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ABSTRACT 
A "mpl: dc:nnllon oftbe 1C'!ICllIhud Held equ.alIOll ....1th III SOlIn>: 1I:.n, II 
pou~nted b)' rcsma,"I O\lI'5el'~11tI a 1ocaI1" ,nm..,) f'r:lme It rNuOCS to 
EmSla.a', rlCld equallOn ,,'ben the la,gnmgQll III lmlW Asswtu"8 thc 
memc to be MlIlko\\"sklllll. SImple soIUII0D5 for !he $l;;l.lu cur.'lIturc Iho" 
tbe c-~lIlencc ofI shan range field and the e""SlIOn ofJ1lI,.Il4t>Oml ,,-a,~ 
b) ab,r«ts ..boch hJ.,e stron, field!! 
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11\TROOlCTION 
EltIswn I t.hcor) of Ocn...,) RcIW"t, ((, 11 101 Jten ~I oncoftl>.; b'8 
sc,cnltfic acbJe,cmmu that 1\;1, e ca"...-d ,onl,okr.lble dlan~1 In <oncepa 
of .sp;>Cc. tome ;u,d m.:Inc. It 81"" a oor~t dncnpuon of a ,",,",bel" of 
j1&\113UOOW phrooonena. "lncb:l.8ra'\1" un _,cal ob.er"ilt"-'"! 10 
a ~ degree: of prec'~'on In 'pile oftbcsc 1",,,,,,,SlC' GR suffe,," f,om 
OOII'c..ablc XI ,bock! f or "",ance, ,he<Olmologocal moold b.l~ un II 
IlUlfctt from <:etI~ , ~ c05mO~1 problems In add'IlOO". Ihe I13lun:<Jl 
some asltonom,cal C\otlClt ulCludlllj qllllS>Q and pul'Qrl, "I\o:,c Iht SIron, 
r!(ld 'S JmSUmod 10 be I"",dom"" .. ", II d,fljC\lh 1(1 b.' under$lM In ,em'l 
ofGil' 
\I:m\ a!l<."mp'5 " ....~ n--.k 10 !O bnond GR "'moos Im"5C, the 
i~n;:nll.ted r,eld EqllJu,"l!IIGFE) "hoch,. tl:ls.:d on Dm(R@CI'Io:ral form 
of fQUnh orde, ddfcrcnual cqtIJUO" III tho; bo..-Sl candldal, 1M ,5 due 10 

Ph, ,".5 o...,wtmeul ("oIlcg~ orSc,cnc. ISl !> I ~ 

"Sudan Insum,~ of "'~lIollJl S"'''~~I. \1m,." ,,[ Illg!>.; r Edll<!;lllDII 

\'01 !!i):OOI '" ' (' '''':''''' 



19una!ofSoencc &ThGbpglOlY i.WuUy.... 

!he StlC«llSCS 01 hlaher orOcr dttonCi In mUt!I& Ihne probkms 
iXIIItroU;,bk (. -,.." 
In IIul paper 6 new ~Ic Oerl\OII100 oftlleGFE ",1m a KJUrcc term III 
done b}- .oop.... aloc.aJ')· ,n1:rtDl frame In 1«l1Oll 2 lb: GFE rcdllCel to 
OR .. hen (he Laanns"" IS hno::;lt Cons,dlrina the: metrIC to be 111:11 of 
fill !pIOt, Jlmpk solutions for the: scalu eul"-ature 3.~ obtluned T'bcR 
soIullons Ind,caIC o;XUlcnu 01 a i.hort range field ~ the: po$$'blht~· of 
enumng gl1l\~lIItIonaJ wna ...'hen Ihc ficld IS strong. I.C ..h"" !be 
~n eonJlSts of ~ quadraue term. lbc:Jt upccIl ~dlKUssed ,n 
I«l,ons J aDd 4 rupcd.I'-cly, 
Z THE GENERALIZED FIELD EQATION IN PRESEl'ICEQt' " 
SOURCE 
The: ORE ...;q /if$( obtamcd b) Lanczos llJ and ahanall'cJ) dcnvrd b) Ail 
E1-TaIu~ III All EUalllr's appro6C.b tile ridd c:quat~ a~ dem'l:d from 
the pnnc:lple of 1e3.51 aeilOll by Wang the: ridd variable to the: mclOC Itnsor 
a.. The awon InlegDl III lIus thCOf)' II I"'OU13nl and depenm on 3. 

funccum rcprftCnung 1M Ugrangsan de",~), and dtpc:ndln, 1lI thc scab, 
Qlrvatl.l~R I'l 

f .. j(~' .g,..Ag,."o,.g••J- Ii L (R) 

Whcre L ISIhc: Ilclltl':lll..,._ densu} ",,,h ­

".~:~ '" 
Thc: lfoCuon .ntegnll II swen b) ­

I • Jf{1I~ ,g~•.o~g~~.aT~II"')d 4II 

Confinllll 1XlnC1~ 10 6 locally inertial hme and wb,eeting ,his I<;hOD 10 
,-anallon so thai Ii1-0, and InTc&/'IIlJtII by part! !hi: foO(M'UII cq~tlOl1 is 
_~d 

ar a[ar] " [ IX ]l'B"" = lIx~ oe~g"" - ex(iJx.' ltO,).!!I.1\I (I) 

The Laaran81a11 L ..:111 be wrmen as I sum of"",o pans. tbc firsl~, L 
rqlR$fntJl\i the~..w.onal field aDd the JCQ)nd lerm".JIarIds for 
IIIIIncr fieilk II1cluding Ol'lltnary ITWIeI 1,. II1d YKIIWII energy den$1I)' 
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• iJ~J [.;gl.' c~,·)., I.: /gc"'~) 0). ~' 0, R 

• "gCI"·).T[R L" +R R L"')vS .A.T ).;1 

:: ,[g{BI'VS~l - 81118 '"1 XR.A.l L"+R).R;, L" ') 

'" .JAr I." (g I'"g).Y R.l.;, - gill>8"" R..,R... ) 

+ L"'(g)WIl~Y R R. - R~ R")I (7)).., ., 
... here!be local IMnW (11IJTIe secures 11K repiaumcnt ofrhconl lllary 

ckn''lItivc by the to\1Inant one and laking .;g IIIId c.....¥ DUlilde !be 

differential operator Tk relalion 

gIl"R .,,,-c"R .. 
I! me tD'...nalW 0 ' Altmbert opeBtOl' In 'lew of eq.I3tionJ f'), (6), and (7) 
eq.I<IUOfI (I) IS gwen by 

R R -R R I+L"(& 1L" '(g ~• g~ ..1# J> •• ,. 0
1 R·R ..... 

J J (I) 
- L' R~. +28~.L - 2(T~oo) - g...r.) - 0 

,.h!c:h IS the onIlnaf) GFE "llh a touru term 

If "c OOIISldcr linear Iag~ L . PR and "llh II '" -
I 

,y",: 0,
16:tG 

equation (8) n:duca 10 Euwcin'. field equalion 

RI''' - ~SI"'R " -8ltGTI"~.) (9) 

J SHORT RANC': FI nD SOI.unOS 

Comrawng the GFE Ca) II) g... to Ke ho,,' the field ofa «rtam slar look:! 

like wilhin me framework ofme GFE )'lC lds. 


L'R-2L-L'''R R· I 2 
a'R- ... ' "'-~ - - r (I~JL" 6L" 0(..) JL" ~ 
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1110: IOIOdo;I " dlrr",-. fn)ftl GR It Jh.o I,.,-MIIII:IIIlennl 0( hl(l;hcr order 
111, 1Idd..d ~ ,,",pi.. bl~" II.. one ..hK;h COIIIliU r#. ~ 
I~rm bo.3Ido: Ih, 1-. I • .,.," ,~ 

, 
- oR ' III , 

lb.: ~O,"Iaa.:d ~'qIIIoU1On d,u~ bo.:ctlml;5 

R PR.~.;."'~ (ll)
60 12a Ja. 

Tho: field of a,,~ owl;uoo SQ' ';vi be dCliCnbcd b, .. JUlie '&OIJDpK: ml:UlC 
"h..IC Ihe nOIH .. n,.h,n3 cunponenq lln.: gl\~n b\ 

n.:n ~ UJIIlI I~ 1d.M~p lUI 1ft 1121 ~d nc:11..~"UIII the ItlI-"'u"".-,.., 
1 ... 82j3Pl\ 

II .... -I R R{- - )J .. -- R+- --- . - III' 
A. ~" 2 1:1 r 6a l~a Ju. 

In ~ CI~ "hen R .. R (J CQIIiWIt. equ.1l00n (I .. ) )leldl 

( 13) 


Tht mtalo, Lh;!1 R!HIs the c,"llo:tltt ofboth m.lIlCf".! \XWnl. and one 
un COOI$oda IIWlcr and 'Xllum be"" .. a fr~n 1J1iI"U,11IlNl field In 
Olber "Ofd~_ the COIIIQnl bad<1r'~ud 3J3'll3l1oml r"ld man,r..-su IlRlflll 
1M form ofmallcr and. ~ao:uum 
Equ;ttoc. (I') 0' \Cf\ c~, and hiPI' _hneal bDI • QII be: 
mnphf1N ~ .ot....... the IDClI'JC ID be: fbi ' .1 t 

A-fI,B .1 
1lw;m'on: • tilt qoOn (IOQI(\;: Ih, SOUret equal'''" ('''1 ,,;.io>ce5 10 

R.2R Il_R.;.lL (161 
, 6a la 

T(I.oh.,: cquauoo (I6), wnsKkr a JQluuQa oftlw: fQJm 

(17) 
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Joun..,1 OfSCI~nc, <t .L:.d'''!'lYIIL- '-':i.l. I .;,.: <1.... 

Pun",,· ~qU3lJorI' 171 '" I'i<), Idds , 
CIC· P~I. "! 
--=-e~lll.r R - -~t,p(,r 
r· bur-kr. 

,,- ' , i Ii rR --:- e.<l.p' (I~I'> ':;\'60 • '. " " .la IOn ]a 

"h,·...: , " Ilr , , ... • 
c...:lud.:d cond.llon'. " " "'" R ) () D. .. ~ T,' ",,;-.r.-,., k In l~rrM afrh.:po<'~[Ial"""""""" 

1JU.1" \hnl,..,,, sklall appro"""'l,,'" "'" here 
g' '1' g '1u(1'1"'C -(1*1+1 

[ , 

.,"- V ,

" 1 


R "Sr.G,. •.h:G~ OQI 


,n ",..., or ~,,\Ullon, (I N) and (1<11 one:: g"~ 

C, ' P 
oIt.o.8nG,~ ~~P-V6Qf 

Till'; e'prf.lSlall fur Ih..: pyl.·nll,,1 ...:~e",bl~ the Yuka,,>! pul~n!Jol ~nd 


Iherefure 5hO>'5 111(' ~\I'!ICllCC or n sllOn rJ11.!I~ ua'-'IJ[,ullal f,eld or a 

pos5ible link bc1\\ """ 1',ta'".lllO,lllal :md slronS nuc1C:\f fUll;\; 

4 GR.\ \ITATI O'A I WAV!::.'j 

COO"tdCf lloe l,o-;"lIll1l~ 0' emitting grn"I\;lIIQn.l' "I'<:!o b, I cemun $OlJrC/; 

111 c"'pn SjXlLC In fl"l:c space. equatiun (ll) b...cumc~ 


lit ~R (21 )
6a 

T~nl:\ II1la ru:cuunllh~ cool\ltJ\ltt~ condlllO<I til ~mpl) Ipace IX)U~ljOn (21) 
I"l:ads' ' 

clf? i? v~ j}
(-"--, --,----,)R-=--R
&t J C} - (Iz- ci\' 6r.t 

and on.. oflhc possible soiullOO$ II 
R '" RBI sin(1ll1 - k r) (2l) 

... hich lea,ds 10 , 
t .~ ~_1.... - , ­ (24),. 6a 
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l1!!!Lrqll.'rX!~nc, A. Tc\."""""*""_ ___ ........ J .. _~ 

11.. ""n .;an.,h,n& f.,,,,,,,...\ modo.: ....0'" !h.' ~b,ht' uf <!lImong 
!r.I"t;at,,,rI.l' ";a",, b> a «ruJII !oar ,,10," ~ do.: .Ul....,~ fidd pn.....m;abh 
dcn'IW", .~ , .... <"nmooll,," of thr '1.....uat.. I~.~" n Fn.xn 
1:qU:U_ ( I'" an.! (!'I th~ pd~"'~ It '''0:<1 b. _q...... ,... \!~ I 

• JI .. t,.. njut k q 

lh.. tr.I\clhnJl ,,~,~ wluhun ~''1 ,,"11 ,h, .,,,.nU~ ~..cd tI...lo"" on 
Ihe orb" penod or b,,~ pulAr, """,h "as au\llt'rOd W fX\;". bo.>.:.""", 
"1,,,m cmlllcd JP'lI' ,LlUOfUJ "I. (:j 

5 COftCludinl Mfm.rl.~ 
Equ~I'on . 1 " ~t he" the cur.:uurc of pm: ,n("ea«:, Ill, e"olJl~ of 
D'WI~. Th~ facl 'lui dicerE "nil a OIOUnx 'CIon fI.-ducn ,I.' GR ,n ~,,~ 
fidd IlIn,' ,no,I,ca';::a llul II sbarcs ",III (JR.U IIS",,"'_ ,n Uwi IUIII1 
1M IOIuCIOIlI cI lho; GrE d,ff", from do<-.: ur'GR on nun, mpo><.'IS r,.", 
of all lIIc ~abr """<>I1IfI: don nat .~h ClUUo<k ,hi: _...:e ,,,,\.,,,<1,. 
'he C~Pft$I_ ror !be: pot.;n'~1 me,.. 5 1M nlJlcncc 0" tbor\ rwwe field 
or PKSU~ I pOilS,ble hAl ,,"" 'U'OnII IIlIdew for« 00 lIM: ,1110.:. hand. 
the ,,,,,,,'Ionl ,,~\..: sol",_ II III conform!!' ,,0 tbc I«rnIl. ObSC:r\cd 

ded''''1Ii In oro" pcnod of\he bl~ p"...." 
6 AC"",O'" U :OC\I£ 'HS 
11Ic au'lIun w,~ dr.:q,h IrJ,eful 10 Pfl:If E \I Ahm.;d (or h'$ useful 
sugga;IoOlll On\! of !be aII,Mt$ \I D,ra•. "ould h~~ 10 ,ronl. ,he 
IIlICrn:aUOIIaI ('clller for TbeaulJcal P',, ~IC'. lncslc, and ,he S"cd..h 
Aacnq f<)l Rescan:h Cooperauoa ",.h Ik>('lQponl: Countnfs. SAkeC 
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