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A PLEA FOX PURE SC1E;YCE.I 

' T r i ~qr~estion is sometimes asked us as to the time 
of yrar we like the best. To  my niind, tile spring is 
the lnost deliglltful; for nature tlien recovers from 
the apathy of winter, and stirs herself to rerlened 
life. Thd leaves g r o l ~ .  and the buds open. with a 
suggestion of vigor delightful to behold; and me 
revel in tliis ever-renemwl life of nature. I3ut this 
cannot al~vays last. The leaves reach their iiniit; 
the buds open to tht. full, and pass away. Then Tke 
begirt to apk ourselves whether all this display has 
been in vain, or whether it has led to a bountifal 
harvest. 

So this magnificent country of oilrs has iivallcd the 
rigor of spririg in its growth. Forests h a ~ e  been 
levelled, aiid cities built, and a large and powerful 
11atioi1 has been created on tlie face of the earth. 
TVe ale prond of our ailvancement. We arc prond of 
such cities as this, founded in a day upon a spot over 
which, but a f e ~ v  years since, the red rnan hunted the 
buffalo. But we must remember that this is only tile 
sp i i t~gof our country. Oiu glance must not be back- 
ward; for however beautiful l ~ a v e s  ant1 blossoms are, 
and howrker ~ ~ ~ a r v e l l o u s  their rapid inciease, they are 
but lea\es and blossoms after all. Rather should we 
look forward to discover ~vliat n ill be the outcome of 
all this. anti what the chance of liarvest. For if n e 
do thi3 in tinte, wc' may discover tlie nor111 which 
threatens the ripe fruit, or the barren spot where the 
harvest i i  ~vitherlng for ~ v a n t  of water. 

I am rcqnired to  addless the so-called physical 
section of tliis a~socialion. Pain n ould 1 speali pleas- 
ant nvortls to you on this subject; fain vould I re-
count to you t l ~ e  progress made in this subject by my 
countrymen, and their noble efforts to undcratancl 
the order of the universe. But I go out to gather 
the grain ripe to the Ila~vest, and I find only tares. 
Here and there a. noble head of grain rises ah05 e t l ~ e  
weeds; but so few are they, that I find the majority 
of my  conntrymeri I ~ I I O Wthem not, but thinlt that  
they have a wavinq harvest, mhilc it is only one of 
weeds after all. American science is a thing of the 
f i~ ture ,and not of the present or past; and the prop- 
er couise of one in my l~osition is to conrider v h a t  
must be done to create a science of physics in this 
country, rather than to call telegraphs, electric lights, 
aild such conveniences, by the name of science. I do 
not wish to nnderrate the v a h ~ e  of all these things: 
the progres.: of the world tlepends on them, and he is 
to be honored who cultivates tl~ern snccessfr~lly. So 
also the coolr who invents a new and palatable dish 
for the table benefits the world to a certain de- 

1 I n  using the word ' science,' I refey to pliysicai acicncc, as I 
kaow nothing of natural scicncc. Probably my remarks will, 
howcver, apply to botl~,but I do llot know. 

grer; yet v e  do not dignify h im by the name of a 
cllcn~ist, And yet it is not an  uncornmotl thing, 
especially in American newspapers, Lo 11ave the up-
pliccctions of science col~founded with pnre science; 
and some obscure dnierica~i who steals the ideas of 
sornc great mi l~d  of the past, arid e111,iches I~imself 
b y  the application of tile salne to domestic uses, is 
often la~~cierl above t11e great originator of tlre itlea, 
who might l i a ~ e  morkctl out hundreds of snch appli- 
cations, had his mind possessecl the necessary ele- 
ment of vizlgarity. I ha\-e often been asked, which 
mas tlie more important to the world, pnre or applied 
sciei~ce. To Il:tve the applications of a science, t l ~ e  
sciel~ceitself iriiist exist. Should rvt? stop its prog- 
ress, arid attentl only to its applications, we sliould 
soon degenerate into a people like the Chinese, 5vllo 
have 111ade no progress for gencrations, because tliey 
have been ~at~isfied with tlie applicatiolls of science, 
anti hare  never sc)ught for reaso~ls in what they have 
done. The reasons corl~ti t~ute Theypure science. 
ha \~e  lrnown tlit? application of gunpowder for cen- 
tui,ies; and yet the reasons for its pecu1i:ir actioll, if 
sol~glit in the proper manner, would have developeti 
the science of chemistry, : ~ n d  even of pllysics, ~vitli 
all their iiiinlerous ap~)lical,io~~s. them-By contentii~g 
selves rritli fhe fact that gunpowder vill explode, 
and see!iing no farther, they have fallen behind 111 
the progress of the morltl; and we nom regard t11is 
oldest and most of n a t i o ~ ~ s  only bar- i~nmeror~s  as 
barians. Arid yet oar  own couiitry is ill this same 
state. But re 11aue dolie better; for we have talten 
the science of the old worltl, al:d applied it to all orlr 
uses, acceptilig it like tile rain of heaven. rvitliout 
aslring whenre it came, or cveil aclinowledgii~g the 
debt. of gratitutle nre owe to the great and unselfish 
workers who have giren it to us. And, like the rain 
of heaven, this pure science has fallen npon our 
country, and rrlatle it great and rich 2nd strong. 

To a ci~ii ized nafion of the present day, the appii- 
c:ztions of science are a necessity; and our country 
has hitherto sncceeded in this line, only for the reason 
that there are certain countries ill tlie v;orld where 
pnre science has been and is cultivatetl, and where 
t,he stndy of nature is considered a rioble pursuit. 
IZut such countries are rare, and those who wisll 10 
pursue pure science ill our oTVn country innst be 
prcpared to  face public opinion in a manner ivhicl~ 
reqr~iresnlucli morn1 courage. They must bc prepared 
to be loolied do\r.n upoil by every s~ lcccs s f~~ l  invelltor 
whose sl~allow n~iiid irnagint?~ tliat the 01lljrpul.suit of 
nianltintl is wealth, ant1 that he  who obtains 111ost has 
best. succeecled in this ~vo1.1d. Everybody can com- 
prt~heiitla million of ~lloiiey; but Elow few can conl- 
preliend any advance in scientific theory, especially 
i n  its more abstruse portions! And this, I believe, 
is one of the causes of the small narnber of persons 
n.110 have ever devoted ttlrern~elves to worlr of the 
higher order in ally h~liiian p~zrs~li t .  Mar1 is a grega- 
rious animal, and clepentls very much, for his happi- 
ness, on the sympathy of those around hiin j and it is 
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rare to find one with the courage to pnrsue his own 
ideals in spite of his surroundings. I n  tirnes past, men 
were more isolated tlian at  present, and each came in 
contact mith a fewer number of people. IIence that 
time constitutes the period when the great sculpt~u'es, 
paintings, and poems were produced. Each man's 
n i i i~dwas comparatively free to follow its own ideals, 
and tlie results were t11e grcat and unique works of 
the ancient masters, To-day tlie railroad and the 
telegraph, the books and newspapers, have united 
each i~idividnal marl with the rest of tlie world: in- 
stead of his n ~ i n d  being an iridividual, a thing apart 
by itself, arid unique, it has become so influenced by 
the outer world, i ~ n d  so depericlerit upon it, that it 
has lost its originality to a great extent. Tlle lnan 
who in times past mould naturally have been in the 
lores t  depths of poverty, mentally and physically, 
to-day measures tape bellind a counter, and with 
lordly air aclvises the naturally born genius how he 
may best bring his outward appearance down to a 
level witli his own. A new idea he never liad, but 
he can at  least cover his n~erital naliedness with ideas 
imbibed from others. So tlie genius of the past soon 
perceives that his higher ideas are too high to be 
appreciated by the urould: his mind is clipped down 
to  the standard form ;every natural offshoot up~vards 
is repressed, uiitil the man is no higher than his fel- 
lows. Ilence the world, through the abnndance of 
its intercourse, is reduced to a level. What was 
formerly a grsud and rnag~lificent lanclscape, with 
mountains ascending above tlie clollds, anll depths 
whose gloom we cannot now appreciate, lias becorne 
serene and peaceful. Tile depths have bee11 filled, 
arid the heights levellccl, an11 tlie wavy harvests and 
s~nolcyfitctories cover tile 1andsc;~pe. 

As far as the aversae man is conccrnetl, the change 
is for the better. Tile average life of man is far  
pleasanter, and Iris mental contlition better, than be- 
fore. Uut we miss the vigor imparted by the monn- 
tains. We are t,ired of mediocrity, the curse of our 
country. TVe are tired of seeing our artists reduced 
to llirelings, and imploring congress to protect them 
against foreign competition. We are t,ired of seeing 
our countrymen take tlieir science frorn abroad, and 
boast tha t  they here Convert it into 75-ealth. We are 
tired of seeing our professors degrading tlieir chairs 
by the p~lrsuit  of applied science instead of pure 
science; or sitting inactive while the nrliole world 
is open to investigation; lirlgering by the wayside 
while the problem of the universe rernains unsolved. 
We wish for something higher and nobler in this 
country of mediocrity, for a mountain to relieve the 
la~lclscape of its monotony. We are surrclunded with 
nlysteries, and have bcen created with minds to enjoy 
and reason to aid in the unfolding of such mysteries. 
Nature calls to us to st,ucly her, arid our better feel- 
ings urge us in the same direction. 

For generations there llave been some few students 
of science mlto have esteeiried tlie study of natmc. the 
,nost ~roble of pursuits. Some have been wealthy, 
a ~ i d  sonie poor; ba t  they have all liad one thing in 
common, - thelove of na t~ l r e  and its laws. To these 
f e ~ vmen the world awes all the progress due to ap- 

plied science, and yet very few ever received any 
payment in this world for tlieir labors. 

Faraclay, the great discoverer of the principle on 
which all macliines for electric lighting, electric rail- 
ways, arid the transmission of power, must rest, died 
a poor man, although others and tlie whole world 
h m e  been enriched by his discoveries. And wich 
must be the fate of the follovvers in his footsteps for 
some time to come, 

But t.here will be those in the future who will stndy 
nature from pure love, anit for then1 higher prizes 
than any yet obtained are waiting. We have but 
yet conlmeiiced our pursuit of science, and stand 
upon the th~~esliold wondering what there is within. 
We explain the motiori of the planet by the law of 
gravilatiori; but who mill explain llow two bodies, 
n~illions of rniles apart, tend to go toward each other 
with a certain force ? 

We now weigh and measure electricity and electric 
currents with as much ease as ordinary matter, yet 
have \re made any approach to an explanation of the 
phenomenon of electricity? Light is an undulatory 
motion, and yet do we lrnom what it is that ulitlu- 
lates? Heat is motion, yet do we know what it is 
that moves? Ordinary matter is a common sub-
stance, and yet who shall fathom the mystery of its 
internal constitution ? 

There is room for all in tlie work, and the race has 
but commenced. The problems are not to be solvecl 
in a Inoment, bnt need the best work of the best 
minds, for an indefinite time. 

Sllall our country be contented to stand by, while 
other cour~tl,ies lead in tlie race ? Sllall we always 
grovel in tlle dust, and pirk up the crumbs wliich 
fall fi<otn tlie rich nian's tahit?, co~~s ide r i l~g  onrsrlves 
richer tlian he because we have more crutnbs, wliile 
we forget that  he  has the cake, wliich is t l ~ e  source of 
all crrtnibs ? Shall we be swine, to whom tlie corn and 
husBs are of more value tlian the pearls? If I read 
aright tlle signs of the times, 1think we shall not 
always be contented villi our inferior position. 
From looking down we have almost bccorne blind, 
but may recover. I n  a new country, tlie necessities 
of life must be attended to first. The curse of Adam 
is upon us all, and we must earn our bread. 

But it is the mission of applied science to render 
this easier for tlie whole world. There is a story 
~vhichI once read, which will illustrate the true posi- 
tion of applied science in the world. A boy, more 
fond of reading than of work, was employed, in tlie 
early days of the steam-engine, to turn  Lhe valve a t  
ever.9 stroke. Necessity was the mother of i~~ven t ion  
in his case: his reading mas disturbed by his work, 
and he  soon discovered that  lie niight become free 
from his work by so tying tile valve to some mov- 
able portion of the engine, as to malie it move its 
own valve. So I consider that the true pursuit of 
manltind is intellectual. The scientific stndy of na-
ture in all its branches, of mathematics, of marllrind 
in its past and present, the pursuit of art, and the 
cnltivation of all tlisf is great and noble in tlie world, 
-these are the highest occupation of mankind. Com-
merce, the applications of science, the accun~nlation 
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of wealth, are necessities which are a curse to  those 
wit11 liigll ideals, but a blersirlg to that portion of the 
worlcl ~vllicli has neither tlie ability nor the taste for 
higher p~rrsuits. 

As the applications of science mnltiply, living be- 
comes easier, tlie ~vealth necessary for tile purchase 
of apparatus can better be obtained, and the pursuit 
of o l l~er  things beside the necessities of life becomes 
possible. 

Brrt the moral qualities must also be cultivated in  
proporlion to tlreme;~ltli of the country, before much 
can l ~ e  tlolre in pnre science. The successf~rl sculptor 
or painter ~ ~ a t a r a l l y  attains to wealth through the le- 
gitimate u'oili of lris profession. The novelist, tlre 
poet, tlie ma.ici;tn, all have wealtll before them as 
the end of a succescful career. But the scientist and 
the lnall~ematician ha re  110 such incentive to urorlr: 
they niust earn their livi~ig by other pursnits, usnally 
teaclriag, and only drrote their sillplus time to tlie 
true pursuit of thrir  science. And freq~lently, by the 
slnall salar,y ~rll ich they receive, by the lack of in-
strumental antl literary facilities, by the nrental 
atmosyllere in wliiclr tliey exist, and, 111ost of all, by 
their low ideals of life, t l~ey are led to devote their 
surplus time to applietl science or to other rneans of 
inci,ea*ing tlieir fortulle. Ilom sllall Ire, tliexl, honor 
the few, tlie very few, ~ v l ~ o ,  in spite of all diffic~ilties, 
hare  Iit~pt tlleireyes fisctl on the goal, alld have stead- 
ily morlced for I)ttl.e hcience, giving to the world a most 
precious do~lat,iol~, wliicl~ has borr~e fruit in our 
greatt'r lino\vle~lge of the universe ancl in the applica- 
tiolls to o ~ ~ r  1111ysic:1l life nhicll have eilricohetl tlrou- 
salicls and benetitetl e;\ch one of u s ?  There are also 
thflse \r.lif) Ilave every f;~cilily for the pursuit of science, 
who l i a ~ e  a11 mnple s:+larg ant1 every appliance for 
wol,li, yet ~vlio tlevore tl~ernselres to c o m ~ n r r ~ i a l  work, 

to  teslit') ill$ ill cciurts of I;Lw, ancl to any other work to 

inc1,e;t.e tlieir. jire.ellt lal'ge irrco~~le. Soclr nren would 

be r~~sp(~ctal11e 
if illc?y gave up tlre name of profeqaor., 
an,] t~jok tllxt of colix~lltilig clielnists or pliysicists. 
A ~ l d  s11c11 Illen ;tI,e nrt~tletl in llre co~nrnrtrlity. But 
for a III ;LII  to t ~ C ( ' 1 1 1 ) ~tlre ~~l.of'essor's chair i r ~a prolni- 
nrlrt c(,Il~lge, i111r1, 11y lii- elel,gy a ~ r d  ;tl)iiity in tlie 
cor~lllle~.cislapl~licatiol~xt i f  lris science, st:tnd I~efore 
tile lociil c111111lrll11ity ~ ~ l a l r ~ l e r ,ill a [~ ron i i l~e~ l t  a11tl be- 
coille I e x p o ~ l t ~ ~ i t  is a (lis- I I V  nen sl~;~j~f:r  of liis E C ~ ~ I I C P ,  
gl'ace Il(1t11 to l1i111 i l l 1 1 1  liis college. I t  is tlre i1e:tth- 
b l ~ wto sciorice in Ilrat 1.rgio11. Call lrirn I)y liis proper 
I I ; I I ~ I ~ ,allrl Ile III.C'OIIIYS a t  once a u>c!ful rrrt~rnber of tlre 
~01111i11tnity. ill wlro slrall byI'ut 11is place a ni;tn 
pl.rct~llt; ~ t i < lex;~rril)le culti\;tte llis science, and liow 
diffcrelrt is 1l1e restlll ! Yr1111lg fo~:mardIIICII,  1011lii11g 
illto ~l!e \\.ol.l~l for co~rirtlrilig to do, see before tllein 
tllis lrigll a1111 11ob1e life, atld they see llrat tht31.e is 
s o l ~ ~ e ~ l ~ i n g  ofIllore Irono~able than the accu~nulation 
wealtll. Tllry art: Illus let1 to devote tlieir lives to 
sirllil;1r plws~~ils,  a11t1 they Ili~nor the professor wlio 111s 
dla\r.lt t11en1 to sr~lr~ellring lrighcr tllan they miglit 
otllt~rwi-e 11;~vr :~spil.etl to reach. 

I trot \! i.11 to be rl~isut~tleritc~od in this matter. 
I t  ii no 11is;ritce to rnake molrey by an irlvention, or 
otllrr\vi.je, or L o  do co~n~neicialscientific vork under 
some circumstarices. But let pure science be the aim 

of those in the chairs of professors, and so prominently 
the a i ~ n  that there can be no mistake. If our aim in 
life is wealth, let us honestly engage in cornrnercial 
pursuits, and compete with others for its possession. 
But if we clroose a life whicli we consider higher, let 
us live up to it, taking wealtll or poverty as it ]nay 
clrance to come to ns, but letting neither turn  us 
aside fro111 our pursuit. 

The  work of teaching may absorb tlre energies of 
many; and, indeed, this is the excuse given by rnost 
for not doing any scientific norlc. Blrt the,reis an old 
saying, that ~vl~ere ,  Fernthere is awill tliereis a way. 
professors do as mucll teaching or lecturing as the 
Gel,man professors, who are also noted for their elab- 
orate papers in the scientific jour~rals. I myself 
have been burdened down \vith xork ,  and know what 
i t  is; antl yet I here assert that  all cnn find time for 
scientific research if tlrey desire it. B ~ r tI~ere,  again, 
that curse of our country, ~nediocrity, is upon us. 
Our colleges and universities seldonl call for first-class 
inen of reputation, and 1have even heard the trustee 
of a well-known college assert that  no p1,ofessor slrould 
engage in rescsrcll because of t,lle time rv:~sted! I was 
glad to see, soon after, by tlle call of apronrinent scien- 
t,ist to that  college, that the majority of the trustees 
did not agree with 11im. 

Tlrat teacl~ing is important, goes without saying. A 
successful teacher is to be respected; but if he does 
not lead his scllolars to that wliicll is highest, is lie not 
blame~vortl~y? TTTe are, tlrell, to loolc to the colleges 
and universities of tlre land for most of the work in 
pure science ~vlriclr is done. Let us therefore exam- 
ine tllese latter, antl see what tlie pro3pect is. 

One, wllorn perhaps me Itlag' here style a pl.actica1 
follower of Rusltin, has stated tha t  ~rllile in this 
country Ile was variously dexigrlatetl by the title of 
captain, colonel, and professor. The story may or 
inay riot 1)e true, but me all B~rorv elrough of the cus- 
toms of our. courltrylnen 110t to dispute i t  on ,$enera1 
prirrc.iples. All men are born equal: some nlen are 
captains, colonels, ;tnd profes~nr .~ ,  and therefore all 

men are sncl~.  The logic is conclusive ; a110 tlle same 

lii~rtl of logic seenls to 1 i i ~ ~ e  our
heel1 appli{~d to 
schools, collrges, a~ rd  i~~r iv~rs i t ies .  I have before me 
tlle report of the coniniissii~rrer of erlucation for ISSO. 
iiccor(ling to tliat rcllol't, tllrre were :351l,1 or say, in 
rotuid ~l~rnibers,  calli~lg tl~rrnselves 400 irlstil~ltiol~s, 
colleges or u~rive~,sities,in our counlry! TVe n1;ty 
wr~ll exclailn Illat ours is a Fl'eat collntry, having 
more tllarl the wlrole ~ ~ ~ ~ ~ r l t l  Tlle fitct is suf- brsiclr. 
ficie~rt. Tlre ~vlrole ejtrlh would I~artlly s~rppor.t such 
a 1111rnl)erof first-class in-titutiolrs. Tile curse of 
merliocrity n111st be 11po11 tlrem, to snarln in sr~cll 
n~rmbers. Tliey must be a cloud of ~nozql~itoes, in-
stead of eagles as t l~py profess. A ~ r d  tllis brconles 
evitlrnt or1 ful.tIler analysis. About one-tllirtl aspire 
to the name of ~rlliversity; ant1 I note orre call~:d bg 
that  ~ r a ~ n e  alrtl IS studrl~ts,\vhicll lras two prf~f('ssors 
a ~ r d  aniitl~er having tlrl.ee teachers antl 1 2  stutlerlts! 
And t l l ~ s e  i~rstalrces are not lllrique, for the ]lumber 
of small institlltions and scliools which ci~ll  titem- 
selves universities is very great. I t  is difficult to 

I364  reported on, and 2: not reported. 
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decide from the statistics alone the exact standing 
of these itistitutions. The extremes are easy to man- 
age. Wlio call doubt that an  institution with over 
SO0 students, ant1 a fnculty of 10, is of a higlier grade 
t l ~ a n  tho-e above c ~ t e d  having 10 or 20 s t u d e ~ ~ t s  and 
two or three ill the faculty? Yet Ll~is is not always 
true: for I note orie ir~stl t~it ion with over 500 students 
which is Bnow~i to me persoiially as of the grdtlr of 
a lligli scliool. The statist~cs are more or less defec- 
tive, and it mould much weaken tlie force of my 
remarks ~f I went too much into detail. I append 
the  following tables, honever, of 530 so-called col- 
lcgea and. utliversities :-

218 had from 0 to 100 students. 
88 '' " 100 " 200 " 
12 " " 200 " 300 '' 

6 " " 300 '' 500 " 

6 over 500 

Of 322 so-called colleges and nniversities: -

206 had 0 to  10 in the faculty. 
99 ' 6  1 0 "  20 " 'I 

17 " 20 or over " " 

I f  the statistics wcre forthcoming,-and possibly 
they nirty exist,,-- we inicht also get an idea of the 
stalrtling of tliese insritutioris antl their npproacll to 
the  true u~~ i r e r* i ty  idea, by the average age of the 
scholars. Possibly also the ratio of number of schol-
ars to teachers might Ile of son~elielp. All tliesc 1nrt11- 
ods give all approxir~iatio~i to the presrnt standing 
of the i~ l s t i t u t i o~~s .  Cut there is ariother merho3 of 
attacking the problem, wl~ielr is very exact, but it o~rly 
gives us the posnibililies of wl~icli the iristitution is 
capable. I refer to t.l~e mealth of the ir~slitutior~. In  
estimatiiig the wealth. I have not i~~cludetl  the value 
of grountls and bniltlii~gs, for this is of little impor- 
tance, either to the present or future standing of the 
ii~stitution. As good ~vorli can be (lone in a hovel as 
in a palace. I , have  talcell the productive forids of 
the institution as the basis of estimate. I find: -

234 have below $T,00,000. 
8 " between 8.500,000 and $1,000,000. 
S " over $1,000,000. 

There is no fact more firnily established, all over the 
.world, than that the higher eili~cation car1 never be 
made to pay f o ~ .  itself. Usually the cost to a college, 
of ed~icdti~ig a yo111lg man, very m u c l ~  esccetls what 
he  pays for it, and is oftcn three or four times as 
mucll. The  higher the education, the greater this 
proportion will be; and a university of the lligliest 
class sl~oulrl anticipate only a small accession lo its 
income from the fees of students. Hence the test 
I have applied must give a true representation of 
the  possibilities ill every casc. According to the fig- 
ures, only 16 colleqes and universities have 8500,000 
or over of invested funds, ant1 o111y one-half of these 
have $1,000,000 nild over. Now, even the latter sum 

is a very small endo~vment for a college; and to  call 
any institution a urriversity ml~icli llas less than 
$1,0OO,U00, is to render it :ibsurd ill the face of the 
world. And yet more t l~aii  100 of our in~litutioris, 
mauy of t.hc.m very respect;tble collrges, 11:~re abllsed 
the  word 'university' it1 tliis ulanrler. I t  is to be 
hoped that the e r ~ d o \ \ m e ~ ~ t  of the inore respectable 
of these ins t i tu t io~~s  asmay be i~~c raawd ,  lll:%liy of 
tlicrn deserve i t ;  atid their unforti~tlatc appellation 
has probably been repented of long since. 

13ut m h ~ t  shall Ire t l t i ~ ~ k  tha t  gives of a co~~~ir runi ty  
the  charter of a univeraitg to an institution with a 
tot;tl of $20,000 e1ido~1-melit, two so-rallrd professors, 
and 18 stnilents! or. a~iothrr  with tliree profe*sors, 
12 students, and a total of $'L7,000 e~itlowme~it, mo>t)y 
invested in b t~i l i l i~~gs!  A1111 yet tlirre are very I1lally 
s i~ r~ i l a r  there being 10 \\.it11 rliree pro- in.;tituti~~ns; 
fessors or less, a i ~ d  very Illany indeed with only four 
or fire. 

Such facts as these co1111l only exist in a drmocl.atic 
c o u ~ ~ t r y ,  every th i i~g where liritle is talien ill rerlr~ci~ig 
to  a level. And I Iilay :~lso sag, tl~;kt it call o111y exist 
in the eitrly tl;iys of such a de~ilr,c.racy; for an i~itelli- 
gelit public will soon jterceive that citlling ;L thing by 
a wrong naliie does not c11a11geit.: clr:tracter, and 
tliat t r ~ i t l ~ ,  s11ould be taught to the abo~re a11 t l~ i~igs ,  
youth of tllr: nation. 

I t  rli;~y be ~ ~ r g e d ,t l ~ a t  all t l i ~ s e  institr~tions are 
doing goocl work in edrlcat,i(~n; a11t11li:~trllarly > oung 
men itre tlius ti~ugtit. \vllo cotild not affe!r(1 to go to a 
true college or ~~~~ivt : rs i ty .  But I (lo 11ot object to the 
education, -tht~upll1 have no doii11t all i~~vt?stign- 
tion ~voulil di~close eqrial absi~l.tlitic~s l~ere ,--for it IS 

aside froiu tny objed. But 1 clo object to I t~ rne~ . i~~g  llle 
ideals of the youth of the couittry. Lizt llierr~ I < I I O \ V  
that  they are atleli(liilg a scliool, ancl r~o t  ;I ul~iversity; 
antl let the111 kitom tli~tt above tlic~ni coti~es Ll~e ccrllfige, 
and above that the u~~iver-icy. Lct t l~e~ t rbe tiinglrt 
that  they are orily I~itlf-etluc.aterl, t l ~ a t  t l~e re  are 
persolis ill the worlcl by 7xl1ose si(1e t l ~ r y  are but 
atorris. 1 1 1  other \vorils, let t l~ein be tangl~t  the trcltll. 

I t  may be that some s ~ r ~ n l l  in-litlitions ;ire of high 
gratle, especially Lhonc \vl~icll are Iiew; but who can 
dot~bt  tliat more t11a11 two-thirds of ollr iilhtirutions 
calling tl~ertist~ives col1rgt3s a ~ ~ d  are IIII-u~~ i \~c r s i t i e s  
~vortliyof tile ri:lmc? Each one of t11e.e i~is~itutioris 
has so-called profrsrors, hut it is e ~ i d r n t  tliat they can 
be only of the grade of tc~aclirrs. Why sliould they 11ot 
be so calletl? The position of tertcller is arl honored 
one, but is not riiade more 11orioral)te by the assmnp- 
tion of a false title. F u r ~ h e r ~ n r ~ r e ,tlie niirlriplication 
of the title, aud tlie ease n7i111 \vhicli it can be ob ta i~~ed ,  
rentler it scarcely worth striving for. \ V ~ I ~ I Ithe man 
of energy, ability, and perhaps geriius is re~vardetl by 
the s a n e  title and emol r~n~e~ i t s  as the commonplace 
marl wit11 the n ~ o d i c u ~ ~ l  of Icnowlerlge, who lalies to 
teacl~inp, not because of any aptit,r~cle for his work, 
but possibly because 11e has not the energy to com- 
pete with his fellow-men in businesq, then I say one 
of the intlllcements for firat-class nierl to become 
professors is gone. 

When work a ~ u l  ability are required for the position, 
and when the professor is expected to keep u p  with 
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the progress of his subject, and to do all in his power 
to advance it, and when he is selectee1 for these rea- 
sons, theti the position will be worth working for, 
alld the successful competitor will be honored accord- 
ingly. The chivalric spirit nhich  prompted Faraday 
to devote his life to the study of natnre nlay actnate 
a fern llohle men to give tlieir life to scientific morlr; 
but, if we wi5h to cultivate this highest class of men 
in science, we must open a career for them worthy of 
their efforts. 

faculty, but have numerous minor professors and 
assistants of all liincls, ancl should encourage the 
highest worli, if for no ot.lier reason than to enconr- 
age the student to his higliest efforts. 

Bat, assu~liing that the professor has high ideals, 
wealth such as ollly a large and high ~uliuersity can 
conimand is necessary to allow him the fullest devel- 
opment. 

And this is specially so in our science of physics. 
I n  the early clays of physics ancl chemistry, mmly of 

Jenny Lind, wit11 lier beautiful voice, would h a ~ ~ e  the fundamental experinlents conld he performeel 
cultivated it to some extent in her native village; with tlle simplest apparatus, And so we often firid 
get who would expect her to travel over the ~vorld, the nanles of Wollaston and Faraday nlentioriecl as 
and give concerts for nothing ? and how wo111d she 
have been able to do so if she had wished? And so 
the scientific man, ivhatever his natural talents, mast 
have instruments and a library, and a suitable and 
respectable salary to live upon, before he is able to 
exert hilnself to his full capacity. This is true of 
advance in all the higher departments of human 
learning, and yet something more is necessary. I t  is 
not those in this country who receive the largest 
salary, ant1 have positions in the richest colleges, who 
have atlvancecl their subject themost:  rnen receiving 
tlie highest salaries, and occupying the professor's 
chair, are to-clay doing absoliktely nothing in pure 
science, but are striving by the co~nmercial applica- 
tions of their science to increase their already large 
salary. Such pursuits, as I have saicl before, are 
hol~orabie in tlieir proper place; hut the duty of a 
proftzssor is to advance his science, and to set an  eu- 
alrlple of pure alld true devotiori to it ~vliich shall 
demonstr:cte to his students and the world tliat there 
is s o n l e t l ~ i ~ ~ g  Iligh and noble wortll living fur, i\Ioney- 
changers are often respectable men, ancl yet they 
were once severely rehul<ed for carrying on their tl.ade 
in the court of the ternl~ie. 

Wealth does not constitute a university, buildings 
do not: it is the men mho constitute its faculty, 
and the students who learn from thern. I t  is tlie 
last and highest step which the Inere student takes. 
H e  goes forth into the world, and the height to which 
he  rises has beer] influellced by tlle ideals which 
he  has collsciouslg or unco~~sciously imbibed in his 
university. If the professors under whom he has 
studied have been high in their profession, and have 
themselves llad high ideals; if they have considered 
the advailce of their particular subject their highest 
worB ill life, and are themselves houored for their in- 
tellect tliroughout the world, -the student is drawn 
toward that  which is highest, and ever after in 
life has high ideals. But  if the student is taught 
by what are sometimes called good teachers, ancl 
teachers only, who linom little more than the s t ~ ~ d e n t ,  
and wlio are often surpassed and even de.vpised by 
hinl, no one can doubt the lo~vered tone of his mind. 
He finds that by his feeble efforts he can surpass 
one to whom a university has given its highest honor; 
and lie begins to tllinlr tliat he  himself is a born 
genius, and tlie incentive to work is gone. H e  is 
great by the side of the molehill, and does not know 
ally m o u ~ t a i n  to conipare himself with. 

.A university should not only have great men in its 

needing scarcely ally thing for their researches. 
3Iuch can even now be done ~v i th  the simplest appar- 
atus; ancl nobocly, except the utterly inconipeter~t, 
need stop for want of it. But the fact remailis, that  
one car1 only be free to investigate in all departrnents 
of chemistry ancl pliysics, whe11 he not only has 
complete laboratory at  liis conlma~lil, but a fr ie~ld to 
clraw on for the expenses of each experiment. That  
silnplest of the departments of pllysics, namely, 
astronomy, has now reached such perfection that no- 
body can expect to do 1nuc11 more in it ~ ~ i t l i o n t  a 
perfectly eq~~ ipped  observatory; and even this ~vonld 
he useless without an income sufficient to en11$uy 
corps of assistants to make the ohservatioris and coln- 
putations. But even in this simplest of physical 
subjects, there is great misnndcrstandir~g. Our coun- 
try has very many excellent observatories: ant1 get 
little worli is tlorle in compi~rison, because 110 provis-
ion bas been lnade for rnaintailli~ig the work of the 
obscrvalory; and tlle wealth whicll, if co~icentr%ted, 
might have 1n;tile one effective o1)servatory nllich 
would prove a benefit to aatronornical science, ~vllen 
scattered among a half-dozen, mel,ely furnishes tele- 
scopes for the people in the snrroundil~g region to 
view the moon with. And here I strilie the keynote 
of a t  least one need of our courrtry, if she would 
stand well in science; arid the following item which 
I clip from a newspaper mill illustrate the matter: -

"The eccentric old Canadian, Arunall Irluntington, 
who left $200,000 to be divided among the public 
schools of Vern~ont,  has done some th i~~g  which will 
he of little practical value to the schools. Each dis- 
trict will he entitled to the insignificant suln of $10, 
which will not advance much the cause of educa- 
tioil." 

Rohody n-ill dispute the folly of s l~ch  a bequest, or 
tlie folly of filling the coul~try with telescopes to loolr 
at  the nloon, and callilig them observatories. I3ow 
much better to conceritrate the wea1t.h into a few 
parcels, and make first-class observatories and insti- 
tutions with it! 

I s  i t  possible that  any of our four hundred colleges 
and universities have l o ~ e  enough of learning to 
unite with each other and form larger institutions :' 
I s  i t  possible that  any have such a love of truth that  
they are willing to be called by tlieir right ~ l an i e?  
I fear not ;  for the spirit of expectation, ~vliich is 
analogous to the spirit of gambling, is strong in the 
American breast, and each institution which now, 
except i n  name, slumbers i n  obscurity, expects in 
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time to bloom out into full prosperity, Although 
many of them are under religious influence, vhere  
truth is inculcated, and where men are taught to take 
a low seat a t  the table in order that  they may be hon- 
ored by being called up higher, and not diallonored 

' 	by being thrust down lo~rer ,  yet these institutions 
have thrust tliemselves into the highest seats, and 
cannot probably be dislodged. 

But would i t  not be possible to so change public 
opinion that no college could be founded mith a less 
endowment than say $1,000,000, or no university 

less than three or fuur times that  aniount ? 
From the report of the commissioner of education, 
I learn that such a change i~ taking place; tha t  tlie 
tendency towards large institutions is increasing, 
and that it is principally in tlie west and soutli-west 
that  the ~nnltiplication of small institutions wit11 big 
names is to be feared most, and that tlie east is al- 
most ready for the great coming university. 

The total wealth of the  four hundred colleges and 
universities in 1880 mas about $40,000,000 in bnild- 
ings, and $43,000,000 in productive funds. Tliis 
viould be sufficient for one great university of $10,- 
000,000, four of $5,000,000, and t~renty-six colleges 
of $2,000,000 each. But such an  idea call of course 
never be carried out. Goverriment appropriations 
are out of the question, because no political trickery 
must be allowed around the ideal institution. 

I n  the year 18811 the private bequests to all scEiools 
and colleges amounted to about $5,600,000; and, 
although there was one bequest of $1,230,000, yet the 
amount does not appear to be phenomenal. I t  ~ ron ld  
thus seern tliat the total amount was about five mil- 
lion dollars in one year, of which Inore than half is 
giren to so-called colleges and universities. I t  wor~ld 
be very difficnlt to regulate these bequests so that  
they might be concentrated sufficiently to produce an  
immediate resalt. IJnt the fignres show that gener- 
osity is a promillent feature of the American people, 
and tliat the liceds of the country only have to be 
appreciated to have the funds forthcoming. We 
must make the need of research and of pure science 
felt in the country. M'e innst live such lives of pure 
devotion to our science, that all shall see that we ask 
for money, not that we may live in indolent ease 
at  the expense of charity, but that we may work 
for that  which has advanced'and will aclvance the 
world more than any other subject, both intellectu- 
ally and physically. We must live such lives as to 
neutralize the influence of those who.in high places 
have degraded their profession, or have given them- 
selves over to ease, a d  do nothing for the science 
which they represent. Let us do what we can with 
the present means at  our disposal. There is not one 
of us  who is situated in the position best adapted to 
bring out all his powers, and to allow him to do most 
for his science. All have their difficulties, and I do 
not t1iinB that  circumstances will ever radically 
change a man. If a mall has the instinct of research 
in him, it will always s h o ~ r  itself in some form. But 
circnmstarrces may direct i t  into new paths, or may 
foster it so that what would otherwise liave died as a 
bncl now blossoms and ripens into the perfect frait. 

Americans have shown no lack of invention in 
sinall things; and the  same spirit, when united to 
linowledge and love of science, becomes the spirit of 
research. T l ~ e  telegraph-operator, mith his limited 
knowledge of electricity and its laws, naturally turns 
liis attention to the improvenient of the only electri- 
cal instrument he  knows any thing abont; and his 
researches would be confined to the limited sphere of 
his Itnowledge, and to tlie simple laws with which he  
is acquaiiited. Bot as his knowledge increases, arid 
the field broadens before him, as he studies tlie matll- 
ernatical theory of the subject, and the electro-mag- 
netic theory of light loses the din1 haze dne to dis- 
t,a~ice, and beconles his constant companion, t l ~ e  tel-
egraph-instrument beco~nes to him a toy, and his 
effort to discover something new becomes research 
in pure science. 

I t  is useless to attempt to advance science until 
one has mastered the science: lie must step to the 
front before his blows can tell in tlie strife. Further-
more, I do not believe a~iybody can be thorough in 
any department of science, ~vithont wishing to ad-
vance it. I n  the study of what is known, in the 
reading of the scientific journals, and the discussions 
therein contained of the current scientific questions, 
one would obtain an impulse to ~rorl;, even tl~ougli it 
did not before exist. And the same spirit w11ich 
prompted him to seek what was already known, 
wonlil make him wish to know the unlmo\vn. And 
I nlay say that I never met a case of thorough ltnowl- 
edge in my own science, except in tlie case of well- 
known investigators. I liave met men who tallied 
ell, and I have sometimes asked myself w l ~ y  they 

did not do sometliing ; but further ltnomledge of 
their character has showr~me the  superficiality of 
their knowledge. I am no longer a believer in men 
who could do sometliing if they would, or would do 
something if they had a chance. They are impostors. 
If the true spirit is there, it will shorn itself in spite 
of circurnstances. 

As I remarked before, the investigator in pure 
scicnce is r~sually a professor. He must teach as 
re11 as investigate. I t  is a question which lras been 
discussed in late years, as to whether these two func- 
tions would better be combined in the sarne individual, 
or separated. I t  seems to be the opinion of most, that  
a certain amount of teaching is conducive, ratlier 
than otlier~rise, to the spirit of research. I myself 
thinli that this is true, and I should inyself not like 
to give up my daily lecture. But one nlust not be 
overburdened. I suppose that  the true solution, in 
many cases, would be found ill the multiplication of 
assistants, not only for the 11-orlc of teaching but of 
research. Some men are gifted wit11 more ideas than 
they can ~ r o r k  ont with their o ~ r n  hands, and the 
world is losing much by not supplying them ~ v i t h  
extra hands. Life is short: old age comes quickly, 
and the amount one pair of hands can do is very 
limited. What sort of shop would that  be, or what 
sort of factory, n~here one man had to do all the worlc 
mith Elis own hands ? I t  is a fact in nature, ~ r h i c h  no 
democracy can change, that  men are n o t  equal, - that 
some have brains, and some hands. And no idle 



talk about equality can eve? subvert tlie order of the 
universe. 
1 know of 110 institution in this conntry where as- 

sistants are supplied to aid directly in researcli. Yet 
rvhy sllo~rld i t  not be so?  And even the absence of 
assistant professors and assistallts of all lrinds, to aid 
in teaching, is ~ e r y  ~ioticeable, and nlust be remedied 
before we car1 expect much. 

There are niar~y physical probleins, especially those 
requiring exact Ineasurenlents, ~vliich canriot be 
carried out by one man, and can only be success-
fully attacked by tlie rnost elaborate apparatus, and 
\~~ibIl Such are Regnault's a full corps of assistants. 
experiments on the Cuntlamental laws of gases and 
vapors, rnacle thirty or forty years ago by aid from the 
French government, and which are the standards to 
this diy. Although these esperilnc~lts were rnade 
with a view to the practical cslculation of the steam- 
engine, yet they mere carried o ~ t t  in such a broad 
spirit that they have been of the greatest theoretical 
use. Again, what would astronomy hare done with- 
out the endoxv~nents of obser~at~ories:' By their 
means, that  science has become tlie most perfect of 
all branches of physics, as i t  should be from its sim- 
plicity. There is no doubt, in niy mind, that  similar 
institutions for other branches of physics, or, better, 
to inclucle the whole of physics, would be equally suc- 
cessful, A large and perfectly equipped physical 
laboraiory with its large revenues, its corps of pro- 
fessors ant1 assistants, ant1 its machine-shop for the 
construction of new apparatus, ~voulcl be able to ad- 
vance our science quite as rnr~ch as endoweii ob- 
servatories have astronomy. But  such a laboratory 
shor~ld not be founded rashly. The value will de- 
pelid entirely on the physicist at its head, who has to 
devise the plan, and to start it into practical worli- 
ing. Such a lnari all1 always be rare, and cannot 
always be obtained. After one had been successfully 
started, others coaltl follow; for imitation requires 
little brains. 

One could not be certain of getting the proper man 
every time, but the lneans of appointment should be 
most carefully studied so as to secure a good average. 
There can be no doubt that  the appointment should 
rest with a scientific body capablc of judging the high- 
est work of each candidate. 

Should any popular elenlent enter, the person 
chosen would be either of the literary-scientific order, 
or the dabbler on the outsliirts who presents liis small 
discoveries in the most theatrical manner. \Vhat is 
required is a nlan of depth, ~ v h o  has such an  insight 
into physical science that  he call tell when blows will 
best tell for its adrrancernent. 

Sucll a grand laboratory as I describe does not exist 
in tlre world, a t  present, for the study of pliysics. But  
110 trouble has ever been found in obtaining means to 
endow astronolnical science. Everybody can appre- 
ciate, to some extent, t,he ralue of an  observatory; as 
astronomy is tlre silnplest of scientific subjects, and 
has very quickly reached a position where elaborate 
instruments and costly computations are necessary to 
further advance. The whole domain of physics is so 
wide that  workers have hitherto found enough to do. 
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But  i t  cannot always be so, and the  tirile has even 
now arrived when such a grand laboratory should be 
founded. Shall our country take the lead in this mat- 
ter, or shall we wait for foreign countries to go be- 
fore ? They will be buill in the future, but when and 
how is the question. 

Several institntio~is are now putting u p  laboratories 
for physics. They are rnostly for teaching, and we 
can expect only a co~nparatirely small amount of 
mork from ~ o s t  of them. But they slloui progress; 
and, if the progress be as quiclc in this direction :*s in 
others, ~ v e  sliot~ld be able to see a great change before 
the end of our lives. 

As stated before, inen are influenced by the syni- 
pathy of those with whom they come in contact. It 
is inlpossible t,o inimediately change public opinion 
in our favor; and, inileed, we must always seek to 
lead it, and not be guided by it. For pure science is 
the pioneer who must not borer about cities and 
cirilized countries, but must strike into ullk~lown 
forests, and climb the hitherto i~iaccessible mou~ i t a i~ i s  
whicb lead to and comnlarld a riew of tlie promised 
land, - the land which science prornises us in the 
future; which shall not only flow with millr ancl honey, 
but shallgive us a better and Inore glorious idea of 
tliis n,onderful universe. \Ye irrust create a public 
opinion in our favor, but it need not at  first be the 
general public. IVe inust be co~lterited to stand aside, 
and see the honors of bhe n-orld for a time given to  
our inferiors; and ]nust be better conterlted with the 
approval of our own conscie~~ces, of the very few a~ i i i  

~ v h o  are capabie of judging oar  work, tllali of the 

whole world beside. Let 11s loolr to the other physi- 

cists, not in our own town, not in our own country, 

but in the vhole world, for the words of praise w-hich 

are to encourage us, or the ~ r o r d s  of blarne 1~~11ich 
are 
to stimulate us to renewed effort. For xliat  to us is 
t,he praise of the ignorant? Let us join together in 
the bonds of our scientific societies, and encourage 
each ot,her, as we are rlow doing, in the pursuit of 
our favorite study; lrnowing that the ~vorld will some 
tirnc recognize onr services, and linowing, also, tha t  
we constitute the most important element in human 
progrcss. 

But danger is also near, even in our societies. 
When the average tone gf the sociely is low, ~ v h e n  the 
highest honors are given to the mediocre, when third- 
class men are held up as examples, and when trifling 
inventions are magnified into scientific discoveries, 
then the influence of such societies is prejntlicial. A 
youiig scientist attending the nieetirlgs of such a so- 
ciety soon gets pervertecl ideas. To his mind, a mole- 
hill is a mountain, and the ltiountain a molehill. The  
small inventor or the local celebrity rises to a greater 
height, in his mind, than t,he grei~t leader of science 
in some foreign land. He gauges himself by the 
niolehifl, aud is satisfied n~ i th  his stature; not knowing 
that  he is but an  atom in coluparison with the moun- 
tain, until, perhaps, in old age, when it is too late. 
But, if the size of the nlounta,in had been seen a t  
first, the young scientist ~vould at  least have been 
stimulated in his endeavor to grow. 

We cannot all be men of genius; but we can, at 
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least, point them out to those around us. We may 
not be able to benefit science m1ch ourselves; but 
we can have high ideals on the subject, and instil 
them i r~ to  those with whom we come in contact. For 
t,lie good of ourselves, for the good of our country, 
for the good t o  the  ~vorld, i t  is incumbent on 11s to 
form a true estimate of the worth and standing of 
persons a ~ ~ d  t l~ings,  arid to set before our own minds 
all tliat is great and good and noble, all that is rriost 
important for scientific advance, above the mean and 
low and u~~impor tant .  

I t  is very often said, that a man has a right to his 
opiiiion. This might be true for a man on a desert 
island, whose error would influence only himself. 
Ent  when h8opens his lips to instruct others, or even 
mlieri lie signifies his opinions by his daily life, then 
he is directly respolisible for all his errors of judg- 
ment or fact. He has no right to thinlc a niolehill as 
big as a mountain, nor t,o teacli it, any niore than he  
lias to t l l i~lk the world flat, and teach that it is so. 
The facts and laws of our science have not equal 
importance, neither have the men who cultivate the 
science achieved equal results. One thing is greater 
than another, arid we have no right to neglect the 
order. Thus shall our niinds be guidcd aright, and 
our efforts be toward that wliich is the highest. 

Then shall we see that no physicist of the first 
class has ever existed in this country, that we must 
look to other countries for our leaders in that  sub- 
ject, arid tliat the few excellent workers in our coun- 
try must receive many accessions from without before 
they can constitnte an American science, or do their 
share in the world's work. 

But let me return to the subject of scientific socie- 
ties. Here American science has its hardest problem 
to  contel~d with. There are very niany local societies 
dignified by high-soundi~ig names, each hnving its 
local celebrity, to whom the privilege of describing 
some crab with an  extra clam, w11ich he found in his 
n~orning ramble, is inestimable. And tliere are sorne 
ac:tderiiie.q of science, situated a t  our seats of learning, 
which are doing good work in their locality. n u t  
distances are so great that i l  is difficult to collect inen 
together at  a i y  one point. The American associa- 
tion, which we are now attending, is not a scientific 
academy, and does not profess to be more than a gatll- 
ering of all who are interested in science, to read 
papers and enjoy social intercourse. The National 
academy of sciences contairls eminent men from the 
wliole coul~try,  but then it is orily for the purpose of 
advising tlie govcrninelit freely on scientific matters. 
I t  has no building, it lias no library; and it publishes 
11ot11ing except tlie information wliich it freely gives 
to  the  government, which does nothing for i t  in re- 
turn. I t  has not had much effoct directly on Amer- 
ican science; but the liberality of the government in 
the way of scientific expeditions, publications, etc, ,  
is at  least partly due to its influence, and in this 
way it has done much good. But it ill no way takes 
the place of tlie great lloyal society, or the great acad- 
emies of science at Paris, Berlin, Vienna, St. Peters- 
burgh, &I~:i~ich, and, indeed, all tlie European capitals 
aiid large cities. These, by their publications, give 

to  the young student, as well as the more advanced 
pli! sicist, ~nodels of all that is cousideretl zxceilent; 
and to beconie a member is oneof the highest Iionors 
to which he can aspire, n.liile to write a memoir which 
the academy considers worthy to be pnblished in its 
txansactions excites each one to his highest effort. 

The  American academy of sciences in Boston is 
perhaps our nearest representation of tliis class of 
academies, but its limitation of membership to the 
State dep1,ives it of it,s national character. 

But there is another matter which influences the  
growth of our science. 

As i t  is necessary for 11s still to looli abroad for our 
highest inspiratio11 in pure science, and as science is 
not an affair of one town or one country, but of the  
whole world, i t  becomes us all to read the current 
journals of science and the great transactions of for- 
eign societies, as well as those of our own countries. 
These great transactions and jour~rals should be in  
the library of every institution of learning in the  
country, where science is taught. How can teachers 
and professors be expected to know what has been 
discovered in the past, or is being discovered ~ iow,  if 
these are not provided ? Has any institution a right 
to mentally starve the teachers whom it employs, or 
the  students w l ~ o  come to i t ?  There cim be but 
one answer to tliis; and an institution calling itself a 
u~~ivers i ty ,and not having the currelrt scientific jour- 
nals upon its table or tlie transactions of societies 
upon its library-slielves, is certainly not doing its best 
to  cultivate all that  is best in this world. 

We call this a free country, and yet i t  is the only 
one where there is a direct tax upon the pursuit of 
science. The low state of pure science in our conn- 
try may possibly be attributed to the youtli of the 
country; brit a direct tax, to prevent the  growth of 
our country in tliat subject, cannot be loolied upon as 
otlier than a deep clisgrace. I refer to tlie duty upon 
foreign boolis and periodicals. I n  our science, no 
bonks above elenieritary ones have ever been pub- 
lished, or are likely to be published, in this country; 
arid yet every teacher in physics must have them, not 
only in the college library, but on his own shelve$, 
and must pay the goverrlment of tliis country to 
allow him to use a portion of his small salary to buy 
tliat which is to do good to the  whole country. All 
freedon1 of intercourse which is neces-ary to foster 
our growing science is thus broBen off: and that which 
miglit, in time, relieve onr cnnntry of its mediocrity, 
is nipped in tlie bud by our governmer~t, wliicll is niost 
liberal when appealed to directly on scientific sub- 
jects. 

One would think that  books in foreign languages 
might be admitted free; but to  please the half-dozen 
or so workmen who reprint German books, not 
scielitific, our free intercourse with that  country is 
cut off. Onr scielriific associations and societies must 
rn;ilie themselves heard in this matter, and show those 
in autl~ority how the rriatter stands. 

I n  conclusion, let me say once rnore, that I do not 
believe that our country is to remain lorig in its 
present position. The science of physics, in whose 
applications bur country glories, is to arise alriong us, 
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and make us respected by tlie nations of the world. 
Snch aprophecy may seem rash mith regard to anation 
which does not yet do enough physical work to sup-
port a physical jourqal. Eut  we linom the speed mit,h 
which we advance in this country : we see cities 
springing up in a night, and other wonders performed 
a t  an  ur~precedentedrate. An4 now we see pligsical 
laboratories being built, we see a great demand for 
thoroug11ly trained physicists, who have not shirked 
their matl:eniatics, both as professors and in so-called 
practical life; and perhaps me have the feeling, com-
mon to all true Americans, that  our country is going 
forward to a glorions future, when we shall lead the  
~vorldin the strife for intellectual prizes as we now 
do in Lhe strife for wealth. 

But if this is to be so, we must not aim low. The 
problems of the  u~liversecannot be solved without 
labor: they cannot be attaclied without the proper 
intellectual as me11 as physical tools; and no physicist 
need expect to go far without his tnatheu~atics. No 
one expects a horse to win in a great aiid long race 
who 11as not bee11 properly trained; and i t  mould be 
folly to attenlpt to win wit11 one, ho~veverpure his 
blood and l~igllhis pedigree, without it. The prob-
lems we solve are more difficult than any race: tlie 
higliest intellrct camlot hope to succeed withoi~tprop-
er preparation. Tlie great prizes are reserved for the 
greatest efforts of the greatest intellects, who have 
litapt their mental eye bright and flesh hart1 by con-
stant exercise. Apparatus can be bought with money, 
talents may come tous  a t  birth; but our mental toots, 
our mathematics, our experimental al~ilitp,onr linowl-
edge of what others have done before us, all have to 
be obtained by work. The time is almost past, even 
in our own country, when third-rate nlen can find a 
place as teachers, because they are ~uifi tfor every thing 
else. \Ve wish to see brains and learning, con~bined 
with energy and immense working-power, in the pro-
fe..s!,r3s chair; but, above all, we wish to see that high 
and cl~ivalrousspirit which causes one to pursue liis 
idea in spite of all difficulties, to work at  tlie problerns 
of nature with the approval of his orvn conscience, 
and ~ ~ o tof men before him. Let him fit liiniself for 
the struggle with all the weapons wl1ic11 rnatliernat-
ics and the experience of tliose golle before him 
can furnish, and let him enter the arena mith the 
fixed and stern purpose to collquer. Let him not 
be contented to stand back with the cro~vdof niedi-
ocrity, but let hi111press forward for a front place in 
tlie strife. 

The whole universe is before us  to study. The  
greatest labor of the greatest rninds has only given 
u s  a few pearls; and yet the lilnitless ocean, rvitti its 
hidden deptlis filled wit11 diarnonds ancl prec:ious 
stones, is before us. The problerri of the miverse is 
yet u~isolvecl,and t,he mystery ii~rolvedin one sill-
gle atom yet eludes ns. Tlie field of research only 
opens wider and wider as me advance, and our 
lnintls are lost in w o ~ ~ d e ra r ~ dasto~~islinlerita t  tlie 
grandeur and beauty unfolded before us. Shall we 
help i l l  this grand morlr, or not?  Shall our country 
do its sliare, or shall it still live in the almsl~ouseof 
the world ? 

PAPERS READ BEFORE SECTION B. 

De te rmina t ion  of t h e  re la t ion  b e t w e e n  t h e  im-
per ia l  y a r d  a n d  t h e  m e t r e  of t h e  archives .  

BY 71'1LLIA11 A. ROGERS OF CA&IERIDGE,MASS. 

THIS paper was a continuation of one upon the 
same subject presented a t  tlie Montreal meeting. 
The mean result of the determinations up to that  
time was as follows: Imperial yard f3.37015 inches 
=Metre des arcliives. 

The writer stated a t  that time, that he should not 
lilie to be held to a very strict acconnt with regard to 
the last decimal fignre, or even tlie last two decimal 
figures, on account of the difficulty of 'obtaining the 
requisite data. 

Since the meeting last year, additional data have 
been obtained. I n  February of the present year, a 
conibined yard and metre was received from Paris. 
The yard was compared mith the imperial yard, in 
1880, by Rlr. Charley, the warden of the imperial 
standards. During the interval bet~veen 18SO a11t1 
February of the present year, this metre has received 
repeated comparisons with the nietre of the Inter-
national bureau, under the direction of Dr. Pernet. 
According to his report, this metre is 310 mi l i ro~~s  
too short at  O0 centigrade; for the same teinpernti~re, 
the yard mas found by Mr. Chaney to be 20.7 rnikror~s 
too short. 

Comparing the nietre and the yard upon this bar 
with the bronze yard and metre desci,ibed at  Jlont-
real, and combining tlie results with tliose previouqly 
found, the re1;~tionwas found as follows: I~ilperial 
yard + 3.37039 inches = Metre des archives. 

T h e  magnetophone,  o r  t h e  modification of t h e  
magne t i c  field b y  t h e  ro t a t i on  of a perfo-
r a t e d  meta l l ic  disk.1 
BY PCOB. H. S. CARHAXT OF EVASSTON, ILL. 

TIIE experiments of Bell, Preece, and others, on 
the radiaphone, suggested the possibility of intelrupt-
ing, or a t  least periodically modifying, the lines of 
force proceeding from tlre poles of a magnet, by 
lrleans of a disk of sheet-iron, perforated with a series 
of equidistant holes, and rotated so that  the holes 
should pass di1,ectly in front of the magnetic pole. 
I t  is well kiiown that  tlie arniatnre placed 011 the 
poles of a permanent magnet diminishes tlie s t r e ~ ~ g t h  
of the external field of force by furnisliing superior 
faciiities for tlie formation of polarized cl~ailisof 
particles from pole to pole. This js the case even 
when tlie armature does not touch tlie poles, but is 
in close proximity to them. 

If a piece of sheet-iron be placed over the poles 
of a magnet without toucl~ing,and magnetic curves 
be developed on paper above the iron, they will be 
fourld to exhibit less intense and less sharply defined 
magnetic action than when the sheet-iron is removed. 
If,llomever, a small hole be drilled directly over each 
nlngnetic pole, the screening action of the slieet-iron 
is modified it1 much the same way as when a hole is 

1 This paper mill ~ h o r t l xbe published in SCIENCEin full. 


