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~vonld have to be dune before wc could state 
the general value to the organism of tlic vari- 
ous metliods of training. 

I n  deterrninirig thc dancer's power of 
retaining discrimination habits, the author 
found that a white-black habit rnay persist 
during a period of from two to eight wcelcs 
of &,use, but that such habits are rarely per- 
feet after ail interval of four weeks. The 
retention of the color discriininaticln rarely 
persisted in perfect form for more than two 
~ ~ e ( ~ l i ~ .  

Iraving deternlined the periods of persist-
cnce of such h;rl~its, the author next undertool; 
to find out wllether training, the resuits of 
wllich have wholly disappeared so far  as ment- 
ory t a t s  arc concerned, influences the re-
acquiiition of the same hnbit. Tt was found 
that the teri dancers tested liad so lost the 
hnbit of the white-blaclr iliscrirninatiol~ at the 
end of a rest interval of eight weclis that 
memory tests furnished no cvidence of the 
influence of previous training; retraining 
brought abunt the establishment of a perfect 
habit far more yuiclily than did the original 
training. Intiices of modifiability are giren 
both for the males arid for the females, for 
the learnirig aiid for the relcarninq. The 
general conclusion issuing fro111 this study is: 
tliat the effect of trailling is of t ~ okinds, 
the oiic constitutes the basis of a definite form 
of niotor activity, the other the basis or dis- 
positioil for tlw acquirenlent of a certain type 
01behavior. 

A ck:~pter r.ac11 is devotccl to intlividual, age 
and scx differences, antl to the i~lllcritance of 
for1ns of behavior. lrerkes obtained satisfac- 
tory evirle~lcc fro111 inilividuals of one line of 
dcsceilt pointing to the fact that, in their 
case, a proh:tble tendelley to whirl to the left 
is inllcritecl. I n  regard to the inhcritarlce of 
indi~iclually acquired forrris -of behavior, the 
author st:dcs that descent from i~lclividuals 
which had thc~ro~ighlylearnctl to avoid thc 
black box gives the daniler no ac1vautage in 
the formation of a xirl~ite-black discrimination 
habit. 

I n  corlclusion, nre may say that midc from 
its yelloral usefulness as a reference book for 

thc research student, the book forms a val-
uable guicle to thc tcchnique of experimenta- 
ti011 up011 animals. There is one defect in 
the book which certainly makcs it lose in 
value for l,liis latter purpose. This defect lies 
in thc over-favorable empl~nsis given to thc 
method Trhich employs punislnnent rather 
thali sornc form of reward (food, &.) as an 
incentive. The reviewer fccls that k'crli-cs has 
not fully justified its claims to priority even 
for use with the dancer, nnlch less its value 
as a subititute for other forms of incentive in 
experiments upon higher niammals. 

J O ~ I K  ATS SOXR. 

'CEIT: UN~VERSITYCIIICAGO
OF 

THE ESSESTIAL hlEAKIRG OF D'BLE~IDERT'S 

PRIKCIPLE 

NEWTOK'Ssecond law of motion is expressed 
in the fundamental form, using C.G.S. units, 

The neceisary range of the two summations is 
clcterminecl without ambiguity, by the condi- 
tions of the problem selceted for discussion. 
The first s u n  must include evcry element of 
external force parallel to a fixcd line brought 
to bear upon any portion of Inass within the 
system, either by a lrroccss cclnivalcnt to sur- 
face distribution a t  the boundary, or by 
volumo distribution. The sccolld sum covers 
every part of the systern's mass, and no mass 
external to the system. l3quation (1) pre-
sents Kcwton's thought that the physical 
agencies active (Sorccs) are measurable in 
tcrins of one particular result-accelerations 
produced in masies-othcr effects, if any, be- 
ing ignored in the equation. What d'Alem- 
bert put into clear relief, when he announced 
liis principle covering ('lost force?," is the 
unimpaired validity of the equality, after 
eliniinating all self-canceling elements from 
the force-sum. This removes froin tonsidera- 
tion all inner forccs always, and iterns of ex-
ternal force in  certain cases. Thc second 



member of the equation thcn measures the 
remainder of effective force only, and exhibits 
the necessary magnitude of the equilibrant 
that would change the conditions of the prob- 
lem from those of acceleration to those of 
equilibrium, or zero acceleration. The " re-
versed effective force," if superposed upon 
the forces actually operative, says d'Alembert, 
would prevent the actual accelerations, and 
bring about equilibrium that did not in fact 
occur. This conception of equivalence be-
tween the differing modcs of statement in  the 
two menlbers of such equatioils is prominent 
with d'Alembert and Lagrange, and entirely 
i n  accord with out every-clay use of equations 
of rnotion to evaluate any one of the three 
quantities force, or mass, or,acceleration, when 
the corresponding values of the two others are 
known.' The advance made by d'Alembert, 
therefore, is in the direction of dcvising a 
static measure for unbalanced forces by gen- 
eralizing the procedure when we determine 
weight active by hanging a body from a spring 
balance. I t  is parallel to the zero method of 
the laboratory, that seelrs the measure of any 
unlrnown quantity in terms of independent 
conditions adjusted to compensation of its 
effects. This point of view sets in a proper 
light the limited sense in  which d'A1embert7s 
principle brought dynamics within the 'scope 
of statical equations, and disposes effectually 
of the obscurity or confusion involved in  
"forces of inertia," or the recently substituted 
term "kinetic reaction." The extension of 
d'Aleinbert7s principle to modern generalized 
dynamics does not modify essentially this con- 
ception of the method; we are still dealing 
with relations betwecn force and inertia-the 
doing of worlr, ancl the quality of storing 
energy in a particular way. Clear thought 
in a new field is not furthered by meeting a 
paradox a t  its threshold; for nobody accepts 
literally the dictum that finite acceleration is, 

D'dlembert's "force of inertia" is merely a 
loose expression for (qn) ; i t  does not denote 
(-m%). Lagrange uses the phrase "force re-
sulting from inertia " as describing (nzg),with 
unchanged sign. See d'alembert, "Trait6 de dy-
namirlue," ed. 1758, p. x; Lagrange, " l\.fbcanique 
analptique," ed. 1853, Vol. 1, p. 282. 

as a general statement, consistent with zero 
values of force, and force-moment, applied to 
a given systcm that has inertia. 

Equation (1)may be recast mathematically 
in  several ways; and some of its equivalents, 
being adapted more closely to certain aspects 
of physical thought, are obviously helpful as 
well as legitimate. But  for clearness the 
name "equation of motion " shall be confined 
here to the above primary mode of formu-
lating the idea. This was adopted by the old 
inasters as segregating causes from results, 
terms of each class appearing by themselves in  
one member of the equation. We may de- 
scribe these as '' force terms " and "mass-
terms " respectively. So soon as homogenous- 
ness in this sense is disturbed, the equation is 
altered in prima facie physical meaning. 
Even removing terms from one member to the 
other; so that a force-term is now interpretable 
as a mass-term, or vice versa; niay be re-
garded as passing to a new problem, concerned 
with different masses, or modified forces, or a 
new classification of the effects of force. 
Some typical instances are the following, 
purposely talren on familiar and elementary 
ground : 

-1. Denoting by ( P )  and (R)tho ageegates 
of positive and negative external force, re-
spectively, thought of as acting on a single 
mass (m), for simplicity, we have the type 

I-Iere the negative forces have been transferred 
to the second member, and the equation now 
expresses directly the fact that the forces (P) 
overcome the resistances (R),and produce 
acceleration as well. (R) may represent dis- 
sipative or conservative agencies. I f  the 
latter, equation (2) is preliminary to express- 
ing storage of energy in both forms. 

2. Subtracting (R)from both members of 
equation (2) gives 

This puts to the front the idea that the total 
force (P-12) sets up static stress (el?)to 
an  extent determiilccl by the resistaaces, the 
remainder becoming effective as a volume dis- 
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tribution of force producing local accelera- 
tlon. The connection of equation (3) with 
the lost forces of d7Alembert is visible at  
once. 

3. Separate the forces to which magnitude 
may be assigned arbitrarily from those whose 
magnitudes are fixed by conditions of the 
system like displacement, velocity, accelera- 
tion. Call the former group (A) and the 
latter (8).Then the form of equation 

A = S + m %  (4 )  

makes the second member a function of ele- 
ments specified for the system, while the first 
member is independent of such elements. 
Such a segregation is convenient for mathe- 
matical handling of the differential equation, 
but (-4) and (8)are both external forces, in 
the original sense of that term. We need, 
perhaps, to remind ourselves of this fact, when 
we find (A) alone described as external, in 
opposition to "forces exerted upon the system 
by itself," or inner forces.' 

4. The effects of a force-aggregate (X) be-
ing in general to bring about changes of mag- 
nitude in some momenta, and of direction in 
others, that separation of results may be indi- 
cated by the notation in both members of the 
equation of motion, giving 

According to that supposition, then, 

X -D-X--m. i '~- -mrM=i l l ;  (6) 

One reading of equation (6) carries out the 
separation referred to; i t  measures explicitly 
the force devoted to producing change of mag- 
nitude in momentum. Another legitimate 
interpretation connects the change in  force 
from (X) to ( 2 -  D) with a definite change 
of reference system. But alongside of these 
we find surviving still a third, to the effect 
that (M) is the real force-total in this case 
(retaining the reference system and mass un- 
changed), resulting from the combination of 
(X) with centrifugal force. A similar un- 
clearness allows the "centrifugal couple" of 
Euler's equations to masquerade as an external 
force-moment. These forms of confusion are 

See, for instance, Abrxl~am and Fiippl, "Elek-
trizitat," Vol. 1, p. 195. 

reasonably looked upon as survivals from the 
days when the process of vector i~ddition to 
mornentum by force was grasped less com-
pletely. The changes in direction seemed al- 
most a side issue, to be deducted before pro- 
ceeding to the serious measurement of force. 
We still find the thought followed without 
flinching to the case where ( M ) happens to be 
zero, and leaves "equilibrium" between (X) 
and (D).' 

The significance of such current forms, 
which may justify citing them in the present 
connection, lies in the mingling of force-terms 
and mass-terms common to them all. This 
encourages an undiscriminating attitude trans- 
ferred from the field of mathematics, toward 
the terms included in equated expressions, 
which may easily obliterate certain phases of 
physical thought. To inquire whether a par- 
ticular distinction of this sort is profitable is 
one way of exercising discrimination. It is 
proposed to raise this question presently, as 
regards mass-tenn and force-term, especially 
where those conceptions are employed with the 
wider meaning of recent usage. We may ad- 
vance toward that end by considering first the 
form into which d7Alembert's principle is 
thrown, in preparation for the equation of 
virtual moments, 

How is this to be understood from the phys- 
ical point of view 2 If their original meaning 
is attributed to the summations, and equation 
(7) is nothing but a transposition of equation 
(I), the second sum can not represent forces 
actually applied to (m), since by supposition 
these are accounted for completely in the first 
sum. Neither can this be an equilibrium 
equation for the mass (m), so long as the 
second sum does not vanish. D'AIembert, 
however, detected in 

m 
-?(am$) 

a new sense, by associating it with the other 
force-terms as their equilibrant. Or, follow- 

'Goodman, "Mechanics," p. 204; cf. Klein und 
Sommerfeld, "Theorie des Kreisela," p. 141, etc. 
These instances do not stand alone. 
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ing a more modern tendency, that sum, again 
recognized as force, is regarded as due to 
reactions of ( m )  upon bodies that transmit 
force to it. I t  is clear that neither view pre- 
serves the scheme of equation (1);the first 
uses the real equilibrium condition of equa-
tion (7) in order to exhibit the actual depart- 
ure from that condition in equation (I), and 
the second includes forces acting, not upon 
(m) but upon surrounding bodies. Either 
view is of course tenable, both'within the orig- 
inal scope of the principle and in the field of 
modern dynamics to which it has been ex-
tended. But i t  is only in this peculiar sense 
that d'Alembert made the criterion of equi-
librium a basis for the measurement of un-
balanced force. 

FREDERICK
SLATE 
UNIVERSITY CALIFORNIAOF 

SOME APPLE LE.4P-SPOT FUXGI' 

SINCE1892 leaf-spot disease has been fre- 
quently reported as doing considerable dam- 
age in apple orchards in various parts of the 
United States. I ts occurrence has been noted 
In fifteen different states. Very little seems 
to be known about the etiology of the disease. 
That it is a fungous trouble is indicated by 
the ease with which i t  is controlled in most 
localities by spraying. Coniothyrium pirina' 
(Sacc.) Sheldon, Phyllosticta limitata,' Phyl-
losticta prunicola,'. Sphaeropsis itfalorum' and 
Rendersonia M a l t  have been variously re-
ported as causing, or being associated with, 
the disease. 

The number of f m g i  found fruiting on the 

l Read before Section G of the American Asso- 
ciation for the Advancement of Science, January 
2, 1908. 

'Alwood, W. B., Va. Agr. Esp. Sta., Bull. 
17:62 	 (1892) .  

a Stewart, F. C., N. Y. Agr. Exp. Sta., Ann. 
Rep. 14:545 (1895) .  
'Tubeuf, Karl Freiher von, and Smith, W. C., 

Diseases of Plants induced by Cryptogamic Para- 
sites, 463 (1897) .  

'Clinton, G. P., Conn. Agr. Esp. Sta., Ann. Rep. 
27:300 ( 1 0 3 ) .  

*Alwood, W. B., Proc. Am. Acad. -4dr. Sci., 
47:415 (1898) .  

leaf-spots is the most confusing thing in de- 
termining the real cause of the disease. In 
an examination of apple leaf-spot specimens 
belonging to the Vest Virginia Agricultural 
Experiment Station, the following fungi were 
found: Coryneum foliicolum, Coniothyrium 
pirina, an undetermined species of the Tuber- 
culariae (found by Sheldon in the spring of 
1907), Sfphaeropsis Jlalorum, Monochaetia 
Mali, Pestalozzia breviseta, Phgllosticta limi- 
tata, ToruZa? sp., Macrosporium sp., Asco-
chyta sp., Phyllosticta? piriseda?, Photna .iiali, 
Septoria piricola?, itletaaphaeria sp., and an 
undetermined species of the Leptostromaceae. 
Of these fungi, only the .first four were com- 
mon enough to indicate any economic impor- 
tance. Coryneum foliicoZum is probably the 
fungus which has been reported by different 
writers as a Hendersonia on apple leaves. 
Coniothyrium pirina will be better recognized 
as Phyllosticta pirina Sacc., from which i t  
was recently transferred by Sheldon! Conio-
thyrium tiroleme Bubhk, a portion of the 
original collection of which was examined by 
the writer, seems identical with C. pirina. 
Phyllosticta i&li Prill. &. Dela. var. comensis 
Tray, was found to resemble P. limitata in 
all characters except the shape of the spot, 
which in the former is decidedly angular. A 
part of the type specimen of P. t i rolens  
Rubak on pear leaves differed from P. Zimitata 
by the slightly shorter spores and more gre- 
garious pycnidia. 

It seems to have been generally taken for 
granted that Coniot?~griurn pirina and Phyl-
losticta Zimitata are the most important fungi 
causing apple leaf-spot, exceptions noticed 
being the reports of Clinton' and Sheldon? 
Coniothyrium pirina has, bn the other hand, 
been declared by Stewart and Eustace' to be 
a saprophyte. A more detailed study of the 
fungus therefore became desirable. 

Pure cultures of i t  were obtained and grown 
on the ordinary culture media, with varying 
success; they were also grown very success-

Sheldon, J. L., Torreya 7:143 (July, 1907) .  
a Sheldon, J. L.,Pi.Va. State Bd. of Agr., Ann. 

Rep. 1:57 (1906) .  
'Stewart, F. C., and Eustace, H. J., N. Y. Agr. 

Exp. Sta., Bud. 220 :22%-230 (1902) .  


