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1. Introduction

It was pointed out! a number of years ago that an barapic pauge cas
be defined in i]ﬂﬂlbg_':r with the usual electromagnetic pauge, and (hat
the concept of local isotopic pauge invariance leads t 1 gauge field b
The equations describing b, in interaction with any source of atopsc
EFiI'I Ire csscnl':uliy umgquely determined, much like the equations de-
scribing the electromagnetic field 4 in interaction with the clectnc charge.
[n the absence of any external sources of solopic spin. the b, feld interacts
with itself, since the b, field possesses an isolopic Spin and hence & seif-
generating. In this latter characteristic, the b, field © different Fm".1 the
electromagnetic field, which is described by linear equations i 1!'::4r-:rﬁ:
of other flelds. (The nonlincar equations describing the “'f":"_"?"'irl
b, ficld is in some respects? similar (o the equations o Emf:;::_; J:ir‘d

We scek in this paper to find a solution ol the 1l.r'--.|u.1|.~..:lILr L
in the absence of other interacting fields Qur aim & “'.““ ‘I-;I;..hn.h B
ﬂrﬂnm“d Infeld.® except that they started with cqualios
H?j!tﬂflﬂﬂ"n on a more or less ad hoc basss.

%‘}*M Type of Solution

: Hﬂmﬁans for the b, field are’ ,

: I;h-=hu,'-_b"'"_b"x 2
[ n, x L =0

b =0

ion F'n-"lhl""""""'ﬂ i
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R jts for b, so that the coupling constant £ is equal g
iy chosen i the convention that #; = ief, and that , meaps

h 1103, : ey
others m‘{m in which the b, field lies in one isotopic direction are easily
. Sﬂhﬂ_ for them the nonlincar terms v:u]ish. and the b, field
mf““"d‘ m_ﬁ“m 1o that for the free electromagnetic field. Buot such soly.

tions are of no interest to us here.

“To find some special solutions of Eqgs. {13-(3) we look for a statje
case, so that

by=0  b,=0 (4)
We write the components of b, as &,,, where @ = 1, 2, 3 designates the
tsatopic spin index.
We shall seek for a solution of the following form

by = by = byy = 0,  byy = =By = ,f(r}fr, elc,

bie = Bu® Sr)F (5)

where r is the length of (x;, z;, z;). Equation (3) is then automatically
satisfied and (1) and (2) reduce to

my 2o = A e
s u+rf:|(r,+:)-u (6)

i e T e

1.&.,

3 # ; (M
(8)

()

(10}

f11a)

{11b}

ISOTOPIC GALGE

F ]
LEL F.qumam's

WH p-lﬂ.'llﬂ {'PhﬂEE pline), {i'e e dei e 1
I"‘; 4w__rth==.rlght-hanﬂ 51de_ of (11a, b), ]:;*fxil defing - A
ﬁ.ﬁi&'“-"i!'ﬂ:tﬂll'_{ﬂﬂd nre't'he; solutions we desipe. Th::n bt g oF figly
Hﬂﬂ_-ﬂiﬂts': [’ﬂl, v = (0,0), {1, 0), and (=1 “'h:'.ur "enishey it gy e

-'I't' is not r._liFﬁEull L stu.—jy the Vector fig] dl :j Aty
I:I'ﬂlf five solutions of Eqs' (a, b) Which arg 'i.ri|.:nj Ty thag ther
e dorall g -
(ﬂ] ¢ = ﬂ v
(# ®=+1 (123)
Sl Vi
_ oy 7| bl (ST - 1)
() x| r+ (r’) s U ']'--‘hw-ﬂ]; (12d)
P chanees
-1 3
{E} The same as (d) except 4 ch:mgl_l. )
|?]f§

T-'n discuss the mcnn:ing of these solutions we il !
+ 5 a4 i iy . bl Ihe =vettor |
into “electric™ and “magnetic” components: »
E-' = J'I-JII' '_-=|||_IIL — r']
For the special type of solution satisfying (),
Ef = D.
—Hy = —5,. 0 + za 7 = 74+ Y {15
o _E.'h':"'.'l': - = |" -0+ il
It s clear ar that for (12b) and (12¢), H, = 0 and the solutions are
nplicated ways of describing the vacuum [, =0 The now-
utions are thus the three tabulated below.

| oscillatory functions Gl
. — . Hp= --#ﬂ'-"'“ + O

vy
i



BN and vy,

3 family of :
= sctually 8 one-parsmeler Iamily of Solutions wjy,
mﬁ.ﬂmn hm &LﬂLm of a I.E'I]-g{h. Mumerical resulis Are Ei'..L-:

E Tﬂmﬂl& Lc of

1 @ asa Function of r for Solution (12d),® with ¢ = |

TamLE g
—— N :
r
—_— e = 1 .
Q898 = 107!
] L::g: :: 9136 = 1071
' 7.510 = 1071
J i‘-ﬂ 4.584 x 107
A ﬁLIl‘I w "]l —!;'..:19 = ll:l'ﬂ == I'I'tin-
I |:ﬁ17 < 1072 1.498 x 107* = max.
4796 X TR =241 x 10r? = min,
1,142 x 10°* 3980 % 104 = max,
1036 % 107 —6.489 x 10~% = min.
8070 x 107 1.058 = 10~% = max,
215 x 1= =1.725 x 10-%* = min.

» This table is obtained by numerical integration. Asr —0, @
oscillates with damped amplitude. The first four minima and first

three maxima are tabulated,
3. Solution (120)
B This solution has the following asymptotic behavior:
| peeee,
= ; c | Sl e b
 0=-14f40 ,)+ f== +r=*rﬂ(r;]
b :.:.- £ bt —_ o ]
Ep=0 H,.=—|4 _r_=:| g[,_) {17}
L-'d:__,_a‘_ i= rj[}l"" I': + r"

d.. ' ; flmﬂtiﬂns ﬂf r "l'!ith mu}{imﬂ. :lnd

(18)

SRR ASASNIE FIELD iy
ﬂgdu = FOUATIG
s 5

L1
1w, B0
The Hamiltonian of the b fielg Bty
-tﬂuﬁ' SIVEN |p rtl-.-lrun.-l
Fir fhe

t 9 .

- H H I'j = e = 5
H",;f e 0T [ 20" 1 (00 1o,
; “Ldr
: (19}
This integral is divergent at r = o "

If one seplaces O —© + 30 i (19, ¢,
gero in an interval r e 0 —ry, [H:Igim-..~.1..|iuu:‘.]:nl-”'“m 2
4 discussed in Sections II-1, 11-2 apd 3. Y value

cecond variation gives

Whigh ife
A1k g S ETTIT

:|,|_'||1'.|,' |_-\.,1 i.l..l Il'.:|| |||F

8 H = = | 2030 + (Bbyisgs

e - llr"'] dr

For suﬂicf:ml;.r small ry, 60 — 23 ~ 2 MEAT #mipr and #R
positive definite il
Ve »

1V. Source

Are the solutions above really sourceless? The angwer i cley
1.':~:tmpt atr = 4. For r = 0, however, the solutions are sngular and
this question. will have to be examined in greater deil

Another way of asking the same question is whether the solutions
exhibited above do satisfy the field cquation (2], To discuss ths we

_Jil' = '[J_.,.I., + |:I-| X f:.u

iy

J = i, Ju_—"t.m'-f":l'r
# | :Ir .r-i |:'-1'I

e L W

.0, the domusdnt lErm

‘Clearly zero, by Eq. (6 ALTS 0"y 1) Ths
Il three types of solutions (122). (129" 4

= —Az817)
4 6

ll-:.' _- ui Jl‘ = -4'-I-t|q'l:'|r m
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is, in the sense of Dirac’s definition of g

ihe of the :hn?r]f of distributions, equal 1q - ‘
ﬂ:l':;’ ude that the solutions indeed represent classical Sﬂurciz:; -E'igﬂ:ﬂ‘i’ﬂlllES of Casimir Up{nrat
Ors*
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V. Total Isotopic Spin University of California, Los Alamgs Seieni

e Lahorny
Los ..-i-‘mm}_-.-_ New Mexica ARNFRary,

¢ spin was given in reference 1:

The total isotopi
T =J.|11, % By d' 2

which is equal to zero for the present solutions.
which is. lizations of the above solutions are in progress.

nerators of a semi-simple Lic group! The ide by
b el T .1.] invariant operators of homogeneous desree that ¢
with the generators of the group® In the following 'l'l'."hh.}|'it'll:'.f:ir.n:ll:::;
Fimar th operators of degree 4 and lower for the generallines¢ sroe
-g.‘FFIIF, of course, to the IJI'I:i1.iH"rn|' Emupgl Ui, “:ﬁ; 1|.;_rr
erators are the same as for GL(N).
Jtﬁqaﬁqimlr operator encountered most frequently in mathemancal
hysics is the quadratic form of generators of 0(3). The latter are csses
1§g:i:pnnents of orbital angular momentum of a single particke. Let
e (h)

g T
i ) ',-_'f One of the authors (T. T. Wu) would like 1o take this opportunity to thank Professor
T L mﬂﬁw University for the hospitality extended him during his visit

R *

=rxV
‘operator is
B (V- (D) 5
on a harmonic polynomial of degree 7 H(n), T s 1
nvalues (%
FHI{H] = —f(n + 11H )
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i independent polynomials F"
The 2n + 1 indepe of the orthogonal EoUR thect

'_ cible mp;‘:ﬁuntﬂtiﬂn
be constructed from 3 "%

nﬂﬂ!ﬂﬁ are
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