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THE LAW OF DIMINISHING RETURNS'

By Dr. JOEL STEBBINS
WASHBURN OBSERVATORY, UNIVERSITY OF WISCONSIN

IN the Encyclopaedia Britannica under the head-
ing, “Law of Diminishing Returns,” we find that this
law was first stated in relation to agriculture:

An increase in the capital and labor applied to the cul-
tivation of land causes in general a less than proportionate
increase in the amount of produce raised unless it happens
to coincide with an improvement in the arts of agriculture.

In economics, then, the law of diminishing returns is
merely a precise statement of what is ordinarily recognized
in the affairs of the working world. Everybody knows
that, after a certain point, work in given conditions yields
a diminishing return unless a better method is invented
applicable to those conditions.

‘We in this society naturally include astronomy in
the affairs of the working world, and it may be in-
structive to trace some of the applications of the law
of . diminishing returns in our own field. To begin
with, this law took hold of the increasing size of re-

1 Address of the retiring president of the American
Astronomical Society, November 6, 1943.

fracting telescopes and brought further development
to a close with the completion of the 40-inch refractor
some fifty years ago. True, it was the rediscovery
of the possibilities of the reflecting telescope that
turned the construction of new instruments into the
other form. But even if there had been no reflectors
it was obvious from geometrical and optical - prin-

‘ciples, not to mention atmospheric limitations, that

each increase in size of the objective of a refractor
was accompanied by less than a proportionate increase
of power. ’
The same law is now holding for reflectors even if
the 200-inch, as we hope, should turn out to be a
complete success. I understand that at Mount Wilson
the 100-inch reflector cost about four times as much
as the 60-inch, while the 200-inch will cost ten times
as much as the 100-inch. No one thinks for a moment
that the resulting gain in power will be proportional
to the outlay. These facts are elementary to astrono-
mers but to the laymen we might quote the simple
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described conditions is well below freezing until all
the water has been removed. The rate of evaporation
may be increased by blowing a current of air over the
flasks or immersing them in cold water. Materials

I5mm

145mm:

255 mm
230mm

—375mm

B |\

|
|

Fig. 1. Diagram of lyophil apparatus showing side
and cross section views.

being dried from very dilute solutions have a tendency
to be carried out of the flask with the current of water
vapor; this may be prevented without causing any
appreciable decrease in evaporation by placing a
gauze screen over the opening of the flask.
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F1e. 2. Amount of water remaining in flasks, plotted
against time.
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Fig. 2 shows the amount of water remaining as a
function of time for 150 gms of distilled water dis-
tributed equally among three 200 ml flasks. Complete
dryness was achieved in about five hours. The de-
crease in rate at the end is mainly due to decrease in
surface of the subliming ice. Water is evaporated
from protein solutions at a comparable rate, depend-
ing to some extent on the hygroscopic nature of the
material.

Danx H. CAMPBELL
Davip PrESSMAN
GATES AND CRELLIN LABORATORIES
oF CHEMISTRY,
CALIFORNIA INSTITUTE OF TECHNOLOGY
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An extensively revised edition, with greater emphasis on methods of caleulation applied in the mathematical treat-
ment of fundamental theory. In Part I the experiments on the theory of ionization, homogeneous equilibrium, and
heterogeneous equilibrium have been thoroughly revised and modernized; Chapter I contains much additional ma-
terial of value in the laboratory work both in physical chemistry and in quantitative analysis. Part II likewise
has been subjected to extensive revision, with more detailed discussion of the theoretical background and the pro-

cedures involved. Published in March. .
Fourth Edition: 216 pages; 8% by 10%; Paper; $3.00

MATHEMATICS FOR EXTERIOR BALLISTICS

By GILBERT AMES BLISS, Professor Emeritus of Mathematics, University of Chicago.

This book is suitable for use in courses in exterior ballistics, It is written for mathematicians and students of
mathematics who have had some experience with the theory of differential equations. The first chapter describes
the sources of the data on which the fire control officer bases his use of mathematical tables in the field. The book
then discusses, for the most part, the setting up of differential equations of a trajectory and methods which are
used to integrate them, including methods of computation of differential corrections. Ready in April.

Approx. 131 pages; 53 by 7%; Probable price, $1.75

ORGANIC REACTIONS, Volume Hi
ROGER ADAMS, University of Illinois, Editor-in-Chief.

Like Volume I (1942, $4.00), this volume presents, from the preparative viewpoint, critical discussions of widely-
used organic reactions. It covers: The Claisen rearrangement; the preparation of aliphatic fluorine compounds;
- the Cannizzaro reaction; the formation of cyclic ketones by intramolecular acylation; reduction with aluminum
alkoxides (the Meerwein-Ponndorf-Verley reduction) ; the preparation of unsymmetrical biaryls by the diazo reac-
tion and the nitrosoacetylamine reaction; replacement of the aromatic primary amino group by hydrogen; periodic
acid oxidation; the resolution of aleohols; and the preparation of aromatic arsonic and arsinic acids by the Bart,

Bechamp, and Rosenmund reactions. Ready in April.
461 pages; 6 by 9; $4.50

REVIEW OF PHARMACY

By GEORGE W. FIERO, 4ssociate Professor of Materia Medica, University of Buffalo School of Pharmacy.

For the pharmacist or student who desires a ready reference on the official drugs and preparations. The book is
distinguished for its completeness, brevity and comprehensibility, Briefly, it represents a condensed compend of
the drugs, chemicals and preparations of the United States Pharmacopoeia (latest edition) and the National
Formulary (latest edition). Special attention has been given to the form in which all data are presented, in order
to make the book a quick, handy reference of maximum usefulness. Published in March.

Fifth Edition: 117 pages; 6 by 8%; $2.50
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