
Oliver El. Arnold, while Ihc funds for equip- 
ment have been subscribed. 

Pnor~ssonTITOMASS.F~srrlc has been clesig- 
nated as administrative head of the Colu~nbia 
University departn~ent of mathematics for 
two years beginning July 1, in the place of 
Professor Cssqius J. Xeyscr, who retires a t  
his  own request. 

A h .  -ilroiznrs 11.WRT,I,S,01the TJniversity of 
Illinois, has been appoil7ted instructor in the 
department of zoology in the University of 
Chicago. 

TIIE Benjamiil Peirce instructorships in 
mathernalics a t  I-larvnrd IJ~iiversity, the ternis 
oE whose establishment were recently an-
nounced in SGIEN~E,  11ave now been filled for 
the year 1915-16 by the al~pointn~errt of Dr. 
Edward Uircher and Dr. George A. Pfeiffer. 

DISGeTXSION AND CORBESPONDEA7CE 

TISE FUKDAMENTAL EQTIATION O F  15ECHANICS 

To TITE EDITOROF S C T E N ~ E :Professor IIunt- 
ington's letter in SCIEVCE of February 5 is an 
important contribution to the subject of the 
teaching of elementary dynamics, but the Iact 
that he and Professor ITosBins are not, i n  
agreement on "the cluestion whrther F =ma 
or P/F'= A/A' is the better form in  which 
to introcl~xce the fundamental equation of 
mechanics)' shows that something remains to 
be said on the subject. I n  my opinion neither 
of these equations ought to be considered as 
fundameiital, for both are derived from more 
elementary equations. 

Professor Huntington objects to F =ma for 
certain reasons. TIe inight Itaxre rrrade other 
objections to i t :  for example, the equation is 
not true in the ordinary English system (foot- 
poundsecond) until it  is hybriclixed by valuing 
either F or m in some other unit than pounds 
(polmdal or gee-pound) or a in "gravitals" 
(instcad of fect) pcr second per second (1 
gra~ i t a l=332.174 feet)? or else the letter wt is 

1 Tho writer invented tho "grnvital" and also 
the "tinlal' ' (=1/32.2 of s second) over 20 years 
ago as antidotes to ihc  "poundal," nlerely to serrTe 
as "horrible examples" of what might be done in 
tho way of introallcing still fnrlhet confusion ~ i l t o  
our systems of units. H e  also inverrtecl the 

[N. 8. Vot. XLI. No. IOjR 

expltlined as not being quantity of matter in 
gountls, but only the quotieut or ratio W / g .  
Neither is i t  true in the metric kilogram-meter- 
second system. ( I  do not think the metric 
people have yet tried to introcl~~eea "kilo-
grammal" or a "gee-lrilogram.") T t  is of 
course t n ~ e  in  the dme-cerrliineter-gramme-
second system, but this system is only used ill 
higher pliysical theory, and jt should not be 
inflicted on young students. The equation 
P== 7nn is, however, a handy ccluation to worli 
with when i t  is understood that  m is mercly 
a conventional sytnbol for W/g. 

The equation P/P'===A/A' may be useful 
for some purposes, but I agree with Professor 
TToski~ls in not accepting it as fundamcntal or 
as the best equation to be used as an introrluc- 
tion of the subject. Each of the equations 
being open to objection, I wish that both Pro- 
fessor IJoslcins and Professor Runtingt,on 
would consider the following trcatnient of the 
subject, and l e t m e  know &at objections 
there are to it. 

Quoting Professor i[311ntington9s svordi: 
"The first serious problem which confronts 
the teacher of dynamics is the problcrn of 
making the student undcrstand the effect 
which a force prod~~ces  whrn it acts on a mate-
rial particle " (I wo-~ild substitute the word 
" body " for material particlcx). 

Let us start with tlic, student just out of 
the grainmar school, who hnc, never studied 
physics, but who nntlerstands the silnlrlest 
forms of algebraic equations, and how to 
n~alrea --$F/m, out of F::ma. EIe already 
knows the ordinary mealling 01tlie words time, 
space, force, nintter (or stuff, solid, liquid or 
gas). I-Ie mag be told that  t l ~ e  word "body9' 
means a piece or cllunk of stuft', and that 
velocity is just another name for speed. 13e 
lrnows that force inay be measured by a spriiig 
balance, and that thr quantity of matter in a 
body may be determined by weighing i t  on 
grocer's even-balance scale or on a platform 

~~rnnssal"===32.2poul~ds, b ~ t ,  that has got into 
some test-books disguised under the names cif 

"gce-po~md," slr~g, and ' 'engineers uuit of 
111ass.~ The 1:~tter term is especially objectiori- 
able, for i t  has never been used by engineers. 
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scale; provided i t  is weighed at  any place other 
than the imaginary "point of zero gravity." 

The fundamental problem to be considered 
by the student is: Given a constant force F 
lbs. acting for T s~conds on a quantity of 
matter 7V lbs., at  rest a t  the beginning of the 
time, but free to move. what are the resulls, 
assuming that there is no frictional 'esistance? 

The first result, which iq already known by 
the boy, is motion, at  a gradually increasing 
velocity. T h a t  the relation is between the 
elapsed time and t,he velocity may be deter- 
mined by experiment. IIe may take a moving 
picture, with 50 films per second, of a body 
falling alongside of a rod marlred wit11 feet 
and inches. IIe may tom a boat having a load 
of 1,000 lbs. with a force of say 1 lb., exerted 
through a string and meawred by a spring 
balance, alongside of a tow path on which a 
tape line is stretched; or there may be an At- 
wood machine in  the high school on wliiclz 
experiments may be made. By these experi- 
ments he will learii the fundamental facts of 
dynamics and establish the fundamental equa- 
tion. The facts are that the velocity varies 
directly as the time and as the force, and in- 
versely as the quantity of matter, and the 
equation is V mFT/SY or V=XFT/ IV ,  
X being a constant whose value is approxi- 
mately 32, provided V is in feet per second, 
F and W in pounds and T in seconds. 

The accurate determination of X requires 
the most refined experiments, involving pre- 
cise measurements of both F and W ,  and of 
S, the distance traversed during the time T, 
from whicll V is determined, and precautions 
to eliminate resistance due to friction of air 
or water or of the machine used in the experi- 
ments. When these refined experiments have 
been made i t  has been found that the vah~e  of 
T< is 32.1'740, and this figure is twice the num- 
ber of feet that  the body tvould fall in vacuo 
i n  one sccond at or near latitude 45' a t  the sea 
level. It is commonly represented by g ,  or by 
go, to distinguish it from other values of g that 
niay bc obtained by experiments on falling 
bodies (or on pendulums) at other latitudes 
and elovations. The fundaniental equation 
then is V =PTg/W (11 

The velocity V is a derived quantity, derived 
from measurements of space (or dist,ance) 
and time. I f  a body is moving a t  a uniform 
speed, such as the niinute hand of a watch, T7 

is a constant, and the distance varics directly 
as the time, and is the product of the velocity 
and the time, X =1'7'. But if the velocity 
varies directly as the time (uniformly acceler- 
ated motion), as in the case of the problem 
me are considering, then the distance is the 
product of the mean velocity and the time. 
Since in our problem the body starts from rest 
when the velocity is 0, and the velocity is Tr 
a t  the end of the time T, the mean velocity is 
4V and the distance is 3VT, whence V =2S/T 
and T=2h'//S7. 

The velocity V in feet per second, at the end 
of the time T is numerically equal to the num- 
ber of feet the body would travel in one second 
after the expiration of the time 2' if the force 
had tlien ceased to act and the body continued 
to  niove at a uniform velocity. 

The fundamental equation iniglit be written 
2X/T =PTg/TIr, which is equivalent to 
S= FTLg/2T17,but as this is somewhat more 
cumbersome than the simpler-looking equation 
V =FTg/W, this latter equation is more con- 
venient as the fundamental equation. It ex-
presses the facts that the velocity varies di- 
rectly as 3' and 7' and inversely as TY, and 
that the velocity equals the product of F, T 
and g divided by W. Let us further consider 
the two equations V=PTg/W (1) and 
#== FTg/2IV (2). 

We have dealt with four elementary quan- 
tities P, T, $ TV, one derived quantity V, 
anti one constant figure 32.1'740. It is under- 
stood that F is measured in standard pounds 
of force, the standard pound of force being the 
force that gravity exerts on a pound of matter 
at  the standard location where g =32.1740. 

Each equation contains four variables V ,  F, 
T ,  S V ,  or 8,F, T ,  M7, and in either equation 
if values be given to any three out of the four 
the fourth may bc loand. E;y ordinary algebraic 
transposition, or by giving new symbols to the 
product or quotient of two of the variablec3, 
many different equations may be derived from 
them, some of which are more curious than 
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useful. It is well not to give the student too 
Inany of then1 or hc will become confused. 

EIere are some conclusions that  may be de-
rived from the equations, (1) and (2). 

Froni (I), let P= W, the case of a body 
falling at latitucle 45' at  the sea l e ~ e l ;  then 
V =g7'. If T nlso == 1,then V =g ,  that is 
tllc vclocity a t  tlie end of 1second is g. 

I n  the equation V =gT sub;titute for T its 
value 2X/V and we have V =2gX/ V, whence 
T'L =-2gd. In the case of falling bodies, the 
l~eigllt of fall $1 is usually substituted for S, 
an? we ol)tain 'I;==d\/2gT? (3 ) .  

Rclnation (2) with ET= TT7 gives 'V =$qT2. 
Frolrr (I), by transposition we may obtain 

FT == 1 x / ( 4 )  The product FT is 
so~nc,tirncs c2~1lrtl imprllse, ancl to the expression 
il'X V/g is given the term momentum. It 

Force =M times the acceleration. 
If a given particle [body] is acted on at two 

different times by tmo forces P and F', and if d 
and A' are the correspor~ding accelerations, thcn 
P 3Jfii 
P G z ? i z  mhenre P/P' =L= 11 /A'. (8) 

Equation (7) is called the fundamental 
equation by Professor Hoslrins, while equation 
18) is called fundanicntal by I'rofessor Bunt-
ingto~i, but i t  is sllown above that they are 
ticrivrd f r o r ~ ~  
V -Fl1g/W. 

the more Euridaxnental equation 

Szcm?nrxry.--Take equation ( I ) ,  V =PTg/TV 
(I). Substitute 2lS/T for 17, 8=FT2g/211T 
( 9 ) .  

Take a'===W, the11 S==+c/7'2, 

and 1'-=.\/2aB (3) 

Fronl ( I )  by t~ansposition PT - lI'V/g (4) 
is us~ixlly written TT7/gV, but there ie no rea- ,, Suhstitutc 1Il for IV/g, FT =i l fV (5). 
.;on nrlly, exccpt that i t  is customary, and i t  
har Lccn found convenient to use tlie letter 211 
instead of S v g ,  so that  the equation becomes 

PI' - nrv ( 5 )  
I~npnlse=Momentuni 

I n  (4) we mog substitute for T its value in 
terms of S anrl V above given, viz., T =2S/V 
an t i  ol)tain F2B/V =M V ;  whcnce FS=JilfV" 
(6). The product PX is called work, ant1 the 
esprcssioa IMVZ kinctic energy, whence work 
cxpeailcd c=kinetic eilcrgy. 

i l c ce7~1afio11.-The quotient, V/T is called 
he accclcration. It may be dcfined ai the rate 

of increase of velocity, the word rate, unless 
olhcrmi~e staled, al~vays meaning Ihe rate wilh 
respect to time, or " time-rate." I n  the prob- 
letll untler consideration, the action of a force 
in a Cody free to move, with no rclarilation by 
friction, the acceleration is a constant, 
V / 2 '  -A. The quantity g is comn~only called 
the acceleration clue to gravity, hut it also 
inay he considered either as an abstract figure, 
the collstant g in equation (I), or as the 
velocity acquired at the end of 1 second by a 
falling body, or as the distance a body would 
travel i r ~1 seconcl at that same velocity if the 
force ceased to act ancl tllc velocity remained 
constant. 

Equation (6) then may be written 
P = M A  (7) 

In (5) suhstitl~te2,Y/TT for T ,  

3'8 -gil4'V" 6 )  

Tn ( 5 )  s i~ l ) s t i t~~ tcfor .  V/T ,  F =dfA ('7)il 


Apply (7) to the case of two forces acting 
at di1:'erent ti~lics on the same body 

B1/F' =A /L 1' (8) 

i n  this trc:lin~ent the aml~igaous worrls 
" weight " and " liinss ?' hnvc pl~rl?osely bccn 
ornil I mi. 

If there is any easier may of "nlnliing the 
stlxrlcnt undersland the effect ~ ~ l l i c l i  a force 
produces when it acts on n material particle" 
than to have him study the above discussiou 
and solve exanlples by its aid, i t  is very im-
portnnt that it should be found ancl irrcou-
poratccl in the text-books. 

T'iTIVl. ICI~YT 

A COUItSE IN AGRICULTURE FOR NON-TECI-TNIOAL 

COLLEGES 

TJTAV asthere is an interest in agriculture 
a subject of study in colleges or hjgher insti- 
tutions in additiou to that  met by the state 
agricultural collegcs, is manifested by the 
introduction a few years ago into the curric- 
ulum, in ccrtain in~ti tut ions (e. g., Syracuse 
and Miami Universities) of several subjects 
~ssocided with tlic worlr of the larirl-grant 
colleges. Further evidence is shorn  in tlie 


