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Abstract

A discussion is given of certain electromagnetic fields associated with charges moving
with zero acceleration. Thesce ficlds involve zero magnetic ficld and the creation of charge.

1. Introduction

Recently, Chambers (1970) discussed the motion of charge systems
moving with the velocity of light which had associated with them zero
magnetic ficlds and charge creation. Tt is the purpose of this paper to show
that similar solutions exist, when the velocity of the charge distribution has
associated with it zero acceleration. An example of such a velocity distri-
bution is Milne’s Isotropic Universe (Mxlne 1935).

If the magnetic field is zero, the governing equations follow from Cham-
bers (1970). Maxwell’s equations become

-—%‘2=J VN (1.1a)
V.p-pi 12N (11b)
VxE=0 (1.1c)
The energy density of the field is
e E* +po N?) (1.2a)
" The Poynting vector is
~EN (1.2b)
and the equation of motion of a charged particle is
:;:—)wq(E+povN) (1.2¢)
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The rate of charge creation per unit volume is given by

2
VIN - }1%—, (1.2d)

Previously (Chambers, 1970) the problem was considered of a charge
system which was moving with the velocity of light. In this way the rate of
charge of momentum became zero and it became possible to write

0=E+po¥N (1.3a)
When this happens, it follows from equation (1.1b) that

=—~—{V (N)+~— (1.3b)
and substituting in equation (1.1a) a differential equation for N follows.
1[0 N
Ei[é—'(N\) +V.(Nv)v+—§;v]+VM__—0 (1.3c)
The Poynting vector becomes
S=povN? (1.3d)
and the energy density
2
W=1}poN2(l +:{,-) (1.3¢)
The total force on the charge current system within a volume is given by
moN? 12 , %
fd.nf.’l‘+jdd gy | ENdr (13f)

However, charge distributions moving with the velocity of light are not
the only ones for which the acceleration is zero. Writing

p=mv (1.4a)
The rate of charge of momentum is given by
d(mv)  fov
d == m(»a—' + (V -V) V) (|.4b)

In this case m is the mass of the particle and the velocity v is measured in a
frame moving with the particle. In this way m does not change, and the full
derivative of the velocity must be used (Chambers, 1969).
It follows, therefore, that if v is such that
dv

ov
.d-——l=—a—‘+(v.V)v=0 (1.4c)

the relation (1.3a) holds together with its consequences.
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2. Kinematically Isotropic Flow

Consider an kinematically isotropic flow of the type introduced by Milne.
In this
v=1t .1)

where ris thc position vector as measured from some origin. This satisﬁes

the condition

dv

="
The differential equation for N becomes, if it is assumed that N depends
onlyonrand¢

1[8(Nr 12(r3N\r oNr] oN
cz[a,( )+}'ii}‘r(“f)'}+—é}'7]+"5?=0 22)
This becomes
[ON.r_Nr 3N ONi? ONP) ON_
lor e 27 1 Tt artl o T
or on further simplification
oNr _Nr oNr?] oN
The charge density is
1 3N oNr  oN
and the current density vector is
aN 10Nr Nr
'{ =t a5 (2.45)
The charge creation rate per unit volume is given by
12N 13(,0N\ 13N
9=V'N 2 o’ rzar(r ar) c? or? (24c)

Two simple functions can be verified directly to be solutions. The first is

K/t (2.5a)
and the second is
N = No{l —r¥/(c*1%)} (2.5b)
For the first
p= —2K (2.6a)
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—2Kr

=" (2.6b)
. -4K
q= ‘c;—tg (2-60)
KZ
S }lo (2.6d)
K2 2
W=t ( ;Z—,z) (2.60)

This solution is not of any particular interest.
The second solution produces results, however, which may possibly
have physical meaning

-3 r? -3N
P=;2_‘1v0(1 _;i_'_z)= = (2.7a)
-3 r? ~3Nr
I-3 ,No(l ) e (2.7b)
6N, rt 6N 2p
o~ Snl1-dn) - ” @79

= o @1d)

!
t
) r2\2 r2 ) r2
W= i‘l-oNo {l“zi'—z} {l +2272}=in~ (l 'f‘E_i) (2.76)

The total force on the charge current system within a sphcre of radius r
is given by

[astm+ | M% @70

the third term in the expression (1.3f) vanishing by symmetry.
This last equation may be, as indicated previously (Chambers, 1970),
interpreted as follows:

(i) atension per unit area §eo E2 = }eg 1192 N2 02 in the direction radially
out,
(ii) a pressure $€,p02 N20? in the transverse directions,
(iii) an isotropic pressure 4{py N2).

It will be seen that all these quantities will vanish when N vanishes.

It can also be seen that a possible solution is going to be_given by ¥
having the form Ny(1 —r3/c?t?) for r < ct, and N vanishing for r > ¢t, as
for this distribution all the quantities of interest mentioned are zero, and
continuous across the sphere r = ct.
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In particular there is no energy or current flow across r = ¢f, ana on
r = ct the stresses are zero. Furthermore, for this system

v=rft<c (2.8;

always whenever there are non-zero fields, etc. Outside the sphere r = ct,
the value of v is not meaningful as there is nothing there.

A possible interpretation of this may be given in cosmological terms as
follows:

There is an electrically charged universe which obeys the kinematically
isotropic condition. This universe is continually expanding and its boundary
is given by a sphere of radius ct. The expansion of the universe is caused by
a continuous charge creation.
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