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many opinions in opposition to trade spec-
ialization in engineering colleges,and many
others in favor of thoroughness and pre-
cision in all technical work. .

‘ Mechanical Engineering,” by Prof. H.
'W. Spangler, presented statistics showing
the lines of work followed by graduates of
mechanical engineering courses; out of 587
graduates all but 9 had followed - their
chosen profession. The relative importance
of laboratory and shop work was treated at
length.

‘Mining Engineering Laboratorles,’ by
Professor H. O. Hofmann, fully detailed the
equipment and methods. of work in the
laboratories of the Massachusetts Institute
of Technology, where 325 hours of practical
work are required of each student in mining.

‘A Course of Instruction in Engineering
Materials,” by Professor J. B. Johnson, gave
a comprehensive outline of both the theo-
retic and practical divisions of mechanics of
materials, the laboratory work recom-
mended being about fifty hours in length.
The proper kinds of testing machines for
the use of students received an extended
consideration in the discussion. _

The five sessions of the meetings were
not sufficient for the reading of all the
papers presented; three were read by title,
their authors being absent. The time for
discussion also often proved too limited.
Perhaps the most interesting discussion of
the session was that between the engineers
and the physicists regarding the units of
force best adapted for use in the teaching
of mechanies.

THE NEXT MEETING, ;

It was decided to hold the next annual
meeting at Buffalo, beginning on August
20, 1896. The following officers were
elected: President, Mansfield Merriman, of
Lehigh University; Vice-Presidents, F. O.
Marvin, of the University of Kansas, and

Cady Staley, of the Case School of Applied
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Science; Secretary, C. Frank Allen, of
the Massachusetts Institute of Technology;
Treasurer, J. J. Flather, of Purdue Uni-
versity.

The number of new members elected at
this meeting was 33, thus bringing the total
membership to 189, representing about 75
technical colleges. The number of members
and guests present at the Springfield meet-
ing was nearly 100. There is now little
doubt but that the Society will have a great
and lasting influence in shaping. the devel-
opment of engineering education.

THE SECOND SUMMER MEETING OF THE
AMERICAN MATHEMATICAL SOCIETY.

Tae Second Summer Meeting of the
American Mathematical Society was held
in the High School building at Springfield,
Mass., on August 27th and 28th. Among
those present were : Prof. A. L. Baker, Dr.
J. H. Boyd, Prof. C. H. Chandler, Prof. L.
L. Conant, Prof. C. L. Doolittle, Prof. W.
P. Durfee, Prof. E. Frisby, Dr. G. D. Gable,
Dr. J. W. L. Glaisher, Prof. A. Hall, Jr.,
Prof. Ellen Hayes, Dr. G. W. Hill, Prof. W.
Woolsey Johnson, Mr. P. A. Lambert, Prof.
J. McMahon, Prof. M. Merriman, Prof F.
Morley, Prof. H. B. Newson, Prof. W. F.
Osgood, Prof. M. I. Pupin, Mr. R. A. Rob-
erts, Mr. C. H. Rockwell, Prof. J. B. Shaw,

- Prof. W. E. Story, Prof. H. Taber, Prof.

J. M. Van Vleck, Prof. E. B. Van Vleck,
Prof. C. A. Waldo, Prof. H. S. White, Prof.
J. M. Willard, Prof. C. B. Williams, Prof.
F. S. Woods and Prof. R. 8. Woodward.
The President, Dr. G. W. Hill, occupied
the chair. Two sessions were held each
day, meeting respectively at 10 A. M. and
2:30 P. M. The following papers were read:

1. The periodic solution as a first amwommatwn in the
lunar theory : DR. G. W. HILL.

9. The linear vector operator of quaternions: PROF. J
B. SHAw.

3. A new application of quaternions to geometry : PRroF.
J. B. SHAW.
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4. On a generalization of Weierstrass’s equation with
three terms : PROF. F. MORLEY.

5. Formulas for the sides of rational plane triangles:
DRr. ARTEMAS MARTIN.

6. Partial linear transformations of ternary quantics and
their concomitants : PROF. J. MCMAHON.

7. An introduction to the integrell calculus: PROF. W.

. H. EcHoLs. '

8. On the expansion of a uniform function of a real vari-
able without wuse of derivatives: PRoF. W. H.
EcHoLS.

9. On continuous functions without d@zferentml coeffi-
cients: MR. P. A. LAMBERT.

10. Concerning Jordan’s linear substitution groups:
Pror. E. H. MOORE.

11. Algebraic symbols and 1/—I1 : PROF. A. L. BAKER.

12. An application of the method of conformal repre-
sentation to the study of related differential equations :
Pror. E. B. VAN VLECK.

13. On the differential equations of certain systems of
conics : MR. R. A. ROBERTS.

14. On bilinear forms: PROF. H. TABER.

15. Elementary proof of the quarternion associative
principle: PROF. A. S. HATHAWAY.

16. Asymptolic lines on a circular ring: ProF. H.
MASCHKE.

Dr. Hill’s paper at the time of its presen-
tation was already in type for publication
in the Astronomical Journal. Its object is to
obtain the values of the coefficients of the
periodic inequalities having the multiples
of the mean angular distance of the Moon
from the Sun as arguments when the in-
clination of the lunar orbit and the two ex-
centricities are neglected. It is' very de-
sirable to have these coefficients with a high
degree of accuracy in order to effect their
useful employment in the further determina-
tion of the motion of the perigee and node,

and in fact of all the other coefficients of.

the periodic inequalities. This work has
been done previously by the author in the
American Journal of Mathematics, Vol. 1., but
in neglecting the lunar mass and the solar
parallax. Mr. Ernest W. Brown has in the
same journal supplemented these researches,
but still leaving out of consideration the
mass. of the Moon.

Professor Shaw’s first paper is a develop-
ment of the linear vector operator of qua-
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ternions in the form of a scalar part and
two vector parts, also as a tensor and a
versor,and finallyas a sum of nine operators
The forms are similar to those obtained in

~ the articles of Professor Taber (Amer. Jour.

Math., Vols. 12, 13); but are here developed
entirely from quaternion expressions and
not from matrices. It was stated that this
paper would be offered to the American
Journal of Mathematics for publication. ‘

Professor Shaw’s second paper applies the
quaternion calculus to homogeneous geome-
try of two dimensions. In the expression
¢ =i+ yj + ¢k, v, y, 2, are proportional to
the areas PBC, PCA, PAB respectively,
where the point P is referred to the funda-
mental triangle ABC. By this convention
propositions of projective geometry are
easily proved, and especially such proposi-
tions of modern geometry as those of the
Lemoine-Brocard ' type. - The author ex-
pected to contribute this paper to the Annals
of Mathematics.

Professor Morley’s paper will be published
in the Bulletin of the American Mathematical
Society. It contains a simple generalization
of the formula

o (utu) o (u—w,) o (uytug) o (uy—ug)

+ o (utuy) o (u—uy) o (ugtu) o (uy—u,)

+ 0 (utuy) o (u—ug) o (w+uy) o (u—uy)==0

In Dr. Martin’s paper a large number of
formulee are deduced for calculating rational
numbers which represent the sides of tri-
angles having a rational area. Among
them are, for the case of a right angled
triangle,

=g, y=p'—¢%  =p*+¢’

and, for the case of an oblique triangle,

a=(p*+¢*) (r*—s*),

y=2rs (p*+g*) =2 (p°—¢),

z=(p*+¢*) (r*+s%), =3rs (p"—¢%),
in which =, 9, 2. denote the sides, and p, g,
r, 8, any entire numbers whatever. The
paper, which contains many numerical ap-
plications, will be printed in the Mathematic-
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al Magazine. In the absence of Dr. Martin
his paper was read by the Secretary.

Semi-invariants of a ternary quantic sat-
isfy some, but not all, of the six differential’
equations which c¢haracterize invariants.
Professor McMahon’s paper shows how to
distinguish between those semi-invariants
which are the sources of covariants and
those which are the sources of semi-
covariants, and gives a simple method of
deriving from the latter all the coefficients
of the semi-covariant, or of a semi-contra-
variant if desired. A systematic geometri-
cal interpretation of these three kinds of
semi-concomitants is presented and appears
to be particularly useful in cartesian co-
ordinates. This paper is intended for the
Annals of Mathematics.

In the absence of Professor Echols his
two papers were presented by the Secretary.
The first one was the second section of an
essay ‘ On the Differell and Integrell Calcu-
lus,’ the preceding section having been read
at the May meeting of the Society. Pro-
fessor Echols approaches the infinitesimal
calculus from the calculus of finite differ-
ences. He considers the latter, however,
in a greatly generalized form. A differell
is defined to be the limit of a ratio whose
terms are the n-th differences of the func-
tion and the independent variable. An
integrell is a differell of a negative index.
The applications presented consisted chiefly
in the expansion of functions in terms of
differells and integrells. In the second
paper some of the more novel results were
translated into the language of ordinary
calculus.

Mr. Lambert attempted to show that
functions of which Weierstrass’s deriva-
tiveless function is the type may be so con-
sidered geometrically that their curves will
have determinate tangents. In order to
secure agreement of the analytic result
with the geometric he found it necessary to
replace Weierstrass’s limitation of 4,
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)

<h<E T by o<hL e T,
a* a” a“*
n increasing indefinitely, and ¢ being any
finite quantity.

In Professor Moore’s paper a tactical con-
figuration is established which exactly de-
fines Jordan’s linear substitution group
when taken fractionally. This configura-
tion is self-reciprocal. The properties of
this configuration and of other allied con-
figurations similarly related to certain im-
portant subgroups of the main group are
developed. Professor Moore’s paper will
appear in the Bulletin of the American Mathe-
matical Society. It was presented at the
meeting by the Secretary.

Professor Baker’s paper contained a de-
tailed discussion of the character of the
operations of algebra and the theory of
imaginary quantities. It will be published
in the American Journal of Mathematics.

In Professor Van Vleck’s paper an ag-
gregate of regular linear differential equa-
tions of the second order is taken, each of
which has a polynomial solution. The re-
quirement is made that these equations
shall have a common group arising from
their four common branch points; in Rie-
mann’s phraseology, that they shall be re-
lated. This requirement necessitates the
introduction of one accessory branch point
into each equation. These accessory points
do not, however, give rise to any substitu-
tions of the group. The paper outlines a
method by which the position of the ac-
cessory points may be investigated, as well
as the distribution of the roots of the vari-
ous polynomials between the four (real)
branch points and in the imaginary domain.
One result is the determination of the distri-
bution of the roots of all polynomials satis-
fying differential equations of the second or-
der with exactly four branch points which
with their exponent differences are given.

Mr. Roberts’ paper gives the differential
equations of certain systems of conics in a
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plane, viz., conics having dpuble contact
with two fixed coniecs, ete., and in space, of
conics touching six fixed planes, conics hav-
ing double contact with three quadrics in-
scribed in the same developable, circles hav-
ing double contact with two confocal quad-
rics, etc. These results are principally de-

duced by means of elliptic integrals and the

first-class of hyper-elliptic integrals, and
from them flow certain theorems concerning
doubly infinite porisms of curvilinear poly-
gons. This paper will be published in the
Bulletin of the American Mathematical Society.

Professor Taber’s paper related to the
orthogonal transformations which leave a
bilinear form unaltered, and their genera-
tion by means of infinitesimal transforma-
tions. It has been contributed to the Quar-
terly Journal of Pure and Applied Mathematics.

In Professor Hathaway’s paper the proof
consists in identifying, by means of ele-
mentary geometry, the product of several
versors with the composition of a set of ro-
tations through angles double those of the
corresponding versors. The obvious asso-
ciative principle of the composition of the
rotations proves the corresponding associa-
tive principle of multiplication of versors.
This paper will appear in the Bulletin of the
American Mathematical Society. It was pre-
sented to the Society by Professor Shaw.

Professor Maschke’s paper contains a
very elegant application of elliptic functions
to curves drawn on the surface of a circular
ring. This paper will also appear in the
Bulletin of the American Mathematical Society.
It was presented to the Society by Professor
Morley.

At the afternoon session, August 28th,
two topics were presented to the Society
for general discussion:

(1) ‘A general subject catalogue or index
of mathematical literature.’

(2) ‘The mathematical curriculum of
the'college and scientific school.’

The first discussion was opened by the
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Secretary, who gave a brief account of the
¢ Répertoire bibliographique des sciences mathé-
matiques,” in course of publication by the
Mathematical Society of France. The dis-
cussion was continued by Professors Morley,
‘Woodward and McMahon. On motion by
Professor McMahon. it was resolved that the
Council be requested to consider the desira-
bility of offering to the Mathematical Society
of France the codperation of this Society and
of drawing up a plan for such codéperation.

The second discussion was opened by
Professor Shaw, who presented a table of
statistics showing the character of the
mathematical instruction in 101 represen-
tative colleges and scientific schools. The
discussion was continued by Professors
‘White, Morley, Van Vleck, Doolittle,
Chandler, Pupin and Woodward. It seemed
to be generally held that the work of the
preparatory schools as a whole is not suffi-
ciently thorough to serve as a satisfactory
basis for collegiate courses; that a greater pro-
portion of the students’ time should be given
to mathematical study; that greater stress
should be laid on the fundamental subjects;
that elementary portions of applied mathe-
matics should be earlier introduced and
more extensively taught, and that spherical
trigonometry should be in great part, or
altogether, dropped from the required cur-
riculum.

At the close of the -discussion the thanks
of the Society were tendered to the Spring-
field Local Committee for the accommoda-
tions and hospitality which the Society had
enjoyed, and the meeting was adjourned.

TrOMAS S. FISKE.
CoLUMBIA COLLEGE. ‘

THE SPRINGFIELD MEETING OF THE AMERI-
CAN ASSOCIATION FOR THE ADVANGE-

MENT OF SCIENCE.
SECTION A. MATHEMATICS AND ASTRONOMY.

IN section A, Mathematics and As-
tronomy, the following papers were read :



