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I. The beneficial effects of aération—
(@) By the addition of air only;
(b) By change of water;
pointing to the conclusion that the laying

down of oysters in localities where there is-

a good change of water, by tidal current or
otherwise, should be beneficial.

II. The diverse results obtained by feed-
ing upon various substances, amongst which
the following may be noted. The exceed-
ingly harmful action of sugar, which caused
the oysters to decrease in weight and die;
whilst the other substances detailed above
enabled them to maintain their weight or
increase. The oysters thrive best upon the
living Protophyta and Protozoa. Those
fed upon oatmeal and flour after a time
sickened and eventually died.

III. The deleterious effects of stagnation,
owing to the collection of excretory pro-
ducts, growth of micro-organisms, and for-
mation of scums upon the surface of the
water.

IV. The toleration of sewage, etec. It
was found that oysters could, up to a cer-
tain point, render clear sewage-contam-
inated water, and that they could live for
a prolonged period in water rendered com-
pletely opaque by the addition of fecal
matter; that the faecal matter obtained
from cases of typhoid was more inimical
than that obtained from healthy subjects;
and that there was considerable toleration
to peptonised broth.

V. The infection of the oyster by the
micro-organisms. The results of the bac-
teriological examination of the water of the
pallial cavity of the oyster, and of the con-
tents of the rectum, showed that in the
eases of those laid down in the open water
of the bay the colonies present were
especially small in number, whilst in those
laid down in proximity to the drain pipe
the number was enormous (e. g., 17,000 as
against 10 in the former case). It was
found that more organisms were present in
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the pallial cavity than in the rectum. In
the case of the oysters grown in water in-
fected with the Bacillus typhosus, it was
found that there was no apparent increase
of the organisms, but that they could be
identified in cultures taken from the water
of the pallial cavity and rectum fourteen
days after infection.

It is found that the typhoid bacillus will
not flourish in clean sea water, and our ex-
periments seem to show so far that it de-
creases in numbers in its passage along the
alimentary canal of the oyster. It would
seem possible, therefore, that by methods
similar to those employed in the ‘Bassins
de dégorgement’ of the French ostreicul-
turist, where the oysters are carefully sub-
jected to a natural process of cleaning,
oysters previously contaminated with sew-
age could be freed of pathogenic organisms
or their products without spoiling the oys-
ter for the market.

It need scarcely be pointed out that if it
becomes possible thus to cleanse infected or
suspected oysters by a simple mode of treat-
ment which will render them innocuous, a
great boon will have been conferred upon
both the oyster trade and the oyster-con-
suming public.

‘We desire to acknowledge the kind help
of Mr. W. I. Beaumont in making some of
the observations at Port Erin, and of Mr.
Andrew Scott at Liverpool.

ADDRESS OF THE PRESIDENT, SIR DOUGLAS
GALTON, BEFORE THE BRITISH ASSO-
CIATION FOR THE ADVANCE-

MENT OF SCIENCE (II.).

TaE earliest Reports of the Association
which bear on the biological sciences were
those relating to botany. In 1831 the con-
troversy was yet unsettled between the ad-
vantages of the Linnsan, or Artificial sys-
tem, as contrasted with the Natural system
of classification. Histology, morphology,
and physiological botany, even if born, were
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in their early infancy. Our records show
that von Mohl noted cell division in 1835,
the presence of chlorophyll corpuscles in
1837; and he first described protoplasm in
1846.

In 1831 Cuvier, who, during the previous
generation had, by the collation of facts
followed by careful inductive reasoning, es-
tablished the plan on which each animal
is constructed, was approaching the termi-
nation of his long and useful life. He died
in 1832; but in 1831 Richard Owen was
just commencing his anatomical investiga-
tions and his brilliant contributions to pale-
ontology. The impulse which their labors
gave to biological science was reflected in
numerous reports and communications, by
Owen and others throughout the early de-
cades of the British Association, until Dar-
win propounded a theory of evolution which
commanded the general assent of the scien-
tific world. For this theory was not abso-
lutely new. But just as Cuvier had shown
that each bone in the fabric of an animal
affords a clue to the shape and structure of
the animal, so Darwin brought harmony in-
to scattered facts, and led us to perceive
that the moulding hand of the Creator may
have evolved the complicated structures of
the organic world from one or more prime-
val cells.

Richard Owen did not accept Darwin’s
theory of evolution, and a large section of
the public contested it. I well remember
the storm it produced—a storm of praise by
my geological colleagues, who accepted the
result of investigated facts; a storm of in-
dignation such as that which would have
burned Galileo at the stake from those who
were not yet prepared to question the old
authorities; but they diminished daily. We
are, however, as'yet only on the threshold
of the doctrine of evolution. Does not each
fresh investigation, even into the embryon-
ic stage of the simpler forms of life, suggest
fresh problems?
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The impulse given by Darwin has been
fruitful in leading others to consider whether
the same principle of evolution may not
have governed the moral as well as the ma-
terial progress of the human race. Mr.
Kidd tells us that nature as interpreted by
the struggle for life contains no sanction for
the moral progress of the individual, and
points out that if each of us were allowed
by the conditions of life to follow his own
inclination the average of each generation
would distinctly deteriorate from that of the
preceding one; but because the law of life
is ceaseless and inevitable struggle and
competition, ceaseless and inevitable selec-
tion and rejection, the result is necessarily
ceaseless and inevitable progress.

Evolution, as Sir William Flower said,
is the message which biology has sent to
help us on with some of the problems of
human life, and Francis Galton urges that
man, the foremost outcome of the awful
mystery of evolution, should realize that
he has the power of shaping the course
of future humanity by using his in-
telligence to discover and expedite the
changes which are necessary to adapt cir-
cumstances to man, and man to circum-
stances.

In considering the evolution of the
human race, the science of preventive
medicine may afford us some indication of
the direction in which to seek for social
improvement. One of the early steps
towards establishing that science upon a
secure basis was taken in 1835 by the
British Association, who urged upon the
Government the necessity of establishing
registers of mortality showing the causes of
death “on one uniform plan in all parts of
the King’s dominions, as the only means
by which general laws touching the influ-
ence of causes of disease and death could be
satisfactorily deduced.” The general regis-
tration of births and deaths was commenced
in 1838. But a mere record of death and
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its proximate causé is insufficient. Pre-
ventive médicine requires a knowledge of
the details of the previous conditions of
life and of occupation. Moreover, death is
not our only or most dangerous enemy, and
the main object of preventive medicine is
to ward off disease. Disease of body lowers
our useful energy. Disease of body or of
mind may stamp its curse on succeeding
generations.

- The anthropometric laboratory affords to
the student of anthropology a means of
analyzing the causes of weakness, not only
in bodily, but also in mental life. Mental
actions are indicated by movements and
their results. Such signs are capable of
record, and modern physiology has shown
that bodily movements correspond to action
in nerve centers, as surely as the motions
of the telegraph indicator express the
movements of the operator’s hands in the
distant office.

. Thus there is a relation between a defec-
tive status in brain power and defects in the
proportioning of the body. Defects in
physiognomical details, too finely graded
to. be measured with instruments, may be
appreciated with accuracy by the senses of
the observer; and the records show that
these defects are in a large degree associated
with a brain status lower than the average
in mental power. A report presented by
one of your committees shows that about
16 per 1,000 of the elementary school popu-
lation appear to be so far defective in their
bodily or brain condition as to need special
training to enable them to undertake the
duties of lifeand to keep them from pauper-
ism or crime. Many of our feeble-minded
children, and much disease and vice, are
the outcome of inherited . proclivities.
Francis Galton has shown us that types of
criminals which have been bred true to
their kind are one of the saddest disfigure-
ments.of modern civilization; and he says
that few deserve better of their country
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than those who determine to lead celibate
lives through a reasonable conviction that
their issue would probably be less fitted
than the generality to play their part as
citizens.

These considerations point to the impor-
tance of preventing those suffering from
transmissible disease, or the criminal or
the lunatic, from adding fresh sufferers to
the teeming misery in our large towns.
And in any case, knowing as we do the in-
fluence of environment on the development
of individuals, they point to the necessity
of removing those who are born with feeble
minds or under conditions of moral danger
from surrounding deteriorating influences.
These are problems which materially affect
the progress of the human race, and we
may feel sure that, as we gradually ap-
proach their solution, we shall more cer-
tainly realize that the theory of evolution,
which the genius of Darwin impressed on
this century, is but the first step on a bio-
logical ladder which may possibly eventually
lead us to understand how in the drama of
creation man has been evolved as the highest
work of the Creator.

The sciences of medicine and surgery
were largely represented in the earlier meet-
ings of the Association, before the creation
of the British Medical Association afforded
a field for their more intimate discussion.
The close connection between the different
branches of science is causing a revival in
our proceedings of discussions on some of
the highest medical problems, especially
those relating to the spread of infectious
and epidemic disease. It is interesting to
contrast the opinion prevalent at the founda-
tion of the Association with the present
position of the question. A report to the
Association in 1834, by Professor Henry,
on contagion, says: ‘ The notion that con-
tagious emanations are at all connected
with the diffusion of animalcule through
the atmosphere is at variance with all that
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is known of the diffusion of volatile con-
tagion.”

‘Whilst it had long been known that
filthy conditions in air, earth and water
fostered fever, cholera and many other
forms of disease, and that the disease ceased
to_spread on the removal of these condi-
tions, yet the reason for their propagation
or diminution remained under a veil.

Leeuwenhoek in 1680 described the yeast-
cells, but Schwann in 1837 first showed
clearly that fermentation was due to the
activity of the yeast-cells; and, although
vague ideas of fermentation had been cur-
rent during the past century, he laid the
foundation of our exact knowledge of the
nature of the action of ferments, both or-
ganized and unorganized. It was not until
1860, after the prize of the Academy of
Sciences had been awarded to Pasteur for
his essay against the theory of spontaneous
generation, that his investigations into the
action of ferments enabled him to show that
the effects of the yeast-cell are indissolubly
bound up with the activities of the cell as a
living organism, and that certain diseases,
at least, are due to the action of ferments
in the living being. In 1865 he showed
that the disease of silkworms, which was
then undermining the silk industry in
France, could be successfully combated.
His further researches into anthrax, fowl
cholera, swine fever, rabies and other dis-
eases proved the theory that those diseases
are connected in some way with the intro-
duction of a microbe into the body of an
animal; that the virulence of the poison
can be diminished by cultivating the mi-
crobes in an appropriate manner; and that
when the virulence has been thus diminished
their inoculation will afford a protection
against the disease.

Meanwhile it had often been observed in
hospital practice that a patient with a
simple-fractured limb was easily cured,
whilst a patient with a compound fracture
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often died from the wound. Lister was:
thence led, in 1865, to adopt his antiseptic
treatment, by which the wound is protected
from hostile microbes. These: investigas
tions, followed by the discovery of the ex-.
istence of a multitude of micro-organisms:
and the recognition of some of them—such
as the bacillus of tubercle and the comma
bacilus of cholera—as essential factors of
disease, and by the elaboration by Koch
and others of methods by which the several
organisms might be isolated, cultivated,
and their histories studied, have gradually
built up the science of bacteriology.
Amongst later developments are the dis-
covery of various so-called antitoxins, such
as those of diphtheria and tetanus, and the.
utilization of these for the cure of disease.
Lister’s treatment formed a landmark in
the science of surgery, and enabled our
surgeons to perform operations never before
dreamed of; whilst later discoveries are
tending to place the practice of medlcme on
a firm scientific basis.

The study of bacteriology has shown us
that, although some of these organisms
may be the accompaniments of disease, yet
we owe it to the operation of others that
the refuse caused by the cessation of animal
and vegetable life is reconverted into food
for fresh generations of plants and animals.
These considerations have formed a point
of meeting where the biologist, the chemist,
the physicist and the statistician unite with
the sanitary engineer in the application of
the science of preventive medicine. :

The early reports to the Association show
that the laws of hydrostatics, hydro-
dynamics and hydraulics necessary to the
supply and removal of water through pipes
and conduits had long been investigated by
the mathematician. But the modern sani-
tary engineer has been driven by the needs.
of an increasing population to call in -the
chemist and the biologist to help him to.
provide pure water. and pure air,  The
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purification and the utilization of sewage
occupied the attention of the British. Asso-
ciation as early as 1864, and between 1869
and 1876 a committee of the Association
made a series of valuable reports on the
subject. It was not till the chemist called
to his aid the biologist, and came to the
help of the engineer, that a scientific sys-
tem of sewage purification was evolved.

Dr. Frankland many years ago suggested
the intermittent filtration of sewage; and
Mr. Baldwin Latham was one of the first
engineers to adopt it. But the valuable ex-
periments made in recent years by the State
Board of Health in Massachusetts have
more clearly explained to us how by this
system we may utilize micro-organisms to
convert organic impurity in sewage into
food fitted for higher forms of life. To
effect this we require, in the first place, a
filter of any material which affords numer-
ous surfaces or open pores. Secondly, that
after a volume of sewage has passed through
the filter an interval of time be allowed, in
which the air necessary to support the life
of the micro-organisms is enabled to enter
the pores of the filter. Thus this system
is dependent upon oxygen and time. Under
such conditions the organisms necessary for
purification are sure to establish themselves
in the filter before it has been long in use.

In other branches of civil and mechani-
cal engineering the reports in 1831 and
1832 on the state of this science show that
the theoretical and practical knowledge of
the strength of timber had obtained con-
siderable development. But in 1830, be-
fore the introduction of railways, cast iron
had been sparingly used in arched bridges
for spans of from 160 to 200 feet, and
wrought iron had only been applied to
large-span iron bridges on the suspension
principle, the most notable instance of
which was the Menai suspension bridge, by
Telford.

The development of the iron industry is
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due to the association of the chemist with
the engineer. The introduction of the hot
blast by Neilson, in 1829, in the manufac-
ture of cast iron had effected a large saving
of fuel. But the chemical conditions which
affect the strength and other qualities of
iron, and its combination with carbon, sili-
con, phosphorus and other substances had
at that time scarcely been investigated. In
1856 Bessemer brought before the British
Association at Chcltenham his brilliant
discovery for making steel direct from the
blast furnace. This discovery, followed by
Siemens’s regenerative furnace, by Whit-
worth’s compressed steel, and by the use of
alloys and by other improvements too
numerous to mention here, has revolu-
tionized the conditions under which metals
are applied to engineering purposes.

Indeed, few questions are of greater in-
terest, or possess more industrial impor-
tance, than those connected with metallic
alloys. This is especially true of those al-
loys which contain the rarer metals; and
the extraordinary etfects of small quanti-
ties of chromium, nickel, tungsten and
titanium on certain varieties of steel have
exerted profound influence on the manu-
facture of projectiles and on the construc-
tion of our armored ships. Of late years
investigations on the properties and struc-
ture of alloys have been numerous, and
among the more noteworthy researches
may be mentioned those of Dewar and
Fleming on the distinctive behavior, as re-
gards the thermo-electric powers and elec-
trical resistance, of metals and alloys at
the very low temperatures which may be
obtained by the use of liquid air.

Professor Roberts-Austen, on the other
hand, has carefully studied the behavior of
alloys at very high temperatures, and by
employing his delicate pyrometer has ob-
tained photographic curves which afford
additional evidence as to the existence of
allotropic modifications of metals, and which
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have materially strengthened the view that
alloys are closely analogous to saline solu-
tions.  Professor Roberts-Austen has,
moreover, shown that the effect of any one
constituent of an alloy upon the properties
of the principal metal has a direct relation
to the atomic volumes, and that it is conse-
quently possible to fortell, in a great meas-
ure, the effect of any given combination.
Metallurgical science has brought alumin-
ium into use by cheapening the process of its
extraction ; and if by m:eans of the wasted
forces in our rivers, or possibly of the wind,
the extraction be still further cheapened by
the aid of electricity, we may not only
utilize the metal or its alloys in increasing
the spans of our bridges, and in affording
strength and lightness in the construction
of our ships, but we may hope to obtain a
material which may render practicable the
dreams of Icarus and of Maxim, and for
purposes of rapid transit enable us to navi-
gate the air. '
As early as 1820 the steam engine had
been applied by Gurney, Hancock and oth-
ers to road traction. The absurd impedi-
ments placed in their way by road trustees,
which, indeed, are still enforced, checked
any progress. But the question of mechan-
ical traction on ordinary roads was practi-
cally shelved in 1830, at the time of the for-
mation of the British Association, when the
locomotive engine was combined with a
tubular boiler and an iron road on the Liv-
erpool and Manchester Railway. Great,
however, as was the advance made by the
locomotive engine of Robert Stephenson,
these earlier engines were only toys com-
pared with the compound engines of to-day
which are used for railways, for ships, or
for the manufacture of electricity. Indeed,
it may be said that the study of the laws of
heat, which have led to the introduction of
various forms of motive power, are gradu-
ally revolutionizing all our habits of life.
The improvements in the production of
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iron, combined with the developed steam
engine, have completely altered the condi-
tions of our commercial intercourse on land;
whilst the changes caused by the effects of
these improvements in shipbuilding and on
the ocean carrying trade have been, if any-
thing, still more marked. At the founda-
tion of the Association all ocean ships were
built by hand of wood, propelled by sails,
and manceuvred by manual labor; the ma-
terial limited their length, which did not
often exceed 100 ft., and the number of
English ships of over 500 tons burden was
comparatively small. In the modern ships
steam power takes the place of manual la-
bor. It rolls the plates of which the ship
is constructed, bends them to the required
shapes, cuts, drills, and rivets them in their
place. It weighs the anchor; it propels the
ship in spite of winds or currents; it steers,
ventilates and lights the ship when on the
ocean. It takes the cargo on board and
discharges it on arrival.

The use of iron favors the construction of
ships of a large size, of forms which afford
small resistance to the water, and with
compartments which make the ships prac-
tically unsinkable in heavy seas or by col-
lision. Their size, the economy with which
they are propelled, and the certainty of
their arrival, cheapen the cost of transport.
The steam engine, by compressing air, gives
us control over the temperature of cool
chambers. In these not only fresh meat,
but the delicate produce of the Antipodes, is
brought across the ocean to our doors with-
out deterioration. Whilst railways have
done much to alter the social conditions of
each individual nation, the application of
iron and steam to our ships is revolutioniz-
ing the international commercial conditions
of the world; and it is gradually changing
the course of our agriculture as well as of
our domestic life.

But, great as have been the developments
of science in promoting the commerce of the
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world, science .is asserting its supremacy
even to a greater extent in every depart-
ment of war. And perhaps this application
of science affords at a glance, better than
almost any other, a convenient illustration
of the assistance which the chemical, phys-
ical and electrical sciences are affording
to the engineer. The reception of warlike
stores is not now left to the uncertain judg-
ment of ¢ practical men,’ but is confided to
officers who have received a special train-
ing in chemical analysis and in the applica-
tion of physical and electrical science to
the tests by which the qualities of exple-
sives, of guns and of projectiles can be as-
certained.” For instance, take explosives.
Till quite recently black and brown pow-
ders alone were used—the former as old as
civilization, the latter but a small modern
improvement adapted to the increased size
of guns. But now the whole family of
nitro-explosives are rapidly superseding the
old powder. These are the direct outcome
of chemical knowledge and not of random
experiment. The construction of guns is
no longer a haphazard operation. In spite
of the enormous forces to be controlled and
the sudden violence of their action, the re-
searches of the mathematician have enabled
the just proportions to be determined with
accuracy ; the labors of the physicist have

revealed the internal conditions of the ma-

terials employed and the best means of their
favorable employment. The chemist has
rendered it clear that even the smallest
quantities of certain ingredients are of
supreme importance in affecting the tenacity
and trustworthiness of the materials. The
treatment -of steel to adapt it to the vast
range of duties it has to perform is thus the
outcome of patient research. And the use
of the metals — manganese, chromium,
nickel, molybdenum—as alloys with iron
has resulted in the production of steels
possessing varied and extraordinary prop-
erties. The steel required to resist the
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conjugate stresses developed, lightning fash-
ion, in a gun necessitates qualities that
would not be suitable in the projectile whieh
that guns hurls with a velocity of some
2,600 ft. per second against the armored
side of a ship. _ .

The armor, again, has to combine ex-
treme superficial hardness with great tough-
ness, and during the last few years these
qualities are sought to be attained by the

- application of the cementation process for

adding carbon to one face of the plate and
hardening that face alone by rapid refriger-
ation. The introduction of metal cartridge-
cases of complex forms drawn cold out of
solid blocks or plate has taxed the inge-
nuity of the mechanic in the device of ma-
chinery and of the metallurgist in produ-
cing a metal possessed of the necessary
ductility and toughness. The cases have to
stand a pressure at the moment of firing of
as much as 25 tons to the square inch.
There is nothing more wonderful in practi-
cal mechanics than the closing of the breech
openings of guns, for not only must they be
gas-tight at these tremendous pressures,
but such that one man by a single contin-
nous movement shall be able to open or
close the breech of the largest gun in some
ten or 15 seconds. The perfect knowledge
of the recoil of guns has enabled the re-
action of the discharge to be utilized in
compressing air or springs by which guns
can, be raised from concealed positions in
order to deliver their fire, and then made to
disappear again for loading, or the same
force has been used to run up the guns
automatically immediately after firing, or,
as in the case of the Maxim gun, to deliver
in the same way a continuous stream of
bullets at the rate of ten in one second.

In every department concerned in the
production of warlike stores electricity is
playing a more and more important part.
It has enabled the passage of a shot to be
followed from its seat in the gun to its
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destination. In the gun, by means of
electrical contacts arranged in the bore, a
time-curve of the passage of the shot can
be determined. From this the mathema-
tician constructs the velocity-curve, and
from this again the pressures producing the
velocity are estimated and used to check
the same indications obtained by other
means. Electricity and photography have
been laid under contribution for obtaining
records of the flight of projectiles and the
effects of explosions at the moment of their
occurrence. Many of you will recollect Mr.
Vernon Boys’s marvelous photographsshow-
ing the progress of the shot driving before
it waves of air in its course. The readiness
with which electrical energy can be con-
verted into heat or light has been taken
advantage of for the firing of guns, which
in their turn can, by the same agency, be
laid on the object by means of range finders
placed at a distance and in advantageous
and safe positions; while the electric light
is utilized to illumine the sights at night, as
well as to search out the objects of attack.

The advances in engineering which have
produced the steam engine, the railway,
the telegraph, as well as our engines of war,
may be said to be the result of commercial
enterprise rendered possible. only by the
advances which have taken place in the
several branches of science since 1831.
Having regard to the intimate relations
which the several sciences bear to each
other, it is abundantly clear that much of
this progress could not have taken place in
the past, nor could further progress take
place in the future, without intercommuni-
cation between the students of different
branches of science. The founders of the
British Association based its claims to utility
upon the power it afforded for this inter-
communication. Mr. Vernon Harcourt
(the uncle of your present General Secre-
tary), in the address he delivered in 1832,
said: ‘ How feeble is man for any purpose
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when he stands alone—how strong when
united with other men! It may be true
that the greatest philosophical works have
been achieved in privacy, but it is no less
true that these works would never have
been accomplished had the authors not
mingled with men of corresponding pursuits,
and from the commerce of ideas often gath-
ered germs of apparently isolated discov-
eries, and without such material aid would
seldom have carried their investigations to
a valuable conclusion.”

I claim for the British Association that
it has fulfilled the objects of its founders,
that it has had a large share in promoting
intercommunication and combination. Our
meetings have been successful because they
have maintained the true principles of
scientific investigation. @ 'We have been
able to secure the continued presence and
concurrence of the master spirits of science.
They have been willing to sacrifice their
leisure, and to promote the welfare of the
Association, because the meetings have
afforded them the means of advancing the
sciences to which they are attached.

The Association has, moreover, justified
the views of its founders in promoting in-
tercourse between the pursuers of science,
both at home and abroad, in a manner which
is afforded by no other agency. The weekly
and sessional reunions of the Royal Society,
and the annual soirées of other scientific
societies, promote this intercourse to some
extent, but the British Association presents
to the young student during its week of
meetings easy and continuous social oppor-
tunities for making the acquaintance of
leaders in science, and thereby obtaining
their directing influence. It thus en-
courages, in the first place, opportunities of
combination, but, what is equally impor-
tant, it gives at the same time material as-
sistance to the investigators whom it thus
brings together. The reports on the state
of science at the present time, as they ap-
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pear in the last volume of our Transactions,
occupy the same important position, as
records of science progress, as that occupied
by those reports in our earlier years. We
exhibit no symptom of decay.

Our neighbors and rivals rely largely
upon the guidance of the State for the pro-
motion of both science teaching and of re-
search. In Germany the foundations of
technical and industrial training are laid in
the Realschulen and supplemented by the
higher techmnical schools. In Berlin that
splendid institution, the Royal Technical
High School, casts into the shade the facil-
ities for education in the various Polytech-
nics which we are now establishing in
London.

For developing pure scientific research
and for promoting new applications of
science to industrial purposes the German
Government, at the instance of von Helm-
holtz and aided by the munificence of
‘Werner von Siemens, created the Physikal-
ische Technische Reichsanstalt at Charlot-
tenburg. This establishment consists of
two divisions. The first is charged with
pure research, and is at the present time
engaged in various thermal, optical, and
electrical and other physical investigations.
The second branch is employed in opera-
tions of delicate standardizing to assist the
wants of research students. As a conse-
quence of the position which science occu-
pies in connection with the State in Conti-
nental countries, the services of those who
have distinguished themselves either in the
advancement or in the application of science
are recognized by the award of honors; and
thus the feeling for science is encouraged
throughout the nation.

Great Britain maintained for a long time
a leading position among the nations of the
world by virtue of the excellence and ac-
curacy of its workmanship, the result of in-
dividual energy; but the progress of me-
chanical science has made accuracy of work-

SCIENCE.

[N. 8. Vor. IIL No. 41.

manship the common property of all nations
of the world. Our records show that
hitherto, in its efforts to maintain its posi-
tion by the application of science and the
prosecution of research, England has made
marvellous advances by means of voluntary
effort, illustrated by the splendid munifi-
cence of such men as Gassiot, Joseph Whit-
worth, James Mason and Ludwig Mond;
and, whilst the increasing field of scientific
research compels us occasionally to seek for
Government assistance, it would be unfor-
tunate if by any chance voluntary effort
were fettered by State control. The British
Association has contributed £60,000 to aid
research since its formation.

The other voluntary agencies to research,
including those which the Government
carries on for its own purposes, are too
numerous to print here. For direct assist-
ance to voluntary effort the Treasury con-
tributes £4,000 a year to the Royal Society
for the promotion of research, which is
administered under a board whose members
represent all branches of science. The
Treasury, moreover, contributes to marine
biological observatories, and in recent years
has defrayed the cost of various expeditions
for biological and astronomical research,
which in the case of the Challenger expedi-
tion involved very large sums of money.
In addition to these direct aids to science,
Parliament, under the Local Taxation Act,
handed over to the County Councils a sum,
which amounted in the year 1893 to £615,-
000, to be expended on technical education.
In many country districts, so far as the ad-
vancement of real scientific technical prog-
ress in the nation is concerned, much of this
money has been wasted for want of knowl-
edge. And whilst it cannot be said that
the Government or Parliament have been
indifferent to the promotion of scientific
education and research, it is a source of re-
gret that the Government did not devote
some small portion of this magnificent gift
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to affording an object lesson to County
Councils in the application of science to
technical instruction, which would have
suggested the principles which would most
usefully guide them in the expenditure of
this public money. Government assistance
to science has been based mainly on the
principle of helping voluntary effort.

The Kew Observatory was initiated as a
scientific observatory by the British Associ-
ation. It is now supported by the Gassiot
trust fund, and managed by the incorporated
Kew Observatory Committee of the Royal
Society. This institution carries on to a
limited extent some small portion of the
class of work done in Germany by that
magnificent institution, the Reichsanstalt
at Charlottenburg, but its development is
fettered by want of funds. British students
of science are compelled to resort to Berlin
and Paris when they require to compare
their more delicate instruments and appar-
atus with recognized standards. There
could scarcely be a more advantageous ad-
dition to the assistance which Government
now gives to science than for it to allot a
substantial annual sum to the extension of
the Kew Observatory, in order to develop
it on the model of the Reichsanstalt.

The various agencies for scientific educa-
tion have produced numerous students ad-
mirably qualified to pursue research; and
at the same time almost every field of in-
dustry presents openings for improvement
through the development of scientific meth-
ods. For instance, agricultural operations
alone offer openings for research to the biol-
ogist, the chemist, the physicist, the geolo-
gist, the engineer, which have hitherto been
largely overlooked. If students do not
easily find employment it is chiefly attri-
butable to a want of appreciation for science
in the nation at large. This want of appre-
ciation appears to arise from the fact that
those who nearly half a century ago directed
the movement of national education were
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trained in early life in the universities, in
which the value of scientific methods was
not at that time fully recognized. Hence
our elementary and even our secondary and
great public schools neglected for a long
time to encourage the spirit of investigation
which develops originality. This defect is
diminishing daily.

There is, however, a more intangible
cause which may have had influence on the
want of appreciation of science by the na-
tion. The Government, which largely
profits by science, aids it with money, but
it has done very little to develop the na-
tional appreciation for science by recogniz-
ing that its leaders are worthy of honors
conferred by the State. Science is not fash-
ionable, and science students—upon whose
efforts our progress as a nation so largely
depends—have not received the same meas-
ure of recognition which the State awards
to services rendered by its own officials, by
politicians, and by the Army and by the
Navy, whose success in future wars will
largely depend on the effective applications
of science.

The reports of the British Association af-
ford a complete chronicle of the gradual
growth of scientific knowledge since 1831.
They show that the Association has ful-
filled the objects of its founders in promo-
ting and disseminating a knowledge of sci-
ence throughout the nation. The growing
connection between the sciences places our
annual meeting in the position of an arena
where representatives of the different sci-
ences have the opportunity of criticizing
new discoveries and testing the value of
fresh proposals, and the presidential and
sectional addresses operate as an annual
stock-taking of progress in the several
branches of science represented in the sec-
tions. Every year the field of usefulness of
the Association is widening. For, whether
with the geologist we seek to write the his-
tory of the crust of the earth, or with the
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biologist to trace out the evolution of its in-
habitants, or whether with the astronomer,
the chemist and the physicist we endeavor
‘to unravel the constitution of the sun and
the planets or the genesis of the nebulee and
stars which make up the universe, on every
side we find ourselves surrounded by mys-
teries which await solution. We are only
at the beginning of work.

I have, therefore, full confidence that the

future records. of the British Association
will chronicle a still greater progress than
that already achieved, and that the British
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eral lake-like expanses usually represented
as being at the head of some very small
stream, I began inquiries concerning them
and followed this up by visiting several of
the largest. '

Parenthetically, I may say that Darling-
ton is well out on the loose sands and clays
of the coastal plain (see Fig. 1), and while
the main streams have cut down 30 to 40
feet beneath the general level of the coun-
try, yet their side streamlets are small, and
much of the inter-stream surface is poorly
dissected and but slightly changed from

e .
Fig. 1. Map of S. C., showing position of Darlington on the coastal plain.

nation will maintain its leading position
amongst the nations of the world, if it will
energetically continue its voluntary efforts
to promote research, supplemented by that
‘additional help from the Government which
ought never to be withheld when a clear
case of scientific utility has been estab-
lished. ’

SOME NOTES ON DARLINGTON (8. C.), ‘BAYS.
Havineg noted on a surveyor’s map of
my school district of ‘Darlington, S. C., sev-

the condition in which it was uplifted from
sea bottom. 'This inter-stream surface is
very level, the slope being about one foot per
mile; the streamlets are weak; and exten-
sive systems of ditches are necessary to
keep the upland drained for cultivation.
To the lake-like expanses the term ‘ bay’
is usually applied, and by it is meant a per-
fectly flat, clayey area with a surface some
two to four feet below the general level of
the country and varying from a few acres in
size to stretches a mile or two long and a




