
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 
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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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ordered mechanism. In this case the 
observable variables of interest per- 
taining to the phases are related to the 
material currents in the paths as fol- 
lows: 

dt - 

and (1) 

dn2a 
hn 

ml 
_2 

nm2 

dt- 

where the dn/dt's are the rates of 
change of the number of moles in the 
phases and h indicates the material cur- 
rents in the membrane. Furthermore, 
the basic assumption requires that the 
composition of a particular segment of 
the current remains constant as it 
traverses the path, and that it has the 
same composition as the phase of ori- 
gin, or 

nl~ts =Nilik"m, hl'111 NP1kn11 (2) 

where NMa is the mole fraction of the 
subspecies of k within phase a, and so 
on. These equations imply that the flow 
of the subspecies is not due to their 
concentration gradients but is due to 
the action of a "pump." Equation 1 
may now be written 

dnla - N &1 - Niahizi2 
dt 

and (3) 

dtn- dt~ = 
2Pfl"11 - 

N2ahtm' 

To account for the selectivity exhib- 
ited by all membranes, one must fur- 
ther assume that a separate "pump" 
and pair of paths exist for every kinetic 
species. In addition, since the experi- 
mental evidence indicates that the flow 
of one species can depend upon the 
simultaneously occurring flows of other 
species, one must also assume that the 
pumps are coupled together in some 
fashion as yet undefined in physical 
terms. 

Alternately, one may assume that the 
material currents in the membrane are 
representative of spontaneous irreversi- 
ble phenomena associated with differ- 
ences in the temperatures, pressures, 
or compositions of the phases. The 
membrane merely acts as a resistance 
to material flow. Such a mechanism 
may be called single-path-random 
mechanism. Our observational quan- 
tities are now related to the physically 
definite "net" flows, the material cur- 
rents in the membrane, when the kinetic 
substance k does not participate in any 
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chemical reactions which may be oc- 
curring in the phases, or 

dn a 

dt 

and (4) 

dn2a = no 
dt 

No physically definite material currents 
as defined by Eq. 2 now exist, since 
each segment of the material current 
as it crosses the barrier suffers a change 
in composition. Equations 1 and 2, if 
now used, merely estimate the magni- 
tude of hypothetical currents which cor- 
respond to rates of transfer obtained 
by an equivalent two-path-ordered 
mechanism. In contrast to the implica- 
tions of Eq. 2, the material currents 
defined by Eq. 4 may be said to be 
actual currents, and they do depend 
upon the concentration gradients. 

Therefore, the comments made by 
Essig and by others, including C. W. 
Sheppard in his excellent book Basic 
Principles of the Tracer Method 
[(Wiley, New York, 1962), p. 165], 
are largely concerned with semantics. 
The physical meanings of "net" flow, 
inflow, outflow, material current, and 
so on, are to be found in the assump- 
tions, implicit or otherwise, made in 
the attempt to answer the question, 
"Why do material currents appear with- 
in the membrane of a unit transfer 
system?" In the quantitative descrip- 
tion of any system, the smaller the 
number of unverifiable assumptions re- 
quired to give physical meaning to the 
terms appearing in the mathematical 
relations representing the behavior of 
the system, the better the description. 

LESLIE F. NIMs 
Department of Biology, 
Brookhaven National Laboratory, 
Upton, New York 

"'Grantitis" 

I am prompted by the excellent 
editorial "The need for skepticism" 
[Science 138, 75 (1962)] to mention 
some thoughts which have long been 
on my mind. 

Over the past several years a dis- 
ease has spread rampant throughout 
science, until today it shows promise 
of becoming pandemic. The proper 
name for this affliction is "grantitis," 
and it exists in all phases of scientific 
endeavor. From my own very small 
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Fig. 47-Dissection of scdlivary glands and blood vessels of head and 
neck of fetal pig from Hickman-Hickman, LABORATORY STUDIES IN 
INTEGRATED ZOOLOGY. This figure appears approximately 55% larger 
in the manual. 
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