
in these theories and of extending the results 
by bringing in more of the modern methods of 
mathematics, but that is not the present subject 
of discussion. What I wish to emphasize now 
is the need of logistic studies which will make 
it possible to say more definitely than is yet 
possible in this field what is assumed, what is 
proved, and how the group of theorems and 
definitions hang together. Incidentally, I 
would propose that the number of undefined 
terms be made large, rather than as small as 
possible, for whenever we introduce a new 
undefined term we separate off a group of 
theorems in mhich this term appears. Thus 
the undefined terms should be so chosen as to 
subdivide the science into divisions which are 
convenient both for n1athematics;l and for phys- 
ical purposes. 

OSWALDVEBLEN 
PRIX~ETOXUS:VERS~TY 

PASTEUR, THE MAN1 
PASTEI:~Ihas told us that scientific under- 

standing comes to the "prepared mind." I11 

reading the splendicl "Life of Pastenr" written 
by his son-in-law, Vallery-Radot, as well as 
ihe more recent tributes by Duclaux and by 
Descour, one is impressed by the lack of detail 
as to horn Pasteur's own mind became "pre- 
pared." The story has lately been told in 
greater detail by Marc T i f f enea~ .~  Pasteur, 
as everybody knows, mas the son of a tanner 
who had been a soldier under Napoleon. Pas- 
teur entered the ecole Normale a t  Paris when 
he was twenty-one years old, and graduated 
three years later in 1846. He became a dem- 
onstrator (agr8gk pr8parateur) in chemistry, 
a position which had just been established in 
order to allow young men to continue their 
laboratory researches instead of exiling them 
to provincial professorships. About the same 
period, in the year 1845, Auguste Laurent left 
the ehaii* of chemistry a t  the University of 
Bordeaux, which he had occupied since 1838, 
because he did not find there suftieient oppor- 

1 An address delivered on the centenary of the 
birth of Pasteur on December 27, 1922, before a 
meeting of the Federation of Societies for Ex-
perinlental Biology held at Toronto, Canada. 

2 Tiffeneau, &I.: d e  la ibis-Bull. Soc. frangaise 

toire de v~e'dici?ze, 1921, 15, 46. 


tunitg for research. Arriving in Paris, he ac- 
cepted the offer of a new laboratory in the 
eoole Nosmale, and it was not long before 
Laurent recognized the exceptional character 
of his young assistant, Pasteur, an ardent 
worker and a brilliant thinker. Laurent was 
at this time thirty-eight years old. He rvas the 
son of simple French peasants; he ri-as born, 
lived and died poor. When twenty-two years 
of age he graduated as engineer of mines and 
later became the assistant of Dumas, mho 
taught him the principles of organic analysis. 
His doctor's thesis considered the doctrine of 
chemical substitutions, which is one of the 
pillars of the atomic theory, and the thesis, 
described specifically the action of chlorine on 
organic compounds. He and his inseparable 
friend, Gerhardt, were the real founders of 
the atomic theory. Laurent now saggested to 
Pastenr the subject of his thesis, whlch also. 
involved the then great controversy of chem-
ical substitutions. On August 23, 1847, Pas- 
teur presented for his doctorate a paper enti- 
tled '(Research into the saturation capaclty of 
arsenious acid. A study of the arsenites of 
potash, soda and ammonia." Pasteur herein 
writes iegarding Laurent that he had been 
"enlightened by the kindly advice of a man 
so distinguished bc~th by his talent and by his 
.character." 

And on another occasion he sags, "laurent'a 
lectures are as bold as his writings, and his- 
lessons are making a grertt sensation among 
chemists." For Laurent, in 1846, gave the 
first course on L'cl~emical anatomy" under the  
Faculty of Medicine of Paris to crowcled class- 
rooms, and here for the first time enunciatecl. 
the atomic doctrine before medlcal students. 

Laurent, having been trained as a mining 
engineer, had a remarlcable k~zowledge of 
crystallography, and in 1845, according to, 
Tiffeneau, had shocked his colleagues by de-
claring that substances which were isomeric 
could crystallize in different systems. 

When Laurent left the laboratory in 1847 
Pasteur was already the master of his technic- 
Shortly thereafter Pasteur became inteyested 
in the relation between chemical structure and 
the power to rotate polarized light, from which 
arose his celebrated studies upon the molecular 
dissymmetry of tartaric acid published in 1848. 

To Biot;, an old man of seventy-four who. 
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hacl iirst applicril 111~ poliiri.-(.{q)(. in the stucly 
of the rotation of gluc'o+c w~l~!tiotis, lie tiemon- 
stratecl that by picking out right aad  left-
handeti hexnihedral crystals of tartaric acid and 
making of them separate solutions, these w l u ~  
i,ions were respectively ilextro- and levo-rotary. 
f'asteur relates the outcome in these words, 
"Then, very visibly affected, the illust~rions old 
lnari took me by the arm and said, '3fy dear 
cllilci, I hare loved science so much all my life 
that this makes my heart throb.'" 

111 one of his letters Pastcar exclaims, "I, 
~ ~ h odicl so love my crystals." 

It has seerned worth whilc to consider how 
the youthful, highly receptive mind of Pastenr 
strnggled out of its nativc environment to re-
ceive -the endowment obtained in Paris from 
iiitellectnal association wit11 the best the t ~ o r l d  
had to offer. While inheritance from good 
germinal protoplasm nlay be a n  essential fac- 
tor of intellectual power, yet i n  scicilce the 
tr~lining of tlie mini[ a t  the hands of :t master, 
so that tlie fruitful 1;riox~ledge of the lime is 
sown ill younger and not get worn-out rnental 
soil, is the secret of advance from gcneration 
to generation. Pasteur himself so~ved this 
scccl i n  tlie minds of Calmette, Cliainbcrlancl, 
Konx and LFfetehnikoff. 9 colol~ial dependency 
of Great Britain having half the population of 
the present city of New York produced Ben- 
jamin Frailklin and Benjamin Tliompson a t .  
the same time that it producecl TVashington, 
Aleuancler Hamilton and John Jay. But  the 
minds of ~ r a n k l i n  and Thompson were 
stamped ~ r i t l i  manifolcl European contacts. 

The scientific mind is  more than n good in- 
tellectual inhel'itance, more than that a great 
m a ~ t e r  has had it  in charge, and Pasteur has 
Ili~isdescribed i t :  "The illusions of an experi- 
menter form a. great par t  of his power. These 
arc tlie preeonceivecl idess which sen-e to guide 
him. Many of them vanish i n  the long path 
t ~ h i c h  he must travel, but one fine c l a ~  he dis- 
corers and proves that some of them are ade- 
quate to the truth. Then he fincls himself 
master of facts anil of new principles, the ap- 
plication of which sooner or later b c s t o ~ v ~  their 
l~enefits." 

United ~vitli this imaginative power 11-ent 
prodigious i n d u s t r ~ .  Pastenr tvas not one of 
those who sat  ail clay at  his desk and expected 
others to accomplish t,he physical vork  of the; 

1aboratoi:v in  the execution of his thoughts. 
This man at Ieast dicl not seek to a.void physical 
drudgery in the simple surroundings of the 
humble French laboratories of his day. Re-
flecting on the huge sums spent on tlie Opkra, 
he yrites to tho official -Woniteuv, "1 implore 
yon take some interest in those sacred dwell-
ings nleaniilgly described as laboratories." The 
lesson taught by thc consecration of his life 
to a life of labor in  a laboratory is .that the 
lruc luboratory ~vorker is a laborer and not a 
Ioafer. 

Pastcur s l i o ~ ~ shis character i n  writing a 
~~:onclerfnltribute to Claude Bernard a t  n time 
when the latter -\\.as Yery ill, causiiig Bernard 
to remark thai; the arlicle "paualyzeii tlie vnso- 
motor iiervcs of ~u?. sympathetic system and 
caused me to blush to the roots of my hair." 
One acaclernician w ~ o t e  of this affair, "The 
public \rill learn, amorlg other tiling.;, that the 
eminent nlenibers of tllr acade~riy sclnlire antl 
love each other, sometimes ~ i i hno jealousy." 

Pastcur, as tlie \~orlcl linoms, v a s  convinceti 
that the proecss of ulcol?olic fcl.mentation was 
bound up in the life of the yeast ccll, a doctrine 
violently cornbntted hp Liebig "with a rigor 
arid obstinacy cliaracteri~tii. of the man antl 
inversely proportional to thc strength of the 
argun;entV (F. J. Moore). The discovery later 
by Bnohner that a zymase coulcl be expressed 
from yeast ~vhich mould pro~lnce alcoholic fer- 
mentation, does not invalidate Pasteur's thesis, 
for  Tiubner has shown that ninet,y-five per cent. 
or more of the activity of yeast is actually due 
to thc metabolism of glucose within the liring 
cell. 

A very human c11arrtcterist;ic tlevelops in  
the story of the life of Pasteur when tt7e are 
told of his dismay and distress to find, after 
the death of his true and trusted friend Claude 
Beriiard, some notes tvhicli tliren doubt upon 
Pastenr's interpretation of alcoholic fermenta- 
tion! How often this human weakness occurs! 
T have sat next to a member of the Federation 
of Societies fo r  Experimental Biology a t  a time 
of the di~imembe~rnent of one of his theories a t  
the hands of another mernbcr ancl heard the 
agonizing cry, "I thought X was a friend of 
mine." Heart-breaking and hnman though 
this be, it  is  logically absurd to build friend- 
ship upon the basis of a similarity of int.cl-
lectual metabolism. 
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I t  is not necessary here to refelt to I'astous's 
s e l ~ i c e s  to the world in the subjects of backri- 
ology and immunology. Snffice i t  to say that 
they have saved to France alone many times 
the cost of the Franco-Prussian mar of 1870. 
And this transforming mork of Pasteur may 
be co~ltrastccl with a n  early statement of Liebig, 
expressed in 1846, "As to the opinion which 
explains pntrefact,ion of animal substances by 
the presence of microscopic animalcules, it lnay 
be compared to that of a child who mould ex-
plain the rapidity of ilic Rliine by attributing 
it to  the violenl; movements of the numerous 
mill-wheels a t  Mayencc." 

Finally, let i t  be remembered that Pastcnr 
was a deeply religious man. On 8rmistice 
Day, 1818, the London crowd a t  first instinc- 
tively snsperl to I3nc.iiiilplinm Palace, where 
lives t11r Iiing, ;11lt1 the11 in-tiactively l o  St. 
I-'aul's Cathedral. Pastenr puts i t  thus : "The 
idea of God is a form of the idea of the 
Infinite. As long 11s tlie mystei.y of the Iri-
finite weighs on lluman thought, tonlplcs will 
be erected for  the ~vorship of the Infinite, 
~vlietlles God is called Brahma, Allah, Jeho7:ah 
or  Jesus; and on the Qavelnent of thoso tem- 
ples men will he seen k~leeliilg, prostrateil, 
anliihilated in tho thought of the Infinite." 

H e  lliimself lived a life oloscly approaching 
the infinitely ~ a l ~ ~ a b l e .  

GRAHANLusrc 
C O F L X E L ~~JXIYEXSIPY L\IEDU:ALSCHOOL 

-.-....--

SCIENTIFIC EVENTS 
T H E  PAN-PACIFIC SCIENCE CONGRESS 

0s the 'epresentations of the Australiail 
Nalionnl Research Council, i t  has been clccidecl 
to hold the next; Pan-Pacific Scienoe Congress 
in  iiastsalia in 1023. The mectiag \vill com-
mence at  Melbour~le on August 13 ancl ter-
minate at Syclney on September 3. Thc evcul- 
mill be a n  important one in the hislory of Auu-
tralian arid Pacific science. The commorl-
wealth goverllmcnt through its p r i n ~ c  minister, 
Mr. W. 31. Hughes, has clecidcd to exleuil its 
support to the meeting, and has agreed to pso- 
vide the snni of t5,000 towards the cost. Inr i -
tations to send representatives have been issuecl 
by the common~vealth goveis~lmellt to the vari- 
ous countries borclering tlie Pacific or having 
interests therein, while the Anstralian Sat,ional 

Rescarcll Cormcil is iiivitiiig a large nnnlher of 
learling ecientific men mho are interested in  
Pacific matters to  attend and take par t  in  the 
proceedings. 

The first Pan-Pacific Science Congress was 
held in 'FIonoluln in August, 1920, and the worlr 
accomplishecl on that occasion sesred to shorn 
the great valne and importance of such nieet- 
ings bet~vec?n repi*esentatives in  anct nrounci the 
P~cif ic .  I t  is proposed that t,hese congresses 
so snccessfnlly inangnratcd a t  I-Ionolulv. should 
be continued Lriennially. I n  acidition to the 
benefit arising from the interchange of snien-
iific thoi~gl:t, n mingling of lcatlers of science 
will tend to the bringing about of ti better 
anderbtanding betreen the peoples of the 
Pacific. 

Among the office 1)ea~ess are the follo~ving: 

1lustrot1inl.t Xa t io ,~a l  Besearch Coti>zril: Pro-
f e s ~ o i ~Orme Nasson, The Cniversity, Mel-
bourne, presicl~;.zi; R. H. Cambage, Royal 
Society, Sgdncy, lbonornry secretary-treasurer; 
Professor A .  C. D. Rivett, The Vniversiiy, 
Melbourne, joirzt honorary sec,retary. 

Puh-Pacific Coirmi t tee:  Professor Sir Edge- 
\voi*t,ll David, The University, Sydney, c*kair.-
ltza~h; 13. C. rindrems, Jlines Departme~zt, Syd-
ney, %o~aorury secretary. 

The tentative list of snbjeots fo r  papers and. 
discussion is as  follorvs : 
-1.~ l g i ~ i c u l t u r cn11d Pc te~ inar~ lScicnce: Soil 

probien3.1, climatr in rclatioli to crops, plaat 
~)atlio!ogy ant1 plant breeding. Diseases of live-
stock in t l ~ cI'aciiic region: Methods of eraiiica-
tiou a ~ i d  control. 

B. i l , ~ t l z ~ ~ o ~ ~ o l o g ja ~ r 7  Et1t)bologg: Pol;v-nesian 
and 3ielaaesiail races. ilustralian aborigines, 
tota~ns, languages. folk-lore, anatomy. 

C. Biology: General plaut distribution in the 
I'ncific; floras of island groups and of incli~iclual 
i l : ~Insects harmful to the planter and 
f i a ~ m c ~ ,lZole of insects it1 transmitting disease 
nnil tile control of weed pests. The distribation 
of n.ilimals. Fislieries. 

D. Ccogrnpily and Oceat~ograpli?l: 3lariae cur-
rents, continental shelves, charting ia the Pacific. 

3:. G ~ u l o g y :Coral reefs, glaciation, structure of 
tlie I'ncific region, Carboniferous and Permian 
problem, correlation of Cretaceous ancl Kainozoic 
sedi~nentsin Pacific, nlineral resources, vulcan-
ology, geological surveys. 

F.  Hygiel~c alzd Cli?natologg: >lining hygiene, 
rentilation, dust prevention. Tropical dise?ses, 


