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MATHEMATICS AT WEST POINT AND ANNAPOLIS

¢ ’”

r—
' ' " GENERAL REPORT

n mimatten walin

Of all the technicil schools in the United States, probably none
exists.whose aim is so clearly defined as that of our two great Gov-
ernment. schools for the training of officers for the United States
Army and Navy. The purpose of these schools is strictly utilitarian,
viz, to give to a selected number of young men of this country the best

K p()qxlblo technical training for the positions “of responsllnllty in the

Army and Navy. That these schools do their work well is amply
demonstrated by the efficiency of our military and naval forces.

It is always of interest to see how a school fulfills its aim, how it
adjusts its subject matter to fee: the particular task in hand, and
how it eliminates that which detracts from the main purpose. To,
teachers of matliematics such an investigation will be of ,particular
interest, especiglly in view of the tendency of a number of modern
educators to degpand a justification of every topic in the curriculum.
It is the purpose of the two reports submitted herewith to give such
san exposition of the teaching of mathematics in these two great
schools, the United States Military Academy at West Point and the
‘ United States Naval Academy at Annapolis, l]uwo being the only
schools of the kind in the United States.

These reports will repay a careful reading: thvy are snggestive to
all teachers not only in details of class organizatiop, but in the gen-
eral handling of subject matter to serve a definite purpose. They
will also show why mathematics has so long held and still retains its
promindhit place in the training of military and nav. al officers.

. To those who me\fqmllmr with Sifittar schools nbroad, it will be
of great interest to“compare the aims and results of instruction in
mathematics in a famots Governmeht school like the Ecole Poly-
~ technique? of Paris with those Yound in West Point and Annapolis.
T c In the French school the greatest prominence is given 'to purely :
theohtlcal instruction in higher mnthemntlcs, with a very limited
. amount of practical application; i in our two schools fe\v fopics are

c taught beyond the essentials of the cnlculm and-the prnctlcal prob-

lem is the basis and end of all the work. -

¢

p C o l'x‘he wowrk of the E‘colc l’ol)tochnlque 18 descrlbcd in the report of the French Com- _
) , mitiee- (publtnhed by Hachem‘. m;m ol the I‘temuthmnl C ml}nlon on the 'l‘eachlnz .
g ® ol l{l‘th{mlﬂp.\ Lo . R 0% °0O
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REPORT OF SUBCOMMITTEE 1

MATHEMATICS IN THE TRAINING OF ARMY OFFICERS, IN&UD-
ING SCHOOLS FOR GRADUATES OF WEST POINT

o

S pennd

e

~ The training of Army officers is carried on in the following school<: @

(1) The Undergraduate school at West Point; (2) the Engincer
School at Washington Barracks; (3) the Ordnance School at Sandy .
¢ Hook, N. J.; and (4) the Const Artillery School at Fort Monroe. fa
¥ * . b4 ‘
L THE UNITED STATES MILITARY ACADEMY

HISTORICAL SEKETCH

The United States Military Academy, established in ~18502, is
situated at West Point, N. Y. Tt is a school for the practical and
theoretical training of cadets for the military service. The students
of the academy are known as * cadets.” Upon completing its, course
satisfactorily cadets are eligible for promotion and commission as
second lieutenantq in *any branch of the military service of the
United States. The Corps 8 Cadets as now constituted consists of
1 from, each congressional dist rict, 1 from each Territe 'y 1 from the
District of Columbia, 1 from Porto Rico, 2 from eachoﬁnte at large,
and 40 from the United States at lnrge, all ta bt appointed by the
President. Those cadets appointéd from States or Territories mugt
be actual reidents of the congressional or Territorial districts, or of
the District of Columbia, or he States, respectively, from which
they are appointed. Four Filipinos, one for each class, are authorized
©  toreceive instruction as cadets, to be eligible on graduation to com-

missions only in the Philippine Scouts. Under the apportionment of )
Members of Congress, according to the Twelfth Census; the maximAm
number of cadets is 533. ' T :
The total number of graduates from 1802 to 1909, inclusive, is
4,852, - . - ' ~ r
/ . ,ENTRANCE REQUIRENENTS

@ S

The United States Military Academy is the only school in the
country that has for its sole object the furnishing of commissioned”
officers to the United States Army. From the method of selection of
appoin referred. to' above, it is reasongble to believe that the .
Mil@chemy receives a more varied class of students and one
. m adly representative of Pll the States than any other educa-
.. . tional institution in the country, except the similarly corStituted

Naval Acddemy at Annapolis. ‘ E

. .
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! MATHEMATICS AT WEST POINT AND ANNAF.’OLIS | 1

Entrance to the ucndemy is by examination.” The scope of the
entrance requirements in mathematics is as follows: g
Algebra—Candidates will be Pequired to pass a satisfactory ex-
amination in that portion of algebra which includes the follo
~ range of subjects: Definitions and notation; the fundamental laws;
., the fundamental ‘operations; fnctormg,,lnghest common factor;
lowest commen multiple; Tractions;'simple and compfex; -simple or -
linear equations with one usknown quantity; simultaneous simple
or linear equations with two or mote unknown quantities; invelution,
including the formation of the squares and cubés of polynom1a15°
'R bmomml theorem with positive integral exponents; evolution, in-
+ cluding the extraction of the square anfl cube roots of polynomials
and of numbers; theory of exponents: radicals, including redugfion
‘and fundnmental opemtlons rationalization, and equations involving
- tadicals; operations with imaginary numbers quadratic equations;
; equations of quadratic form: L‘Slmultaneoas quadratic equations;
ratio and proportion : arithmetic and geometric progressions. Can-
didates ‘will, be ‘required to solve problems involving any of the
principles or methods contained in the foregoing: sub]ects
Plane gcometry. —Candidates will be required to give accurate
definitions of the terms used in pl geometry, to demonstrate any
proposition of plane ‘geometry as given in the ordinary tevtbooks,
and to solve simple geometric problems either by a_construction or.
b) arr application of algebra.
hesg¢ntraice examination papers are prepared at the académy.
The} arc furnished to examining boards of Army officers convened
annually at such places ds the War Department may direct. The
examinations are thus held at ppints widely distributed over the-
United. States and its dependencies. All papers are sent to the Mili-
tary Academy for correction.

LI
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o® nxsrnmunon OF TIME . ]
¥ & A cadet whe@ntted o the Mllltnry Academy must be over 17
" and under 22 years of age. He pursues a-course of study last,mg 4
' years and 3 months.
“*" The instruction in pure mathemutlca extends from entrance on
a March 1 to March 1 two years later.
*+ 'This time is subdivided as follows:

'\ R N Periods. .

' Revlew of ‘plane geometry .____ RS U | -
i Solld geometry.._.._..___ [PPSR ) | ’
s Algebra oo oooo_.. ’.._‘_-“--..-_“---.._“_-._'__-w.{‘ ______ U T
‘ T\;lgonometry. plane and spherical ... .___._.... o e 81 .
b Anslytic geometry, plane and solld-----_---;.,._."\.--..'.---.'",..V 80 .
t » . Descriptive geometry o< : ' PO
f

Dlﬂerential and lntegml mlculus and theon of . evrou.--.'.-_'_.-..
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8 MATI{PZ‘MA'PI(JS AT WEST POINT AND ANKNATPOLIS o
¢
Each period is 1 hour and 20 minutes ]ong
The instruction in applied mathematies is distributed thr(m;.h the
lust three years of the undergraduate currienlum. except that survey-

ing follows imnediately upon the (‘omplohon of trigonometry. -
JFhe time assigned to cheh subjeet is as follows: -
———— * . . .
‘ ' i Hours in
Liriorty I each period, -
— — e - - ;___,__h 3 ¢ - ",
Theoretical surveving.......... SRR L W x 1
TU'Tractica surveving an ek, Lo 14 v,
Analgucalinechanies, .. ... ... L vore 0 LS = 1040 .
Inlaboratury .. .. R f . 2 2
Inrecitation room ., ... L. < dal - BB I, &4 | 14
Sound. light, and axtropony 4 X 10% | 1%
Mochaniea of enginearing. . v e e N, 9. T WS 3 M [ 14
Onlmmu'unvl;,,unnv.\ ......... SRR o | . T 13
.
EXTENT OF COURSE IN PURE MATHEMATICS «

; " - .
The course in pure mathematies as laid down in general terms in
the regubations of the acadenry IS : .

(eometry, Problems in plane geometry. Geometry in spaiee: planes, lines,
polyhedrons, eylindets. cones, and the yphere. - "
Mgebra, Detached . coeflicients, * fctoriug, Huear and quadratic equations,
graphic representation, the lnnnml.ll theoren, ingqualities, theory of exponents,
complex nmnlww. utio and pmpuxllon. variation, profressions, series, nndeter;
mined coetliclents, dogaritlinls, the slide rule, interest, comhinations, pu’lmbll-

Ctdes, determinants, and the thvun of equtions.

Trigonometry. The measuremeut of pngles,. the simple lll;.mwmetlh fune-
Ltons, the funetions of severnd angles, trigonometric gqu: 1tions, and the solution .
of plane and spherienl triangles. »

Analytic geometry, In the plane: Systems of coordinates, change of axes,
anhiarmoirde riutlog, the straight lne, the elrcle, the p.lrnlmlu. |lm ellpse, the
byperboli, the polar equation of the conie, the general vqu.llmu nf lhv gecond
degree, systems of conies. and envelopes. " In space: Systems of coordinates,
transformadions of coonlhnttes, 4he plane, the stralght Iine, surfaces of the
gecond degree, and plane sectlons, . -

Deseviptive  geometry, Ovthogr: lplllc projections: loluts, ngm lines, and -
planes, problems on their relatiy pnal(lmm the Pevolution of obfebts, curves
in space (especinlly the circle andNylindrical h(-llx) anfaceg Chneluding rled
surfuces and surfaces of revolution), tangent phlmw lmcraallun of surfaces,
trihedieals,  Spherical projections.  Shades und s.Jo\\s. Central projections
or perspective,  Isomotric projections. ) |

Differential and integraf ~uleudus, The Aheory of 1imits, differenttation of (he
stundard clementary forths, simple applications of the derivative to veloetty
and rades, mngima and minima, enrvature, evafuation of Indeterminiate forms.
envelopes, expansion of functlons, curve tracing, tangeing planedy, and normul

.

lines to surface. The fundnmenlul principles of utegration, the Int fon
of the ®andard fogns, the meusurement of arcs. areng and \olumea, mean
values, npproximate integration, ordlnnry Qlfferenfial equations. ’

Method of least squires. Errors to which observatious_are llable #hte correc-
tion of observ, tions, the probnbllity gurve and its equa\g measutes of pre- °
¢lsign, the deduction and the nppllcation of the formulaa for probable nMnetm
" error, welkhts of obgervations, and the tormation of equatlons of oondmon and ¢

‘ﬂnmal equntlon& s '

— .

\
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* MATHEMATICS 'AT WEST POINT AND ANNAPOLIS \9

Je

The course of mathematics as outlined above 'is'compn]sory for all o
students and the time devoted to the subject is the same for all. A
marked difference, however, ix made in the amount and the (ljﬂu'ulty
of the matter required of students differing in ability:

This™ is ¢ 'cmnplhhw] in the following way: Upon admision thL )
students are. artanged in sections of 10 to 12 ju erder of .l‘)l]lt\ a8
snown by theiranarks on their entranée examination in mathematics.
This is a tentative grading of no great value, and in consequence all %
- sections have identical courses until the examination which takes
8 Slace at the end of the first three monlh~ <At that time a well-
P! defined grading according to mathematical ability is pos<ible.  Each

Lelass’is then \C‘p.ll.]((’d into three sabdivisions, l(nO\\n a8 upper,.,
middle, and lower thirds, »

A standard course in mathematics has heen set for tl&]o“ er third
that i |)('llt‘\(‘(l to contain the mmimum of knowledge, a proficiengy

in which ‘w ill, insure thiat the student can lntelhgontl} pursue the
. applied courses that follow. .\ more extended coutse is provided for

. the middle third. A still more 'nmpx‘vhon\iw course 15 provided for
(h(- upper third, Y)ng that is expected to give a thorough foundation
. in“pure mathematies for all subsequent um]m graduate and graduate
R work. ' : a
— The difference in the Burses for Jhe groups of a class appears in
the use of a more comprehensive or (hﬂnr'ult texthook for the abler
~tudcnt &, if the same text be used, in aif omission of the more
difficult subjects Tor the less able: alsoin the griding of the illnstra-
tive problems and exere ises assigned to the different gronps: alsa, in it
further advance into the theory of the subject by the abler student,
even to the inclusion of an additionsl braneh of mathenwtics,
. Transfers of students are frecly made frem time to time between
o ¥ the sections in each group =nd less fr equently from one gronp to
anotlier. - These transfers are hased upon the qu.llltv of the work .
performed By the student ax proved by his daily tasks, oral and
written.  Each group is thus induce® to striye for the full dev elop-
ant of its mathematic al powerse .
) A aily alternation thronghout the course, where pmq\blo, of two
o wubjec t\-—lmmllv one geometrie, and the uth(-l analytic—and toward
q the end of the nmthenmtlg\l course a similar alter n.ltmu of mathe-
¥ maties w ith the course in mechanies emible the various branches
to supplement and assist awch other and also give the studenf more -
_ - time for the digestion of each subject or for concentration upon the

c one that demands of him the greater lnbpr. :

In the fifth class algebra alternates with plane and solid geométry. ~
. Inthe fourth class algebra alternates with plane and spherical tngo- '_
= nometry Later, analytxc geometry alternntes w1th descnpuve geo -

s

i
!
i
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10 - MATHEMATICS AT WEST POINT AND ANNAPOLIS ¥

’ 0
etry. In the third.class the course in the calculus and least squares
alternates during its latter portion yith the subject of mechanics.

. PURPOSE OF TEACHING MATHEMATICS

The extent of the mathematical curriculum is determined primarjly
by the requirements of the succeeding scientific courses in this acad-
§my and at the graduate schools for engineers, ordnance and artillery ]
officers. ;

Remarks on the purpose of the study of mathematics have been

variously given in the following extracts: ) i

]

(From Yeport of Congressional Committee on Military Affairs, 1R34.) TR
Mathematics 18 the study which forms the foundation of the course. This i«
necessary, both to impart to the mind that combined strength and vprsﬁtillty.
the peculiar vigor and rapidity of comparison necessary for military action. and
_to pave the way for progress in the bigher xpmtnry sctences.  All experience
* shows that the mind, in order that it may ‘act with efficiency, must be accus
towed to exertion. It should be taught gradually to deveclop jts ow Wers..
and as it slowly learns their capacity and the manner of employing tiem, the
fncrensing lights which are thrown upon_{ts course wiil enable it to go on for *
an unlimited extent in the path of fmprovement.

(From a report of the Academic Board of the Academy, 1843.)
The ypcademic -board’ belleve that one of the most important ohjects of the )
academy is to subject each cadet, previons to his promoddon to a higher grade
in the Army, to a thorough course of mental a8 well as wmilitary discipline, to ‘
teach him to reason accurately, and readily to apply Tight principles to cases
of daily occurrence in the life of the soldier. They are satisfied that a strict
course of mathematical and philosophicat study, with applications to the various
branches of military science, is by fur the best caicuinted to bring about this |
end, and that the present sclentific course at the academy, the result of the ',
experience of many years, is in its main features such a course. They are
“ aware that many of the cadets, ag_is the case with most of those who pursue
a scientific course at other institutions. will have littie occaslon to make practi-
cal applications of the many mathematical formule with which they meet, and
that they may have passed over particular problems without thoroughly ‘under-
‘standlnx their meaning in all their Important points ; still, 1f the course has
been caréfully taught, the reasoning faculties will have Leen strongly exerclsed
and disciplined, and-a system and habit of thought acquired which age invaluable
in the pursuit of any profession, and as desirable for the lnfantry or dragoon t
officer as for any other oficer in service.

) (From & report of Prof. Church; 1860.) - - - b,

1 consider the course of mathematids as now" 45 /1l who pass thelr g
final examinktion sufficient to enable the cadet to acqitire a thorough knowledge ‘
of all the courses which follow it, aud not more than suficient to emable him !
to study with advantage the courses of natural and expe'rlmental philosophy,
engineering,.apd ordnance and sclence of gunnery. Moreover, 1 regard the
méntal tralning of the pupll as one of the great objects ofthe study of mathe-
matics, a tralning particalarly requived by the officer™of evegy corps of the
Army, and to which many of them owe thelr distinguished success; and 1}
 belleve that the sclentifc repatation of tie academy depends In a great-dégres - -

.
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O MATHEMATICS AT WEST POINT AND ANNAPOLIS 11

upon the thoroughness and extent to which the mathematlcs and its applications
to other sclences are taught. nnd to dimimish them would seriously affect this
reputatio! and the success of the institution.

_ (Frd® a report of Prof. Buss, 1896.)

The object of the mathematical instruction In this academy is primarily to i
prepare the pupdl for the study of mechauics, wave motlon, astronomy, elec- -
tricity., ordnance and gunnery, and engineering. Im addition the study of
mathematics defelops the ressoning faculties and establishes a mental founda-
tion upon whi¢l any branch of knowledge may safely and rapidly be consgructed.

(From & report of Prof. Echols, 190%.)

It has been theught best in the past Lto educate all of our ofcers In the
same jnstitution with practically the same curriculum, thus giving to all
branches of *he service & nucleus of men well trained along scientific lines and
qualified to take up intelligently any graduate work that may be demanded
of them * * * ’ .

If we choose to draw a conclusion from the exdample of other countries, it is
that less mathematics {8 taught on the average to officers of infantry and <
cavalry. On the other hand, the xtrides in eclence In recent years and the in-
creased application of mathematical invesggation In electricity, chemistry,
ordnauce, and engineering demand a thorough foundation in sclentific training -
for officers of engincers, ordnance. aud artillery. Tiis foundation must be laid
upon a good and suffigient training in pure mathematics 1 find that v range
the _c(iurso fu mathematicr pursned at our~ Military Academy by the upper sec-
llnns‘-mmpnrvs favorably with thelrs, constituting about an average., The
French and Italian cadet schools cover more ground. the English, Austrian, .
and German sllghllyﬁvss. In England und Germany there are, liowever, courses
of pure and applied mathematics for speclaligyselected ofticers at graduate
seltools. a : .-

The concluslon scems to be that the range covered by the upper course in
mathematles at West I’olut 18 not too great for the proper training of officers :
of engineers, ordnunce, and artillery; that its value may be enhanced by a i
more thorough training in the subject of differential equatious nt the expense,
if need be, of some other subject.

Since this Government {s disposed to tnke due pains with the education ‘of fts
officers, irreapectixe of branch, and slnce cadets at our fnstitution do not be-
fore admission cover with certainty as much ground as at the preparatory
“schools of other countries, a gencral courac in mathenmtics should be required
of all officers for its practicgl value, but no lesa for its educatjonal value in
training the miud to logical forms of thought, in developing the sense of abso-
lute truthfulness, together with a confidencerin the ac®mplishment of definite ’
results by defite means. A apecisl course in mathematics is, on the other
hapd, te be regarded as the foundatlon stoue in the training of officers for_the
scientific corps. 5 . -

- ADMIRISTRATIOR

4

Fof the purpose of control and instruction, the personnel of the
department of mathematics consists of a professor, an associate pro-
fessor, an assistant professor, and a number of instructors, varying
with the Bize of the classes under instruction. This stafl is composed
entirely of, officers @# the United States Army. The professor is
permaneiitly in charge as the ;xecuﬁve head of the departmébnt. He . .

Q .o
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12 MATHEMATICS AT WEST POINT AND ANNAQ)LIS
R

has military control :)Y(’l‘ the instructqgs and students while they are
on duty under him; he nssigns the ir!-tbructors' to their work, makes
out the courses of study. spperingends the instruction, and is respon-
sible that approved methods aré followed. .
- His juniofs are all vounger officers detached by the War Depart-
ment from the severahbranches of the service and sent for periods of
Jour years or more to serve on the teaching force of the academy.

.They are nominated to the War Department by the professor. Their ;1
selection is dictated by the fuct that they have shown special ability,
-aptitude, and predilection for mathematics by their undergraduate j

record ; also by the fact that they are believed to possess those other
tmportant qualities of the instructor that are essentinl for the mold-
ing of character in the student. - .

The jufiior instructors, whenever it is possible, are trained upon

- the courwe they dre assigned to teach by n series of conferences con-

ducted by the professor or one of the more experienced instructors.

Under normal conditions only one-fourth of the body of instrue-
tors is changed annually. This insures continuity in the tenching
staff. ' .

An instructor has charge of two sections of about 10 cndets each
which recite to him daily (6 days per week). =

- tnd

+ » METHODS. REVIEWS, AND EXAMINATIONS e

A certain portion of a standard texthook is assigned in advance
for each day’s recitation. Upon this theory and upon the exercises
applying it the student is expected to spend from three to four hours

~in preparation. When the section reports to the instructor for reci-
tation, the latter devotes as much of the beginning of the. period as
he judges best in answering the questions of the student upon the .
different points of the lesbon for the day, salving illustrative prob-

. lems and volunteering such explanations and elucidations of the
subject matter as he may think advisable. An endeavor is made to ¢
-select textbooks that present the subject matter in sufficient detail
to enable an earnest’ student of normal intelligence by, thorough
application to comprehend clearly the theory ¢nunciated. It is the
purpose to require this thoughtfeb application which develops the ¢
spirit of mentdl independence and consciousness of power. A lack
of proper effort to aecomplish his daily task, therefore, is regarded
as a military delinquency on the part of the student and is punished
as.such. - 2

It is the CllSth{l-l, though not an invariable one, to take each gubject
of study three times.

First, an advance is made, during which. the lessons are short and i
explanations and demonstrations are numerous. The student is ex- * h
pected to ask and to receive assistapce from his instructor upgn any LR
= . - B P : )
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! ‘difficult point. He is questioned and induced by hints from the
i "instructor to origirite questions upon matters that may have failed
! to suggest themselves to him. On the advance all work of instructor
+ and student is performed upon the blackboard to the benefit of the
entire section. It is believed that much profit is derived from seeing

the errors of o fellow-student’s work corrected and also from observ-

ing its excellencies. The sections are composed of pupils of approxi-

mately equal ability. Each member ix thus encouraged to take an

active part in any discussions und receives his full sharve of the

. instructor’s time and attention.

At regular intervals a review of the advance work is made. The
lessons are longer, fewer explanations are necessary, and more ap-
plications of theory to the solntions of probleps are required of the
student. Occasionally an entire period on this partinl review- is
devoted to the solution in writing of the same set of problems by all .

+ cadets of the same group. AN

A second or general lc\ius tukes place at the dose of each subject.
This covers the entire Course, in long lessons continued over several:
days. Iach day a thorough written test is held upon the portion
of the subject assimed for that day. This includes both demdn-

*  strations and practical upplicntions. After the completion of the
 work by the student, solutions are given and explained in full at the
blackboard *by an instructor and questions relating thereto” are
answered by him. The student who has qualified upon these written
tests is considered proficient on the work of the term without further
examination. The one who has not so qualified is given a regular
written examination of ‘four to eight hours covering the entire
cotirse.

COURBE XN MECHANICS AND ASTRONOMY

-

The courses in the caleulus and in mechanics begin a¢ the same
time; the calenlus is taught daily from September 1 to November 1,
and alternates daily with mechanics from November 1 to Marelr1;
mechanics is*taught on alternate days from September  to June 1.

The lessons in mechanics in September and October are two-hour
periods in the section.room; without a preparatory study hour.. The
principles developed in this purt of the course relate to somuch of the
subject of statics as does not involve the use of the calculus. Simple

. illustrative expcrlments are made by the pupils, and the first part
of the text is followed in such a %ay as to bring out the cssential
points with the Jeast possible loss by misdirected study. The purpose
of this part of the course is not only to master the fundamental
pringiples of statics, but also to direct the study so that the pupil
siull always use his mathematical knowledge and the language of
-‘Mhe text merely as tools with w'lncb to shnpe aocurate physical con-
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ceptions of the subject. Duryng this prelimingty part of the course
“only such simple definitions as are hecessary to the work in hand,

are required of the students, and the experience geined here is an : E '
effective preparation for mastering the more difficult definitions and
distinctions iu the subject of kinetics. ‘ F

By November 1 the class has covered enough of the calculus to
take up the study of mechanics with mutual advantage to the two
. courses, and the recitations in mechanics from that date have a study

period for preparation, alternating with the calculus.
It is the aim of the course to cover the subject. as thoroughly as

practicable in a little more than 100 lessons; or, stated in the pro- &
portion of the student’s entire work for an academic year, about
one-fourth, . 4

The subject of statics is carried far enough fo include the me-
chanice] powers and a short treatment of the simple principles of
graphic statics. The course in rigid kinetics is carried up to as
general an explanation of simple gyroscopic motion as may be made b
by differential equations, without the time integrals; and tlie year’s !
work is concluded by a short study of fluid equilibrium and flow.

* Astronomy is carried far enough to secure some facility in handling
theisextant, and in solving time, latitude, and longitude problems.
This work occupies about 54 days. '

The course in ordnance and gunnery requiring previous mathemat- !
ical training is, in general term& as follows: Interior ballistics; cal-
culations of the effects of explosion ; calculations of the strength of
guns of both built-up and wire-wound construction ; calculations re-
"lating to the construction of the rifling curves of guns; recoil and
recoil brakes; exterior ballistics; caleulations of the strength of

- projectiles aud the arming resistance of fuses; calculations of the
forces bropght on the parts of gun carriages by the discharge of the *
gun; calcnﬁations of the stresses in gun carriage parts; caleulations
relating to gears and gearing; and calculations relating to recoil
springs. )

= II. ENGINEER SCHOOL OF APPLICATION.

WABKINGTON BARRAOCKS, D. ¢, .. !

" OBJECT OF SCHOOL

This school aims to give to the junior officers of the Corps of Engi-
neers a theoretical and practical knowledge 'in the various depart-
.Inents of engineering required of them in their Professional duties as
engineers in charge of fortifications, rivers and harbors, lighthouses
| and aids to navigation, and mjlitary engineering in time of peace
" and war. ' : '

v
#
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T

* ORGANIZATION

The organization of the school ‘is chnnged from vear to ve'ar In

.~ 1912 the départment of military engineering will be transferred to
Fort Leavenworth. The instructors are detailed from the officers of
the Corps of Engineers supposed to be specially fitted by their expe-|
rience in the charge of works pcrtulmng to the department to which'

r they are detailed.
STUDENTS

The student officers are all graduates from West Point and have
* the benefit of the technical training at that academy : after gradunation
they are ordered to special designated stations of river and harbor-
ot fortification work. where they are required to ob.erve the opera-
tions of the work of construction and submit thes€ as the results of
their observations. These being satisfactory, at the end of one year
they are ordered to the Engineer School to take np the required
course. No examinations are required for entrance, it being assumed
that the preparation as ontlined above is sufficient.

. COURSEX OF STUDY.

The courses of study are not definitely fixed, as changes are con- .
stantly necessary in order to keep up with the knowledge gained by
recent works of construction and operation,

In general the courses are about as follows: .

Civil engineering, about, 12 weeks: military engineering. about 8
weeks; and electricity, mechanics, and power, about 32 weekd.

" STUDY AND APPLICATiON JF MATHEMATICS

. . : . 4
Pure mathematics is not studied “at™ the anmoer School:} The
application of the principles of mathematics is requ;red in all depart-
ments. A detailed statement of the requirements is shown b(low
Roads and parements—An elementary knowledge is required of @lgebm,

geanetry, trigonometry, analytic geometry; an extensive knowledge ts x}equlred
‘'of duscriptive geometry.

Foundations, roofs, ang ges.—These require an extensive knowledge of
algebira, geometry, trigonom ry. descriptive geometry, analytic geometry, and
calcolus

Building constructon, heating, and ventilation.—The course in these subjects
requires a fair knowledge of geometry and an extensive knowledge of descriptive
or practical geometry.

Wateuupﬂly, sewayge dlapoaal etc.—These courscs cover prlncl ally the prac-
tical application to hydraulics of such mathematleal subjects as ggebm, geome-
try, trigonometry, descriptive geometry, analytic geometry, ghd calculus, of
. whioch a fair knowledge is necessary. The practical and d riptive partl of

the above courses reqnire o mathematics. .
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Burveying and practical astronomy.—These are practically studies i matlie-
matles and, particularly in the case of astronomy, require an extensive kuowl-
edge of thie application of the principles of algebra, geowetry, trigouotuetry.
descriptive geometry, analytic geometry, caleulus, nud least squures

Harbor smprovement, wave action, ete.—1The course In these studles is prin-
clpally a course of reading as to the practical applicatibn of the effects of tides,
oceau currents, river currents. jetties, etc., in the formation of harbors. In the
reading as outlined above frequent mnthematicnl deductions are mu' -, requiring
a fair knowledge of algebra, geometry, trigounometty, deseriptive geometry,
analyvtic goomctry cileulvs, and lenst kqinres,

Ordnance and gunncry.—The course is principnlly otie of reading, covering
the construction of battleshipe and prineiples of destgn ; these require an ele-
mentary knowledge of algebra, geometry, trigonometrs, descriptive gedinetry.
anul);tlc geometry, calculus, aud, a8t times, least squures.

Degign of cuast furtifications.—This course I8 supplemented by visits to seu-
coast fortifications and mine fields at New York, 1Mort Monroe, or other suitable
seacoast defenses. Students are required to design plans for defense of certain
portions of the seacoust, shm\mg plans of defense complete and in detail.
This course requires an extensive knm\ledge of geometry. trigononletry. descrip-
tive geometry, and analytic geometry.

Elcctricity, practical.—This course i8 very complete, inchuling esperimenis
of ull kinds with electricity in s application to. wotors, dynamos, lights, ote.,
for use in seacoast defenses, wines, etc. An extensive knowledge 1s required
of algebra. geometry, descriptive geometry, and auslytic geometry, “

AMechanice.—This i3 a further study of mechanies and clvil eugineering nx
studled ut the United States Militury Academy. The course 1s shart, but 1n
portions requires a fafr knowledge of algebra, geometry, descriptive geowetry.
trigonometry. analytic geometry, and calculus,

Powcer, engines, plants, etc.—This course covers only an Incomplete knowl-
edge of the principles of operation of the larger clusses of engines, hut re-
quires a very good knowledge of the swmaller ones. Tests are made of the
smaller engines; thelr efficlencies are obtained; the advantages and disad-
vantages of their application to the worke of construction and operation of
rivers and barbors and seaconst defense are~systemmtically studled? Tlicse
studies require an extensive knowledge of the principles of algebru. geéowetry,
trigonometry, descriptive geometry, aand analytic geomotry.

METHODS OF INSTRUCTION

Instruction is both practical and theoretical. The course for the
year is discussed by the instructors in the school at a board mecting
at which the commandant of the school pfesides. The time allotted
to each department is here decided upon, and a scheCule is sub-
mitted by each department to the commandant. Upon his approval,
the course of this departruent is adopted. Cétain books are selected
for reading by the students, and portions of these books are re-
quired ; other important books on the subjects are listed, the remling
of which is optlonul

Lectures are given during the year un the subjects of study. The
lecturers are generally officers of the Corps of Engineers who have
had experiance in the subject under WMscussion; other engineers of
specml expenence in similar work are secured as lecturers whenever
e The Kbrary of the school Ts a ve scientific |ibrary,

s
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Epough copics of each book are kept to p"ovxde each student with
such reading fnatter as is necessary for his use at- the time the
particular subject is being stu(hed -

ExAlnNA'ribns

. . “
.

Written examinations are required in certain sub]ects. principally
those covered by courses in lemlmg Experiments, if successful, are
accepted in lien of examination in certain parts of the experimental
courses. . -

~

III. ORDNANCE SCHOOL OF APPLICATION

SANDY HOOK PROVING GROUND, N. J.

The object of this school is to impart to those officers of the Army
who are detailed to duty in the ordnance department a theoretical
and  practical knowl‘edge of the science of designing and using
drdnance.

METHOD OF OBTAINING STUDENTS

N

Officers of the Army at large desiring service in the ordnance de-
partment are permitted to take, upon application, a1 competitive
examination held anuually.  The officers selected are detailed to duty
in the department and, as a rule, are sent to the school during their
first year’s service. The majority of the students nre graduates of
the United States Military Academy and the remainder of other
colleges and technical scliools throughout the country.

The entrance examination is intended to demonstrate that each
successful candidate has an practieal working knowledge of arith-
metic, algebra, geoméetry, trigonometry, nnul\mc geometry, descrip-
tive geometry, <hﬂe ontml dnd integral cnlculus, and mechanic,

- COURBB oF STUDY

1. Pure mathematics. Differential equations. Four weeks. Lim-
ited courses in elliptic functions, hyperbolic fun(tlom, vectors, and
determinants are now b(‘mg propared
2. Ordnance engineering, 21 weeks.

3. Chemistry of explosives, gunpowers, oils, and fuels, 8 weeks.
-4. Practical and theoretical electricity, 16 weeks. . o

Nearly all branches of mnthematies are required in the solution of
roblems connected with the design of guns, gun carriages, ro-

Srom—

Jectiles, fuses, and other ordnance material; with the determination -

of the action of powder in guns and.of hlgh explosive bursting
charges in projectiles, and- with the course in tﬂternntmg current
electricity. The solution of the problems involved in the designing

'of gun carrmges requxres 8 more. complete mastery of the different
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branches of mathematics than any other ¢luss of ordnance and per-
haps any othe€T class of engineering work,

The course in differential equations embraces: Equations of the
firgf grder and first degree, equations of the first order but not of the
first¥degree, singular solutions, linear equations with constant coeffi-
cients, linear ¢quations with variable coefficients, ordinary differentinl
equutions. with more. than two variables, and partial differential
equations: ) '

‘ METHOD OF INSTRUCTION

Instruction is given by lectures, on which the students fake notes.
The instruction is limited to'the deduction of fundamental prin-
ciples, generally expressed in equations or Tormule, and to explana-
.tions of the practical applieations and’ conditions covered by each
problem.

Recitations are not held. The results of each exercise and test are
carefully scrutinized and checked, and each principle of which there
is an indication of any lack of full understanding is fully explained
in a subsequent lecture. During lectures full and free discussion of
the principles involved is invited. The discussion among students
of their work is encournged, but the results must be thesproduction
of the individual. Stress is laid on the making of caleulations cor-
‘rectly. The instructors and students live together in a mess nnd the

latter.are under the constant observation of and in contact with the .

former. .
IV. THE COAST ARTILLERY SCHOOL

This school, situated at Fort Monroe, Va., is a school of appliea-
tion the object of which is to.prepare officers and enlisted nien of the
Coast Artillery Corps for the active duties of their arm of the
service; tc make research in such branches of seience as relate to
practical gunnery, submarine mining, and torpeddes in coast de-
fense; to make experiments and to dissiminate such knowledge as
may be desirable in the interests of the Coast Artillery service,

COURS.!S OF STUDY
————

The regular and advanced courses for officers are embraced in two
departments, as follows: '

I. Departmen of artitlery aud gun defense:
Regular courge—
1. Artillery proper.
2. Artlllery defehge. '
* 8. Explosives. , ¥
Advanced course—
L.Billistics. .
2. Artillery defense, ndvanced. N -
S 8. Explosives, advapced. Sl
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II. Department of electricity and mine defense:
Regular course— )
1. Electricity ayd nilne défense.
2. Power. : ‘
Advanced course— ’
1. Electrieity and mine defense, advanced.
2. I'ower, advanced.

The object of the advanced course is to amplify for specially
selected officers the instruction and work of the regular course, with
a view to imiproving their qualifications as instructors, fitting them
for board and technical werk, instrugting them in the duties of the
general staff of an army. and preparing them for duty at the Army
War College. '

The courses of instruction comprise. practical exercises, problems,
research, partial examinations, conferences, and lectures,

The course in exterior and 4nterior ballistics requires advanced
mathematical training and is, for the greater part, a graduate course

~ in mathematics. The following topics are taken up in this course:

Lxterior balllstics. ‘The prineipal gnd secondary problems. Accuracy and
theory of errors. The calculation of constants, including the coetHicient of
form and the drift constant. Classitieutjon -of trajectories.  Deductions of
empirical formulas. Perforutions.  Practicnl work in setting up. adjustiog,
and using balllstic machines, o .

Tuterior ballistics.  Relation of maximum pressure to charges. Mode of
onmhhstlun of . powder and ita_relation to pressures, Initlal pressure on the
rifling. Charscteristick of n powder. Varintious. Recoll. )

»
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REPORT OF SUBCOMMITTEE 2

MATHEMATICS- IN SCHOOLS FOR THE FRAINING 0F NAVAL
OFFICERS, INCLUDING SCHOOLS FOR GRADUATES OF ANNAP-
OLIS

Y

The United States Naval Academy, at Annapolis, Md., is under
the supervision of the United States Navy Department and has for
its purpose the tmining of officers of the Navy. The students of
the Naval Academy are called “midshipmen.”  According to the
“present law two midshipmen are allowed for-cach Senator, Repre-
sentative, and Delegate in Congress, apd two for the District of
Columbia ; in addition to these, the Presidont appoints five each vear
from the United States at large. : -

ERTRARCE REQUIREMENRTS

Candidates are required to pass mental and ph_\-’sicn.] examinations
to qualify for entrance. The first mental examination is held on the
third Tuesday in April and is conducted by the Civil Service Comn-
mission at Tertain authorized places in ench State; the ~econd exami-
nation is held only at Annapolis, Md., and is under the direction of
“the Superintendent of the Naval Academy.’  Mental examinations
are given in the following subjects, and applicants may be rejected
if found deficient in any one of them: Punctuation,. spelling, Eng-
lish, grammar, geography, general history, United States history,
arithmetic, algebra throngh quagiratic equations, and plane gegmetry.

Canidates passing the mental examinations are examined physi-
cally at the Naval Academy by a board composed .0, three medical
officers of the Navy. A candidate must be of good moral character,
physically sound, well formed, and of robust constitution; any ones
of 20 stated phydical defects is sufficient to_cause his rejection. e
must be between 16 and 20 years of age.  Candidates passing both
the mental and the physical-examination are admitted as students to
the academy. On admission, éach midshipman mist sign articles
binding him to service_in the United States Navy for eight. years,

*  -unless sooner. discharged. B -

~

! Begloning with the year 1912, both examinations will be conducted by the Clvll Serv-
‘$¢e Commissfon, .

&
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COURSE 0F INSTRUCTION

.

The instruction given in the academy extends over a perio
four years and includes work in mathematies, mechanies, deserij
geometry, drawing, physics, chemistry, engineering, navigati
ordnance and gunnery, history, English, and modern »foreign lan-
cuages. The following outline indicates only the ground covered
in theoretical and applied mathematics during the course:

FIRBT YEAR. 0
o Periods
First term: * b per week.
Mechanteal drawing . . oo el e 4
Algebra and geometry_o o0 e e e e e e e e e m e mm—— e m——— 6
Second term : . ~ .
Mechaniceal drawing and deseriptive OOetry. Lo w5
88 P T T ST B PPN U

- . SECOND YPAR.
First term: . '
Mcechanieal drawling. o i iececieeeo- 8

Analytle geometry aud the eslevluso. 0 oL o0 L0 oL .. 4]
Second terur: .
! Tutegral eakeutus, spherieal frigonometry, and stercofraphic projoetion. 8
_THIRD YFAR, _
First term. theeretical wechantes._ . ... . .. . . c..___._.. 4
Second term : \
Astronomy and navigation___________ . ... . .. - 2
Applil meehanles o, tiicccwiice.-- 8
L]
- FOURTH YEAN.
First term. theory and practlee of navigatton.. . _. . Y
¢ . \
Second term . .
'l‘wn;\' of compags deviations, surveying, and pragticnl navigation.. .. 4
Engiyeering mechanies oo ______._ e e e e e .. 3

. '
DISTRIBUTION OF TIME i

The academic year begins October 1 and eloses the first week in
June. The members of the three undergraduate classes are sent on a
eruige each summer for a period of three months, On these cruises
the wmidshipmen are required to psrfnrm all the general dities of
a navigator, with particular reference to the ndjustment and use of .
the navigational instruments on board, to practical pilotage, and to
the determination of the ship's ‘position by observation.

During the academic year each class in mathematics requires a
period of two hours for recitation; classes recite in sections of 12
students each. ] . ' _

Midshipmen complete the courses in pure mathematics durirg the

. ficst two years in the academy and the courses in applied mathematics
» in various other departments during the last two years. =~ . - . .-

&L,,A'_,u“;A RO ) 2, G0 ol IR -
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=3 PURPOSE OF TEACHING MATHEMATICS

In the teaching of mathematics at the Naval Academy, as in any
technical school, the aim is purely practical, the course consisting
essentially of the solution of problems which a midshipman must
understand in order to become a naval officer.

All of the textbooks used in the department of mathematics have
been written expressly for the midshipmen by men in the depart-
ment. .No more theory is presented in these books than is absolutely

sists of solving numerons problems on the blackboard; and perhaps
90 per cent of all monthly, semiannual, and annual examinations are
composed of practical problems.

P % ADMINISTRATION

«Instruction in the Naval Academy is carried on through the fol-

Jowing departments: Mathematics and mechanies, navieation, sen-
o b fae)

aunship, physies and chemistry, marine engineering and naval con-
struction, electricity, English and modern languages. Each depart-
ment is supervised by a naval officer.. Teaching is done in some de-
- partments by naval officers detailed for such duty and in others by
* both naval officers und civilian instrgetors. In the department. of
mathematics there are 13 instructurs.{af whom 7 are naval officers,
and 6 civilian instructors, having been appointed from civil life.

METHODS, REVIEWS, AND/ EXAMINATIONS

Accurate marking of work done by the midshipmen during their
four years” course at the academy is of the utmost importance, for
their marks or credits determine tle order of their premotion adter
graduation;” consequently 'l of their work is strictly competitive,
and all poskible care is taken. therefore, in nssi;,ming*.ssons, in or-
ganizing new sections with different instructors cach month, and in

. ‘Marking daily recitations and examination papers, so that any ad-
vantage or disadvantage in the methods of instruction may be equally
shared by all. '

The lessons for each day of the month are assigned by the head

- of the department at, the beginning of the month; these assignments
are noted by the instructors and given fo the midshipmen at each
recitation, so that all midshipnien in the samé class study and recite
precisely the same work at the same time. -

A further effort to give all of the midshipmen an equal oppor-
tunity in the recitation room is made by a new arrangement of sec-

. tions and instructorg each month. The 12 midshipmen receiving

the highest' marks in the monthly examination constitute the first
= section £or the follo@s:ixxg montl_f’; he 12 receiving the next highest,
. Ky »

9 0

~

v+ necessary. The recitation work, which is strictly competiive, con-

T
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the second section, and so on! The instructors are assigned differ-
ent sections from month to month, so that all midshipmen are placed
on an equal footing so far as advantages or disadvantages of differ-
ent sections and different instructors are concerned. [
. Midshipmen are marked on a basis of 2.5 for passing, or-satis-
factory, and 4 for perfect. They receive daily marks for their
work in the recitation. and the average of the daily marks is tuken
as the weekly mitk; the averng® of four week!y marks is taken as
the monthly recitation mark. Ap examination is given at the close
. of each month and the examination. mark is combined with the
monthly recitation mark, the former counting one-third. For the
information of the midshipmen, a sheet is posted giving the final
monthly mark and class number or standing of each member of the
_ ~class. This plan is followed each month during the year except the
. months of January and May, whay the monthly examinatiops are
; omitted,.because these months immediately precede the semiannual
i and_firal examinations. The semiannual exandination mark is comn-
|
|

bined with the averhge of the mouthly marks from October o Janu-
ary, inclusive, to determine the final mark for the first half vear; the
semignnual examination mark counting one-fourth.  Similarly for
f~ the second half year the final mark is combined with the average of
the monthly marks for the final mark of the second half vear, the
i " final mark counting one-fourth: Semiannual and unnual sheets -
i similar to the monthly sheets are posted, giving the mark and rank
1
!

of each member of the class. The monthly examinagions are two
hours in lenpgth, while the semiannual and final exmninations are
cach five hours. Al examination papers must be marked independ-:
ently by twe instructors, #he mean of the two markings being taken
as the mark for the examination. In case there is a considerable dif-
ference betweenshtwo markings, the paper is re-marked by the head
of the depgrtment,’ard the different marks are then properly ad-
justed. Instead of regular recitations on Saturday morhing, the
classes of the first and the fourth years have written recitations of t®o
hiours each. The mark received on this_paper. is counted as the reci-
tation mark for that day. Such reci ns are not so frequent in the
other two classes. ' " N

When a midshipman is“bnd!y deficient in one study and fails to
make’ a satisfactory mark (2.5) in any otlter subject for either the
first or second half year, he is dropped from the ncademy; the
vacancy of course is not filled until the followng year. '

The final term average of every midshipman in each branch of
study is multiplied by the coefficient nssigned that branch for the -
term, and the sum of the products is the aggregate mark for the

110 the upper cinneﬂ gheﬁ are ususliy®not more than 8 or 10- midshipmen In each
section, o ° ' ’

i
4
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year. Coefficients are assigned to the different branches according to
the time devoted to these branches. For mathematics these coeffi-
cients are as follows: Algebra and geometry, 3; trigonometry, 3:
calculus, 5; applied calculus and stereagraphic projection, 6; and
mechanics, 11. '

The merit roll of the graduating class is prepared at the comple-
tion of the four years’ course: the names of the graduates are
arranged in the order of merit according to the: graduating m¥rk.
which is the arithmetical sum of the final marks of the four years of
the course. s
- After graduation midshipmen are sent to sea for two years, after
which they are given the final graduating examination, and if found
satisfactory are eligible for promotion to the commissioned rank

of ensign.

THE RATURE OF THE COURSES IN MATHEMATICS

The Naval Academy is a strictly technical school, and the courses .
in mathematics are essentially practical problem courses. ‘More con- ’
densed courses in mathematics have been necessitated at the academy
during the last two years by the increased time devoted to the profes-
sional subjects of maring and electrical engineering. All subjects
ordinarily treated in mathematical courses, but which are not adapted
to the needs of a naval officer, are omitted, while certain other im-
portant features-are given greater emphasis.

In the algebra, particular emphasis is placed upon the following:

- “Computation by logarithms, the graph of the general polynomial
and its-use, the tracing of curves of the first and second degree, the
theory of equations, identities, undetermined coefficients, and sériés.

The subject of choice and chance is merely touched upon, while the

subjects of harmonic progression, interest and annuities, continued
" fractions, theory of numbers, and determinants are omitted. Special
free-hand methods are used for tracing curves of the second degree
by means of limiting tangents, diameters, and asymptotes.

The work in trigonometry emphasizes particularly accurate loga-
rithmic work in the solution of plune and spherical triangles—the
oblique spherical triangles being soéved by ineans of a perpendicular
and Napier’s rules. The text includes a cougse in stereographic pro-
jections covering as a special feature the projection and solution

of the astronomical triangle. .
Except for its subsequent use in the calculus, analytic gesmetry
" occupies a very small place in the academy compared with that ~ *

usually assigneéd it in colleges and universities. The tracing of
curves'of the third or higher degyees by use of the analytical triangle

may be mentioned as a gpecial feature. =
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The calculus is a rather thorough practice} course, emphasizing par-
ticularly the following topics: Length and area of curves, surfaces,
volumes, center of gravity, center of pressure and moments of
inertia.

USE 0F MATEEMATICS IN OTHER STUDIES

Studies requiring mathematical knowledge for their pursuit and
the kind of mathematics required for each are as follows: Ordnance
and gunnery—trigonometry, calculus, and mechanics; navigation—
trigonometry; marine engineering and naval construction—trigo-
nometry and calculus: and electrical engingering—algebra, tngo-
nometry, and calculus.

OPPORTUNITIES FPOR FURTHER 8TUDY

The more important schools attended by certain graduates of the
Naval Academy are the School of Marine Engmeermg, established
at the Naval Academy for young officers pursuing graduate courses
in thigfield of study, and the Massachusetts Institute of Technology,
for those who are to become naval constructors. Only graduates of
the Naval Academy are permitted to take the entire course in the
latter institution. The course at the Massachusetts Institute of
Technology is one of three years in length k‘nd leads to the degree
of master of science. In arranging this course the objects sought
are the addition to the training already obtained at the "Naval
Academy of those subjects which are peculiar to naval architecture,
and such an extenston and rounding out of that training as will best
cnable a naval constructor to meet the varied and exacting demands
of his official position. The course includes theoretical nayal archi-
tecture, marine engineering, steam and electrical engineering, steam
turbines, warship design, sanitation, metallurgy, and metallography.
In mathematics all students are required to take advanced calculus,
differential cqnntlons, and the method of least squares; this is supple~
mented by courses in applied mechanics, including the strength o
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