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PURE AND APPLIED SCIENCE'

By Professor CECIL H. DESCH
UNIVERSITY OF SHEFFIELD, NON-RESIDENT LECTURER IN CHEMISTRY AT CORNELL UNIVERSITY UNDER THE
GEORGE FISHER BAKER FOUNDATION

IN entering on the duties of the George Fisher
Baker lectureship in Cornell University, I must first
express my high appreeciation of the great honor done
to me by the university by its invitation, and of the
great personal kindness and helpfulness of Professor
Dennis in all matters concerning it.

Only a short time ago Mr. Baker, to whom this uni-
versity owes so much, passed away, full of years and
honor. Education in America has been singularly
fortunate in attracting the support of many wealthy
leaders of commerce and industry, and the results are
to be seen in such magnificent buildings ‘as this in
which we meet, and in the facilities given for the in-
terchange of students and teachers between different
institutions and different countries. The visiting lee-
tureship which George Fisher Baker founded in this
university has been the means of bringing a number
of European workers in various branches of seience
‘related to chemistry to Cornell and has given to them

1 Introductory public lecture.

an unrivaled opportunity of seeing American univer-
sity conditions at their best and of exchanging ideas
with a new and keen group of students and col-
leagues.

With the possible exception of musie, no form of
human activity is so independent of national barriers
as scientific research, and every step that brings into
closer connection the scientific workers of different
countries deserves a warm welcome. Judging by the
enthusiasm and the affection with which my prede-
cessors in this lectureship have spoken to me of their
stay at Cornell, this scheme, which we owe on the one
hand to Mr. Baker and on the other to Professor
Dennis, must rank high among such efforts at inter-
national cooperation.

Previous lecturers have dealt with different branches
of pure chemistry and of sciences allied to it, but I
believe that I am the first whose teaching duties are
definitely concerned with the application of science to
industry, and I ask you to allow me to consider in
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this opening address some aspects of the relations
between pure and applied science.

As T left London, scientific men of many coun-
tries were assembled there to do honor to the memory
of Michael Faraday, the occasion being the centenary
of his discovery of electromagnetic induction. From
that discovery has grown the whole of the modern
‘electrical industry, for without it there would be no
electric generators or motors, no radio-transmission,
no generation of current except on the smallest scale.
At the Faraday exhibition now open in London, the
statue of the discoverer occupies the center of the
large circular hall, and is surrounded by cases con-
taining the apparatus used in his early experiments.
From each of these extends a sector, illustrating the
developments in electrical science and practice which
may be considered to owe its origin to those experi-
ments. Yet Faraday was an “experimental philoso-
pher,” one whose sole aim was to learn something of
the workings of nature. He had in mind no practical
application of his discoveries, and never concerned
himself with the invention of machines. He was even
skeptical of the possibility of using electromagnetic
methods in place of the primary battery. His work
was guided throughout by the purely theoretical con-
vietion of the unity of natural forces, which led him
to seek for the connection between electricity, mag-
netism, light, chemical action, and even, although at
the time without suceess, owing to the minuteness of
the effect, which was afterwards found in our own
day, with gravitation. |

It was not from any contempt for practical objects
that Faraday confined himself to work in pure sei-
ence. He was always ready to assist the state and
public bodies by his advice when it was invited, nota-
bly in his work for Trinity House, the authority
which in England controls the lighthouses on our
coasts. At the same time, caring nothing for wealth,
he refused to be tempted by the offer of large sums
to enter industry and to devote his genius to imme-
diate practical objects. Little as he would have ex-
pected it, industry has gained enormously by his de-
cision to investigate fundamental principles. He
actually produced, in the course of his experiments,
the first dynamo-electric machine—a copper disk ro-
tating between the poles of a magnet and supplying
continuous current to a pair of brushes in contact
with it—but he took no part in its development, al-
though within a very few years machines based on
his prineiples were constructed and brought into praec-
tical use by others.

The complexity of modern science, and the large
number of workers in almost every field, make it un-
likely that future Faradays will be able to open up a
new region with the same completeness, but it remains
true that practical inventions mostly arise as the un-
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foreseen by-products of studies which had as their
aim the discovery of relations between the phenomena
of nature.

There has lately been presented to us an entirely
different view of the relations between pure and ap-
plied science. A striking incident at the International
Congress of the History of Secience held in London
this summer was the appearance of a number of scien-
tific delegates from Soviet Russia, prepared with
papers which were immediately published with the
title of “Science at the Cross-Roads.” In these papers
the thesis was maintained that scientific research car-
ried out for the satisfaction of intellectual curiosity
is anti-social, and that henceforth research must be
directed towards some practical end, having direct
value for the community. This is not to say that sei-
ence is to be confined to mere technology—the distine-
tion attained by some of the speakers in their own
fields of science would make such a statement a eari-
cature of their views—but the possibilities of applica-
tion are to be kept in mind throughout. This view of
the science of the future, although taken, with the
other principles of the Soviet system, from Karl
Marx, had been maintained earlier by Auguste Comte,
who held that the need for knowledge in certain fields
of importance to society was so imperative that it
was the duty of men of science to concentrate, at least
for a generation or two, on the solution of a few
problems, to the exclusion of researches dictated only
by curiosity, of however high an intellectual order.
Comte did not foresee the great unification of science,
beginning with the doctrine of the conservation of
energy, that was in progress during the later years of
his life, and Marx, a much less profound thinker, was
so obsessed by the purely economic problem as to fail
to understand the real meaning of science.

The Soviet theory claims an historieal basis. It is
argued that all scientific research had its origin in
practical needs. This is true of the first beginnings
of science. The study of the stars was a necessity of
pastoral races to guide their wanderings, and geom-
etry, as its name signifies, was originally land survey-
ing, necessary to the settled agriculturalists. But
after these beginnings science took its own course.
Astronomy and mathematiecs were studied for the new
knowledge they gave, without care for possible appli-
cations. Plato’s conception of pure science, which
would limit its scope to the most abstract part of the
mathematical sciences, was that of a philosopher and
not of an experimental investigator, but it would be
absurd to say that it was anti-social. Ever since the
foundations of abstract science were laid by the
Greeks, men have felt, instinetively or on the ground
of a definite theory of life, that the disinterested
search for knowledge was good in itself, and worthy
of the best human effort.
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Suppose, however, that we admit for the moment
that the desire to satisfy intellectual curiosity is a
selfish one, and that the world needs an answer to
many problems that affect the welfare of mankind,
does it follow that scientific research should be con-
fined to those problems with the object of obtaining,
by combined effort, the most speedy result? Experi-
ence teaches the contrary. The history of the trans-
mission of messages by electric waves has often been
told, but it would be hard to find a more striking
illustration. Eighty years ago the electric telegraph
was well known and understood. Let us suppose that
electrical engineers had been asked to discover a
method which would dispense with the wire or wires
connecting the sending and the receiving stations.
The supposition is absurd, for there was nothing in
the known properties of the electric current to sug-
gest such a possibility, but it is safe to say that if a
team of workers trained in telegraphy had been in-
structed to find such a method they would have met
with no success, even after years of combined effort.
The actual history of the solution is very different.
Faraday, who had no mathematical training and
never used a mathematical symbol, nevertheless stated
his conception of the electro-magnetic field in such a
way that Clerk Maxwell was able to give it mathe-
matical shape and to deduce the formal equations
from which it followed that changes in electric or
magnetic force must be propagated as waves. This
was verified in 1888, nearly ten years after Maxwell’s
death, by the brilliant experiments of Heinrich Hertz.
Electriec waves had actually been observed earlier by
Joseph Henry at Princeton, but the observation had
not been followed up. Transmission over a distance
of a few feet having once been achieved, the later de-
velopment of wireless telegraphy and telephony, ex-
traordinary as it is, has been mainly in the applica-
tion of known principles by skilful engineers and in-
ventors. The greatest single step in that advance,
the invention of the thermionie valve or tube, which

has made modern radio-transmission possible, arose

from investigations of the emission of electrons from
heated solids, investigations which appeared at the
time when they were undertaken to be as remote as
possible from any practical application. As the uses
of the original invention multiply, and as greater and
greater refinements of technique are required, the
discoveries of pure physies in the most varied
branches are pressed into service. The photo-electrie
properties of certain elements and compounds, the
variation of the electric properties of quartz crystals
with changes of pressure, and the action of organie
liquids on the plane of polarization of light, are ex-
amples of such phenomena. All of them were dis-
covered in the course of pure research in physies,
without thought of practical use, and again illustrate
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the fact that important inventions are in the main the
by-produets, rather than the intended results of scien-
tific research.

In an interesting address delivered to the Society
of Chemical Industry in 1928, Dr. Irving Langmuir
described how experiments, at first intended to im-
prove the vacuum in incandescent lamps, led him into
research on the liberation of gases from heated bodies,
with results of great interest for pure science. The
enlightened policy of Dr. Whitney and the General
Electric Company made it possible for him to pursue
this line of research, although it seemed unlikely to
lead to any results of practical use. In the end, it led
to the gas-filled lamp, an invention of very high value,
but quite different from the original object of the re-
search. It is in America particularly that great eor-
porations, which possess exceptional facilities for re-
search, such as the laboratories of the General Elee-
tric Company at Schenectady and those of the Bell
Telephone Company at New York, have taken such a
broad view of their functions as to allow members of
their staffs showing great experimental ability to fol-
low an interesting line of investigation even though it
might appear to have no immediate practical object.

I must not be unfair to the Soviet delegates. They
would readily admit that results of value may be
reached by indirect means, but would claim that the
investigator must always have utility in view, and
must not regard himself as free to follow any inter-
esting line of study that may happen to appeal to
him. For the spontaneous activity of individual
workers they would substitute the organized labor of
skilled teams.

A feature of the Marxian theory of science is its
virtual denial of the importance of genius. It will be
found that every great discoverer has had precursors
and contemporaries in the same field. Oersted, Am-
pére and Arago had discovered important relations
between electric and magnetic effects before Faraday,
whilst Joseph Henry independently made the same
observation of electro-magnetic induction. The sub-
ject was engaging attention, and it is easy to argue
that if Faraday or Newton had never lived the dis-
coveries that we associate with their names would
have been made by others without very much delay.

‘In that there is an element of truth. Since the pie~

ture of the universe which science constructs becomes
one that is accepted as true by all those who have the
training necessary to appreciate it, we are bound to
believe that those regularities which we call laws will
be discovered in course of time. But the progress of
discovery is enormously hastened by the advent of a
man of genius. Ostwald’s comparison of the genius
with a catalyst is a good one. The ecatalyst does not
alter the final state of a chemical reaction, but it may
very greatly accelerate it. No one can examine the




498

writings of Newton or Faraday without feeling that
the transformation of science brought about by their
work was of an entirely different order from that of
even their most gifted contemporaries and that the
pace of scientific discovery was almost immeasurably
quickened in conseqiience. It is not an isolated ex-
periment or series of experiments by Faraday that is
now being commemorated, but a conception of the
electromagnetic field based on those experiments, so
perfect that it has been adopted by all later students.
We can only regard it as a work of genius. It would
be absurd to imagine that, if Shakespeare had never
lived, “Hamlet” would sooner or later have been writ-
ten by another hand or, if the task had proved too
great for one man; then by a duly appointed team of
writers. Scientifie discovery is not strictly parallel
with literary creation, but sufficiently so to make us
conscious of the essential services of genius in that
field also.

In the subsequent lectures of this course there will
often be occasion to refer to the use of the miero-
scope in the examination of minerals and metals. We
owe these methods to a Sheffield amateur, Henry Clif-
ton Sorby, who fully deserves to rank as a genius,
although on a lower plane than Faraday. Free from
all duties of teaching or administration, Sorby de-
voted himself to independent research in seience,
studying rocks, strata, meteorites, steel, plants, ani-
mals and archeological remains with that insatiable
curiosity which marks the born disecoverer. In every
field he added new knowledge, but he is the undoubted
founder of two branches of study, microscopical pe-
trology and metallography, both of which have grown
to great dimensions, and have proved essential tools
in both pure and applied science. In a plea for “Un-
encumbered Research,” published .in 1876, Sorby
urged that the research worker should be left entirely
free to choose his path, with the assurance that the
real investigator, if we can find some way of recog-
nizing him when young, before he has been forced
into a mould, will prodice the best results if left un-
fettered.

This is not to belittle the team work which is so
neeessary in the application of scientific results to
industry, agriculture, medicine or other practical ends.
Those activities depend on science to an extent un-
dreained of in Sorby’s time, and our great laboratories
of applied science call for increasing numbers of re-
search workers trained in pure physies, chemistry and
biology, in addition to those whose education has been
given a special technical bent. But we must have in
the universities groups of ‘“unencumbered” workers
free to choose their own line of research and pursuing
it for the love of scientific discovery alone, or the
organized team work will before long flag and lan-
guish from lack of inspiration.
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The art of smelting metals is an ancient one, and
until the eighteenth century it was almost entirely em-
pirieal. The trade of the smith, in all its varieties of
form, was one of the most rigidly preserved of crafts,
since its success depended so entirely on the tradi-
tional skill of the eraftsman. A few men of scientific
insight, such as the German Agricola in the sixteenth
century, had sought to reduce the knowledge of the
art of smelting to some order, and to free it from the
grosser errors and superstitions, but it was a few
chemists of the eighteenth century, notably Réaumur
in France and Swedenborg in Sweden, who made in-
tensive studies of certain branches of metallurgy and
sought to place them on a scientific basis. Their writ-
ings are of interest to us to-day. Nevertheless, the
empirical character of the art persisted, and truly
scientific metallurgy is of quite recent date. The in-
fluence upon it of researches in pure science is per-
haps best seen by considering, not the smelting of
metals from their ores, but their treatment to give
useful products. In the steel industry, so long as cast
and wrought iron and such steels as those used for
cutlery were the only known materials, empirical
methods answered well enough, but with the expan-
sion of the industry brought about by the invention
of new steel-making processes it became necessary to
consider, for instance, the effects of carbon in modi-
fying the properties of iron. The physical chemist
was called in, and the first draft of the iron-carbon
equilibrium diagram by Bakhuis Roozeboom in 1900
marks the beginning of a new era. About the same
time, Heycock and Neville carried out an investiga-
tion of the alloys of copper and tin, using microseop-
ical and thermal methods, and setting a standard of
accuracy which profoundly influenced later work. It
was now seen that changes may proceed in solid
metals in such a way that, without any alteration in
chemical composition, materials of entirely different
properties may be obtained by varying the rate of
cooling. The hardening of steel by quenching in
water, in use for more than 3,000 years, is only one
of many such processes which are employed in metal-
lurgy. Gradually; the microseope and the thermo-
electric pyrometer have come to be essential tools in
metallurgy, and mierographic analysis supplements
chemical analysis in all works laboratories.

Besides undergoing thermal treatment, metals and
alloys are subjected to mechanical processes, such as
rolling and wire-drawing, which profoundly modify
their properties. Empirieal knowledge and skill have
done much for the perfection of those processes, but
it has been found that they can not be utilized to the
best advantage without an understanding of the inter-
nal mechanism of the change. Metals are made up of
crystals, so the metallurgist has called to his aid the
work of the crystallographer. Whilst the older geo-
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metrical erystallography could only indieate in a
general way the nature of the changes during defor-
mation, the newer study of crystals by means of their
x-ray diffraction patterns throws a flood of light on
the process. In consequence, the x-ray tube is taking
its place with the chemical balance, the microsecope
and the pyrometer as one of the essential tools of the
metallurgist. There are others. Many metals are
greatly influenced by the presence of very minute
quantities of impurities, sometimes so small that
chemical detection is difficult or impogsible. Here the
quartz spectrograph, capable of following the spark
or arc spectrum into the mnltra-violet, renders great
service, and is rapidly making its way into manufac-
turing plants as well as into research laboratories as
a standard means of control. Magnetic measurements
afford another means of studying the composition and
internal condition of metals, so that we find, in some
large steel plants, the estimation of the quantity of
carbon dissolved in the bath of a large open-hearth
furnace carried out by casting a small specimen and
determining its magnetic properties, the method being
accurate and at the same time simpler than a chem-
ical analysis. In another class of manufacturing
operations, magnetic measurements are used as a
means of deciding whether steel objects, made in large
quantities, have received the proper heat treatment,
where formerly a number of objects from each batch
had to be tested mechanically to destruetion in order
to obtain the information now gained at a fraction of
the original cost. All these methods of testing have
been adopted from the laboratories of pure science
and have been turned to new uses. It is thus one of
the services of pure science that it furnishes applied
science with new tools of research and means of meas-
urement. On the other hand, the increasing demand
on the part of the workers in applied science for such
tools acts as a continual stimulus to investigations in
physies.

Some metals, notably tungsten, have in our own
time passed from the state of chemical curiosities to
that of important technical products, by methods
which are essentially those of the physical research
laboratory. No one can visit one of the great lamp
or radio-tube works without feeling that the manufac-
turing department is essentially an enlarged labora-
tory, employing methods which only a few years ago
were confined to the research worker. We have the
paradoxical result that the physical constants of
tungsten are known with much greater acecuracy than
those of the more common metals; whilst of the metal,
iron, manufactured by hundreds of millions of tons,
the data as to its properties in a pure condition are
singularly imperfect.

An example of the changing character of applied
science may be seen in the study of eorrosion. The
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most inipoi‘t'aht of our useful metals, iron, steel, cop-

" per, brass, aluminum and so on, are all liable to un- -

dergo corrosion, to an extent which involves colossal
annual losses. Protective methods have been devised
empirically, but of late years much has been done to
develop the use of metals which are in a sense self-
protecting, in that they quickly form a layer, prob-
ably only a few atoms thick, which resists chemical at-
tack. The “stainless” steels belong to this category.
Looked at theoretically, this form of protection may
be traced back to the work of Faraday and Schoen-
bein on the passivity of iron, although the connection
was not at first recognized. It is important for the
manufacturer and the user to have some means of de-
termining in advance how a given metal will behave
under given conditions of exposure to corroding
agents. With this object, many hundreds of thou-
sands of tests have been carried out in scores of lab-
oratories, every effort being made to obtain a stand-
ard test, but the results have been singularly disap-
pointing. There is no form of rapid test which will
indicate with certainty how a metal will behave when
it is exposed for periods of years. Such empirical
and ad hoc methods are now supplemented by studies
of the fundamental nature of corrosion. -The methods
of the physical chemist have been adopted, and lab-
oratories devoted to work on corrosion now combine
measurements of the absorption of oxygen with those
of electrolytic potential and of the microscopical ex-
amination of the formation and rupture of surface
films. In this way an intimate knowledge of the proc-
ess of corrosion is being gained, by the help of which
the choice of resistant materials may be guided in the
future with greater certainty.

In its turn, applied science reacts on pure science.
The problems raised by the working of metals, for in-
stance, have given a great stimulus to the study of
the deformation of ecrystals, with a corresponding
effect on molecular theory. Moreover, the needs of
the technical laboratory and works lead to the con-
struction of instruments of measurement which are
continually improved for practical use, and are in
turn adopted by the research workers in physies and
chemistry. Such mutual influence counts for much
in the advance of science. To turn now to another
aspect of the subject.

That we can not fully appreciate a scientific prin-
ciple or discovery without some study of its history is
a truth more and more vividly realized by those whose
business it is to teach science to students. A knowl-
edge of the steps by which a scientific doctrine has
been built up or an invention brought to perfection
is necessary if we are to estimate aright its value and
importance. As we must not undervalue the services
of genius, so we must not, on the other hand, isolate a
few famous discoverers and neglect their predecessors



500

and contemporaries. The study of the history of a
science is now widely recognized as an integral part
of a training in that seience. It would be well if the
same view were taken in the teaching of applied sei-
ence and technology, and in this field it is not difficult
to enlist the interest of students. Here is also one
means of bridging the gulf, so deplorably wide in the
highly specialized education of the present day, be-
tween scientific and humanistic studies. The history
of an applied science or of an industry depending
on it may be brought very simply into relation with
the state of society at successive epochs. May I again
illustrate this point by a few references to the study
of metals? A short account of the history of the first
use of metals by man may well open a course of lec-
tures on general metallurgy. The first metal known
was gold, since it is found in the beds of rivers in the
uncombined state, resists tarnishing and by its gay
color and luster appeals to the decorative instinets of
Stone Age man. It is too soft to be used for any pur-
pose but that of ornament. Copper follows, at first
used as the native metal, but later obtained—no doubt
in consequence of the accidental fusion of the con-
spicuous green surface ores in .domestic fires—by
smelting. These masses of copper, which can be cast
in an open mould and ean be so hardened by hammer-
ing as to take and keep a cutting edge, inaugurate the
first Metal Age. The next step, the production of the
much harder alloy, bronze, which may be cast in
closed moulds, is an immense advance, and its origin
is one of the unsolved mysteries of metallurgical his-
tory. Iron, sporadically used from quite early times
in the form of objects forged from meteorites, is only
smelted at a later period, but the steady supersession
of bronze by iron is important and may be sketched.
A simple account of these archeological facts, show-
ing how the objects characteristic of each stage bear,
in the earliest forms, clear traces of their origin in
the copying of older objects in a new material, en-
courages an interest in the history of the older civili-
zations. The part played in the movements of races
and in the history of nations by the search for metals
is an important one, and recurs again and again, as
in the events which followed the discovery of gold
and silver in Central and South America by the Span-
iards, and in the Californian and Australian gold
rushes of the last century. Or, turning to iron and
steel, it may be shown how the introduction of the
steam engine, which brought about the industrial
revolution by substituting machinery for hand labor,
was itself made possible by metallurgical improve-
ments, notably by the substitution of coke for char-
coal in the blast furnace and by the invention of pud-
dling. In the second half of the last century, the
Bessemer process began that enormous increase in the
rate of growth of the heavy industries which has been
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one of the chief features of the economic history of
the world in our own time. When the university, as
at Sheffield, is situated in a town having a metallur-
gical history possessing special features and extend-
ing over several centuries, local history may be linked
up with the technical teaching.

These illustrations are introduced not for their
practical importance, but because they widen the in-
terest of the student, and encourage him to include in
his private reading some study of the history of in-
dustrial communities. Such a study, if well pursued,
may prove in the end to have practical value also in
enabling those on whom the responsibility of direct-
ing and controlling industry may fall to understand
better the social and economie conditions in which
they have to work. Where a Social Survey is in
progress, students of science and technology having
some background of historical knowledge ean be
among the most useful voluntary workers.

In the teaching of the history of a pure science,
stress is naturally laid on its value for the understand-
ing of that science in itself, but in a balanced educa-
tion it would seem that it should have a further value.
The development of scientific thought is suech an es-
sential part of the history of ecivilization that it
should be prominent in the teaching of general his-
tory, but this view only makes its way slowly.

There is another aspect of the relation of science to
the community. The public conception of science is
commonly limited to the mathematical, physical and
chemical sciences, with the many departments of biol-
ogy and their applications and in recent years, psy-
chology. The great field of social studies is usually,
at least in Europe, regarded as outside the field of
science, with the single exception of economics. How-
ever, if prediction be the test of science, economics
has not been, in the last few years, conspicuously sue-
cessful.

It has been the aim of many thinkers to build up a
science of human society, to embrace not only eco-
nomics but all the activities of man. Sociology, to
use the name coined originally by Comte, is the most
difficult of the sciences, because it deals with phe-
nomena of far greater complexity than any of the
physical or biological sciences. Few of its principles
have yet been established, and it must still be re-
garded as a science in the making, but its importance
is sueh as to deserve the attention of all students, in
spite of the urgent claims made on their time by their

. chosen specialism. I believe that this fact is more

generally recognized in America than in Europe, but
nowhere is the treatment of social problems, such as
those of politics and finance, scientific to the extent
that would be desired by the sociologist, and it would
seem that those who already employ scientific methods
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of reasoning with success in one field could render
service in bringing about their extension to others.

Science, in its applications to technology, has made
available to mankind foreces incomparably more
powerful than those of a few generations ago. The
command over natural forces has so increased the
scale of production that we appear to suffer from an
excess rather than from a deficiency of products, agri-
cultural as well as industrial. Yet, although the stand-
ard of life has risen, the community to-day is faced
by problems as difficult and dangerous as at any time
in the world’s history, and the growth of industry has
as yet by no means brought all the happiness that
was once expected of it.

Moreover, the application of science to warfare has
greatly increased its horror, and it is eertain that in
another war, if such should occur, all the resources of
science would be pressed into service to increase that
horror still further. The means furnished by science
may be used for the great benefit of mankind or mis-
used in such a way as to cause misery. Is it not,
then, desirable that all who are concerned with the
advance of science by research or with its application
to practical uses should interest themselves in the dif-
ficult problem of its use for the benefit of mankind?
In other words, must not the chemist or biologist seek
to become, in however modest a way, a sociologist,
seeing that he can not divest himself of responsibility
for the uses to which science is put?

Here, again, applied science serves as a link. The
progress of pure science occurs within a limited circle
of specialists, and contact with the general public
only becomes marked when some question having a
popular appeal emerges, as in the present-day inter-
est in astronomical speculations as to the structure
and fate of the universe. On the other hand, the con-
tacts between applied science and the community are
perpetual, and every worker in such a field must have
some consciousness of its social significance.

The fact that in science international barriers have
disappeared, or are reduced now to the minor ob-
stacles due to differences of language, makes it easier
for the scientifically trained man than for another to
appreciate what international conditions mean in the
modern world. It is science that has speeded up
communications by land, water and air, that has
brought most countries within speaking distance of
one another, and that has largely destroyed the stra-
tegic value of natural frontiers. In doing so it has
solved some problems and created others. It has be-
come clear that the natural resources of the world are
not inexhaustible, and that unless steps be taken to
conserve them by using them as efficiently as pos-
sible, our descendants will find them dangerously
depleted within an easily calculable time. Those re-
sources are of the nature of capital, and once con-
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sumed can not be renewed. It is far otherwise with
the power derived from water or, as may be prae-
ticable in the near future, from the direct heat of the
sun; with the annually renewable produects of agricul-
ture, or the analogous products, harvested at longer
intervals, of forestry. A scientifie view of the matter
would stress the importance of making greater use of
the second source of wealth, which has been, in most
countries, so much subordinated to the former. I do
not know how it may be in America, but in Europe
our political leaders and our economic authorities are,
in an overwhelming proportion, urban in outlook.

A great Scottish scientific teacher, Professor Pat-
rick Geddes, has pointed out that there is not one
Industrial Age, characteristic of the modern world,
but that two may be distinguished. These he has
called, borrowing an analogy from the archeology of
the Stone Age, the Paleotechnic and the Neotechnic.
In the first, of which the most conspicuous illustration
is the condition of England in the generations follow-
ing the invention of the steam engine, the disecovery
of means of accumulating riches faster than had been
dreamed of before led to an enormous extension of
industry, unplanned and without safeguards against
its abuse. This meant the reckless exhaustion of coal
and minerals, and in the earlier decades & callous dis-
regard on the part of many industrialists of human
health, comfort and safety. Evils grew up in the in-
dustrial regions which had to be fought by philan-
thropic effort and by legislation. Other nations fol-
lowed suit at such a short interval that whilst some of
the evils were avoided, yet on the whole an absence
of planning for social benefit was as conspicuous as
ever. Gradually, signs of a passage to the Neotech-
nie Age are becoming apparent. The more scientific
use of fuel and the increasing replacement of the
smoke and dirt of coal-fired furnaces by the bright
cleanliness of electric heating marks the transition.
A modern power station using water power may
stand as a symbol of this age. The health and wel-
fare of the workers become a first consideration. The
conservation of natural resources, in minerals, for-
ests and water is regarded as a national and an inter-
national duty. Intelligent planning takes the place
of haphazard development for merely private advan-
tage. Whatever may be the economic system of the
future, it must surely involve such planning, with a
recognition of duties that leaders of industry, whether
private or public, owe to the community. Of the
moral aspeets of the transition, all-important as they
are, this is not the occasion to speak.

It is naturally more difficult to maintain a strietly
scientific attitude on questions of politics, social or-
ganization and finance than on those of atomic phys-
ics, since our personal interests are involved, but that
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forces itself on a student of science who lives and
works in an industrial community. Most of all, at
such a time of crisis as this, does the need of scien-
tific thought impress itself on us. By widening the
conception of science to include sociology, whatever
form that inecipient science may take, it should be
possible to increase very greatly the influence of sys-
tematic observation and reasoning, which is what we
mean by seience, on human life.

From the point of view of the general influence of
science the recent tendency to lay emphasis on the
uncertainty of scientific predietion in atomic physies
is unfortunate. The “principle of wuncertainty” is
really a confession of ignorance, and it is to be ex-
pected that as the theoretical treatment of problems
in the strueture of matter advances, means will be
found of reconciling the difficulties now experienced.
It would be unfortunate if an impression were to gain
ground among the public that science has abandoned
its claim to accurate prediction. The cases in which
prediction fails, according to the principle just men-
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tioned, are confined to a difficylt section of physical
science which has only recently come under discus-
sion. It would be entirely premature, on the strength
of such new conclusions, to abandon the principle of
determinism which has hitherto served its purpose so
well in the sciences.

The inspiration of modern science must come from
the original investigators, seeking for nothing but a
more profound understanding of the workings of
nature, and provided with the facilities for observa-
tion and experiment. Linked with them in the most
intimate contact that the organization of university
and industrial laboratories can make possible, come
the workers in applied seience, connected closely on
the other hand with the technologists, charged with
carrying into practice the results of scientific re-
search. It is neither necegsary nor possible to draw
sharp dividing lines between those classes, but they
may be broadly distinguished. All may unite in
doing honor to great discoverers, such as Faraday, for
all alike may trace their activities back to the produets
of their genius. -

SCHAUDINN
A BIOGRAPHICAL APPRECIATION'

By Professor JOHN H. STOKES, M.D.
SCHOOL OF MEDICINE, UNIVERSITY OF PENNSYLVANIA

WE are assembled to-night to memorialize a man,
and an oceasion. Let us begin with the man,

Fritz Schaudinn was born at Roeseningken, a vil-
lage in East Prussia, on September 19, 1871. Thirty-
five years later, on June 22, 1906, he died of septi-
cemia and collapse at Hamburg. Into this short life-
span he compressed aetivity and achievement that
placed him in the ranks of genius.

Of his family and antecedents practically nothing
appears in the accessible published sketches and eulo-
gies. His gymnasium eduecation was carried through
at Insterburg and Gumbinnen. In 1890 he began his
preparation for a career in philology, but by the fifth
semester at the University of Berlin was definitely
embarked on his life-work as a zgologist, and by his
thesis for the doctorate in 1894 committed himself to
parasitology, then the infant of the zoo-medical
sciences. In July, 1894, from Bergen, Norway, and
again in a trip to the Arctic in 1898, he gathered
material, published subsequently with Roemer as
junior, for a massive communication ¢n the fauyna of
the region. In QOetober, 1894, he had been appointed

1 Read before the Section on Medical History of the
College of Physicians of Philadelphia at a meeting to
commemorate the discovery of the cause of syphilis, No-
vember 9, 1931.

assistant in the Zoologieal Institute in Berlin, and in
1898 achieved his docentship. During this period
appeared a number of papers on the reproductive
processes in Protozoa, which broke new ground re-
powers. His contributions with Siedlecki on the
Coccidia were especially valuable, and Schultz has
rated the account of the complete life cycle of
Eumeria Schubergi, which appeared in 1900, as an
example of the ideal in research, in that it has been
impossihle sinece to add one single fact to the material
discussed by Schaudinn. In 1899 his contacts with
medical protozoology began, in the confirmation and
amplification of Ross’s observations on the malarial
parasite. A mission for the German government,
which kept him at Rovigno from 1901 to 1904 to
study the pathogenic protozoa, led to his appointment
as director of the new division of protozoology in
the Imperial Public Health Service. At this time
the insistent publicity given by Schulze to Siegel’s
supposed protozoal cause of syphilis, the Cytorriyctes
luis, led to a request made by Kohler, president of the
Gesundheitsamt, that Lesser, the head of the Clinic
of Dermatology and Syphilis at Berlin, cooperate in
a joint clinieal and parasitologic study of the prob-




