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Abxtrar~ 

& e o~ m g  ~ elee~c magn~t~'n~ whb a previously" developed scal~r t~ec~ o~" gr:-:vitafion 
is presented. The prin~p!e features of ~h~s ceuplir~g are: (I) z sl~,g];t ~d~.or-,~:e~ ~o the 
~ w e l J  equal~ns, t'2) ~e  mot~n of a charged~ partic!e safisfi:~ ~n ~ue:.iov. ,,:6~ '.he 

force ap~a~k~g on ~e H.~t gide i~ place of zero, and O) r~e ener~- denser: r~f 
the electromagnetic field appe~__r.~ b~+ ~be ~av~tEfic~.-~-~ fieId e~quafio: ~ a maturer s m ~ r  
tothe mass te_rm in the Klein--G ordbn~eq~dc~ ~'IT~c ~eld ofa s~at~c, 5ph~eatly ~rra'6e~xic 
charged p~,'ticie is computed. The electromagn~t~ g:~-:~ :gv,~ ~ to J/r ~ ~rre~ Ja the 
gravitational potential. 

Is! ,~ p,-ev.;~v~ paper, Lind6n (1972), a scalar theory of  gravity was 
developed, in ~ ~ s e ~ . :  article I should like to indicate how this theory 
:may be anified vdth electr~mag~tism and wha~ the consequent changes to 
Maxwetl's equations are. We s h ~  ~Ahere :~ " ~.~e MKS system of  units. 
Since the sp~d  ofl :gbtwas taken to ~>:: r e l a t~  io ~he gravitational potential 
through the formula 

c= c~e -:~ (1) 

then we must expect that either the electric permi~ivi~r or the magnetie 
permeability on both wilt be depender~t on the gxavitationa! field. The 
electromagnetic field tensor, F~# is derived from the v ~ t o r  potential A~ 
by the formula- 

F,~ = a, Aj -a~A, (2) 

and is explichly given by 

- .  (3) 
�9 % =  - ~ . . ~  0 - 
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:160 -'r. L ~o, t o t ~ . ~  

iia lerm~ o f c o ~ w a ) h t ~  c ~ n e a ~  we have 

~ --- ,  

wh~e we ~ave used the r~I~tions 

B--=/,d-/~ D = ~ E  a ~  

A/.~o~ the metric tensor has the form 

1 ~-C ~ p~ 

a , ( V ( - g ) r ' 9  ~- v ' ( -g) l~  (9) 

a~(V(-g) r*'O = o 0o)  

where Ar~ is the current density vector. In vector notationehese equation.s 
read~ 

V.(c~D) =, c#p (11) 

a(e~D) = e ~  02)  v • (c~n) a ,  

v .  (cB) = o (13) 

v x (cE) + ~ = o 04) 

I f  we. consider a system of  N charged particles, the equatiom of  motion 
and the field equations are derivable from a variational pdnciptr 

afdx" . . . .  ~"  0 (15) 
d 

The Maxwell equations are 

-E~ E~ 

(8) 

g,j = diag (eL - l , - I ,  - I )  (6) 

h a  C m ~ a a  ~s t~m ofcoordiv_~.~. We also define the dual to F U, F *u, as 

F*U = ~g-~'p,, (7) 

~ e  ~J-~~ ~ the Levi-C~vJ~ symbol  The dnai r~ads explic~ly. 
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where., the Lagrau~ean densffy is g'F." r  b): 

where e. i~ the charge of  the ~ partic]e~ v, is t~Se laormalised charge 
distribution times-v/-g and _r its coordinates. ~ i ~  defiuS~'on o re  is chosen 
by  the ana|ogy wiih a point ~ource in fo~r dknen.~on~ ~ , h ~  is given by a 
fot~-dimensior|al delta function (i.e. a pr~duc~ of four sL, n.p)e delta func~ 
tions) divided by v ' -g .  Before iea~4ng #.ese weHmi~ary cm~sidera~ions~ 
we note that the first term in the f r~  el~-rrom~zt~c field l~g,zngea~ 
density is 

SJc(B2--~ E 2) (17) 
where J~h~h~_~ and ~ ,,~, ~, lhe scale facio~ in a coordinate system 
in which the metric ~ensor is . . . . .  

,..aig~ee.gee~ density for the g~-~tatior~ ~ d o  and a ~y~em of N 
particles was shown in the previous paper to ix 

~li~e Lagrangean density for the combined gravitationN field, the eleetro~ 
rna~et~c ~eld and a system of charged parficles {s then 

= ~ + ~ 2  '~ (20) 

w~ere ~: is the .o..,~ta .... coupling the ele~roma~netic to the gravqrafional 
field. 

The variation of the ~ d o ~  
j d ' . , , z  

with respect to the z ~ gs the equatioe~ ~f ,.~odo,a. In doing so we shall' 
take p, and o-~ to be deha functions which gives 

dds[[4~, G(lco ~ + 4))2 g,~ +rce, vcA,] 

o . . . . .  . ,  "{ . - .  

= a z i [  

where we have dropped the Iabgl c~ on z's~nce it is clee~ this is the equation 
of motion of the ath particle.. 



!62 ~ L~ ~ ~r~D~ 

and introdoce z ~ = ~ a~ the, f fade~deat  v~riable. Then we b~ve tha* e 

W e s ~  
.4r ig  4~G 

and thus ~Js abou~ Ir ~e Ya.r~M/kg. Substituting from (24) into (22) ~ s  

O 
7~z~{�89 + ~)~gj~--e~l~cAj]~:  ~ (25) 

~ ( .c/ ,  ,) eJ f2.63 

so that (25) be.com~ 

d .  ~ I'm. ] " 

= e ,~o[~}vcA3-  ~,(~eA~)] J (27) 
I~ will be convenient to introduce t~he dependence .of the electromagm~i:: 

influence parameters, r and # On @. A ~uf3c~ent choice according to equa- 
tions (I) and (5) is? 

p = po e2r 

So that (27) reduces to 

+ ~)Z g,se:] 
rrt ~ c o  

The fight side of (28) is simply the Lorentz force acting on the particle. 
The action functional, .~, is depe!~de~t on the gravitational potential ~, 

the electrqmagnet.lc potentials A ~ and r~he coordinates Z~o of the Npa~icles, 
= 1,...N. We might express th~s dependence by the formula 

~ = .~  [ ~,  .~ ,,zl~ ,. z h ,  . . . .  zIN)] (29) 
"I" Prof. Poeverlein has remarked tO me tbat this choice has the e d v a ~  that the Wave 

impedance of  an electromagnetic wave is independent of @. This is a g ~  basis for 
making this choice. 
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f ~ e  has all in all N equations of  motions such as (28) by vao'ing the Z ' ,  

v a ~ g  @ wa have the equation oftl~m gravitational field. 
Now, the only tern't in the etectroma~etic Lagra~gezn, .Leg ,~fftic:~ 

contains the gravitational potestia!, , ,  is the first term~ which is written 
in t ~ s  of  B and Efield in line (i7) and this term depends only on r and 
not  i~  gradt~4t. Tl,us, *.~,~e t;.~a . . . . .  +;~,., r  . . . . . .  r  . ~  T : , d ~  t . . . .  k 
equation which is 

The left-hand member of(30) gives rise to the field equation For the gravita- 
tiona! field M ~ e  am.d has atre, dy been derived in the previous paper, 
Thus, (30) then becomes 

~. ... . ,4i9~ l e  x,~-.g~g- 

. . . . .  0 ' , )  

3t:~. vector notation for Cartesian coordinates (performing the integration 
~ n g  * = z~ ~ ~,e integration variable). 

- - : -  - ~  - -V ~, 
c~t~c  ~t j 

4,eV Z j (  _ , .  , ,  + iz 7 .+ 

-~r- - / 2 = + = - - e * ~ - - = | c B -  E ~ (32) ,~c o aq~ \ 

If  (31) is divided throughout by v ' - g  then the first term on the left is 
the wave operator, the second term is the eo, ergy density of  the gravitational 
field times 4xG/co 2, the tbJrd term is the energy-momentum density of  the 
material sources of field times 4riG/co ~ and ~.he term on the right is the e:~ergy 
density of the elec~omagnetic field times 4r~G/co z. The energy density of  
the electromagnetic field is known not to be an invariant. However, these 
interpretations suggest an invariant defi:ition for the energy density of 
the electromagnetic field as 

1 so 0 
d' =: " ' 5  ~ F u  F,~ ~ )  ( - -  - / ( - - g )  g '~ g~") (33a) 



a r  in the ~r~.J~si~u system this ~ , d ~  

- ,=.iyN.~B - ; e  ) 03b) 

quan~JVy in parentheses Js recognL~ed as one.of the Maxwell invariants. 
Thwt this indeed is the er.x~g.y density is cle~Jr from the fact that c = roe -2. 

t ~ t  ~ b )  b~:omes 

(In conventional units this is twicethe energ3' derts~y div.id~ by c2.) 
The same result is obtained in any coordinate system, since +.he acfi,rr~ 

{rfi~c~paI is made to undergo the transformation; so, for e-xzmple, the 
resu|~, of  a Lorentz transformation would be that (33b) would ~ead 

leo 0 I ,B,  z IE,~) 
r 

which is ~een ~c give " ~  ener~" de~iLv ~ the n='.v s me. 
The thh~ term on ~ e  left side ~f(31) which wa~ z~fer~g ~ ~ the eneL~ry- 

momentum density of  matter ~s recog~Ased a~ ~ ing  similar to. ~ e  w a ~  ot 
the ustual matter tensor. In fact, ~ e  dh%renfial of the quantity in brackets 
may ~ wfiv~a a.s 

2(i + ~) go + (I § ~), Ogu 

For weak fields, g~ may be expanded in a power series.;~ ~ about the 
MJnkbwski metric g~j. Thug 

so that to terms t i ~ r  in ~ these two term~ may be written as 

2(1 + #)g, j+ ( I  - , ~  t.~,) ~= "e-} **~j 

or 

2(, + +)  r,,, + (l + 

This term in the. field equation (3i) becomes 

4r~G',r C ds~,(x_zl=d[~ +,~+�89 d +~ 
Z m ,  j , , 

The deviation of the brackets from unib' represents the im~uence of the 
gravitational field and the state of the motion on the active gravitational 
mass. We shall define the active gravitational mass (in u,~its of length)of 
a bo~y as 



"I~a~ i~rfia] p a ~  ma~ may by definitio~ b e r ~ d  off from the equa.tioa~ 
o f  mot~oa~ T~us 

p m~ G 
V(-~)M~ = - ~ -  0 + ~)~ (~b) 

l ~ d  f i e  di~Ir~bmio~ of the p~rficle ~ot been choswa as &4(.~ __ ~o)  but 

and t ~  ~ ~ , u c t ~ c  of  matter would influvnc~ its motion. TNs wou~d 
mean a ~olatiov of  E~tv6s expe~enIs ,  i.e. a non, null result, in prindp~eo 
It is obvious, however, that to test such a sup~sitiori would ~,.*,'~ bodies 
with thedimension of planets. These two definitions of mass have a most 
satisfying interpretation in terms of  Azistote!ian metaphysics. The quantity 
rr~ is the i~herent quality and quantity of matter. It is the indestructible 
form from which the attributes of  active and passive mass derive. We may 
-~o  define an equivalent eJev-'tromagnetic mass-radius density 

�9 ~ t I G  8 * ~ ' u -  ,-, 

Similarly, we may defi~e a~ e o u i ~ l ~  mas.~-radi~s de~M~ to the 
gra~tationat field 

~: ( -g )m"=  I ~#(_g)gur  �9 05b) 

"Thus, 0 1 )  may be written 

where 

~r . \  

tn Cartesian coordinates with the dependence of  the speed of light from 
(!) introduced, 0 t )  simp!ifies to the form 

l O / l O e - %  ~ :  _. 
t ~ ~  at ) " 4=e -~ E, M / - 4 = : a ' %  -~ (56b) 

where now 



~ d  

For such velocities that ~, < 1 then 

The "e!ec~rem~gnetic rrras~" is thu~ seen to be ~pulsNe: Th.~s in~erpretatmn 
ig, however, quite crude ~i~.ce t~he e:aerg~: density of ~he C~troma~e~{e 
field ~ N~namably noi  Iec~Ii.~.d as ~ d6~a f~meNon. A be i~ r  ~nalo~" f ~  
ha~rpretation is t~ ~ found from we/co mechanics. The el~tromagnefic 
mass appears as a pe~enti~l wN! 

T h e  electromagnetic field thus acts as a dis?~'dve medium for gravita~, 
tional waves. The wave equation for gravitat~onaj wav~ ~s, ~f cour~,  
non-linear; ~n fact, writing out the D'a|embertian, (36b) reads 

where we ha~,e set 

It is ~ot obvious that wave soIu6o~5 do exist; however, to the extent tha~ 
~ e  equa~onmay be Iiae~risM, Le. 

f f = t - r  
we obtain 

~t ~ t-: e~ V z r  4r~ ~U �9 4~ ~ M, ~ ~5(x . . . .  ~' 

= --4~rM t - 4n ~ .,~f, A ~():-z(,~(t)) (38) 

FMd of  aSiatic, Sphe~cally Symmetric Charged P~ruc[e 

For this ease, the field equation (37) reduces to 

1 d [ ~ d e - ~  r ~ " mG~(r) 
- 4~M e- = -4r. ~ 7 (39). 

Let us denote the charge on the particle by Ze w!~ere E ~s ~.he charge o f  an 
electron (1-6 x 10 ~19 cou]) and Z is the multipI~ciV of  suc~ cf~rges. The 
electromagnetic mass density is g~ven by" 

eo ~:~ eo [ Ze  \z 
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The tn'evious~ made r as to how the electromagnetic infl t~ce 
~ m o . e r ~ ,  l~ and ~ ~b~Id f l e ~ d  on �9 ~ a  

The cl~troraagnctir mass density fl~n reads 

M a  .= t~Z  ~ ea 
2(4=yr ~ 

and is then independent o f  O. 
The t ~ t  t:~,o Max'~.~l| equations, (11 ) and (i 2) simplify in that c# = co/~o, 

w~ch is a constanL Also, the e-guatMns of motion, (28) simplify. The 
right-hand side redu_rz~ te the familiar expression for ~ I_oremz force. 

Equation 09) may be ~ritten 

I d f ,  zde--~\ e ;. . mGb(r) 

where 

8rico 2 

which ~s J~ numerical terms approximately 

e =  lO-~2m 2 x Z  2 

I f  ~e e~. ,~z  th~ ~o]mio~ to (4I) as 

e - e  - 1 @ mG =-f(r) 
C.O~ f + �9 

t~ .n f ( r )  satisfies the equation 

F~d~ (r f ) + 7 ~ k  " ~ = ~  
Co 2 u - .f 

(42) 

(47,~ 

We seek so!ufions wh{ch vanish at infi~,!b'. Thus, we assumed a series 
expansion of the form 

r 

Substituting into (43) and solving for the cc~ffic~ents we find for the first 
thr~  

a l - O  

a,-{-r 

mG 

12 
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and generally the recursien f0rroul~ 

r 

so t~ . t  
mG t~ e2 G Z2  

e"~= 1 ~ c J r  ~.,r.cJr 2 + "'" (t4) 

I f  we apply these resul~s to  a pro~or~ we find that approx{matety 

1, r 2 

The  quantity I0 -s4 is the gravitational radius of  the p r e t en .The  two terms 
ori the r_igbt are o f  the same magnitude at r -= 10 - ~  m ..For ~ e  sun the  
grav~t-~ona! radius is 1470 m. It is bard to imagine _ha~ , ~  seemed te~a 

F. " ceatd  be  impt~-~n: for objects the size o f  stars. In fact, for a sta~ ~xe s~ze 
o f  the san in order tha~ tl~s term should be comparable with the l i t  te~m 
~-woultl requ~e i ~  ~ free p~o~,,5~_ 

St#nrruTr v 

T h e  coupling o f  the p~vious!y deve!oped sc;de~r t h e o ~  ~ . . . .  ~vitat.;on 
t o  the electromagnetic fieMhas been accompL:shed. Tt~e coup,;rig ce~stalvd 
is determined to be about I0 -as. The speed o flight and the e l e c t r o m a g n e t  
influence parameters are given by the formuias c = coe-2~ p = ~oe -'e and 

--=~e 2.. The Maxw:eI1 equations read in vector notation 

V:D = p  

8D 
V •  

V. (cB) = 0 

V x (cE)+  = 0  

So it is only the last two Ma• equations which are altered by the 
gravitational field. 
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