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ph;lrmacology allcl Dr. William Darracl1 has 
becn appointed assistnllt professor surgery. 

D ~ '  *' '''R'~'~, since "09 
investigator ill biological chelilistry a t  the  
station for  experimental evolution of the  Car- 
llegie Institution of Washington, has been aP- 
pointed associate professor of soil chemistry i n  
tlie University of I\~inacsota. 

nit. F.I \ I ~ ~ ~ ~ ,specialfield isT,,llosC 
tllc tropicaldiseases, has been promoted to be 
professor of bacteriology and protozoology i n  
t h e  lTniversity 01California. 

DR. J. AGNIEW,formerlyHOWARD first 
assistalit i n  the depnrtmellt of medicine, Uui- 
vcrsjty of hfichigan, llas accepted the ful l  t ime 
professorslrip i n  medicine in  the Uiliacrsity of 
Alabama, School of Medicine, a t  Mobile. 

AT Dartmouth College, Drs. E. J. Tiowe a11d 
F. S. Allen have resigned as  instructors i n  
mathematics, the la t ter  to  accept a n  instractoT- 
ship a t  Erolvll TJniversity. Dr. R. D. Bectlc, 
of Princeton Uizircrsitg, anti Dr.  I;. C. 
3fathcwson, of tlie University of Illinois, have 
been appointed instructors i n  mathematics. 

D. K. PTCICEN,11ri1Eessor of nlat'l~ematics i n  
Victoria College, TJniversity of New Zealand, 
has been appointed niaster of Orniond Collcge, 
Ifelbourne TJniversity. 

I),~DOURIAN'S ANdIiPTICAL MEOHANIOS 

IN the issue SCIENCE April 3. Dr.of of 
Dadourian replies to  my criticism of his  
"Analytical Mechanics." IIis reply was read 
with interest. It was hoped tha t  h e  mould 
clear u p  several points i n  this reply tha t  
secrned t o  the  reviewer as unsatisfactory. I 
do not wish to  gct  into a controversy, bu t  it 
seems to m e  t h a t  tiis standpoint is ~mtcnable. 
I'le says ill h i s  reply: 

I t  is :L fact that. I have npplied vector addltion 
to forccs wblhoz~t71e~bi~t io?i ,  a sbut I have shown 
little he\itation in treating xelocities, acrelerations, 
lorqncs, linear momenta and angular n~on~enta as 
vectors. Why did not Professor Rettge~ accuse me 
of having assnmed the 'parallelograms ' ' of these 
magnitudes? I s  tho "parallelogram of forces " 
Inore of a dg-namical law than the parallelogiam of 
torques, for instance? The parallelogram law ap- 

plies to any vcctor anL? is not at all a eharacteris-
tic of folccs, therefore, it is not a d ~ a m i c a l  law. 
It does not even desc~ve being called :L '‘inn," 
n;lien aliplred to a spccl:ll type of In its 
most fnrnl tile ~~paralIelopnmlaT,, the 
principle of the indel,endeuce of nlutually Per-
pendicular ilirections in spacc, x purely geometrical 
principle. . . . After devoting an entire chapter to 
vector addllion and after defining force as a 
vector, to i~ltioduec the ''parall~logram of forces" 
"8 5 nC'T la"> as P'ofeisor 'etti~e" have 't, 
could servc only t o  show that tlze n ~ a n  nlio did it 
?onld not have a clear conceptior! of the meanings 
of the terrns be was us in^. 

'ct us  assume that a body, originally i n  
the position 0, moves first tlirough a distance, 
a, i n  a g i len  direction and then tlirough ,z 

distallee, 71, i n  another direction. Assume the  
body finally to I,c i n  thc positiou C. 'l'he re-
sultant cli~placerncnt t1ie11 is OC ;=c. The  
body would be i n  the same position, C,if i t  
had moved first through the distance, b, and 
tlicn through the distance, a, that  is, its final 
position, or iis final displitcci~~ent is indepenti- 
en t  of the order ill wliich thc two displace-
m c ~ i t s  take place. They may take place, there- 
fore, siinult:aneously, aud the final or  rc.;r~ltnirt 
displacement is still cqual to  c. If then wo 
recognize t h a t  the f,mo di>placenieats have n o  
mutual  effcct on each other, or, what a m o u ~ ~ t s  
to  the same thing, t h a t  the  displacements are  
indepcnclent of each other. then the resultant 
displacement may be represented by the diag- 
onal of a parallelogram of which the  two clis- 
placcnlcnts arc adjacent sides. As soon as  this  
"Principle of Irtdepcndence " is once recog-
nized, t h ~ r l  the " '"anparallelogram l a ~ i ~  l)e 
proved t o  hold also for velocities, accelera-
tionr and other conceptions of kinematics. The 
parallclogram law as ay:plied to these quan- 
tities is  tllen equivalerlt to  the "principle of 
the inclepcrlde~~ce of nlotioils" and as such is 
a purely "gcomctrjc principle." T11cse quan- 
tities, displa~einents, velocities and accelera-
tions are  tliercforc vectors i n  accordance with 
tlie definitions of a vcdor ,  and the principles of 
vcctor analysis may bc applicd advantageo~~sly. 

Vector aualysis may be called an algebra 

that  rests on certain (arbitrary) assumptions, 

and t l ~ e  '(parallelograln of vectors " is  one o f  




these fundamental assumptions. To define a 
quantity as a vector, and then conclude that 
the parallelogram law holds begs the whole 
question. The logical way to proceed would be 
to first prove that the quantity is a vector, 
that is, that the parallelogram law holds and 
then (advantageously) apply the principles of 
vector analysis. We can not prove, however, 
that a force is a vector. We must depend 
upon experience for our justification in assum- 
ing a force to be a vector. 

We do not know what a force is. To say 
that ('force is an action" explains nothing, 
and to  define it as a vector begs the whole 
question. Experience and experience alone 
can justify us in dealing wit11 forces as vectors 
of a certain liind. I n  other words, the "paral-
lelogranl law of forces " is notl~ing more than 
an assumnption and is n o t  a purely "geometric 
principle." If we assume that a force can be 
measured by the motion it produces, and if we 
assunze that the effect of each force is inde- 
pendent of the effect of the other forces acting, 
then i t  follows that the parnllelogram law holds 
also for forces, since we know that this law, as 
a consequence of the principle of independence, 
does hold for the motions (accelerations) pro- 
duced. This argument, I~owever, makes two 
assuinptions. First, it assumes that a force 
can be measured by the acceleration it pro-
duces (in its own line of action), and, sec-
ondly, it assumes "the principle of independ- 
ence " for lorces. Now these two assumptions 
are involved i n  Newton's Second Law of 
Motion. I n  other words, the parallelogram law 
of forces is a consequence of Newton's Second 
Lam of Motion, and, therefore, in its last 
analysis is an assumption. If, however, the 
parallelogx-am law is once assumed for forces, 
then i t  can be proved for moments and other 
(vector) q~lalities involving force. It is, there- 
fore, sufficient to assulne thc law to hold for 
fo~.ces.  

It is a question whether we have a right to 
assume the parallelogram law even for veloc- 
ities and accelerations witl~out proving it, and 
to assume i t  for forces is equivalent, as we 
have seen, to assuming r\%wtoii's Second Law 
of Motion. 

In  my criticism it mas stated: 

On page 102 he assnnies that a foree is propor-
tional to the accelerations produced. This as-
sumes Newton's Second Lax-. 

I n  reply he says: 

This statement is not quite right. The relation 
between force and acceleration which T hzve czlled 
force-equation is  derived on page 10G from the 
fundamcutal principle which I have postulaled. 
I n  this derivation I have made use of the defini- 
tion of kinetic reaction which is slated and illus- 
trated on pages 102 t o  105, bnt this is not eqniva- 
lent to  assuming a new principle. 

This is true as far as it goes, but he fails 
to add that the form of this " force-equation" 
depends upon the actual value of this "ki-
netic reaction" which he finds as the result 
of experiments to Be equal to the Inass times 
the acceleration produced, that is, 

ICinetic reaction = mf. 

R e  seems to me to be making a '(distinction 
without a din'erence." At least he is making 
an assumption here that is equivalent to as-
suming Newton's Second Law of Motion. 

E. W. RET'I-GCR 
CORNELLUNIVERSITY 

ACCESSORY CITR'JMOSObfES OF IfAK 

INreply to Professor T. I-I. Norgan's state-
ment in X ~ I I C K C I ~ ,Junc 5, 1914, I wish merely 
to request the reader who may be interested 
to read my note of May 15l and my paper, 
"Accessory Chromosolnes in Man," and then 
Professor &fontgoniery's paper,3 that he may 
decide for himself whether Montgomery and 
I have not agreed in  the main regarding the 
accessory chrornosonles of man. This mas the 
only point at  issue in my former communica- 
tion, which was meant not as a '(complaint," 
but as a correction to a misleading inference. 

As to the material on which Montgomery 
and I came to different conclusions regarding 
a second pairing of the ordinary cl~romosornes, 
Professor Morgan is mistaken in stating that 

1 SCIENCE. 
2Biol. Bull., XTX., 4;  September, 1910. 
3 Jour. Acad. Nnt. Sci. Phitu., XV., second series, 

1912. 


