
Letters 

Time Dilatation 

in a recent article [Science 137, 18 
(1962)], Sebastian von Hoerner of the 
Astronomisches Rechen-Institut con- 
siders the general limits of space travel. 
It is a fascinating discussion, but it 
appears to me that von Hoerner is 
making unwarranted assumptions when 
he attempts to apply Einstein's rela- 
tivity theory to biological time. In his 
defense it may be noted that he care- 
fully indicates that his estimate is 
based on relativistic formulas. On the 
basis of Einstein's theory, von Hoerner 
concludes that 60 years for a crew 
member aboard a rocket attempting an 
interstellar trip of 760,000 parsec will 
be equivalent to a life span of 5 X 10 
years on earth. 

Einstein's relativity theory states that 
t- = kt where ti is different from t and 
the difference depends upon k, k being 
dependent on velocity. This equation 
became a sensation through the pop- 
ularized interpretation that the rate of 
a timekeeper depends upon the velocity 
of its motion. This has never been 
proved or disproved experimentally. 
Einstein's theory, being based upon 
these considerations, does not permit 
the conclusion that intermolecular bio- 
chemical reactions will achieve essen- 
tially steady-state kinetics when the 
system is moving at a high velocity. 
The time dilatation concept does not 
provide evidence to indicate that a 
twin on a rocket moving at a velocity 
nearly that of light would live 5 X 106 
earthly years while his twin on earth 
lived 60 years. The mathematical equa- 
tions of Lorentz and Einstein fit certain 
-phenomena of light as related to time 
and to space. These equations also 
apparently fit the decay: pattern of 
mesons. There is, however, no justifi- 
cation, in the absence of experimental 
verification, for assuming that these 
mathematical formulas also hold for 
the intermediary metabolism of the 
light process, which is primarily based 
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not upon the velocity of light in an 
ether but upon intermolecular biochem- 
ical reactions transcribing what is 
known as an unsteady kinetic state in 
a semiclosed system. Indeed there is 
no known causal means by which 
greatly increased velocity could alter, 
without destroying the very biochemi- 
cal basis of the life process, those meta- 
bolic changes which are responsible for 
the aging process. 

L. 0. PILGERAM 

Arteriosclerosis Research Laboratory, 
Minneapolis 

I would first of all strongly recom- 
mend avoiding the concept of "bio- 
logical time" as possibly being differ- 
ent from "physical time" or "atomical 
time" or the like. Because the intro- 
duction of this concept would mean a 
more drastic break with classical phys- 
ics than the one due to relativity. 

We describe positions and move- 
ments of objects in a frame of three 
space coordinates and one time coordi- 
nate no matter whether we are regard- 
ing electrons, complex things, living 
beings, or stars. There are no different 
types of time, just the time as one of 
the coordinates of our frame of ref- 
erence. We may of course measure the 
time by different means, like atomic 
clocks, watches, the speed of biologicXa1 
changes, or the rotation of the earth. 
But it is always the time we measure- 
just as there are no different types of 
distances. 

In classical physics many properties 
such as time, space, and mass were 
considered absolute properties; the time 
interval between two events, the length 
of a rod, or the mass of an object were 
regarded as being exactly the same 
when measured by different observers 
under different conditions. The first 
slight break came within classical 
physics itself; it was found that an 
electrically charged moving body, for 
example, has no magnetic field at all 
as seen by a co-moving observer, while 

an observer at rest will measure a mag- 
netic field connected with that body. 
It is found that even at moderate speed 
electric and magnetic fields are relative 
instead of being absolute. 

Einstein's special theory of relativity 
now states that time intervals, lengths, 
and masses are relative properties 
rather than absolute ones. Even the 
concept of simultaneousness is aban- 
doned for two events occurring at dif- 
ferent places. But all of these relativ- 
ities occur only if the velocity differ-., 
ences of different observers are com- 
parable to the velocity of light, which 
lies far above all of our every-day ex- 
periences. Time, now, is relative, but 
still it is the time, one of the four co- 
ordinates of any frame of reference. 

Consider a rocket with a velocity 
close to that of light, as seen from the 
earth. Within that rocket all processes 
will develop at their' 'usual' speed, if 
time is measured in a co-moving frame; 
no differences will show up between 
atomic clocks, watches, and biological 
changes. (Otherwise one could tell the 
velocity of the rocket just by measuring 
such differences within the rocket. This 
would enable one to define an absolute 
frame of rest, and this is impossible 
not only according to Einstein but ac- 
cording to Galileo, too.) But, as seen 
from the earth, the time scale of this 
co-moving frame of reference will be 
different from the scale of a frame rest- 
ing on the earth. Any moving frame 
will show such a difference, no matter 
whether it is co-moving with elemen- 
tary particles, rockets, or living beings 
within rockets. 

Another statement of relativity re- 
gards the mass. If we measure the mass 
of some object in a co-moving frame, 
we will get the same value (its rest 
mass) at any speed. But measured in 
a frame resting on the earth, the mass 
of the object will increase as the' veloc- 
ity of light is approached, just as the 
mass of the earth will increase as meas- 
ured in the frame co-moving with this 
object. 

These and some more statements of 
relativity, awkward as they may ap- 
pear, are in full agreement with all of 
our experiments up to now. It has not 
been possible to check all aspects of 
the theory in all details, but no expert. 
ment, as far as I know, has ever con. 
tradicted relativIty, while a lot of I 

ex 
periments do contradict classical phys- 
ics. We should not forget that the idea 
of a round earth, without people fall- 
ing ";down" on the other side, seemed 
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just as awkward a while ago. (Again, 
"down" turned out to be a relative 
direction instead of an absolute one.) 

Experiments have proved the time 
dilatation, but only in the case where 
two frames of reference pass one an- 
other in unaccelerated flight. No ex- 
periments have been possible for the 
case of returning objects, but they may 
be possible in future years. Artificial 
satellites still have velocities much 
lower than that of light, thus their 
time dilatation is extremely small. But 
with the best atomic clocks we could 
build, it would become just possible 
to measure the difference. The only 
problem is how to build such a clock 
small enough, and capable of working 
for many years without any mainte- 
nance. 

S. VON HOERNER 
Astronomisches Rechen-Institut, 
Heidelberg, Germany 

Flow through a Permeable Membrane 

Leslie F. Nims concludes in a recent 
article [Science 137, 130 (1962)] that 
"the rate of flow of a tagged species 
of a material substance through a per- 
meable membrane is proportional to 
the rate of flow of the substance itself 
when, and only when, the species mole 
fraction of the substance is the same 
on both sides of the barrier." This con- 
clusion is disturbing in view of the 
common assumption in kinetic experi- 
ments "that the flow of tagged material 
is proportional to the flow of normal 
material" [L. F. Nims, Yale J. Biol. 
Med. 31, 373 (1959)] (italics mine). 
Is not the difficulty resolved by precise 
specification of the meaning of the 
word flow in a given situation? 

Thus, Nims's Eq. 1, from Harned 
and Owen, 

f-ns _ zsk 
k dx 

relates to net flow of species s. Even 
when derived directly from Newton's 
laws of motion, net flows rather than 
unidirectional flows are involved, since, 
as Nims has pointed out [Am. J. Phys- 
iol. 201, 987 (1961)], it is the "drift 
velocities of a species" which are 
being treated rather than "thermal 
velocities of the individual molecules." 
Similarly, his Eq. 12 

(-list _-Nih8 + Mex RT d )d N, 
dx 

depends also on the application of the 
Onsager relation, valid only when fluxes 
7 DECEMBER 1962 

are related to conjugate forces derived 
from an appropriate dissipation func- 
tion, which again would involve net 
fluxes. 

Accordingly, while Eq. 12 indicates 
the need for considering the gradient 
of the mole fraction of a tracer in relat- 
ing net flows of tagged and untagged 
species, it does not seem to invalidate 
the common use of tracer isotope to 
evaluate unidirectional flow of un- 
tagged substance across a membrane. 
When tracer is added only to the 
source side, assumption of equivalent 
kinetic characteristics of tagged and 

untagged species implies that every 
molecule, whether tagged or not, has 
equal probability of moving completely 
across the barrier, hence that unidirec- 
tional flow of tracer must be propor- 
tional to unidirectional flow of un- 
tagged substance from source to sink. 

ALVIN ESSIG 
Massachusetts General Hospital, 
Boston 

One may assume that material trans- 
fer through the membrane of the unit 
transfer system phase a, membrane, 
phase /3 is accomplished by a two-path- 
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CAT CAGE SMALL ANIMAL OPERATING TABLE RAT RESTAINER RAT, GUINEA PIG CAGE 

In this vast new Princeton Plant, Porter-Mathews' century-odd, metal manufacturing 
experience has been combined with the most modern manufacturing facilities. 

Porter-Mathews' small animal cages and laboratory equipment, both deluxe and custom, 
are sturdily built . . . designed for efficiency . . . made to meet the 

most rigorous requirements of those we serve. 
Our design and developmental staff is available for consultation to all interested 

companies and institutions. 

CAGES . . . Mice to monkeys and chickens . . . and RACKS, of 
stainless steel, galvanized and aluminum. 

RESTRAINERS, STERILIZING CASES, AUTOPSY TABLES, FOOD FEEDERS 
and WATER TUBES of stainless steel. 

Deluxe and Custom-made 
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,,'* PORTER-MATHEWS' CATALOG, LOOSELEAF 

AND ALWAYS CURRENT, IS YOURS ON 
REQUEST. USE THE COUPON ~ X 
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immediate attention. BELOW. __\C 
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