
Euclid. i. 4, holcls generally, wltile we need some- 
thing more than practical experiment to prove, say, 
that vertically opposite angles are equal, or that 
the three anglesof any triangle are always together 
equal to two right angles. The need for proofs 
that are gcilerally true may be loronglrt out very 
clearly in  sucll a matter as the cor~sitleration of the 
best practical nlethods for ~neasuling plane sur- 
faces, or son~e  otlter silu~lar work. In any case, 
let us bring home to the learner the need for more 
general proofs, and the nature of the method 
acloptetl for obtsining thcrn ; \rhile, all tllrougll our 
gcornetrical \\~orlr, let us kecpin nlintl how retresli- 
ing it is lo be allowecl toseeant) appret.iate the bcar- 
ing of tlreory on piactice,- the practical ntility of 
the rchults cf our tl~rotctital worlc. Once again, 
what better nlearis can we 11abe for cxt~rct ing pu-
pils in mixer1 indurt~vc and deductive reasoning 

TiVc In?) begin with a 
story from bliss 3lartinea~1's cSollection- or, to be 
anore precise,, we rrl:ty take 'The sl~ipnreclteil 
sailon,,' from Mrs. Fam~ett 's ' Tales in political 
cconc~n~y,'and worlr np to the question as to 
whcthc,r laxurioup espenclitu~e and naste are gooil 
tor trade, or to the great proble~n ot deulancl ancl 
supply, anti the price of cot~lmvditre-;,-malring 
deiluctiorts fr61ii the l)rinc-iples at  whic*l~ h e  arrive, 
and te.rting Lhern by c.oirq)arison with the ~esu l t s  
of practical clxperieute. 

I w ~ l lcotlclutlc by irnrinding yon, Ihat, for pule 
iiidurt~oii,~ o uwill generally ha \e  to rely on the 
pbyi.~cal scicncps, - o f  which energeticsb o t a ~ ~ y ,  
(if I lllay u5e the word), and (*ht'rnistry ~ 1 1 1  be 
the bcbt for sc:~ool purposes : n Ilile, for ifeduction, 
the wlrolc field of ~natlreulat~cs Ilirs befoie you. 
may atltf that you will And an excellent nrotlel 

'!than polltical economy 

Riology is sotiietirnes called a jzezo science. Tlris 
is not because the subject-matter treated of is 
new, nor because living nature is a new snl)ject 
for study, but m t l ~ ~ r  became the nlt~thod of study 
has so changed in the last twmty-five years that 
the stutly of life appears under an entirely new 
aspect. As material for a tleicriptite ~ciencr ,  
animals and plant. have been stndied for cen-
turies, bnt l~iology as a t%ynainic:~lsciel~ce 1s o f  
rompartttively r e c r ~ ~ t  growtl~. 3lotlern hiologj 14 

neither zoology nor botany, tliougll it of cotrrse 
includes the stutly of hot11 animals and plants. 
The ttlrms ' zoolog? ' and 'botany' usually con\(.? 
to the mind the idea of long names and ledions tle- 
scriptions, with an overwl-jelming abundance of 
uninteresting details, and the student well asks 
what is their value to Irim. If biology offered to 
its students to-day no more than a desc.iiptiorr of 
animals and plants. i t  \t,ould he well questioned 
whether it sltould in justice dcn~and any greater 
attention than has been allottetl to zoology and 
botany for fifty years pabt. But scient~fic. teacb- 
ers are beginning to see that the leaining of ~ l n n ~ c s  
and descript~ons sllonlcl bear about the same ieln- 
tion to biology that the learn~ng of  dates he:rrq to 
lristorj. Home dates r r ~ u ~ t  be learnrtl in  stutlping 
history, and sorne name5 an11 ilrscriptionc rnr~st b r  
lckarneil in studying hioloxy ; but tht' fornler tloes 
not constitute hist ory. nor thc, latter biology. The 
rapid extension of ot~sc.r.i ation on vital phenon~ena, 
and the nlore carefrtl thought therron, ha te  bees11 
teaching scient~sts to coml)rise large g ~ o u p i  ot 
facats under general forms, and thns to  tleduce 
gt~nerallaws regulat~ng- life. T t  is tire s t~ tdy  of 
these 1)rinciples wllicl~ is coming more and mole 
to constitute tl~t. science oi 1,iology. Tlie enor-

Jc\son in induct ion on the pile-dl i ving ~r lac l~ i~ ie  mous ~nultiplicatlott of species is malring zotilogy ' 

i r r  Professor I'ayne's '1,ectures on education.' In 
rrratlr~rnatics, perllaps the best and sirnplest ex- 
,inrplc oi iiidrxction suitable to beginiiers is the 
well-linomn 'I)inon1ial theorem ' for positive in-
tegral indicei. IT. (:~URTFIOPR HOWEW. 

,TTODERN BIOLOG V A8 A BRAi\'("lj Oli' 
ED UCL4TlON. 

A (:L k s c E  a t  orir higlter etlucational ini;titntioni 
to-day shorvi a tendency toward an increase in 
the importance of I~iolog-ical science. Et erywhercs 
biology is being separated as a distinct depart-
ment, arid at  least onc school is founded for the ex- 
prew purpose of porsi~ing t l~ i s  sttrdy. An in-
t~reaiing stress is Ilr~ng placetl upon this science as 
a part of a liberal educatron, ant1 its nnnlber of 
students is growing rapidly. We wish, in a fern 
words, Lo slto'ii- wily this is so, and to give t l ~ e  
grouncls npon w11ic.h biology is every year tle-
nianding n~ure  recogniti)i~. 

and botany unwieltlj s ~ ~ h j e c t s  to 1)c tlt~ated ill any 
general way. Classification- I~ave,b) reason of 
iecent discoveries, grow11 so intriratc and compli-
cated that they can no longer be taueht to the 
general strlclent w ~ t h  any degree of s:~tisfaction. 
Hut thii very incarease in tliscovery i.; atlding to 
science new laws, iq rt~iidtring intelhg11)le the 
older ones, so that the ~naterial for the stutly of 
l>iology, as separate f1.ot11 zotilogy and botany, 
is becoming more abundant Siology is thus 
mpitlly freeing it.relf from the cXrj7 bones of tle-
ta~lcd clasiification, and bccorning of more anrl 
nloic interest and bi<nificance to  the general stu- 
(lent. Biologyis gron ing to he more the study of 
life-principles as illustrated by animals and plants ; 
is becoming, therefoie, Elore a study of life. anti 
not so mnch as it  has been a stildy of living things. 

I t  is biology with sorne such scope as indicated 
a b o ~ e ,that is now clainting to be recognized as a 
necessary part of a liberal eduration. Education 



has three primary objects : lo, i t  sllould give men- 
tal training ; 2', it should give a certain amo~lnt  
of practical knowledge ; Y o ,  i t  should place the 
student in such contact ~ v i t h  philosopllical thought 
that he may be able t o  understand the trend of 
thought at  the present time. The new science of 
dynamical biology clailns attention as assisting in 
tile acconlplisllnlent of all three of these objectp. 

The ralue of 1)iolopy as a means of mental dis- 
cipline is chiefly in exercising the powers of obser- 
vation. Ko course it1 this study is in any way 
complete without an accompanying course in labor- 
atory worli: though t,he amount of suc11 work 
13lay be son~etimes very small. There is notl~ing 
better adapted to teach the student to  nPe his eyes 
accurat,ely tlian a course in laboratory work upon 
living things, icclocling microscopic study, dissec- 
tion: and analysis. The value of this sort of edu- 
cation is. indeed, too plain to require more than a 
i ~ o t i ~ ~ .  

Tlirrr is ~undonbtedly a growing demand in tbis 
country that st~ltlies shonltl have a practical 
ralcle ; and for any new study to force its way 
into \vide ncreptancc,, it; must be able to show that 
it has some clircct utility. Non., biology is by no 
means a ' bread-and-butter ' ~ t u d y ,  unless, per-
chance, it be to t h e  who aim to teach it. But 
i t  does give the stndent knowledge in those ~lirec- 
tions which Spencer calls the e~srntials of educa- 
tion, and I\-lricli are too often neglected. I t  
teaches him to be a good animal. Aside from its 
value as a preli~ninary iiledieal t~ aining, biology 
gires a n  education wliio11 evclry one needs. There is 
11ardly a tliscorery of the centl~ry wllich bids fair 
to prodrrce more influence upon the human race 
than the germ theory of disease. This discovery 
is rapidly urodifying nietlioda of dealing with 
contagious diseases; and it is an injnstice to the 
student to send hirn into the world ~vithout a 
knowledge of tfhese general facts, the siglnficance 
of sanitary precautions, and fhe n~ethocls of avoirl- 
ing ciiseaee. But aeide froin sac11 facts, i t  is 
llardlg possible to overestimate the ralne to every 
one of a study of the laws of life. The student 
[earns t,llat he, too, is ail animal, and uncler the 
influence of the same laws \\,11icl1 he finds eke- 
\\,here, and coules slowly to realize the meaning of 
many of these laws with a sisidness which can be 
prodr~cecl in no other way. Eie learns of the effect 
of s~iurrouiidings upon the gro\vth of living things, 
and that animals are largel- what circumstances 
make them. He gains a strong impression of the 
lasting effects of habits, sers that nothing is too 
sinall to be without its influence. He is ltrougl~t 
face to face with the degrading effects of para-
sitism in all its forms ; sees that inactiritp is uni- 
\.ersally follo~ved b~ degratlation, and that only 

active anintals can rise in nature : learns that 
luxury is always the precursor of degradation, 
while adversity, i f  it he not so great as to destroy, 
is sure to exalt the animals under its influewe. 
All of these factors, together with the physio- 
logical laws which he must obey, and hundreds of 
others of +mailer in~port.are or should be forced 
upon a student 1la.i taken a good course in 
biology : and these facts, though not teaching men 
to earn a lix ing, do teach them to rnake better use 
ot their lives. 

Bnt, after all, the rhief reason why biology is 
obtaining a g~ea te r  recognition as a necessary 
brancsh of education, is none of these. but rather 
because of its relations to ~~l~ilosol,hical thought. 
Modern I~~ology represents to 11s a final step ot the 
belief in the unive~sality of law. h conlprehension 
of its inlpoit is therefore necessary to one who 
wishes to keep ahreast of moclerll tltouglit. From 
the time when the curiosity of early man was 
aroused concerning nature around h i n ~ ,  lie has 
been conetantly asking for causes. At firsl the 
only s o ~ t  of ca~lsalily of which he had any con- 
ception was that of perbonalit?. , and he therefore 
conceived that behind etery phenon~enon of na- 
ture there was a personality. The explanation of 
causes was thuq ~)olythrism. Slonly and irregu- 
latlj  there arose from thw belief the nobler con- 
ception of monotheism. But all through the 
past rentuiies the God of rnonotbeisnl was 
regarded as forming no part of nature proper, but 
as holding aloof fro111 it, and interfering now 
and then to l~erform miracles. Indeed, even to- 
day n e  find not a fen' who still retain this con-
cel>t~on,and sca l~e lysee any room for God ex-
cept to explaun mysteries. But these nl ystei ies 
ha\ e been tlipappearing. Little by little did more 
r~xtended obserrations show that nature arts with 
uniformity, and there thu5 arose, \agnel> a t  hr i t  
Itnt more clearlr aftelwards, the ltlea of natural 
lam. Since the time of Nen ton's discovery of the 
first grand law of nature, there has been inauyu- 
rated a new method of research. Science, as we 
now understand the term, has arisen, and hasbeen 
trying to reduce the varied phenolnena of nature 
to an order, to discover the laws regulating them, 
and to investigate the former myste~ies of nature. 
and explain them by the simple application of dis- 
covered lacc. One aftclr another have the v a r i o ~ ~ s  
realms of natlire been studied, and one after an- 
other have they been cumprehendecl under the 
universal reign of lax-. Nature's mysteries ha\ e 
been conslantly uncovered and rendered intelli-
gible. The thunder is no longer a bolt tllrocvn by 
an angry deity, nor is the north wind the breath 
of an aienging god ; but each falls in with the 
general order of nature, and is explained by the 



action of knox-n laws and forces. Until ~vitliin 
very recent times, however, it has not been 
imagined that the phenomena of life could be 
brought under the same lams which regulate the 
inorganic x ~ o ~ l d .  Life Fecnis so different from 
all that is not living that it has been regarded as 
standing by itself. I t  is, withal, so my~terious 
that it has a t  all times been regarded as a direct 
instance of almighty IJower, and living things 
have h e n  looked ripon as miracl(3s concerning 
which it  was almost sacrilege to question. 

Modern dyna~nical biology owes its existence to 
the attempt to apply to the organic world the s:lnie 
course of investigation wllicl~ has been successful 
elsewhere ; nay, indeed, to apply to life tire saxne 
cl~einical and physical laws which govern the in- 
organic world. The tirat great step was taken in 
this direction hy Darwin ~vlie11 he tried to show 
that species were not to be considered as special 
creations, but as having llatl a natural origin. 
Zodlogy and botany, as they had been studied be- 
fore, mere simply statical scienc-es, merely study- 
ing and classifying facts as they were found. 
Modern biology is a dynamical science, in  that it  
attempts to explain the facts of life. All vital 
phenomena have been nbtaclred with tlns purpose in 
F iew, and biologists are now streauo~xsly trying to 
come to soine explanation of the fundarr~ental 
fact of lifr itself by the application of chernical 
and physical laws. 

I t  is plain enough that such study and such 
conclusions are of great sigaifcaace to the 
thoughts and beliefs of every one. l t  is not 
strange that these conclusions, retnoving as they 
do so Inany miracles from nature, shonld be re- 
garded by many as conflicting with all theistic be- 
lief, for we are all inclincd to think a fact i- nrl- 
clerstood when it is comprised ur~rlcr any law. 
Hut it is equally evident that more careful thought 
shows that, ere11 accepting these c~nclusions of 
biology, we are by no means able to say we have 
fatl~omecllitc, for we do not understand the rea- 
son for tlle existence of ally single chemical or 
physical law. Rut wllatever Irt, thc conclusion 
which may be reached as to the ability of biolo-
gists to explain lifc-principles. or as to the signili- 
cance of the explanation when reached, it is cer- 
tainly n necessity for any one who wishes to conl- 
prehend t h ~  thonglit of the tiines to get accl11:sinted 
~ n o r cor less intim:ttely wit11 these atteniljti of the 
tzezo sciencr. The stntlents who go out frorii our 
higher schools are to take a stand among the forc- 
most thinkers. Indeed, they are, i t  is Iloped, to 
advance t11c thouqht of the world. Whether they 
be theologians, pl~iloiophers, scientists, or teach-
ers, it is necessary for thern to realize the niean- 
ing of the application ot dyt~anlics to life : they 

should untlerstand the positions held by advanced 
biologists, and know a t  least the sort of arguments 
used to support these positions. In this fact, t l~en,  
lies the essential reason foz the growing impor- 
tance of this stl~dy. As a branch for special 
study, biology lrasits o~vi~fascination and defence. 
But as fast as it  bcco111es freed from the burden of 
detail, and beconres a stlldy of life-principles, just 
so fast will i t  become recognized as a necessary 
part of the education of the general student 

15. W. CONN, 

WH~I'Rmuch of the etlucational inspiration ot 
Lhe day is drawn fro111 Germany, it must be borne 
in mind that France is ac.ti~el,v engaged in  think-
ing out tlle great problems wlrich are of comnlon 
i ~ ~ t e r e s tto all nation?. We hear nlucil of the 
'gymnasiixnr ' and ' rea l~c l i~~le , '  not so nnxch but 
of the ' Iycbe.' 'rl~is word should call to our 
minds as definite and accurate an idea a9 the wort1 
'gymnasinrn' tlocs. The material for such nu 
idea is contained in a short accouiit of the curricu- 
lum of a French lycbe recelltly published I-)y Blr. 
W. 13. Fraser of Upper Canada college. 

The word .IJ c te  ' itself. in its prcsent appllca- 
tion to the secont?:~ry colleges of France, (late6 
bavk to Napoleon Bonapnrte, and was given hy 
hi111 to thrnl when he re-organized the university 
system. The name was afterwarils changed to 
+ college royal ' at  the restoration and under LOU~S 
Phillippe, but was changed again to lycFe in 3848. 
'1,ycbe' 1s the Frcnclr form of ~ L K ~ c ~ o v ,the gyninit- 
siunl ne;sr Athens, where Aristotle assembletl tht2 
niembers of his scllool of philosophy. By c.xten-
sion it  \\,a\ applicil to certaln ichools ill Paris dr-
voted to science and literature. Alrnost every 
considernbltb city and tow11 in Franc*@ has now its 
Iycke, whilst in Paris t l~ere  are sexoral of them, 
for example, Lyci.e Henri IV., Lonis-lc-Grand, St. 
Louis, and others, -enormous esLahlis11 rrlents af- 
fording accommodation to znany huntlreds of stn- 
dents, hot11 intpi-7tc.s :~ude s t ~ w z ~ s ,as the \tiidenid 
i r r  resitlence and the outiiders are rebl)c.cLivel) 
called. Until rtlcentlg, only boys enjoycd the 
~jrivilcgc~s provision lii~c of these colleges, bul r ~ o ~ v  
been made in set era1 places, inclutlirlg Pari5, f 01 

the etlucation oi glrls also. l'tteir collegcs are cn-
tilely tiistinct, and the programme of tliose for 
girls is, in the main, n tnodifit>d fotrn of that pre- 
paled for their brothers. 

The whole colirre of the Iyrbc sliould 'or corn-
pleted, and g ~ ~ i e r a l l gis c.omplcted, I)y Lhe pripll 
before Ile has reachrtl his twenty-fiist year. It 
may be finished, I~owc~rer,by 'the e&hteenth 
year. This is not astonisl~ing, when we reflect thaf 


