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though the complete story here clearly
requires consideration of meaning, as
well as of information” (p. 115).
Translation is only a part of the broad-
er problem of dealing effectively with
the content of scientific literature.
Arguing by analogy is confusing if
the analogy is not a close one. With

| respect to mechanization of the han-

dling of scientific information, the prob-
lem is not that of designing something
equivalent to a high-fidelity system for
the reproduction or transmission of
music. We are not merely trying to
develop means for undistorted repro-
duction or transmission of scientific
writings. A closer analogy might be
the mechanization of some or all pro-
cedures involved in handling written
music so as to facilitate searches for,
say, compositions of a particular pe-
riod in a particular style, rhythm, and
tempo, in which a certain combination
of notes is used. The essential problem
then would be how best to obtain and
to store coded representations of the
compositions’ characteristics and con-
tents, in machine-searchable form, so
that compositions with the desired char-
acteristics could be readily identified—
after, of course, first determining what
musicologists are likely to want to
search for.

I don’t know for whom Taube speaks
when he says, “We are only interested
in storage and retrieval systems because
individuals can index material. .. .” It
is clear that many persons doing re-
search or administering funds for re-
search in this field believe it worth
while to explore the possibility of
mechanizing the indexing process or its
equivalent. It is important, of course,
to work on the engineering problem of
efficient manipulation of index data.
Such work, however, will contribute
little toward the broad problem of
mechanizing the retrieval of scientific
information if the indexing, whether
human or mechanized, is poor. Mecha-
nized information-handling systems will
serve us well only if human analysis
and indexing of the “input,” or what-
ever mechanized procedures may substi-
tute for-them, are sufficiently reliable
for scientists to have confidence in the
systems.

HELEN L. BROWNSON
National Science Foundation,
Washington, D.C.

Doomsday

The article “Doomsday” by von
Foerster, Mora, and Amiot [Science
132, 1291 (1960)], although perhaps
written and published with an obvious
tongue-in-cheek attitude, has received
some publicity in the newspapers, and
there is danger that it may be taken too
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seriously. At least one well-established
biological fact has been omitted from
the calculations: in human beings it still
takes about 270 days from conception
to delivery. This fact sets an ultimate
limit upon the productivity factor a. If
we consider only the reproductive fe-
male population (assuming the presence
of enough males to maintain the neces-
sary conception rate), it is apparent that
the doubling time cannot ever be much
less than 34 year. If von Foerster’s
equation is valid until this doubling time
is reached, the curve at this point has
to depart from the power function and
revert to an exponential,

N = e-of,
where a cannot exceed
0.69315/0.75 = 0.925 yr.
From von Foerster’s Eq. 12,
o« = 0.99/7,
so the power function fails at
r = 0.99/0.925,

or 1.07 years before ‘“dooms-time,”
when the world population would only
be, from von Foerster’s Eq. 11,

N =179 x 10"/%®
=1.67 X 10",

a value which corresponds to a popula-
tion density less than 5 times that of
Japan at present. Of course, males and
children add something to the problem,
but 1.7 X 10'! is far short of infinity,
so there is still a ray of hope.
J. S. ROBERTSON
V. P. BonD
E. P. CRONKITE
Medical Research Center,
Brookhaven National Laboratory,
Upton, New York

The essay in doomsmanship of von
Foerster, Mora, and Amiot is to be
commended. With the exception of
their remarks about Malthus, their con-
clusions are essentially correct. I say
this because essentially these same con-
clusions can be arrived at from Mal-
thusian principles.

People who are without food and
water for any extended time die first of
dehydration and then of starvation.
Hence one can predict with confidence
that food and water supplies, F, will
limit human populations (deserts, high-
way U.S. 66, 110°W, 1960). This idea
can be expressed symbolically as fol-
lows:

dN/dt = kF (1)

where N is the population size, ¢ is the
time, and k. is the rate constant for the
conversion of food into people.
Because food supplies are ultimately
limited only by available carbon and its
rate of conversion into food by solar
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energy, we can also predict, also con-
fidently, that the limiting rate of food
supply is constant. The rate of food
accumulation is zero, however, because
the limiting population is hungry. It is
also certain that in order to reach a
limiting population, all surplus food
supplies would have to be consumed, or

N'-:Nmux, F=0 (2)

Substituting Eq. 2 in Eq. 1 and inte-
grating, we find, sure enough, that the
human population becomes maximal;
thank goodness it wasn’t infinite after
all.

It should be carefully noted that the
limiting population may turn out to be
larger than that estimated above be-
cause people may become smaller.

In conclusion, we should not sell
Malthus short. His work in theoretical
demography is so nearly contemporary
as to make one wonder. There is a
solution that has not yet been suggested
(except by Swift, for one special case):
cannibalism.

WiLrLiaMm E. HutTON
5133 Waterman Boulevard,
St. Louis, Missouri

In the article “Doomsday,” the as-
sumption is made that the fractional
rate of growth of population will in-
crease with the population; conse-
quently, as the population becomes
larger, the fractional rate of growth be-
comes larger and before long exceeds
the maximum possible rate of increase
permitted by the biology of the human
species. It seems obvious that such a
theory has no relation to reality and is
of no value whatever in predicting
future populations.

It is possible, however, to use the
methods of this article, starting from
more plausible assumptions, and to ar-
rive at population growth curves which
not only are in agreement with the facts
of the past but which do yield helpful
suggestions as to how the population
will grow in the future. Such a formu-
lation has been made, in accordance
with the ideas of Raymond Pearl re-
flected in Eq. 2 of von Foerster et al.

The basic assumption is that the pop-
ulation increases at a rate which is pro-
portional to the product of the popula-
tion and another term which is equal to
the supportable population of the region
minus the population itself at that time,
all divided by the supportable population
at the same time. This is the same as
Pearl’s basic differential equation except
that he calls the so-called supportable
population the ultimate population and
treats it as a constant. In the new for-
mulation the supportable population is
considered to be a function of time—
namely, a constant plus another con-
stant times time. The resulting differ-
ential equation is easily solved in gen-
eral form, and curves have been con-
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structed in terms of general parameters
which make it possible and convenient
to extend the historical data of popula-
tion of a given city or region into the
future. The assumption that the sup-
portable population increases with time
is in agreement with the assumption of
von Foerster et al.—namely, that sci-
ence and technology do increase the
ability of a region to support its popula-
tion.

Using these theories and the set of
curves that have been constructed, we
find that the population of the United
States agrees remarkably well with the
appropriate curve from the family of

curves referred to, starting with census
data for 1790 and ending with data for
1960. The simpler logistic curve of
Pearl fails to give agreement after 1940.
One’s prediction of future population
of the United States depends of course
upon the choice of constants, and this
in turn depends upon one’s estimate of
the rate of increase of the ability of our
territory to support the future popula-
tion. Whether this ability increases
linearly with time or at a faster rate
seems to me to be a matter of conjec-
ture at this time. In any case, such a
formulation does offer promise of as-
sistance to those who wish to predict

by
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future populations, and the absurd re-
sults reported in the article “Doomsday”
should not discourage us from making
attempts of this sort.

W. E. HowLAND
Purdue University, Lafayette, Indiana

The article by von Foerster, Mora,
and Amiot would be too ridiculous to
comment on if it were not such an out-
standing example of the inadmissible
use of mathematics to prop up a mani-
testly absurd conclusion. I suppose that
the authors are aware of that absurdity,
although the tone of the article gives
little ground for the supposition, but I
wonder why they are not also aware
that such articles run the very real
danger of increasing the mistrust that
many have always shown even of the
legitimate uses of mathematics.

The article is so easy to criticize on
the basis of the too free use of unsup-
ported hypotheses (particularly Eq. 3)
that I shall not do so. Instead, I shall
show that even if the stated hypotheses
are accepted the conclusion does not
follow.

It is assumed in the article that the
“productivity” « of a population with N
members is given by

a = aoN"*

(Eq. 3), where av and k are constants.
The authors then use the “fact” that the
rate of change of population is given by

dN/dt aN

aN' + Ve )

to conclude that N goes to infinity at
some finite value (A.p. 2027) of the
time.

[ wish only to point out that this non-
sense does not arise if one only recalls
that the size of a population is always
an integer. As a result, the expression
dN/dt has no real meaning except as
an approximation, a fact the authors do
not bother to point out. Eliminating
this approximation, we see that Eq. 1
should read

N(n) — N(n—1) =

an[N(’l_l)] 1+ l/k, n = 1,2,.-.,
where n refers to the generation under
consideration and the unit of time has
been taken as a generation. Recalling
that N = | for all n since N is an inte-
ger, we see that

N(n) = N(n—1) + |a| [N(n—1)]*+*
= (1 + [aol) [N(n—l)]1+l/k

Thus,

N(n) = (1 + |a) IO N 0"

which is clearly finite for all n.

The argument here should not be
misconstrued. The point is not that the
world’s population growth is not a seri-
ous problem but only that progress to-
ward resolution of the problem is in no
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way served by publication of arguments
which, on their face, must be false and
which may do some incidental harm.
The authors express the hope that their
article will “add some fuel to the heated
controversy about whether or not the
time has come when something has to
be done about population growth con-
trol.” If the article has this effect, it can
only be on a controversy among fools.

MARVIN SHINBROT

Stanford University, Stanford,
California, and Lockheed Aircraft
Corporation, San Jose, California

We appreciate the opportunity to
comment on the remarks which have
been made with respect to our article
“Doomsday.” There are two points
which seem to need further clarification.
Since we erroneously believed that these
points are part of the household furni-
ture of the scientific community, we
apologize for having neglected to restate
them explicitly. The first refers to the
relation between theory and reality, and
to the supportability of a hypothesis.
We believe that support of a hypothesis
is gained through compatibility with ex-
perimental observation (/) rather than
by arguments about what should be the
case or what should not be the case.
This compatibility establishes the rela-
tion between theory and reality and
serves as a touchstone for accepting or Micsuriiiehits cagineertoih: Ganeral
rejecting a hypothesis. If some of our Electric Locomotive and Car Equip-
readers express doubt whether or not ment Department checks operation
our simple hypothesis (Eq. 3) has any of Pl recorder in locomotive cab.
connection with reality, we obviously
failed to keep them interested in this
subject long enough to turn to our
Fig. 1, which offers a comparison be-
tween theory and observation. Although
we know that such a comparison, how- Pl Tape Recorder rides the rails -

ever favorable, will never prove the

“truth” of a hypothesis, we pointed out writes 14-track travel rep‘)rt
that it seems that our Eq. 11 may, at Even in the pitching, rolling cab of an 1800-horsepower diesel-electric loco-

least, “serve as an adequat iri . . . . .
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formula for presenting most of ou . .
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limy = o . . .
x5 xp quency analysis and analog computer processing of quasi-random data.

Such data, when recorded by conventional oscillo-
graphic methods, may be extremely difficult and
time consuming, if not impossible, to analyze.

For this and other mobile or airborne applications,
Pl all-solid-state tape recorders offer many un-
usual advantages which we'd like to tell you
about. Drop us a note today, or phone your local

appearing in the description of the be-
havior of some finite physical systems.
Expressions of this form can be found
galore. For instance, let x and y repre-
sent, respectively, velocity and pressure
at Mach 1 (3, pp. 3-118); or voltage
and current at breakdown voltage in
gaseous conduction (3, pp. 4-171); or Precision ™ Recorder

: ; S shown in standard Precision representative.
wavelength and index of refraction in shock mounting P

optical absorption bands (3, pp. 6-63);

: . 1. ites inquiri i i ing a challenging future.
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bility at Curie point in the theory of PRECISION INSTRUMENT COMPANY
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that such theories have predictive value
because of these singularities. On the
contrary, since the generally accepted
interpretation of expressions such as
these, in which a parameter increases
rapidly beyond all bounds, is that the
system as a whole becomes highly in-
stable in the vicinity of the critical value
xo of the corresponding parameter, these
singularities serve as welcome warning
signals that some breakdown of the sys-
tem’s structure is to be expected.

With respect to the first letter, by
Robertson, Bond, and Cronkite, we are
very happy to note that this medical re-
search team went along so well with
our proposed thesis of “adequate tech-
nology,” because they obviously must
have in mind some tricks for reducing
the age of puberty in the human fe-
male—the greatest bottleneck in speed-
ing up the rate of reproduction. But
who are we to argue with doctors about
such points of physiology? However,
we may argue their mathematics, be-
cause (i) they used a wrong equation
for calculating dooms-time for a par-
ticular doubling time, and (ii) they
failed to follow up their own argument
by omitting to calculate the population
at doomsday according to the proposed
exponential. With our expression for
doubling time Ar. (that is, Eq. 13, and
not Eq. 12), one finds the correspond-
ing dooms-time to be m = 2.25 At
and invoking Eq. 11, one obtains N,
the population on that date. With the
aid of the suggested exponential we
have Nmn, the “finite” population at
doomsday:

b= Ni27/4% = 3.70 * 10"/(ar)""

With the suggested value of At: = 0.75
one obtains N» = 5-10". This corre-
sponds to a population density 15 times
that of Japan and about 10 percent
that of New York City today. We pre-
dicted that this population density
would occur on | January, A.n. 2024,
plus or minus 5.5 years. But according
to the arguments advanced by Robert-
son, et al., we will have this squeeze
just 1000 days later. If this is consid-
ered to be a ray of hope, the ray is very
dim indeed.

We share Hutton's admiration for
T. R. Malthus, whose omnipresence in
the minds of pessimists as well as opti-
mists we believed we had pointed out.

Howland’s suggestion for an ap-
proach to population problems is for-
mulated in the differential equation

dN

dt
where s is a constant and N. is the
“supportable population.” Although this
hypothesis may be plausible, it has un-
fortunately no relation to reality when
confronted with estimates of the human
global population, unless, as Howland

=e N (1 = N/N.)
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points out, ad hoc adjustments for No
are made as time goes on. Thus, this
theory requires development of a theory
for No as a function of ¢ or N. No such
function, to Howland’s and our knowl-
edge, has as yet been suggested which
would fit past data over a period longer
than, say, ten generations. In this di-
lemma we would like to propose, in all
modesty, to try tentatively the following,
perhaps not too implausible, hypothesis
—namely, that N. (N), the supportable
population, is almost always somewhat
larger than the instaneous population
N. We suggest:

No=N/(1 —%N”‘)

with the constants a./eo and k to be
determined by observation. We hope
that this suggestion meets with How-
land’s approval, because it catches three
flies with one stroke. First, it expresses,
in some sense, our principle of “ade-
quate technology,” to which Howland
has no objections; second, it will enable
Howland’s proposed differential equa-
tion, when properly integrated, to repre-
sent human population growth over
more than a hundred generations with
a mean deviation of less than 7 percent;
and, third, it eliminates guesswork about
a quantity which is, in principle, inac-
cessible to experimental observation—
namely, No, the size of the supportable

g wael prerat

Fig. 1

population. This is easily seen by insert-
ing our suggested function into How-
land’s proposed differential equation,
which leads, after integration and ad-
justment of the constants by the method
of least squares, to our Egs. 11, 12, and
13, which are free of unobservable
parameters. We hope that with this
little excursion we have supplied How-
land with precisely that formulation
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which, according to him, “does offer
promise of assistance to those who wish
to predict future populations.”

Unfortunately, politeness forbids us
to respond to Shinbrot’s remarks be-
cause this would involve him in a con-
troversy which—in his own words—
can only be on “a controversy among
fools.” Otherwise we would have
pointed out our agreement with his feel-
ing that it is unkind to perform a Dede-
kind cut on a man. On the other hand
we could not write our differential equa-
tion in the form suggested by Shinbrot
because we do not know of any integer-
triple N(n),N(n—1), and a, which
would fit for k£ =< 1/i (i=1,2,3....), his
sugested difference equation. Obviously
he must know such triples, and thus his
suggested relationship will remain for-
ever “Shinbrot’s last theorem.”

In the meantime, while we were dis-
playing our wits and know-how in more
or less learned discussions about the
perennial question of how many angels
can dance on a pin point, over ten
million real people of flesh and bone,
with hopes and desires, with sorrows
and pain, have been added to our family
of man. Our responsibility demands
that we be ready with an answer when
these millions ask for their right to live
the span of their human condition in
dignity.

Let us join forces so that we will not
be caught in a dispute seen prophetically
by Francesco de Goya y Lucientes: “Of
what will they die?”
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PATRICIA M. MORA
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University of Illinois, Urbana
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History of the Microscope

In Paul Klopsteg’s article, “The in-
dispensable tools of science” [Science
132, 1913 (1960)], there are several
statements on the historical aspects of
microscopes and microscopical dis-
coveries which are inaccurate. In the
interest of keeping the historical rec-
ord correct, I submit the following.

It is considered [see, for example,
A. J. Kluyver’s notes on Leeuwenhoek’s
letter to the Royal Society dated 9 Oc-
tober 1676, in Collected Letters of
Antoni van Leeuwenhoek, Swets and
Zeitlinger, Eds. (1939, 1941), vols.
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