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Commercc, antl the other industrial and tech- 
nical investigations and ex1)eriments which 
Iiave becn carried on by the Forest Service in 
the last two Scars, were discussed at  a confer-
ence of Forest Service officials a t  Madison, 
'CiTis., on April 14 to 17. Tlie Forest Service 
Laboratory, the liTashington OfEa of Indus-
trial Irlr~estigntions, atld each of the seven Na- 
tional Forest Districts were represented at  the 
conference by specialists. Among the sub-
jects discllsccd were: Cooperation of the Forest 
Service with induqtries, lumber distribution in  
tho [Tnitetl States, utilization of lev-grade 
lun~hcr and mill waste, adaptation of mnnu-
facturing and grading to specific classes of 
consumers, unification and qtandardization of 
lumber gradrs, study and ilevelop~ncnt of gen- 
eral markcts for National Forest timber, mill 
scale studies, including technical methods, 
tall>-ing, etc.; lnrnluer ilrpreciation ancl the col- 
lection and compilation of lumber price clata, 

UATIrERSirTY AND EDUCATIONAL NEWS 

APPROPR~ for two new buildiiigs toi ~ r o ~ s  
nieet t h ~  neerls of the Ui i ive~~i ty  of Ohio and 
for adclitional trac'ts of f ann  land wcst of the 
Olcntangy have been voted through thc finance 
committee of thc lower branch of the lagis-
lature. These extensions mould ilivolve an ex- 
penditure of $:340,000. A domestic-science 
buildi~ig to cost $150.000 ancl a shop building 
for manual training to cost $120,000 are pro- 
vided. Ninety acres of land would be pur- 
chasril west of thc Olentangg River at a pr&- 
al~le cost of $70,000. 

TIIErlcpartlneiit of geology of Obcrlin Col-. 
lcgc is to mope soon from the old building to 
a inotlcrn home in thc science quadrangle. 
The nluseum has recrintly added mucl~ valu- 
able data, including a collection of palconoie 
fossil5 cnrelully worlied over, identified and 
la1,cled; a collection of gold and silver, lead, 
biurr~n~hand other ores from Utali and Idaho; 
a considcri~ble ~lurnl?er of topographic coast 
surrey and other xnapq, and a large collection 
of vial1 pictures. 

PROFFS~OR has been ap- C.-E. A. W I N S T ~ ~ W  
lmi~~tc~tlto the lielvly established Anna M. L. 

Laucler professorsl~ip of public health a t  the 
Yale Meciical Scllool. Ne will give up his 
conncction with tlze New YorB State Depnrt- 
mcnt of Ilealth and the Teachers' College to 
take up this work next fall, but will continue 
to act as curator of piiblic health a t  the Amer- 
ican ;\iiuscun-r of Natural History. 

PIIO~~~I:SSOR head theJ ~ h l l i S  F. NORRT?, of 
cl~err~istryclepartrnent and of the drpar tm~nt  
of general scirncc of Siinmons College, Boston, 
has accepter1 thr ~msition of professor of 
chcrnistry and director of the chemistry labo- 
ratories of VandcrLilt University, Nashville, 
Tenn. 

AT the 3fassacl1usetts Institute of Technol- 
ogy disociate Professor ITenry G. Tearion is 
atIvanced to the grade of professor of English 
and hc mill bc placed in charge of the clepart- 
ment on the retireni~nt of Professor Arlo 
Bates at the cntl of the present academic year. 
The following asqirtxnt professors are ad-
vanced to the grade of associate professor in 
thcir resgectivc departmcnts: Dr. Robert F. 
Bigelom, 7001ogy and parasitology; TV. Felton 
Brown, freehand drawing; TTarold A. Everett, 
naval architecture and IT. It. Kurrelrueyer, 
German. Instructor TIenry B. Phillips is ad-
vanced to assistant professor of mathe~natics, 
and asqistant instructors I{. C. Robirlqon ancl 
Jolin E. Bird arc advanced to the grade of in-
structor in niecllauicttl drawing. 3fiss Ruth 
N. Thomas, research assistant in organic 
chemistry, is adranced to research associate in 
the same dcparlnlcknt. The title of Professor 
A. 33. Kcnnclly is changed from chairman to 
director of the research division of the dcpart- 
ment of electrical engineering. 

MR. 31. L. &Ior,~rson.lias been elected nlarCer 
of Clarr College, Cnnll~ridge, in s~~ccessionto 
the late Dr. E. Atlrinson. 11e was seco~lil 
wranglcr in tlzc mnthematical iripos of 1876, 
and mas electcd a fcilow of Clttre in that gear. 

DISCUSSION -43-D c o s n r i i s r o z v u m c E  

THE PRL'SESTATIOY OE' TTIC COX-FUNDII~~CNTAJ, 
CEPTIOSS Olp 3[CCII.\NICS 

Trrr: recent discussion in SCIENCEof the 
fundnme~ital equation in mechanics has sug- 
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gested that perhaps some readers might be in- 
terested in a niethod of approach to the accu- 
rate physical conceptions of force and mass 
which I have been using rccently with appar- 
ent success, m d  which differs, I believe, from 
that found in any text-boolr. 1 have come to 
believe that except for the very unusual stu- 
dent thc disciplinary value of a dogmatic, 
mathematical presentation of nlechanics is 
small, and that i t  is better to arouse and main- 
tail1 interest by progressing fronl matters of 
everx-day experience by as easy steps as pos- 
sible, following largely the development of 
ideas which history has shown to be the nat- 
ural one. 

For the sake of brevity, I shall have to give 
the steps merely in outline. I n  fairness, then, 
the reader should remember that the work is 
supposed to extend ovcr a period of several 
weelis, giving ample opportlxnity for the illus- 
tration of the various conclusions by numerous 
examples and problems, only a felv of 
can be suggested here. 

Physics is largely a study of forces, and of 
the motions and strains due to forces. We will 
begin, then, with a study of common forces. 

A. Porce 

1. Introduction.-~ornmon e-perience. Mus-
cular sensations. Gon~mon effects of muscular 
exertion: 
(1) Gra~itational force overcolne-weight 

raised; 
(2) 	Elastic force overcome--spring compressed 

or stretched; 
(3) Frictional force overcome-sled dragged; 
(4) Speed changed-ball thrown or caught; 
(5) Direction of speed changed-stone whirled 

in circle. 
To study these i t  is necessary to be able to 
compare or measure forces. 

2. Jfeasurement of Force.--It is simplest to 
use the first effect, for preliminary worlr. I t  is 
natural to assume, in agreement with common 
experience, that the effort or force required to 
lift a number of equal blocks of iron is pro- 
portional to the number of bloclrs, or, more 
generally, to the volume of iron lifted. For 

presellt purposes we will define the following 
as onr units of force: 

A kilogram w~igh t  (kg. wt.) is the force re- 
quired to lift 128 c.c. of iron; 
pound weight (lb. wt.) is the force re-

quirecl to lift 3.55 cu. in. of iron. 
ITe are now able to measure the forces required 
to produce the various effects mentioned above. 

3. Elastic Forces-Spring Balance.--Strctch 
proportional to force. Hooke's Law. Calibra-
tion of spring balances for use where actual 
weights are inconvenient. Rending of a beani, 
stretelling of a wire, twisting of a rod. 

4. Forces in Eguilibrizcm.-Two or more 
forces acting on a ring. Force table. Parallel 
forces acting on a beam. Non parallel forces 
acting on a derrick, etc. Definition of vector, 
*ec[o~ sum, moment of force, lever arnz. 

lazes: 
(1) The vector suln of all forces acting must 

be 
( 2 )  Tile algebraic suln of the moments of 


force about any axis must be zero. 

Chrlnical balance.-Use to compare weights. 

Calibration of a set of brass and iron weights 
for use as standard forces. 

5. Frictional Forces.-Friction is evidently 
equivalent to a resisting force equal and oppo- 
site to the force necessary to move the sled or 
other body along a llorizontal plane. 
study friction of wood on iron and wood on 

~ o o d .  

Experimental laws : 


(1) Frictional force depends only slightly 
on the speed of relative motion. Kinetic and 
static friction. 

(2) Frictional force is directly proportional 
to the force pressing the two surfaces together. 
F=$. Define coefficient of friction. 

(3) Frictional force is independent of the 
area of contact. 

(4) Frictional force varies with the nature 
of the surfaces involved. 

( 5 )  A body started with a certain initial 
speed so, is brought to rest in a distance which 
is inversely proportiollal to the coefficient of 
friction. This suggests that on a perfc3ctly 
smooth horizolltal surface (p=O), a body 
mould lieep moving with constant speed. 



646 SCIENCE [N. s. TOT,. XLI. NO. 1061. 

Before me can determine the eBect of a con- 
stant unhnlanccrl force in  changing the motion 
of a body, we must study some simplc types of 
motion. 

6. Sonze Simple T?/pes of 3Jotion.-(1) 'Uni-
form motion i n  a straight line with constant 
speed. Define velocity. d =st. 

( 2 )  Constanily cha~zging speed, linear mo-
tion. Define acccleraiion of speed. Derive 
formula.:: s=crt; d= &aL2; etc.; and 
s =s,,+a t ;  d=sot+&aL2; etc. 

(3) Parabolic motion, combination of ( 1 )  
and (2) at  right angles. Formulas. 

(4 )  Uni form circzclar moLion. Constant 
speed but constantly changing velocity. De-
rive a =-- s2/r. Distinguish tangential from 
centripetal acceZeralion. 

7. Type  of AfoLion Due to  a Constant Gravi- 
iational Force.-(1) Atwood's machinc,, 
balanced forccs ; speed co~istant. 

(2) Atwood's machine, small uribalanced 
f orcr ; d -J i" positive acceleration. 

(3) Atwood's machine, small retarding force; 
negative acccleration. 

(4) Ball rolling dowli an inclined plane, or 
Fletcher's apparatus; s -.t, d .- t 2 ;  accelera-
tion constant. 

( 5 )  Water jct against blaclrboard, parabolic 
path; d + t2. 

(6) Ball rolling off table; measure g. Same 
for all bodics. 

Conclusion: The motion produced is one 
with constant acceleration. 

8. Variation of Acceleration wi th  the Porce 
AcLing 012 a Given Body.--[I) Atwood's ma-
chine, various small unbalanced forces. 

(2) Frictionless carriage ox smooth hori- 
zontal plane. 

Conclusion: The acceleration is directly 
proportional to the force. 

9. ilIeaswremend o f  Force Required to  Give 
Centripetal Acceleration to  a Given BOG.-
(1) Swing 50 or 300 gm. on the end of a rubber 
band or spiral spring and determine the stretch 
during rotation a t  a fixed rate. Measure the 
gravitational force rcquired to produce the 
same strctch. Co~npute the centripetal accel- 
eration and sEiow that the force required to 

produce i t  is to the migh t  of the body as the 
centripctal acceleration is to the acceleration 
of gravity. 

(2) The centripctal force in  the case of a 
mass rotating in a horizontal plane aild free 
to slide along a rod may be measured directly 
by the wciyht required to procluce the accelera- 
tion. 3Jalce the same computation as in  (1 ) .  

Conclzcsion: The unbalanced force required 
to produce centripctal acceleration is equal t o  
that required to give the same body an equal 
linear acccleration. Corrlbining this with the 
conclusion of $8we see that the acceleration 
produced by an unbalanced force actin, on 
any given body is propol-tional to the force 
and is in the direclion of the force, whether 
i t  is tangential or centripetal. 

10. Nongraviialional Forces, Magnetic, Elec- 
tric, Friclional, efc.--Can be balanced by grav- 
itational fol-ces; produce the same effect when 
unbalanced; can he measnred in  terms of the 
gravitational force which will balance them or 
which will girc the sanie acceleration to  the 
same body. From our experience with gravi- 
tational forces we generalize and assume that 
whenever a body is being accelerated i t  is being 
acted upon by an unbalanced force; and if the 
lalown forces acting on the body are insuiii- 
cient to account, for its acceleration, we irnme- 
diately postulate the existence of another force 
and experinlent to find out what physical prop- 
erties of the body in question and of the other 
bodies concerned, determine the amount of the 
force. 

We have studied the relative effect of vari- 
ous forces upon the same 71ody and arrived a t  
t11c important generalization that whetl~cr the 
acceleration produced be tangential or cen-
tripetal, i t  is proportional to tho force and in 
the direction of the forcc. We will not study 
the effect of the same force on various bodies. 

B. Inertia or Mass 
11. introduction.-The fact that force is 

necessary to change the velocity of any body 
implies a tendency t o  persist in unifornl mo-
tion and to rcsist a change of motion. Tbis 
propcrty of boclies is, called inertia, The easier 
i t  is to accelerate a body, the less its inertia, of 
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course. So it is natural to assume that the a =gF/m, 
inertia of any body is proportional to the force 
( F )  required to give it unit acceleration, or 
since acceleration is proportional to force and 
since the acceleration produced by unit force 
would be 1/F, this is equivalent to assuming 
that inertia is inversely proportional to the 
acceleration produced by unit force. 

12. Inertia of Different Volumes of Iron.- 
(1) Two carriages carrying two or three equal 
volumes of iron, accelerated toward each other 
by a stretched rubber band. 

(2) Atwood's machine, same force, different 
volumes of iron. 

Conclusion: Acceleration is inversely pro- 
portional to the volume of iron for the same 
force; therefore inertia is directly propor-
tional to the volume of iron or t o  the amount 
of iron. 

13. Inertia of Equal Volumes of Various 
Substances.-Assume that two bodies have the 
same inertia when the same force gives them 
the same acceleration. Using the same appa- 
ratus as in 512, we find that the ratio of the 
inertias or masses of any two bodies is equal 
to the ratio of their weights (at a given point 
on the earth). 
14. Units of Mass.-ICilogram, gm., pound. 
15. Pulling Bodies.-Since the force acting 

is proportional to the mass of each body, the 
acceleration must be the same for all. This 
conclusion agrees with experiment. 

C. Fundamental Law of Xechanics 
16. 8tcmmary: 

With same mass: a,: a,= F,: F,. 

With same force: a,: a,=m,: m,. 

With same acceleration : m, :m, =PI :F,. 

Combining these : m,a, :m,a, =F, :P2. 

11.Fundamental Law.--When any body is 

acted on by an unbalanced force, the accelera- 
tion produced is in the direction of the force, 
is proportional to the force and is inversely 
proportionalto the illertia of the body acted 

where g is the acceleration of gravity. The 
same equation holds for lbs. wt. and lbs. and ft. 
per sec. per see. Variation of g with distance 
from center of units not absolute. 

19. Absolute Units of Force.-Dyne, poundal. 
Independent of gravity. Simpler equation 
F =ma. 

20. Application to Various Special Cases.-- 
Atwood's machine, inclined plane, etc. 

21. Definilion and Discussion of Momentum, 
Impulse, Work and Energy. 

I shall be very grateful for any suggestions 
in regard to the above outline, especially from 
those who are willing to concede that a de-
parture from our present dogmatic method of 
presentation is advisable. 

GORDON
S. FULCHER 
WISCONSIN UNIVERSITy 


April 1, 1915 


GET THE UNITS RIUHT 

PROFESSOR onA. GRAYin a recent lecture 

Kelvin's in g~rostatics, says: 


I t  is always a good thing to get down t o  nunl-

bers and it is a most healthful mental discipline 

to be forced to get the units right. 


The force of &is relnark is apparent in fol- 
lowing the discussion in SCIENCE relativeto 
the best expression of the fundamental eqna- 
tion in mechanics. Professor Kent criticizes 

Professors Huntington and Hoslrins, objecting 

to the form of the equation F= ma. He 

rightly says : 


The equation is not true in the ordinary Eng- 
lish system (foot-pound-second) until it is hybritf- 
ized by valuing either P or m in some other unit 
than pounds (poundal or gee-pound) or a in grav- 
itals (instead of feet) per second per second 
((1 gravital =32.174 feet) or else the letter m 
is explained as not being quantity of matter in 
pounds but only the quotient or ratio p /g .  
Neither is it true in the metric kilogram-meter- 

upon. 
~ ~ ~ ~ i t ~ t i ~ ~ ~ lunits of P ~ ~ ~ ~ . - Q .&., 

Ib. &, The units we have been using. 
force is measured in kg. wt., mass in kg., and 
acceleration in cm. per see. per see. then 

second system. . . . It  is of course true in the dyne- 
centimeter-gram-9econd system but this system is 
only used in higher physical theory and it Should 
not be inflicted on young students.1 

1 SCIENCE,Val. XLI., No. 1055, p. 424. 


