ﬁ\/on - a/be.&'arﬂ aau[ge th eo fléS(c(ass[caﬂ@

__@—M&he_ : add gouge fAeld to mate
caxlier 2@6&3 non-ahelian gymme# [ocal
(space-ﬁme depend enk patam ebers
a{)becuu'/\g in Arancformabion )

— (Do (£ M‘:S {:e-ﬁsncfoaowmg What (3 done for

QED  ie, abelan[u(l), case]

—-—t\aﬁm_ leinetic term made invaruant
nder local non-abelian "phage rotaton
63 oOU—{)C"V‘g to A,u., which has fo trans form
on a Swtable wa# (deﬁ.ne co wariant-
derivative (D]

@ |Ap]:({:ﬁchmsfo rms [/n a.éyoinf ref re;emfaﬁ‘mi)/

PE L Ho bl phaage rof:-af?‘on,cf'. phagton

. v
| / -
n @ED/U () do@g_"_é_.a/eadd'oim‘f'lhdéz—

i l<me,£r¢__};;.?rr: 7‘;4 (AH)’ goauge (hvarcance
aute matically

H én[ (eads to [f'.e_’ witho wt Mku\gﬁﬂ_ /’henl]

self-interacigns [3A Af%_fxqjﬁ’bgwﬁe B etds

:; wpon qGueant zathan ,fz{;,mp—/o-ﬁc freedo nq
[gm?,e c,o(w{)&'ng, becomes weatber I'nLJVJ fram

Oﬂlcf)

loaps of fgatge baosans
..... mechanism ! sub sel of gauge basans massve.




Non-abelian @
[Cova/u'am./@ dervvafive fo /-4/6(_?/1/167‘6?45

— Warm-up witkh (BED/0l)|: /= g 1€Q0R)y,
> 2y = Flim—rmy/

—S0, /444’)00@&5/\9 to {_A—?J

3 \ - R B 210
f-t{z A= —eay W‘A,u}b with Ap =7T,."§—,a,,9(z)
Ao that e xtra tevm c,anc,z,es‘; ) i

x\/)’,A' =g Bl 17)")/,4A"'1P’=—e&¢/\/4')’”¢

—eQ'l.(;’Y# al‘g(z)}b

= xt,u"rizp’rA’ = Xy +Ky-a, e (o< i

thv are ant = \#( \M)y; where jZ a—o-te I

...7716’:1 Mate Af( %na,wucaj bﬁ M(/Qu&(ng A

(70:#?@ ll/\ua.ﬂ_,(a_/\_f) kmeﬁc term [q/.tcudha;ﬁc /A A,u

with derivafives), ;CA = -—\/ Eby ,:)u/
lhete [Fu,a Ay BUAW Swch Mat(}“,_-F?
— Essenfially re/ﬁed a/boue ﬁroced,wre_ffa%‘ suln)

yron = abelian case | i 3 - U LP where
o \9 ) n—column
(U ez,bT_ ﬂa(") T (1) =tk fér* fundamental
hke e e Q_ED \rcpresent‘ct—

ke g (x) m uke tion

QE'D €L (n QED,e_'ﬁ., nxn Hevymihan, -h———
R — e e --\_{'rac.eless maiyices

so that il,z‘/»- ’!{'//(La’mﬂ)\ﬁ A =

(?m)ip ‘i’Y”(QKU)W,D @f% |



a—-\-.-N .,|_

-— A AL A!!,S .- ni_—l of them carres/:onc&;

.é'o nhumben OJL ?enera/&dfs (Taf) ar /bqr‘qme,éelj
R “p( V= )P  ,whiere
Iﬁ%: T ] g9 Ta A;:) /L«J—ke ﬁ/n. QED) i A2

-_— i f'rmsfvr‘ma.ﬁam of ‘A ‘bg rey.urm} \
W"Mwwce of Lp_pn e, transformation

Cou./)un

OfXAH(canceS extra ferm e 'i’v,/ Vs x¢

Ali T v O TE) = K gl a
) - V# ®) S j_ ﬁw‘tmd“e T
extra term = VU ST, Ulp %ddle

g 1{5 be
+ 9 ¥ YuTa %Nmmme

~ (e} . —
D0 T ALY =T, AL + by 'G,U) ez

@ ® e
‘TaA;‘L’__ U(’I‘ Q ) i z/ (a U)(”‘) \ ..(3)
Tntevrp retatons:

(1). Recaw that in U(r}/@ﬁp cad e, th e botm{‘
of df’ﬁnmg ﬁ)—j ((ouahce&fvé Jenw-z'ﬁue} Ld yat it

f§€

traasforms éxqc’('(y Like ma.ﬁ‘er-ﬁcfd,‘ unaf&’cgou«je
(or (scal pdeé'/ /rafts—/‘ormaflon

-1 Q.. 7/'[ £ 3, Freld has
[D’u‘ (F‘é(dJ] =0 8 ; (F’dd. (c“e xfra !’ term)




Similarly for fhe non-abelian caise hexe, s
we ¢an Show (jé’f' W 64):1%\‘&('

, ."' A . 5
(’(D}L\‘Jj) — U(x) D/'L‘LZ-"\ [ag(unl U(=) @ Sctﬂkﬁ}

S non—tcivial : & "ér‘zfa'za'ﬁ"" of
representation of SUI( )\& P L0 (x)e QJ

And aﬂafogoslg for scalar fields (s-‘;e Hwé-z)

[23 ()n{‘o {OCaC/ga..ugé '/‘f‘a-nfsfvrma.\‘ion 0{ ‘_/ltg,[ga_uae
fic(d) L which has 2 terms {see Eg. 3)

‘(0'” 2:4‘ fterm % ‘!__"IAO moje’né‘()us > ‘inveolues 3,& ﬁ?x))
bheds iS Qi'mb%( genc ralizafion of abelian cese

(seec more below) IR R

ui ie. UM ALY &g newwith
q Ay 4 ( 3 ’*J ! X'm%ffsede
resbec{' +o (bbél«.'ajl cage 3 note that U,{does;ﬂf_['
commede with Ta , So does n & Uc,a.ncpl " o7 gy

r«’ghl' ¢ fnReed in a b eldan cage , stech a

cancefation occuwrs, since U's Ta's are nwmbers

’ _
(dr 1D mar}-r"ccs) . pho'('on feld s ;_Q_Vaman,e‘ zobavf\g.
fn faclk , in order 1o focus on 15€¢ erm , wWe Cc}’?’f?{-

o 1= a qglobal mon. abelian f*ra.n.gfo rma-ﬂim, [.e.
J : 7A
ﬁa = ¢onstant and uge c'am;éact nofafion

a mat i ‘
\A'- = To. A}_L--ls.)/[,e_.’(nx r\)/(‘y%r‘ 1r7 bé’(.ﬂ(j I/Z‘
fundameatel re-{bregon{-a:ﬁon (:re-c all we have
(82-1) Ap Felds] so that |

(6\ L G JQ’ { == ) u‘q" Up', ndcez Oba[\ .SU[n) tran§formahon




wlu'C/?. gkows (f‘a{‘ A;: ‘(T‘dn-&'ﬁr‘m n ar ‘o_dl[()frb"t')@

I‘GPY'GS@II'{'Q‘HO‘A of SU[?\) > gee CFE}_&)_S.??, where.
Shin

Hhce 15 Shown far an Qrbi‘frargxﬁ'e’ld |

*_O'F ¢opoSG’_/ (h(_:é w as, l)érhclﬁy ‘\ezpéfﬁ{(:d "gnx?r\
' + we have [(n%- ) " 59 820
(aﬁ"*”‘) th et e awc‘b(n | 30«'36 —Fl(‘.lc(s, (.e..,

Sdmé‘ s éme NnSco nd(l‘/(lj O/'.‘ a-d“;io‘n% "'@P r@gpn‘{aﬁ-on,

— ﬂ@ —iin{:l'nc"f”é's{mq,e ve r‘g}grl 0[‘ 61\6’ .3? néfd(galt_ge
iansformotion | see olss KW §5:2:2) is':
Al Aa +l F(")Aeéi‘f:
(.AP) e 3 e p abc) -+ Bftﬁa[x)
(19‘) o = nd
N frea] (2"4)
) b ac

—7a E 9.7
._.-SO , We- X=X ((130.(/:)/({;1&.'2‘ tn 2'\6( /f_':thOMO(yé neows {{‘rm’

Wal' (ndex Sf‘Mﬁ% goe's“ aiong for the ride , €.

He

Hieig prece U not so infere stin [becng same asfor

ob e--&'/;m X, barﬁeu(qr’gndaesfﬂ gf’ﬁ?dr here

And 15tlerm has structure constants of SU(M)
/

(e gcnera%ars of ﬁde‘"f' 1‘€-f)r€%’ﬂfaﬁdn,showing
] .
(okga-(n) ol there s a f_g{ﬂ—ﬁ‘iw'af’, hamo{yﬂne’ouj‘
| : Lo N N e 3 ach other
fransfrvmcz-hon /ro(a&on d'f.‘ Jr S kfaéo\_;g_:u‘ 3

iarg«i"

== mo Homlcne), non - abelian gauge frelds arek"c
Teven globa_;_] —
Lindelc‘SU[n) Lc-{: photom in QE D ou%_ fr anmsforms

aLe

: ?e
‘_lﬂhomoge Neo s %’7, So #veé ¢ an e‘zﬁoc—{;ﬁ&é £ —interachons

. —

Q,mong‘/gau.ge felds to arise whea e frzCOVpora{*?

fqanqge -sn vo.riamg k'me«h‘c terms for* (5 Mki(’) fields [J'otsf

ltpec ‘\(’(bent‘d U-‘l}"\ m__ﬁ-:“ir ﬁQ(dS’ abOL’e—-]




-On‘f'c' ‘ P s r‘e—i W\ ( ajjz a,ngjan @

— e C?A(fl) th et "C"fl‘_’:be'é‘aﬂ ’C‘*S-k"—/ eve acld gaug,e.
ﬁe‘.[olsl"/v ﬁ;r‘.s‘é' make malltex kinehe 1erms

[ocauﬂ./gau_g,e invgn’an;l',' Mé'ﬂ, we make 2(&::2?

f'__f‘f,i dgnaw‘ca_{ 6(7 inchrd—cng ce kinedic ['26"'/

to n'/'ac'mf"g de ffVQ-{T‘VC’S) /'(7 au?@ nvaricnt 1€rm
for Ap ey ZA% -4 F/»Lu"F”U/ e

by KeeH) ,
Fr UX: ?PAV “E au/.\f-t s g““-}e_ [nva reeant
o We would ke {fo 4o it SEn«i/drlg ‘ﬁ""‘i_abéﬁan
-3 . - [see end of #is ol
30&-30 ')r‘lé'rAS VAL e JMS'{: te U 30:4 the an S‘(ue)a,
’ /

but it geod to get some[finsight] inte how it i
i .- (8)

obfained , So here goes . -
' a a
—_ We can beg,,'n i e “HI'Q/CP//'F,JV: al“Ab “_ay A'.LJ

Eregerv«'ng, v F;,:f for the dc(ua..l/fr'aa.l ans wefc,]z-ié'
LS easy for Seoe Huaf [S(/‘n’-’matﬁcaé(fg), wpon 3(2'“2'6"

transformedion of Py geven in Fg.F , we will

9ot a
AR i TR +‘(8:@)(A;) g /ﬂ.)ﬁ[.;} el

,u./
436 0 " lpnd

e

(e see lho# Uieve (5 [no] inhonagencd s

["é‘/_ !ﬂﬁff"“? an,% ﬂ ) term cn echove GrensSforpmation
of H’F;L,'(L__(_n like fos A;,( itsedf 1n E@.'SL and
s (milar fo Free for abelian Cdé'é’_’]

o <
— _T:ndeéd ab ouve, k?;";ig-ﬂﬁ;gﬁ“"‘:ﬁ)ﬁf ’f‘,c( , looks
Lke that of {a" maller fuelden adigiat



a a b g
repre senfafian 5 I~€, fer 97"':9‘ ~ tBp(=) “d.')“"c)?" @

\“\—i 'a('b__.

(3 #°) "~ BBt (3#»5--)/4"7"" RNy

\" g%
4-_90/ JIL.LS’é Lté(’ 7£0f‘ 8,_,7(‘: (& caan ’fd/‘c"‘ (ar(—“o:c

!ﬁ'—/—»@rm (n E?. 9 éy Cdnvér‘/z'nj g a/_. 9 1A
definv.‘/"on"'F "/:,.zy' into a switab e Cc)vdf('a/l,f

ﬁ@ riva‘hvé Py Df"” » Sinz-ffa'r‘% ; 2”‘" -t rm (v Eﬁ

uah!(.h L5 J“Sé a  rogtafion O']C .7C s infe each

(as we show [afer) /

Ol/hé’r, c an be’ haﬂ_d{(’d/\ A(_J ”.S‘%cau'nj 7 th e,

o
eV

new ‘)C/iv [wh.cch il Hen be 7&:.:5@ fmlan’am{;
Mqus fan 6(—’ l.o’l(‘:(ttdcﬁd rifL ( a;,‘za.ﬂ;,(M ’/?'! mqé@
A,j:‘ Aynam('Cal)

[—j - fic way o obtacn correct
-—‘-Hf'fé’ls one gzé E’é’ﬁfl—a /
2 ' By, PR [a (a (ahirs Pol : anokher
Fav o« ey (Up L ,
mefhad (s in H W Gv3-2j el b (70 b ack to U/!)
couvares ant derivafive fbf m a e ﬁdd

eage , where
D’l 17/) = 5’# 1;[' + te QA’,{ B/” "['_a'nﬁn{i‘eg(maﬂ)

je "obfacacd Y From fransq‘.armaf(fan of maller feld .
1/)/: Y — 1eQ 8(x) V2 ...((p)

by adc((ng decrivalive on 15 € +avm on RHS of‘Eg.lU

and  replacing B(x) by —Am (%) 2" term

] . . (’d/ SdMPrOCQdUTE’, w o féS' ‘Fprs gaug(aﬁ’ejdl I.~0)
we S‘)"af’é (i ’f‘r"an.gﬁrma,{z‘Oh 07L j“"‘yéFfGIJ A

Ap =Ry + 23,002 (),



on RHS of Ecz.(léz

do the aboue 2 Y‘é’ﬁ/ac‘é’n’l(ﬂ‘fsldonf‘ ar ng
'#. o 3€£—-

1 ' o 2 : -

DF‘ Al/ =/ lLL Au - au(" A/.\) .e. LOhich 0'f'(oLAfoe

the s teal A

lfb’:_‘;l’ Sd /'fldf/{k(né‘fv'c‘ ‘fo"/M 7%" ﬁhd'f()n Fl'e'rd/
Ve -Zl- F,L“-,,F*“’ can bhe toriHHen as

= l/q.( D,u“ AL.)(‘\D’“‘A V) So fhaif "é,_/;"’kS simi(ar
to kinedic term of sralarqr»r:f&mz) feld

= ()r‘l‘/‘t‘ "()ﬂ—dbéb'aﬂ ?auge hegries 2 wWhere g{«pry
oith matler feld & sinilar o vi) Cqs‘e,a'-e_/

DY = I + g Ta ALY gi@,Eg.2 applied= L,

is phfained “./:rom ( )
[ — y Q , (fmfinitesimal form Offgf
P =i fate)T %y (infinitesioat form of £y.1)
. nfinitesimal form of
bg adding serivatve “an Mitteym ""L/(E‘Z-l and
/BaZ"“S"—): A;(z)_],'n 229 term

—

-—'So’

we do gim(/ar(g for ,4\,,‘:l , e, our candidale
(whickh as twe Show will wark |) X ,,,(,2)

L%

a [ a ¥
[P = B o A e B0 & s A AL

Ca ;;cu'n ; a'b/vly(nj 'nca'/é for ’\.P +o transformaton
' for /\u& [ Ecl‘ F:note ﬂ('x) appears (n 2 terms
an RHS 4f Fz -1 y,{w'nj last 2 ‘f'é’r‘ms/dn RUS of

t , n . td {erm (v
_ 1 Fo . 3
Eq. 2. s comparedte trm ak 0588 Fg. 12 (s "eyira’]

- Nogte Hiat U se £ & ms locatly
- o at for /l) ca ” F“y 7"1‘«‘ sfarms aczc MZ
Lee A unden obal symmetry (i.e, bath arey |

¥ J F <4
in vanam[—}




—Se fornon —abelian 5o mm 61‘721, we €xpect @

/ e —
o
Fy t0 fransform locally like Ayl globally

ho moge nesus (g[fhatthag}"a(%a St ro é-a-han)
[As an aside, note that sifuaton G ,5‘&7hl‘(7
different for mablter field ,ie., DuY Fransforms
locaucz Lbe Y itself does /o(ai? (“Dp goes

a.(’Onj for /A@ ride )) bul for ?accyé ﬁe{a( case,

the re IS an €xfr‘a {n[,()mog,pngaus b;é(‘(’ /"
a
loca.f ‘fY‘QﬂSﬁ‘Y’ mc&ﬂ(‘ion 0-7£ A/.,( ,”e-, FI""

d_c—)zis _'_!_c_’i‘ Cz,c-tcl'l‘@. transform [,oc_a,.dc_’ L«;ke A: (Ocﬂi}

—

(t.2(,14.22

Lahiri, Pal aroundEqgs .
[with re macnin sfeps in Exercise (43, which (s

neel as HW & 3!) chow fthat
a) U’j] (2gain (o c.a,ag)...({a)

r F’.LU : U ('T-a |
w h ,oh smfg ﬂ:af—- F freanSforms (n aéyalr\'t' 107

i b cugcuSS‘xon around Eq. 6 & 5.5

—~Tndeed ,

ass‘f

represen,(’m‘oon
SN F,naug in o rde r {o 9e-€- a (aredzwmvmam—f—
ferm , we Fr“, and 4o make it

S@ua re cen e
?cu.Lgf ("tué'vua/\z'g w'é {,O.k«? a deCG’ ', :'-(./
@ (Ta F:,.::) K FHU) = ‘h”[(U Taﬁ“) U )(U

o, 7]

2 iR %V:I aut U’
:@q-) {,r [T FHU bl (:ancelg

- e tan ihoose La's To gonerators of frindame nfal
reprecenfation and tr ("ra T )= V Sap , 80




= FORESS R A1)

L pure gaug ¢ s o, A

[ ITn HW 8.1-1, You v ﬁ_«ont”fali'ze above. paint
b; sho wm; Hat Po P'a s [0 caz?_ invariant
for ‘7‘, ?5/ 47‘“—'157‘:’0"/'11.’\3 rn 402'01-111' r€,€r€$én7"‘cxﬁan
((dca»b(g):]

B ased on form of l:,ff,; W Eg .12, wre Sge Hal
Fq . |5‘X(c_§ﬁ“ G.?:;ge’noé o nly kinehec ferm for Pu’
(i-e-; quadrafic ,lke for U(l)c.ase_] , but also

/a/—;\_ié;) a n el E\Z_g}/s‘demaﬁca-ug) L whch [ wpon

—%cm_,m':gauﬁom) leads o (as promised l} self -

/n’f( ractfions o-,C {gauﬁe bd‘gonS [So rn tz'sens'e.
1 v / £

e (7e£' Hiis non- trival fe 2t ;:_ingb? SlMﬁ?

fel«(owf'\ﬁ qur nosc’/ f.e./ w//ftvou:&/{ dsk(ng ﬁ,r (£

note we dﬂ—% “régu_(redﬂ lore ntz & jaug@_ invariant
kin eﬁ:c ,{.e,./ quadratic term fevz Ape e bl e e
e., aparnt

* self- inferactions me‘w'/aééf fol o we d (J/{:"r_m S i
oy i A

— Note atso Mat cowpling con&/‘ant/n lhf’,S‘écadaU)
setf inferacfions is " “(jit—‘.l same as for
cau.,b&'ng of g age feld to ma:Z:f—e—/i /agm'n,d,a
Mis s dictated 67 (7‘2'“36’ i var-l'Mce) ¢ of course

(o.,,_/ph'ng fo matlter adlso qle.ﬁendls on [atfer’s
reé,re senfation , ie. Ta'’s , but that’s in a sense

. i
a duscrete choice (c‘f abeoli an cade Where
& can be arbitra rg)



——"M.o difrgatlion Uaf clarsical For) and @

conyerved’ c.urren,f' HAue f‘o 24&136 bad’on SCIF-
l'hf'e-fr‘aChOﬂS‘ t the fule la;;iamg:an Mt‘n 1<

K= — Y RO FRY « T i v* DB +0"F) Oud)

+ wmassS terms ,other i/nteraci‘one ,..(¢(;)

(n,o d(ru/a.-hueg) for Q')’ (f
(Noé-e mat simce Dy (field) h’“"fﬁ‘rmgdug{—

[Llee Field wunden gduﬁé Sgnqmeéry it G
eAdear Vhat {DV F:C(d)+((K€(F,€PJ) h'-a/tfformf
oppasitely . pmatis why the Y, P g adratic/
kinehhe terms Shown n Fg.16 are Ja«ge -
jnua.-f_’la,n,f' J

— We® can construck [I\70e ftxer’ urrepa - as in
abetlian V) cade  except [hat franSformation
kaaamefezz%hab index "a' ; Wwe ﬁ(:?— Aatlar

Al — & part

D—AH = Tabe Fb Ay T KIT AP

- - —— 4 )
new (5. ahelinn), +Lc(9"92?‘; e 0t e ]

since g duge frelds )
are algo 'Mmrged

—-'S'}m{lah-(g l?q/cta.fwn of moﬁon (EOM) fo AF 3

. (18) :
o F = T, , which is Similas fo o(l) case
[ but T cordams A as in Eg 3] Hatl Mf‘

advanfdge of abave dehnihon o7L F;u.

.—-A/-fcrna:fe[/. (Hu/é%?/deaﬂ: o iy cqmual{'naﬂ of
these 2 'Fbr"’)) we can keep only maltfer fields




on RH S (i.e., same as fov abe&ér\), bt @

‘ _— H (a,am since
HiZhS B e e g eevonms, Dis | g bt s pad wiso)

DM FL, = S [anty P, H) ()
dnte ‘ s
.-/( Higgs me chanism fovr (_\:_nwa.ééz(xan Za“gi'

Mheories (Fe’sh"n, Schroed er bages 692-699)

aLge bhagSam
- 5’:2 picfure {ﬁel —inferactions not relevant
h;&é’) - secalas freld VEV's make ;s i bosans

md,gs"ut’ ( bﬁ eahng ’.N(‘;Bg,) , bu/ﬁ" n_o'f a/i( of

mem
— Considen [a?ﬂa»ﬂg)am of ccalan AC’VJS‘ which (3

lr\va.,u'a,n_e cenden S‘%n‘m\fh‘y ?/Loccﬁ L i M
%e-ﬂera_aﬁorg To. , € e ¢z’ ey (j R ﬂq -r«)
(lnf;n;‘fé'.sima/( Ve-“lgion)

— T l:5 Con-V("?‘ef\Jf __{—o__ re wyite in fg""‘f O’F

T each
reaf . C’,{’z ; c.e.,/(com,b/exgﬁ = q‘-j + 1 P> (?5,“? rea.@)
Ve
:9 Ta's arne purel [ W1 } (SO bhaf shift ¥
reat) @nd u :'—aé‘zﬂ—é_di ( " ¢

is also | anh-sgymmefric (Since Ta's are herm?ﬁ;ﬂr\)

e

e.g, QX3 Matices Ta:l,Z,S af?’?‘nj on
é T (q"c P, ¢2)T, f-é»/ /)léns (1'4 pion -nucleon

Lagiang omv/ Sys fem ) ..-(20)
—So, weé can write /_G'a’)li;: i étam/ where.
m are real still antisy m mehic e.g. T ]

== { a’ arc

/

P e ol i'e"l e -
%f‘nefatof.? 03& So (3) ‘)Ca'l ¢l, ¢2 ¢3[;'M0,?Ond! matvices




— /‘\5‘ u,éuw(’, e Pramof(" %obaj ngmei‘% @
feo loc al ocax‘ng Dy = @F”lﬁAZTa)fg

= (Preg ALTER) &,

resqu—;n(? i1 gacge bason masses drom kinehc
lerms fe Cf [tike Ffor abelian Cﬂée) .

25 Y Ope)™ =) bugd) s gnllo 7 t5 )
#'s real (2] + s gtAn AP ({'59‘)}

where we €xpand ¢[,"S apout teir VE VS ,

QO/ ¢iloy= (?“o) 5]' so that last term in E4 2|

g,(ves = dendtes V£V‘(¢f!$> in_ S’S_B g(obaﬂdﬁcuss‘ian)

D& = ‘/2 Mqab A;f ;\_H.b (/\'s are real Jqdolf)

2 3. 2 | b

with " [mar= 92 (£9.). (FR4.):

—Noo.‘i/ his is a pasitive. (Sénq_/?/dé’f?ﬁ:'ié‘.(maSS)z
mafriz , Sincé G&dgdhd-[ elements in(aq# bals;:)
m?lq (no sum over a.) = 32 (’tafo)zzo

> gauge b.os()ns’ ?eéf posifive [masg)zf'n
2en€v’¢ﬂ y with €xceplion being @(’fqﬁo):%/
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