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where a Is 1m arbitrary constant and x(p) an arbitrary differentiable 
function of p. It Is found to be a transform of Schwarzschild's external 
solution: 

ds• = (1- dt2
- (1- dr2 

r• (de• + sin•edcp 2). (7) 
If we put a = 2m and x(p) = 1, (6) reduces to 

ds• = d-.•- [1 ± V2m-r]-•'• dp• 
2 p"'" 

• [1 ± V 2m"J''" (de• + sin•edcp•), 
p 2 p•i• 

which Is connected with (7) through the tran!Jformation, 

r = p [1 ± V2riil "]
213

, 
2 p• 2 

-r- -r0 ± 2 V2m (p•l• ± V2m-.}'• ± 

2m log ( 3 _ )11• 
P* ±- v2m-. 

2 

v2m 

(8) 

(9) 

T, being an arbitrary constant. The Jacobian of the transformation Is 

o(r,t) = (£)1/2 (10) 
o(p,-r) r 

Comparing (7) with (8), we find that the former gives fiat space 
when m = 0 or as r--+ oo, while the latter does so when m = 0 or T = 0 
or as p .... oo. The form (8) requires m tp be positive. For (7) one has to 
assume that n is positive. The conditiOn (3) Is fu1filled for (7) only as 
r--+ oo, while it Is true everywhere for_(8)'. . 

A detailed investigation of the new hue-elements (8) will be published 
elsewhere. 
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A Simple Proof of the Lorentz Transformation 
IT appears that the following proof of the Lorentz transformation, 

which occurred to me when preparing a lecture on relativity, is not 
generally known among students of relativity, though I would be 
surprised If it has not been discovered before. 

Let :E (x,v,z,t) and X' (x',!/,z',t') be two systems of reference in_uni· 
form motion with respect to one another. Let the X· and x' -ax!s be 
in the direction of motion. Let v be the velocity of :E' measlU'ed m :E. 
Its value depends on the scales adopted_!!\ :E for the measurement !Jf 
length and time and also on the defimtwn of synchronism used m 
I: for events In I:, We assume that the scales and the definition of 
synchronism used in X' are such that the velocity of :E measured in 
I:' has the value -v. 

It then follows that the transformation formulre are: 

y' 
x' 
t' 

y, z' 
fn(v) X 
j 21 (v) x 

z 
+ fu(v) t 
+ fdv) t 

and that the transformation matrix 

F(v) (
fn(v) /12(v)) 
j 21 (v) j 22 (v) 

fulflls the postulate 

F(-v) 

(1a) 
(1b) 

(P1) 
Let now I:• (x" 1/',z",t") be a third system of reference with its 

x"·axis parallel to 'the x' -axis and moving along the latter with the 
uniform velocity v' as measured in X'. The matrix of the transforma
tion I:--+ I:' is then the product matrix F(v')F(v). If, on the other 
hand we introduce the intermediate System X' so that its velocity 
in :E is v' and hence the velocity of :E' in I:' is v, the same transforma
tion is given by F(v)F(v'). Hence 

F(v)F(v') F(v')F(v). (P2) 
The two postulates (P1) and (P2) together with the definition of the 
group parameter v suffice to evaluate the four functions /a:(v). 

By writing down the four equations (P1) and hence forming the 
determinant D( -v) = det[F( -v)] it is seen that D( -v) = D(v){D(v) = 
1. Hence 

D(v) det[F(v)] 1. (I) 

The four equations (Pl) then reduce to 

fu(-v) = / 2o(v) (2·11) fu(-v) = -j12(v) (2·12) 
/ 21(-v) = -/21 (v) (2·21) j 22(-v) = fn(v) (2·22) 
of which the first and the last are Identical. To these equations (P2) 
adds one, and only one, new functional equation : 

fu(v)jf.1(v) = fu(v')/J.1(v') = invariant = o•. (3) 
The results so far ebtained may be summarized as follows : 

F(v) = fu( -v) = -fu(v). (II) 

We now make use of the definition of v as the velocity of :E' in I:, 
that is, v = x{t, where x and t are corresponding co-ordinates In I: 
of the point x' = o. Hence from (la) : 

V -fu(v)/fu(v). (4) 
Since / 12(v) is an uneven function of v, it follows that / 11(v) is an even 
function: 

fu(-v) fu(v). (5) 
Hence the matrix F(v) reduces to 

F(v) fu(v) • ( -via• -n (III) 

From (I) we obtain 

fu(v) [1 - v•j0•]-1'"· (Ilia) 
From the last formula, or more convincingly from the theorem of 

composition of velocities, it is seen that the invariant C is the limiting 
velocity. 

Since the postulates (PI) and (P2) can always be satisfied by a 
suita,ble choice of the definitions Involved, it appears that the Lorentz 
transformation has a more general significance than seems to be 
widely believed. Indeed, the only question left for the experimenter 
to decide is what signals have the limiting velocity C, and what Is 
its value in a given system of units. In particular, the Galilean trans
formation does not logically contradict the J,orentz transformation 
but is its degenerated form for C = oo. In order to establish the 
Special Theory of Relativity, no other empirical fact need be used 
than that for any given system of reference the velocity of light 
is the limiting velocity. 
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A Generalization of Special Relativity Theory 
IN an attempt to treat gravitational and electromagnetic phenomena 

simultaneously within the framework of the special theory of rela
tivity, It has been suggested' that the Maxwell-Lorentz equations may 
be generalized to five dimensions and derivatives with respect to the 
fifth co-ordinate equated to zero. One may similarly generalize to 
five dimensions with special relativistic dynamics of a continuous 
medium, identifying the extra components of the mechanical stress 
tensor as follows: 

Tllr. .= cj, c1p, c•ao, 
where j, p, a, denote the current, charge and rest-mass densities, 
Assuming that this macroscopic tensor may be added to the corre• 
sponding microscopic tensor characteristic of the field, it is found that 
associated with a gravito-electromagnetic field there exist charge 
and current densities given by 

cj<!J = R x F - 6E; c' p<l> - E·F ; 
where F = - V Q, c6 = tJ, and Q is the gravitational potential of 
the eonsequent scalar gravitational theory. 

These equations imply that mass and momentum, but not charge 
may be created from the field at points ·unoccupied by matter1 and 
that, although charge may be carried by the field, the net cnarge 
radiated per unit time over a distant boundary by an accelerated 
charge vanishes identically. It also follows that the charge and current 
densities in Maxwell's equations should include p<fl and j<ll respect· 
ively, so that in general they are non-zero even in material-free space. 

Not only the rest-mass but also the charge of a particle are shown 
to be functions of the gravitational potential : 

m0 = m,00 exp.(Q{c'); e = eoo exp.(Q{c'). 
Hence the force between two particles tends to zero as they approach 
each other indefinitely. 

The assumption of fiat space-time with 
0 

ox• = 
0 

yields a scalar gravitational theory similar to the earlier theory of 
Nordstrom' and leaves out of account the remarkable successes of 
the general theory of relativity. The results to which the above theory 
leads should therefore be treated with caution. Nevertheless, one 
is thus able to formulate a relativistically covariant special theory 
from which the Infinite forces of classical electromagnetic theory are 
absent. 
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