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On the possibility of unifying the electromagnetidield
and the gravitational field

By Gunnar Nordstrgm

Translated by D. H. Delphenich

It is indeed one of the great services that the thebrglativity has provided that it
made it possible to characterize the electromagnegtie sf the ether by means afe
vector, namelyMinkowski's six-vectorf, while two field vectors were required for that
in the older way of looking at things. However, thasgbility of characterizing the state
of the ether will become untenable as soon as osan@s that there is also a
gravitational field in the ether. In the theoriesgodvitation thatMie () and I ) have
developed, the gravitational field in the ether was giwea four-vector. If such a theory
corresponds to reality then the state of the ethérbeicharacterized by a six-vector and
a four-vector.

We would like to denote the components of the electroetagsix-vectors by:

fry s Fyz s Focs s g s Fau s

in which we have sat = ict, wherec is the speed of light. For the components of the
magnetic field strength and the electric field strength one will then have’}:

-ﬁxifﬂi_f’ etc. } )
_IQEX I __fux’ etc.

We now further introduce the following notations for tteenponents of the four-vector
of the gravitational field in a purely formal way:

fuoc s Fuy + Fuz 5 fuu

(in whichfyxw = — fux, etc.) and writing down the following system of equations

() G. Mie, Ann. Phys. (Leipzig}0 (1913), 25.

() G. Nordstrgm, this Zeit.13 (1912), 1126; Ann. Phys. (Leipzig0 (1913), 872;bid. 42 (1913),
533.

() H. Minkowski, Gétt. Nachr. (1908), 58.



Nordstrgm — Unifying the electromagnetic and granatetl fields. 2

any +afxz +afxu +af -
dy 0z odu 0

O O, Of, O

0x dy Ou ow
X 4 any + afzu + af -
ox oy ou 0
any + afuz + afuz +% -
dy 0z o0z ow

afvvx +any +afwz +afwu
ox o0y 0z Ou

x

=

—
<

Ol Ol Ol Olkr, Olr

0

N

2

e

E—h

O , O, , Oy

ox o0y o0z
af afu afyz

4 y+
dy 0z oOu

anU + anZ + afZX e O

0z O0x oOu
0f,, 0, . Ofy

yu + ux 4
ox dy oau
0, , Oy , O
dy 0z ow
Ofes Oz, O _
0z OX oOw

a]()’W_i_a](wx +afxy :O,
ox o0y ow

anW +afWX +anU :O’
oXx oJdu ow

afuw + any + afyu - O

dy ou ow (1)

Oy , Oz , O _
ox ody ow

:O’

:O’

:O’

These systems of equations are both completely symonnelative tox, y, z, u, w.
Naturally, they have no physical meaning to begin witlmweler, if one sets all partial
derivatives with respect ter equal to zero then one will find that they go to thédfie
equations for the electromagnetic field wheniy , i, , i, are the components of the four-
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current, and — (&) iw is the rest density of the gravitating mads (The first four

equations in the two systems &faxwell’s equations in the form thainkowski gave
them, moreover. The last equation (I) is the fundaatemguation of gravitation, and the
remaining six equations (1) express the irrotationalftthe gravitation vector.

That meaning for the equations (l), (I) shows thas justified for us to regard the
four-dimensional space-time as a surface that is embeddedive-dimensional world.
In that five-dimensional world, thi, are the components offae-vector, and thefm
components of &en-vector, the latter vector characterizes the physical sibtee ether
completely. The five-dimensional world has a distisped axis — viz., theraxis. The
four-dimensional space-time is perpendicular to that ad the derivatives of all
components of with respect tav are equal to zero at all of its points.

The components of can be expressed in terms of a five-potential with the
componentsby, ®y, ®,, ®,, d,, such that for each componentjpbne will have:

_0®, 09

= ——m 2
™7 m  on @)

Upon differentiating equations (1), one will find theléaling relation for the “five-
current”i:
%4.&.}.&4.%4.%: 0, (3)
oXx 0dy 0z Ou oOw
and for that reason, one can prescribe the followmgartial differential equations for
the five-potential:
0P, N 0o, N 0D, N 0P, N v, _ 0, @)
ox o0y 0z Ou ow

°d, 0D, 0P, D, 0 1.
2X + 2X + 2X + 2X + 2X x1
0x ay 0z ou ow C
°d, 9D, 0°b, 0D, D 1.
x> oy* 9z ou® ow c"

(5)

(For the sake of space-saving, only the first and lagsheffive equations in (5) were
written out.) When those six conditions are fudfil] the expressions (2) will satisfy the
field equations (1), (I1) identically.

() 1 understand that to mean the quantity that | denotegbyin the cited paper; one then has:
1.
“w=g 0.
One can indeed introduce the notatiarfsy , @ fuwy , a fuz » @ fuu , in Whicha is an arbitrary real or
imaginary constant. One would then havgi, = gv. However, in the presentation of the impulse-energy

theorem, it will be shown that must be equal to + 1 er1 if the last equation (1) is truly to behave like the
other ones.
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Our formulas (1), (I1) also make it possible to predt¥ie impulse-energy theorem for
the combined electromagnetic and gravitational field imified way. In order to get
that theorem for th&-direction, one multiplies those four equations (1) tledéte to the
remaining axis directions by, fx fw fw resp., and the six equations (Il) that contain
by fmn , wherem, n mean the two remaining indices, in their correct sequehae enter

into the equation in question. The ten equations thusrebtare added, and a simple
conversion of that result will give the desired theare
We would like to present the theorem for thdirection — hence, the energy theorem

— and must then multiply the first three equation®yl)ux, fuy, fuz, resp., and the last one
by fu . Furthermore, of equations (1), the second, third, Fgueighth, ninth, and tenth

must be multiplied bYy, fz, fxy» fwa fuys fuz, resp. Upon adding the terms, and after some
conversions, we will then get:

fu{am 2 +afmj+ : (afyx 9l +6fwj+ fM(afm L, +afmj
gy 0z ow ) Yl ox a9z ow ox oy 0z

+ fyz af_zu+ afuy +fzx afxu + afuz +fxy af_yu + afux
dy o0z 0z 0X ox oy
fUW

m{aa +afxujﬂwy(af_mafyujﬂm(af_maf_mj
X 0w dy ow 0z oOw

+ fux afxu +fu af)’“ +fuz a](zu +fuw a](WU
ou ¥ du ou ou
+ + + + + +
Fe ou Fax ou Py ou P ou Fo ou Fue ou

1 . . . .
= E (Fux ix + fuy by + fuz iz + fuw tw).

A simple conversion will then give the desired equation:

0 0

2 Byt T Fnd # o B+ o)+ (o 49
X oy

0z ow

1 a 2 _¢2_¢2_¢2 2 2 2 2 2 2
+§%(_fux fuy fuz fuw+fyz+fzx+fxy+fwx+fwy+fwz) (6)

1, . . . .
:E(fux1x+fuy1y +fuzlz+fuwlw)'

The quantities in the parentheses on the leftre&omponents of a five-dimensional
tensor, and the equation will then have the form:
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oP, 0P, 9P, 0P, AP, _
ux + + uz + uu + uw - u - (Ga)
ox o0y 0z Ou oOw

If one multiplies this byic and set9P,, / dw equal to zero then one will get the
energy equation in its usual form. One then findsXtfatmponent of the energy-current
is:

o, 0D,

S = C (T o + Fuz o + Faw i) =€ (€ 2= €, ) = =0 ="

(7)

The last expression is obtained by means of formulaand)2), and the derivatives with
respect tow that appear in them are set to zero. In vector-aoahotation, the
expression foS reads:

G=c[e§] - af;w Od,, . (7a)

One likewise obtains an expression for the energy tyeinem (6) that reads:

1{ oD
Y= Z{C’f +9H%+(0,)*+= (atj} (8)

when written vector-analytically.

That expression for the energy-current and energyitgleisscomposed additively
from known expressions for the relevant quantities ie #lectromagnetic and
gravitational fields, and that is, in fact, the desiresluit of our considerations.

One easily sees that the statement in the footmotgp. 3 is correct, and that of the
components of the ten-vectpand the five-vectot, only the ones that are provided with
an index ol are regarded as imaginary.

One will get four other equations by permuting the indine=guation (6). The three
that refer to spatial axis-directions naturally exptéssimpulse theorem in a well-known
way. After introducing the field strengths and the grawiteal potentiakd,,, the equation
for thew-direction will read:

—dlv{ 1 a; }+_13( 0o,) + {53 €7 (00,2 + (aq’ j}

26 ot
1 { . 6CDW}
C R VI
when written vector-analytically. For the time tigi there is no reason for this equation
to be worthy of a physical meaning.
As we have seen, the way of looking at things thas presented above offers a

formal advantage in that the electromagnetic aadigtional field can be regarded as a
single field with it. Naturally, no new physicabmtent for the equations is given by it.
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However, | do not exclude the possibility that the fdreyemmetry that was found might
have a deeper basis. Nevertheless, | would not lilgotmto the possibilities that one
can imagine in regard to that here.

Summary. It was shown that a unified treatment of the eteoagnetic and
gravitational field is possible when one regards the ébmensional space-time as a
surface that is embedded in a five-dimensional world.
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