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'(Etiology of Puerperal Fever," in which he 
divides honors with the great IIungarian ob- 
stetrician, Semelweiss. It is saicl of Goethe 
that he might have been the greatest scientist 
of his age had hc not cllosen to be the greatest 
poet. The man who macle the greatest con-
tribution to medicine in the nineteenth cen-
tury, Pasteur, was not a physician, but a 
chemist. Elihu Burritt with his lrnowledge 
of many languages was a blaclrsmith. Vir-
chow, the father of cellular pathology, was a 
socialistic-democrat, a member of the Reich- 
stag and a rigorous opponent of Bismarck. 

Permit me to briefly summarize my chief 
themes: Education is the modification of be- 
havior through experience. The mechanism 
of learning consists of the nervous system 
with its sense recelttors, conductors, centers 
and e8cctors. Education is secured by open- 
ing np neural pathways to the brain; this re- 
quires eEort, but a frecpently traveled path 
becomes smooth and easy. The course of 
learning does not show a constant ascent, but 
has occasional plateaus. Special pathways 
are necded for the acquisition of special 
knowledge. A fundamental education should 
include language, mathematics, history and 
science. No eclucation can be symmetrical 
without training in all these. Upon these 
as founclation stones, the tower of special 
linowledge may be carried as high as the 
builder can. 

Accuracy and promptness in formulating 
judgment are the ends sought in education; 
correctness first, and readiness next. When 
these qualifications arc accompanied by the 
ability to be both prompt and effective in ac- 
tion the indiviclual becomes of highest serv-
ice to himself and his fellows. 

I am aware of the fact that the advice of 
age does not meet a ready reception in the 
mind of youth. The old frequently envy 
youth its opportunities and wish that they 
were again young. This is idle and besides 
is not desirable. My generation hai: enjoyed 
great privileges. I t  has been my ~e r sona l  
good fortune to know in the prime of life that 
great Englishman, the founder of antiseptic 
surgery, Joseph Listcr, to sit a t  the feet of that 

great German, the discoverer of the t~tbercle 
bacillus, Robert Icoch, and to 1001; into the 
face of that greatest of Fre~lchmen, the man 
who laid the foundations of preventive m d i -  
cine, Louis Pasteur. Were the price offered 
eternal youth, I would not tear from memory's 
booli one page of its golden lessons, ancl I ask 
no higher immortality tlran that there should 
be founcl among my students those who have 
been inspired by my words and works, to 
carry forwarcl the torch of science to light 
their fellow-men on their way to wider knowl- 
edge ancl its beneficent rewards. 

Man has already accomplislled nmch, but 
thc greater tasks lie ahead. The prodnctivii,y 
of the soil must be increased a hundredfold. 
Grains and fruit^, yet unknown, must be 
grown. The heavy burdens that still oppress 
the shoulders of labor nluqt be transferred i o  
the tireless muscles of machinery. The 1iter:t- 
ture of the higher civilization ip, as yet, un- 
written. Laws for which no precedents can be 
found inust be framed and administered. 
T l ~ e  giant strength of intra-molecular energy 
must be liarnessed into the service of man. 
A broader nlorality must govern our be-
havior, one to another, and a loftier religion 
must enthuse the common aspirations of the 
race. All this and much more must be 
achieved before nlan fully develops his high- 
est potential greatness. 

The world of ei'fort is before you, young 
men anti women. The road ad astra lies per 
aspera, but bruised heels and aching limbs 
count for naught when the way leads upward 
toward the mountain tops of human growth 
and perfection. Tceep to this road, doing what 
you can to lift yourself ancl your fellows to a 
more rational life, and Rlichigan will have 
done well in bestowing upon you her 'ichest 
gift, an education. 

VICTORC. VAUGIIAN 
UNIVERSITY ~ R ~ I C E I I G A NOF 

T K E  USXrF FOR MATZEnfATICS 

~4a~r11:hra~rcshas been termed the hand-
maiden of the sciences. Whether or not the 
mathematician himself accepts this as a truth-
ful  representation of his beloved science de- 



pends upon what the word "handmaiden" 
connotes. If i t  is used to designate a sup-
posed inferiority either i n  value or respect, 
or a menial and degrading co~npulsory service, 
he justly rebels against the use of this meta- 
phor. I f ,  on the other hand, divestecl of all 
suggestion of inferiority ordinarily concomi- 
tant with the use of the term servant, the word 
is only construed to mean a ooluntary, honor- 
able a?sistanee, then, thougll deploring ilio use 
of a figure with such possibilities for false 
interpretation, he may not seriously object to 
its use. Matl~emat,ics undoubtedly does render 
incalculable aid to the exact and rnany other 
sciences. 

Since mathematics antedates the other 
faniiliar sciences, astronomy excepted, its 
exibtcnce is surely not tlependent upon their 
existence, nor can service to  the other sci-
ences be its sole aim and object. T t  docs not 
live to serve, alone. It is not a born slave. T t  
has ail esistence absolutely independent of 
auy use to ~vhich i t  niay be applied. The 
mathematician has pursued and mill pursue 
his investigations regardless of material profit. 
The unselfiqh motive which directs his adiv- 
ities as well as those of other pure scientists 
is that love of knoxvl~dgc pure ~ n d  simple 
which ~ e e k s  no rewart2 other than the intel- 
lcclual dclight i ne id~u t  to the disco~erp of 
-unlniown tiuth, for him the revelation of 
hitherto unseen relations existcnt in the realms 
of nuinber and space. ITo\vcver abstract and 
renirrte from prad,ical application the truth 
revealed, matters not. FIe is not and refuses 
to be guided by mercenary motives. 

If. however, in the light of popular concep- 
tions, ilie standard of appreciation of science 
be the extent or importance of its application 
to  the exigencies of daily life, mathematics 
gains rather than su3ers from t,he loweriilg of 
the standarcl. Kevertheless the teacher of 
rnathematies is frequently required by the 
prospective student to justify the usefulness 
of his coursps. It occurred to me that a very 
definite and nnprejndiced reply to such queries 
ckln he obtainecl Froni the Encyclopcdia Br i tm-  
nica, 11th ed. This great work .ccrhich is a 
('survey of the field of knowledge" presum-

[N. S. Vor,. XL. No. 1037 

ably is irngartial. Xccessarily only the essen- 
tials can be given in such a work We have 
selected from this book those subjects which 
ham required the symbols of infiriitesinlal 
calculus in their treatment. The list is in- 
tended to be complete, b r ~ t  omissions are proh- 
able, owing to the haste in covering so many 
pages. Xotice of omissions will be rvelcomed. 
Some of the subjects, such as infinitesimal 
calculus, are obsiouslp mathematical, whilo 
the appearmce of others, such as cloclr and 
slry, may surprise e-t-en mathematicians. The 
list mould be far  greater if we based i t  upon 
a lower subject such as trigonometry instcacl 
of calculus. 

The list contains 104 headings which are as 
follows: Aberration, accumulator, &her, 
algebra, algebraic forms, amplitude, nstron-
omy, atinoqpheric electricity, aurora polaris, 
ballistic^, bearings, Bessel function, bridge, 
calculating machine, calorimetry, capillary 
action, chelnical action, chemistry, clock, com- 
binatorial analysis, condensation O F  gases, con- 
clnctio~r electric, cond~~ctionof heat, cum e, 
cycloicl, difl'erences calculus of, differential 
equation, diffraction of light, diffusion, 
dynamics, dynamometer, earth figure of the, 
elasticity, electrokinetice, electrolysis, elcc-
tromagnetism, electrostaticxs, energetics, 
Fourier's series, function, fusion, geodesy, 
geornetvy, gravitation, groups theory of, gyro- 
scope and gyrostat, l~armonic analysis, hcat, 
Rerhart, horlograph, hydraulics, hydromeellan- 
ics, illuminution, induction coil, fiifinitesi~nal 
calculus, interference of light, interpolation, 
lens, light, lighting, logarithm, lubrication, 
magnetisru, nlagnetism terrestrial, ma,rr~r:to 
optics, map, maxima and minima, mechanics, 
rnensar~ifion, mctcorology, molecule, tnlml~er, 
power tran-;miysion, probabilitg, quaternions, 
rd ia t ion ,  radioactivity, qerips, slliphuildinc~, 
sky, solution, sound, spectroscopy, spherical 
Ilarnlonics, spiral, steam ~ngine ,  stereoscope, 
stoichioiiletry, stren;:tll of materiale, sun, six- 
face, surveying, table matl~crnatical, tacheom- 
ctry, thermodynamics, thcrinoelectricity, tller- 
inomc~tr;v, tide, tirile measuremelit of, trans-
former, trigonometry. units pllysical, vaporiza- 
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tion, variations calculus of, vector analysis, 
wave. 

That mathematics is the handmaiden of the 
sciences is fully confirmed. Only about a 
fourth of the headings are those of pure 
mathemat.ics. The wide variation of the sub- 
jects is evident. They cover the subjects of 
five sections of the American Association for 
the Advancement of Science. 

If thesc facts are pointed out to the stu-
dents, i t  will doubtless give them a greater 
interest in the subjects of mathematics, for 
even though they can not understand the 
references they can a t  least grasp their signifi- 
cance and approach their work with a con-
viction that i t  is worth while. I t  is hoped that 
this list may prove valuable to teachers in 
this way. 

The student should appreciate early tho 
importance of his mathematical training in 
his worli, particularly in any subject of exact 
science. 'The haste made necessary by thc 
limitations of time and the demand for more 
and more principles leaves little time for the 
application of Imown principles to explain 
nature in a mathematics class. The utility of 
the subject may thus not be as obvious to the 
inexperienced pupil as to the teacher. The 
subject of mathematics should not be con-
sidered by the pupil as mere continued 
drudgery without ultimate gain. When those 
uninspiring successions of hooks and croolis 
are clothed with a garb of meaning provided 
by nature herself and their real import ant1 
significance made manifest, they command a 
proper reverence because of that which they 
have accomplished. The beauty of the truth 
revealed or explained sheds a sense of beauty 
even over the cold abstract reasoning. 

The student should know that that which 
he dimly foresees will appear before him as a 
panorama of extended beauty over which he 
can roan1 when once he has mastered that 
most wonderful and powerful instrument of 
modern analysis, discovered by Newton and 
Leibnitz, and so fully developed and applicd 
by that constellation of immortal mathenia- 
ticians the Bernouillis, Clairaut, Euler, La- 
grange and Laplace, namely the infinitesimal 

calculus. He will then have a deeper insight 
into, and a partial comprehension of the plan 
of nature. Beauty concealed by ignorance of 
the mathematics necessary for interpretation 
will be revealed to him. I-Ie will then see that 
of which the untutored mind has no concep- 
tion because lying beyond its comprehension. 

The massive bridge once wonderful because -

of its enoilnous size, when its principles of 
construction are understood becomes a thing 
of beauty, a wonderful monument to the intd- 
lect of the designer and constructor. The great 
tunnels, turbines, subways are changed to ob- 
jects of wonder to those who are capable of 
understandillg the difficulties overcome in thcbir 
construction. The stars in the universe above 
which nightly dissipate some of their light 
upon the earth bespeak their Creator's glory 
in voices but faintly heard by tlzose wllose 
training does not enable them to comprehend 
the reign of law there prevailing. To such an 
one the heavens declare the glory of God in 
a more real and exalted sense. The earth is 
full of Ilis glory. There will be " sermons En 
stones." 

The extent to which natural laws have been 
discovered and expressed in mathematical equa- 
tions must be a source of unending wonder. 
"Order is heaven's first law." The mathe-
matical equation is the apotheosis of order. 
It will ever be a matter of self-congratulation 
to mankind that they can thus interpret natu- 
ral phenomena by expressing the inexorable 
laws governing them in equations. We should 
better say that we are thmldul to God for 
revealing to us those laws to which IIe has 
subjected His creation. It must compel a 
higher order of admiration for the Creator 
that He has made things thus. 

One of nature's demands in which she is 
inexorable is a study of higher, tbe highest 
mathematics. The interpretation of her laws 
requires it. I close by quoting a scientist of 
wide fame. Sir John Herschel in the intro- 
duction to his celebrated "Outlines of Astron- 
omy " writes : 

The utmost prctensior of this work is to place 
its readers on the thresh, d of this particular wing 
of science, or rather on an eminence exterior to it, 
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!3llence tliey m:y ohtaln n general notion of its 
structure . . . Ad?,~%6,sazon toto  zls snvcluctry and 
thc p~%z~ilcpcs and feclings of a lioturg is only l o  
bc galtrcd by o m  i~ttu?~.s-sozt?~d and suficlent 
knoz~~7cdgaof nzotlwrilnttcs, the  gwnt  instrument 
of all ezacl i? tqv i~y ,  u , ~ t l ~ o u f  tohicl~no man can 
evcr 1r~a7~e such advances trL this or i n  any other o f  
thc hcg71er depurt,ne,zts of scicn cc as can cwtrfle 
hzrn to form an i?tdfpcndcnt op~nion on tc~tyszcli-
jcct of d t s c ~ ~ s s ~ o n  wzthin t7teir range. 

Rhnrucr, (2. BARTON 
FLO'IVIIR ~GSIFRTSTORT, 


T J x i v ~ ~ s l r ~ -PI.:NNSLLVANIA
o r  

TITR LATJ; 7VZLL1241f SA UivDEZiS, C.K.G., 
Td71.2). 


Is the dcatlz of Dr. Williarrl Sa~inders, 
C.M.G., lntc director of the Donlirlion Experi- 
rncntal l~ttrtns, which took place a t  Lonclon, 
Ontario, o n  13, t11el.c passed away S ~ p t e ~ ~ b e r  
a notable pioneer in the Geld of Canadian 
~gricultural  invebtigation, one ~vlio had worlied 
[lard and ~uccessfu1Iy ill the bclst interests of 
his coixrrtry for more than :r quarter of n cen-
tury and who, we rejoice to say, had lived to  
see ill a large measure the fruits of his labor 
~na \cry nlaterial irnl,roremtnt oC our basic 
industry, in n~etllods, in crPops and in stock 
thronehout ihc length and breadth of the land, 
Coi7~p:tring the agvicillture of this country to- 
day with that of 1886, when Dr. Sannclers 
eritereil upon what a c  may tenii his life worlc- 
the c~stahlishment of tht. Euperimental Farm 
Sysism-it is abundantly apparent that farm- 
ing in a11 its branches has devclopcd and pros- 
pered and we can not doubt that the varied 
sctivities of this system, in rc~carch and in 
the wide clisycmiriation of information ariiong 
our farn~crs. carried forward as thcy have becn 
by Dr. S R U K ~ ~ ~ C ~ B  en-and his eo-worliers with 
tl~usiasin $211d sltill, mnst ha le  plagrcd a very 
important part, i n  this ngricnltural progress. 
It lras bccn a valuablc and national worlc, and 
starids to-day as a monument to the initiative, 
t11c uizRagginq zeal and the untiring energy of 
Dr. Xaunders, mlio held the dii.cctor;;hip of the 
farms fronl their establishment to i2pril. 1911, 
when he retired, owing to failing hriiltli and 
advancing ycars. 

Williarn Saunders was born in  Devonshire, 

T<ngl:xrrd, in 1836, and came a t  the age of 12  
years to tliic, country with his parcnts, who 
iettlcil i ~ rI,orrtlon, Ontario. 111 carly manhood 
he stnclied chelnistry and pharmacy and sub- 
s~quc~nily for the Ilianu- cstablisllctl a b11siile~~ 
f,~c>tureof pharmaceutical preparations, a 
busi11c;s which he suct~cssf~~ll j  c*:lrricd 011 till 
1866, when it wws hantlcd over to liis cltlcst 
son, %Tilliar~i F., ~ d l ohas rcinaincd since that 
date iis head of the firm. T11 1862, we find 
ilrat hi3 c l~eln i~al  Iknowled~c had gained for 
l~ i rn  the poit of public aiialyst for JTTestcnl 
Ontario. Previous to  that date he harl taken 
a leadjrtg part in the Pounding of the Ontario 
Colleqc of Pharinacy, of mliicli he was presi- 
dent for two years. I'Fc was alio on the pro- 
fei.;oriiile of thc medical faculty of the 
TVc-tern Univ~rsi ty.  l l i s  interest in entomol-
ogy led him to assist in cstablishirig the Ento- 
nlolo~ical Society of Ontario, of which he was 
president for the pcriod 1883-6. In the prac- 
lical work of this iooiciy he nlaintainerl an 
active :iad narin interest throughout his life, 
atnting as ctlitor of its organ, the Canadian 
B ~ ~ t o m o l o y i s t ,for thirteen ycars. As a result 
oC his entomologic~al stnclics, ~ v l ~ i c hwere 
mainly of an eeononiic charac>ter, Ilc pizblishcd 
in 3882 his aorli cnt,itlcd "lncects Injnrions 
to Fruit," a booli that  has been widely used 
as a text i n  agricultural collcges and 1)y 
orchardibts in the TTnitc(l Statcs and Canada. 
In 1868 Dr. Sauritlcrs purchased :t small 

farm iu the ncighE~orhooci of 1,ondon and 
+here, it  may be haitl. hc laid the founclation of 
his futnre work in hortic.ulture, always his 
favorite s t~~ t ly .  This arra of land, which he 
plantc'd largely to fruit, cnablcd hilrr to inves- 
tigate anrl observe in the fields of experimental 
agricultilvc and horticulturc: and no c10uLt fur- 
nished him with thoke (~~ralibiesanrl that  
knowledge wliich led to his eclection as the 
one bcsl, q ~ ~ n l i f i ~ dto undertake the important 
task oP rstabli\hing the Experinierltal Farm 
qystcm. Ifis many succctses in the production 
ul' new fruity, flowers and grains d~ri.ing this 
pcrioil testify to hi< skill as an hybridist of tllc 
firqt rank. 

Of his worli as head oE the Experimental 
Farills i t  rvill only bt? possible to give the 


