
most of the abnormal development 
which follows exposure to oxygen-de- 
ficient atmospheres. 

The significance of these data may 
extend beyond that of interest in chick 
embryos subjected to hypoxia. Vascular 
anomalies have been described in 
mouse fetuses subjected to anoxia (7). 
A comparable syndrome of edema, sub- 
cutaneous blisters, hematomas, and 
maldevelopment of adjacent tissues has 
been described in mammalian and avian 
embryos in deficiencies of pantothenic 
and linoleic acids, after administration 
of the redox dye trypan blue, as well 
as in Little and Bagg's famous mutant 
strain of mice (8). Is it not possible 
that some of these agents (and others 
too) and hypoxia have a common mode 
of action-that is, an interference with 
oxidative metabolism and the accumula- 
tion of metabolites? 
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and the general theory of relativity is 
clarified. 

Conformal transformations, connect- 

ing an inertial observer to a non-inertial 
observer experiencing a constant accel- 

eration, were developed by Bateman 

(1), Cunningham (2), and Page (3). 
Further interesting work on these trans- 
formations has been carried out by 
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Engstrom and Zorn (4), Robertson 
(5), Hill (6), and others. 

This report applies the conformal 
transformations to the problem of space 
travel and establishes the equivalence 
of the resulting formulas with those 
obtained by standard relativistic meth- 
ods. It also discusses the physical sig- 
nificance of proper time in space travel 
and clarifies the relationship between 
the conformal transformations and the 

general theory of relativity. 
An observer in an arbitrary frame 

of reference in general experiences two 

types of gravitational fields, which I 
shall call the real and the apparent 
gravitational fields. A real gravitational 
field is produced by bodies consisting 
of all types of elementary particles, 
while an apparent gravitational field is 

produced by the acceleration of the 
observer's frame of reference. Accord- 

ing to Einstein's ideas, there is a certain 

equivalence between the two types of 

gravitational fields, but this does not 
mean that they are indistinguishable. 
In fact, in nature it is always possible 
to distinguish between the real and the 

apparent gravitational fields. For in- 

stance, the gravitational field around the 
earth can possibly be produced either 

by the matter contained in the earth or 

by an outward acceleration of the sur- 
face of the earth. Since we know from 
observation that the surface of the earth 
is not exploding, we must conclude that 
the gravitational field around the earth 
is a real gravitational field. It is also 
evident that a real gravitational field 
must vanish at an infinite distance from 
all gravitating bodies, while an apparent 
gravitational field can exist even at in- 

finity. A frame of reference in which 
the apparent gravitational field vanishes 

everywhere is an inertial frame of 
reference. 

We can easily pass over from one 
inertial frame of reference to another 

by means of the Lorentz transforma- 

tions, but a passage from an inertial 
frame of reference to a non-inertial 
frame of reference is not so simple. A 

particularly simple example of a non- 
inertial frame of reference is one in 
which the observer experiences a con- 
stant acceleration (7). The relation- 
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stant acceleration a. Let the space ship 
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= rYi ̂ + 9~- - 
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where x is the distance traveled by the 
space ship with respect to S, and t and t' 
are the times of travel according to the 
observers in S and S' respectively. 

Differentiating Eq. 6 with respect to 
t, we obtain for the velocity of the space 
ship relative to the frame of reference S 

atvI:+ a2t2 -j v 
0- )t ( )(7) 
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where m, is the rest mass of the space 
ship. 

We shall denote the proper time of 
the observer in the space ship as r, and 
find the relationship between t' and 7 
wiithout involving the arguments of the 
general theory of relativity, which will 
also throw new light on the physical 
significance of the proper time. 

It seems reasonable to assume that 
the most significant units of time for 
us are the periods of atoms we are 
made of. For, if the periods of atoms 
were to change, the rates of chemical 
reactions would also change, and the 
process of aging within our bodies 
would proceed at a different rate. Thus, 
in order to measure how much different 
observers have aged between two given 
events, each observer must assign the 
same value to the periods of atoms in 
his own frame of reference. For sim- 
plicity, let us confine our attention to 
the period of a hydrogen atom, which 
according to the semiclassical Bohr 
model is given in an inertial frame of 
reference by 

T 2 ih c 47ch 2' mc \ e2 ) (11) 

Now the basic equations of electro- 
dynamics are invariant under the con- 
formal transformations, but this invari- 
ance is obtained by assuming that the 
rest mass m of a particle transforms 
into a different rest mass m'. Therefore, 
to the occupant of the space ship the 
period of a hydrogen atom in the space 
ship is given by 

T'o 
h 4Ch 2 

, 2'c e472 (12) 

We must replace t' by a new time vari- 
able r such that in terms of r the period 
of the hydrogen atom in the space ship 
acquires the value shown in Eq. 11 for 
the occupant of the space ship. This 
can be achieved by defining 7 by the 
relation 

mf 
dr= m- dt'. (13) m 
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We can obtain a similar relation for 
the proper distance for the occupant of 
the space ship by requiring that each 
observer assign the same value to the 
Bohr radius of the hydrogen atom in 
his own frame of reference. 

By integrating Eq. 16 we get 

at' ar 
2 =tanh -2 , (17) 2- 2c 

so that Eqs. 4, 5, and 8 can be ex- 
pressed as 
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values in the frame of reference S, it 
has quite different values in the frame 
of reference S'. In particular, the g44 

component of the metrical tensor in 
S' is 
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which agrees with Eq. 15. Thus, the 
conformal transformations can be re- 
garded as a special case of the general 
relativistic transformations of the space 
and time coordinates. We have also 
shown that the physical definition of 
proper time, in terms of atomic peri- 
ods, is in complete agreement with the 
ideas of the general theory of rela- 
tivity (9). 
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for at least three cycles in constant light 
and temperature, and hence can be con- 
sidered endogenous. Plants from which 
the nucleus had been removed by severing 
the basal rhizoids showed no modification 

(23) in the photosynthetic rhythm over a num- 
ber of cycles. The nucleus is, therefore, 
not immediately essential for the main- 
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Conversely, a mechanism for sustaining 

(24) time-keeping must exist in the cytoplasm. 
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