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TBE REIiATIOArS OP COLLEGE8 1'0 SEC-

O S D A R Y  SCHOOLS IAT RESI'ECT 


TO PIIPASICS 


THE interesting meeting of physicists 
which was held at  Worcester from the 
seventh to the tenth of September, as a 
part of the twentieth-year celebration of 
Clark University, was almost unique in the 
amount of attention secured, from a body 
consisting mainly of university or college 
teacl~ers, for cluestions relating to the best 
methods of teaching physics and the proper 
relations of school physics to college phys- 
ics. The credit for this, as for the many 
other successful features of the meeting, 
mas largely due to Professor Webster, .who 
arranged for a number of conferences to 
consider well questions as the following, 
proposed by himself, and took a leading 
part in the resulting discussions: 

1. What can be done to give the public a greater 
knowledge of physics? 

2. What is the object of teaching physics in 
school and college? 
4. EIow shalt xve increase the popularity of 

physics in the schools? 
4. Shall physics be taught as if all students 

were to be potential physicists? 
5. Sk~all physics be taught with more mathe-

matics or less ? 
6. Is i t  desirable that physics and mathematics 

be taught by the same teachers in the schools? 

7. What proportion of time must be devoted to 
dynamirs? 

8. I s  a course of descriptive physics alone with- 

out mathenlatics or laboratory work desirable? 
9. Is i t  desirable that the college prescribe a 

course in physics? 
10. Can the colleges be got to plcscribe a course 

in  physics for all students? 
11. IF'h'lrat is the proper function of general 

pllysics ill the curriculunl of the college of liberal 
a r t s?  
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12. IIow shall physics be taught to engineering 
students? 

13. IIow can the student be induccd to get a 
more catliolic view of general physics? 

14. Has the introduction of courses in pedago,~ 
been justified by the rcsults? 

15. Ts there any reason that theoretical physics 
should languish in America? 

16. Ts the iniportation of professors of physics 
from Europe necessary and desirable ? 

No formal action was taken at  any of 
these conferences; but a t  the second the 
nine propositions given below1 were pre-
sented, and at  the last conference a ma-
jority of those present signed the statement 
which follo~vs the propositions. 

I. That, wl~ilc the amount of academic attain- 
ment in physics which the prospective school 
teacher of this subjcct should havc can not be 
definitely fixed, it may be usefully, if sornewhat 
vaguely, indicated as the state of advancement a t  
which, if the man were to be a candidate for the 
doctorate, he would naturally begin the special 
research intended for his thesis. 

2. That this preparation should include an ele- 
mentary knowledgc of the calculus and some ac-
quaintance with the general facts, principles and 
laboratory metl~ods of chemistry. 

3. That scl~ool authorities should not be content 
with the appointment of a well-trained and com- 
petent tcacher. They should see to it  that the 
good teacher has good tools and good conditions 
for his work, a well-appointed laboratory, an 
equally well-appointed lecture room and relief 
from unnecessary manual labor. 

4. That this relief of the teacher from unneces- 
sary manual labor will require, as a rule, the 
services of a Inan of all work, sufficiently skilled 
to use well the elementary tools of the mechanic, 
sufficiently permancnt in his place to know thor- 
oughly the building in which he tvorlcs and its 
equipment, sufficiently teachable and willing to 
make him a cheerful helper to thc teachers of 
physics and clieinistry in whatever assistancc they 
may with reason ask of him. 

5. That the school teachcr, so trained and so 
equipped, should have all the liberty in the method 
and scope of his teaching which is consistent with 
the general consensus as  to good practise, this 
consensus to be reached, in the case of scllools 

'Tfie ninth was a t  first in a somewhat different 
forin from that here printed. 

which have close relations -rvith the colleges, by 
painstaking, sympathetic and persistent efforts 
on the part of all concerned to come to an under- 
standing with each other for the purpose of pro-
moting their common interest, the best attainable 
instruction in science lor the youth of our country. 

6. That the examination by means of which the 
attainments of school pupils are estimated in their 
candidacy for admission to college should include 
a laboratory test. 

7.  That colleges which accept but do not require 
physics a s  a part of the preparation for admission 
should so arrange their elementary tcaching of 
physics as to make an important distinction be- 
tween those who have and those who have not 
passed in physics a t  admission. 

8. That, accordingly, such colIeges should main- 
tain a physics course substantially equivalent to  
the physics courses of good secondary sclrools. 

9. That colleges should require of the scliools 
no quantitative treatment of kinetics, or the be- 
havior of matter undergoing acceleration. 

The undersigned, without committing them-
selves to approval of all tlre propositions given 
above, commend them to the serious consideration 
of college and school teachers of physics and 
express the hope that they may bc made the 
subject of discussion a t  the coming meeting of 
the American Association for the Advancement 
of Science. 

A. 	 G.  Wcbstcr (Cli~rlr University), C. L. Spey-
ers, Norman F. Gilbert (Dartmouth Collegci, 
W. E. AlcElfrcsh (14'illiams College), A. P. 
Wills (Columbia University), C. Barus 
(Brown Univilrsity ) , ,T. C. Hnbbard (C1ark 
Univcrsity), F. A. Waterman (Smith Col-
lege), E. A. Ilarrington, Ernest C. Bryant, 
A. de F. Palmer, Jr.  (Brown University), 
Norton Adi~ms Iicnt (Boston University), 
Guy G. Becknell, Robert IT. Goddard. Louis 
P. More (University of Cincinnati), James 
E. Tves (University of Cincinnati), R. TV. 
Wood (Johns IIopkins University), E. F. 
Xichols (Dartmouth College), A. Wilmer 
Duff (Worcester Polytechnic Scliool) , C. H. 
Andrewr (Worceatcr liigll School), C. A. But-
man. 

I n  explanation and support of these 
propositions2 I gave an informal talk, the 

= I  make these propositions entirely on ~ n y  own 
responsibility and must not be understood to rep- 
rcsent in this action any other member of the 
Harvard Department of Yllysics. 



substance of which, with some added docu- 
mentary matter, is here set down. My 
excuse for narrating a t  such length the 
history of college entrance requirements in 
physics is my belief that college men, as a 
rule, know very little of this history and 
are therefore not in position to understand 
fully the present condition of physics in 
the schools or the possibilities of improving 
and utilizing the work there done. 

In 1856 the FIarvard University cata-
logue contained for the first time, in its 
statement of the alternative requirements 
in physical science for admission to the 
freshman class, the following : 
d eorcrse of expcriabents in  tlie subjects of 

mechanics, soutad, light, heat and electricity, not 
less than forty in  number, actually performed at 
school by the pupil. 

I n  1887 a pamphlet with the title "De- 
scriptive List of Experiments in Physics," 
giving detailed descriptions of apparatus 
and detailed directions for forty exercises 
to meet this requirement, was issued by 
Harvard. 

I n  1889, in response to complaints from 
the schools that the pamphlet just described 
was too restrictive, a new edition was pub-
lished giving forty-six exercises, of which 
the candidate might omit any six. 

I n  the year 1897-98 the Harvard cata- 
logue contained for the first time an 
amended statement of the requirement in 
elementary physics, much longer than the 
original statement and with less exclusive 
emphasis on the laboratory work of the 
pupil. As this statement is still in force 
at  Harvard, and as the influence of Har- 
varcl on the teaching of physics in schools 
is frequently spoken of as deplorable, i t  
inay well be given here, lengthy though i t  
is. I t  reads thus: 

A course of study dealing with the leading ele- 
mentary facts and principles of physics, with 
quantitative laboratory work by the pupil. 

The instruction given in this course should in- 

clude qualitative lecture-room experiments, and 
should direct especial attention to the illustra-
tions and applications of physical laws to be 
found in every-day life. The candidate will be 
required to pass a written examination, the main, 
object of which will be to  determine how much 
he has profited by such instruction. This exam-
ination may include numerical problems. It will 
contain more questions than any one candidate 
is expected to answer, in order to malce allowance 
for a considerable diversity of instruction in dif- 
ferent schools. 

The pupil's laboratory work should give prac- 
tise in the observation and explanation of physical 
phenomena, some familiarity with methods of 
measurement, and some training of the hand and 
the eye in the direction of precision and skill. 
It should also be regarded as  a means of fixing in 
the mind of the pupil a considerable variety of 
facts and principles. The candidate will be re-
quired to pass a laboratory examination, the main 
object of which will be to determine how much he 
has profited by such a laboratory course. 

The candidate must name as the basis for his 
laboratory examination a t  least thirty-five exer- 
cises selected from a list of about sixty described 
in a publication issued by the university under 
the title "Descriptive List of Elementary Exer- 
cises in Physics." I n  this list the divisions are 
mechanics (including hydrostatics), light, heat, 
sound and electricity (with magnetism). At least 
ten of the exercises selected must be in mechanics. 
Any one of the four other divisions may be omitted 
altogether, but each of the three remaining divi- 
sions must be represented by a t  least three exer-
cises. 

The candidate will be required to  present a note- 
book in which he has recorded the steps and the 
results of his laboratory exercises, and this note- 
book must bear the endorsement of his teacher, 
certifying that the notes are a true record of the 
pupil's work. It should contain an index of the 
exercises which i t  describes. These exercises need 
not be the same as those upon which the candidate 
presents himself for the laboratory examination, 
but should be equivalent to  the latter in amount 
and grade of quantitative work. 

The note-book is required as proof that the can- 
didate has formed the habit of keeping a full and 
intelligible record of laboratory work through an 
extended course of experiments, and that his work 
has been of such a character as  to  raise a pre-
sumption in favor of his preparation for the 
examination. But much greater weight will be 
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given to  the laboratory examination than t o  the 
note-book in  determining tlre canilidatc's at tain-
menth in physic?. Experience has sbo~v11 tha t  
pupils can niake the  original record of tllrir ob- 
servations entirely presentable, so t11at cop)-ing 
will be unnecessary, anil they sl~ould in general be 
requircil to  do so. 

This courw. if talcen in the last  ycar of the 
candidate's prcparation, i.i expectetl to  occupy in 
laboratory work, recitations and Iccturcs, five of 
t he  orilinary icl~ool pcriod.i, abo~ i t  fifty rninutcs 
in length, per week for tlrc wlrol~  year. Wit11 few 
cxccptions cvcrciscs like t l~ose  in tlre dcieripti\rc, 
l ist  already mentioned can b~ performed in a 
single school period, but for qntisfactory results 
i t  will often be neces.iary to  repeat a n  escrrisc. 
Two perioils per wcelc for tlrc ycar sllould he suffl- 
cient for tlre laboratory proper. Jf the~ ~ o r k  
coursc is  bcgun innch earlier tl1:ln the 1:rst ycar of 
the cani1id:rtc's prcparation, ns i t  ~ ~ ~ c l l  be,may 
i t  will require more time. 

A new edition of the IIarvarcl "Descrip- 
tive List" mas issued in 1897. It con-
tained sixty-one exercises, though the labo- 
ratory requirement was now reduced to 
thirty-five exercises. 

The arrangement of exe~*cises in the new 
list was peculiar, optics being interpolated 
between 1~vo divisions of mechanics. This 
was par t  of an attempt to encourage the 
performance of elementary laboratory ex-
periments by pupils in the early years of 
the secondary scl~ool course or even in the 
grammar school. 

11 third edition of the list, with many 
changes in details but  no fundamental 
alterations, appeared in 1903, and this, 
with possibly slight typograpllical correc-
tions, is Ihe current Corm of this familiar 
docu~nent. 

I n  1897 a co~nmittee on physics of tlze 
science department of the Wational Educa- 
tional Association was appointed to assist 
in the work of the association's general 
committee on college entrance reqnire-
ments. The inalie-~xp of the physics com-
mittee was as follows: 

E. 13. Hall (cllairman), IIarvard Urriversity. 
H. S. Carhart, University of hliclligan. 

R. n. Falton, t7niversity of Missiisippi. 
C. TJ. ISarrington, Saclrs' Collegiate Institute, 

Tu'ew Yorlz. 
Ju l ius  I-Tortvct, li::tst Side High School, RIinnc 

apolis. 
C. .T. Ling, nranual Training School, Denver. 

1C. L. Nichols, Cornell Tinircrsity. 

E. D. I'eirce, Flotclrlii~s School, T,ak(,ville, Colrn. 

Fernando SanEo~ tl, Stanfox d University. 

T;. F. Thornas, Ohio Statt. Unixcrsity. 

Edward R. J , ,r~>re~lce~rlle
Itohbin\, Scl~ool, 

Tdawrcncc~illc,N. J. 

This committee evolved five general 
propositions ~vhich, without substantial 
change, were in 1890 commendccl 1)y the 
drpartnlents of secondary and higher edu- 
cation of the National Educational Asso- 
ciation ancl recommended to the colleges 
of the country "as oflering a basis for the 
practical solution of the problems of col-
lege adinission" in physics. These propo- 
sitions were : 

1. 7'11;tt in pul~lic high sclrools :mil schools pre- 
paratory for college phgiies be taught in a course 
occupying not less than one year of tlaily exer-
cises, more than this amount of time to bc taken 
for tlre worlc if i t  is bcgun cbarlier than the next 
t o  the last  year of tlrc xcl~ool coursc. 

2. Tlr:~t this coursc of physics incluile a large 
a~tiount of laboratory work, mainly quantitative, 
done by thr  pupil8 under the careful rlireelion of 
a competent instructor and recorrlcd by the pupil 
in a note-l)ooli. 

3. That such laboratory rvorl;, inclutling the 
keeping of a note-booli and the worliing out  of 
results froin laboratory observations, occupy ap-
proximately one lralf of tlrc whole time given to  
physics l ~ y  the  pupil. 

4. That the  course alio include instruction by 
text-book and lecture, rvith qualitati.r,e expcri-
n ~ ~ n t gby the instructor, elucidating and enforcing 
tllc laboratory worlc, or dealing with matters not 
touched ~ipoii  in t ha t  work, to  tlle end tha t  the 
pupil nray gain not merely empirical l<nowledgr, 
but, SO far  a s  tlriq may be plnctic~ltle, a, compre-
hensive and connectc~d view of tl1e most itnportant 
facts and laws in elcmcntxry phyiics 

5 .  That college admiriion rcquirc~ments be so 
framed tha t  a. pupil who 1 ~ s  successfully followed 
out such a courhe of pllgsics a s  tha t  here de-
scribed nray offer i t  toward batisfying such re-
quirements. 



But the general committee on college en- 
trance requirements insisted on having 
more detailed reconiinendations from the 
physics committee. Accordingly I, know-
ing that: various members of this latter 
body, if body it could properly be called 
with its parts separated by hundreds or 
even thousands of miles, held strongly to 
~m-iolls opinions concerning details, a t  last 
sent to the general committee as my per- 
sonal suggestion the titles of the IIarvard 
"Descriptive List," at the same time noti- 
fying every other member of the physics 
committee of niy action and asking each 
to make any suggestion of his own in the 
same way. To my surprise only one other 
member of the committee sent any recom- 
mendations of his own. Professor Carhart 
sent a nnmber, which, however, were prob- 
ably not intcnded as a complete alternative 
for tlie IIarvard list. The general com-
mittee printed both sets of suggestions, 
with some introductory paragraphs of 
which one only need be given here: 

OUTLKKE OF LABORATORY WORK I N  PITYSICS FOR 

SECONDARY SCHOOLS 

At least thirty-five exercises, selected from a 
list of sixty or more, not very different from the 
list given below. I n  this list tlie divisions are 
mechanics (including hydrostaticq), light, heat, 
sound, and electricity (with magnetism). At 
least ten of the exercises selected should be in 
mechanics. T l ~ e  exercises in sound may be omit- 
ted altogether; but each of the three remaining 
divisions sliould be represented by a t  least three 
e~ercises. 

Tliis paragraph, too, with the list which 
followed, became a part of the matter 
recommended to the colleges of the country 
in 1900 by the departments of secondary 
and higher education of the National Edu- 
cational Association. 

I n  1901 the "Definition of Require-
ments," issnecl by the recently establishecl 
College Entrance Examination Board of 
the Rlirldle States and Maryland, contained 
the following statement : 

The requirement in physics is based on the 
report of the eomn~ittce on physics of the science 
department of thc National Educational Asso-
ciation. 

It is recommended that the candidate's prepara- 
tion in physics should include: 

( a )  Individual laboratory work, comprising a t  
least thirty-five exercises selecleil from a list of 
sixty or more, not very different from the list 
given below. 

('6) Instruction by Iccturc-table demonstrations, 
to  be used mainly as  a basls for questioning upon 
the general principles involved in the pupil's labo- 
ratory investigations. 

(c )  The study of a t  least one standard text- 
book, supplemented by the use of many and 
varied nuinerical problems, " t o  the end that  the 
pupil may gain a comprehensive and connected 
view of the most important facts and laws in 
elementary physics." 

1'he list of titles of experiments which 
follows this passage in the original context 
is precisely the same as that numbered 
from 1to 61 in the report of the National 
Educational Association and in the Har- 
vard "Descriptive List." 

All this may seem to be a record of easy 
and triumphant progress, during the years 
1897-1901, for the physics course under 
discussion. Perhaps the ease was too great 
for the trinmph, if such there was, to  last. 
Criticisms and complaints soon began to be 
heard. At a meeting of the New Englantl 
Association of Colleges and Preparatory 
Schools in October, 1901, President IIall, 
of Clarli Univerrity, pronounced a sweep-
ing condemnation of the kind of physics 
teaching which had come into the schools 
through the influence especially of Har-
vard College. This was the more signifi- 
cant, rather than less, by reason of the fact 
that Presiclent Ifall had during the early 
years of the T-Iarvard "Descriptive List " 
expressed approval of its character. In 
spite of an early prepcssession in its favor, 
he had become entirely dissatisfied by its 
morl7ing in the schools, as he understood 
the results of that working. Nor did he 
long remain alone as a pronounced critic 
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and opponent of the system of physics 
teaching under discussion. Professor 
TfToodhnll, of Teachers College, Columbia 
University, as the spoli.esman, no doubt, of 
a coasiderable proportion of the physics 
teachers in middle state schools, took a 
similar position. More conspicuously still, 
Professor Mann. of the University of Chi- 
cago. proclaiming in no ~zncertain tones the 
need of a "new movement among physics 
teachers, ? '  undertook to organize against 
the prevalent system the discontent of 
physics teachers throughout the country 
and to formulate proposals for a change. 
Ifany committees were accordingly ap-
pointed, many questionnaire circulars were 
issued, mnch cogitation of replies was gone 
through-with what result may appear 
later in this history. 

Indeed, so active has been the fire of 
criticism and of condemnation directed 
during the last six or eight years against 
the influence of colleges on the school teach- 
ing of physics that, in representing the 
large share held by Harrard in this influ- 
ence, I am making something in the nature 
of a confession. Nerertheless, there are 
several reasons for believing that the influ- 
ence in question has not been altogether 
bad and that the present condition of phys- 
ics in the schools does not need to be re-
formed altogether. Some of these reasons 
I will give. 
1. The college requirement of laboratory 

work by school pupils has done much to 
make the school teaching of physics in this 
coulstry a respected profession instead of a 
nsere inciderital occupation, as i t  used to 
be, for some teacher whose main work lay 
in another field. There are now in this 
country several large and vigorous associa- 
tions of physics teachers. To one of the 
largest and best of these. the Eastern Asso- 
ciation of Physics Teachers, I have the 
honor of belonging, as an associate member. 

I attend its meetings regularly and believe 
I am right in saying that, on the whole, it 
is fairly well satisfied with the college re- 
quirement in physics as maintained and 
administered by Harvard. That is, where 
the I-Iarvard plan has been longest on trial 
and has had the most direct and powerful 
influence, i t  is better liked than in other 
parts of the country. 

2. European countries are gradually es- 
tablishing in their secondary school- h courses 
of laboratory work closely resembling those 
given in the schools of this country, and 
complimentary references to Americaa 
practise in this respect are frequent in the 
writings of European teachers. some of 
whom freely declare their indebtedness to 
American precedents. 

3. The "new movrnient among physics 
teachers," mentioned above, has had re-
markably little revolutionary effect, less, 
indeed, than I think it should have. To 
.jnstify this statement I will give a brief 
account of the recent movensent for the re- 
rision of the physics requirement of the 
College Entrance Examination Board. 

Early in 3908 a committee was appointed 
to make this revision. I ts  membership 
was: Henry 8. Carliart, University of 
Michigan; A. D. Cole, Vassar College; 
A. TJr. Goodspeed. University of Pennsyl- 
vania; John TIT. Hutchins, I-Iigh School, 
Walden, Mass.; Flavel S. Luther, Trinity 
College, Hartford; C. R. Mann, University 
of Chicago; C. A. Perkins, University of 
Tennessee ;Frank Rollins, Stuyvesant High 
School, Xew Pork City; TYallace C. Sabine, 
Harvard University (chairman) ; EI. L, 
Terry, inspector of schools, Madison, Wis. 

Late in the year this committee made a 
majority report to the general board of 
revision of the College Entrance Board, 
and two members, Professor Mann and 
Mr. Terry, made a minority report. The 
following quotations from the minority re- 



port will show what impression the ma-
jority report made on those who had been 
active in the "new mowment" and will be 
a fitting introduction to the next stage in 
this history : 

We dissent from the report of the nlajority for 
the following rcasons: 

The underlying principle of the report of the 
majority is that physics is essentially a science 
of accurate measurements-the only such siihject 
in the high school course-and hence it is the 
duty of physics to lay great stress on accurate 
quantitative work in order that the high school 
pupils may get some~vhere in this course an 
insight into such work. 

. . . . . . . . . 
Your ininority is convinced that physics as a 

science of exact measurements belongs wholly in 
the college, and that physics in the high school 
should not give such prominence to  the science of 
accurate measurements nor make use of the ab- 
stract and unusual system of absolute units. We 
respectfully urge that high school physics should 
teach the student how to  organize his experience 
with physical phenomena in such a way as to get 
clear conceptions of some of the larger laws of 
pnysical nature. In this process experiments and 
to  some extent cluantitative work are necessary; 
but such highly refined quantitative work as  is 
now generally demanded should not ue insisted on, 
and all such work shonld be done in terms of the 
familiar engineers' units like the pound-weight 
and the foot-pound instead of the dyne and the 
erg. 

Your minority wislies also to  point out that 
your committee on {,his physics requirement is 
not a representative committee. 

We therefore are convinced that the report of 
the majority does not represent the consensus of 
opinion of the ablest secondary school teachers 
as to the present needs of physics in the high 
school;. but that  i t  is simply a statement of the 
current habits of teaching physics-habits that  
have been developed under the influence of ideals 
of college physicists rather than because of an ap- 
preciation of the ideals of the high school pupils. 

. . . . . . . . . 
I n  view of this, your minority wishes to  makc 

the following recommendationsr to your board: 
1, That the board of review increase the size of 

i ts physics committee by nppoihting or getting 
appointed in such a way as  i t  may elcct six or 

more' physics teachers from various sections of 
the country who are recognieea as  successful and 
experienced teachers of physics and who are a t  
present actively engaged in teaching physics in 
secondary schools. This would insure a repre-
sentative con~mittee. 

2. That the report of the majority and the 
minority, together with similar reports of the 
North Central Association of Colleges and Sec-
ondary Schools and of the Physics Club of New 
York, be referred back to this more representative 
committee for full and complete discussion. 

The board of revision, instead of follow- 
ing strictly the first recomnlexldation made 
by the minority of the original committee, 
appointed a new comniittee consisting solely 
of six physia  teachers in secondary schools, 
and to this committee it turned over the 
w h o l ~ ,I believe, of the inatter mentioned 
in the second recommendation, as given 
above. The men1bers11ip of the new com- 
nitt tee was: N. IPenry Blaclr, Roxbury 

Latin School, Boston (chairman) ; W. M. 
Butler, Yeatman IPigh School, St.  Louis; 
Winthrop E. Fislie, Phillips Academy, 
Exetcr, N. TI.; Daniel E. O\ven, Penn 
Charter School, Philadelphia ; Franlr B. 
Spaulding, Boys' ILigh School, Brooklyn; 
Willis E .  Tower, Englewood High School, 
Chicago. 

I n  April, 1909, this committee made its 
report to the College Entrance Board. 
This report was in par t  as follows: 

In saub~nitting this report, we desire t o  cull 
attention to  the following points: 

1. The report has received the unanimous ap-
proval of the committee. 

2. We recommend tha t  the College Entrance 
Board no longer undertake the marking or exam- 
ination of the laboratory note-book3 (see form of 
certificate recoilimcnded in lieu thereof). 

3. We urgelupon those who prepare the exam-
ination questiohs tha t  these be so planned that 
students who have received fair preparation on 

om infof~ned by the chairman of the com-
mittee that  this recommendation wa3 due to the 
tlificulties experienced by the College Board in 
receiving and tran,smitt,ing the great nmnber of 
note-books it has hitherto undertaken to deal with. 
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th is  xvo~lr as  llcre outlined may reasonably be 
expcct cd t o  pass. 

GENERAL STATEMFh T 

1. The unit  in pliy5ies consists of a t  least 120 
liours of 60 n1inutc.s each. Time spent in the 
laboratory shall be counted a t  one half i t s  face 
value. 

2. The couric oP instri~ction in physics sl~ould 
include : 

( a )  The study of one s t a n d a ~ d  text boolr, for 
tne purpose of obtaining a connected and eomprc- 
hensive view of the subject. The rtudcnt should 
be given opportunity and encouragement to  con-
bull other scientific literature. 

( b ) Instruction by lrctur c-table den~onstration 
t o  be used mainly for illustration of the facts and 
phenomena of physics in thcir rlualitatire aspects 
and in thcir practical applications. 

( c )  Individual l a b o i ~ t o r y  worlr consiiting of 
experiments requiring a t  least the time of thirty 
double peliods. The esperinients performed by 
each student sliould number a t  le,lst thirty. Those 
named in tlie appended l ist  are suggested as  ¶lit- 
able. The work should be so distributed a3 to  
give a wide range of observation and practise. 

The aim of tlic l abo~a to ry  walk should be to  
supplenimt tlie pupil's fund of conrreto knowl-
edge and t o  culiivatc his power of accurate ob- 
servation and clearness of tliouglit and erprcs-
sion. TIE exercise7 sliould I)c clio\cn n i t h  a vitxm 
t o  furnishing forccful i l l u s t r~ t ions  of fundamentdl 
prinriples and their  practical :~pplications. They 
should be such as  to  yield results capni)le of 
ready interpretation, obviously in conformity 
with theory. and frcc from the diiguibe of unin 
telligible units. 

Slovenly worlr should not be tolelaled, bul  tlie 
eflolt for precision sliould not lead i o  the use of 
apparatus o r  processes so complicated as  to oh-
scure the principle involved. 

3. Througl~ouf the n hole course special at ten 

tion should be paid t o  the common illustrationg of 

physical laws and to  thcir indust rial applications. 


4. I n  the solution of nuuleriral problenls, the 
student should i)e encouraged t o  make use of the 
simple p~inciples  of algebra and geonletry, to  
reduce the diff~clllties of solution. Unncccssary 
mathematical difficulties should he avoided and 
care should be exercised t o  prevent the student's 
losing sight of tlic concrete fact*, in the ~naiiipula- 
t ion of symbols. 

The "appcnded list " of laboratory exer- 
cises which ":ire suggestecl as suitable" 

conlains fifty-one titles, mostly one-line 
titles, without any details of method. The 
great ~najor i ty  of these are practically 
ecluivalent to titles found in the list, with 
sixty-one titles, originally adopted by the 
College Entrance Board or to combina-
tions4 of such titles. The new titles to 
mrhicli, apparently, nothing in the original 
list explicitly corresponds are the follow-
ing : 

15. EEciency test of some elenirniary nl:tchine, 
eitlicr pulley, inclined plane or xvhecl ancl axle. 

16. T~awso f  the  pendulum. 
17. Laws of accelerated nlotion (if by this is  

meant a laboratory study by the pupils of f:~lling 
bodies and not the comparison of rnasses by accel- 
eriction-test and the action and reaction, of the 
oltl l i \ t ) .  

23. Cooling curve through eli:lnge of state (dur-
ing solidification). 

38. Magnifying pol5t.r of a lens (if th is  means 
more than is  implied in the shape and size of a 
real imnge fornicd by n lens, of the old l i s t ) .  
30. Construction of lnodcl of telescope or com-

pound microscope. 
41. Magnetic induction (unless this is  covered 

by the telegraph souncler and key, tlie electric 
inotor and the dynamo, of the  old l i s t ) .  

45. Electrolysis (which apparently mcans somc- 
thing additional t o  the study of a single Auid 
voltaic cell anrl stucly of a two fluid voltaic cell, 
titles talcen from the  old list t o  the new).  

47. Resiitance measured by volt-ammeter method. 
50. Study of induced currents (if this means 

more than the dynamo, of tlie old l i s t ) .  
51. Power or efficiency of a small electric motor 

( ~ ft l ~ i \  nie:lns more t l ~ x n  the ~ l c c t r i c  motor of the 
oltl l i s t ) .  

The report in qnestion gave also a sylla- 
bus of "topics which are deemed fnnda- 
niental ancl which sl~ould therefore be in-
cluded in every well-planned course of ele- 
mentary physics." As this sy1l:tbus covers 
nearly four type-written pages and seems 
to include nearly everything that one would 
expect to find in the table of contents of a 

"or example, wlicre the original list had rlns-
licit!]: strrtching; elaslirily: bending; elasticity: 
ttclistirig, this new l i i t  has ITook's lato. 



general school text-book of physics, I shall 
not reproduce i t  here. 

This report, made unanimously by a com- 
mittee of six school teachers of physics, was 
accepted in toto by the College Entrance 
Board and now stands as the extended defi- 
nition of the physics requirement of that 
board. I here repeat the opinion which I 
have expressed earlier in this paper, that 
the revision, left at last entirely to experi- 
enced school teachers of physics, has made 
no revolutionary change in the require-
ment, and that we are therefore justified 
in concluding that such teachers do not 
condemn as bad, on the whole, the influ- 
ence of college requirements on the school 
teaching of physics. 

I t  would be quite a different thing, how- 
ever, to express for myself or for school 
teachers the opinion that the present state 
of physics in the schools is satisfactory, 
except as a temporary stage of development 
under difficult conditions. Many teachers, 
especially those new to the kind of work 
required, have too little knowledge of their 
subject, many school boards are unwilling 
or unable to give the teacher proper facili- 
ties and needed assistance, many college 
men are out of sympathy with school men 
and take too little account of what they 
accomplish. Finally, we have thus far  
attempted, in my opinion, to cover too wide 
a field in school courses, or, a t  least, we 
have attempted one part of this field which 
is impracticable with an ordinary class in 
a school course, the region of dynamics, 
or kinetics. Seven or eight years ago I 
raised the question, " Should we, therefore, 
give up the attempt to teach this part of 
physics in school courses, or the early 
courses in college and content ourselves 
wit11 giving, in mechanics, the statical as- 
pect only ?''and said, "I fear that many 
teachers will answer this question in the 
affirmative, but I am not yet ready to do 

so.'' Now, after years of further experi- 
ence and observation, I have come to the 
point of making proposition 9 in the early 
part of this paper. I have been brought 
to this point partly by what I have heard 
in the debates of the Eastern Association 
of Physics Teachers, partly by the opinions 
expressed by other associations of teachers 
with the encouragement of Professor Mann 
and Professor Woodhnll, but largely by my 
own experience and observation of pupils. 
Here, it seems to me, rather than in its 
assault on the general character of college 
requirements in physics, the "new move-
ment" has found a vulnerable place and 
has indicated a way of improvement. 

When the physicist looks at the familiar 
formula, 

force =mass X acceleration, 

notes its simplicity and lets his mind enter 
for a moment the vast regions of illu-
mination and power which it opens up, he 
is only too apt to overlook the aspect which 
this law takes for the beginner in physics 
in this country. Let me, therefore, write 
down several of the forms in which the 
youngster is asked to recognize and use it:  
force (dynes) =mass  (grams) X accel. 

(cm. per see. per sec.), 
force (poundals) =mass  (pounds) X accel. 

(f t .  per sec, per sec.), 
force (gms.-wt.) =mass (grams) X acceI. 

(cm. per sec. per sec.) f g (= 981), 
force (1bs.-wt.) =mass  (pounds) X accel. 

(f t .  per sec. per sec.) +g(=32f )., 

Even without adding to these the form 
which many engineers would insist on, 
forco (1bs.-tot.) =mass X acceleration, in 
which the mass of a one-pound weight is 
called (1tg) ,  we see that the difficulty 
is a serious one. Are we justified in put- 
ting it in the way of school pupils who, in 
the great majority of cases, will never have 
occasion, after their academic days, to use 
the acceleration formula in any shape, and 
who will find in the other regions of physics 
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plenty of interest ing and usefu l  matter t o  

occupy their a t ten t ion  during that small 
part of t h e i r  school course which can be 
devoted t o  this s u b j e c t ?  And would n o t  
college teachers  of physics prefer t o  have 
boys come t o  t h e m  f r o m  t h e  schools well 
g rounded  in t h e  elements  of static mechan-
ics, wi thout  lrinetics, than t o  have  t h e m  

come with a v e r y  uncer ta in  knowledge of 

bo th  ? EDWINH. RALL 
OAICBRIDGE,Mass., 


September 23, 1909 


THE ZhTTERXATZONAL COSBRESA' OF RADI-
OLOGY A X D  E L E C T R I C I T Y  

AN international Congress of Radiology 
and Electricity is  to  be held i n  Brussels f rom 
September 13 t o  15, 1910, under the patronage 
of the Belgian government and the French 
Physical Society. This  is  the  second confer- 
ence on the subject, the  first having been held 
in Li&ge, i n  the autumn of 1905. The  second 
conference, like the first, has on the honorary 
committee some of the leading scientists in 
Europe and America who are working along 
the  lines included in the subjects of the con-
ference. The  list includes among other~l 
Madame Curie, Lord Rayleigh, Sir  W. Ram-
say, 8 i r  J. J. Thornson, S i r  0. Lodge, Sir 
Wm. Crookes, Professors Lorentz, Rutherford 
Langevin, Arrhenius, Lenard, Goldstein, H. 
Poincari., Planck, Righi, Schuster, Zeeman 
and certain eminent physicians. 

The  congress has for its chief purpose the  
bringing together of a number of scientists 
capable of discussing the fundamental prob- 
lems arising out of the phenomena of radio-
activity and ionization; of agreeing upon a 
standard terminology; of presenting reports 
embodying a summary of our knowledge on 
the  various divisions of the subject; and of 
showing the medical and therapeutic applica- 
tions of the phenomena. The conference is  
therefore of concern to  physicists, chemists, 
biologists and medical practitioners. 

The officers of the American committee are  
a t  present Professor Carl Barus, Brown Uni- 
versity, Prot-idence, R. I., chairman, and Pro-  
fessor G. F. Hull, Dartmouth College, Han-

over, N. H., secretary, t o  whom inquiries may 
be addressed. 

The provisional program of the conference 
is as  follows : 

FIBST SECTION--TERMI,YOU)?Y.4ND BADIOYETBY 
Terminology.-Fundamental notions; ions, elec- 

trons, corpuscles, etc. Unification of notations. 
Radiometry.-Genera1 methods of measurement; 

apparatus, units. 
Meamrement of radioactivity; supports of the 

radioactive body; its iufluences, standardization. 
The establishment of a unit of radiation. Ap-
plied radiometry. 

SECOXD SECTION-PHYSICAL SCICXCES 

A. Theol.ies and Fundamental Hypotheses.-The 
ether, its manifestations, its properties, its! rela- 
tions to ma~ter ,  The electric and magnetic field, 
electrons and ions; formation and properties. 
Kagnetic and electric properties of bodies; metal- 
lic conductivity, electrolysis; dielectric phenom-
ena ; magnetism. Contact electricity. Thermo-
electricity. Electro-capillary phenomena. 

B. IZadiati0.n.-Generation. Emission, absorp-
tion; phenomena of radiation. Observation and 
analysis of radiation. Spectroscopy. Physical and 
chemical efiects of radiation, phosphorescence. 
Electro-optics and magneto-optics, the Zeeman 
effect. Applied radiology, apparatus. 

C .  Eadioacfi?jity.-Radioactive bodies; enumera-
tion and distinctive characters of the methods of 
separation. Radioactivity of matter in general. 
Properties of radioactive substances. Radioactive 
transformation; emanation, induced activity, etc. 
Atomic disaggregation. Radioactive constants. 

D. Atomi8tics.-Number, charge, mass and ve-
locity of particles. 5folecular and atomic struc- 
ture ; valency. Colloids ; Brownian movements. 

E. Oosmical Phenomena.-The atmospheric elec- 
tric field; its origin, variations of electrical poten- 
tial of the atmosphere; ionization of the atmo-
sphere. Observatories for atmogpheric electricity; 
organization. Systematic registry of atmospheric 
electricity. Atmospheric radioactivity; atmo-
spheric precipitation. Distribution of radioactire 
substances on the surface arid in the interior of 
the earth. Terrestrial magnetism. The aurora 
borealis and magnetic storms. Solar radiation; 
variability of the field of this radiation, its 
heterogeneity and influence on terrestrial phpnom- 
ena. Solar magnetic fields. 

THIRD SECTION-BIOLOGIOAL SCIENCES 

A. Biology Proper.-LTnder this schedule are t o  
be included all comn~unications relative to the 


