Se the Casirar Wr\\l\/r,:—'W\ZSCS'l’().

Let Loerenkz boost be ch).( (E/m =i/ )
0,0) = - : - v 4 ‘4

L(p) (myo,0,0) = % f B om Sd—ix(t,wq

\/\Ii,gvuvr votatiew : Rotobiom irduced by boosts.

W (AL B)= L (O4) A L) = Belomys €t Litle groy
(M, 0,0,0) LCg) ‘,P“_é,, A?FL_@’;) (v, v, 0,0) .
When A w o rtotion  tHen WERDP)I=TR.

Se the stater ¢§ o meving massive particle have
the same (',rav\..sﬁorw»af}&ov\. rules as the pqrt\',c.l,o_od, rest.




The \ma—d/viv\b /\3 vt altion grewp vn  nm-relabivistie
QM can be carried over B tHy relabivistic
core . (e,-gv. ste,ric.aL harmemics, Clebsch-Gerdon Coe,ﬁs()
m=0 ° wakzo — k[,\/a-::-—k\/\/o.
Cosimir W' W, = — (WY = (W)
wf--(»wz" w vl q/m\.l}(,sd w E(2).
Mot ow the read werld alk f"\gSiCO-L stateo obey
Wl §Pk7$ = 0 = \/\]z @rkys '
Them l/\/,L:: - KPP o(,e;b(}vxe,s the he.b\la:(?j q.
SR
0/—— —'—?—r 6.V a% S = \G’I )
Rotatvenel invewcance @W‘W"\"L i rechiom %—'P?>

ch,Mut»'Se,s 0. So o = inkeger ov l«\,o.bg«u\izgu,
G i rotakionally invariamt in genesal , omd
[ orenhk 2 invout anlb %W wv= O .




A stote wnth wt‘ixu!, T w a.U,ow-uLBy [ orentz
qroup Hrucbuwre . (e.§. L@W"L\M\M Nwd?hlm)

¢ parity i & gud symmebry; staber f too
oppehr toMW w The tﬂ\,e,wj (eg. L ard R ,afw'(:sné)
Generic WWM sbabw b/t O &Y\{(L P&YG'OLQ,
onwe  Lobeled l’fj I[m,s],'}_’)(>.

ArLl;t ro.vy stoten Com be OOV\Uerc)CQpL lgd Su‘;e,r?os'rhbu-
N o ¢ modn < atvon ¢ l&%ﬂm th shates m the LW3W)

rnd. tham Transirm ot bt a g emeric form.
Let kbI" be xw Léttufgw—wf), 1or~\}w T Los-em,tzgm/«?

Vie NG ULG) Y, ¢ deting N,



(s)

In the Lbtle growp, U, = gllo_,((W)"Pk,(,.
Thid dedines Wigner’s D -motbyiceo (:bff—bdl).
<’\.YI<’,a" l '\,}ka"'> = SB(F/"?) ga"o—
= (Vo | .7 = IN]* 8 (Fk) Sos
Wit 30O (F-F) = KRR, cowenvent
chrice & nermabisabion i N(’p)C\/%:-
(s

T‘f\M'S %_W m-‘;'éDI U(A) \P,,D,o, = él:eb)o %j)cfc)_(wg/\yi’))"j\hr'
For m=0 : Difwrent o-valwey ds not vux.

So U(/\.) \'}19,0' -_—'\/% e,,cta(mﬁ'e(/\/l’))ﬂﬁ/\.}),o’ ‘

ThAs OoweruteA oLassi.Tl:uJLCm q— staleo v des
T proper, orthochrmneu g Loventz gL .




The Ok/wan.jsA:S o e Msw cam be obbouned
by adding rubesr §ov parity omd time revesal.
}:0"“'4’_':3 AWWVKPMTMWW
P amd TXP b enough Lo speedty Brangfvmalion
rwkes Yor the Stabes. (e P(iH) Pz iH, T(HIT=-ik)
B ——7"_ = — dl_-__.—_' . w 'cf%x't'owk
PTP=T , TTT=-J -itﬁ:mm%w o
1y e/i.zmstaiu
W\'?EO‘, Stoabtes one '\')P,o" ) '[:OSM withh w, S .
Them, ’Pw}’,o’: ’7( \P?1p)( : with, Ne (;ml.a/rmM
st O becavar P commures sith Tt
Alse TYW, o =TeWpy oy it S hanging by

a Jrchov of (1) Shem o chonger by x| dne 1o
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