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Hall& T. E2 • 11386 

J1 ccne.OOBSHHe CUOHTBHHO HapyweHHbiX KanH6pOBO'IHbiX TeopHH. 

L 06ruaH crpyKTypa 11 rrepeHOpMHpOBKa 

B cepas pa6oT asTopoM u:ccne.a.osaHhi cnoHTSHHo aapyweHHhie xanH6po­
BO'IHhle Teopaa (CHKT) npHMaHBTallbHO K s<!><!>eK1'8M, KOTQpbie MOI'YT 6biTb 
paccMOTpeHbi no TeOpiiH soaMyrueuull, B Jiauuoli pa6ol'e npellcTasneHbi 
o6ruall crpyKrypa CHKT H KarrR6poso'!HO eusapRaHTHan nporpaMMa nepeuop­
Mapoaxa AnR npaKTHqeCKHX paC'IeTOB. noxaaarenbCTBO nepeappMHpOBKH 
n11 H 3HHH-Jt(~CTSH8 pacnpOCTpaHeHo Ha H8W o6ruHii Cny'laft. 

Pa6oTa BhlflorrHeHa B na6oparopljH reopeTH'!eCKOli <I>H3HKH OlHIH. 

npeiipRHT Q6ballHRaHHorO 8HCTHTyT8 l!Jl9pHblX HCCllallOB8HHil • .[ly5Ha 1978 
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Investigation of Spontaneously Broken Gauge Theories, 
1. General Structure and RenormaliZ<:ltion 

In a series of papers we lnve$tigate spontaneous;;ly broken 
gauge theories, heaving in mind mainly applications to effects which 
may be treated perturl:;latively. In this Part we exhibit the general 
structure of SBGT's and set up a gauge invariant renormalization 
program for practical calcul<:>.tions, by elrtending the proof of 
renormali~ability of Lee and Zinn..Jus;;tin to our general case, 
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Theoretical Physics, JlNR, 

Preprint of the Joint Institute for Nucleor Reseorch. Dubna 1978 

© 1978 Of5r.&ll/lB9BHIJ6 BBC'I'Bf'Y'r' IIABPBIJX BCCI1911081lBB/t Jlyffaa 

1. Introduction 

In the la•t deca~e a Te'r7 proaidr;g field theo'r7 hu 

emerged which baa all the characteriatica of being capable to 

describe elementa'r7 particle interactions. We haTe in mind 

•pontaneously broken gauge theories (SBC!) which are locally 

gauge inTariant Yang-Kills theories /1/, proTiding well-defined 

minimal Tector interactions, and where the gauge symmet'r7 is 

spontaneously broken Tia the Higgs mechanism /2/, so that in 

spite of the spontaneous symmetry breaking one can get rid off 

the Goldstone bosons /J/ and in a pi te of the local gauge 

inTariance one can have massive charged (and neutral) vector 

particles. It has been shown /4,5,6/ that such theories can be 

renormalizable. In the framework of SBGT's elegant models 

were constructed to unify electromagnetic and weak interactions 

(7) and in the last years these models haTe been extended and 

generalized in many directions. It has turned out that gauge 

theories show also other re .. rk•ble features : non-Abelian gauge 

theories (BM') (and under certain conditions only they) can 

exhibit asyaptotic freedom, i.e.,Tanishing of the inTariant 

coupling constants at high momentua transfers /8/. On the other 

hand, there is a con~eoture /9/, that infrared probleu in 

unbroken I&GT•e are eo seriou that low 110mentua transfer 

effects can be treated only non-perturbatiTely and •uch effects 

lead to an un-ual particle apectrua in the theo'r7 and, in 

particular, to colour and quark confinement in quantua 
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chromodynamica ("infrared slavery"). The recently discovered 

inatanton solutiona /10/ for the unbroken IAGT 1a indicate that 

the structure of such theories indeed differs /11/ from the 

familiar perturbative picture, and there are hopes that confinement 

effects can be treated by saturating Peynman integrals by 

instanton-like solutions. 

The aim of this work is to set up a general framework for 

a systematic investigation of gauge theory phenomenology. At the 

first stage we want to deal mainly with features which can 

presumably be treated perturbatively, i.e.,electromagnetic and 

weak phenomena and aoae strong effects in asymptotically free 

theories. We will work with a general semiaiaple compact gauge 

group, connected with a possible Abelian factor, and consider 

arbitrary fermion and scalar multiplets. In this part we 

discuss briefly the structure of the GT Lagrangian and describe 

a renormalization procedure which is essentially a generalization 

of /5/. In future publications we shall deal with the Green 

functions of the theory in one-loop approximation and try to 

get constraints on the general theory both by comparing it with 

experience and by making some simple assumptions which may be 

suggested by the experimental facta. 

!he plan ofthia Part is as follows: In Sec. II write down 

the Lagrangian of the theory and discuss lowest order (tree 

approximation) features. Sec. III. touches briefly the problem 

of qaaatisation and givea the definition of the generating 

functionals of the Green functions and the Green function• 

the .. elvea. !his section contains also the Ward identities 

written for the vacuum functional. We discuss the renoraalization 
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of the symmetric theory in Sec.IV and the renormalization of 

the apontaneou.ly broken ~heor,y in Sec.T. Pinally, in the 

Appendix we give the propaptore, vertices and gauge invariant 

countertenLe we will use. in future calculations. 

II. General structure of the pw5e theorz Lagrangian 

In this aection we recapitulate the familiar scheme 

of a SBGT (aee,e.g.,/12/) mainly with the purpose of introducing 

the objects we shall work with. The gauge group is C = '' ~ "1 

K. is an arbitrary compact, semiaimple group and N is a 

poaaible Abelian factor which is absent in IAGT•a. We denote 

the generators of C. by e"' 

relations 

they satisfy the commutation 

(Q.o4 , ... 1\l ~ ~~ol('>'r ~'r 
( 1 ) 

with completely antisymmetric structure constants ~ o1 ('>.., 

Por the adjoint representation e. o( .. T"' with (7"' \ ~ 1 :. -~~of(\ 't , 

for fermione l '+) we use the notation e. .. = t .1. , and 

for scalars (Lf) ~,.=-'o~ • We note that gau~e couplings 

are included in the normalization of ""' , so that if ~ F o( ~ 

are some standard generators, e.,~ =~o~p.FI\ with ~ .. I'<~~ ... 
l T .t 

1 
'll : 0 ( ~ can be taken diagonal, with constant 

elements within a simple factor of .K ). Por rJ (: N "\ o< (\'I ; 0 

and 

'\ct ll> ~ (\'16 = ,, T_. T\'> = '\~~ C1.ll'-) 
.fo~ .J. I ~ ~ I( 

(2) 

The Lagrangian, locally invariant under the gauge transformations 

t~o.='~.:tott+" l bCf;:i~,t~,t\.~Cf~ 
b "'"~ • i ~ .., T, .1. Ct A t-1' + o'" ( o~ 
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"~",~. is the gauge boson field) has the fo:na 

~ 1 I"" - -
4-" -'-1 F"~"" F.,_ +~ 'i7rc.f:Q~'~~ -4~-+'c'"Qr4 --+-...o-4--

-* \' · CD· 4 - (J (. l.f) -4- ~ b-..,* + ~ ~ !-'-'\~ \ ~: (I) 1' 7 
' \' -~ ' • {4) 

where 

>=".c l"" :: 't)\" I~.~ ... - o...., A,.r- +'\ott'., A~l"" A'f'J I 

7'"'-\-o.,. "'r~o.. -~ -l:o~\ Ao(""~", ~ .. t.f\: ~r~: -~ ~-.:~ ~"'l" ~. ~, 
'P C. tf) , the most general C -invariant quartic 

polynomial in ~: (which we take real) can be written as 

'P(4)= l~P.!,~ ~;4\ + { •. c.:\~,~u~i'Rr-~"~,,t\ictCf;~\'fri~> 
·.vl th completely Rymmetric coefficients \1; \ c , and { 

The last two terms in (4) are mass counterterms. The fermion 

n>atrices t .1., """" i ~""- and r~ may contain the Dirac 

.nat rices \ and 1 S • (We note here that we use the metric 

<><> : C ::: ... 'V + 'V ''1.0 I 'l ' 
~ ,_'\ .. ~\'l"~'o~i"'•o='tr,'(\::-"l~(.Summation 

ie understood over indices occuring twice unless stated 

otherwise). 

Hemi.ticity of !. gives 

'tflo ::. ... .. ) ~... -::. r ~ ~;: ... o~ · (O::"t.,o.:•"to)• 
) ' (6) 

Prom global C invariance of L one gets 

4:":-t.~.+ ,~.;.=~/=-~.t.T' 
( T : transposition) 

(7 .a) 

C~ot'll 0 "M 0 ""\=o, Ciot,'t 0 ~ ..... l =o {7.b) 

t -l ol , ,. r: \ = - ~" ,q '(. r • {7 ,c) 
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'bP 
ie:i~ ~t\ ; 0 r~",r~ 1=o \ {r~~ '~"""'' =o) 

t i).t I C.~ l :' - ~ ,/, \\ \ c.~ \ 

(7.d) 

(7 .e) 

(il,~. ,4·~ 1:: -~.l,il, hi-.:l,qd~~. (7.f) 

Spontaneo- breaking is introduced 117 postulating that the 

vaoc\111 value of the scalar field be different troa sero and the 

naot -....• be po~~itin ••idefinite. 'fhen writing (t.f;"> 0 :. (I~ 

alld C,f i. :e 4 i. ~ (\; (where ~ ~ has sero vacu\111 expectaUon 

nlue) •• obtain the Lagrangian of the SBG'!. In tree ~approxia&.tion 

f\ ~ • "). ~ and our poatulatu take the font 

b p \ :: Lt. 'l.,, ~ I C , , " '" + I J. , " ·" "' "• ) '!.f: "'~').' r"'\ ... \ '\-."'"~ 1."'\~t"'""'"l::~.:e.a 

:~~\\~~'\ '5 \-"•\ .. t';t~ +C.i.ilt.')..l& ~ l ~~~l.t '}.'c')..l~O.(S.b) 
:rroa (7.d-f) ud (8.a) we have 

\1-'l~tl '). ,..o, (S.c) 

i.e., \"-" hall aero eig&Dnluea for ~oil). =to "(Goldston•'• 

theorea)..o ea. ~OU 1Dtrod110e two aubllpacea in the scalar 

~epre•entation with tae following properties 

~ ': .(. ""p \ '\A.p ~.t?. '= 0 ~Of Q.\\ D( '\ l -.,~p1 ':::&liP 1 

~l.'= .(1\.t \.,._Tll=-"\ -::.{~o~'>-1' ~TI\T' :&n' 
~,.,.,,.\ "' Y\.~· ""~i = ~\.\. (9) 

~D olearq '). ' l= \ t" 'l v..l .. o ; we cbooae the Tectol'll 

iD av.oh a 11a7 that t""' P 11 ' lte diaconal, i.e., 

'1. '\. 
\"- '\ : \"p 'll.p ~ \11, t \ . (10) 
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One can always use a gauge where all q, 1 " 0 /12/, that is 

there are no Goldstone boeone ( uni tari ty ( V. - ) gauge). In 

such a gauge the renormalisability of the theory ie not manifested; 

we shall work with gauges where renoraalizability can be establis­

hed but unphysical particles are present ( R -gauges) • 

The scalar vacuum value also gives mass to some of the 

vector boeona and to the fermions. The vector mass matrix is 

M'l.ot(l> = ('},.:Jot ~I\'}). 
( 11 ) 

The genera tore, for which ::I ,., '). = 0 , f nrm a subgroup S of 

<: which remains unbroken. We can again introduce two eubspaces 

in the adjoint representation space with basis vectors ( ()A, E:" 

having tbe properties 

(i "' .t ~ A 1,\ ~ ~ 1t .I (5 ~ (\ ~ ~"' (\ , 6 " • E; ,.: t1 : 0 ~ p.' 1 15'<" IS' IC'" : \ ~ ( 12 • a ) 
IS"~>,ol ~ ... .I : 0 I 

~\o ~ .. ·' \ <1...~: <Sf>.,. e.,( \ '"'A .,E;A~ 1\,1. , ~A'} ::C \ ,.-.,._,., "C (12.b) 

e. 1, : E:' v: ,~. e.,.. ) A~"'"' , ~ "-" ~ ",. \ ( ">} ,, ~\' '1.)" ~ ~ o" "'. < 
12

• c ) 

Tbe gauge boeons connected with the unbroken subgroup S remain 

massless. The \( - and T - spaces are in one-to-one correspon­

dence thus if we define the matrix 

~ot\ -=~at,\~').b ~t>.\ "'o~p=O 
(1).a) 

the matrix '~ T ie invertible 

~I('T ~~·i "\ -\ i 
"-MIC &"'"' I ~'riC .,._M~ ~~T' (1).b) 

Pinally, for the fermion mass matrix one gets 

,....,._ .,. ....... 0 + f': ').. \ . 
(14) 

8 

!'he following relationa can be useful in practical calculations: 

D.-',~"""\ :~~~~(.c.,~ {.:~c.')..._) -" t'~,.. 1\"'1.\: o (15.a) 

n.c,\-\"1.1~"' :-(').,~,~.(.""'""'1")-.CT,._,~'I., .. o (15.b) 

r t" ..... - 'M. t" 1 = ~- \ r\ -") tr ~ ~ -.... t A ):: o 
(15.c) 

~,..,'Pi :TAA'w: "'(c't"~,P").P\,;"'.~o. (15.d) 

At the end of this section we write down the Lagrangian 

one obtains by making the substitution ~ .... ~ ~ (\ in (4): 

t "-~ ~".t \\1:1 f;"'('> -C~(Io )~y.-. ~brC>..,'Jf.. .. t\ • :t(i.b-~~"' + 

-~, ~ ~~ tog,\-~~~'>~~ - t e,. q' t~o~J\), ~~- -

--..~~"' 'b .. ~"'t' ~\'" ,.._ ... , -~<i.,..,..f\,.,"1 t Aot.t- ~1\ .... A'~", A"'~+ 
~ -l' '\"" -t.. to. o1 r + - \ 'b I" ~ ~ :3 o1 l \ ~ "'"' c) i " ~ 4: ~~~~ ~ ,.'\ '~ to.,.. r ~; ~ ~ -
-~f\ q,~~ - \,.lc;.i"' -\~\~"t"l )~,c)\t\>~c -

.- ~~ ~'\'-t. ~~~i~'- ~t ~ ~, t.),. ~f\ ),i Ao~t A;~. +-

4{t~oo.* -\~c\>,bt·\4~ +(1\&t--"-'t:)\c:\.\ (16) 

with 
... , 
'"\\ ,.~~\-\C.\\1.~\ \~~i.\~tthf\l ~ 5~~',.(.(\,~"~"f\) (17.a) 

.... : ~. ~ I'; fl; 
\· 

' ., \'--'\\~\ -\t t.·\~f\\1\~o "lo~\\t.l~~l\t..l\l. (17.b) 

Since t-. is the exact Tacuum expectation value of ~ , 

this Lagrangian contains higher order contribuUona; in pertur­

bation calculations we shall work with the quantities introduced 

above and the quantitiea (17) will be taken into account in the 

counterte1'118. 
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III. Quantization. Green functions and Ward identities. 

We investigate Green functions by using the functional 

integral method and apply the procedure of Paddeev and Popov 

/11/ to the quantization of the gauge fields. To simplify things, 

in what follows we shall systematically use compact notation, i.e., 

we denote by ~ "f any field, the index -r refere to any 

characteristics of the field (including epace-tiae variables) 

and summation over T contain• aleo epace-tiae integration. 

In particular, we write 

~Jr (:,..\ -~r , '-\o.<:-.'l .... 'f,. 1 ~.,.()() .... ~0., ~;(1C) ... ~;(1B.a) 

~o£ t'!()..., (.1. (gauge parameter), 'J. .t t'l<') _, 'f ,.1. (ghost field) 

(lB. b) 

o"'" : 'b,.."' '~I"'"\ 

0 ol (\ : 0 ol 'f b~ 'f •. 

<> -
= "b 1'" <G ( \( ~ '1,) &ol ('. ·, "b 'f o( = - 0 o( .. l ( 18. c ) 

o.,. ... ,\'-'i = &o~\\ u&t-.t-'fl\·, b-~= o-.;(\,Cls.d> 

e..t, • .,: Q."-,c 1 1>-'i ,~-e = Q.oi,~S &l"'-1'~ '& (-.-~), (18. e) 

e . · -~ . . e. o1 ~o .. , . ._ = ~ 1., ~ o.. - ~ o. 
.l ,·. ~ - .. ,, I \ ' I I. ' • ' 0 '"" .. f\ 't ) ,; .. - 'ol i. ' - .. e.olo. =-~.ic... 

Rith these notations the infinitesimal gauge transformations (J) 

read 

bc.f, = ~-" l~) t, ~ ol .., c.~ 1 : ~ t,~ ~ c: ch -+ a~ 'f • < 19 > 

He define ~ C."f) by 

1-\ o( ('. t ~) : 0 ~ " ~ f'. .. l~) ·, 14 ~ t:H \) : 0 ( ~- 0~ I \1 ) : 

:. G C\ \ \J ,1. (1. ~ i b,t" Q. (h c; Cf \ 
(20) 

Now, the ~enerator functional of all Green functions, including 

the Faddeev-Popov ghosts, can be written in the form 

10 

1t\\\= \net.~ .. ~~.~ 6.1; ;r~t"''l~s,tlf)-t~C1,"1~1,~, l 
I (21) 

where 
\ - _, 

S\ C.tf) : ~ ~ .. 'b",t \ ot(\ "btH ~~ (21.a) 

is a gauge fixing term with the gauge fixing parameter 

\ ... 1\ \ot• 1 ~"\ =\o~.(l b('l(."\) 
1
\\\ 1 [To(,\1•D (21.b) 

and 

W ( 'f I~ l "' 1 j ~ J.j\ 'f (1o + "\. 1-" } ,I. ~ "\,o1 'j J (21.e) 

1.., and ,~-.1. ,"\.1 are the corresponding sources. (Por 

details about functional methods see /14/ and /15/. We note here 

only that ~ ... 
1 

4 0. , ~ ,1. and their sources are antico111111uting 

quantities and integration over thea has to be understood in the 

sense given in /14/). 

The generating functional for the physical Green functions 

after integrating over the ghost fields, takes the form 

:ZC';): \ f\d.~,. cl.d~ ~(~) t.lc.\'' t\IJC.~.f)~~,t"f) ~1 .. ~ .. ).(22) 

As Gribov /16/ has remarked, the procedure, leading to this 

expression, is in fact ambiguous and det ~ may lose sense 

for •big" gauge fields. Since we use functional integrals only 

for the purpose of generating the perturbation aeries, we ignore 

this and other mathematical problems related to the existence of 

the functional integral a• a whole. 

With the normalisation ~ (o) .. 1 

can be written ae 

~ l .... ) 
'~, •.. 'f ...... 

\.-:t) = i. --· '£. ~<:; ') 
\";~, ~-:h"" 

II 

, the Green functions 

(23.a) 



Let us introd~ce the generating functional of the connected 

Greea :t\mctiou aa 

C.C:;) -i.t-~(1-), C.lo)::.o 
1 (2J.b) 

then the definition of the connec~ed Green functions is 

l ... ) 0 s ) c. l'\)-- ... - C..C:; 
.,, •.. 'f.. • ~i ... , ~:.-,~ ... (2J.c). 

The generating functional of the one-particle irreducible (~?I ) 

or proper Green functions can be defined by the Legendre trans-

formation /17 I 

r'lf> ~ C.t)) J.~)1' ~o' 

'I - - ~ c. l"T) • 
'. lil. . "' - \ ~I 

'l- \ t .. ' -
1,~ -t,cy ... f'C(>, 

for bosons 1 

for fel'lllions 

and t~• 1Pl Green functioi~ themselvea are given by 

r('"') c·-r.f"''l ... ~ rc) 
-., ••• 'f".._ 1) • l' 't;o,r f>" 'f I 

r ,, rv ... 
.. ~"') I ,t N ~ 
< f : \.-I I 

} 

for fermions 

I (2J.d) 

(2J.e) 

~l~ ~ t : for antifermions and boeona . 

The usual Green functions are obtained in the limit "'\ -. o 
and 1 ..., o 

1 
respectively. We note that 

c. .. " r .. t : ~; ~ t ) 
.. l')r, .. c .. "' 

,.. (. t'F 1\i ~' 
C.'<q "'tl'J'n 1 ~<, etc. (cf. /11/). 

Por the ghost Green functions we have 

~. - ~ .L §.. ... l. ":£(1 .. )( = 
·~'l, ... 'f .... - ;-:; ... t":\ 1>1 ,., ; ..... ~ I>\ ~ ... ,(\ '• ... \ 

" ~-~-~!\ q Stn) ~., ... v ... l"":l\ h-:.o . ( 2J.f} 
Finally let ua briefly fix the definition of the Pourier 

t r&D8! 0 1'1111 • 

12 

Introducing the transformations 

Q. .. ~ 
&~, -i.'IC~ 

e.~'l( .. ~ : - Q. 
'"' ' (!w)" 

we can write 

c. .. ., = t..,~ t.~~ ('l.~t)' c. p~(V>) b(p +0,) ' 
.... 

(\ ••• "f ... :. .if ( "-,, p,) t2t)" &c~~:) r ?··- p ... 
\ • I 

Por the formal proof of renormali&ability we need the 

identities of the theory. Let us write Eq.(22) in the form 

":l en -:: cJ..u. \4 t ~ v'"'' ) oz .. c.-,) 
and perto:nn in ~ o (l ) the transformations ( 19). With the 

r_.rk that 
•I 1 I 

t.~t~) ... 0 , ts\ ~-\,q.,bl'"'hMot .. t.., 
we get 

t '\ -~ <' 'Ot'>-. \-l.o~, l1 'l&;) .-,, ~~ "f q &In) "l ~o ( 1) = o 
or, using the .relation 

c>.u \4 <_7 &f&".l) 1 .. ~ l'< q &1!:. "\) -= t 1 .. clu ~ q Efn ) +-

~ \-t·;<' l1 &fn) t>"._ t,,... clu Ci (1 't~S,) l h .. q %,.) .. 
I t. ( 4 "I \ -I ,_ I i( \ :l4,t-.lrn-;)'::h~p. ... r L1)\o\~~ ch.H\l~ &1J 

the derived identity will have the form 

t~r;l'- o~ .. ~ ~ 1, ~ ~ ... lt %,, ') '"'-~.( t ~ Yn, )lHl)=o 
~ \ ' (24) 

(Slavnov /18/, Ta1lor /19/). In a perturbational sense this 

identity makea aense only if we introduce an invariant regula­

risa~ionl we ahall use the diaeuional regvlarisation aethod 

of •t Hoot~ and Vel~ /20/, and assume that our theory is 

free of ABJ ano .. lies /21/. The Ward identities for the Green 

functions can be obtained from (24) by differentiating it with 

resepect to JY . 
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IV. Renormalization of the symmetric theory 

This and the next section simply generalise the work /5/ 

of lee and Zinn-Justin to our general case.In ref./5/ they consider 

1i theory with G = SU (') and Yectors and scalars only; the 

11nalogous case for a general selllisimple C is studied by Lee 

ln ref./6/ by using a slightly different method. 

The task of proYing renormalisability is to show that one 

can eliminate uv diYer~encies by introducing regulator 

dependent counterterms in the Lagrangian which are of the same 

form as the original ones. The counterteraa are determined by 

the divergent parte of the corresponding proper Green functions 

/22/; one can use subtractions at some suitable·momentum or the 

pole terms of the dimensionally regularized quantities ( 1 t Hooft 1 s 

method /23/). The derived property of the counterterms is the 

;ons~quence of the gauge invariance of the theory. In practical 

calculations we shall work with the pole terms but the inves­

tigation of the ~T identities was carried out by using the 

subtraction momentum method. Since the infrared divergences do 

not allow one to subtract on the maes shell, such an aualyais 

ia quite lengthy , and in sketching what ie going on we uee 

formal on-mass-shell arguaents. 

1) Two-point functions 

The two-point Green functions are 

r:; l~)~ \'r" ~"'\' Cf) "'~~--,-. foot('C't"') 
1 

(25.a) 

~ 'T " PI 1 ~,.: ~ \ CT., , ~) ,. t r", g) .. o • 
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I 
I 

\' : ~ ( 'f l :o. - \'~ ': ( y>) : - f I" C. o( ,: ( ~"" ) I (25.b) 

rc.f) , ,L(~.,) ~ 0t,.")p 
1 ({,.,'t

0ol\::o 
1 

ftot,(lo"':l:.o 
1 

(25.c) 

'i\ (~"') 1\l ~ r,~ , c ~.~, r) =- o . (25.d) 

The superficial diYergence of S 
1 

C. and ~ is logarithmic, 

that of o( is linear; ;... . and r \ ~ are quadratically 

diYergent. Ttte ~r identities read: 

\.-~~ -'\h C.," "It' .. C.f\.i ~ er-H ~t'"' t = o 

By definiDg ! c; ('t by 

t.~HC.r.o~~:. =~1:,(\CP..i 
one can write for the ghost propagator the equation 

co((\ ".:1. [) ,t (\ • -\. b o( '( ?: )o ~.I c. '(I(\ 
with 

Lei(\:: -~'bot,"rv(. 

(26) 

Since the gauge bosona of the Abelian factor ~ do not interact 

with the ghosts, the corresponding ghost quantities are those 

of the free theory7 i.e., 

c ,t t'> ;: t:.ol(\ ) ~'f,.( ""0 ~O:H 
,( Ch ~ & N . (27) 

Por the proper Green function• (26) giYes 

C.-i. C>.~ + !,_ 'I r., ... ~ ~ ,-~ ... '()."('( r~" 
with the innrae ghoet propagator 

r-'1\ = o.,~' ~•'Uo~~2:·q' 
Going oYer to the 11011ent- epaee we get equations 

r.," l~'L) : t~'L I ~"cf"'), 

c ft..t-" t~'\.) +~''"&to-. t~"')1r,... c, ... ,-+ 
+ c.~, t~"')t'u. ~1\.) .. - \('" r""' C.y"') 
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(28.a) 

(28.b) 



f ~.. <., ... \ r\ ~ < , ... 1 - " ..... r ~ .,. c 11"') c 111 , <..~ ... 1 :. o 
(28.c) 

or 
'\. • I ,. C: 'I "'\ '\. 1 ( ") ""(\ :. -~ t St~(\ +C.,, 1\ ~'-I'\+ .. tl(\ l = -p ol(l • I (28.d) 

.I 

'I' "' = pt. Ei ~ t1 ' ~,"" ( ''\) -=- I"'"'.' ( 'f,.) c"' \ l• '\.) r ~;. ( ~"' ~ . (28. e > 

Taking into account (28.d), the vector Green function can be 

written in the form 

r,... ( t" 'l r ..., ) '\' (~-~ ( ' 1 c ) t- ... o~r/t)-=-- ~ ~- r ~ 1.,~(1' l- 'iol(\ + .t;P;i "\ f P (29.a) 

and by inverting (25.a-d) one obtains for the boson propagatol'B 

" r .. ;·1 
( '\) tr "1 

c.~\\'{'f) = -l\'""t ~ \ "; .... ' -\oil' p f(p'L)'L. (29.b) 

t~ ) ~ 
C."',t\. (.'") :- C.;':t (~') "'- f~'L \oll\(.(\\(.t"' r~\. (~"'-) 1 (29.c) 

c 'i c.,) .. r~~\ 't'"') ~'"~'co(~~ C. ... ) r.:~(.,,.)chl''f~)tFi<,\).<29.d) 

These equations show that the longitudinal part of the vector 

propagator is not renormalized and the divergence of ~ ~~ 

and ra~.(\ ia logarithmic. The corresponding function renor-

malization ·constants can be defined as 

-:t~.~-1'> = 1;~ lc) 
1 l 

1 _, "'\ r 11 
~'\,oil' "'I ,t('. (I;)) ·, CT.c ,t, >: ,i.~; ,~ 1:o6o> 

We define the scalar renormalization constants by considering 

the irreducible components of the scalar representation D s : 

D ~ :: 'rEi) 'D"' <r ( CS'" is the aul tiplici ty pal'Uteter of the 

"" ) 0 '1\.C"'"" \ ~ 0 , and vectors in ~ can be labelled ae Cf 1 
• 

'rhen 
1 

VI.C" • IN. VI. Y.C • IN. '2. II.C i.... 1. 
f" .. - t. . ' r _ ... t . · "" . · = :t . "'~. 
\~ - ' ~Q \ ) I.,. ' In~ 

V\.C'\Ao 
'=t_ • I 

~ 
and with a aui table choice of the 11&88 countertem ~~' .. 
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have 

r:-c. (.-~) _, ~ ) 
: '=l. 1>. ( l'l '\. - tA" If \ C"~ I • 

'\ ... 
~ ':::. 1'"'-..r 

Thus the eubtraction for r:\ will be of the form 

,...._ .... b 'lc- '\. C -1 '1. "-)c-••. 
I \\ : \) I)~~ - "'• \ \ - ~ ( ~ - ~· ... l; ~ ) 

. (31} 
-• lo.C"·,.. -''"- -.(,t.. T "' t. 
\;\=~,~ ~ ... ~ 7.; ~~=-~ 1 \vo~,e,"l=o,\:.e. 

C ... \ -. (28.c)showethat 1\, .... , ... c~ J muatvaniehat \- = 1. 
\-' ... <1" 

thus c. (I>: does r.ot necessitate any euttractior. of its 

own. 

The fermion Green function can be treated on the aeme lir.e 

as the scalar case and we may write 

r \U. (, ' . I , - • I :: r-w.. -~-'1 (~-""ol~ ... 

~;: ~ ~ C-t",~ ... ):::c 1 ~~:::t"~ on 
2. Three-point funC'tior•L 

According to the final analysis the only functions wW ch 

show overall divergence are r ~ . c. . 
t' \i \ ' • ' l 't 

pieces of r"' "-.... • \' r ("' . \"' 
• • ,1. (\ 'I" • ' ~ " 

and the following 
n c. I" 

and 1 c, "' 

'1'~'"'-
c "-~'>" l~a.\) "'"t"-'a..r~-~ 1 l'.."-c..~"l~"b~'~o.'t"f\'~ cr"-~") 
i r,l; (l, \ c ~'> "' ~c. 1 ,. r ,.. t " r. ' I ~ '\" .... o. ... " r- -) c ~ '\ - ~> ~ ; 

\'\\~(\'C.(..)< C.,.,;~ (~Lc(l 1 

rt. ,...ol. <~<1~t) • '6r-6oe t I 

'\. where a,b,c and d are functions of the invariants ~ 

The VJT identities for the J-point functions are 

r~ (\ 0~~ c.'! 'd -t 0~<:. c~"' ~ -+or- t c.~"~ -t 

-+ ct(\\W \ t fool \IJ ~ " e_t--i.\N ·~ t ~o( ~-..., ::' 0 . 
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tl'l "!. ., . ~ . 

03) 



I.et us define the :function ~~"'"" by 

• "'l • .,.. . "' c. I r. C,/J G~·· . 
Q..~S'+J '"t;~oLWy :. < '-<,~\ 1 C.,c'ol.(.•'• ~' .._,._ 't't y',(',o (J4) 

We have 

('.1(>-,-::: - i. 'b.,t'> L S(h ; ~ .. .c .. :-e..,~.\ .. :for ~ E: N . 

Then in case of the boeons we get :for the proper Green :functional 

(-i. u,~, .;1: .. o~ )i_.H : r\,•Z\·o(~ + i'f~._ 11-n ['f."~-<(~~ t),CJ5) 

The on-..s-ahell analJSis of theae equationa yields the following 

results: 

a.,=o. ... :: a.,~ 0.. ()..fl.l'>"t 

t.o£('1't = 1~1' 'O.,c'l''"" -;-~·.c 

is completely antiayaaetrio 

(J6.a} 

O..ot{\"< :@..<{\"'W :0 tlllr cl. or f. or'c~W(J6.b} 
l 

furthermore, we get a relation between C. tl. i. b and 1: \ .c \ 

The \Ni identities for the fermion proper Green functions 

are 

l-i. ll,~._ t z .. " 1r\ .. .: " ro.o.• !.o.'.t~ .. :!f.'-<o. r,."· 07 .a) 

or in momentum apace 

I.t.t'lc..") ~I" r: ':· l\'~'-) + ~'t.IS".:o~ l~o.'L) r~~ C\'q'-) = 

=- r~ c.., n' .£, c., r..'\) + ! c." o. c.~"'") r f t -'\). 01. b > 

These identities lead to a relation between J. at~ and '1: ",., & 

rt ~ and r ~ i 'c are logarithmically divergent and can be 

subtracted in the usual way. The corresponding renormalization 

constants will be given below. 

3. Pour-point functions 

The :functions which are actually overall divergent are 

r .. "l 
'\ 

(it can be treated aa in the usual ~ 4 theor;y) and 
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r ...... ~ nl"" 
the following pieces of r fl.(\ "t 6 and \ o(~ '\ 

,...,""""'> '\ r~ ._.., lW "' '\",-.wV 
I ol (\ 'f& t t 0, t_ t ,: ~ ~ ~ 1 ol P 6 .; , ~ )( ~ .t. ~ ... & +" '\ I' l ol.l\'f f.' 

r \'-" I 1 t ) o. C( \" .. '( • • , 

"-ft''"fC.."-'- ' tl(\'6• 

the y..'\ and '{ are functiona of aix inTariants. 

The "- T identities, which we do not repro4.\10a hare, gi Tea 

'/. \"' 1\ .. 6 ,. ){ 'l ol."' (\' = - ')( l ,t 'r f." "' -.,, .., r-' - ,"' 'I' .... 
with 

"'1_, -o 
'\ot~"C& -:: o..ot~c. 'Ju' o..e''Y'& \ ,"1''16 +~"'""'.,""'( 6a> 

': 1 -~ ,1. I Q.. .< 1 (\ '( 

Writing 

-:ttL\\'1 
we haTe in tree approximation ~~(1,'1 = '1 .c j\ '( • Then 

assuming the t up to ~- ~ loop approximation 

\ It I lo. T '& "1 :t "~""" = -=l..lo~.' a..t'r-" tit:\, ... , .... ,),\~ \.1 1 CTo~;t =o, 09 > 

and writing down the second equation of (38) in n -loop approxi-

-tion we get 

[To(,~~\-(1(\ ,=t""-'l: ij.l~tt~ -t::f\tTot 

!his and the global gauge symaetry relation 

(T,t\~~ 1 -=~~oll\'lt~ 
yield 

,.t"'t'\. t_~(\l. : t:H ,~\\& 

( ( ~ ~ )~., : :t ~ (\., ). 

whence it follows that ~ ~~.., is alao of the fora giTen 

in (J9), i.e.,by ind•otion 

-· c..",. .... = ~,,,.,.• ""·~ .... ~~ .... ~' l ti.c,~, ):o. (40) ) 

•ow (J6. b} can be written in the fora 

t ) -' (.., ,_, -·) 

""('."' =~ •• "' ... I '\o~'j\"1 = ~, ~'\ ~, oloL
1 ,ot1

jl"l 
(41) 

Por Coli.\ , taking into account the relation mentioned in the 
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previous section, one obtaina 
,.... ,_ - - . -\ -\ c.,..a C.~t.\ -t.IHlC."l.\ =~':\,_,.·~~ol 1ot 11 ~ol~j\'c 

( t",c •i : ~; .. C.ott.t.'~t.\). 

Using the global s~etr,r relation 

.)ot,.:t. C:,.q - C:~.:t. """"'' = ~~"'f'l'c2' ,,, 
we get fro• here again by induction 

t'"''i 

cot~\ .. c:t'\-=t~'1"'(\ u;··~~'- ~··),\ (42> 

where, by definition ( :t, t. ;-') ,t (\ = ~ ,.t I' for ~ 1 ~ E: N ). 

Then the '+IT identity for 'I gives 

'C "l'' ~ : \t., ~:· )otoL' l-=t,~~·\1.'• C f.-·z~"''.~r-~"\f'Jii<43 > 

The treataent of the fe:raion case is siailar and the final 

result is 

J.,~.. = Ci..,7t~~\"',~.' ~~'-!:,~..• ~~· , <44> 

with ( ~ '\ i ~ 
1 

)"'~"- '= t,~~ for .t 1 ft E: N by definition. 

On the buia of (30), (31), (32), (40), (41), (42) and (44) 

the wave function and coupling constant renor.alisationa can be 

written as follows (renormalised quantities are denoted by 

tilde )I 

l"' ~,... -1" -
/1...,_ ':: :e.hl.('> "(\) ft~:.~'" 'flo. .. -ct. ...... 

,-4 "~1.~-\ I (45.a) 
.., ) "" ,_ 
,.,~ =~"'"'~' ..,.r-,,'\. - \f-.. ' 

\o~(\ = ~"""' ,,·~· ~'\1\'ol \ ~"'~"" •(t,l; "'>.c,'Ci.c'~"< 
-tot.= l't,t;'''\)",.·t ... · ~.c=(t,l~'")ol.c'S"o(·· 

\ - I r o. 'O. .tv·• .. ..., nf a.' l'"'"" c·', • 'f. '= r\ p \ " \.''11. \ .. • {\ ~'\\ t"' \' \.' ')'L I" ~ (\ - I 

I & ,.., I - •1\\ .. (\~ '·' r,.t. t\, 1c. 
c. f'l\ - ~ n\ c·' -• ., 

C.\\1( "' \ ~"' C\\ "C.\ "t.\ r l'\'lo 1 
") t•.: \ l1 ~ \ 1.' 't. £ 
- ,.., \"' c" 1 • c·• .... =c.,., .... t·.:,s·~, .... ~, 

~~\lo.t. "~ .. ~c;•i"-l • (\ ~" .. \)~·~·~o.'t.' ~i\: ... \~ .. ! ._, _, _, 
!. ::t ''i'lo.'t' \ ~·.: ... '"'t. 

(45. b) 

(45.c) 

(45.4) 

(45.e) 
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'I 2. ) '-1 --, -' 
~ :t 1 ~'l = "?1. ;£-..-<., "~,~, (~~ for N) (45.f) 

f'>~ 0. D 'i 
I"'~ \ ''i' and P~~t..t. are all scalar projections in the 

corresponding representation spaces. 

Then writing 

ll!.i) aLl~)- f..c:t l(f) 
we have _ _ • _ 

-Lt., l~) "'-.J.'\.'i:: n".\ ),q, ~G~t .. ~oro..,) t-.~, + (:tt·•)/tl-t _ 

where 

- :f l~,_ ... o~,_ _,...,.)~ "'< ~ q ct-'i(n- t-'; ,~ -+ 

4.~~'\.~"'-~,_~ 4 v'\.~'\E:.'LI"'\.~cf'-(~,-\),~/~./pb~A,. 1 i\(\..,Ar 
it 'L.,_,' I ... - - .... -"' .... " 

-" ~~. "'t.> -~ 1-.t ~').ot.'f\ ~,_.,. & to.-'r A\\"' Po." At + 
:::- t"' _, - - ....... -4, "\ (' o.,t., lo~ot 1 ~,_- &,..,.' l ~ot' A.o~or -1- -

-\oycf' C(-:t,~~')""'l (i 1t-\
1 )H~~-fia~/f>~(l')w 

¥ I. ;-~ I ~I \ ~ o< t ~ ~(\ cf -
I -' - - - - .1 -' -· \- - - --~~ <.c.,i~,_-c.;i'< \~:4~~~ -~·.l~'\"-l'!~i-t.Jq;~;~~~l 

- ~ l f: -~~ ) q; -t ' 
(46) 

,..... ,.... ~ 0. - - p~ - - \ 
r; t . r .. P ; c. l c..'\' : c:.. \ ( ~" ' ~ i i".. ... ~ .. P 'i ... t 

We note at the end of this section that by jntroduc1rw tile 

renormalized sources by 

1 ~ : ~.-~~I 'i ' I l 

the renormalized Green functions can be obtained as derivatives 

w:;. th respect to 1- ~ , and the II.JT identities for the 

renormalized Green.functions read' 

r \ \-~\\ 'b~h t,.. -t ~V (~I fp' ~ f. 1
-.') "'h'i\ • 

" e ·., " ~ I 'C> f\' ~ ) H ~ • , ,. ( ~ '', l' ) l ~ c~· \ = Q , < 41 > 
where (ct. (20)) 

\4 I ' ,_ -::. l, 0 ~ ":l, v . 
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V. RenonaalisaUon of the apontaneowsll broken theor;r 

l1; is iaporiant, that the spontaneousl;r broken theor;r CaD 

be made finite wUh the counterie:ma of the ·~trio one. One 

can deaonatrate this b7 using the spU1'ion method of /5/. 
'L 

In the SB'l' one generall;r has \"'. ~ 0 (see(5))a th1• 

condition may not be nece•••r.r, if cubic scalar couplinss are 

present, i.e., c,\lc. tt 0 • In an;r case, let us conaider 
'1. 

a syD~Retric theor;r where \"• is substituted b7 a positiTe 
'L def1D1te \"' and let us conaider the Green functions of the 

theor,r at , ~ s. '( ~ , ; ,- :r. '"l • .: o • Then 

~ ~-"~<.-.) &r ... --c~. 
t.":\;. h~: 'l~ .~.,,., .... t) l ,.,., h ....... (\',,.,.: '1- .. :.~ (48) 

The fonaal action, which giTe• the•• Green functioDB 1D the 

usual wa;r (for all l, s. a ), i• 

\,tJ tl(, "\) : ~ <tt) "''(' t.t~ 
Wr1Uq 

tt~ • ~- ~ ~- t'l) 
we get for \t.ltl{ , "\) the fo1'11 (16), with the •ubBUtuUou 

.. 'L .... ~(. ) -"'l"l ,, ~ 'l ' ~ ~ - \'' M'l) • \4 " 'I" "" , " a .-~ - t'• ., o 
1\bt"'"'-'t. .,. ~L'l) '~"'(.t.l'''""',t'~) -'t,(.M'c') +"r 

"t,{.~(.\)) a"t(M.'¥))4> ""1\l.)). (49) 

:low the proper Green funcUou with ~l'l) .. a oaa 'be 

expres•ed b7 the Green funcUou of the 1\l') • ~ oueu 

fo~l..,.l 

fill ~; ••• ~,, r. l \ f' ) 
\',~ 11\l\) ,'\

1
{\c.,\) • ~0 \~ "\~r'-\o f;o,.,o o,,, ,c.,i , 

t,,_,,, 
~ gin•, that if r,,,,-i, t.,o .. o\o,,J',t'") are Qnen 
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functiona renormalized according to the prescriptions of the 

previous section, the funotiona - .... ,_ ~ - ,..... - ,.. '* ~~ ... ~:, .... -
f\lv>\~l'1),~,r,t..,~ )"~., ~ r.,..,,,.~•~(p·,() 1 ••• ,c\o,~,~',ZJ) 

\\\ ... l\~ -
will be finite for fin1te ~ , where 

(\~ : ~ :(;~ 

With l: ~ 'C 

(50) 

one bas in tree approximation (see (49)) 

't I ( i\, l ~)) :- i' 1) 

(51) 

0 'r '\. and &'\ : t\- 1\. have to be chosen so as to kill 

the tadpole contributions to (48). This last condition can be 

reformulated by considering the global symmetry relation 

\ J.~>(.,. t..t,., '1,. ~ ~ C; 'l = o 
1 'bi\ 

which gives, by differentiating with respect to l; and putting 

; ; . '( ~ f\ ( ~!! 0 \ {\ ( l)) J"' ~ .. (\ ... (\) .. - ~ J '\ '( \ 

or 

r l y. .. o \ r ~. ~ ) ) '3'" "cs ) ... -s.5· . 
(52) 

Thus the role of b~'\. is to eliminate the divergences of 

the transversal part of r ( t: 0 ) left over after ~he wave 

function renoraalication and E. ?I has to be adjusted according 

to this last equation. 

Now, if we fix i\ o { ~ \ : ') to satisfy t (.').) • c 
1 

(49) 

and (51) yield 

'i\t~'\ .... K 
and 'W ll.f , 'l '\ 

~ • IL"' 'A. • Then in the limit w 'L- o , ' ...... o 

"' - r "' "\ .. "" "' "') , ~t" \.fllt ), IL ,!"• ..., ot"' (.1\ ,o 1 t'o 

goes over into the spontaneously broken 

Lagrangian (16). Purthe:rmore, (52) will take the fora 
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rc{):o \;;:')"S',.i\ ::.u (53) 

which ia jut 'the Goldatone theoroe., 

fhUII, to renoraalise 'the BBO'I' we have to Ulle the counter-

terms of the symmetric theory, renol'lll&lise fl. according to (50) 
~ c - ,.... 

and choose f. "" and C)" • (\ -"' 80 aa to ll&ke r; to 

vaniah (or equivalently, to aatisfy (53), i.e.,aake the tranaver­

sal part of the inverae scalar propagator to vaniah; we remark 
.... , 

that, as it was shown in /5/ r (~~o) ill free of infrared 

divergencies in the Landau gauge). 

In R-gaugea the theory is not aanifeatly unitary1 one baa 

to show that unphyaical poles cancel in the S-eatrix elementa. 

Here we don't want to atudy such probleaaa we shall aeauae that 

they can be treated on the linea given in /5/, 

As a last remark we notice that the \tJT identities (24) 

and (47) are valid also for the SBGT, In particular, we get 

that the longitudinal part of the vector propagator is not renor-

malized in the SBT either and by using 

obtain (see 29.a) 

r~ .. C.q ::-bvt; 

r"", l~>" 1-r,. .. ) "' _, .-' ·'~"" ~~ l~): - ~ - ~ ~ol(\ (~ ) - (\ .q~ ~c.,~,'\ c.l'\} p !' 
~ (~) 

and Eq 1s (29,b,o,d) with '1-'/p ....... A" 1 
• The fermion 

we 

identities (37.b) are valid too and we will check them for the 

functions calculated in one loop approximation, 

In the Appendix we write down the Lagrangian we use in the 

actual calculations. We give the general form of the action and 

the propagator. and verticea 6a aoaentua repreaentation with 

the corresponding counterterms. All quantities are renormalized 
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ones but we don't denote them by tilde any more, The counter­

terms have to be deter.dned by appropriate prescriptions for the 

renormalised Green functions, The vertices for the usual Peynman 
' , rules can be obtained by putting all ? ~ and ~ c; equal 

~ ~ ' I to one and taking & ... : o 
1 

~:> I' ... 0 , 1\ .,. '). , c. • c. , ~ • ~ 
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Appendix 

In the coapact notation, introduced in Sec, III, we have 

Wlt.f) : \)..~,.('() ~ \IJt t~) 

where 
(A,1) 

\#Jot~) 

lo.lt(~) 

• ~ ~ .. \C:. 'r'l. ~ .. ) 

= '(,~. ~t"~\Cf,~ .. +~'.'T~~~<.f,~,~~ t­

~~ .. t ..... ~o .... !{,~~<ftt{ .... \ (A,2) 

'' ' \ : & ~ \( .. ... ' '( ~. .., . = ~ ~ ~ .. ' ... '" "" 
( 'IS" : parity oi\~e 'fermion permutations), 

In W we include ghost fields too, Below we give \£,\ 
1

C>,\ :\,-~\ 

and 't ., , ... ~"' in aoaentua repreaentat ion, The diagonal fermion 
... 

11&88 ..... ia supposed to be free of Y ~ and positive semi-
definite /24/. 

IL~~(t) = \-tt""-~"'),~('1~\''"+~ .. , .. t&ol(\ _,-;(\)l (A,3) 

• "v,t-ty~-k~la{·o .. ._· +h~ .. t~ .. r.·-\-~ .. ·)1«",~ 
M ;:- • 0 ' ~ "'\. = (?. I ~ " ~ " "').. ) 
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~.~ C.t\: (. \)'1._ \""'\~\ .. "-\..: (.~~- ... ~ )11.,\ 
1"\: \"~\ -\C..\\1..").'- +~~-\lo.t~"').' 

't ~ l~ \ : t ~ - ""') t = t w (.~ -~ \ w l t 

'\ '1. '1. 
i ~'t ~o I \-' P :. \" P9 

..... :: ""'• ~ ").~ p~ • iA ~ w 

l,l'l'" l~) :.- ~~- t,) =~,, , .. 
,.~ ~0\ ... 
1.. ..,. '- • ""'o o lo J I ~ l.o): I 

ll" (\ t~) = '"\. & "' "' 
(.1.4) 

" nl"ll"" '\. "'\"' ~"' ~~(\. 4) = -(,'( .. - '* )(\1 -\.\ of(\ - , .. () (r"' \"\ 

" nl'•"" ~ '' ' \ott'•"'""t ::. (i"\ol (- (r\1" - ~ ) ~ - ~ oooo 1 
J:.,;...L. ) (i"''"' 

'"' , .. _ ""' (!"'Y" ,. 
l>;,b Ct~) .,. li''"- \"' ~)-~\ "' ll,\oi '"'" \)\\: IA.ooi.l ~,,.• ... + ~'" '"~· h'~'\-.,.•· 

• <J'")"' t - .. , lP'')"'· \ 
b~ l'fl ~ C C.~- ,.,.'(1<t = C.w4 )~ (.~,.:O)l (.i;+)t 

~"\ .... ~ 
l>i.~lt) :.-b:,.: L\1):: ,.L\\~1'~ p~'/(p"'), 

bot(\ t• \ ::. '&ott\ I 'f"' 

'{ i. ( t ') = ( 1\ \ f.¥""" E_): - "t ~' (A. 5) 

't ~ = (. ~ ~"·"\ T, 1\) ~ -4 ~ c...,,\ 1, tl i (\ It 1- 1 f.: i l,t I'\ I'"' h t. 

'~ \ (. f l '= C \'"' l-t • \ ) - tt' 1. + '"'"' ~ ~ 0 ¥' "\ ~ ) ; \ (A. 6) 
~o-1 \. • ' \A"'' .L "''• (\ • 'r j 4 ,, • A, A • 
\ • ":> \ • ") -.- ._ ' ' 'z. "' ~ \ I' ' I' \ 

'<i.~Ci'\ =-\~,:( .. ) ·~""C(t'-l,l-\')o~..t'1: -~,,·)~,'l'~'"i 

'\~; l'f)~ -tt~"''\'f'"' -Y~"l'"')(l,-\)ot(\ -(~a_,..."')o~(\~1"'" '") 

t~- '~ ~'- = c.", t. ~"' ;,r.• \ ") t~.t-\' )"" • n,l.;' )(\·~ 
0. ) - 0. 

"l,t~) .. c lt,-~)~-~ +""+~"'& .... ~ .... \c. 

.... ... = f, '\. .... ~, ~ r~" ~ ~ 
"~~'-(') :~'\.(1~-\),tp 

(A. 7) 

26 

li.~t. tp~lc.) = -c.'\t.- {~\.\w.. r-. ..... 

't~\ ~ l~~lc, ~:: l'l"- '\'") l f.,~,, \,c, I l~ ~o~')\~ 

'~ ~~ (f~l..h ~~ (i,"t~')o~,c' l:t.~~')(\(\ 1 l~<.~ol·~l\'l )~~~I"" 
'tt.: lp~'-.).:: - {\~'t 

'\~~~ l~~"-\·-\'l,~"·,.,·l\ ... tct•t'---C\)~" ~'\r~(f>-t.S• "''Y'"c.,~~),') 
'1\';. Lt~lt.\.: C't~' l'i,'t-\'),,.•i, t,'1't 
'"\'>';<.t»""-\• -t~: ..... '0a"l'>'r' ~,. 

~-\oq+\e.-:::0 

""'"'" 'l ') ( ¥-""'II~ 1"\ "'"") 'l,~r. .... ,<.tQ."-t) =-(~,-e~ o~.&'.t,~,·~~~"'6 ~ <\ _, ~ " 

4 '\~ot· .. ~~(\& (~1""~"'~ ... ~1"~'\·1/lolh 
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