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We sbould like to pelnt out the existeace ot an exact and simple 

relation between tlw eleet.ron Green" s :f\met1ou rGncm!tfiliGati<m eo:ostants 

in tbe geraenl clue of ":m&nitestly" covarUurt. aauges • We ccmsider tbose 

gaugu whfu'e tbe um:-enormalised u~r pbe'tOn Green • s t\mct1on in 

momentum space bas tba fO!'IIl 

(1) 

One oan show' that the uaet, ~ized electron Green • e 

tunct1o.ns 1n the respactive aauses ~ c:ormeeted. ·by the relation 

~{x .. x•) ""exp { te0
2(M.x ... x•) .. A.(o) ) J a0(s • x•) , 

(2) 
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{4k) .ikx 
>..(x) = J ~ e )..(lt) • 

(2tr) 

oeema to 1l$ scmevhat queat.1cmable. Aa 1Bdependet ar!d rigorous derivation 

ie possible using the techn1ques ot extenal. aaurces, and is given 1D 

papers on the pup group 1n elec~ca .. 21 ' 'l'be authore of tbeee 

latter popms wre motivatcect b7 ~t 4lfferent could.el'ations. It 

in t11e racU.a't1on Si\ip (Vhieh does Mt tall into cl.&.H ( l)) emd the 

1+ . 
Lorentz •• baa been 4ortwd by an altenw.t1ve method Which ahould 

also apply to the case un4flr ccm.s1d:erat1on. 

tr the tnuwf01'BIIat1011 is nonsirlgular1 the t"'mction Mx) vanishes 

as x2 .... Q). ll'ur't.hel", if' the singul&rlty of G at p2 
;111 -m

2 1s ms4e 

rigorously a pole by cutting otf the soft photon8 With an i.Iml.r1ut 

photon masa ~ ; then as:ymptotieal.ly 1n -.v ~ 

(4) 

, (5) 

since m, the p'h:Y'aieo.l mass ot tbe ele~.ttron, is the lowest inVL."'"ie.nt 

trequency containQd in G(x .. x' ). ~ is the so-called W.Ye•f'unetion 

r&nol."~Sliat1on conataott. It :rollaws f'rGm Eq. (2) that tbe vaw-tunction 
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(6) 

'1'o give 1m exampl.AJ of t..'l.i.s relation one m'&Y take for DI!Jo the 

t\met1on 

Do.., 6 ( 1 1 
f,i.j) ~» \ k2 + 'tJ.2 ... k~ + 1\2 (7) 

\ 
Where ~ 1s the photon 116$& and A 

lOool electrodynamiea u 'the limit of' a eutoff' theory. Then we choose 

f~r 1\. the 1\m.etion 

~ ;:o r ( 2
1 

• ;.,
1 

1 ~ \ 4 I 

k + tJ.
2 

k
1

'" ·1- A. J kt: 
(8) 

{10) 

Where a0 = e0'i~wt is the ~11Ctd aoupliAg constant. 

If A 1$ allotrod to approach infinity, it !a elea:r that fv_Y 

ean ~pproaah a t1n1te and nonvanishing lim1t 6lt MOst in one or tl'le gauses 
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of class (9). Tbua, it u A .. co, 

wbere ~ t is f1nite and ~ aero, then tn the ~ in WhiCh r = G 

the r~Uzation ooaatawt would be finite aDd equal to z2t in th1s 

liJiit. However, 'Wfl wish to stress that even it Sl.\Cb a special E,!11U@! did 

not exist these cons1demtiona would, in no wy a.ttect the pasa:l.billty 

that the unreaormau.a peys!oal theoey 1s eor.sistent. Inc\eef11 'tbe -
reaeon that a simple relation ot the type (2} exists is that the gauge 

clYAnge refers to the way in vh1cb tile l.cmg1 tud1.J:Jal and eealar quanta are 

coupled to the electron, and th.esc quanta (beea"WJe or the conaer'te.tion 

or the tluetuattng VSC\NJD currezrts) enter 1D e.n essez.rtially liOllinteracting 
ra~ 

wy. 'l'be factor (A/~) is produced by the ~ tn the nu:mber 
. 2 2 ot these qwm:tA in the state 1n Which p a -m 1 and consequently has 

nothiae; to clo Yi"th the plwaical theory, Wbieb is concerned only with the 

trallavers€! quaJ1'ta. Therefore, tbe. fact that these ~s or freedom 

itrtx'oduce inoonaistoncies only 1nd1catea that the use of fOl"'UUlations of 

electrod;y!:aamt• tbat. emJlo:f them is ~rous in the investigation of the 

eonsiatenoy of tbe {~lized) physical theor)" at higb ene:rgies. 

This poirrta to the radiation gauge as uaeful tor these p~s since 

1 t does DOt 't"al.l tnto elass ( 1), unphyaie&l quanta ere avo1c1ed1 and tbe 

Green's tunot1one an! direetly related to :matrix elements of' operators 

j.n a !i1ll»rt space With a ph.y&ically e.oceptable (poo1t1w) metrie. 
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.... , .. 
In spite of theae 4irtteult1es, Vhich have to 4o vtth tbe 

oonststcnay or 'the looal t:.beol71 ou ~still make use ot t.be pugos ot 

class (9) in a ~tio way ~tied ~t A ia ehoatm larpr 't.ban uy 

eners:r ot pb'.rotc:al interest. In this oase 1t is ttaetul to note that 

infol"'lation aboUt tbe 1~ etructwe ot the Green • a 1."wl<:tion in 

vortoua g&\lgeS may be &ertwd t.rom Eq. (2). It llhou.ld be stressed B.Qa1n 

that obanstns the gauge alters o~ the~ or scalAr &n4 l.os:lf51tud1nal 

quanta 1n tbe various states 8td bl.mce baG ~ to do Ylth p~tcs. 

llowver1 simpl1i"1oat1owa in calculations~ occur 1f tbo pup is choson 

properl:y. In the l.ow-enerr;y ~in (as oppoHd to the 1Attll1te-energ,y 

cl.omaa) the tw.uveraae quanta ebOUld euter in en essentially JlOllird;eractiDs 

wrq once the charge is ~1~. lt is ~tore not incoDee1vable 

that ew:acellations ~ reel CJUWJta W24 tbe lmlgitucU.nal tlll4 scahu' 

quanta could be ~ so that. a Qauet'J ot type (9) mtght. exiet where 
.~) Q 

G bas. rigol"CNSl.y a pole at pr~ 'Zi> •m. 1 1n the limit as ~ ... o. In this 

cue, tbciJ stD&UlArtty in~ other~ caD be calnlated quito simply 

by us1ug (2). 

It we alloW ~ • o, tne ditterence te0 
2
·().(x} - Mo)) J'tlml&ina 

t1n1te an4 becomes equal to 

I 
i I ( 2 )(A (}f ) 
i 1 . 7 l " A j::7 

--
( 

I 2 
Jog m /-x ) + ccm.st. 

(11} 



S\tppOM now tbat tbere extstta Ill ga:uge W1 th Y = Y , V~ the 
,., 2 

0l."'e6ln's flmction baa a pole at pt;;. .., •m • Then it i~~J possiblJ.\lc to show 

that in the gauge ~Gl"l"'eipont\11)6 to &n ani tr&ry val'tle at r, the Green' a 

2 2 tunct1on in the ne1ghborhGocl ot p ,.. -m Will behu'" lilte 

1 
1 '* 21 4*illltl iii:Uo 

f T,IJ2 l c:to<r - rV2K 
'j "'2 . ~ ' 
: p + m I 
t ) 

- a r "" 1 ... , 7 , 
0 

(12) 

(13) 

where a is the reJ30:rm2.11zed coupling eonst&t.rt-. This is expl1c1tly 

verified to too tourth order by Sol.ov'ev. 
6 




