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the individual in estimating the number of 
years that he may reasonably hope to live 
would take into account death by lightning 
-were that the only death, he might look 
forward to a very long life. Neither need 
we consider the accuracy of the forecasts 
of the probable future of the sun any more 
than the individual takes into account 
probable geological and climatic changes as 
having any bearing on his own expectancy 
of life. The drama of human existence 
on the earth is a fleeting show when meas- 
ured in terms of the duration of the sun. 
The exhaustioti of our supply of fixed 
nitrogen, a contingency discussed some 
years ago by Sir TVilliam Crookes, and of 
our free oxygen which was more recently 
suggested by Lord Kelvin are factors that 
bring the question of the duration of 
human activity somewhat nearer home but 
they are still so remote as to be of no 
immediate practical importance. Other 
factors there are, however, that are not 
only immediate but rapidly becoining iin- 
minent and pressing. 

A t  the recent conference on the con-
versation of resources which met at  the 
white House at  the invitation of the presi- 
dent of the United States notes of warn-
ing were sounded concerning the coming 
exhaustion of coal, wood, ores and soils. 
Whether or not we accept as exact the 
estimates furnished by experts on that im- 
pressive occasion, there is no doubt that we 
are approaching the end of our available 
resources and that the near future mill 
have momentous problem., tn face. 

Certain things are clear. 
First. Unchecked wastefulness as ex-

hibited, for example, in the extermination 
of the bison, in the destruction of forests, 
in the exhaustion of the soil, in the disap- 
pearance from our coasts and streams, that 
once teemed with fish, of this important 
source of food supply, in the pouring into 
the air of an incredible amount of unused 

fnel from hundreds of thousands of coke 
ovens innst cease or our ruthless exploita- 
tion will bring disaster on generations soon 
to come. The prevention of these and 
countless other manifestations of indi-
vidual and corporate greed is a problem 
for the economist and the law-maker 
although they will scarcely succeed in its 
solutioti without calling science to their 
aid. 

Xecotzd. Saving and thrift offer at  best 
only a postponement of the day of distress. 
The end of our supplies of coal and 
petroleum niust ultimately be reached. 
Forests may be renewed and the soil re- 
stored to its niaximunl fertility but the 
problem n~hich is presently to confront the 
race is that of civilized existence without 
recourse to ener,T stored by the slow 
processes of nature. This problem must 
be definitely solved before the complete ex- 
haustion of our inherited capital. 

T h i ~ d .  The problem is not without con- 
ceivable solution, since the annual acces-
sion of energy from the sun, did we know 
how to utilize it without awaiting the slow 
processes of storage enlployed by nature, 
is ample for every thinkable need of the 
future inhabitants of our planet. Esti-
mates of the constant of solar radiation 
show that about 2.18 kilowatts of pourer is 
continually received from the sun for 
erery square meter of the earth's surface 
or over seven and a half millions of horse- 
power per square mile. The present use 
of power in the United States is about 
eighty million horse-power or one horse-
power per capita. This quantity is likely 
to increase more rapidly than the popula- 
tion in the future unless curtailed by lack 
of fuel, but i t  is evident that a very small 
fraction of the sun's radiation would meet 
all demands. 

Now abundant power is soon to be the 
factor upon which material advancement 
will chiefly depend. To obtain i t  in the 



face of the disappearance of coal and 
petroleuin miill be imperative. For success 
in this, upon which in the irnn~ecliate 
future the welfare of the race and ulti- 
mately its very perpetuity is to depend, we 
imst look to science. Mere ingenuity or 
inventiveness, however widely developed, 
will not suffice. The inventor and the engi- 
neer can but utilize and apply the material 
which the man of science provides and 
with the exhaustion of our stores of scien- 
tific Bnowledge civilization must halt. 

It is of this fundamental relation of sci- 
ence to the progress of our civilization 
that I wish to speak. The fact that ma- 
terial progress is based upon science seems 
to be but dimly understood. It appears to 
be generally supposed that i t  is to the 
inventor and to thoso who use his devices 
that we owe our present advantages over 
our forefathers. I would not belittle the 
achievenlents of the so-called practical 
man, but the public must be taught that 
application can never run ahead of the 
knowledge to be applied and that the only 
road to higher achieverrrent in practical 
things is by the further developnlent of 
pure science. 

The . ~ z a i ~ ap~oductof science, using that 
word in its broadest sense, is lc?zozoledge; 
among its by-prociucts are the technological 
arts, including invention, engineering in all 
its branchtls and modern industry. Not all 
industries have attained the character of 
a technological art. Burning the woods to 
clrive out game and thus obtain a dinner, 
is a forrn of industry Like it in character 
are some very large industries, such as 
agriculture of the sort that impoverishes 
the soil; lumbering that destroys forests 
ancl incidentally ruins rivers and increases 
erosion; coke making by processes that 
waste forty per cent. of the energy of coal. 
The production of power Prom coal by 
means of the steam boiler and the recipro- 
rating engine we at present regard as a 

highly developed technological a r t ;  yet i t  
is a process which at  the very best converts 
less than ten per cent. of the total stored 
energy of the fuel into available form. 
If the nltimate purpose of this power is 
the production of light, we by our present 
methocls suffer a second waste of ninety 
per cent. or more, so that the efficiency of 
the combined processes is but a fraction of 
one per cent. These things are excusable 
while ignorance lasts. They beconle crim- 
inal with realization of the results and are 
inconceivable in a community of fully de- 
veloped civilization. Science paves the 
way for the gradual supplantii~g of these 
barbarous methods by more refined and 
rational processes, but they often persist 
long after they are known to be injurious 
to the public welfare because they happen 
to serve some selfish individual or corpo-
rate purpose. I n  such cases it is to science 
again that we must look for the develop- 
ment of an enlightened public opinion that 
will end them. 

Nearly all ally important technical ad- 
vances have their origin in communities 
where the great fundamental sciences are 
most extensively and successfully culti-
vated. In  the field of artificial illumina- 
tion, to take a concrete example, each suc- 
cessive improt7ement over the tallow-dips 
ancl whale-oil lainps of our ancestors has 
come to us froin over the water. 

The first building to be ligh1,ed by coal- 
gas was the cheinical laboratory at  Wiirtz- 
burg (1789). Illuminating oils mere being 
made froin petroleum by Binney and 
Young, in England (1850), at  ;I, time when 
we were bottling our crude oil and selling 
i t  for liniment. 

During the later years of the nineteenth 
century occurred the sudden development 
of arc-lighting in this country; a change 
from darkness to light unprecedented and 
almost unimaginable. This magical trans- 
formation from conditions but little re-
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moved from m e d i e d  darkness mas largely 
due to the ingenuity of Farmer, Brush, 
Elihn Thonlson, Weston and numerous 
other American inventors, backed by an 
energetic people lieen to adopt whatever 
appeals to them. The electric arc, how- 
ever, was discovered by Sir Ulxniphry 
Davy (1806). It was the developnlent of 
the voltaic battery by Grove and Bunsen 
(1840) that gave the first impetus to 
electric lighting, and of the dynamo by 
Qramme and Siemens that made i t  a com- 
mercial poscibility. Arc lamps had been 
in regular ixse in the lighthouses of Eng- 
land and France since 1858; a factory in 
Paris was thus illuminated in 1873; wide- 
spread public interest in arc-lighting was 
first kindled by the dazzling display at  
the Paris exposition of 1878. 

Lighting by glow-lamps, like arc-light- 
ing, had its first great gro1~7th in America. 
Kine years after Edison's announcement of 
his plan of installing high-resistance lamps 
in inultiple in a constant potential circuit, 
and his public den~onstrations at lienlo 
Park of the practicability of the scheme, 
over three inillion such lamps mere in use 
in the United States.' The incandescent 
lamp, however, with the e,ssential feature 
of a carbon filament in yacuo, seems to 
hare originated. although not yet in prac- 
ticable fonn, vi th Swan in England some 
years previous to 1879.3 

To Auer \Ton Welsbach, Nernst and 
Rremer, in Gerinany, we owe the use of 
the oxides of the rare earths as illumi-
nants ; to drons, of Berlin, the ~nercury arc 
in its original form; to 17arious inventors 
and experimenters across the water the new 
filanleilts of tantalum. tungsten and other 
refractory metals that are rapidly repla- 
cing our filaments of carbon. The Pintsch 
gas .cvhich lights our railroad trains is lilre- 
wise a Gernlan invention. 

T. C. Martin, Elect?.icnl TVorlcl, TTol. IX., p, 60. 
'Dredge. ( '  Clectiic Illumination." 

I11 the matter of acetylene, although 
priority for its coiniaercial production was 
awarded to TT7ilson in Canada, the process 
liistorically considered is obviously trace- 
able to the scieiltific researches with the 
electric furnace at the hands of ilIoissan in 
France. The absorption of acetylene by 
acetone, which irrakcs storage in portable 
for111 of that briliia~lt illnminant practi- 
cable, is likewise a European idea. 

This summary of facts does not display 
an exceptional, hut a prevalent, condition. 
I t  might be duplicated in almost any de- 
partment of tecllnology. Although we in 
this country have had a hand in the de- 
velopnient of the art of generating power 
nearly every important step in the use of 
steam originated in Ellrope, as did niost of 
the devices pertaining to boilers and 
engines: such as gauges, injectors, gov-
ernors, condensers and the like, This is 
not strange, in the case of the reciprocating 
engine, which is an old-fashioned machine, 
a relic, the continued use of which is due 
chiefly to the extraordinary tendency of 
the race to cling to the things of the past. 
I t  is true, however, to no less extent of the 
invention of internal combustion engines, 
steam turbines, water turbines and of the 
nlhole family of electrical devices for the 
transmission of power. Generator anc3 
motor, transformer and storage battery 
alike had their inception overseas. I t  is 
the same in artificial refrigeration, in &leg- 
raphy, in photography: indeed, in nearly 
all the arts that are based npon the funda- 
mental science of physics. In the great 
fields of industrial chemistry, especially, 
Evropean preenlinence is unirersally ad-
mitted. 

A11 this does not mean that we do not 
deserve our popular reputation as an in- 
genious people, facile and versatile, quick 
to grasp and put  to me any novelty. No-
where else in the ~vorld has cunningly de- 
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vised and admirably designed machinery 
been made to supplement and supplant 
hand labor so successfully; we have indeed 
a pasion and a genius for invention. But 
i t  is one thing to contrive clever mechan- 
ical conibinations based upon simple prin- 
ciples long since established and familiar 
in every machine shop and quite another 
to possess the conzbination of profound 
chemical knowledge and technical skill that 
have yielded such extraordinary results in 
the glass works a t  Jena, or the mathe- 
matical ability to develop the theory of 
lenses to the point which has made it pos- 
sible to design the wonderful optical in- 
struments that have made the same little 
German town famous. 

Many inventions that did not originate 
with us have found their widest field in 
this country. Many foreign ideas have 
first obtained practical form for general 
purposes here. We were among the first 
and continue to be by far the most ex-
tensive users of the electric railway. In  
Davenport, Page, Farmer, Green and 
others we count pioneers of the pre-
dynamic period wortl~y to be named with 
Davidson, Pinkus, Jacoby, I3essolo and 
other European inventors of their day. 
Nevertheleqs it was Pacinotti, Gramme and 
Siemens who gave us the electric motor; 
it was at Sermaize in France that the 
classical experiment of plowing by elec-
tricity was performed; i t  was a t  the in- 
dustrial exhibition in Berlin, in 1879, that 
the first electric road in the modern sense 
mas operated. The first roads for ordi- 
nary everyday public service were the 
Berlin-Lichterfelde Line and the Port Rush 
Electric Railway, in Ireland, a third-rail 
system supplied with water-power. Buda-
pest had the first successful underground 
trolley road. The most advanced type of 
electric traction by the use of alternating 
currents, as exemplified in Switzerland, 
northern Italy and elsewhere has only very 

recently received serious attention in this 
country. 

We transmit a larger amount of energy 
over greater distances and at higher volt- 
ages than any other people, but the prac- 
tical possibility of such transmission was 
first exemplified by the sending of power 
from the waterfalls at Laufen 100 kilo-
meters away, to the electrical exhibition at  
Frankfort-on-Main, in 1892. 

I t  is not a question of American versus 
European skill, but of the conditions under 
which useful applications are likely to 
originate. The history of technology 
shows the essential condition t,o be scien- 
tific productiveness. 

A country that has many investigators 
will have many inventors also. A scien-
tific atmosphere dense enough to permeate 
the nlasses brings proper suggestions t o  
inany practically inclined minds. Where 
science is there will itsl by-product, 
technology, be also. Communities having 
the most thorougll fundamental knowl-
edge of pure science will show the 
greatest output of really practical inven- 
tions. Peoples who get their knowledge at  
second-hand must be content to follow. 
Where sound scientific conceptions are the 
common property of a nation the wasteful 
efforts of the half-informed will be least 
prevalent. The search after perpetual mo-
tion, the attempt to evade the second law 
of thermodynamics and the promotion of 
the impracticable are all simply symptoms 
of a people's ignorance. 

RIodern invention is a very near neigh- 
bor to the pure science of the laboratory 
and the relation becomes daily more inti- 
mate. Nothing could apparently be more 
academic in its early development or 
further from the practical workaday world 
than the subject of electric waves. For 
years it was regarded as a fine field for the 
specl~lations of the matheiliatical physi-
cist. Then at the hands of Hertz and his 
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followers it became a fascinating topic for 
esperirnental investigation by men devoted 
to  science for its own sake. Suddenly it  
mas launched into the realm of hard-
headed comrnercialis~n by a practical man, 
daring, enthusiastic and optimistic enough, 
a t  a time when electric waves could be 
produced in one room of the laboratory 
and cletetted in the next room, to ciream of 
sending such waves across the sea as 
bearers of human messages. 

A t  every step of its development the 
things that have made ~ewirele* telegraphy 
possible ha~re bcen borro~ved from pure sci- 
ence. 

While nlarconi was still struggling to 
adapt the apparatus of Riphi to lonq-dis- 
tance transmission the antenna and the 
coherer were already in use by Popoff4 in 
the study of oscillatory lightning. I n  the 
thermal detector of Bessenden the almost 
invisible platin11111 wires produced years 
before by Wollaston for the cross-hairs of 
telescopes appear in a new field of useful- 
ness. The "lead-tree" familiar as a 
simple and beautiful lecture experime~it in 
electrolysis forms the basis of the reqponder 
of DeForest. Anotlier form of electrolytic 
detector introduced independently as the 
receiver of wireless signals by Schloeniilch 
and by Vreeland traces back to the Wehnelt 
interrupter. &larconi7s latest receiver, the 
magnetic detector, 1s an  ingenious niodifica- 
tion of Itatherford's clevice for the study 
of electric waves ancl this in tu rn  was based 
on the classical experiment of Joseph 
PTenry on the effects of the discharge of 
Leyden jars on the magnetization of steel 
sewing needles. 

I t  is necdlcss to nmltiply examples. I n  
the history of science ancl of invention this 
intimate relation appears to be almost uni- 
versal. 

I n  this country science is making a great, 
* Popoff, Journal of Ihe Eussia%Physical Chem- 

ical Eoczety, Volr. 28 and 20, 1895. 

grov~th,particnlwrlyin material equip~nent. 
The number and size of omr special socie- 
ties is increasing year by year. The 
iln~ericanAssociation for the Advanceinent 
of Science has already a nrembership of 
Inore than 6,000. Our scieldific journals 
are steadily growing in irmfluence and im- 
portance. Colleges everywhere are build- 
ing label-atories and the universities are in- 
creasing their facilities for research. The 
federal and state governments are begin- 
ning to recognize the necessity for scien- 
tific investigation and to foster it. 

Nevertheless there is mncli to be done to 
bring us 11p to the European standard. 
Our position is like that which exists in 
agriculture. The total product of wheat 
and corn is enormous, but when we con-
sider bushels per acre me realize the 
superiority of the intensive cultivation of 
older countries. I n  science likewise oitr 
total oulpld, is creditable, but our specific 
prod~ictiveness is still low. The discrep- 
ancy can hardly be ascribed to inferiority 
of intellect or to lack of indnstry, for  me 
are of the same stock as those who have 
created modern science and who have given 
it  its high place in other countries. FOP 
an explanation me nlust looli, rather, to 
~nvi ronn~entand to tlie conditions under 
~vhich scientific work is done here and 
abroad. 

Now the environtnent of science has 
always been academic. Science has its 
home in the university. From Galileo and 
Newton to onr own time the men who have 
laid the foundations upon which civiliza- 
tion is built have nearly all been teachers 
and professors. 

A few notable exceptions there are, such 
as Darwin, whose centenary we are about 
to celebrate. Each branch has its short list 
of unattacl-irci investigators -Franklin, 
Eumford, Carnot, Joule in  physics, etc., 
but the honor-roll of science is essentially 
an acadeinic list. 



I t  is SO in Anierica as elsewhere, bllt 
abroad the dictum of the university is 
s~xthoritative; with us the term acadentic 
is one of contempt. Enropean practise is 
confidently based on theory, but in 
America men of affair-s habitually use the 
v~orcltl~eoreticcrlas synonymous with iin- 
practicable, unt~orkable and not in accorcl- 
snce with fact. 

It is necessary, therefore, in eonsiderinq 
the place of America in science, to contrast 
the standing of our educational institu-
tions, not pedagogically, but as centers of 
research, with those of our neighbors. I 
attenipt no general comparison but offer 
only a single simple illustl-ation clrawn 
from the one branch of science for which I 
feel competent to speak: I-Eolland has but 
four ~miversities, ~vilh less than four thou- 
sane1 student3 in all. There are in this 
country at least fifty institutions larger and 
better ecluipped on the average than the 
Dutch universities. If we were on a par 
with T-lolland in physics, for example, we 
should have seventy or more university 
teachers, who were, at  the same time, in- 
vestigators of the rank of Lorentz, Zeeman, 
Julius, Ohnes, Haga and Van der TVaals. 
I shall not venture into other sciences, but 
leave my colleagues to make their own 
comparisons. 

We have less than our share of men of 
science because we have not, as yet, uni- 
versities that s~xfficientl$ foster and en-
courage research. When in any of our 
institntions a man distingliishes himself by 
productive work he is frequently made a 
dean, director or even president, and is thus 
retired Prom what might have been :I, great 
career as an investigator.. Thereafter he is 
comnpelled to devote himself to adniinis-
trative duties, nhieh home one not 
eynipped for the iinpolatant task of adding 
to the world's stock 01lrnomledge might 
just as well perform. I t  is as though the 
authorities were to say: X has written an 

adrliirable book; we must appoint hiin 
booklieeper-or Y is developing. a ilecicled 
genius for lanclscape; we tvill increase his 
salary and ask him to devote all his time 
to painting the woodworl< of the university 
buildings. Nor does the mischief stop 
with the sacrifice of a fern- bright spirits. 
I t  extends to the bottom. 7'he head of 
each cl~partrnent is a petty dean, c~~mbered 
with adrninistrative detail. He  is expected 
to hold erery one under him to account, 
not for scllolarly productiveness, but for 
the things which chiefly hinder* it. 

I n  this exaltation of administrative 
ability over creative gifts which are much 
rarer and more precious, our institutions 
share the weakness x~hich pervades our in- 
dustrial establishments where the manager 
or superintendent usually gets; larger pay 
and is regarded as more important than the 
most expert craftsman. In both we see 
the same striving for a certain sort of 
efficiency ancl economy of operation and for 
the attainment of a completely standard- 
ized product. This tends in both &ses to 
the elimination of individuality and to 
sterility. In the university it retards in-
stead of developing research. I n  inelustry 
i t  discourages originality. I ~roulcl that 
there might be elisplayed in the admii~istra- 
tive offices of every institution of higher 
education this testy remarlr once made by 
an eminent scholar: " Y o u  ca?t %ot 1.un a 
~l?zlive.r.sityas YOIL zoo?hld a saw-mill!" 

If any one questions the responsibility of 
the American university for the shortcom- 
ings of American science and is inclined to 
seek some more obscure cause for the condi- 
tions that I have endeavored to portray, 
let him consider the history of astronomy 
in this country. This science for some 
reason was from the first accorded favors 
not vouchsafed to any other branch of 
learning. Colleges that made no pretence 
of research and had neither laboratories 
nor libraries worthy of the name were 
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ambitious to E~ave observatories, and rich 
rnen were found to establish and endow 
them. The observatory itnplied, somehow, 
to the minds of the autl~orities, a n  astron- 
omer--not rnerely sorne one of good m o ~ s l  
character who could teach the subject--
and so i t  came about that there was one 
member of the college faculty izho sr-as 
expected to do scientilic worlr and was left 
comparatively free to  observe ancl investi- 
gate. llfodest as most of these early pro- 
visions for  astronorny Jvere, t h ~ y  bore fruit ,  
and -4merican astronolny gained standing 
and reco~nition while her sister sciences 
wlere strngpling for existence. Later, it 
is true, there arose an ambition for labora- 
tories and there were laboratories; but un- 
fortunately, save in very rare instances, the 
laboratory has not ilnplied a n  investigator. 
The conditions, which made astronomy what 
it was have not been repeated. Pro-
ductiveness has not been dernanded nor 
expected; neither have the inmates of our 
laboratories been accorded that exemption 
from excessive pedagogical duties which 
would enable them to give their best 
strength to research. ?Vere i t  otherwise I 
sl~ould not no.w be reminding yon sadly of 
these deplorable ?tome-conditio?zs of our 
sciences, but  singing their achievem~nts. 

-4 recent event in the etlucntional ~vorlcl 
n7eIl illustrates the weakness of our  
ncaclemic attitude toward science. The 
head of one of our strongest, inost modern, 
most progressive and best equipped in-
slitntions has annoanced, as one of the 
details of a noble bequest to the university, 
the enclowin~at of ten research professor- 
s h i p ~ . ~  

I'resicltlnt Van IIise declares : 
The provisions for fIlcir support, including 

liberal salaries, assisti~nts, materials, a limited 
amount of in.it~.uctional r ~ o r k ,  nntl relations \pith 
~tadel r t s ,  are a n  cpito~ncof the situation in tlie 

6 "Bfemorial Exercises in Honor of \Tilliarn 3'. 
Vilas," SCIENCE,XXVIII., October 30, 1908, p. 601. 

beqt German universities, which are admitted to  
stanti first among the iristitutions of the world in 
the ad~~ tnccmcn t  of kno~nilerlge. 

Thiq is indeed a n  event to warm the 
heart of every one who is inteiaested in the 
promotion of science. All who are devoted 
to learning for its own sake or v h o  realize 
the itnportaace of science to the welfare of 
the nation will appland that portion of the 
~vi l l  in  n hich this great gift  is made. nrhicl~ 
reads : 

The iiniversity nay be\t be mised to  the highest 
exccllencr a9 a beat of 1cal.ning and education by 
abundant suyporl in pnshing the confinc~s of 
knonleclgc. 

And yet in very t ruth  there is nothing 
to prevent the TJniversily of Viseonsin, 
or any other of a hundrecl of our institu- 
tions, without awaiting the rare advent of 
some far-sighted benefactor, from having, 
not ten, bnt all her professorships made 
reqearch ~)rofessorships-l~othing,alas, but 
the deep-seated and see~ningly uneradicable 
conviction of our boards of control, that the 
endowmellts colnlnitted to their charge are 
for  so~ile other purpose. 

A true university from the standpoint 
of scientific procluctiveness is s body of 
scholars; that is to say, of nien devoting 
themselves solely to the ad~~ancenientof 
learning. Every one in i t  f r o n ~  top to bot- 
torn should be an investigator. The entirc 
income of a university should be expended 
in the promotion of science, i. e.,  of knowl- 
edge. Teaching is A necessary factor in  
the aclvancen~ent of learning and so a func- 
tion of the university. tJnivcrsity teach- 
ing shoulil be clone by investigators not 
only because rnore investigators are to be 
developed, but becai~se the promotion of 
scicnce, on the settle which the fa tnre  de- 
mancls, means that science shall not remain 
narr-o~vly ;icatlenric, hnt  shnll nrore and 
more pervade the life of the people. 

From the slancll-toint of American insti- 
tutions such a definition of the university 



is revolutionary, but it can not be said to 
be impracticable or Utopian ; for upon pre- 
cisely such ideals the most successful uni- 
versity systems in the world have been 
built. 

That this type will bear transplanting to 
American soil was triumphantly demon-
strated in the work of Daniel C. Gilman, 
who gave the Johns Hopkins University at 
its inception the essential characteristics of 
the German universities as regards re-
search. This successful experiment should 
have marked an epoch in the history of 
higher education, but a generation has 
passed and we have not as yet a university 
system devoted primarily to the advance- 
ment of learning. We still consider in- 
vestigation merely as a desirable adjunct to 
university activities: never as the thing 
for which the university exists. 

Germany, on the other hand, has for a 
century consistently developed the uni-
versity as a center of research and through 
the promotion of pure science in the uni- 
versity has made German civilization what 
i t  is to-day. 

I would not be understood as urging 
German or other European methods in all 
details upon a country where quite dif- 
ferent conditions exist but one general 
principle is of universal application. In  
whatever mre have to do, whether i t  be 
municipal administration, sanitation, road- 
making, the construction of water-ways, 
the development of industries, or the con- 
servation of natural" resources, the fullest 
and latest scientific knowledge should be 
utilized. Practise should not be permitted 
to lag indefinitely behind theory and that 
they may go hand in hand public work and 
private enterprises should be in the hands 
of those who know. At the same time sci- 
ence should be persistently advanced by 
every possible agency. 

As American men of science me should 
demand for America also universities 

whose purpose is the production of knowl- 
edge. There are those who will reply to 
such a demand that we need not look 
abroad; that we are already developing an 
educational system better for our purposes 
than any that has hitherto existed. So be 
'it, but whatever pedagogical experiments 
we may choose to try, science and the 
advancement of learning must not be for- 
ever sacrificed to them. W e  need not 
merely research in the universitias but uni  
ve~*s-sitiesf 09- researcJ~. 

To my mind the future of science in 
America as elsewhere is essentially a ques-
tion of the future of the universities. It 
is conceivable that our institutions may so 
long continue blind to their chief function 
as to be supplanted by some new agency 
called into existence to take up their 
neglected work. Already great endow-
ments for the promotion of research quite 
without any pedagogical feature, have 
come into existence. For all such seience 
has need and will have increasing need as 
our situation becomes more acute and we 
are brought cloiser to the great crisis. 

But i t  will be found that the conditions 
for maximum scientific productiveness are 
precisely those which would exist in the 
ideal university. All attempts a t  a ma-
chine-made science are doomed to failure. 
Science-making syndicates are likely to 
meet ship-wreck on the very rocks on which 
our American educational syslem is already 
aground. No autocratic organization is 
favorable to the development of the scien- 
tific spirit. No institution after the com- 
mercial models of to-day is likely to be 
generously fertile. You can contract for a 
bridge, according to specifications. If a 
railway is to be built' and operated a highly 
organized staff with superintendents and 
foremen and an elaborate system reaching 
every detail may be made to yield the 
desired results. No one, however, can 
draw up specifications for a scientific dis- 
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covery. No one can contract to dclivei* it 
on a specified clay for  a specificcl price. No 
employee can be hired to procluce it in rc- 
1 u rn  for  xrages received. 

To the i~~vest iyator  the considc~.ations E 
have encleavoretl to prcscrlt are anim-
portant. Science for  its own sake is his 
wfficicnt iilcentive; but it is all important 
fo r  the  coinmnnity a t  large to realize that 
no real additicln to 1cno11-ledge is nscless 
or trivial; tha t  progress depends 011 scieu-
tific productiveriess; that science7 which 
Innst be fostered if urc a1.c to contimle to 
prosper, is a republic whose watchworcls 
are liberty, equality, fevtcvnity. 

World power i11 the near future is to  be 
a question of knowleclge-no1 of battle-
ships- and what is no:v spent on anna-
nlcnts is to be devoted to its pursuit. 

Bryoncl lies that I u t ~ ~ r e  ill which i t  will 
a o  longer he a clutlstion of supveirlacy 
ainong nations h11t of whether the race is 
to nlaiiltain its fouthold on the earthh. F o r  
that great struggle we sliall need knowl- 
edge, and ever lnore Bno~vledge, and it is 
high time that .\lye should plbepare for war 
jn these days of peace and plenty. 

Eil\~\-a~[>Ti. NICFIOL~ 
CORNELLUR'TVF~RSIIY. 

J)ece!irber 14, 190s 

UIVIVJi'lt'rSI'I'Y I?EUIRl'R.I T IOR flTAl'I8TICR 

I I .  

Taliing u p  tlw rcgjstriilion a t  the uni- 
~ e r s i t i c s  in  order, we find that the U?li-
vcrsi ly  of Calrforrzia sliows an  illcrease of 
75 in the gracluxtr school, of 96 i n  tlrc 
xmdergraduate bocly in  arts, science ancl 
engineering, ancl 0177 in the pr.ofessiona1 
schools. In arts t1lc.r.e arc 70 more illen 
and 43 Ifewela ~ ~ ~ o ~ r ~ e n ,  a net gain of 36. 
The enrollmc.nt in the samnrer session 
exhibits an inereaye of 228 o v l ~1907. The 
95 studeilts registtlrcd in  law are  erlrolled 
i n  the 1Tastinqs College of the liaw jn San 
Francisco. Besides these there are 24 

seniors and 17 g~badaate stnilents in  jllris- 
pi-~~deiicea t  Berlielry, of whorri a consider-
able nuinber. are candidates for the degree 
of ju& dortor, ~ ~ I P S P1-1students tl~llsin 
realj ty  coilstit txting a gradnate school of 
law. Of the extension students about 750 
arc enrolled in Sari F1rancisco, about 150 
i r l  Stockton, ancl about 250 in Sonora, and 
thelac are other centers iri process of organi- 
zation. I\'lr. Jaines Suttori, yecorder of the 
faculties, repoi-ts as f o l l o ~ ~ s  : 

I'rofcssor Engenc W. TTilgard, who was called 
to  the University of California a.s professor of 
i~gricu1tul.c in 1874, lias ri!t.ired fro111 the active 
~vorli  of tlle dep;rrtnicnt, ant1 P1.ofessor Edward J. 
\Yickson Iiecoznes proEesi.or of agricullure and 
director of tlic n.gricnltura1 eupc~riinent stations. 
l ' rof rs~or  Franli Soul@, wllo 1)c.canle a member of 
the fnci~lty in ISGS, llas been aljpointed professor 
of civil enginecrii~g, enreritus, and has becri suc-
ceeded a s  the llcnd of tlic departnlent, of civil 
engineering by Professor C'liarles Derlcth, Jr., 
forinerly associate professor of s t ruc t~l ra l  engi- 
neering. T l ~ e  rcgerrts have establislled a pro-
fessorsliip of psycllology, anti have appointed 
thereto Professor George 3,f. Stratton, who since 
1004 lias been professor of experimental pbychol- 
opy a t  Johns Ilopkins. A~ lo t l~c rellair established 
tluring the 5ca1 was tha t  of professor of agricul- 
i11r.~1practise ancl sr~pexintcndcnt of f:~rnl scl~ools. 
The first appointee is T)er,,y Anderson, formcrlg 
of Cornell TJni~ersity. To the  chair of Itonranie 
lang~lages, which 11,~s lteen vacant for several 
y e a s ,  the regents have q>pointcd Professor IT'TTili- 
iarn Albcrt Nitze, until recently professor of 
Ilornancc language., in Arnhost  C:ollege. The 
dc?partmcnt of Sen~itic 1:lngnages suffered grievous 
loss in the death, on April 27, 1908, of its founder 
ant1 head, Dr. Jacob Voorsanger. Assistant Pro-
fessor 'CVilliarn Popper is  in ellarge of the work 
of the  department. 

Plans have heel1 prel~nrcd for elre Doalt 3li~niorial 
Ilall of Law. RSrs. Boalt's original gift  was 
$100,000, ltut members of t l ~ c  C~ l i fo rn i a  bar h a w  
pledged an  addi(iorra1 $50,000 t o  coinpletc the 
bililding. 111 addition, t21rrc is  available a con-
sidernble fnncl for :I, law lilirary. ('onstruction 
rvorb llpon the new Doe library is 1 ~ 1 1  advaiicetl. 
L'resent plans contemplate the  eoinpletion irnrne-
diately of the 11orthern par t  of the building, which 
will ainply allow for library needs for several 
jrears to  come. The artlourit avail:~I)le a t  the 


