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3.

SPINORS,ZRM FIELDS AND TWISTORS AT SPACELIKE INFINITY. .

To describe spinor fields at spacelike infinity ((®), it
is necessary to construct an SU(1,1) spin structure on P( , the
hyperboloid of spacelike directions at {® . Then, given spinor
differential equations on the space-time, one can compute the

asymptotic spinor d.e.s induced on the hyperbolic structure.

One way of doing this is té reduce SL(2.4) spinors to
Su(1,1) spinors on a foliation of timelike hypersurfaces con-

tracting to a point at (°
A
Na N — M
| (/\}\ Yoo —> fl’"jab
— >

e {°

>
S¢ <
If one is working in a conformally rescaled space-time
a natural foliation is the family:

Si = suw acos {Z =n'Hh = Co\«\stf»&}

‘with outward spacelike normal form a = Va5, with normal-
ised form tiq:_niﬁ/thbqb“VL
- SL(2,4J may.be reduced to SuU(1,1) by the standard proced-
ure: let N ) n'\'B'}\—B‘
then (\)\*)H\' — 4 )\A

. . _ N
and an inner product defined by << ‘/g> = X /5!\ .

Define (Witten operator) Q' A
Dy = Y2 N(a Vayer
‘D)AB is related to the intrinsic spinor covariant derivativert>ng
preserving

hqb = %c&\o+\(\c\Y\b' = h(f\(x%b) = _li (eﬁgecb‘\’ ecgéj\»q
by Dap e = Dralc +V~é:_ TWarco A @

where Tal, ='nhwjgth is the second fundamental form, which
may be decomposed into shear and expansion parts as

Trﬂl%q) = U—(Agcn) — %(6ﬁ(€80+ Gecéms

One then computes the spinor d.e.s induced on S;I,imposes
a regularity condition on the spinors, and defines
K ) :

-Dms = Qi:;vzbiD“B
Then the curvature of’1§<is that of a unit timelike hyper-
boloid, and the limit 5 —>(Ocan be taken.
‘ Firstly this is done for ZRM fields, and secondly for
twistors.



1. ZERO REST MASS FIELDS

" Let q)ng,”QD be a field with 2n indices and helicity s=¥n
satisfying

A
Y h\(PHE.F.cg =Q

and suppose_ that i~

r
q)AB—-.LmA = ﬁz (bﬁn-»—LH

is finite but direction dependent at l®> | Then applying the
above and computing 7&%tx)OCiﬂ)+ C)(|S , one finds that the
limit? of ¢ satisfies

K 9 ~
D Dhq)*s-_-u« - \7%" [V\H‘Qr] CPDB'”'“”

5 :
For positive helig@y fields (Vgﬂgh-.c‘o‘, let

\ 1 R Y
qjﬁn--r apy = Q“f\nh Y\gnﬁ_., Ne kl)n'u'w o

and a similar computation yields,

Q . L
Koo N =
T) R = “J_ H+l—1r] .
S ) LS ¥ e

Reconstituting these (for n€7Z) into vector equations and then
recombining as electric and magnetic parts the leading order
equations of Geroch: Sommers, and Ashtekar-Hanser® can be recov
ered. ' '

2. TWISTORS.
THe same procedure can be applied to the twistor eqn:
Vitce® = o
provided that the leading order magnetic part of the weyl
curvat@ire vamishes,i.e.

A ‘
O = Ba = ﬂ{m(’iCabbo\nW\"‘)\
(This will be demonatrated shortly). The most straightforward
way of doing the calculation is to firstly work it out in P ,
and then ask when the resulting equations generalise to a
conformally cyrved space.., '
Writing, in M., C;SA

, AN , .
inM-(image of sources inm ).

‘o ' LIS
= o+ T,
N
then one finds a pair of differential eqns. on l(r,viz

3

<

0 .0
cnCLr = \TLQ—CU(A éc_}B

o
8_
o
i
<
>
™
4

where l<qhi£ the()a)part of 7Y5d> . In a conformally

curved space Kab acts as a tensor potential for Bubvia

Ba o é‘am“ﬁmeﬁ



10.

1 .and 2 are the asymptotic twistor eqns for h&- . When do .
they generalise to a curved space? Now the Ricci identity - °

for is
QBE(F(DH) Ac & A (F Eac

and applying this to 2 glves immediately
”D(,, \<€)BEF = O
80 me =

These egns. have many 1nteresting properties. For exam-
ple, asymptotic twistors act as helicity-raising operators on
asymptotic ZRM fields. One can do this twice, in which case
acting on a ZRM field, one is essentially contracting the
field with a vector

WS W L 0

for a pairco®, €0 of solutions to 1 and. 2. These vectors are
essentially the conformal Killing vectors on 14 . To see this
one man first perform a SPI supertranslatlon3 if - ii(\fo<i>
and set Kt = O . Let W ¢ 259 where .Y )\

A
~

[ ' L& —~
Dwcup = .A_C‘-)(RGQ)B 5; Dawtoa =Aa(ﬂéc)~'3
15) V2

There are two possibilities,\‘:—x\ or A zﬁ+—N
a))\ =-\. Then W™ satisfies

r-bo\\\)\jlo ¥ (%(A)L@C}k@b =

b)/\ =:\“ .Then

(t>a\v\}b = /X;fgcdog\A}C

It is well known that - the ten real conformal Killing fields
on L are precisely

~a) 4 curl-free conformal Killing fields.

b% 6 Killing fields with rotation. So, in fact, when’éﬂ:—o
(1) QT () = ¢ conforead |<‘\Lj%\\{~:gl¢hj

when k1, +0 the translational (type a) fields acquire
additional terms umléss one of (J* or GO vanish.

These ideas have applicayions to the theory of
conserved quantities. Certainly in linearised theory one can
recover the ADM mass and a supertranslation invariant notion
of angular momentum. For the curved asymptotically flat space
the ADM mass is again recovered an a new notion of angular mom=
entum obtained. Indeed, it is conjectured, that (possibly
with some modifications) fiedd of the type described above rep
resent the limits of 2-surface twistorsfat (°,

o Iiam  Sheuo
Thowks b R RBued ¥ P Tod

Iz_tgjl:) ' ,
() Qesoch 'Af,,%hﬁhm SM_;M »3 @ Powwte TN, I3

@ Sowwers ¢ T Math Phys 190), 54q
Q@) Asho bew - Hawson T Magh Phys 19(1) 1542
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6. Integral Formulae for ¢ =

e
B

I want to make some (mostly trivial) remarks about various integral solution formulae for
the wave equation in n-dimensional flat space, and about whether these 1ntegrals generalize
to non-linear equations. :
~ The first formula is as follows. Let x” denote the coordinates of complexified flat
n-space c" (so the index a runs from 1 to n). Let v? = va(c1,,..,cn_2) parametrize the
null directions; the ¢'s are complex variables and are allowed to take on the value o,
Then
b(x) = § £y, (£),z)dg (W)
solves the wave equation. The 1ntegra1 is (n-2)-dimensional,
E.T. Whittaker [Math. Ann. 57 (1903) 333-355] in effect gave this formula for n = 3
and 4. He said nothing about higher n, but H. Bateman [Proc. Lond. Math. Soc. 2y 1
(1904) 451-458] clearly knew that it worked for all n (although he didn't write it down).

Example: dimension 3. For n

$(x) 9§ \‘(xAB "y TR, me)dm, contour s (W3)

AB _ xBA are the coordinates on C3.

3, (W) can be rewritten as

I

Here m is a 2-spinor and x This is exactly the

formula that one gets from mini-twistor theory (see, e.g., PEJ in TN 14),
Example: dimension 4. Here the formula Tooks like
: . .
3(x) = ¢ £ ny s ng, my)dndn, contour s, (W4)

This is, I think, the Kirchoff integral which gives ¢ in terms of its null-datum oni?.
It is what one gets from a "twistor theory" in which the "twistor space" is the set of
all null hyperplanes in ct.

Bateman (see ref. cited above) realized that in even dimensions there is an alter-
native formula. (He only dealt with dimensions 4 and 6 explicitly). Again we're in
dimension n, but now n is restricted to be even. A null cone is "made up" out of totally
null in-planes. We have to choose a(in-1)-parameter family of these in-planes which fill
up the null cone of the origin. Thus, choose v;(c),...,vgn(c) such that

(i) ¢ dénotes a (in-1)-tuple of complex parameters;
(ii) for each ¢, vg (z;)xa =0 for j = 1,...,3n defines a totally null in-plane;
(iii) as ¢ varies, these sweep out the null cone of the origin in c".

b(x) = $ Fv) (02, 0)de (8)

then gives the solution of O = 0 in C". One way of implementing this construction was
invented by LPH (see TN9). In his notation, (z“,wa), o=1,2,...,3n, are the co-
ordinates on C", the metric is dZudwa, and the formula reads

= $F (%, yALIN] S
Example: dimension 4. Here the formula reduces to the standard twistor formula

d(x) = fi’(ixAA Tt mpe )dm, contour 5!, (B4)



Remarks/questions I 7

(i) The "twistor space" on which the integrand f of (B) is defined, is a space whose
points correspond to some (but not, for n > 6, all) of the totally nullin-planes in c".
There are also formulae which use all the o-planes, as was pointed out by LPH in TN 14,
For example, in dimension six, this formula takes a function of 6 variables and does a
3-dimensional integral, whereas Bé takes a function of 5 variables and does a 2-
dimensional integral. Presumably one can get from the first formula to the second by
doing one dimension's worth of integration.

(ii) The main interest for me of all this is the question of whether any of these formulae
generalize to non-linear equations. We know that W3 and B4 do: W3 generalizes to solve
the Bogomolny equations, and B4 to solve the self-dual Yang-Mills and self-dual Einstein

1

equations. In each case, an "ordinary” H' generalizes to a "non-linear" H]. Now in

dimension > 5, it seems to me that a solution formula for a hyperbolic equation could

L type, because there are too many nﬁll directions. The formula might be

never be of H
of HP type'for p » 2 (can the formulae W and B above be interpreted cohomologically?).

But I don't know of any "non-linear" HP for p > 2. So I would conjecture that in dim > 5
there are no non-linear hyperbolic equations which are "nice" (in the sense that the self-
duality equations in dim 4 are nice; for example, one can write down large classes of
solutions of them). [Exercise for the reader: define "nice", and then prove or disprove

this conjecture. Perhaps this is another reason why space-time is four-dimensional —

Riclard Ward.

equations in higher dimensions are too hard to solve:

~

Ceont?’d from F.ll)

1S Sufe Sewe ML S *Q:NoquQ qu‘\\‘v‘\e. \S l"' PbSSilﬂli "Hiqt
Yhere ove de&per commechions  ehreen i hnw)ﬂeqm_g
space g, Ao uswxp\ﬂ/x W*?—qwg’h&\?' ‘

‘ 'Qwﬂ P@L‘“qck

(can*)cl o m P 1£)

chercnce.s-

Gerad Well ad Pewse 1073 T Malh Phys 14,7 874
PCmv‘aC ,‘“S, in Quadin 6}“‘"'9 ed k\,,,./ Penmne, Scioma, OUP 6370.



1 3.

T’\“' " Norenod Situokion ?xov %\mw&“\do‘\ \wiakorg

1n (‘?mc./\zm‘&. Soc.” B Wag2) 52-63 ) o T3, R.P, N’KQ(% Yo e
" rocmal sihualion” f’\M S“\’Q&"U\“\ Yutsrors o thak n whidn dhe %o\u\'xﬁﬂ spoce OQK
e %\AVK%C\Q;\ S:r\"b'\g\m( equotions,, Bw® = '@ and B - ow®, hos Q‘&'\mﬂ_“»f“(}, %ux.,
Cace V2 o s ] s an eliphie ogecakor on Mo sphese  wilk adjoink rb*:\-; ;I} ’
s tndex, dimkeD -~ A““\RQ(D*, s tadependent 0\2 .ot T s case e spln weights
avelved (v %y QOV woow' | T v ¥ R e a&&o'\r&) imply Mok | in cose o =00
diokecD = 4, dimkesD*¥ = 0, Mus ia genecal (os obsewad in Proc. Voo, eik.) dimkec® > 4
wiii equaliy  geaerie and occucing wxodly  when beD* = 0. The ot OQ( N
o Qe on Qx\)\.\ti‘k m%wvwrk wikh ‘Q’“?\.“'& bounds Yo how ek e 'vormed' silueNon
oteuss “%cw amoM  <heare o w o,
T‘? e %?k\mt. wader considecaon g wgqtc\@.d oz e usuel Riewont sgher
Wiere e odfeial aauotions  becowns (3‘%)= x($> e Qe TUR) | o TE,
3 LAWY | L ) % A
ond. % € Rom (\é ’ Ae(“ )) wheee Wt e \\oyi bundle. and  AT* denotes
, AR
. o -G .
“ﬂmms OF" \3\»{ (?’7«)' \—\QW‘) x "5“\\& moXax (~5:' o) o\\\\v\o@%H we Moy oS
sl conmider e sewingly more qenersd o § e odivory, [Tk e qpuetes
%md(a\'\\'\j o Musony moy be seen by using \ateqraMiag ‘{&c\o(s (chonge of gousaie)
(%»—» Q‘LY' , 9 Q}’S Q"" o%'\\mmi imoo\\\w_%unc\'\ons w ey v owhence X e
c\\ar\gu\ q'cw(&l\ns Yo {v( 1%'\;“'—3’ Xo(-\-hu, e g\ \.o\f\‘\r_\\, since H\k%?\ete) (9’\=O)
L) Y S
! be used Ao oiminale e (‘\.\0“30“0\ entries.  \Wis wom be v‘l‘?\'\msuac\ as Y
comglax. shruchuse on W being unique - ote Wek e sghere o spedal i Awis
NS?Q& . on odded d&%‘\w\\-% a (\4&"“"“3 S"“\“K%it'\u.\ Awtshote Wil veseeck Yo
oXrec 'lvsu&'oms.] 1?( we g\xoos@w an a‘&m«z coordinake  patdn on e sohese Maen
Prese equakions redute Yo equakons  on qetuine %unc\\'ons T
RFpz = - BAF x BG whece e Yuwicked  wokute ok \r&'\c\\\\d e precisely
G/dx = CF ¥ DG |
c@%\%\—q&: i Mo exisYence o% Yo \miks OQ( S 3G, =R 2520 g
°22C, and "D o0s =-—>ow. WNoke ‘3(\\0&,, i gosfodar, F oond (& oare
O(\/\E\:q and X 7 %%1 e 0(M=™) e 2w, Recal Yo Courcty
et frmda w5 = L H wdr X B Aw} foe oy w

2N 261 %3 o i3 =-

emooth o O . 1? wlz) > 0 as =2 2o Yhen we WMo Yave = @

oad obtaia U.CSS = TLLS(‘; %L; /;&—g . q?\)\g‘\ng s Yo T e@c U:)G(3 o 2o\ulon

§ e et equetions, we Musn FD = 1 AP2BG e, § o
T &; 2=

5ka oL = Sup lg “.\_1)\ e, osBUming 9@( Whe  wowenk Mok ese QXKS\,)

’SQVGE,TL zel Z-3

we concuda  Wrak %u?\\:\ < mng\‘?\+ )b-sug\cr\ . R oamilor bound  Wolds



B enplll and =0 (W\F\) ‘ (a, s)(@w\) S s
sup \G ¢ 4/ \sup\G\

oo \ood o% éiﬂao’s \(\(\“eﬁs '\% (t \; 8 gmall k%‘ axompie.  distance
Auzuvzas.'\n%) , woess F=0= (G, Nke thok ta Wnie m%u‘kuk we hove used '
ol Yok \FL 2 A GL vamdh ok aafinily  whereos  we really  Rnow  wore
rapid decoy . Remops Mris con be used ko improve e bouwnds. Tadeed ik s
wihe conceivatle Mok D¥ never hos nonstaviel  Resne\ , Al e  normal

atkuakoa olways occuss,

Tt cewains Yo <hew Anak S \V\&ﬂ\ s Sounded \mip\om&\s e
' 1e¢ z-5 :

K, Witrouk  \ose ;\ o«o.qmu\'\‘fi We  wmaw essumae Moy § s circu\m—\3
symmekac ond o monotone (&\utco_osa'\n% %unc\aon OV( disvance f;mM the ongin

fD‘\v{u\'\n% ‘\\w\ ‘m\'qg\co_\‘\om '\r\,\o . Ywe ?‘\chs (:Lcwtd\'\f\% %o (Q%\on o% ‘m.\cﬂco&’\oq og
{adica¥ed in the §°\\°‘°"“S &'sa%vumz

A ois casy Yo see

Yok o s boundede '\03 S \E\ , whidh  exicks  becouse e \n\«zgmné\

| choﬁs \ike cons\‘m—&/\g\’s 0&: \ng\mx\a “\'\(,\’\‘();Q\ EO\S\'\OC;OA_,

. gu?ecs\ruc\u({ versus _ Yormal Nﬁ%h\nomv\xooég

To the ambluowher descdgrion o‘% (e mmessar'\\s :\-_se\g ~duol) Y(xr\%-“\'\\\s & Green - Tseheg-
YosdRia o Wikew Qom\o,\ nﬁz\&om\-\oods o"{— A PP oppeas.  Focmal ﬂQR%\\\aOu(\\oodS & Vines w
P ocust i Yhe Rensose transkosm 9\6v A\ -honded fids. Nese ose stwer examples. R S\AVﬂ\MN\\%Q\(\
'8 roflner siilac wxcege Yhak insiend c& oAdA«S commuling wdsa vastaWes (a0 Yruncaked pelynomial
o\ge‘ma) 5 oﬂ\‘\(om\«.\m\(\(\a vosioMes ace addwd  {on oderios a\gebra), The puspose ,SQ( s ndve s Yo
compase. Yhe <devork ovrudkon ‘3&\%% it Yre Mwo coses, gw\a\aosq X e o MOJ\\%D\(\ Ksri\oo“\\\
os \(\o\omot\p\'\'\(_\ wiii ghancture s\\w& O”) ord £ e o veckor buadle on X,
Fosonal \\\@.’\%\\\oouv\\ooda~. gu?\:os.q_ we wiet Yo wdend B Ao %orma\ naighbousthoods o"S- X.
Then dhere s on exadk sequence ?3( Sheaves  (see MEE W TR \Q %er ovakon )

0 —+(@*Y0 O™ 5 GA{m, Uin)—> Gllm, Uon) —0 X
and  ¥he dostruckion treony %\\oms Loe in THIQ). '
M: Q\LWOSQ we wisht Yo wdead X Yo be o su\aecmar\‘&o\(\ win uné\ev\&‘\(\% .
vadbor buadle B, ek A = s\\qt& 6‘ \2|l~3tox&qé\. asfowos frisms 6% AO™ and \ek A«S =
Prose QX OMADTPRS S whidn ase e '\&Q“\;\\u on /Q@mi SRR et we  Wane &‘\\\m\'\m
AfA\Z A, = 9%»\*\: A and W oas a3y Yo ‘\A&m\‘&\é Q@c\@ co«qsyof\‘&\,c\s bwa.éaé\ o\:yzdu:
AJA, = Gltw,0) Ailh = Ve (GA0™) fe § eveay = Wom § 07, ANO™) fie § odd and * 1\
(see M. Bakehelor , e shudure & Su\vumm\@‘o\&s , Vrans AMS 253 (1a79) or P, Green, O
helowerghuic (6\'0&\0_(\ woni{\ds | Univ. o Worgand ?mgmﬂ; The grodlem s Vo see whdtner &
s e mage o%- \\\KX)A\‘"‘” \\\(XJAMAL\ = \’\\U(I G(L(m,(}\\. e analogue 8 ¥ is
O = A/Ajw — Ald,, = AIA, > O .

and Yae  doshrucion ‘\\\en“d Rlows ta Ye somme woy, .VW\'\&\&Q\ Coghaood.




2.0.
‘ Mmﬁmmﬁre A HM\. Seu( Dwul. Hm&%
’T\w: fote  Ladl Q”‘?\‘”‘“ The mmkww’ro-r uﬁupm’m}\om oj-

0'!& R\ wil chow . mindostor Yerme hew the

d.o.ncf\g’im o\ M M:?Sm;\-ic eo*enha& 0o o conmeehon oL a
lr\,cr\, Newed undle ovec R -10]  axisesn.

i Deacte \ng HT the  complox m«wﬁu cohose fw\.nj"s ﬁefreoud’
%m‘\u&uk f-buc\nou.o in B MT v He Ackl spate ‘fj the  80Q) bundle
;mu ® [1].P Pcu\} x i B spm.ﬁul \o.a The sp‘\ues werth cﬁf
%Dﬂi—n\'eA gjzcéwico ’H\—rwﬁ‘\ &, ond S0 cotrerponds to a  holomerphi
. Sechion |, Lx, % MT, The aTL?rc\. u‘S R®? wneo':a-mla ‘o the =0

{ 'su:‘\'\m S““?PW now, we termsve the orlolm, Hen each

:W\c Lok esnd alped Ll' spb.}s e  tuo PMJrs, 'H'\-U.o the
;Mww}m spoee Mo redevant to R~ 70} haso 2 eoplon

\’\w_ ore  seetiom | | ONe  eorfen ?”"‘A“""ﬁ '{0 He c&m anmﬂmu
and  one o e tncming  ered, o dadd HT. b a non - Hausdorff

compan mandpld,  cbtaied by ’rcdma fwo copio, M and My

&S MT  and Ld.wn}m Fham wua\»\-\m exagpt dﬁmﬁ thaie

Wb seedion, (et h])
L on NP ndredoee The open  coves {UWa,, u-‘.\'] :
Wiy L p.L, Z'e 3Tz
Wy, ~ 3 (?,‘Z')]S S
ond o sieilax ove {Up,up} o My, The fowr
1{ s, Ui, U, Wy e a Stein  cover Al f1Te . One "j

| M\ﬂ. tago SQ,C)(LUM Ww "I'OBK\-L(\, cand. v% ‘o )U.Jou.a,s OJ\L‘L ’H‘\ﬂ. OH\n,r

\0\3 {Wa., U.p"s Vow inkrodusee a rQAM bundle B on MT., wih
the  Fdlosieg Yronorion funtions :

U./g.n\l,h . 3.‘,4, | tL'.,. alp, ! %,hp,‘ P4
Uholg t gz 37 Wienlp o Yo, -
Wy a U, ¢ Yarpre Z° Uayn Uge t Qupe -
B b Hhio  condrusted fom the loundls emrm el fﬂzmﬁw
New Yoo «a pmn& X FO, ®*. geedion  Lx, \mu\% L

-b\\a.&m}tc QW q\);mu}s the 20c0 Sc.cl\'Laﬂ.. i tTwe Po{:\l’s.
Tode. ona  from. Micop%an.c&mvjmmpwg




AR R

otwpg

//\/
N

* @wpg

“The open sels {U..\.\, U.p.‘l rectfuet '\'o‘ 8\»:. a oo seb Steln
cover of L. Dendte \:aa ol (reop. B) the value oj S j"c-'rr whidh
Loe  trlegects The a (rgpF. f!) copa cd' te =aro seckion.

Lxn Wa, Ve n U,

Lae o the section Cefrmudced ba The Wdic PW
2 L[~cx+~;)\+1zS+(vc T}, and s the teamsibion {Mam

{

jor ractreeted . bundla B‘Ln ;-O, on. (anua.) n (anu;l.
| X" Lhane  as ilx-iy)
" a(3-A)T-B) A fxat ; B Gesiy
: ' (z- 2+ )

L s :zuan,‘ Cxﬂ.b)(x 9) (f—ri[r-?-)
On WM\«P% \D T-p (WW(P\MCLAA_MW m’kLmUa)
and Then 53 afi- 'K)/'S (kulmwpluc and nen wro on Lxalp,), we
UBM 'H\Q, +ram4'u:rn. ’j‘-t-r\dwﬂl E, So ‘H‘\a L:)uhcuﬁ B'Lu w ioarmwphic
Yo Y. \n orders Yo exdtadt a po’raa}'\ai, however, we  reduire
@ bundle  whieh W trivial en Qe so we comider G iz B O0).
o has  Transdkion ’f'w\d'ucrn ' ‘

" a(z-AN3-.)

ie X
Le-iy ( I w)(x~ m_aj))
(2 -¢) (241

Now, note ot the  Arenodion —jw\d\m can :f\J' (n.



LA ‘ -1 :
' j-—-———l——-——— ][(x—tj)f*- 2-r)
two wosp - gﬁ?}-) | = GG

oo, N R— .I- beri)) | T G a»;l
fr-ig)a 30 bl

Tha fint spbﬂ\:«a b valid for 2Z-rFEO e maa from  The
porkive L -omw ond the seeond Loy Jrom- the' mﬂdwe 2. - axde,
Noo, ewaluake  the poectiads  in the woual monnar, nvernaly
Wsine G MUy G = Vag ) T

& G TV Ga o Yae e TV

We obt ain | _
Your = 5/0 © ) ’Tﬂd' = \E/O O )
- L15Y ¢
A Arfzer)/. ij’“ :%%E:r)

! 'y 9/ "'j' '’ ' '’
NM Y...n&l ,.\r.*(h‘] fr‘f'rﬂo:j = 3 H+ﬂ0+ é _§+Eﬁ0}
and wmlax&a -jm T Tha |

oo et - e : ’
Al 5 [rizen 3') & A \E (F:x(zi?) .-5%
-ilr ©/ . o

’“\n 'ﬂmua vectors . :
@»ft?) A = (-t (x- -
(rlur r¢z+ ) - ( %;23 ’ ;7;'?,-’ ' f‘)

Tha Scelec Po’rv:&lula are t. = R
Note that A" -p7- @,_kb,yu ty) , sothat (At A"} Anjm @ connacion
on a nen-triial Line bundle over R-{o} | codh cucvature Bz cuntfl s & Lrs
f_nm 10,8} duebon @ wnik magmbic chagp b o origin. The poteckials sadicfy
. el A = el Ay - VP, L GFC ie, E=-i8.
These  oxe  juot the ‘?:trﬁomﬂb» eopations  for abdion  dectromagnabic A
i The dackic and maamiic M_ weee n, tha sypfem. torudd
Cavmogm\xl To the  mindwder busdle €V C
Rayecences
;[1]. Toney "M\’l\i.twi.osim.sh TN I, |
1), Spackia Pncote. “Tha A.S.D. Coutomb fiuldh non- Hoausdorf} hator spoe. TN

PR - Jores



a3

A Neoo Agg'pv?.oac'l« to Quantum 'G'Wwitﬂ \’7 L.P nglﬂston

In vhate Lllows T wtth o outline a mew approach o

ramtuwen  qravity The approacn s based on ideas Which avose

in  commection with my celativistic  oscillator amodel Lov

hadrons (Hus\tsfon g2) | wlhién had v turm  avisen as  a lo)?—-l,ov"oa[uct.
o€ a  twisterial mvestigation ok massive Folds (ﬂﬂ%ﬁ\& Burd 1as),
T assume the 'w‘wtq*tlc}.vt M«Q substamee of ﬂudksun (18> , Ae-
co\ro&'vj e ety scheme the wave Lumetion 4{"&,7) of a pair
ok scalav prticles Itenncting 414/10\@7« a reloevigrie
'ootentia( V(:L) satisKizs  the agurections o€  wmotion

[ X'« m®+« VIP =0 a)
LY® + w2+ vI¥ =0 @)
foseflam with  +he sulos\oe?qmﬂ 27,‘;"“?”‘.5 W:L/YA= Ml"f‘ andl JZ"#=
s(s+)P 0 15V ts o€ du Grem _g;)— whee K s«

the  equations of  wotion  cam e solved Mcact(ﬂg

pamwneter,
a met‘\m-ciw com«é&ttw M\d\)ﬂ.s) awa thay s s
2z — (M, t WMD" — M) _ "
M [' — AT ][l ”'——*’—“CW'ML'O ] = ’—%;‘ ()

whort m>o and oss<m  (m,s mte:sm‘ ). Note thdft K
yaust ‘/mve,— oglmeusio-ns ol wmass, For a smlar Cowlowlg—
fy‘m& interactionn it tuyns out that K = ep where e is
Hebe  elactric c\/wmse amﬁ _)O = MM, /M s Mo m\o«ﬁvisﬂg
reo@uceoa wmass . Fow a scalav‘ anuimtiown(—taﬁ& tereictionn
one must \mvlm e by Gmm, ( G=u? whow « s
e ?lmgk wass)- Te is jmstrnctive  +o ookt the  case

L & a-v,m( coustitnent. masses w, =wm, = m (5“)’)' Then (%) gives:

M° = et [ agtfi- ey ] ()

In ov‘jer —gov* a st-dt_z -(w 'Qrm e s A c,a-vw@\-t\w t(/\d‘
ny Gwm* . Since m~s W sfaou(oa wrmn‘g Wv@rz expact
that s > G'mz Emf sucht  a Q'vmu'\tn-t‘wxﬂ system.,




AN,
uvv\, :wv“l\t e -tm;ﬁ a Pwovuh non-linear Eimsteinian

amultn-t“’“"‘ mtpetion within  this —Ewwwow‘(? Tn () el (2)

e Potm(’/\n( V(gD is a rseuo(o-al:%rem:a( oporator. We

sha“ treat  the SCL“"”ESCW(j SO(U‘_("'"‘V\ in  a stwnilor wanner,

,Formn\tﬁ , we have : _ -
d<t - | (n—%}j_) d'ti" - 0—%3—‘ J«LZ - Q}(!@Z+ sin* @ 00¢9'>

. (57
N;}\,\ %>?—X- To obtarn a WOV*\MME ‘MPV‘.Lss‘tofn, let us
vite Ta = M" [A p) whare —Pa s tle total mthW
orvlo\‘tof“' T}uw\).'rnow.a_ Y)m.cisu(g, we  |have ¢ \
gab (q) = 7ab - !:Z['cam v (1- 22y ?,afya} ()
7 1) ,

whens Y)a = ?a - Ta (?T) 5 ?a = Xa-Ya , and ?, :1/,@3%3
(The  parameton y vemams v be dotormined. By comparison
sith  de l'.mv{ approviwation W swouges . as will e MV,(MMQ
below , thel @ rlau;:L(a choter. - ¥ is 28pY/M .

et us mew assadq'tﬂ_“ a VConnect‘xon opehatoy withy 3"‘“" (‘L\)‘
’ . amy vector Ua Cx,y) W Ao Cne.

S, = KUy - 2y Ue D

pie - %afi[Xx\gjo@a * Xaga - Xagal. @

, X Y LA
i\uhrlﬂ ‘7# g\oc. = o. We Oo‘lg% YZ% “"“Q Elb S:"‘“““V‘":j .
imeL 3“‘0 is a —(‘umctt‘.m o€ % alome , 't —G,“ou)s

Now tle idea is to elimindde. +a ’f,,tew_t;q( in (1)
2 2

; (2) , ol 1o T‘ﬂ—\‘"“@— X M*Q Y with ar'pwoyzf&aﬁ

vaﬂa»ﬁl o‘oo)mtof\s laa'saﬂ on +le Sclawarzscl«i\i Me+tric

’ cpunection .

,F'o\r‘; a s*tavtionow/ @wwlta-tlﬁnj sta’ﬂE unsfst;u\gx o

Y).mtlc\es o{: amasses M;Q —;147_‘ we +Lm,(‘,,m\ '

kQ' +L\Q '.Q.zM;t\B"AS o’€ wbtt&w +o be



25,

(3"’ ‘Z%b * "M,z}’\k =0
vy [&D)
[“bvavb t 'W‘z.zll*/\ -0 5

‘vath ‘go\!‘ cL>2.X 5 with 3«& (?)) as i (6. Etuqﬂ&ws
l("l) we  to lan swﬂolawwuﬂ bf] the  conditious WZ""= Mz"/}‘
wﬁ Jl’f‘ = s(sn)’/‘ , wheoe M a.‘j s e L total
wrass ol eeal :/uM of At staﬁ?J no.S/oactin/z/g ‘

To obtain ¥ we X ering the |inzar aﬂowo'xiMa:ﬂon. We

k&‘) tovns Onb\.] _ﬁ- oroevl one int ¥ and] 'Dw'it

Qoo = %ab * el 3“" = - h3b G0)
with » |
ha = -2¥[q, . : ' an
3 [’t To v gads]
T

The hmri%mQ conngetione s Ebc = X(ah:) “%Xc L‘ab .
Tusontion  of  +lese  exprassions iuto () leads +0 a

ls]'su‘”‘ of :zszciows tlz\«f can |l redueed] to a s'w\d(L
rmw@;alj Q%Mtlon, I*S: Ar3 IoQsz\bi'C:S o cqﬁ{{?c?bﬁ o
tle “«%‘; town v thag 27uation with  He oorr.o_slowﬁiuj
e pression  avising Leowm (D "/ (2) , then we obtan.
e relation = zG‘Jjaa/M .

Ac\(%ow\gf&gwenés. A wwmbon of e idas Liscussed  heow
Iaros.&,ih pES i discusstons  with /}ﬂ//e/ﬁfz) Tﬁ/r/w/,m/l‘fﬁ gltﬂ/'/dr‘/
) Refevences ' :

LPH & TRH. Proc. Roy. Soc. A 378 141 (1a31)
L.PH ’Proc.Rof. Soc. Asze 451 (1992)

ST]\Q‘: Av'hch?s sLou\J be u)r'.‘H'cm v D \o\o\c'( ’m\<) Yen(.,‘\'J

ovx \f\“;ewm*er) on AL' Fdrer oand u)'un W\eri\’ls

all around .
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Twigtor  Weoms and  Vacrmonie  Maps
" X 93 * N A}
s'{mm Riemann  Sustoces

%uwus-@. M aad N ase ofedked Riemaanian mun‘&o\t\s
witt M wmode R culber and N & store. T M s
conskroined. Yo We o N by weans of o smootn mopping
F:M—=>N and then cdeased b Wil olemct Yo attoia an
eoui\ibrium cof&igmo.\‘im . Thig woy be impossibhe  dx. M snags,
T many cases @o\ui.\‘\‘ot'\\xm \s o.\u:mas \,oss\‘o\t. ’X_ﬁ’ ¢ is an
equilibrium & s ecoled o notmonic map.  (feodesics and
pasomekrized wiaimal su&nus ose oxamous, See Feols x Lemaire,
A ceport o harmoaic maps , Bul. L.M.S, 19 (1a78), \-68 for a
compretiensive Teview osHele. To be weore precise , define the
eneray Elg) oF & »
f 3E(¢)=§M§\m“avo\

where 1421 15 the  Milbert-Scmide notwm 6‘- a¢ : 'V,QM#‘T‘WN,
ie. ia \otal coordinodes  xt o M, g% ea N,

g = 3yYaxd W gihug  whece g s Bie wekric on M and
hois e matrie o N, Then ¢ e satd Yo be tasmonie ff k& s
o. erifieal poink f £ (1§ M s nk compak thea © musk e
computred on cowpock susdomains & M with o\ tomgactly
supported voriakions oMowed), Tn otwec words, ¢ s ‘noesmonte
&?% t soksties the €oteas pondiag &\;\Qt—\.a&ta%t rouations

Yroee ¥ K(\f) =0

whee ¥ e Y connedttont on L (F¥TN) taduced Reom Wme
Lavi-Quito.  conneckoas on M and N, RBeoring in mind the
doskic nokure & M | keoee Vidg) s colled e Yension og- ¢.
Ta Vocal e,oov&'\nm\.v.s . becomes ' ’ y

OB BN VA W o vl 1\.\&

M dac e I I

whece T;\; and _Q.‘:Y ane C.\u’(ﬁko“q,\ s&m‘oo\s o M oad N
respeckivaly.  Witnowk fne Wrace, Wldg) is the secwnd Rundamental
form o Ye mopping  f and  behaves wal wiln tespede Yo
emposition, \he leasion , however, does ack i 3@«\“@\ compote
goe o tomposition o% Woppiags.

PRathops o neaer woy Yo wdke Ve energy s as

E(¢) = g‘M%" broce df Andg



wheee ¥ QLH(F¥TN) = Q™" (F*TN) is the Wodge
x—owmkor o M ond Yne ‘race s Wit Vi%?ﬂ(k Yo . e

Eulec-\Lagrange wquakions ore ¥new

Vixdg)=o0

whwe Vi ._(lm-‘(.sﬁ*"‘“\) — QM (g*TN) s the Qu\\-\:o.zk‘o% e
Lavi- Civita. connection o N. VI(¥4d) e twe \\oéﬁt dual o Yo
more usuwal Yeaciow. Tn \oca\ coordinakes (oc adoekrock index
novoxioa ) on N", muia\o.\u\ns o wore abstrack aorokiea on ™M

Vixdg) = d#dg® & Qgy dg®a wdgY,

At tis peidk an dovious analogy witn Ave  Yaag-Mills ackion -
ond equakions sprags Yo wmiad  (on ac\o.\o“ go.mi\‘\ow Xo mony
malhemokicians and  plhysicisys (e \alec Jetag  iakesesked e
harmonic mags wadee Yne nome o " EP( wmede\” , "o-mode\’,
or "eusrack olgebral Y. For hawnonic mags df e he analogue o%
She aouge g\z\c\ F ond V(43 =0 cegowes V(¥F)= 0. Recall
Trok in qamge Theories Faete s the Riandw ‘\&v.w\'\\\\s V¥ =0,
The cotresponding idearily Ndds ia e hasmonie case becanse
Tidg) = V(g*s) = g*VE where e (TN) oa N is the
Yautological geckon (KconedRer de\va) and T is exad\y The
herstion. o V. Now recal Yok Sha Yaog-Tills equoions are
spectol i dimeasica A4 (‘ot‘ms coc\%otMo.\\& lavasiaak) and Yok
Ywiskes eory  gives oa ’\\\um‘ma\’\na wow & \ocking ok them. T
s nokuca)l ko asR  whelner Ynere s an analegy o% this %M'
hosmonic maps.

The specal dimensiore Sor hasmonic mops is dimM =9
%\' Tea the #-opacaker is mt&otmo.\\ tavanaat  when adia
o \-Qotms. Thus, Ve ‘asmenie ?"\t\é\ equaMons Vi(kdg) =0
ort-mug{gtsk\gs coc&ow\u\\ﬂ iavaraat., For Eudidean Yang-tMils in
dmeasion 4 Thece ore spedal sdwlioas nomdy * %Q,\%—(&u.m\ )
AF = 2 F | wnidw soén’s% The w.c\ua.\iOﬂs 0s o toasequence o%-.
e Blanchi tdenkily Tn dimension 2, owever, %= -1 so ¥he
ox\n\og\m. o% ist\%FM\ con °“\,&:¥’fa,,*&9‘ = 1id¢g, For Anis %o
madRe sease TN musk be o complax buadle 0 N choudd be an
dmose complax waniell and wore speclally 'k is easiest Yo kalwe
N mm?\w,x. Trowt now ot N ia wade ?vow\'uom?\tx shone  (ore
ﬁ@c\ Thon the s\ﬂmses\: %vo.n’\\-c.). RBuk aow, wvea '\% N hag a
nicely - comgadshe  mdkrie , e, on Vermidan oae, ¥ is nob
necassonily complax Mnear, Trdeed ¥ berng comphex Maeac s
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equivalent Yo N beiag Kohber 56 ... ¥iahee stone gfoM‘nég
on. Now, § d&F s + sof-dua) |

Vixdg) = V(2idg) = £iVdg) = ©

oS rvequiced.. By The  Moca - Lichkeastain Theotem tha
#-opecakor o M i equivaleat Yo a comghax drnuchuce whine
# beecomes wultigheohon by 1. Thus, #dd = idg s ?"d”‘kj
The condition ¥nak &¢ be comPax aear , v 4 e
sdf-dunal weoas’ ¢ is “olomorghic (end aaki-edR-dual meang
ocnkbiholomos 9\-\'\6 .

Now . Yo the questen : whak hag Anis Yo do with
Ywiskor ‘\\\!«37. Twiskor Aresqy con be viewed o8 a w oy o%
doing eonRoem al geowmeray in dimeasion 4 (Soc o tongmmog\\ﬂ
f{%\\‘c—g\u&: s\:atﬂ). .“'\{s co.ﬁ \QQ_ c\w\5 RVYQYR, o&\‘Qt
compherificakion,. oce predaely, :% the ovzgtvm\ H-"go\& ie
R-analyke ¥nea the coalormal thruchure tolves oa o
eometrie s{%n{%iccmct s famely '\\\M\\ k-p\anes o&\w
"%ic\uq'ms* ko the complex. The Waed cotrespondence, for .
atomple, becowmes o simple seomerric coastruekion tn Yhe
complaxificabion. The same grocedure worke equally well in the
0-dimeasional R-analyHe cose (wWhere Ynece is no %n\t%va\s%\&ﬁ
condition onaleguous o "via‘u‘:-ﬁ\u& Y. Tn parRedlar, e wxisreace
o} Yhe complex struchute inducad wmy o eooRermal akmeruce in Ywe
R-analyKe cavegory (due Vo CGrousg), beecomes o rother simple
Summ.\dc chgecvalon | “Q—w Comdny - Riamonn equations Tea Yowve
on. o qeometric intecprevakion  whitk \Qm&g L \\b\gwot?\\(ti\a la
wodkly e tame way Yok Maxwal's equasas \end Yo e
Luoichred photon. — Moxwellls wquaons snould  be N&Q?&\!&. as o
4. - dimwnsiona\ varsion o% Yo Coudny - Riemann equatoas.
Withouk qeing tato dekauls & ie clwac thok oae sheuld Wope thak
comp\u{%im\im will  Yheow %toww,\da \"wg\\b on. haewmoenic
m&?pitﬁf QNM RiEMORNK c\u‘OLMS. “The Qurpese o% Mg acKele ¢
Yo expain  Quether upon Wnis Wege.

A hatmonic wopping between Reonaukre Riemannian
m«'\go\&s s n»‘mma\\em\\\\ﬁ \R—ann.\aé\-u. 0"3 t\\\Q\-{c'\\n), Thus, in
ouc case & WM a Riemoun suRoce and N Wiakler , one ean
complexily Yo obrain g LM > LN on some nignbourosd. of
M. Then ¢ will sabisfy o compronfied  verson of the hormeate
Rie\d oquakieas, To ideakify “nese <quakions ik 15 besk Yo rewdte
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V(kd#) =0 as Folows. The derivadive d¢ moy ‘e sgik
o ks sa\g~d~um\ and  anti-s8K-dumal pascks g =3,{-\-3ﬁ
usually colled e (\,0) and (0,\) parks, @‘Qo.“'\n.s< i mind ¥nak
VdH) =0 & %o\\ouas ak ¢ e hacmenic &3

V(B¢\= o ot w.qwivo.\en\'\a V(3d):=o0.
Tw Has %ocm [\ TS @ﬂu’-&‘f\\gotmt& Yo com?\tx’& . Stace ™M

and N otre already compghex | Wawir comghaxikicakions are
oSy Yo \dev.\i?i‘z EM = MxW , %or examp\e, whece YA
decctes e sweeth wmm'&o\t\ M bur Wit e mn&ugo&t
Weloworghice crucduce and M es &M s the tL'on(mL

(o > (e, /), T_‘; Fg: M2 N s holowmorpghie Ythea v
complexifieaon P : EM->EN s qwea % Co (p,3) = (ﬂ(v),a(zﬁ. |
T geaera)l o ReanalyRe g: M- N w\e mmp\m\% Yo only o
small wneighbourtood of M n §M 50 & s bek Yo wakavein
M _as a general wokokion Ree any  Aegibouchood of WM in

Mx W, A ndowerghic ¢+ EM -5 N ia ¥he owglanfieskion
o‘ g: M- §E ¥ sosfies the raalily ' cowdiMon

Ppg) = $2,9). e splng 4 =g +3d s now
wmoni{eshed geowerrically : afvec  complaxiticakon ; 3 veRars
L &ﬁ‘%&wn&‘\a\'\oﬁ o'\'m& M whisy \xo\&i.n& e T vodoklhe
Bred amd 3 cKees Yo dfGevakobon olong M with ™M
ocun"mj ?o.ro.ma.\'f(tm\\ﬁ. Twv otnee words  (\,0) - ?oﬂus umv\m(&\
Yo e co\oﬂ&wt hWuadle Yo M aad (D,\\—%ocms UM?\QM‘\% *o
We  covangent bumdhe - de M. Me onuadiont Voo N
cowphenities Kossu.«\\n% .‘kt \s R-cmo.\ﬁ\{g) Yo o “oloworphic
Yorston Rree coumedon. o §N | More genecolly , i§ L. is aay
\\o\omoc?\\ﬁe wanifold  with  hdewerghie  Yorsion  Rree ‘
counecion. V' thea we define g &M = L (nolemarghic)
Yo be hoarmonic \“ V(g) = 0. To invergree ¥nis
&cqm&‘éde.o.\\a \ee M > ™M be projecon eake Ywe Ricesk
Cockor, Thea ¥ a¥°(g¥TL) = Q2 (g*TL) can be
iakecpraved. o8 o reloadve connedron Vi on *a! (g¥T\)
ie. V‘,q.: \L*_ﬂ.‘ (g&*‘?\_} —y _Q“\., &v".ﬂ.‘(¢*"‘l—“ s‘*“"*h"“ﬁ

V\,._(?s) = ’?Vrs & igos, Thue Yf‘,_ﬂ: (g% TL) and Veaw
g¥TL waybe cancnically cegarded as Yhe pull-vade og o
buwdle aa ™M (siace » \,3 dimeasion vreosons \Q\us soma

simple Yopological restrickons on ‘e Elores of \L) Vi s
velakvely ?\m&). “QN%M’Q ,{ is Thoasonic ‘\“

¥ e Ol (g*TL) is covadank condravk an ¥we Roces ¢ w

or ,n ofer words, pushes down Yo o sechon o %he bualle



o M --S,u\ ?as\&w.\(\.r R *\Qr\“\s Qroves

Proeosthion: The Qece R o% B;K consisks c& Yhe g‘\\ams oﬁ
g EM -2 M oovec o diserere ik Kk coinks and, in
?M\{m\o.e 5 \DQS ﬂscm\'\ns s of &o,%cms e c_ow;?\ux dicecon
ot F) even % 30O =0 (unless By =0). O

This proposition 8 one & Yhe oy Sreps tn Y recenk

dassificakion o} ‘asmonie isorrepic. waegs Rrown  Riewmomn

suctones iato cowmplex projechve spaces (Din « ZokryewsRi,

Genera\ dossical soludons i e LR model , Nud. Phys.

BRI (%) 397-406. Dia o Bakrzewshi | Veopeckes of tha

genecol classical P77 woda) | Phys. Lol 458 (19%0), 419-429.

. Burns |, unpublished. Eelle & Wead ) Yarwenie wmaps gvow\

gue?a«s Yo cowplex pvo;\-u}viv-t sgoees | Univ. & Waew 3O

prepriat. \A%1). Rduoly, the whele cassRicodken Rneorem

cowplenifies rather wel. Becouse & would wolwa tnis

ovdicle fofher Yoo \eaghny s qo iako dobail T will jusk

descriloe gowae t& e way pota¥s, F\cs‘c\g W comp\wx'&'\em\ﬂm

o% complan projeckive space. An Wermitan Rorwa o V qives

dse Yo Yhe Fubini-Trudy wekde on PLV). The Wermiban Forw

ot V is the sowe os an isowmocghism Ve v% and o PLV)

can e complaified Yo PUWIx PLY¥). “he noural poidng

<,>: Vev¥> ¢ gives dsea Yo o £*- valued wekde oa

P x PUVH) induced by {(a,b), (6,8 = (Laye>, 45,4

o VoVE “Thie i We cowplaxificodion & Yhe Fuloini-Frudy

we¥ae ond Were s a doctesponding counackon, Tu 3«\“&\,

&‘mo.??ms #:EM >\ g sakd %o e isorrenic i“ . 8¢

and \Al&\l\.t. decvaXives o.\::\s M ase or\\-\osona.\ Yo ¥ and

higher detivalives along M. “This s Yhe cate %0(’ anowdle 1§

3 =0, Ta e case of L= POWIx P kb fa esseaally

\\us‘c i o\georo. ( olbuwil euaning al\gtoeca) Yo ghow Mok '\%

g: CW = PMNxPWV¥] e hamenie ond isdwopie Ywow so is

Dy dfuwed by DRSS = (3R - LBR,S7RKRS) , IS - LRAD/NRSY)

Cwhere. ®S) €M > Vx V¥ is o ARG 0% #  (woRe \oca\ ehoices

awd veu\t*\\ The proposition oloove i used Yo show Wk DO s

wal- dtkwed. provided. ¢ ovoids e quadnic (R,S)e PIVIxPLVH)

k. <R;s> =0} (D v_ss(m\w'.gu\\:} ). Ve W L\ms&%m\ioﬂ. 03“

| o

Tw W beske o% wot\de Waece would e o Lorwonie Qfé?

omologue o‘% 'Y T_em‘oug—\'qss\ﬂ'\n- Green. & Wik awbihwoister =

L

deseighion of YMS-M“\S. S"M is We anhilwister spoa Ror W, :&” |
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Mogre TwisToR FuacTioNnS FOR SOURCED (:IELDS'

LTn whih a .coa,(ie,c)@r{ from  Hae ackides Of
RP and TNR (n TN 1L ?.?.q*ZZ becomes o

Theorert ,  clad we sed wh elebne ookawo(.oéﬁ
descrbes  sourcad - Y

The (’9,3;*}}3 . onrd woXa ko A OS TN \LQ- \)P 9-23
CLr e CLssume erouﬁ\\m‘,d:' '

The %«MM .M:O/\,O(\‘)D(Q

We ceccdl . from MTINLY Mok a}-MADuLﬁ\A. a
wihe \Jou*{ehj of Halds Wit sowrce s the
cu\Altj\:w World- Line 5“(5) are.  demerks X
Hy (W, 00-4-2)) ,  Yhe ol —\wanded  Mascivell monopoie
Seem s ~ok o he | Ing\—p,a.o( J He %‘D(lowimﬁ
(/0/\:5&(}\41‘2_ Was  pade s

T heorem

There v an elarank oi Hi(%@’*) Lk CD(FQAFDNCO/K
“M% o Ha Mf*«\nwvﬂﬂcx Mascuredd MO/»OPDLQ_. To
evoluwatn  He {:L'Q,Q’“J» b Fokes Ao gs " ocnd wses
M wouad  conbvur 'L/u('ear;&, Tha can o»‘g e
done  locally | Hae  glbad obstuchon (e Hi(42))
humﬁ e c‘A—LrS&, | *

Lek s, be  swch  Haok p(agﬁ(’g,().—.o , ‘We_ ol
Wf;ﬁ, g: 'F‘Of“ ‘EA(SQ(S Ou\(/l S‘\,M;Ja_;"j ’F‘[).f 36:\" otc.

"LJ‘ L(Z) - 6o B

g (™)
et giar) v Soma ‘f\,omoe)&/w‘\t! +\ Funchoa af/lt,,,




3L _ |
o e ey F(é} a0 bhiskee fuacheoa  for

B (V3 W—WM ~menvpele | as can e seon

. .S\Alas\"\)rus)r\'«/\ﬂ in Lt co«'\/hrur‘ ‘ W%mﬂ forwda and
\LSCAjj  9Sx/gA . = ( ':3:3 0(311”3.)“, Ky o reduea U
b o fora r‘ewﬁm'saﬂa(& - o TN Uy

. F\U‘Mrvworo_ Y vs . claar b’j amovO«O%«j w M
W justidleakion [ of W coechure G TV pp
20-2\ Mook Hreon \uorre,ss'wvs (o W ‘
%(tr)') ) S\MQ - coijJL on HL(U, g*) .

I"W‘:‘) be a:g et b e Heat Bs 2

N
con. e W&v - aAWQﬁm,Q svmiloc o\(fu

A - D('é GQS
(erSe ) 5} o« § f3

Wy Relative CokoMoLOjj descrbes sources

Lok W ond Uk‘ \no. bw o (/opies d  « f\mﬁ\/x‘oow—
hood  of o pen o] culed sufec L. Let X
be W " space  obkaied by idedkifying Uend U
LD%,&%‘ oL f__., Suq;‘;ressi,)ﬂ H/\Q 3‘/\0,4 udour :
. ‘c,\/w'»cﬂz R V2 MOUU ~\iehocis seqmanie for u, u’
looks  Nire : ’ K

5 HI(X) —s HF(U)®H?(u') *'?HF(U(\L) —3 HP (X) =
Wk e can  woke a,é'l’kard,{re,z}"gu-lw o Hhe
e, wkoww\p%:j sequarce

SHE(W — BRI W) — W ()

ouh Y r\!?.lcu‘j ewiad e grance
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S HIU) > WU — 0. —> W) -
Tss v sea (b Woa Fve lorea i g seset) Mt

Cnfoa = HiWen ), oo

The cdovana. A alk Huia o Heak debds
oW souces ea W) hane bronda . stagulsrhias ..

. k@&éﬁﬁm"_&_d_@i&iﬂ-mgav&rw\_ﬁ ol a . nel MLM‘WO&Q_
d) H\o, L workdoUinewidh _\’t\.o/uz A ,.?9?\}‘; <) S L’u”ﬂ
(5%),%&:’«\/0\/\/&.& fld on ean shaedt  ond
Moz Yhe _redaded . aal . tha o oYher. < . .
X as dfued  abowe . A(a.,..u_..\)recéw‘lj. Y hosher
Space e SPoadu B Hua . double ¥ (proudsd
¥ ‘ YMW ik wcwm o |
Lo wg:j) N\ ;so - ona should QAOP—QA’* Heat™
edds T o Y deule covwer co(re/&?owi o
v elemenks | of RUX). . Buk as e saw abowe

W Kwe Wy

et s e s

' »oMiu&. I\W \;«3 H\L(u) ond (’m w
by H'(u'). L R
’;v T Wk pan vewgonak C)M:]\@S B ol of

o
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qu:(es\‘w Cowcor\Mu“Y Iﬂ\/a({&m’e Iv\VtrSe Tw:s+or FWS.

The CP° catewlos e{es/e\orzli recev\H\’ '”f/’ LPH aud TRH
lewds itself mu‘%’uf*aui Yo o focile +ro\u\s(eﬁ:ou§ betweeu 2rwm
he\i: '™ 5Fq(e+.‘me awd 'hu:sfor fus. T MV |“|) T discossed
T\.\Q (orrtsPouJMce +w:d~or rn-*—'? gPace"’.‘w\( -(\c\:(‘) lhere T
5~l4°~(\ sotline tlhe divection ‘Srqce'hw\c -cre_i':' —rtwoigter L.

_T'\'\E. Sc.g‘eu‘ ’F‘\Q‘clJ LQ{’ (P(XK(]) ’o? «’*mts‘" " “\v. awve o, V\L""J
c'c The }uc\c(r\‘c JU iw CP¥ rcrrtsexﬂ':vtj o Z.rva c:eh(:

En P 7€
Qdc, = '\)t'(c\’FJ ia The n‘o\nt—‘ They
ws dwx e @ (W)
ferd) = L,Q @ is a Ywitthee -Cv\ for (V

Pfc‘t .=, f,o-‘m"’

is 'c‘ogeJ Qv\o.\

| oo¥. = ¢ pdwdadwh . .
Prool. dw= 3/awlr324 @ A R
= wWe 27’ Veu V‘9 (P,]W«A dwhe q‘qp W 3 dwpdW

s w 1o closed. To shew that Tui ?(0:‘0¢C$ tle
corrcd“ “"wig,‘*'o(' ‘Fv\, i+ su'FP:ccg +o Qonsi‘JQf‘ A Q'Q\Mew‘fqry

S“‘w*é _
P =1/xA, A= 54

Then 4 Q@ LM LM \*
Jv @ = Jp wAW/(m)
L
MY (LR A iy
Jf Jw(w : wi i1 42

wl«:r_"\ {5 indeed ‘\j\a,e corree‘ twicter {‘V‘ Cor q)

- -1 -3 ~f
CHeliciby e vz . Let g @)eu(X), W () e g0 be
twistec Fw«, QV\J mgtr corrgsro»\ol?w:] L\Q(F(f{>7 ENTeY (}C(JS.
¥or u.vu! Ad. B, , e Lo uve S

A->1D32 ) s fPQ dw. 2121 A“Vd

g b f dwnE bu

WL\.LV\LQ ‘ QIQE‘L 3 = j(?Q G‘WQIDZ Vol g (|)
24 s Y dw.oaar T
Now , cov\'{-re\_c"'.’\ch with 29 awd  9/21%, res pective l\/)

9= -

(L dw.prr v g
W= 3:" dw- 2123 (9/91"’)»’(;
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Wi U T\he ,.Odc\ OF Tl e Trwa Qcit)od'.‘ov‘ (:;( Vi (TRH 'H,\es:s)
awd w  likie a\jequJ one caw :3¢+ Twe (\E:‘Aq"f Q?M&"‘Tum:
Q
g = [ adwe
|1 .

. ° h -1 -~y -
Helicihy 21 Let j(mr e @ (1), k(D eyt Le
Yw:ister Fuas qm41k4rr <otr¢s‘>o“4;MJ he\:cﬂ, xr | F:el-(s.

-\'\qc mna\dj O'F (‘-) Y

ko= [ dwoonpr 2/02b Yr

‘;u{f T\\( -\-r:c_\c oC co.\%ro\g"‘:»\ wﬁ“« ?“, 9/92" “o\‘s S iCce
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Integrals for generalerelativistic sources: a
development from Maxwell's elcctromagnetic theory.

by
Roger Penrose

Mathematical Institute, Oxford, U.X.

Abstract -

Maxwell's pioneering work on electromagnetism produced
a paradigm - a ficld theory of astonishing accuracy and of
1m5a%wmvwo'5mﬂ:msmﬁwnmp elegance and simplicity. One direct
no:mmmcm:nm of this theory was that the charge surrcunded
by a closed 2-surface S can be computed by integrating field
components over S. In general relativity, by introducing a
twistor concept associated with S§ {(taken to be spacelike
topological 2-sphere), the gravitational field near $
fenin 2) may be reduced to the Maxwell case (spin 1). The
resulting "charge" wsdamamww provide suggestive definitions -
for the total mass-momentum and bnmcwad momentum surrounded

by S. . ’ .

Donaldson's modull space: a

“model" for gquantum gravity?

by
Roger Penrose
Mathematical Institute

Oxford, U.X.
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Abstract

An unorthodox viewpoint is presented for a gquantum

gravity scheme in which linear quantum mechanics ané classical

general relativity wdw each supposed to arise as different
limiting cases of 2 single non-linear theory. It is suggested
that Donaldson's moduli-space for SU(2)-instantons may

provide a tentative analogy for such a scheme.

Spinors ‘and Torsion in General Relativity

by Roger Penrose

Mathematical Institute,
Oxford, England

Abstract

Conforaml rescalings of spinors are considered, in

which the factor 1, in ¢ !.nnym..»m allowed to be complex.

AB
It is argued that such rescalings natuzally lead to the
presence of torsion in the space-time derivative <a. It is
further shown that, in standard general relativity, m.
circularly polarized gravitational wave produces a (nen-local)
rotation effect along rays intersecting it similar to, and
apparcntly consistent twﬁw..nrm.woomw torsion of the m»amnmhsl.

nnrtan~Sciama=-Kibble nwmon%uA The results of these deliberations

are suggestive rather than conclusive.



