
UNIVERSITY AND EDUCATIONAL NEWS 

THEsum of $40,000 has been given by Mr. 
Andrew Carnegie to Allegheny College for a 
chetnical laboratory to replace the one recently 
destroyed by fire. 

AIR. PATTEN,who has already given $500,- 
000 to the medical school of Korthwestern 
University, has now added $27,000 for scholar- 
ships. 

PROFESSOI~ head of the de- b. H. PE~BODI', 
partment of naval architecture at  the ibIassa-
chusetts Institute of Technology, has been 
notified the hero Club of America of the 
establishment of an arvard in the form of a 
medal for the students at the institute. The 
nleilal is to be termed the " Aeronautical Engi- 
neers' Medal,' and is for award annually for 
merit to a student in the qraduate course in 
aeronautical engineering. 

ill' the University of Chicago Dr. Frank 
Christian Becht has 11een appointed assistant 
professor in the department of physiology, his 
particular field of work being pharmacology. 
Professor Bec~l~t,who is a graduate of the 
University of Chicago, mas for two Fears as-
sistant professor of physiology in the Uni-
versity of Illinois and later assistant pro-
fessor of pharmacologjr in the Northwestern 
T'niversity Medical School. 

Is the medical department of the Univer- 
sity of Oregon Dr. J. M. Connolly has resigned 
as professor of physiological cllemistry and 
Dr. H. D. I-iaskins, of Western Reserve Uni- 
versity, Cleveland, has been elected his suc-
cessor. Dr. B. L. Arms has resigned as pro- 
fessor of bacteriology to accept a position in  
the University of Texas and Dr. W. IT. Nor-
ton, of Johns Hoplrins Nedical School, has 
been appointed to the vacant position. 

Two professors from Louvain TJniversity- 
MIK. Charles Jean de Val& Poussin a r ~ d  L6on 
Dupriez-have been invited by I-Iarvard Uni- 
~ ~ e r s i t yto deliver lectures in the second scrn-
ester. Tlle former will lecture on mathematics, 
the latter will g i ~ e  the Godkin lectures on 
"Proportional Represelltation in Belgium " 
and two courses. 

DISCUSSION AND COBBELYPONDZNCE 

TIlE FGNDAMENTBL EQUATION O F  MECHANICS 

INhis recent review of Aiaurer's " Technic,al 
Mechanic~,"~Professor 1;. 141. Hoskins ha8 
discussed at  some length the question whether 
P =m a  or I1l/Ff =a/a' is the better form il l  

mhich to introduce the "fmldamental equn-
tion of mechanics." As Profet;sor Hoskins' 
defense of the equation F =m a  is the clearest 
I have seen, and as T arn still one of those who 
prefer the equation F/F'= a/a', 1should like 
to state here the advantages which this latter 
equation seems to me to ~ O S S C S P .  

l n  the first place, the qualitative notion of 
S o ~ c e ,and the use of the spr ing  balance as an 
instrument for the quantitative ~~casure inent  
of forces, may safely be assumed to be familiar 
to any one beginning the study of mechanics." 

The first serious problem, then, wlrich con-
fronts the teacher of dynamics is the problem 
of making the student understand the effect 
which a force produces when it acts on a 
material particle. This effect is, of course, 
the acceleratioli of the particle in the direc- 
tion of the force, the exact quantitative rela- 
lion being most simply stated as follows: 

If a given particle i s  acied on  a t  two d i f f e~ . -
ent t imes  b?j i w o  forces P and F', and if a 
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2 The cluestion of the unit of force, which oc-

cupies so large a place a t  the very beginning of 
the subject in the orainary treatment, need not bet 
dwelt upon a t  this staye. To the beginner, x 
unit force is quite properly any force which brings 
the pointer of a standard spring balance to  the 
point marked "1" on the scale, whether the in.  
strument reads pounds, or dynes, or grams; just 
as a degree of temperature is, to the beginner, 
simply the distance between two divisions of the 
scale of a standard thermometer, whether that, 
seale reads Fahrenheit, R6aumur or Centigrade. 
The conversion factors connecting the various 
degrees of temperature should indeed be stated; 
hut the question of ultimate standards, being 
chiefly a question for the technician, need not be 
raised a t  this point. Fo r  further fietails, see the 
~ r r i t e r ' s  "Recommendations Concerning the Unlts 
of Force," in the Btclleti?l, o f  the Society for t7zt. 
I'romoiion of Engineering Education, June, 1913, 
the most important of which have already been 
adopted by the TJ. S. Bureau of Standards 
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and d are i h e  corresponding accelerations, 
then P / F - a / a f ;  that i s ,  the accelerations 
are proportional t o  t h e  forces. 

JIrheil once this simple principle is thor- 
oughly grasped, the student finds himself 
immediately in a positon to attack any of the 
elem~ntary problems in the dynanlics of a 
particlc (in one dimension). For, by this 
principle, the eircct of any force on a given 
particlc can a t  OIICC be computed if :he effect 
of any one force on that  particle i q  known. 
I n  olher words t he  dynamical  properties of a n y  
girlen particle of rnaf ter  are completely detrr-  
m i n e d  bg a single phuslsical ezperinzent o n  t h a t  
parficle,  and t11c rcs~ll t  of snch an  experiment 
must be lrnomn or assun~ed with reparc1 to-
every particle which enters into the discussion 
of a dynamical proble~n.~  It is the chief acl-
vantage of the crluation li7/P-- a/a' that  by 
its use the stutlent is led, by the shortest pos- 
sihlc route, into direct and vital contact with 
thi.; central fact of dynamics-namely, that 
different bodies require different amo~mts of 
force to give them any specified acceleration. 
The rvhole further development, of the scieiice 
is  essentially a rnat,ter of worlring out details, 
and introducing convenient terrninology for 
such derived tluanlities as mass, momentum, 
kinetic energy, work, power, etc. 

T h a t  then is the objection to the use of this 
equation ? 

Professor ISoalrins expresses his objection 
as follows : 

An equation wliieh results froni comparing the 
effects of the same bodydifferent forces z~po?~ 
can not, of comse, be regarded as a cornplete ex- 
prcssion of the fundamental la-cv of motion; it is 
eclnally important to compare the effect3 of force3 
act ing upon any di feror t  hofies. This of neces-
slty brings in the body constant whicl~ most physi- 
cists call mass. 

I n  rcply to this objection I woulrl say, in 
tllc f i r s t  nlnce. that  the crucstion whether a 

A , 

given eclllalion call be regarded as a '(corn-

.? The "standard weight" of a paltjcle is the 
required to particle the 

zrcceleIat ,on,~~3 . 1 7 4 0  feet per second per second; 
thc standard wei~ht of a composite body i s  aefineJ 
:ts tlie stlnl of the stnndald ncightq of the pa,rtic.les -
of wtiich it is composed. 

plete expression 01 the fniidamental lam of 
motiorr " depends simply on whether all tlie 
theorems of dyaarnics can be deduced from 
this equation, and not on how the equation 
itself happens to have been derived. In the 
second place, 1 quite agree that in orcler to  
handle dynamical problems successrully wta 
must indeed bc able to discuss the "eKect of 
different forces 011 dircrcnt bodies"; that  i., 
m.e must be able to delerrnine the inertia, or 
mass, of each particle ilnder consideration. 
But so also must we be able to cliscuss t l ~ e  
mon~en'ri~m the cliffer- and kinetic energy of 
ent bodies; but that is no reason why a letter 
denoting mass, or momentnrn, or kinetic 
energy, should appear explicitly in the fu~zdn-
.inental equation. From the point of view of 
scientific economy, the fewer letters IhaZ cqua-
tion contains, the better. The mass concept, 
like the concept of mornentum or kinetic 
energy, is a derived concept, hoth historically 
and practically, and i t  seems to me a merit of 
the plan here advocated that on this plan the 
drricative character of all these crnantities is  
explicitly apl?arcnt i n  tile mathematical (level- 
opmenl of the equations. 

So 111uch for what may be called the force 
method of beginning mechanics. 
-1 secontl melhocl of developing the whole 

snbject might be to adopt mass  instcacl of force 
as the fundamental concept-as has been clone, 
for exanlplc, by Mac11 and by Boltzinann. This 
n~etl~otlseems to me, however, opcn to three 
serious obiections. 

Firsf, thc instrument cornmonlv taken as 
the fnn(1ainental lneans of measuring mass-- 
rlamely, the bedm-balance- is essentially a grav-
i l a l i o~ la linstrument, depending for its opera- 
lion on the (established or assnmecl) equality 
of thc gravitational fields of force at the t v o  
ends of the bean? ; whereas the instrument for 
measuring forces, a t  least in a readily iiieal- 
i ~ e d  fo~lll,  is a ~ n i 1 ) e r s a lillstrument, not in 
any way dcpentlent on locality. For example, 
if a man sl~oald be plitred, in imagination, at 
the "point of zero gravity" bctwccn the earth 
and the moon, i t  is not a t  all obrious how he 
woulrl proceed t o  rneiirure R given mass with 
a beam-balance; whereas. if he lrarl a spring 
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balance, in the form, for example, of a grip- 
testing machine, he could measure the strength 
of the muscles of his hand, or the attraction 
between two bodies, just as well under those 
circumstances as if he were on the surface of 
the earth. 

Secondly, if we are dealing with only a por- 
tion of the physical universe (as is always the 
case in practical problems), we must either 
introduce " forces ') to account for the action 
of the residual portion, or else resort to very 
artificial conventions in regard to " imaginary 
masses." ( I t  should be noted that the "mass- 
acceleration '' of a body can not conveniently 
be taken as a substitute for an external force 
acting upon that bocly; for the mass-accelera- 
tion of the body, like its momentum or kinetic 
energy, is a quantity inherent in the body.) 

Thirdly, the approach to statics, in which 
the conccpt of mass plays no part whatever, is 
peculiarly awkward by this route; whereas if 
force is taken as the fnnilamental concept, the 
problenls of statics may readily be talcen up 
either before or  after the detailed study of 
dynamics. 

While therefore i t  is logically possible to 
choose either mass alone or force alone as the 
fundamental concept, the latter choice seems 
practically preferable. 

Either the force method or the mass method, 
I say, is logically defensible; but the niethod 
which starts with the equation P=ma is 
ticither the force method nor the mass method. 
My chief objection to tliicr hybrid equation 
P =ma is precisely this uncertain wavering 
between the force concept and thc mass con-
cept as the fu~~damenta l  notion of the science. 
This wavering is, I believe, the main source of 
the very real difficulties which the student ex- 
periences in regard to "units "-difficulties 
which are not necessarily functions of the 
laziness or immaturity of the student, but 
which are felt more keenly by those of a 
scientific and critical turn of mind than by 
those of a nierely practical bent. I quite agree 
with Professor IIosliins that any student of 
dynamics ought to have sufficient intelligence 
to grasp the idea of a systematic sys tem of 
uni ls ,  that is, a system i n  which certain units 

are taken as fundamental, and all others are 
derived; but I do think that the student has 
a right to expect that the quantities which 
appear in the so-called fundamental equation 
shall be the same as the quantities which arc: 
taken as fundamental in the system of units. 
T h i s  i s  not the  case w i t h  the  equation P =ma. 
The trouble with this equation is not that it; 
contains mass, but that i t  contains both force 
and mass, while not both of these quantities 
are regarded as fundamental in the subsecpent. 
treatment. 

The use of the equation ET/P=u/a' seems 
to me, therefore, not merely a matter of prac-, 
tical convenience, but also a distinct advance 
in scientific precision of thought. 

EDWARDV. HUNTIXGTON 
IIARVAI~D ,UNIVERSITY 

GEOLOGIC IIISTORY OF LAKE LAHONTAN 

INreference to the summary concerning the 
probable history of Lake Laliontan by J. C. 
Jones, contained in SCIENCE, December 4, 1914, 
while I am much interested in  Professor 
Jones's conclusions concerning the origin of 
the tufa, I feel that his statements regarding 
the interpretation of the age of Lake Lahontan 
need some important qualifications, and that 
his conclusions as to the probable accumula- 
tion of salines in Lahontan waters are not at 
all the necessary deductions from the evidence 
that he has cited. 

Professor Jones's estimates on the age of 
Lake Lahontan and the quantity of salines 
that might have been deposited by the evapora- 
tion of its vaters fail to take into account 
some very important considerations. The as- 
sumption that because Pyramid Lake may be 
and probably is a remnant of Lake Laliontan, 
which has nevei been dried up completely, 
therefore its salines are an index of the age 
of the whole larger lake seems to me errone- 
ous. A conception of a closer interpretatioa 
may perhaps be obtained in the following way. 

No one doubts that Lake Lahontan formerly 
rose to a height of approximately 500 feet 
above present Pyramid Lake and that its 

1 Published by permission of the Director of the 
Unite6 States Geological Survcy. 


