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A -.. " INTRODUCTION. BRIy

.- K L e Ty,

During the deliberations pf the International Congress of \Mathe-
maticians at Rame in l,})of Steps avere ‘taken to organize an Inter-
" national Cgmmig’sion on’ the Tedching of Mathematics, ‘the members
of which were to' prepare or procure reports on the teaching of -
“mathematies in- different countries. Most ‘of these reports”were
ready. for the C_a,lbridgo congresg in 1912, bit since then several . - -
. mare have gppeared. - At this writing. 1> couiftries have publishied * .
178 reports, containing over 12,000 pages.” Germany has already
issued. 50 reports, - with a total of 5,393 pages. _About - fifth of " this: " -
space is'required by tha L hited States for its 14 reports (the ‘present .~
report being the fiftenth), angd abouta sixth of the saine space by, . - !
each of "the following countries: Xustria, with.13 ‘reports; Great
‘Britain, with'34 reports; Switzerland, -with ¢ reports; and Japan, ..
with-2 volumes. The reports of France 'c.o\;or‘sén.l_o 700 pages. Of .
- ‘more modest dimensions awg, in order of. size, the reports from Bel-
" gium, Russia (including Finland), Italy, Sweden, Spain, Netherlands, -
. Hungary, Denmark, Australia, and Roumania (1 report of ‘16 pages).
. From’this statement it ‘wilk be observed that much greater “detail -
=, is given in the ¢ase of some coumtries thar in:others. Moreover,« .
. even i’ réports of about the same length different sibjects aro em- -

* phusized.  As this bulletin is based very largely upon facts-drawn -
from the reports ‘to the Intrnational Commission, the, treatment of
ts g;ect!{'ons varies with the extent of data at hdnd, and lack of uni-* -
|~ formity is a netessity. “No claim is' made, for originality. of presens-
ation.” . 0 o o v
For_the most part only those ‘schools which are under thg immedi-

- ate diréction of the Goternnyent havé been cdnsidered,  And even

* kere discdssion is limited to tHe best schools for boys and to the teach- .
ers in such schools. "As ,a'x‘ul(?..t_hc schools fbl\g\irls are not as com- .

* pletely otganized nor of so higlTs standard. * T

-~ It has seemed to me desirable. to- include in 'this bullétin, when .

" pn_'ssiblex'vory brief independent sketelics of the educational con-- )

“ditions {n-the various countrics; so that the readermay receive

" here ipc nnected form condp.né«}d but'doﬁni_t'o acconnts of the follow- * -

" ing phases-of ‘educational work in the country undér discussion, in
so_far as they bear on.the prepuration. of. teachérs of secondary’

- mathematics:* (1) The general educationa] scheme; () sccondary- -

1 For greater detail along this Line the resder may be calerred to Monroe's Chelopedia of Education (3.
" volumes, Now York, 1911-1913). As to taathematlcal tnstruction the Bibliography of the Teaihing of Métk-
‘ematics, 1900-1914, by D. E. Sroith #hd K. Goldaiher (Bu, of Educ., Bul., 1912, No. 29), Washingidn? :
Government Printing 0mo‘e.\ls;2, contalns ttles supplementiry to the bibliogruphles in the following

: Aot
i ) TARG s e et
= (L AT an‘...’.yr ST o -.-
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.4 TEACHERS OF MATHEMATICS _FOR'SECONDARY SCH(QOLS,

»

schools a.n“d.'t gheir relation: to t
taught in-the secondary schools and the pupils to whom it is taygh ;1

“¢4) the -inducements (such as saliry, pettsions; social* position) o

(8). the uaiversities of- the country, the courses” of mathematics and”
allied subjects - they “offer, and the diplomas’ or . certificates ‘they
confér.  With-this in mind, one may get an intelligent idea both

young mien to take yp secondaryischool deaching as a professidn: <

of the preparation of the secondary-schaoot -teacher for his -duties

~-and’of the type’and caliber of men who take up such work. An

endeavor has been made to pictue conditions, of the preser, day. .

‘Only oceasional brief historical comments have been ntroduced.

“Ata meeting of the International Coigurission on the Teaching of
Mathematicg hold. ut Paris in April, 1914, the commission decided o
study the theoretiéal and practical’, prepatation of professors of

mathematics in the secondary schools of different’coungrics, It wes

. considered that such a work * wauld " constitute in a-ceFain sense
“the crown of the labors of the commission:” Early in 1915 » qucs-

. . M - N ., . - .
tiommaire, was. published 2 in order: to acqufiint those -who might

. coiseht g0 prepure- the ‘speéial reports for_differént €ountries Avith
“the questions which” the commission wished tohave them ayfswer, "
As'far'ns Ihave been able to leirn, only two reports based ‘upgh this

- questionnaire l\uvq been “published: at UAs writing;- these dre the

-

brief report (14 pagres)-by W Lictzmam. concerning Germany, and
the longer report .on Belgiuni by JoRose.” Tt s W8pedd that. ‘the

. general Teport submittéd berewith muiy e cBnsidercd a worthy coi-

“tributioh to the commission’s speciabinquiry, o ‘
- At the present time siperiniendents, inspectors, and principals in
‘many?patts of the United States have been foreed by public opinion

IR . e
hat scheme; «(3) the mathematjcs

H

to consider numerous radieal changes “in® methads of sov’twlur):-..‘

oo O .9 “ . [ o . n
schio] education? If a high minimum standard of préparatiolf were

“required un the patrt of ench teacher, and_the position of the teacher

for the m(}st-pnr\t, tosinte bellum days. "y

L Deeembge rory L

were madde such as-to atiracwin sufficient numbers the best talent in

- -the country, other «Iillimx‘lli'-:f would di%appear,  Most countFies con-

- sidered “inthis bulletin, Dave: far ligher standards than-we_with .

_Tespect to teachers “of athematics i secondary schools, “The
*"degree of (his supetiority is exhibited- throughout the following pages,

" and sonie.of the chief pdints are summirized in ‘the last chapter.

o In what follows, statenjents concerning countrics now at war refer;

.
d
oo

Y VFor fuller gocount ql‘t_hef'mk, In m{thetpaflea see Curriculs in Mathétiatics, o comparisan of courses
", tn (RY countries reprisented i (ke International. Commission.on th. Teacking of MatNemetici, by J. ¢, Brows

.. (Bw..of Educ:, Bul.; 1914, No. 45), Washingeon; 1915. - . Sty R

. ' .L"R‘ 5' mont Aaths

ue, tome 17, January, WIS, pp. 01-65. Ses also pp:ft2- 145,
ot e S . o

e

.

.
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¥~ - THE SECONDARY SCHOOLS. .

P , ) L e S S a.
b LOAUSTRALIAL -~ 7 0

-~ Mistralia i politically. dividd iifo five States (Now Squth Walss,
Victoria, Quuensland;» Soutdy -k\ustraﬁln,f.-)\'vswrﬁ Australin), which

‘with the island of Tasania form avlmt: has heen known sinee 1001 |

- - tha -Comynonwealth -of Australia. At "i“;‘nb of -the ‘six” capltals
. . . B A PE

. TRAINING OF TEACHERS OF MATHEMATICS FOR "

~18ydney! Melpourne, Brishaniv.- Adelaido, Forth: and ‘Hohart? therg . °

- eXEES - univesity: supportedsin ‘part by Hublic funds * und in part

* by private endowmgiits -and’ fods:paid by ‘students. - And whilo tho

cducational conditions vary greatly an’tRo_differerit St ates .and not

“a little ‘in the, saue State, the universitios, whataver their status,

. are the crown of the educational sistem of which they form a"part.

c 'l'l1‘--:4~_q_u\lil'imi<',‘ilf "Now South Wales arigh Vietorial eacly with - popn-

Jation.of ‘mory- than one-ane mmm{'|_1)ill§éi|‘s.xltnql with universities

~founded woll gver. binlf” 4 fentury ngb;.mj«'\' greatly superior (.6 thoxe in

S e enornious Stata ef v;\\"ustm"l.l»Au.’e,trnlin. with its weattereil popula-.

‘tion ofs Joss than 300,000 peaple (i 1911y and“a yniversity which has
B - o

.

. been’incoperation but a short time.

. . R

The -peculiarity. 4 - Ayistralian ‘education is thae the State not only “controls, hug

7 womgiletely and ahsitutedy sapportd and regufates the aystem of pulilic_education, -
v 'w'idpm( support from or interferenae by the localities in.which_ the schoola may lie.
Aistratian education tendd therefore to lx'.»rou'&ril[i )('d',"ﬁ_;’lr;u'll.uﬂi(‘.;nil':l homogeneous:

. bt sinee local interest is naturally: fitfgh. the extefnal efuipment of the sehools ig
< oty of an_ﬂin’fc-'rim‘ (;hqnu'ti-r.._\vtllilb the qualifications of the teachers ane distincely
s spperior.  Primary. educatim _thrqughout Australiy 4% free, bt wcondary is not..

- The State acBudarg achools are fower and somewhal lows .imp(i,r'umt Athan thowe of a_

. “mipublie endowed or dendminational thamcter, " ) .

The arganization - of sngmn«lgy.~qadut'at.mlmn Australia 18 passing -
“through a period "of active d rolopment.+  But unt,ilr;var_v ‘recontly
the chief influence upon the \«"(}rk‘_'of,lhn socondary schools has heen
exerted by the universitios, not only through their raquirements at’

.« - “matriculation, but also through a gystom of public examinations takon " .

by pupils Mf 'htl'xe,s(.:pooh.ivlyil,hor, thay proposed to enter the univer-’

o . 1*The universities, tho‘;xh'_ nat State unl \:g::l_tiﬂ in the :m'nl senseiof the term, a2 In most caseslargely
" s supported by the State. “In some, lnﬂanm%ﬁlﬁ'e;fiomrﬂon-dl‘thefr_nw"rmm derivgd-trom’.the Treasury

15 80 largo that, excapt for the freédom of fheir administration, ¢ ym"u&;mm;(q,\ distinguish them

T frém State lnstitutiond

+
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. 6 . TEACHERS OF MATHEMATICS FOR SECONDARY SCHOOLS.

" them Has differed from State to State. "S\ince 1912 thoy aro. grad-
uslly being displaced by a much more Satisfactoty system of Sate
intermediate Yand leaving certificates. - Pha reqpirements for these.
oxaminations "imd certificatds givo- a faif: idea ,of the gtound the

toacher must BT in his instruction. : For thio Stxﬁ,os i exder

" 1Oxford’ Jocal examiiations. The ‘machinéry “in.’ connection with

"these requiremeiits are: - - RS D e
“e ’ Q JUNIOR AND SENIOR EXAMINATlONS. :
N S UNIVERSHTY OF SYDNEY, oo e

¢ .

- Till very recently the.junior examination was held in June of each
.- year. €andidates averagod 15 Yedrs of ago. Tho examination, was
intended to cover. the first. two or three. Years’ work of the socondary
-~ 8chool.. Every student matriculated at the university had to pass
the’ mathematical papors of this or an equivalent nxamjnation.
- Almost all of thoso taking mathematical classes in their university
" course also passed "the senior, oxamination in’ mathematics : beferp
entrance. The seniovxafxﬁr{ntion was usually taken from one and:
& half to two afd n hblf years after the junior; additional papors or
. 8eparate questions weré sof for hongr candidates. '
- In New South Wales the abovo junior and senior oxaminations are
now roplacod by the systom of State intermediate and leaving cortifi-
cates.. The former is awarded aftor thh stecessful completion of two
yoars  work in the high school. "Phe courses of study in the mathe-
-matical subjects are, in outline, as follows: -

includes mensurgtion, the plane figures®named in the syllabus beig the rectangle,
triangle, parallelogram, quadrilatera); and- circle. The solids are the rectangular
box, ‘prism, pyramid, cylinder, cone, and apliere. The simple numerical trigo-
hometry of the right-angled -triangle .is also intcoduced. This is not taken in the

- factory disctission of the points involved. | : .

o s. Algebra: The work in algebra of these two years goes up to simple ¢ase of simul-
‘tandous quadratics. The variation and change of sign of the expressions az+b and

" @?4-bz+c are studied graphically and algebrajcally. < -  <a :
Geometry: This course coders the’ subjeét matter of Fauclig’s, Elements, Books

1-111, with ssme freedom from his methods and sequence. Prop. 4, Book I, is

accepted as an axiom. Preliminary ‘practital work in geometry.will in most chses

- have been doné before enfrance upon the course of the secondary school. _

" into pass and honor sections. Practically all pupils have to do some
mathematical wark in those two years,‘but only those who have
shown Bpécial aptitudo for this study attompt the full course, Indeed,

" ;}m} take;ff);gl part of ‘the pass courss, but all' who desire leaving

- Cdrtificates to.count as equivalent to ,t{go' mgtric;ixlntign -examinatipn

- sitios,or riot. Thoso oxaminations afesithilar to the Cambridge and -

<. Arithmefie: This forms a part of the first and éecond\s'-ears' work for all pupils. It i

" arithmeti¢ course till after a simple geometric treatment has made possible a satis .
. ¢

" The third and fourth yours>work, in tho high schools fs' dividpd

1
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AUSTRALIA, - T T

have to satisfy the examinors’in one of- the two pass mathematical Y

papors, and thus have to reach a,certain standard in alfebra, gegme-

- try, and trigonometry. There are three higher papers set in mathe- -
hatics—one ‘devoted to goomatry and trigonometry;- another to -
algebra, coordinate geometry, and the eloments of the differential ;
.caleulus; ‘and the third to mechanics. ' .

The nature of the work in mathomatics tested at the leaving\
ecrtificate oxamination is as follows: " . .

‘Algebra:m A work in algebra distributed over the ‘third and fourth years
includes what may be described as ‘“‘up to the binomial theorem, with a positive
integral index:”” “Ihtercst and annuities are introduced after logarithms; and graphical . .
* illustrations of maxima and minima, etc., are given. The arithmetic course is sup- .
*. .posed to have been complgted in the first two years. e
The’ additional work for honors includes: Convergerice .of series; the binomial -
. theqrem with fractional or negative index; the exponential and the ithmic series,  *
‘It compriscs a coursein coordinate geometry of the straight ling':lrl circle, and a
9 short introduction to the differential calcutus. Ouly differentiation of powers of z
and simple ‘algebraic expressions. need be attempted; the results are applied to the
“ equations of tangents in coordinate geometry, to velocity and acceleration, and to the
deétermination of important areas, bllrfacm,, and volumes. - o
v Geomelry: The pass work completes the usual elementary ‘course in geometry,
withoat solid'geometry. Tho additional work for honors is as follows: Modern géome-
&v—including transversals; nine point circle; harmonic ranges and pencils; pole and
polar; similitude; and inversion.- -Solid gedmetry-inc]uding the substance of Euclid’s |
_Flements, Book XI, 1-21, together with theorems telatihg to the surfaces and volumes - -
of the simpler solid bodies. Geometric conics—including the more important :
properties of the parabola and the effipse. - ) * .
Trigonometry: *The pass work takes the pupils up to the s8lution of triangles. The
honors work, in addition, iricludes a fuller treatment of - the preceding, with circular
- . measure, De Moivr®s theorem, and cemiﬁypeé of series. - . :
Mechanics: This subject is not divided into passand honors. It comes as one of the
higher papers in mathematica. It is intended -to bg prgceded and accompanied by
experimental work. Indeed, in many schools the cotirsq is under the direction of the ..
science master. [t includes the usual elementary work in statics-and dynamics, with
elcmentary hydrostatics and atmospheric pressure. ©~ - : :

o, 0 UNIVERSITY OF MELBOURNE. , .
-~ . L ..
Hero the schemo of public examinations includes -the junior.and
tho senior oxaminations. The usual agd for the junior is about 16 P
* and for thé%enior about 18: : _ o e ‘
At-entrance to tho university a certain amount of mathematies .
is required for all the facultics, oxcopt for those of law gnd music. -
In arts—agthmetic, algebra and goomgtry; in eugineering—arithme-
tic, algobra,- geometry, and Trigonometry; in science~—arithmetic,
‘algebra, and‘geomotry.- “The scope of the examinations in theso sub-
’ Joets is very similar to that indicited above.in connection wi}h the
interinodiato and loaving cortifiates, . .- R G N &
i . . . . B oc . ° %

N . . R L T,

-
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, -Among the public.eximinations in this university are, the junior

- much the same ground as the junior and seniqr examinations in New.

. and goomd engineering—the senior examination must be passed

i Sydney. The public pxamination system’ has now been adoptdd by

authorities to recognizo it.

- tration, that spocial training”in the thoory and practice of oducation

" -of traveling scholarships enablo the bost of the candidates for- the

P3

8' TEACHERS OF MATHEMATICS FOR SECONDARY S_CQBOOLS;
: . e ¢« - M

1
. X ! » .
'%.. UNIVERSITY OF ADELADE. = o
and senior and a higher examination. These examinations cover

Soush WaRd and Victorias But the programs (in mathematics at least)
« do not includo the work pr(},scribod for honors.  The requirements at
entrance to’ the differont facultios gro as follows: Science and medi- -
_Cine—th senior examination must boe passed in arithmotic, algehra,

/in_arithmotic and algebra, geometry, and trigonometry. - _
-Up to 1913 somb of the schools of Western Australia sent up their

+ pupils to the public examinations of tho University ofvAdelaide, but
with the foundation of the- University fof Western Australia this
?mcticn has been_discontinued. :
N - . , <&

. UNIVERSITY OF QUEENSLAND, » L

Until the year Alf)lolthc socondary schools of Quognsland usually
sont up their pupils for thd public examinatiens of the Universgy of

the new University of Quocnsland. + The mathematicul programs for «

its junior and senior examinations are practically tho same as those

in Sydney. =~ - - ‘ L
- __UNIVERSITY OF TASMANJA. ;

The. scheme- of public examinations ineludes a junior and, senior
examination somewhat like the corresponding examinations in Syd-
ney. The scope of these examinations as regards mathomatics has,
however, been much nyrrower. A beginning of better things was
mado with the foundatidn of two State serondary schools in 1913
Tho education department proposes, with the assistance of dopart-
mental officers, secondary school toachers, and represegtatives Gf the
university, to frame a four-year curriculum on lines similar to-that
adopted in New South Wales, and it hdpes to got the unjvorsity;

.

~ = TRAINING OF TEACHERS.

~ For teachers in tho socondary schools—public or privato—a uni-
versity dogroo has been”in the past, and, stil remains, an almost
indispensable’ qualification. It is in all cases recognized to be der
sirablo, and in some cases ingisted upon by the reddlations for Togis-

bo included in-addqition to the work of the regular university curricu-
lum in arts-or.scienco. Further, in at least ono State a fair numbor

teaching profession to erljoy ‘a year or more in Europe or Amorita
'«




. 4USTRALIA. = . . & 9

at the.chief ingtitutions for the_tminfing of teachers, or in special .

study at the univérsitigs. . . .

It remdins todescribe the work,of the teachers’ colloges and to
give indications-of the courses in' mathematics at tho universities
which- have been dvailable for the future secondary school teachers.
For this purpoge it will be convenient to take the different States
soparatoly. I : S

. . NEW SOUTH WALES, .

The Teachers’ Training Collego in Sydney was founded in 1906 for
the tfaining of Stato school teachors and 5¥%hors who might desire to
take advantage of the courses on instruction given therein. The
collego provides'a varioty of courses of t ining, varyingin length
from six months to-four yoars.> The or: inary colloge course is the
two years’ course,® which qualifios for teaching in the cl of the
. primary school. For entrance to the regular college coursoag:’ionving‘

certificate o its equivalent is soon to be required. For the present

1 has been found desirable to admit studefits having reccived only

the intermediate certificate granted by the high school at the end of

two years of study: ' : B )
. The regular students of the colloge who have reachod the standard -
of the matriculation examination in the facultios of arts or science’
aro encouraged to attond the university classes, instead of those at
the collego, in _zho subjects of their course. They are admitted to
these classes without fees. Those who do sRisfactory work at the

= —_ S,
" “The erection of a new buildingTor the eollegoturommenced In 1914 0n land provided by the University
of Bydney. When completed ig was plaoned that it should provide truining for private secondary and
primary schools, as well as for Sfate scrvice. ) . .
! The minimum age of admission to the collgre is 17 years. The fces for training courses aro as follows:
= 8ix months, 7.€ 10s.; one, two, three, or four year eourses, 15£ per annum for those taking both geritral
and professianal subjects; fees are returned lo those who enter the service of the | Yepartment of Eguruunn.
3 Every student of the first year must take the following mathematical classes: )
Arithmetic.—There is no set academic work in syithmetlc; one hour per*week-of each term is given to
the method of teaching the subject. Amongst olhers the following toples are diseussed: Brief hisworical
review; reasons for teaching arithnietic present tendencies; resl applied problem movement; nature and
source of problems; use and limitation of objeciive material: place of oral and written work in the various
classes; topical-spiral treatment, variqua-mEthods of teaching sections of anthmeuc, the beginnings of
» bumber work; plan and purpose of meehanical work; teachi g of processes; the primary school curriculum,
Geumetry.— Brief stoncalgketch of the developiment of geometry; Egyptign geometry: Grook geometry; .
the work of Fuclid; the reform movemw the (ou‘hlgg of geometry; the present altitude toward thesub-
Ject; the nature and place of definition, axiom, pdBtulate, proof; experimental and demonstrational geom-
etry; the relation of solid and plane geometry; cofigruence, similarity, and homology of figures and their
appl extension 1o trig ry. .
4 short course In solid geometry. . . .
~ Algebra.—Those topics in elementary algebra which require speclal ireatment in class teaching are dig-
cussed, Including the following: Rolation of algebra to arithmetic; liters! anthmetio, formulae fro. arith-
metie :?’d }ncnsundon;'nouon of a negative; operations involving negatives; the equation; solulion of
problems by means of equations; factors and their pplications; ‘indices, logarithms, calculations, with
use of logarithm tables and slide rule; irrationals, numerical evlustions, usiog tables; ratio, proportion,® .
variation, and thelr application;notion of a function; grapbical Fepresentation of the variations of sfuno-
tion; discussion of roots of equations, maximum and minimum values from graphs. ! N B
Trigonometry.—The purpose of the courseis to investigate those cases of the solution of trisngles which -
. " are uséd Lo obtain heights and distances. 20 o ) ’
. Notion of an angle; {hstruments tn ¢ use for ring angles; sine, cnsine, and tangent of scute
. mﬂux ling slne and tangent tables; solution of nght-anglod trisngles; use of four-figure tables; ‘exten-

..

.
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10 ' TEACHERS OF MATHEMATICS FOR SECONDARY SCHOOLS,

" university - in their first two years have their college scholarships con-
.~tinued, 8o as-to enable them to graduate in arts orscience. The staffs_
* of the high schools are chiefly recruited from students of the Teachers’

‘College who have grhduated at the university in this way. o
A~ In additiog to these courses, a one-year course is provided at tho
college for graduates of the university who have not entered upon the
course of training in the regular way. This class is exclusively pro-
fessional and qualifies for the second-class certificate of -the Départ-
_ment of Education. ‘ - '
Further, special provision:is mado for training of teachers for
secondary schools. Graduate students of the college take the
. courses required for the university diplomas in gducation' or similar
" courses at the colloge itself. Candidates for -this diploma must
- have graduated in arts or scicnce beforevadmission to the course.
The spocial work for tho diploma can bo complsted in one year by
those who aro able to.dovoto their whole time to .it. The require-
ments of the courso aro as follows: :
* Lecture work: S
I. A first course in philosophy of education.
1I. A higher course in education. ’
1II. A course in principles of teaching.
IV. A course in school hygiene.
Practice work:
1. Continuous practice—from 8-10 hours per weck.
I1. Observation apd discussion of lessone—from 24 hours per week.

-

.

Inthe course on principles of teaching, somo instruction in tho
methods of teaching mathematics is given by one of.the lecturers
in mathoiatics; . , T

“®Practice schools for primary and secondary work' are associated
~with- the college. The principal is also professor of edypcation at the

’

sion of def) 'Llons of sine, cosine, and lan’gent to angles betweea 90° and 180°; relations bolyeen sides and
aagles of a thsngle; area of triangle; notion of triangulation and application to simple surveys; heights
. and distances in more than one plane. o \
.~ The mathematical work in the becond ygor is optional. The program for the class includes algebra,
trig Ty, dinal, try, h , infinitesimal calculus, and history and method of elemen-
, tary and

Throughout the academio work the professional aspect is kept prominently in vigw, 0 o

Algebra.—Ratio, priépgrtion,, variation, the progressions (aritbmetic, goometric, harmonic), permula-
tions and combinations, ivathematical induction, binomial theorem. . .

Trip try.—Gonunuation of first-yesr course, including angles of any magnitude, sin (A + B), cos
(A1 B), tan (A+B),sin A+ sin B, cosA +cos B, Relations between sides and angles of & triangle, solution
of triangles, heights and di s, circul , DDe Moivre’s th , simple tri ric series.
"elnfinitesimal calculus.— A course oa the p and applications of the differential and integral caleuius.
Graphical methods are frecly used where advantagcous. The course i3 designed partcularly to complete
the work in g y, mechanics, and tri ry. . %o o o 2

Mechasiics.—~The alm of the course is to teach the fund i hanical princip 8imple courses 3

. experiments iltustrating the follqwing: Composition and resolition of forces; principle ofilevers; pulleys,
inclined plane; friction; motion of falling bodles; circular motiop; principle of Archimedes; hydraulic

4
dary school math

) 3

" préss and pump; atmosphori pressure; easy- prdctical.calculations within this range. -
Regding.—Students do directed reading of mathematicat wo'rka]n the oollege library, as well as in the
followang textbooks: J. W. A. Young, Teaching of Mathematics in the K 'y and the Secondary Sck
. R i

. Wink, Histary of Mathematics, transiated by Béman and Smith.
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" .AUSTRALIA, ‘. , 11

university, and the work of the bollege is carried on in cooperation -

with the university, so far as possible. -
Let us now take note of the university mathematical courses, which -

aro .open ‘to our prospective high-school teadhers in conngction with

his course. There are three classes—mathematics I, II, and III.

Each is divided info three sections—class A, class B, and class C. 4

Candidatesfor the degree of B. A. or B. Sc. with honors attend the °

honors saction (class A) in each yoar, but it is possible4g reach the

" lowest grade of honors by specially good work in the secormd séction

(class B) in the three years. The programs for class A are as follows:

Mathematics I (first year): Algebra, geometry, trigonometry, statics and dynamics, - )
_analytic goometry of two dimensions, and the elements of the calculus. Those who -
enter it are expected to havg previously completed the mathematical work required
for honors in the senior public examination or an squivalent course. The class is ]
attended by studerits in arts; science, and engineering. . 2

Mathematics IT (second year): The infinitesimal calculus, differential equations,
spherieal trigonometry, apalytic statics, dynamics of a particle, and elementary rigid
dynamics. . The class is attended by the best students of Mathemstics I when they A
proceed to their second year. g . 0 ’

Mathematics IT1 (third year): Analytic geometry of three dimensions, rigid dynamics, -
higher analysis, and some applied mathematical gubject, e. g., hydrodynamich, sound,
the theory of electricity and magnetism. ' C

7

- In addition to these courses a two-year course has recently been
instituted in .the mathematics of insurance, chiefly, for actuarial |
students and others who desire .instruction in the mathematics of -
statistics. ’ * Vi - .

Since 1908 the teacher’s promotion depends not ‘only on the .
classification of His school as determined by average attendance,
but also on the improvement of his qualifications. To qualify for a
“higher grade the teacher must pass a series of examinations as well
as show “ the requisite degree of proficiency in practical work.”

»

Salaries paid to igh-school teachérs,

Teacherr. : . S| " Men. . |- Women,

' ‘ VICTORIA. . o . N
o % ° o . <o

. Those preparing to bécome teachers jn' the secondary. schools of
" . Victoria- receive almost all of their instruction’ st the university.

Unger regulations now in force; every teacher in_a secondary school#
‘must possess the university diploma in education or an equivalent - -
qualification. AIP candidates for that diploma must have passed
through ‘at least two years-of some degree course, and'must have s ..,

3 .~

G Ll : : o 9 % 0 °S .
. f ‘ R 2 N
I A il . h ' c e ..
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12 TFACHERS OF MATHEMATICS.FOR SECONDARY SCHOOLS,

<

<

- final year of special -\'v:ork\m cducation, “As ssmatter of fagt many of
y pecial edu 1 ) ]

those working for the diploma‘tatke their B, A3 or B. Sc. degree before -

-entering Uport- the special coursen education for the diploma. -

- Of the various groups of students-entering the Teachers’ College

at Melbourne only those taking the threo yea ;~course.for the sec-

ondary “certificate are of intcrest to us, - T se accepted for ¢his
. class must have passed the senior public exan\ination or an ©equiva-
- lent examinatiory, - The number admitted to the class is limited to 15

each'year. Their course of training is the sime as that for the diploma

of edupatior’xmt the university, with the addition of some special

.subjécets.  The first two years are spent in regular attendance upon

university classes in arts or, science. 1living passed the first and
second years’ examinations in arts and science, .they are then admi ted

. "to the specthl university courses in education for the diploma. - These
courses imgfude lectures on the theory of cducation; with special
reference to the methods of teaching the various subjects. - The
course-in mathematics contains the following:, .

(i) Special methads of téaching arithmetic, algebra, geometry, and ty.g"ngmot_ry,'

(ii) A’short history of clementary mathematics. ' o oNe .

(iii) General considerations on the teaching of mathdmatica,

Students are required further to teach 120 hours under supervision;
to attend lessons given by m(jmhcr.:‘.étho college staff; and also te
criticize lessons.  Part of this prack#® is obtained in the primary

. schools; and part in the specinl secondary practicing school attached
to the Teachers’ College, and in other schools. ‘ . .

There are about 50 to'60 regular students of the college each year
preparing for this diploma, and in addition about the shme namber
of iniversity students aré qualifying for it, ‘in order that they may
be énabled to take up work in.the secondary schools outside the con-

«.trol of the Department of Education.- :
* The authorities of the collegé are entitled to nominate six of those
“ who distinguish themselves in this course for a further year’s work.

At the Unbversity ’;)f Melbourne “courses in puré and applied

mathematics are offered for each of the three years: - .

Pure I. 'Pass—The course is“analytical. [t deals with the. elementary algehraic,
trigonometric, exponential, logarithmic, and hyperbolic-functions, with their graphs
and -derivatives; maxima and mihinta; elementary processes of dntegration; the.

-- analytic geometry of two dimensions, and clementary calculus. °*. -

Applied I.  Pass—Elementary statics and dynamics, with hydrostatics.» Honors—
A fuller treatment of the subjects of the pass class with the eloments of wéctor silgebra.

Pure II. Pass—In this course further work is done in plage analytic geometry
and calculus, Honora—This class continies the.work of I (Jionor;e)',in plane analytic

" definite integhl as the limit of a sum, Ionors—Algebra, trigonometry, elementary

*" geometry and the calculus, and it begina analytic geometry of theee dimenaiqha. '

- Applied II. Pass—Elementary anslytic statics and dynamics, with hydrostatics.
Honors—Analytic statics, dynamies of a particle, elementary rigid dynamics, and- .

hydrostatics. ‘ A <z
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Pure III.  Pass—Solid" geometry and the calculus, with differential equations,
Honors—In addition to the subjects for II (honors): The functions of a complex
2 vm}';‘;hle,.Fouriof's series and integrals, differential equations and calculus of vnrint.i‘ons. Y
Applied 111, Pass—Analytic statics and dynamigs, the elements of the theories

of " potential, hydrodynamics, elasticity, and electricity. Honors—More advanced - -
work in these subjects. ‘ .
- . oL SOUTH AUSTRALIA. .

The fellowing is an outline of the course of training for teachers in
the scools of South Australia under the department of edueation in
Adclaide: Lt , T >

1. At the age of 14 the future teachers enter the Aduinide high °

“school.  They remain there for three years ard receive a general
education. At the end of this period the ‘majority will have passed
the senior public exdmination in'the University of Adeclaide; practi-
cally every student passes in arithmetic and algebra; a large number -
pass also in geometry and in trigonometry. : PO

2. The students in training now becomg “‘junior teachers,” and °
spend one to two years in primary schools, devoting practically all
their time .to thoir teaching work, - . c L ,

. 3. Thereafter thoy enter the Teachers’ Trajning College. Hero .
the students attend univensity classes in various subjects, a certain
amount of freedon of selection beingrpermitted. About 20 per cent
take -up what is called first-yoar pure .nmthomn’ti.cs, an c.lomt‘mtary

*class at about the standard of the higher public examination in
algebra, geometry, and trigonometry. - o g .

Tho students also dttend sevoral training collego lectures, among
these™Mbing a course in the principles of .teaching. This course deals
with the methods of teaching' tho primary school.sybjects; about .
16 out of a total of 80 hours are devoted to arithmetic. Thoy also
spaid one morning per week at actual teaching in the primary schools,

Those who have shown special ability both as students and teachers
are permitted to remain a secomd year, or even a third year, at the
university. These students invariably take up a certain amount of

. . mathematics, usually attending second-year puro mathematics, as
they will in most cases havo already taken the first class. Some lso
take the clementary applied mathematics class. It is not uncommon
for mathematics, physics, and chemistry to form the bulk of their
-work. o i s o 2 .

Such students rave practice as before; also weokly diseussions on
the mothods of teaching. Five of these discussionis out of a total-of

! twenty-five -deal with elementary mathematics. The ‘majority of

" theso students become high-school teachers. - .= . -

The matRematical courses offered in the University of Adelaide are -

‘ very similar to those of the universities of Sydney and Melbourne,

Horace. Lamb and W. H! Bragg were for many years professors in

)

. this university: . o o IR,

. 5 SO P op 0% .
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14 TEACHERS. OF \MATHEMATICS FOR SECONDARY SCHOQLS,

_ o e - QUEENSLAND, ‘ _ .

. Queensland dogs not yet possess any spocial-collego for. the training
of teachers. 1In the “grammar schools” the staff consists principally
of ux;i'éorsity graduates. The high schools also aim at making s
university degree an .8lmost indispensable qualification for their
teachers. - . : ' - ‘
~ The University of -Queensland, which was founded at Brishane in

* 1909 and formally opened in 1911, has an important spheroof influs
ence, and the sume Zeneral schoma-of mnt-homnticnl,i’némwtion as in

-other States of- the Commonwoealth 18 in vogue.
v TASMANIA.

Under the scheme for training.of teachers which is being introduced

ir Tasmaunia candidates pass tho senidr_ public examifation and,

_ “matriculato at the university. The noxt year s spent in teaching
k- in_ selected schools. Thereaftor they onter the training . college at*
' Hobart,the minimum age at entrance being 18 years. They atfend
university classes for two‘or‘thn@o;ycz_us. All roceive professioml

training at iho.i:oﬂo;."o, h N teo : ’

:Mathematical courses at, the university aro similar to these already
described. N ' ' SR

WESTERN AUSTRALIA. !

The organization here heing I its infancy, there is nothing of
_exceptional interest to mcor&: o

The untiversitics of Australin arv staffod by British pmfoﬁésors,-nnd_
* thus tho'mathematical work of the couritry is fashioned in conformity .

" with -mucln\th’o‘smne ideals as those held ift the motherland.

BIBLIOGRAPHY,

H. 8. CARSI.AW, The fearhingj of Mathematics in Australia. Repn'rt presented lo the
International Commission on the Teachinig of Mathemayics. Sydney, Angus &
Robertson, 1914. 79 pp. Co '

In the sbove sketch 1 have many tl}nes quoted verbatim from Prof: i:nmlaq's mest readable report'

J. B. TRIVETT, The Officitl Year-Book of New South Wales for 1915, Sydney,
W. A. Gulick,-1917. - } . '

n

- -

a Edhuuon," PP 213-274.

Rept. of U. 8., Commis: Educ., 1915-16, Vol. 1, Washington, 1916. .
. = “Education in Australia,” pp. 641-850. - o )

.

Two other recent publications coniain considerable information about the univer-
sities: : . ’ . e o
(1) Universities n the Overseas Dominions, Board of Education, Spécial Reports on.
3 Educational Bubjects, vol. 25, London, 1912, pp. 118-171, 196-198, 238-269; - | ,
L. . (2) Congreéss of the Universities of the British -Em pire, 1912, Report of the Proceedings,
" Londbn, 1912; also the Year Book, 1914, : v

~
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Austria is nearly-116,000 square miles in extent,and its population
totals in the vieinity of 29,000,000. Of these, about 10,000,000 are
Germans; nearly 6,500,000 are Bohemians, Moravians, and Slovaks;
.at least 5,000,000  are Poles ; and some 3,500,000 are Ruthenians.
.- .The minister of public instruction is at the head of ‘the Austrian
educational system. e has inspectors of secondary schools in ¢éach !
~of the 14 Provinees of the Empire and certain matters of adminis-

subject-to the same regulations as those of the State.

s _ PR +SECONDARY SCHOOLS. - -- | .
L} - . "
‘Before 1008 there were three gencral types of middle or secondary _
schools: (1) The Gymnasium, () the Reslschule, and (3) the four-
_vear Realgympasium, the courses of study in all of which were based
upon four years of work in the primary schools. The first two of .
* these types are still the most prominent. " The narmal age of the -
pupit commencing secondary education4g about 10 years. oo
+ The complete Gymnasium ‘provides for-a course of eight years’
study, divided in!o two parts of four years cach. T he first part is
referred to as the Untergymnasium; the latter as tho Obérgymnasium.
- The course of study is characterized®by the great emphasis laid on
instruction in Latin, Greek, and German., In passing ffom one class
" to another the pupils undergo very seardhing examination. This is
characteristic of all the Austrian secondary schools. = :
The seven years’scourse of the Réalschule consists of twor cycles of
three and four years cach, corresponding to p°rogmms of the Unter-
* reglschule and Oberredlschule, Here the emphasis is laid on modern -
languages (Latin and Greek are not taught at all), mathematics,
- physics, chemistry, ete.; that is, on those.subjects which are designed
~ "0 impart tp'chniqd{ knewledge and afford suitable training to those
... intending to follow industrial pursuits. - ce
 As a result of a.ministerial. dbereo in 1908, the establishment of
Realgymnasien and Rofonn-reujgym'nnsign, cach with an eight-year .
course, was also authorized But, in whiat follows, ‘the Gymnasium

- . best secondary.schools.- = - . I
$ i _ms-ie thare wery 338 Gymnasion; of various fors, for Loys and 143 I(eu‘schujcn.
.oonme—18—2 . .l 4 15
., N - ' e Y : . '

-

\

:»"angd Realachule! only will be treated as representative of Austria’s. -

tration are assigned to local boards. ‘Church and private schools are 7 -

-
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< oftthe simplest bodies (also gf crystalline forms).  Play and elevation of simploe objects

.

-~ 16 <. TEACTLERS OF MATHEMATICS FOR SECONDARY SCHOOLS.

. e - RS . : A 2 oo
- The number of hours per. week- devoted to class work i tathe.
_ .niatics'(.\_f.),g‘c‘omotrigdmwing, amnd descriptive-geometry (. G, in
" these types of schools, is exhibited in {he. following table: !

-
.

— e et B T T ——et el

! : ’ ° © 5°ron 8 o - ! .
’ J I 1 j‘__ll . 1 3 ' AR i \ll.'_\lll ,;Toul.\
— e e . e s G, — e ‘..__‘.,
S— Moo i s LN 3 2!
Gymnssium.., .. .. .A{“ ”U' 3 . H ‘;] 5 gt fs .
M. E] Al k) 4 R 5 O EX
Realschule. ..o {17 ; ul 3 & apr -3 2, 0"{_, !
| i | :

. ° R . ( -

The total number of hours in these suL)jorts represents about 147 -
per cent of all class periods in the Gyiniasium and about 16.5 per
cent of those in the Realschule.” A A ~ 20 © '

In classes I-VIL of the Gymnasium instruction s given, according
to the program of 1909, in nrithmq&ic, algebry, plane and solid geom-
ctry, plane trigonometry, plane analytic geometry, and elements df
ealeulys,” : . ° o

To give a definite idea of the nature of the conténts of l.lwsg courses

-

a few selections from the program may be made:

Class 17 Eytension and completion of arithmetic and «algebraic studies of the
previous class. - Continued practice in solution of cquations of the first degree arising
“from the manifold spheres of thought inswhich they may be applied.”, Practice in
powera and roots by straightjorward examples.  Solid geome try.—Oblique projections ! +

by observation and common sense. Conceptiong and laws concerning the mutual
relations of straight lines and planes: liniited to the fundamental and typical proposi-
“tions and proofs with constant appeal ‘to observation and intuition, Properties
and calculations for surface and volume of prisms (cylinders), pyramids (cones), the
sphere, and their sectons and  portions when _in  scction. Euler's theorem
(S+F=E+2); regilar polyhedra. Obargymnasium—Class VJ: Trigonometry.—~The
trigonometric ratios, their geometric representation, especially for the purposg of
giving a firm grasp of the $haracteristics and relations of these functions.  Solution pf
triangles. *-Repeated «vmparison of trigonometric propositions and methods with those
of plan&and solid geometry. \aried applications .of trigonometry o problems in*
sarveving, geography, astronomy, etc., the data where possible to be obtained,from
- direct (even though tough) measirements” by the pupil. Class VII: Algebra.—
Arithinetic progressions tof the first order),’ geometric progressions. Applicatton
of the last especially to compound interest. Permutations and combinations in sim-
plest cases. liinotﬁial!heorom‘forpositiveintegmlexponent. Theory of probabilities.
Analytic geometry.—As a continuation of the graphic representation of single functions
previously given, further usk is made of the analytic method in dealing with lines
of the first and second degree with reference, wlien occasion offers, (o the geometric™
Arcatment of the.same figures and their. relations. Representation of direction coefB-
cienta (chiefly those of the cirves dealt with in class) by means of derivatives. Siniple
problems of differentiation in connection with problems in mathematics and physice.
Approximate solution of ‘algebraic equations (and of the simplest’ transcendental
equations which occur) by graphic methods. - In Class VIII the two hours a week are

“a Drawings of solid bodles to show several faces, ete., ot in true’ perspectives, but free-hand o}ﬁmstmcla& :
according to very simple rules. Cf. A. Hofler, Didaktik des mathematischen Unterrichts, p. 207 -

* *Ordinary arithmetic progressions ase said to be of the first order. Series such as By 2t4314 , .,
B+P4+3+...., are called A. IN of higher orders. - 5 .

.
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AUSTRIA. . . 17

. 3

-“given up to,a comprehensive recapitulation of the whole ﬁnge'é[ school mtl;emglica, .

gepicially ‘equations, series, solid geometry, trigonometry, and analytic geometry.,
Hrader and deeper treatment.of particular parts ‘of ‘the subject. Applications to -
the various subjects of the curriculum and (o practical life in place of merely formal
exercises. Retrospective and prospective consideration from historical . and philo-
sophical points cf view. e T

o 0 T \ .
FFor tfto Ronlschglo‘ the workis very similar. There is the same,
effort to correlnte mathematies with other branches of instruction on

_which it happens to bearand with practical applications in.actual life.

Though searching"examinations of “orientation” and * classifica-
tion” have been tho portion of studonts of the Gynunasium and
Realschule cach ytar, the final examinations (Maturitiitspriifungen) -

fewced.!  Some amelioration with respect to tho.oxtent of dotail here -
‘required was made imperative by the decree of 1908, L L

+ The mmain objeet of these eximinutions is to determine whether or
not the maturity, general efficiency, and ovelopment of intelligonce -
onthe part of the candidatetis sufficient to’ allow him to take up
studies in the universities or higher tofhnical schools. .Whilst the .
examinations for. classification” estyblish in somo measure the rating
of a pupil’s acquisition with reference to a certain part of the pro-
gram taught, the * .\(utqriliilspi’ii(xmg,” on therother hand, embryecs
the whole rango of knowltdge acquired by the pupil in tho Gymnasium :
or Realschulo. L S } o

The examination consists of two parts, a vnitg'on' and an oral. .The
former include§ questionson the required langunges, on mathematics,
on excreises in descriptive goometry, and tests in facility with free- -
hand -drawing. The oral’.examination’ i3 ‘on ‘geqgraphy, histony,
mathematics, descriptive goombry, physics, chémistry, and natural -
history. L _ o :

The examinatjon commission pronounces its vordict after.consid-
eration of all the written and oral examinations as -well as of the
grades received by the candidate in tests dyring the Inst-yoar of his
courso. When a candidata fails he may present himself a second
time at the end of a semester or of a ):(\x{r;“ but he .may not rcpeat..
the examination moro:than twice. . = - _ : :

\

. .

\}

UNIVERSITIES AND PREPARATION OF SECONDARY SCHOOL 'PEACHERS.

There are eight State universities in-Austria. The largest is the
University of Vienna (German), with over 10,000 students.? The
oldest, dating back to the fourteenth century, is tle Gorman-Bohew

1 CI. F. Wallentin, Maturitdtsfragen aus der Mathematik. Zum Gedrauche fdr die obersten Klassen der

" Gymngsien und Reslachulen . geatellt. 10. Aufiage. Wien, C. Geroldssohn, 1913, 84107 Pp-
Auftdoungen, . Auflage, 1908. 8+221pp. - . - .- R .

3 In the summer of 191§ this aumber was reduced t:) 3,473

0 % a .
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are' ut Krakow sid Lemberg. - : .

\

<

minn University of Pragzue. - There are thrée othor (German Universi. -
9 o . . 54 ‘ . . S e 2 . (PR
Jties, at Gratz,. Innsbruck, and Czernowitz.  The Polish _uruversmeg

. L o o9 - C v 09 . ' N '
Instructionin the universitios is imparted by means’ of: I, .general

eourses:- 11 s;:(-«*in] coupses; m‘ul'-lll, exertises ¥ proscminary and

seminary, =~ B > & N . .
1. "Bl general courses are ofganized with a _double aim: (1) To

. I’u‘ilislr fandamental theretical knowledge Yo thuse studying mathe-
o maties, in a purely seientific spirit -"nml‘pm{msing'tp {érmiiate their .

siudicswith the, doctorate: (2) to! prepare students destined for

sosecondary-school- teachirs. Expecially in view .of this second ‘i

'S

N

arcathe general courses usually n{gnlniz(‘d.iu eyeles of three or four
years, mid each yéar a’sdurse for beginners is arranged thyt they
Tty he taught differentinl and integrat edeulus as soon as possible,
Siee 1t s m‘l"ssnl'.\“fnr'!hu.s'ﬂl(].\' of theoratical physies. :

Buring the tiye yeam 1905 510 190910 professors at (1) the

Univessity’ of Vienna and 2y tie German seetion 'of the University
-of Prague gave the fMowing generl courses: - w0 ke
R} Differggatinl and integral ealéubus, 5 hours weekly during 2 semes-
ters; theor¥ ofumbers, 5 hours during 2 semesters; theory.of differen-

. “tinbequations, 5 hours durihg 2 semesters: ealenlus of prolmbilities, 3

= hours: definite integrals and ealenlus of varintions, 5 houss diring a°

semester; theory of linear differential equations, 5 hours: clliptie

funetions. 5 hours; theory of functions, & hours dugng 2 se 1 esters;

. algebra, 5 hours during 2 semestors: analytic géometry, 4 hours dur-

" Uing 2 semesters: theory of nvariants with geometric applications, 2

< houms: algebraie curves; =2 hours; curves and surfaces of the third

_order, 2 hours; synthetic geometry, 4 hours during 2 semesters; dif-

feréntinl geomelry, & krmm during 2 semesters: line, geometry, 2

hours: continuous grougk, 2 hours: noneuclidean geonetry, 2 houps;

insuriuee mathematics, 4- 6 hours during 2 semestcrs; mathematied
statisties. 3 hours; Ssickness and accident insurance, % hours,

(2) “Applications of tfinitesimal %aleulus to geometry, 3-4,hours;
theory of invariants, 2 hours: differential and integral caleulus, 4-5
hours.:during 2 semesters: systoms’ of algehraic equations, 1 hour;
differentinl equations; 5 hours; introduction” to caleulus of varia-

' tions, 1 hour: fundamental notions of analysis, 2 bours; analytic
¢ goometry, 3 hours through 3 semesters; elements of the theory of
functions, 3 hours; elements of the theory of numbers, 2 hours; alge-

+ braic_equations;” 4 hours; introduction to descriptive geometty; 2,

- hours; charactbristic featutey of inﬁl_[i,t(‘sinmlﬁkitdculus, 3 hours dur-
~ - ing Z:semesters;“theory of groups and algebraic equations, 2 hours;
~-selected ghapters_of analytic geometry, 2 hours; vector .analysis, 2
»_ln‘mm;.nliﬂ'm,'nt-iﬂ equations, 3-5 hours; contact transformations, 2
“hours; theory of tansformations;” 5 hourss An ‘equally elaborato

“ N 0 ° @ . <. . ) P
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> “these four countries there dre more professoms =of mithematies than,
: ! : S

~e T

Ty o avsmanl T .
- geries of courses is offered in the Bohemian. section of the I'n'i\'émit_v,'
o L oo . \ o BN

-of Prague, S0 . : . L,
Mathemdtical instruction in Austria *is. much handicapped by

I

teason of the fact that the faculties of the universities are so spapsely

.staffed with professors of pure and applied mathematics. 1 1909-10,
exvept’ at Vienna, no university had more than two sucheprofessors
‘and’only four had even one Privatdocent.” 1 Ialy afd Russin the .
nwnher of these_professors per university gxprages nearly’ twice-ns

)

many as in Aus(ria: iy France and Gerniany nearly one and wne- )

half times as many.” Imileed, at each of -a e of universities in

even at the University of Vienna, ] A L ’
In a memorial presentedsin 1905 to {.lw minister of public instrue-

tioh and finance on tclmlf of the: faculties of philosophy in Austriim.

unverkities the folloWing nornal program tmluln‘\llllﬂil"u ‘study at

. L)
" a=univemsity for w candidato as o teacher in-a (rnasium was
outlined: .~ . r , s
. 2 . 3 e © . . g R

Firat yejrl-——lnttmluctiow to mathematical. Analysis and to ?iﬁ_m\nrial exleulus;
eleuents of integral caleulus with exercineg 3 honre wweek  Itnaduction o geome .
try, firnt princi;'»hv of analytic anud ayuthetic reometry, :vi!h exeniss, 3 hours a

-~ week. A course of matf®matics for students of physies and clivhustry, 5 hours &
Teweek, ' . . . 0 o °® a
Secortd ‘year ~-Infegral caleulig and first principles of the thedry of functions of
-complex variables, with exercires, 5 hours w week . Analytic and differential geome.
uy, with exercises, 5 hourr a week, Prinv'gn'u{l propertax of alpebraic equations wnd
eleenta of the theory of numbers. with pxercises, 3 houm a wyek. .

- Third, fourth, and later years, --Higher courss on the themry o differential equations;
the calculug of variations. the theory of functions, the theory of groups of trangforma-
tions, on _thq-principlmpf arkhmetic and of ‘geometry. ot at least 3 hour a weok,
Seminary for mathenfitical uaalygis, 2 houm a week. Seminary for geometry, 2 hours
& week. " Reminsry for the theory of nunibers and higher algebra: 2 hours 8 week

.

*On this scheme the-memorial comments as follows: « .-
S e et

VAN p . 9 . . . l‘
* But it should. be emphasiod that this program indicates only that which s nhao-

- Tately necomary for future professoms in Gymnasien; if one wished 10 obtaift a ihore

extended preparation; which it should be the principal aim of the Hnivemity (o fur
nish, jt wquld be necaseary to augment this program by 1 whale series o_l-nmm‘in,:'
epccial fields of pure mathematics and on different branches of applicd mathenmticd
The program indicated corresponds, then, only to-a minimum. . Now. the execu-
“tion of such a program 1equiree st loust three profeseors, and further, thy number will *$
only suffice if each of ‘two of the three chuim has an ‘arsistant at ita dispieal.  The
exercises corresponding to elementary ('numos, vught to he directed by assistants
under the control of professors.  For, in order that exercises be truly profitable, it ia
. becersary thaf they be individual, as has been the case for a loug time in®higher
technical schoole for all practical brunches and for doscriptive-peoinetry. Thatis to -
wy, it is ot sufficient to work out some examplos on the blagkboard in the class
- room with one or more etudents;’ rather-is it necosary to-laydhefore the studéntsta
seloction of examples from which they' then choore Wtcording to their -peroniad ins ~
clinations some problems to aslve under the guidunée of the professor agd anristant,
Thié personal activity, even ‘to such A minor degree, is particulurly valuable for the

. q . a“ .
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Jphx of every Austrign university, one in each of the following fields: (a) For the

o ,.
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*‘courses giv@n at the University of ‘Krakow were: Mathematics in

"~ At least two of these chairs ought to be held by ‘“‘ordinary” professors provided with

-real variable, 2-3 hours, during 2 semesters; hypergeometric series,

" chapters of theory of functions, 2 hours; analysis situs, 2 hours,
\, theory of groups, 2 hours.

.. .other Austrian universities during the ‘same period. The three

* * *
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future profeesor; for, in his teﬁching;ﬁgznglx_t to diupl}y.certainty and Q]nthﬂ.um‘ .
On the other hand, the proposed reform: 6F the teaching of mathematics In tHe sec- .. |
ondary schools demands a suitable preparation of the professor.. | ) .
¢ Since of course the whole scheme of instruction in a country-depends first of all on
-ingtruction in the university—that is to say, since a good orgunizdtion of university ... {
instruction is of dqpital importance for general instruction—the faculty of philosophy
‘of the +Austrian university. regard it .as urgent to satisfy these exigencics of unj.
versity instruction. ' c ¢ . 0
There ought thénito beat least threg chairs of mathematics in the facuéty of philoso-

theory: of numbers and higher algebra; (b) for mathematical analysis; (c) for geometry,

ggniptanta. . 7 ,

. As this memorial did not-bring about any niaterial change in the
situation, we remark. that in thost Austrian universities the oppor-
tunities for scientific preparation -of the professor f mathematics
in secondary schools are inadequate. ' b

II. Having noted typical genoral courses*which nidy contribute to
t}{is,traiﬁing, let-us next consider the speeial courses. There, were
16 special coufses givert by Privatdocenten in the German divisior} of
‘the University of Prague during the:five-year period r_eferreZto

.

above. At the 'Univemity‘ of Vienna, however, "Privatdocepten
offered “ghe following courses: Mathematical statistics, 3 h urs,
‘during 2 semesters; elliptic functions, 2Vhours, during 2 semesters:
quaternions and other hypercomplex number systems, 2 h‘burs;
_theoretical arithmetic, '3 hours;, differential geometry, 2 hours;
potential theory, 2 hours; Pfaff’s problem,” 2 hours; clomentary
theory of functions, 3 hours; during 2 semesters; functions-of single

2 hours; infinite double series, 2 hows; infinite groups, 2 hours;
theory  of numﬁers, 3 hours; fofindations of geometry, 2 hours,
during 2 semesters;finite discrete groups, 2 houmkeviaw of more
recent Tnathematical works, 2 hours; complex number systems, 2
hours; selected chapters of higher algebra, 3 hours; calculus of
variations, 3 hours, during 2 semesters; theory of integral -trans-
cendental functions, 2 hours; determinants, 1 hour; the principle of
“duality in geometry,” 2 hours; integral equations, 3 hours; selected

during 2 sefnesters; Taylor's series and its analytic extension, 2 hours;
synopsis of -differential calculus with applications, 3 hours ; general

" The number of these courses offered at the University of Vienna is
ixearl;: twice as large as the total of similar eourses dffered at all s

4P<'A>land at the ‘end of the sev nteenth century, 1 hour; Arabian
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mathematig,’ 1 hour; history of mathematics in antiquity and the
Middle Ages, 2.hours. ~ - . '

Special lectures on topics having more direct ‘connection with the A
mathematical work in secondary schools ‘are not numerous. Occp-

. sional courses on selected chapters of elementary mathematics have

been given by Prof. Zindler at Innsbruck. Prof. von Sterneck
claims that the ‘two-hour year comrse on elementary mathematies
which he first offered in 1909-10 and which was organized $o as to be
- given™®Very third year at the University of Gratz, was the only
regular course of this nature in an Austrian university. He tells us °

.« that he expourrded thoroughly the laws governing positive integers;

discussed the introduction of negative integers in the usual way; .
treated rational numbers in a purely abstract manner as number

““paifs; discussed in detail Cantor’s theory of number seéquence. and

the related theory -of irrational numbers, as well as the successive

_ extensions of the idea of-power. In- order to discuss exactly the

cunvergence of infinite serfes, especially the geometric,. the idea of
regular sequerice was also introduced. Rules governing operations
on complex quanfities defined in connection with-pairs of real quan-
tities'were-presented in detail and the connection with the n roots of
unity mentioned. The foundations of geometry were not presented
.with the same completeness us to rigor. There the didactic points
“of view, first recommended by Borel and already employed by
Suppantschitsch in his textbooks on geometry for the secondary
schools, were developed, the questions of the.independence of the
axioms being left entirely to one side. _ . '

Spherical trigonometry is not taught in the Gymnasien. At most
universities the fundamental formul® are derived in the lectures on
analytic geometry of space; for example, at Krakow, Gratz, and
Innsbruck. More extended development occurs ih _seminary exer-
cises; for example, those of Gmeiner, at Innsbruck, and Mertens, at
Vienna; the latter in his proseminary lectures on spherical trigo-

nometry and considers the analogues on the sphere of such results as

Feuerbach’s theorem and Malfatti’s problem. Otherwise, spherical
trigonometry is developed in the lectures on astronomy.- .
Many pemons feel strongly that regular lectures on descriptive
geometry should be given at all Austrian universities,! but so far
such courses have been. established at Gratz and Innsbruck bnly.
. IIL ‘At every Austrian university, in addiion to the lectures,
Lthere are mathematical'seminary exercises which allow of a certain
amount of individual activity on the part of thestudent as opposed
to the compulsory receptive attitude in the lecture room. ‘Each
“ordinary” professor is supposedﬁtfb;conduct a section of such -

101, E. Mller, “Anvepungen tur Ausgostaltung des darstellend-geométrischef Untorrichts an fecks.
M 'y id :I q: l' 9 gmd °

nischen Hochschulen und Universititen.” Jareshericht-der deuiach
19, 1910, pp. 19-24. - n 5
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. seminary exercises. These exercises are for both begihnqrs and
advanced students. S i
The section for begitiners is réferred to at the universities of Vienha,

Prague (Bohemian), and Czernowitz as proseminary. The number of
~ hours per week devoted to all seminar exercises yaries from 2 at-
. Gratz and Innsbruck to 4 (2 hours proseminary) at Czernowitz in the
.- winter semester and 4 at Krakow; of the 3 hours a week at Vienng,

one hour is for the proseminary. ‘ :

Active parti{*ipation of members of the seminary in itg exergises is
- not generally compulsory. An exeeption to this is in the séction of

the seminary conducted at Gratz- by Prof. v. Pantscher, who

requires three students each semester to work on some topics, usually
quite independent of subjects of lectures during that semester, for
presentation before fellow students. This gives the students in the
seminary opportunity to learn, with the aid of the professors’ criti-
cisms, how su¢h matters should be treated, before the preparation
of the required “‘Hausarbeit” in counection with the examination
for secondary school teachers (Lehramtspriifung). Examples of
themes of such . required papers are as follows: Explanation of the
“convergence of an additive- aggregate of infinitely many rational

numbers; examination of the connection between m functions of n

variableg (Dini); the projective generation of space curves of the

third order; discussion of double integrals. .

In most cases the exercises are oral, Those for the proseminary
have, majnly, direct connection with the current lectures. In the
seminary the topics are chosen sometimes on the initiative of the

,students and sometimes on the recommendation of the professor. As
- & general thing it has been found that about pne-half of those who
.regularly attend seminary oxercises participate in its discussions.

The_value of such participation is generally recognized, and Prof. v.

Dantscher has proposed that .it should be required, during two

semesters at least, for all candidates as teachers in_secondary schools,

just as exercises in experimental physics are required. :

Ezaminations.—The present decreos regarding the proparation

- of secondary school teachers were promulgated in 1911. These re-
quire that candidates shall pass two examinatjons: (1) A preliminary
examination on philesophy andpedagogy; (2) the Lehramtsprtfung.

While rmore or less preparation for these examinations is provided at

the universities, the examinations are not conducted by the . univer-
. sities, but by State examination commissions whose members- are,
- however, mostly university professors. ) :

- (1) In the preliminary examination the candidate must show that
-, he Has'acquired: the knowledge of philosophy and pedagogy ‘essential
- for every teacher. ' This knowledge should .émbrace .the main ideas
n’nd_princ?ple’s of the theory of education and ingtruction and their
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thearetical foundations in psychology and logic, as well ‘as general
survey notions of the principal periods of the h’xsu\ry of higher
education since the sixteenth con tury. X

The candidate is not admitted to this examination 'B{eforo the end
of the fifth semester. In preparation for it he is recommended to
take a four-hour course of lectures in pedagogy, a four-hour course in
philosophy (especially psychology), and, when possible, courses in
school hygiene and in the ‘methodology of his special wubjects. o
is also strongly recommended to také part in seminary exercises in =
pedagogy and in his special subjects. . _ R
The examination is vonducted by the professors in philosophy and
pedagogy unde-the guidance of the director of the examination
commission, or of his deputy, and’ lasts about*half an hour. The
commission gives the candidate a certificate as to the results of the *

. examination., If a candidate is. not admitted to the examination

.groups which involve mathematics are:

on account of inadequate preparation, he is not allowed to present
himself for examination again until another semester has elapsed. ’
A certifieate that he ﬁms pnﬁ%ﬁw\ preliminary examination ‘must
he presented to the commission With the application for admission
to the Leliramtsprifung. ‘ . o

(2) The time required, as student -in a university, in preparation
for the Lehramtsprifung is about three_and one-half or four years,

~ and'the examination is the same whether the candidate is later to be - *

a teacher in the Gymnasium or in the Realschule: _ A
The examination is on subjeets grouped’in a certain way. Those
. (a) Mathematics and physics as majors.
~(b) \Descriptivé geometry and mathematics as majors. .
{(¢) Natural history as major, mathematics and physies as minors.
(&) Natural history as major, mathematics and geometrical draw-
ing as minors. : . : ' _
" (e) Philosophy and mathematics as majors and physics as minor.
(/) Chemistry as major with’mathematics and' physics as minors -
For mgthematics as major the official requirements are: Knowledge of

_ “general arithmetic,” of the foundation of higher algobra a}_gd theory -

of numbers and their significance f()r_olcmm;ta'ry mathematics; gle-
mentary geometry, synthetic and analytic geometry, of the .plane .
and of space; f‘oun(\]atiovg of descriptive geomotry;, differential and

- integral calculus and its applications to geometry, the elements of

the calculus of variations; f amiliarity with tho foundations of modern

- theory of fun¢tions; and. acqixaiutf,yncd:with the principal rQs_ults ’of."
-the inyestigations concerning the foundations of mathematics, - =~

" For matheinatics as minor: Knowledgé of -clementary’ arithmetic,-

: insight into. the structure of the field of real numbers’ and into oper-
8ti%hs with them; knowledge of elementary geometry to the extent . -

-~ o o .
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of what is taught in secondary schools, and exercises in space percep-
tions; accuracy and speed in the solution of simple examples applying
the idéa of a function and the elements of differential and integral
calculus to functions coming up in secondary school work. '
For (a) descriptive geometry and (b) geometrical drawing: (a)
Thorough ‘grounding if orthogonal, oblique, and central methods of
projection.including axonometry, knowledge of. rélief perspective; of
" the most important map projections, especially of stereographic pro-
jection and of cyclography. Familiarity with the constructions
" relating to curved lines (especially curves of the second order, space
curves of the third and fourth order and helices) and curved surfaces
(chiefly surfaces of the second order, surfaces of revolu tions, helicoidal,
ruled and envelope surfaces, particularly in_lighting-constructions).
Acquaintance with some applications of descriptive .geometry (as

construétion of surigiials, roof trusses, sections of stone (stercotomy)).
Knowlédge of projective and infinitesimal geomotry in so far as

- these subjects are necessary in the applications of descriptive geom-
" etry. Exactness and facility in constructive drawing. - .
(&) Elementsof descriptive geometry to-the extent of the program
of Realschulen. Axonometric representations. Elements of shad-
ows and linear perspective; the.geometrical construction of, and by
means of, polygons and the most important plane curves,.cspecially
" the' conic sections. Exactness and facility in constructive drawing.
- Each examination comprises three purts: The Hausarbeiten (theses),
the written examinations, and the oral eaaminations. o
_To prepare each of the theses the candidute has three months.
Thgge theses need: not necessarily show eapacity for discovery on the
part of the candidute, but they must indicate thorough' familinrity
with the literaturo and gontent gf the subjects. In connection with
. & vory large subject u general presentation of the outstanding results
may‘be permissible.  Again, certain illustrations of a theory may be |
worked out. The character of the topics is shown by the following
selection of themes of theses in recent years. (None of these sub-
jocts were discussed in tho- lectures nt eniversities whére they were

. assigned.) o 1
(a) For major: :- o . .
The theory of Fourier's series. . -

- Thesispperimetric problem. . .
Systematic presentation of the proofs of the fundamental theorem of algebra.
" Qn Abel's equation. . : . e
~. ’l_‘hgta( functions and their applications in the theory of surfacs of the fourth
- Va .

order. - . . 50 ..
I e g , Historical presentation of the progress in the theory of algebraic equations (in
‘A its léading features). S - o
) ( | Triply orthogonal pystems of surfaces.- . ~2 o @
- Transcendental numbers, especially+ and . :

Jacobi's functional determinants andggheir most important applica&ibha.' :
Method of de'rivaﬁqn of large prime n¥gpbers. .

o
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(a) For major—Continued. A ,’
The series for tanz and secz.and the most impd¥tant eoperties of their

- coefficients. . .
The significance of  in the calculus of probabilities and theory of errors.
Focal properties of surfaces of the second degree. ] .
Algebraic treatment of the 27 lines on a surface of the third order. -
Reye's complex. »  ° ) ' : ' ' . )
Rational space curves of the fourth order.
. dz

_ Study of the reprosentgtion by w= f )‘V(z?-a)—(z——m' .

(b) For minor: ~ . " :
Solution 6f equations of the third and fourth degree.

~ Properties of the nine-point circle. ' ~

Theorems of Pascal and Brianchon and their proof in the case of the c'ircle.,.
The _general term of the Lamé series and the propesition with regard to the *
greatest common divisor of two expressions.! g
Elementary geometric ‘l)roatment of the problem of tdngcncies of Apollonius, . °
A presentation of pages C4-G of Girard's Invention nouvelle en l’nIgé‘re (1629)
. in.modern mathematical phrascology and notation. _ ®
The determination of the 15 Archiedcan solids in terms of the radius of the
circumscribed sphere. K 5. , o0&
.~ Weierstrass's theory of irrationalFnumbers. 4
*. The theorems of F"ermat and Wilson. ; 4 '
In connection with the written and oral oxaminations, questions®
are usually asked on tho theory of symmetric functions, tho algebraic
solution Bf oquations of the first to the fourth degreos, and béttor
candidates may also bo questioned on’ the clements of the thoory of .
groups and on tho proof of the impossibility of tho algebraic solution .
of equations of dogres higher than the fourth. Questions on the
calculus of variations.are_usually omitted. In general, clarity =of
percoption and cortainty in handling fundamental theorems are
valued more.than the extont of minute knowlodge. ©
" In the written examinationihero is ulso’opportunity to ihdicn’t{e
. ability to apply theoretic knowledge to practical problems. Further,
the examinations pay special attention to the subjects of the fu-,
dents* university lecturps and seminary exercises. The *wriften
examination for a.mpjor lasts eight hours, two sossions of four hours
on the'same’day; Tor & minor four.lours are allowed. g
In 1908-1910, 241 persons passed the professorship examination,
with mathematics and physics as majors; 89 ht Vienda, 80 at Prague;. .
ﬁ& Czernowitz, etc., only 1. C »

Comparativelyfew stqdo}rt.s in Austria proceed to the docterate in
mathomatics—less than 50 in the last 45 yoars, Half of these were
“at Vienna, L. ' .
* - In the examinations of ‘candidates with math®mnatics as a'i'ninor—_—- .
that is, of those who may expect to bocome tdhchers in the lower .

© e

" UThis title refers to G', Lamé's-* Note sur 1a limite du nombre des divisions dans ia recherche dy plus .
grand commun diviseur .entre doux nombres entivrs”, Comptes Rendus, 1844, tome 19, pp. Ri7-870, * *

- The series of nimbers 1, 1,2, 3,5, 8, 13,34, . . . » Which here comes up, Is the recurring series often
culled the Fibonacc! Series, . - S 3 o 9 ¢4 - :
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7 - an'den technischen Hochschulen. (1. M. U. K., Heft 9.) - Wien, Holder, 1911,

. §L 608 also L' Enseignement Mathimatigus, tome 10, 1008, pp. 516-522; tome 12, 1910, pp. 326-341; tome

—— ; : |
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: . , .
- mathematical classes of the middle ‘schools—the ground covered ig
ususlly that of the Maturititsprifung. .Some ‘examiners also.
".demand spherical trigonometry and such things 8s the solution bf
an oqyation of the third degroe or'lay special emphasis on the dovél-_
opment of the power of space percoption. : ,

It is felt very strongly by some Austrian educators that the lowar
standard for teachers in the Untorgymnasien and Unterrealschulen
is decidedly dotrimental to the best intorests of these-institutions, ’

After a candidate for a.professorship in a secondary school has

. passad thg professorship examinationy he has yot to undergo a *‘trial

year” before he can bo assignod to a post. At least this is tue in
“theory; in practice the necd for teachers has been so great that most
of them have not had adequate professional preparation., Of over
200 candidates approved by. the Vienna examination commission and
~ ‘supposed to be having a “trial yoar” in 1908-9, only one actually | 1
completed the work of the year. _ ' T
This triak year is passed in a Mittelschulseminar, whick is- most .
succossful when it is directly connected with a Gymnasium-or Real- '+
schule. ,On ontoring tho Seminar the student is placed under a *
. certain professor who has chargoe of his development during the trial
" year. In the first few weoks the candidate vidits classes which® his - o
professor teaches, and ndtes the mothods employed and the p{,}f.
sonality of the pupils. The candidate next gives instTuction with
‘the aid or under the diroction, of the professor. * At the beginning of
the second semester’ the ¢andidate instrycts without aid for at least
- a month. Furthermors, all tandidates have weokly’conferences with
tho guiding professor and, tho director of the Sominar with referonce
"to various questions regarding instructjon, -school discipline, peda-
gogy, school hygiong, and notable publications4n. podagogic literature.
" Aftor 8’years of sorvice professors in secondary schools afo entitled
to a small pension in case of need. *The rate of pension gradually in-
‘creases until after 30 years of service it amounts to full salary.

.
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Syllabus of Mallaemahca Jor the Austrian Gwnnacmu. (Educational Pamph) -ts, No.22.)
London, Board of Educatign, Eyre and ontuswoode, 1910, 10 pp. -

E. CZUBER, *Der mathematische Unterricht an den technischen IIodu 5u{m

. (I. M. U. K., Heft 5.) Wien, Holder, 1910, 6439 pp.

R v STERNECK, Der mathematische Untergicht an den Unu-ersudlm (I.M. U. KX
Heft 7.) Wien, Holder, 1911, 6450 pp.

T. KONRATH, Der mathematische Unterricht an den Btldungsamlallm jar Lchrcr
und Lehrerinnen. (I. M. U. K., Heft 2.) Wien, lloldor, 1910, 27 pp. .

J. \LOOS Die_praktische Vorbildung /xlr dag kohere Lehramd in Oalm'etdl (L. M. ‘UK,
l'lcft 4.) Wien, Holder, 1910, 21 pp.

A. HOFLER, Die neueslen Einrichtungen in Osterreich fiir die Vorbildung der Mittel
schullehrer in Mathematik, Philosophie und Pidagogik. (I. M. U. K., Heft’ 12)
Wien, Hélder, 1912, 103 pp.

* Enzyklopddisches Handbuch der Erzichungstunde uater Mitu: lrlcung ron Gelekrten und
Schulminnern ... herarsgegeben von J. Loos. , 2 Binde. Wien und Leipzig,
A. Piclers \\'nwe, 1906-08. .
Artlclos: Probejahr,” ** Hospitieren,” and * Pixlagogische Seminaro,” |
W. FRIES, Die wissenschaftliche und praktische Vorbildung fiir das hohcrc Lehramt.

2. umgearbeitete Auflage. Minchen, Beck, 1910, 64216 pp.
& Band I, Abteilung 1 von Haadbuch dfr Eh(ehurm- und Unterrichtsiehre fir Mhmnsdula
.hersusgegeben von A. Baumeister.
E.MARTINAK, ““Zur pidagogischen Vorbildung fitr das Lehramtam Mxtwlschuien o
Zeitschnift fur die osterreichischen Gymnasien, 1904, 11. Heft. T
A. STITZ, “Die Ausbildung der Mltwlschullchmmt.skandlduwn """ Mittelschule,

2 1910, 4. Heft.




IIT. BELGIUM.

. The area’of Belgiim is loss than that of the States of Maryland
and Delaware together, but the population is somowhatgreater than -
that of the Dominion of Canada. N

‘Education is controlled b7 tho minister of sciences and arts, who
has undor him two goneral (tirectors, one for primary and onv for
socondary and higher education. For secondary education the
lejnistry also has an inspector genoral, nominated by .the King,
anil two ordinary.'inspoctors, one for the humanities, the 9ther. for
mathematics and science. Authority Js_exorcised over schools by
the ministry in effoctive manner through control of the Governmont,
appropriations, appointment of teachors, regulation of programs, and

prescription of textbooks. . J ~
i * .
SECONDARY SCHOOLS..

In Bolgium the better socondary schools proper may bo roughly
divided into two, classes, those supported by tho ‘Gevornment and -
those: maintained by the communos. Tho former are of two kinds:
(@) the Athénées Royauz (royal athonaoums, called also higher
middle schools); and (5) the Lower Middls Schools or Middle Schools,
The communal secondary schools (colléges communau¥) are mostly
contrelled by. the church or religious orders. In 1912 they included
15 colldges, which ranked about as high as the athénées.

. (a) The athénéos royaux, 20 in number, age subject to official con-
trol undor the direction of the King. In accordance. with a decree «
of 1888 the courses in the athénées wore arranged in threo puarallel
divisions:” (1) The humanités grecques-latines, with sevon yoars of
‘Latin’ and five years of Greok; (2) the humanités latines, with -
soven yéars of Latin, no Greok, and a vory -extensive course in
mathematics; (3) the huwmanités modernes, where modern languages
~ servé as the basis for teaching during the seven yoars, The threo
higher classes of tho lumanités modernes comprise two sections, the
scientific section and the commercial soction.! The classes during
the seven yoars of eachi of the divisions are numbered VII-I. Pupils
entering VII are about 12 yoars of age ? and have had the equivalent
. of 6 years of training in the primary schools, ' :

0

" . !Note that the scheme is somewhast simflar to that of the French lyctes, In QGermany these different <

typesofinstructionare given in different schools: the G y fure, the Realgy ium. and the: Realschul
! The minimum age of admission o the athéndes is 11 years, and an entrance examination must be
o : o ’
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The mathematical subjects taught in the athénées are arithmetic, »
. algebra, plane and solid geometry, plane and spherical trigonometry, *
plane_and analytic gooméyry, descriptive geometry, and surveying.”

Number of hours ;;rr weck devoted to mathematics and its applications in the differeny

divisions, A
4 ~ - oo
= 5 D R : |
L3 N {vw yi v 1Y [ m I T (Total
Greek-lotin humanities'.... ...... 3 3 3| .3 3 3 3 21 -
lLatin humanities V............... 3 3. -4 74 6 [} 8 M .
humanities:
(a) Scientific section.............. 3 "3 (] 4 [ 6 8 3
(5Y Commercial section 3 .3 4 4 3 v 3 zl. 2
N s

' The coutses I ancient h ities bifurcate st the bepinning of the third year, V.,

I, tho first two years. the mathematics is the same for all, and the
programs for the Latin humanities and the scientific section of the
modorn humanities are identical. The commaercial section differs

. from the scientific sectien in_Classes III-I only. In Class III of the - A

scientific section the following subjects are taught: :
In a:ihmetic: General theory of divisibifity of numbers, highest common divisor,

leagt «»mmon multiple, theory of prime. numbers, ‘Fermat’s Theorem, conversion |, 4

of ordinary fractions into decimal fractions and reciprocally, numerical approxi-

mations, weights and measures, operations on complex number3, cube root. In

al jebra: Discussion of the general equation of the first degree in one and two un-

kunwns, complete discussion of the general equation of the second degree, properties

of trinomials of the second degree, questions of maxima and minitna, progressions,

logarithms, use of tables, compound interest, and annuities. In geometry: Regular

palygous, measure of the circle, determination of x, problems, notions on the theory

of tansversals. In plane trigonometry: Fundamental formule, identities, construc- .

tion, and usage of trigonometrie tables, solution of triangles.. Surveying and lcveling. .

In Class T of the Latint humanities two. of the eight.hours & week
are devoted to a thorough review of algebra, geometry, and trigo-
nometry, with new applications of thé theories. In tlse remaining
six-hours some of the topics taken up are:

Determinants of the second, third, and higher orders; elementary perertiea, appli-
cation to the solution of a system of n equations of the first degree; in spherical trigo-
nometry: Solution of triangles, spherical excess, radii of inscribed and circumseribed
circles of a triangle, distance Between two points on the carth's surface, volime of
the parallelepjped and tetrahedron in terms of the edges and angles; in analytic geom-
ery: Principal properties of points, lines, conics, conics as sections of a cone, inter-
section and similitudé of two eonics; ;l} descriptive geometry: lriltrpductory notions. L

It may be added that the instruction in thé athénée is maintained *
at.a vefy high standard and carried out in such way as to -arouse -
keen competition for honors and prizes.” . These are' distributed as

~the outcome of three examinations each year for each class, the -
third being called” the Concours général. -A sample paper .in ‘the '
Concotirs général of 1910 for Class I in Latin humanities and scientific

.

.
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.. approximately’ to what is t.a}gvr;'u;) in (‘hc first four -ycars at the ,

30 TEACHERS OF MATHEMATICS FOR SECONDARY SCHOOLS.. I

section will give a further indication of the ﬁx‘tlnenlul»ical standards
of the athénée: : : .

12 Analytic geometry.*—Given a rhombua ABCD whose diagonals AC, BD, are,
respectively. equal to 2a and ?b;and intorsect in (). (@) Form the general e quation
of the conice § whose conjugate dinmeters have the directions of the sides B4, BC,
and which meet the diagonal A¢ in two points £ and F such that, OEXOF=-¢,
Show that the conics .S pass through four fixed points"and construct these” pointa
() Find the locus of the poles of A€ with respect to the conics 8. Find also the.
locus of the points of contact of the'tangents drawn ta the same conics, parallel to

- AC. (2) Consider, in cach of the'conies 8, the axes of symmetry /, the polar p of the

" vertex I, and the perpendicular d dropped from D on p. . Find the locus of the points
of section of d with I and construct this locus. 1. Descriptive gcometry. —Uidven o
line ¢, and the horizontal line a eutting the fronta] line b in the point 4. (a) Find on
the line ¢ the point 8, equally distant from the sides of the acute angle formed bya
and & (b) From.S drop the perpendicular 8D, 8B on a and b, respectively. (¢)
Construct the quadrangular pyramid $-ABCD, which is found by “cutting with' the
plane (a, b) the solid angle whose foyir edges are 8.4, 8B, ¢, 8§D, (d) Givea repre
sentation of this pyramid. applying the conventions with respect to the parts of the
dmwing of projections of parts seen and hidden.. 111 Demonsteily that the sy

- dihedrals of a tetrahedron satisfy the relation, ' B

—1 7 cos(ab)  cos (aw)  cos (ady 4
f cod (ba) -1 “cos (be) o con (bd) I.:"“
cos (¢a) " coe (cb) -1 cos (cd) ‘ e
. cos (da) . cas (db) cor (de) - =1 1

v . ‘ ’ ‘ .
where the fouy faces are denotéd by a, b,'c, d, and (pg) denotes the dihedral angle
formed by the faces called p and q. 3

If the trihedgal angle formed by the faces a, b, o is trirectangulag, show that the

“

;uc’(ad') +cos(bd) +cos*(cd)=1.

The student who completes any one of the eoufses of instruction
in an athénée and passes the final 6xniminntim’1.;ccéives; a diplome de
sortie,' which admits him to thi goal of his ambition, a university,
It will admit him'to any faculty. Only in the.special schools must
an applicant for admission, whether he has a dipléme ar not, be
examined on the program of the Latin or sgientific sections.

(0) Thé State lower middle -sehools, of whic,h there are about 90
for boys,? “*were created by the Government to meet the necds of
thé “higher artisan and commerecial clisses.”  Entering pupils for
these schools and for the athénées have the same preparation, The
courses of study are-arranged so as to occupy thrée yers: s The
obligatary courses are: French, “Flemish, history, geography, arith-
metic, algebra, geometry, zoology, botany, physics, chemistry, com-
merce, drawing, and‘gymnastics. ~ As to mathematics, it corresponds

-

1 For solution of thiess questions, see Matheaia, 1911, vol. 31, pp. 35-38, 01, 6. 24 :
® Mr. Roso seems Lo be incorrect in stating (p. 351) that thereare only about 50 of these séhools. (( States
men’s Year-Book, 1917, andsReports of the U. 8..Commissioner of Education, 1913-14, etc, .
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athénéoa -~ Pupils who have completed the course of .a lower middle
school are admitted.to IV of an athénée without exammuuon or to
I1I after successfully passm&, an examination. - o 5 "

THE UNIVERSI'I‘IES

There are no lnghor normnj schoals in Belgium, and except in’
very rare instances a candidate for 8 profossm\]up in an uthénée
must have feceived <he degree of doctor from . umvorsnty

There are}onr universitics—two belonging (o the State, at Ghent"
and Liege; the free umvomty at Brussels; and the largest of all, the
Roman Catholic university at Louvain? Each of these uniy ersities -
has certain special schools or institwtes connecfed with it. Per-
haps the most famous -6f them is the technical school attached to
the University of Licge. In each of the univorsities there ure four
faculties—philosephy, law, medicine, and sciences. It is in connec-
‘tion with tho last-named faculty that the future professors of mathe-
matics and profossors of natural science are formpd On entering
- the faculty of science as studeptd these candidates are Fequired to

present a dipléme de sortie from ah athénée or a collége, or cse to’
© o pass cqurvnlent (\\nmmntlons cither (1) before the faculty or (2) - .
bhefore ‘a jury (‘ompowd of professors of secondary teaching and
appointed by the minister of sciences and arts.  The students are
+ usually graduates from the scientific section of an athénée.s

In:nddition to pure mathematics the future professor is required . .
to study general physics and mathematicdl*physics, rational me-
_¢hanics, chemlstry, and cryst. nllography The program also includes -

a course in psychology, logic, and moral philosophy, .as well as. in
the history of mathematics. 5 o

Didactic preparation takes place at the same timo as scientific =~ '
preparatiop, eacli university possesimg a special chair of mathe-
matical methodology,

The scientific preparation extends over four years. During the
lirst two years the student prepares to secure the certificato as candi-
date in physical sciences and mathematics. For three ycars the courses
are the same for, all the students- of mathomatxcs in the fourth year
each takes up, according to his tastes, of other of these groups:
&nalysns (including djﬂ'erentml geometry ? hlgher geometry, astron-
omy and ‘geodesy, rationfl mechanics and celestial mechanics,
physics: The thesis for the doctorate is on-a question related to tho '

group chosen.s

T e e e matical texts used inthe mmﬁm loer midl schoot
. are given on pages 234-235 of the report of the suboomimission. S .
. 3The buildings of this. university were completely destroyed by the G » Aug. 26, 1914. " .
$ To meritorious and needy students the State awards, on the haais of o, rg, annual whohnhlp
amounting t6 400 francs. - Thess schol pe may be received each year ofthe course. hmumcnny
one’such scholarship for the section o( thumuu in ewh unlvmuy

101179°—18—=8
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,.* Rocherches relatives qux counexes de )'espace” (1901) and "ftudo de quelques surfaces algébriquea

32 'ln‘?ufzas OF (MATHEMATICS FOR  SECONDARY SCHOOLS;
. Thg aterials ok the program, which are about the same for all
universities, have hhn arranged in the following manner- by Mr,
Rose: e o ' ,

(a) PURE MATHEMATICS, . . ¥ .
© L Analfre— First year.~Differential and integral caleulus, “Three hours a
wdk' Limits; aggrogatce; derivatives and ﬂmen‘nlials; Taylor's and
Maclaurin's theorems; ox plicit and implicit functions; change of variahle:
maximdm amd mi'nimum" serics; goometric apMcations of differential cal.
culug to curves and to surfacos; integrals —processea of integration; various
types of integrale; arcas, surfacos, volumes.
o Seeond year.—Definite integrals, differentiation and integmtion; Fulerian
" integrals; differential oquations; integrablo ty pes: simultancous differential
oquations; partial differentiaf equations of the tirst ander; total difference
equations; caleulus of differoncos and calculus of variations. Three hours
a woek. . . 4 :

Third yea?.—Theory of & complex variable; synectie functions: study f
workaof Abe], Cauchy, Rismann, Weierstram and their disciples. Theory
of elliptic functions (alter Legondre), dhrechours a week., « -

Fovth year.—Six hours a week, and more for studeuta working for their _
doctorate in analysis.- Searching study of a topic in the theory of fune.
tions.  Ellipticifunctions according to Jacobi and Weierstmss, Rercanh
in diﬂemnlihl'g@umélry based upon the work of Darhouy ! and 1anchi -

The masterly work of M..de Ia Vallée-Poussin® gives o good
iden of the subjects covered iy the first two years, =~

2. Analytic Geometry— First year. - Three hours a wecek. Rovision of analyviic

" geometry of two dimengiona and study of analytic geometry of three (.

menaions. Pnriicuiur,.htudy of homogenecus, la‘tynlinl. triangular, and
tetrahedral coordinates. - Generation of ‘surfaces. Surfaces of the s -
. * . degroe.” Forsuch work the notable treatise by Servais of the Univenit v of
Ghent may be consulted. .

Second year. Three hours a week. FProjectigé geometry: Study of formea,
involition, homography, homology, conelation, duality, polarity, proptr ¢
tice and generation of conicn, pencils, mets, generation of quadrice,
properties.  The texts of F. Folie,¢ F. k. G. Deruyts, and uf Servais®
illustrate the requirementa: ' - : ;

For the pupils who apecialize in geometry during their thind apd fpurth
years, the professor takes up either the theory of plane and cubic curvesand
of cubic snrfaces, or the theory of forme in higher goometry. The number

-~ of hoursper woek dependson the professor. The works of F. Folie, . 1. 6.
Derliyts, M. Stuyvaert, Fairon,* and L. Godeaux may be mentioned.

1e

Y Q. Darboux: 1. Lecons sur la théorie générale des surfaces. ¢ parties. Paris, Gauthier Villars. 1:9a [T I
1914, 74618 pp. 2:20&!.,10!6,34»579;&9. 3:180¢,8+ 312 pp. 4:1898, 84 548 pp. , 11. Legonssur tes systemes

Aogonaus et les coordonnézs curtilignes, e 6d. - Paris, Gauttier Villars. 1910, 34567 pp. R

* L. Bianchi, Lezioni di geomerria differenziate. 3 vols. . I'isa, 8poerri, 1902- 1900 (2d edition ! volumes 1-2).
Becond German edition by M. Lukat. Leipug. Tegbner, 1910, 18+72 pp. . ) .

$C. ). de la Vallée-Poussin, Coxrs d'analyse infinitésimate. 2 tomes. Louvatn, Dieudonné, 1:3e &d.
W14: 2:20 6. 10127 0445249+ 484 pp, . O L . .

4F.J. P. Folle, Eliments d'une fhlorie des. faiscoous. Brusiljes, Hayes, 1878, 110 pp.  Glometric
ouplricure cartesienne, Bruxelles, Hayer, 1872, S - °
. 8C. Bervais: 1. Sur les imagi en-gé s,
Oolira de plomitrie anglytigue.” 2¢44, Gand, 190, T 3

9], Fairon, Sur les Involutions du guarrisme ovdre, Bruxefles, Hayes, ‘1900, 68 pp.—M. Stuyvaert,

PPlication aus cubiquer gauches. Gand, (804, 2

sagendrées par Jes courbes du deuxidme ou du trowsidme ordre” (1902).—P. Deruyts, Mémoiry sur Ia
théorle de I'involution et de homoqpphh nnlcumlg"' o), . - Ca
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() TURE MAHMIEMATICS-~Continued. . = o o
.3 .1Ig¢bm—1’bomugh.sl!| # of determinants. Goneral theory of equations; ]
resolution®and - micth ‘approximation to' the roota, study of imagina- ,
rics. Two hours a week in the-first yesr. Texta: Algebia by J. Neuberg
’ © urby P. Mansion, _ : .
4. Calculus of Probabilities—Third year. Ono hour & week. Principles and
- " problems;.-various gpecice of probabilitics. ,Bernoulli's theorem; theory of
© play; law of large numbers; thedry of least squarce; application to annui-
= tics and life Insurgpce” Toxt by Boudin.! oy a \‘,
by APPLIED MATREMATICS. . o
' 5. Astronomy—Second year. ~Physical aatronomy. 'l‘ht{ehomgn week. Study
of 'i'he‘ayalom of the world, syatems of coordinates, motions, sun, moon,
plancta, stam, comets. ~Applications of spherical trigonometry, elements
of goodesy: Text: Astrongmy (Collection 14auté) by Stroobant.?
-, Thirl year. Threa houph a weok. Mathematical aatronomy, application
of analynis o astronomyfrefraction, eclipacs, calculation of orbita. !
’ " In the fourth year the students-make a thorough study)ﬂ some-branch
‘of matheinatical astronomy. : 2 ¢ ot
6. Desériptive Geometry— First year. Four hours a week.  Review of tho prin-
. . ciples of the point, the line. and the plane. Study of trihedral angles,of -
S S and of surfaces, surfaces of the sccond deffbe and ruled surfaces,’
~  iotersections, glométrie cotép. Treatisce: By Chomé,* Breithof,* de Locht,

.

. Van Rymsglbenghe, and Chargis. , . )

7. 7\'::h'pnul Mechanica—First year. One hour a weele.  Vector grometry and

statics: Forces, equilibrium, virtual velocitics, funicular curves, machince.

H\ Secohd year. One hour o week. Kinematics: Velocity and accelers-

tion, finite motion, instantaneous mation, continuous mo i6n. -

" Third year. Dynarhice. Three hours a week. Study of the motion of
freo point, of a point oh a surface or on.a.curve. Relative rirotion.
D’Alembert’s principle and the general eqnations of dynamics (Lagrange
and Iamilton). Motions of.a system. Rigid systems. Percumions. At- °
traction of ellipeoids. Meclanics of fluids; hydrodynamics. Text: The
remarkable work by Massau.* ) I A

<Students who continue the study of mechanice during the fourth year
take up equativns of mechilnics and the principal theories of celestial
mechanics. ‘ B -

8. Mathematic-1 Physics— Third year, " Three hours a week. Study of tho prin~

cipal the -ics of optics, of, magnetism, I‘nd of electricity.

’

.

(¢} 9. HISTORY (. MATHEMATICS/ . ~——
~ Third year. Two hours a week. Mathematics in antiquity among the
Ao Egyptians, Assyrians, Chaldéans, Greeks, and ‘Romans. Muhematicg of
’ tho Hindvk and Arabs. -Middle ages. ' .

Fourth year. Two hours a week. Renaissance, modem'timm; contem-
porary history, detail®y stady of each of the branches: Aritimetic, alge- -
. : bra, gesmetry, analysis, mochanics, physics, . . :

——p— >
! K. J. Roudin, Lecons sur le calewd des probabilisés. 'The first edition was published anonymously in
autograph form in 1865; 3¢ 4d, (same as second). Gand, De Witte, 1889,  Autographie, i28 Pp.
*P. 8troobant, Préeis d* ie prétigue. Paris, Masson, 1903. 188+16 pp. : .
+ F. Chom¢; ). Cours de plomeétrie descriptive. 3¢ 6dition entidrement revue, carrigée et augmentéds. 3
vois. Bruxélles, 1808-100¢. 2. Eiéments de glometrie descriptive. Bn;xhﬂ%m% 1890. 134150 pp.
N , 1870,

¢N. Breitho!, Coxrs de pbumetrie descripiive: sutfacea, courbes. 2 v
. *]. Massau, ‘Cours de mécanique. ' 2 vols. 'Gand, Meyer Van Loo, 1803-1804. (Autographié.) 98+ - '
R4NVpp:  Legons de mécanique rationnelle,2 tomes, Gand, L'sssociation des Ingéaieurs sortis'des écoles .
 spéciajes, 1011-1913. " 1542504 174 M3 pp. - t : . i

.
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84 TEACHERS OF MATHEMATICS FQR SECONDARY ‘SCHOOLS, ‘

() HISTORY OF MATHEMATICS— Continued. . .

10. Elnnmtg-y Mathematics. - @ .
©.In thes course. on methodology (three hours a week, fourth year) the
principles atN-foundations of such matters are considered. Review of the
principal theories studied in the athénée with a view % practical lessons.
Notions of higher arithmetic, of various kinds of goometry, of tmnscen-
. dental numbérs. Text: ‘Methodology, by Dauge.! . . "
. (d) OTHER COURSES. .
11. General Physics—First year. « Four hours a weck. Study of the principal *
. " theories of experimental physics. *Treatises: By Schoentjes and Ilgon.
~ 12. Chemistry~—Secondyear. Four hoursa week. Genoral organic and inorganic.
T Treatises:’ By Swarts, A. F. Spring, P. Honry, Cliavanne.
. 18. Psychology, Logic, and Moral Philosophy—Sccond year. Three hours g weck.

The principal theorios especially of logic. > o :

14. Crystallography—Second year. Three hours a week. .. Systems, propertics,
representation. Types and properties of minerals. Treatises: By E. A.
Stober, G. Cesiro, Ledoyx. - .

Students in a university havo to pass annual examinations on each
- of the subjects of study during the year * before being admitted to
-the work of the following year. - Having satisfactorily completéd the

first two years of work they receive diplomas as candidats. .

The tests at the end of the fourth year include: (1) The presenta-
tion and public defenso of a thésis; and, for'those who are to become
toachors, (2)- the public delivery of two lessons, one on mathomatics,
the other on experimental physics. The subjects of these lessons aro -
given in advance by the jury and aro chosen from tho program of
the ‘athénées. D All tests having been successfully passed, tho candli-
‘dato bocomes a doctor of physical scionces and mathematics: .

~ The examinations occur each year in July and in October, and
there are several grades of diplomas: With success, with distinction,

with great distinction, and with greatost distinction. .

 PROFESSIONAL PREPARATION.

It is noteworthy that tho program for tho doctorate includes the
elements of the history of mathematics and a courso on methodology
of the teaching of mathematics and of physics. This latter course
deals equally with subjects taught in the athénée and with the meth-
ods ‘of mathematics in gendral. Tho -course lasts one or two years
(third -and fourth) and averages about threo hours a weok. The
lessons’ are conducted by a university professor who has gonorally '
. been a teacher in the secondary schools in his earlier carcor. . They
. have a bearing on the methods of teaching cach of the partsiof the
program of the athénée, and thé professor usually expounds each

.of these subjects through. the medium of -the students thomselves,
_ aided by his counsel and advice. Each student gives before his fel-

AR Diuge, Conrede méthodologie mathématigue. 3¢ o) ddljlon. Gand, Hoste, 1800 104525 pp. ,
", The pass markis 50 per comt, ' . N }

o
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. lows practical lessons in mathematics and physics. These are after-
ards passed under critical review by professor and students. :
:2;:3 students are required to take a gourse in psychology, peda-
gy-is not taught at all systematically. - :
It is with such scientific and: professional preparation that the
future teacher in the better secondary schools enters upon his duties. .

w
. go

-7~ TEACHERS IN SECONDARY SCHOOLS.

In the athénées the teaching staff consists of an inspector of -
studies (préfet des études), professors, and masters (surveillants).
The head of a lower middle school is called a rector. - The inspectors,
rectors, and professors are nominated by the King, and must each

ave sccured the doctor’s degree at a university. The masters, who
are'chosen from candidates, are appointed by the minister of sciences
and arts. . . _ . o N

In general the nowly made déctor entors first cither (1) as professor
in a freo school, (établissement libre) or communal college; or (2) as o
toemporary or permanent surveillant; or (3) as substitute professor
' an athénée. After some years have passed in one or’ another of . .

* these capacities, ho may be promoted to a chair in an athénée; but in
many cases the doctor must proceed to this goal by way of the posi-
tion as surveillant. - ' .

. The mathematical chairs vary in attractiveness, according to the
divisions: (A) Greek-Latin, (B) Latin, (C)-(D) modern _'Bum&nitig’s,
with which they are connected. In establishments of secondary
importance (averaging ‘about 200 pupils) there are ordinarily three
professors of mathematics, one for division (A) in VII and VI, the _
coursé being the same for the divisions (A) and (B); a second for .
the modern humanities VII, VI, V, &nd IV, and for (B) V and IV -
finally & third for division (C): III, 11, 1 scientific~and division B): ,
IIL, II, I.  There is only one corresponding professor in each athéyée;: &
he is tho professeur de mathématiques supérieures. So, also, there is
always only one professor in division (A). On the other hand, the’
number of professors in the division of médern humanitjes ma§ be-
two or three and sometimes four, according to the number of pupils
- (400 to 700). : & .

But in any case as there are only 20 athénées, a smaller num-
ber of similar ranking colldges communaux, the nber of mathe-

© " matica! chairs is relatively limited. - ‘ 2 S

~ The number.of teaching hours per week varies from 18 to'21, .

according to the divisions. % . c T ey
“ The salary is composed-of two parts: (1) A variable part,. from
the' minerval,' which accries from equal distribution- among ‘the
professors * of fees paid by ‘the pupils; and (2) a fixed part. - - ‘
+This term Is applled t the fee paid by the pupilsYor scholastic tnstruction, . -
*memono’lduw,.h,z;,gymnquu.wd ml_ulqtu S o 909
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If the minérva' part does not amount to at least 700 francs

" -a-year, the State makes up the deficiency. In larger athénées this
part of the salary may range from 900 francs ‘to 2,000 francs, Or even
more. . *

As to the fixed part of- the salary, the initial amount is 2,600
francs. By periodic increments it may reach 5,500 francs in the
followmg manner*"" : :

, Francs. #° Francs.

Ihiti ary, 2,600 | After 15 years, 4,100

After' Qyears, 2, After.19 years, 4.500

After 6¥enrs, 3, After 23 years, 5,000 , .
After 9 , 3,500 | After 27 years, 5,500 -
After 12 years, 3,800

"Surveillants commence with a salary of 2,200 francs; but have an °
increase of 200 francs every three years; the years passed as sur-
veillant or as substitute teachier count in ﬁ\unv the salary of the .
teacher, who finally.becomes a professor.

" In the colldges communaux the initial salary varies from 1,800 to
2,400 fra‘hcs, the increases vary according to the schools, and the

_ minerval is not distributed among the profwsors “Thg, years spent
" -in & colldge communal are always counted'toward promotxon when .
_. a-professor is calle to an athénée.

At ‘the head of eagh athénée is a préfet ‘des études who does not
teach and who has been hosen from among the professors, at least
40 years of age, in another establishment. Apart. from the variable
minerval the salary of a préfet ranges from a minimum of 4,400 francs

., to a maximum of 5 ,900. francs; he has also free residence, heat, and
light. ' ' '
* The chairs at athé es of large cities are most sought after, because
of the higher ‘minerval and the attractions which large centers offer.
" As;a general thing professors. of imathematics start in- division (A)
or in division (D), and Wome years pass to division (C) if they
' have acquired distinctio y theirprofessional . nptltude and their
_ publications. There is no definite rule concerning advancement,
though the rule of seniority is ordmu.nly respected. '
. Fvery professor. 80 years of age is retired with a pension. This
-pension may be obtained when he is 55 years old if he has taught for
" 30 years, or if he has had to glve up work on account of disability.
- The basis of calculating the pension is_the average salary, minerval
. included, for the last five Yyears of service. The pension is 1/55 of
this amount for gvery year of semoe, including the four years of
study. Thus a professor beginning with any. title fn secondary-school
. 'work at the age of 24, and pensioned at. 60 ) years; counts first 36 years
. of service, then the 4 yeare_at the university. - He has then the right
o 40/55 of bis average ) 88y (40/55) (5500 +1700) = (40/55) X
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' .6,’.;00, if he has taught in a school of ordiﬁary i;npqrtaﬂée. 'The.“.'

pension must not exceed 7,500 francs. A - - :

As & rule-Belgian' professors of mathematics in secondary schools
do not: find time for scientific reséarch. Those who. do promote’
science by their publications may aspire to univerSity chairs. Such .
has been the line of advancement of Prof§. Weuberg and Fairon to the
University of Liege, of Profs. Schoentjes, Servais, ana'Stu'yvaert to
the University of Ghent, and of Profs. Donder ‘and Mathy to the
University of Brussels, - . :

To ste régents or teachers for the State lower, middlo schools,

the Government has instituted two normal schools at Nivelles and
Ghent.  Admission is gained (1) by .examination, (2) after study
in a primary normal school, or (3 after having completed the III or IT
in an athénée. The course of studies lasts three years. The students
who prepare themselves for the scientific examination! specialize in
mathematical studies in the second and third: years. The program .
of such studies strongly resembles that of the scientific divisions of

the athénée, except that the study of “spherical trigonometry is

replaced by that of mechanics. Pedagogy and methodology are .

sTANgd in thorough fashion; during their whole course the future
régents are required to give practical lessons to pupils of the * école-
d'application” connected with th§ normal school, and the final
examination calls for two lessons—one in science and one in mathe--
watics. The candidate who has passed all necessary examinations '
is qualificd to become a professeur agrégé de Venseignement moyen
dl degré inferieur or régent de I'école moyenne. Owing to their exces-
sive number, only about one-half of such graduates eventually find
a-place in a State or communal school, They start ordinarily as
infituleurs in a primary section connééted with the lower ‘middle
school, and after a term of years are appointed as professors. of lower
middle schools. The salary of a régent varies from 2,100 francs to
about 4,000 francs. Rectors get from 500 to 800 francs more* The
régent is required tg teach-about 25 hours a week.- _ .
The professors in the-normal schools are selected from mong:
(1) Doctors .who have completed their university studies; (2) the
» best of the régents. N L '

! There are three types of courses organized to develop teachers for different groups of studies in the lower

middle schools,

v oo
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tothe 18, 1916, pp. 335-352, _ :

This Interesting article was written in May, 1916, by an exiled téacher frﬁ the Athénde

_ Charlerol. ' . - .

. #8ur l'en's'eigne&nt des mathématiques en Belgique,” L’Enséignement Maths.
© eniltique, fome'N3, 1910, pp. 20-36, . ;
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A}thougl Denmark is Jess than/16,000 square miles in extent, it -
has a population of close upon 3,000,000 people. Their educational
system, which has always been closely associated with the Lutheran
Church, ranks high. $ At present church control is‘merély nominal,
although “both the bishops and clergy sorve, as members. of 'school
committees ox officio, and aid in the,selection of teachers and in the
administration of, the schools.” But apagt from this the schools
are under civil control. _ _ T

The minister of ccclesiastical affairs and public instruction is at
the head of the whole educational system, including the university. -
In each of tho. 18 counties of Denmark ho delegates certain dutjes.
{o the school council or skolergad; and to cach of 60 districts is given
control, within certain limits, of such, things as tho appoifttment of °
teachers, arrangement of courses of. study, and selection of texts.

g The system of Ianish clementary and’ secondary schools was'
. vewly organized by gaactments of 1903, which did not come into
coyiplete operation until 1910. As one result much greater coordi-
nation between the branches-of education wgs brought about. It~
now possible to find a” connected courpe loaﬁing from the primary
schools to the wniversity. Secondary: educu‘!,ioni proper begins in
the Mellemskolo or middle school, which thé pupil may enter at the

- ago of 11. years. The regular course lasts four yoars.!. Those who
satisfactorily completo this course may pass on’to the Gymnadium.
Hero, as iny-Swieden, the pupil must elect to follow one of three
paralleLlines of study which he will pursue during the three years of
the course. These l;nes are; Matheinatics-science, with neithor Lat-
in nor Greek; modern languages, with Latin, but no Greok; ancient
lunguages. When ho completes the work in any one of these sec- '
tions the -pupil, who is then about 18 years of ‘age, presents’ him-
self for thé “studernt's examination.” A certificato that he has
passed this examination is sufficient, to admit the student to the
university; indeed; the ufiversity grants to overy such student a
“lettor of academte citizenship.” - ' o, -

In the mathomatics-science section - of the Gymnasium mathe-
maties is taught for six periods a week during each of the three years,” i

\

1 Anextra year Is-ndded for those who wish to prepard for the Renloi'nAmon,‘ which is actepted ad anen. .,
" trance stundard for middle professional schools., R : D e g ; .
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The topics taken. up are as follows:

In Arithmetic and dlgebra: General equati‘oh of second degree; maxima and minima;
infinitely great and ibfinitely Mmall quantities; symmetric equations; equations of
“higher degree in two unknowns (it is showp by examples.in connection with the
lution of such equations that roots may be lost while extraneousroots are introduced);

" as compared with two periods a week each year in.the other sections,

* eéory of exponénts; calculation with irrational quantities; theory and practice of )

logarithms; arithmetic, geometric and harmonic series; permutations and combjpa-

. tions; binomial theorem with positive index: interest and annuities; complex numbers;

prime numbers; proof that a number can be-broken.up into prime factors in only one
way; algebraic. equations; the expression of the coefficients in_terms of the roots;
the cyclotomic equation. . :

In Plane Geometry~ Proof of the theorem of proportionality of the sides of two similar
triangles; general proof of the theorem on the area of a right triangle; general theory
of similitude with applications to simple construction problems; regular pglygons;
‘division of circle into 4, 6, 10, and 15 parts and calculation ol corresponding chords;
length of the circumference of a circle and its arcs; area of ‘a circle and of circular
sectors; the trigonometric functions of acute and obtuge angles withesimple applica-
tions te solution of triangles; application of rectangylar coondinates to graphic repre-

- sentation of simple functions (e. g., az, az?, ar?+bx+c, a:2) for special values of the

coefficiepts; various loci involving proportion; hannonic~rgnges and pencils; qfpTica.
tions to construction problems. : . 3

" In Trigonometry: Trigonometric functions of any angles; formule for the functions
of the sum, or the difference of two anglc)as, and for functions of double and half of an
angle; limit of “:,z for .2 0; eolution of simple trigonometric equations; logarithms

and solution of triangles. - 2 % 2 \ -
" . In Solid Geometry: Principal propositions on lines and planes; convex polyhedral
angles; the rectangular trihedrak and the determination of a point in space by rect-
" angular coordinates; polyhedra with proof that there are not ‘more than five species
of reguflar convex polyhedra and that the tetrahedfn, cube. and octahedron exist;
cylinder and cone; the fundamental splierical formqiw_nnd_their application to the
right spherical triangle; congruence, symmetry, and similitude; area of .curved sur-

. faces, such as of the cylindeér, of revolution, cone of revolufion, sphere; volumes of

prisms, pyramids, truncated pyramids, cones, spheres, and sections of spheres; proof
that plane sections of a cone of revolution may be ellipses, hyperbolas, or parabolas,
In the instruction especial emphasis is laid on the development of space perception,

In Analytic Geometry: Determination of points and curves by rectangular and polar

coordinates; the most important formula for the equations of the stfaight line and
- circle; parabola, ellipse, hypérbola; tangents, normals, asymptotes, diameters.
: P ( D G

*. In addition to these courses one of the followi;lg, AorB,is given:

A. Arithmetic and Algebra: Determinants with applications to linear equations;
éontinued fractions with applications to caleulation of irrational square roots and (o
the solution of indeterminate linear equations. Analyti Geornetry: ‘Discussion of the
‘genkral equation of the second degree in two variables. Solid Geometry: Icosahedron
“and dodecahedron; representation of a simple polyhedron by orthogonal projection
on two planes at right angles; plane sections.of these bodies. 0 o ¢
B. Infinitesimal Caleulus:. Infinitesimals; continuous and discontinuous functions;

. derivatives of 2% (n rational), of trigonometric functions, of sums, products, and quo-
" ‘tertgsof a function of a function; Rolle’s theorem; maxima pnd minima; Taylor's
“series for integral functions; definite and indefinite integrals; integration by parto;'
: bimple applications to geometry and 07 physical problems. = L

-~ J
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MATHEMATICS AT THE UNIVERSITY.

-

- The umversxty courso for the scientific tmlmng of the teacher in
tho socondary schapls ends with the ‘*Skoleembedsexamen (teachers’
examination). According to regulations of 1906, ». When a candidate
proso@imself for this examination with either mathematics (or

physi a major, he must also present as minors astronomy with
applick@hathematics, and chemistry with phys:cs (or mathematics).
The examination consists of two parts. In the second part the
examination is on the major only. Before taking this, indeed at
the ond of the first year, the candndate must pass a university ex-
amination, calfdd the “‘Filosofikum,” in logic, elements of the history
of phllosophy. and psychology. A

- In the first part of the examination the mathemaucal subjects
aro: Analytic geometry of the‘p]ane and of space; algebra; differential

+ and intogral caleulus, including the theory of infinite sefes; differ-

ential equations with a single mdependent variable; total and linear

partial differential equations in three variables; application of
analysis to geometry; statics, kinetics, and hydrostatlca, advanced

- portions. of gymnasml miathematics from a higher point of view.
For astronomy, in connection with applied mathematics are required:

< Theory of interpolation; facility in numerical calculauon, especially
in the use of tables and ephemendes, as well as in the numenuxl
solution of equations.. .

For the second part of the examination’ wnth mathematics as
major, candidates must be prepared to answer questions in the
following: Function theory and elementary number theory; methods
of descriptive geometry; projettive. geometry in ‘synthetic and
analytic presentation; more thorough ‘treatment of kinematics and

* kinetics; special study of some part of mathématlcs, .the history
of mathametncs (in connection’ with which the candidats must
make himself familiar with Euclid’s Elements and "Descartes’s Ge--

- ometry),! and either with the complete development™of g smgle
branch’ of mathematics or wnth the whole field of mathematics in a
given period. o
" Both parts of the exammat‘xons are oral and wntten the oral are *
public; the written examination of the first part last,s four hours
‘and the special problem of the second part ten hours. The ‘can-
didates who have: passed the Filosofikum and Skoleembedsexamen
are called candtdatz phdpaophm and candidati mgw!em, respec-
tively. .

. 'The degree of doct.or of phllosophy may be. won by any candldatus_
-magisterii who has received the highest grade and who has prepared

1To overy mathematician familiag, with Qreek mathematics or with the history of mthemuea‘ho "
names of Helberg Zouthen, professors at the University of Copenhagen, are well known. Thelr
,Influence s deubt.lul vable in thm nnulml requirements.
' . \ 2 - . .-
s .
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h ..a-satisfo:ctory thesis which has been printed. ~ Since the dogree of
doctor gives the jus docendi, the _thesis may bo regarded as a Habili-
tationsschrift.© Within the Past 100 yours less than two scoro of
‘these doctors havo been created. 5 ° P

THE TEACHER IN THE SECONDARY SCHOOL,

Since 1908 everyone who has been appointed as teacher in a com-
" pléte Stafe secondary school is a candidsius magisterii and-has had *-
two ycars of professional training, - The first year has beef nop- .-
mally spent at the Pedagogic Seminar established in 1906 and
maintained by the State. Before entering upon the work of this
» seminary each candidate must, as a rule, hold ‘a degree from the
university. During the first semester ho reveives theoretical instrye-
" "tion which includes: THe history and principles of, educatidn and
methods of teaching; a's udy of the development and present organi-
zation of Danish education; school hygiene, including the physio ogy
. and- hygieno- of .adolescence. Professors of university rank are-in
charge of -the’ instruction. The.oxamipations coverilg the wogk of
the course afe both wrftten and oral, During the secoid semestor-
*the candidate is occupied in practical work under the direction of
the inspector of capdidates for teaching positions in gymnasia, , He
~ is given special training in the teaching of his two gpecial subjects.,
" At first he listens ‘only, then instructs in the presence of the teacher
or the school director or the inspector, The day's work closes with
. critieal “discussion. * The candidate’s work of the semester ends
‘with -a preliminary oxamination which consists of two hours of -
teaching in his major subject and one in his minor, in the presence °
of his adviser, the headmaster of the'school, and the State inspector
-of complete secondary schools. After a further year of activity as
assistant er regular teacher in a State or private secondary school the
. candidato must take his final examination. , s
¢  This form of training may bo omitted ““if a candidato has worked
at least two yoars at a school and has his skill in toaching sestod
by an ezamenskommission, consisting of three oxperts appointed by
.the ministry for that purpose.” This last method is followad by
" most candidates for positions in the socondary schools. The private
schools in Degmark, as in Norway, have beon tho training groun!
for the teachers in the public' s¢hools, * . D
The salaries aro fow, i, goneral, even for Denmark. The maximum .
salaries rango from 2,400 krone (8646) for assistant toachers to 5,000
‘krone ($1,346) for principals, but a residence is also provided for the

- principal. -

 Thig sketch may be appropriately concludod by a sample of the

examination-problems in the skoleembedsexamen:
oL e ' R LA .

. »
9,
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" mtisly tho condition A+-6B=10,

"m is 2 ‘positive integor.

DEN MARK, . -, . 48
L ’ -
- . FIRSTY{PART.
.’ € (4bours.) ‘o ' oy,

Give a presentation of the theory of pole and polars for the circle Riyt=rt
Determine the geometric locus of the pole of the tangents to an ellipse with respect -
W a circle whose middlg point is a focug of the ellipso, Y n 0

1. (4 hours.) ! . ° .

(1) Bve that the two infinite scries

) ! n=x n= 2 ‘
A=y -1 s 1
- ) 3’ OF 7 5.

n=) " (n41) n .

,\

(2) Given that x»=0 and a=0, and F(x)=x?+4ar—(x+a), ((x)=x’+nx+a;.
Prove that F(x) is divisible by f(x) or (f(x))* according as n=6m-1 or n=6m+1I;

(3) Léet f(z) be a rational integral function of z,leta and b bo constants and a=0.
Prove that the differential equation } .

At Foidyary - -

has one and only one particular integral wRich is arational integral function of z; and ¢
give 8 mothod for determining this particular integral, ) -

-~ . {il. (4 hours.)

(1) On the arc of a curve is a fixed point O and any point M. The le‘ng'tb of arcs
OM =3 can assume the values from —a to +a, and the radius of curvaturoin M isgiven
by p=va'—~s’, With rectangular coordinaté system havirg ongin at O and z—axis
coincident with the tangent to the cyrve at O, find the coordinates of M ox pressed in
terms’of the angle between the z—nxis and the tangont at'M. C
(2) Determine the coordinates of the conter of gravity of the arc of tho catenary :
(regarded as o matorial homogenieous line), s g )

- . -
. . I K .

y=32‘-(*e~7+c *), '

which ‘extonda from the intersection with the y—axis to a point with the abscisea z.

- Show that the centor of gravity has the same.abscissa as the intersection of the tangents

af’the ends of the arc, and an ordinate which is half of the ordinate of the point of
intersoction of the normals gt'the end points of the are. ~ . - . )
¢ ‘ " SECOND PapT.
1. (4 hours.) . o . .
dius of convorgence r>0, the region of
convergence of the series f(x)=>a, (x2+x)" is determined. Seek the nature of con-
vergence of this series and show that the sum of the series for r>} sutisfieg the con- | )

(1) 1f the power series Ya,x® has the rad

. dition f(—x e 1)=f(x), and ascertain the series derived from the identity (14-2x)%=
“(14+4(x?4x))* in the above form, 20 & K

(2) The point (1, 1, 1) in trilincar coordinates is projected’ from the three dngular -
pointsa, b, and ¢ of the fundamental trisngleon the opposite sides to thd points P,
g.and r. A conic, K, is tangent to ac in ¢ and ab in r and cuts Pr'again in uand P9

“inv. A second conic K, is tangent to ba in r and be in p and cuts ¢r again in.y, pq"-'."

in z; z ia the point of intersection of the lines uv and Y2. What is the geometric locus
of zif K, and K,varyin such a way that v and 3 are harmonicully conjugate’to p
and g, - . c .
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’ | ’ , i ¢ hours) '

" (1) Given'that | x | » 1, and that the positive iﬁtégep n incroases without limit -

- Determine the limita of

_the indeterminate oquation

such examinations.

amligREoy - o s
] . An"n log ] l) «
and o O - . ’ \
' S p=n-1 :
Bn“",;' E] log l'\—i.’x cos ':-'47;’), L i
and writertho last as a definite integral. " g . =
(2) Determine the radius of convergence of the power-scrics .
* e xo A ‘- &S
. L 14 T ",'+g~n')‘
! ) n=1 n

and discuss the behavior of the serics on the periphery of the cirelg of convergence,
If for special_ values of » some of the binomial coeflicients in the above series are zero,
the corresponding members of the series are ‘to be left out. ]

(3) Show that r=3 y=11 are thie only positivointegral values of r and y whichsatidy .

1414 x4 x4 ximys, -
i, (4 hol;s.)

L
ot

A rectangular coordinate system (X, Y, Z) in space is turned with an angular
velocity w about the Z-—axia which is vertical. A straight, material, homogeneous
rod, whose thickness is neglected, of length 21 and mass M, is so placed that its end
points a and b move without friction along the X —axis and the ¥'— axis. At a éer
tain instant a is at the origin and has the velocity 2lw in the direction of the X - axis,
while b has & positive Y- coordinate. Determine the angular velocity of the rodin’
ita relative motion with respect to the system(.X, Y, Z) at a given instant; a1so doter-
mine the relative, as woll as thé absolute motion of the end and of thé middle point
of the rod. 11 theé system (X, Y, Z) haa turned through 45° and is suddenly stopped,
the rod will move further, since a and b slide without friction on Ythe X —axis and the
Y-axis. Determine the angular velocity of the rod immediately after the impulse.

Iv. Course problem (10 bours.) .

Discuss figured hu‘mbeh, especially polyén;l numbers and their nppli\cation
the representation of other numbers. : : -

Heegaard éim a list of works used by candidates in preparing for
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) . Boarg of Education, Special Reports, 1907, vol. 17, pp: 66-136. .
M. HEGLAND, The Danish People's High School, including a general Account of the
= "Educational System of Denmark.. (Buresu of. Education, Bulletin, 1915, No.

" 46.) Washington, 1915, 182 pp. . ) T ’ oy

" After an elementary ldwol course of elght years, there follows a four-year ou:munuatloti schodl

. proparing for the two-year course In the “ people’s high school.” This schoo] Is not properl, classed *
with secondary schools. Thnnomn;molwpﬂsmudng_uhm.- . ’
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It has been well remarked that—
few nations show the influence of so many different forces in their educational history ‘

asmay be recognized in that of England'—the church, the state. economic gonditions,
private enterprise sphilanthropic endeavor, educational theorics—all have cbntributed.
wme tradition to what is gradually developing into a well-defined aystem.
By det of 1899 & central Board of Education was created. . This

~consists of a president ard various State representatives, the chan-
cellor of the exchoquer,and the secrotary of the treasury. The act also
provided for a committes of 18 members (15 men and 3 woman) to act
(in an advjsory capacity to the bonkd. The: rumber of membeys in
this committee was increased to 21 in 1907, ’ e

" The board is divided into four departments:” ¢1) Elementary edu-
cation; (2) higher education;! (3) technical education ;,(4) university
edutation. ' ’ o

SECONDARY SCHOOI}S.

The secretary of “higher education” has 3 assistant secretaries
and 13 regular district ingpectors under him; there are also 27 part-
time inspectors. : ) o
<A secondary school as defined by the board, is a school which—

offers to each of its pupils a progressive course of instruction (with the requisite organi-
zation. curricubum, teaching staff, and equipment) in the subjects necessary to a good
general education, upon lines suitable for pupils of an age-range at | i
from 12 to 17. . This definition,” which applies hoth to those schools
grant 2 and to those which, though not in recgipt of éraﬂt, are plac

* their list of efficient schools,® determjnes the minimum requiremgdisu

¥, the board on
pon which the

* A\ 2 > . o LY
" 1 The term * hlu}r education’” as employed here Klm to the work of t he secondary schopls and ofthoss ~
schools, such as evening schools, which give instruction higher/* than ““elementary,” L%Ous,pqﬂ&-

% To secondary schools that meet certain specified conditons (including the provision for free instruction
of & certain number of pupils coming from the el ¥ schoels),” | grants are paid, as follows:
Far each pupil between 10 and 12 years of age, and who, for two years immpd?wly beforeentering the
sccundary school, had atlendod a public elementary school, £3. For each pupif12
An additional grant of £] for each pupil 13 tb 18 years of age in a school which satisfles.thé following

conditions: (1) Provides for ths preliminary education of el tary school teachers as b orhas s
pupil-teacher center {orm!u an {ntegral part of the school; (2) has offercd not less than 25 per cent oﬂno,\

Eduestion, edited by Monroe.) ~ - .

£M1 . .

? 0d July 81, 1913, there waére 1,008 schools on the board of education list of “efficlent " secondary schools -

for boys and girls. At these schools there were, in 1913, 179,088 pu plls (boys, ab6ut 54 per ocent). Crthis

total more thaii one-fourth were on the fres basis. g . ’
N . i

3 i T R

‘ V. ENGLAND.. \

board must insist. . o

Edtrs grants are made on the basi of ceriainotbsr consideratioyy. (A, T. Bmiih, In Cyclopdie of. *
m?—uom\o Araats o secondary sehool aad for the tratning of seondary schiool teacbars smounted to

t0 18 years of age, £8. . &
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- - for which England is noted. Apart from their mastery of professional problems, -

46 TEACHERS Hr 'MAmmmmcs FOR SECONDARY SCHOOLS, l

- Those cardinal subjects twhich must be taught irrevery such schoo):
aro: English languago and literature, at least one language other than
. English, geography, history, mathematics, science, agd drawing, - Al
“efficiont” s :hools must be open for inspection by the_board at alf
Whilo the “list” has a positive value as guarinteemyg that the
sschools included in it have been found-by_the bourd to be eflicient,
o conclusions should he deawn from (he absence of the name of any
particular school.  There are many schools of high, indeed of the
lighest, efficiency which hiive not applied Tor inspection, and which
' therefore not included in the “list.”" _Sych, for example, n’n-,'tlu-
following nine “great public schools,” kl:mn throughout the world
83 the schools pytronized by rich and noble families, and all founded
“ well over 300 year<igo: Winchester (founded in 1384), Kton (14300,
,'“‘stn)kmtor'(l;}(i()\. Rughy (1567, Harrow (1571, Charterhouse
'Qﬁ)l), Shrewshury (1551), which are boarding schools: and the day
schools, St. Paul's School (1509) arid Merchant Taylors’ Sehool (1561, )
The authority of the board of education has steadily increased
" since its creation in 1809. This uﬁthnrit.y, however, bears no resom.
blance to that eentralized in the French ministry of public instruction.’

It rests upon the voluntary assent of <vivie ot institutional authorities desirous
of sharing in the treasnry grants dr of promoting Jnity of aim and economy of
resources through a national awacy. Al Government mensures are closely sernti-

= mized by loca! uathorities intolerant of any etcfoachments -upon their rights. and

aro subjects of keen analysia and critivism hy the numerous educational asvociations

these associations exercise great influence cither by their political afliliations, or by |
their effective organizatiom of paepular opinion..

The educational system, like the n%liunnl life of Esgland, not only progreases by
cdmpromise,” but holds W what is euduring by a marvelous system' of checks and
counter clhecy.’ : o o ; '

, - This must suffico to indicatq genoral relations’ botweon the board

of aducation and soconddry scQools. A wide Tango of designation s
18 used for theso schools—for example, Liverpool Instifite, Kton
College, and Callington County School—and thair organization differs

groatly, . ) ' ' -

In the schools with simpler organization there is usually a six-year
course. Corresponding to these years are *Forms ' numbered 1, 11,
IL IV, V, and VI, but in this there is great variation of usage.
I and II are in the “Junior départment;s I1I-VI in' the “Senior

. 4_de;l)a.rtment. In large schools where there is more than oné class in
+ the same subject the better\pupils are often pul‘in ono class and the
" less advanced*in another. Furthermore, there is sometimes bifur-

&

cation throughi‘alection on the part of studonts of\the ““classical side, ”

. With Latin and Greok; as.opposed to the ‘ fodern sido,””. with French

N

oo * rAona'T. Siith, in uouroe'rc.yc_w;';_edm/uwwn,vol,z,pou. o
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- school. 4 :
At the Institute the forms may bo arranged in schomatic array as
fullm.Q: B . s . 2
. E »iT ﬁ; ' - : ' 2~ "]. [, '
- . ‘] e . = Lo Classical

"-h . 20600, o R, 1\' (. side".

| R "’f‘ J ANIY N .

| 1 ) S SN AN — V o N

o ENGLAND. L R ¥ |

~and Goerman. Oceasionally ono finds- ghe ““scienco side” and the

“Woolwi€h side” (as at IW’:‘H] emphasis on mathematics and
naturak science.” But no sifigle schomo can be indicatod which would
give an approximately definito idea of any largo group of schools.
Somo particulars may, howover, be given of two “efficiont” schools:
(1 The Liverpool Institute, with an annual attehdaneo of about 500
boys, and (2) the Bradford Grammar School ; and of a ceriai.n ideal

.

Junior .. -+ -Semor department.
department, ’
v

Wo find hero after V a *“Removo” form (R), ofton called “Shell.”.
Sinco I, wnd I, are’ the same, the bettor pupils can be put in o
group and the less advanced in the other. The subjects studied and
the distribution of hours is displayed in thie annexed table: '

L)
Junior department. : " Benfor department.
“  Subjects. - - :
.| L ‘ s |11, "ll.i‘ e | 111 | 1V | V | Re | Ry [ VL] vy Vi,

- e e ] e F -_._| o | — ——
Scripture. ... 1 ’ 1 l |
Latn... ! 3. 3
Greek... o)
-French .
Geeman.............f..., o
Gieograph, 1 ! ! 1
History... 1 1 1 1
Literature. ! 1 1 1
Compasition. . o1 1 1
Grammar............| 1 1 1 1
Reading............. 2 [ 2 ] ‘1
Writingand spelling.| 3 3 f 3 3
Mathematics.........[ 4 4 (1} 5

27| P poosgo

1 1
Bo‘mgerwt. |y 7| npawy 27,{

. VEach boy’s time tabiein upper ui@h is made up t0 27 hours by el-cuv-.
" 101179°—18—: 4 e o
L. ‘ ' N o )

.

/R,/ VI, }Moderﬁuido ,




" 48 . TEACHERS OF MATHEMATICS FOR SECONDARY SCHOOLS,

+  Norwood and Hope planned courses in ideal schools preparing for
business life and for eptyy into a university.! The following 418 the
scheme of work: for tke [atter:

-

Zdeal school schems of work leading to university matriculation. )

v

. P{z‘:;?‘ Lower course. ;Clmlmls‘:peclal' " Other specialists.
Bubjects. Age(about).|  Aga (about). Ago(sbout). | Age (about).
N .
0 n || 8| |17 sl .
.. _ A -
Religion.................... ol ol okl a oaf x| x| oafoal al
i 22 W O OO B [T B O
el B A g}'; » mif SIS
K 2
...... slgly] 18 ga}'; :, IR
2| 3 2| af a2f..|. Sl 343 3 .
: : of 8 8| s s i,
............ ol J N RN
\l ?} 3 3( ..... boo 000
o [ SRS R v
; g 2 2 .21, 2.......
" Classhoursper week.| 2| 32| 2| 32| 33

U 1 Bunday service is also to he sttended.
© 3 Either Greek or German is selectod.
3 In the upper classes German rather than French is usually elected.
0 \ 4 These hours may be divided at will between these subjocts.

" . Theother ““officient” schobl,namoly, the Bradford Grammar School,

- with about 200 pupils, has a somewhat difforent organization, afid-its
course in mathematics is among the best i | England..; We have here
a ‘‘classical side” and a ‘‘modern side,” In the formet the courso
lasts nine years, in the latter eight. . ““V" is for the ygsenth year ‘“clas-_
sical” and sixth year ‘““modern”; ‘‘Remove glassm’_rqr ‘‘Matricu-

 Whtle some schools are especially well equipped to prepare pupils for university fna‘tﬂculation, it should
benoted that'suchjpnplmtlon is not now unusnal in any secondary school, evon though there be onlyan
occasional pupil to be so prepared.  But under’new regulations of the bill not yet an act an. attempt

is to be made to constituto special departments (n the best schools of a district, to which promising boys

will be transferred from their own schools, In ion with its di of the relations of the [
secondary school to the university, the board: of education laid down the following principles, among
. others, in 1913: “ . o ’

" “The'specialization proper to the upper part of a secondary school is to be dmlnsuls‘hed frdm the special-
{zation which is natural and Proper to a university, and it s the duty of the board to secure thatthe higher
- work done in schools, while constituting s proper preparation for university work, does not. agticipate it
either in the thethods of study or In the nature of the curriculum. 0o .
- *Candidates for degrees in mathematics of science will from the time they enter the wniversity generally
. devote the whole of theéir time to the study of mathematics or of one or moré branches of science. Whila
st school their work i3 not (as too often happens) limited in any way. Those who propose tostudy natubal -
" science should continue to give an adequate smount of time to the study of mathematics, and those who
wish to be mathematiciansshould, simiiarly, comtinue to do work (including practical work in the lab-
oratory) at some branch or branches of natural sci - The board #is0 consider that thosa who will after-
", wards be entirely ocoupied with mathematical and soleatific work-shoukt; so long a8 they are at b
'+ oontinue to glve s substantial amountt of timé to literaey. work.. A thorough proficiency in the use oftye
3 English Ianguage and s good acqusintancs with othe linguagés will be in Aiter years of greater value to'
thém than the sinali smount of additional apeocialized knowledge which, by neglecting those subjects, they
- - might aoquire at school. ‘I¢is, mogeove’.of great importanoce that by tho'oontlnuod'g&udy of selected
" ‘masterpleces (whether humanistic or sclentiftc in content) they should train their minds td deal with the
mere general aspects of human thought.” o .- : . L.
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L :
lation” for elghth year ‘‘classical”; “Matnculatnon" or “Removo
~+science and mathematics” for seventh year ‘‘modern”? Sixth clas-
sical for ninth'year *‘ classical " and *‘Sixth science” or ‘‘Sixth mathe-
matical” for eighth year ‘‘modern.” The followmg is a synopsis of
mathematical work. '

Preparatory—Arithmetic: Elements. - s S0 &=, © f‘ .
I—-Arithmetic: Use of decimal numbers and fractions; factonng, lngheet common
factor and least common multiple; use of brackets. .
Algebra: Introduction to algebraic syrjbolism. T
Geometry: Fundamental concepta of feometry, such as line, point, dlrecnon,
ares, trianglec, solids. Intuitive and| practical Itroduction.

II—Arithmetic: Repeating numbera, coms, weights, and 'measures; proﬁt and loss;

simple interest.
Algebra: Very simple equations to fix the ides of algebm bolism, a6 ® 9%
Geometry: Const.ruchon and,mensiiration of bodies; simple division of bodlea .
11I—Arithgletic: Ordxnary and decimal fractxons, rule of three; square root; per-
centages. .o .
Algebra: The four fundamental operations \yith apphcauons; equatxons of the
first degree; graphs.

Geometry Angle, tm.ngle, parallels the i ple bodlea. euct dnwmg and .

. measuring; simple exercises,

IV—Arithmetic: Harder problems in fractions; change of ordmary ‘tractions into
‘decimal numbers and conversely; abbreviated calculations with decimal -
numbers, ard slmple interest calculation; rebates apd discount; logarithms,

Algebra: Breaking up of sums into factors; simple qyidratic equations.
Geometry: Through propositions on thp cucle fetbot equlvalent to Books 1-3
of Euclid’s Elements).
Trigonometry: To the sglution of right-angl iangles. . -
- V—Arithmetic: Bank, rebate, and sucount cslcdlatlon stocks and - sharaa. interest
7 and annuities.

Algebra: Quadratic equations and problems; theory of mdlcea loganthm,,

series; permutations and combinations.

~s

“ ° Geometry: To similar figures (Ruclid’s Elements I-V), - .
. Trigonometry: Logarithms; measurement of calculation of belghu and
distances; solution of triangles. . -

Matriculation—Arithmetic: General review.
Algebra: Quadratic equations; arithmetic and geomemc series; calculmon ol
' ¢ roots; proportion: ¢
Geometry: Through theory of similitude (Euclid’s Elemenw I-Vl)
Elementary mechanics and- hydroetatlce ‘ .
Remove science anld mathematics. .
Algebry: Theory of indices; logarithms; equations; series; grapbs.
. Geometry: Through theory of similitude. PR
" Trigonometgy: Bolution of triangles; goniometry.
-/ Meghanics and hydrostatics. .
Remove classical. . C -

Algebra: Fractions; highest common factor; least common multipley squm' ;
.- root; equations of ﬁx‘t and second degree; losanthma, pro ; -eeries; .,
R graphs. . . L,
Goomet.ry Throughtheory olnmilitudo' o Y I BT
1 With regard to solid geometry in English secondary school program, 5..‘., be 'umfn‘tb". i

“report in m Maihematical Gasette, January, 1914, vol. 7, p. 392, -
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. 8izth mathematics. . T ¥
" Theory of equations; plane trigonometry; statics; dynamics; -h rostatics; .
synthetic and. analytic geometry; modern geometry; _djfferential jotegral
calculus! . : w o O -
Sizth science. - “ . e
Trigonometry; statics: dynamics; synthetic and analytic geometry;
and integral calculus.!” « . . )

‘erential

But while such extonsive mathematical courses as these may be
found in secondary schools, there are many schools where the math- -
ematics’ includes ‘only arithmetic, . algebra to “progressions,”’ and
geometry equivalont to Books I-M of Euclid’s Eloments. In some
sohools, also, noither t,htfa]gpﬁm nor the geometry is even so ox-
tensive as this. * In other schools permutations and the binomia]
theorem for' a Positivo intogral index an@the equivalent of Book VI -
of Euclid’s Elements (proportion and six%ude) are addoed; but the
last subject, , - - . '
interestingnd important as it is, is too often wholly omitted because it is.not in-
cluded in the syllabus for the London matriculation examination, and therefore is
japtuafﬁiscournged in those schools (still too numero 18) where it is regarded as dan-

gerous to go a hair's breadth beyond the examination syllabus. It js similarly dis-
couraged in those schools which use the examination of the Oxford and Cambridge

o fointbourds ,

‘The programs of studies in secondary schools are largely doter-
mined by the universities. This occurs through the-influence not .
only of matriculation examinations, but also of such examinations
as thossof “joint boards,” of the “Oxford locul examinations,”.and
“of the “Cambridge local examinations.”* These latter (local) examij- . -
nations are of three main types: .

* - 1. Preliminary (for pupils 12-14 years of age); A

2. Junior or lower (for pupils 14-16"years of age)y, ~

3. Senior or school or leaving examinations (for pupils 16-19
years of ago). L .

This scheme of ‘examinations was established wolltover half a
cenfury ago, but not mgny years had pasepd before a standard
exqmination corresponding to university ﬁl?nt.ricu]nt.‘ion_ was de-
manded, and to meet this demand the Oxford and Cambridgo joint .
board was called into existence. g -

. 'A '
.Y Poran inieresung report by C. Godfrey on Calculus in the Public and Se,ndniy 8chools of England,

00 Mathematical Gazette, January, 1914, vol.J, pp. 233-240. .
# That ls, the board of iners for matriculation into Oxford and Cambrifjgo Universities. A sim'lar
boasd Is organized for tho Universities of Leeds and Bhefllold, Victoria Unlvorsity, and the University
. of Livorpool. Tho mnathenmatical requiroments hers are (the University of Leeds calendar 1913-14, -
" Pp. 154-185); “Arithmetio. The elementary g y of triangles, pegaliel , and ciroles, and of
nmnumxﬂd» figures.  Algebrs, tncluding quadratic equations, with the arithmetical and geometrical

" " progressions and an elementsry treatment of irrational quantities and of proportion.” . .
. "+ 8 These examinations under the direction of Oxford and Cambrjdge Iversitiesare referred toas “local”
b.m-m they take place at the schools, or other convenient ¢ jentfrs, and not at the universities, :

o
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- Bubjeots, Board of Educatian, London, vol. 26, pp. 473-483, 500-518.
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This board conducts examinations for three certificates:
1. Lower certificate. 2

»

2. School certificate, . =~ - ' - - -

and a third certificate to be referred to later. . -
Corresponding to the matriculation examinations of tha Uni-
versity of London! are the “responsions” at Oxford and the “pre-

vious examination "’ or “little go’’ of Cambridge University. Broadly

speaking these examinations, the Oxford senjor Jocal, the Cam-

bridge senior local, and the Oxford and. Cambridge school certificate
have the same value. Some characteristics of the mathematical
pafts of these types of examinations may bo noted by studying the
papers given in Appendix A.. Into these characteristics I shall not
go further than to remark that all examinatioris are written, and suc-
cesphul candidates are rated as ““pass’’ or “honor” (first or second).

Sometimes to attain ‘““honor,” questions on “‘additional math-
ematics” and of a more difficult nature must be answered.

But there are yet other examinations for which many secondary
schooL} prepare pupils. These are for the entrance scholarship ex-
aminations in various universities of the country.

The entfffice scholarship examinations at the Oxford and Cambridge colleges are
conducted on practically identical systems and differ but slightly in’ detail. "At'a
rough estimate, the Cambridge colleges award 50 or more scholarships, exhibitions,
and sizarships every year for proficiency in ) gpathematics. Their value varies from
£30 to £80 per annum. The Oxford colleges annually award for mathematics about
20 scholarships of £80 and 10 exhibitions of from £30 to £60. Most of these are ten:
able for two ycars, but they are renewed for one, two, or three more years, subject to
satisfactory progress befng made. The age limit at the time of examination is 19,
The subjects of examination in both universities are: Analytic and synthetic geom-
etry, algebra, trigonometry, differential and integral calculus, and mechsnics,

Papers set at Cambridge in 1910 are given in Appendix B of this.
bulletin. . S . ;

The preparation for the entrance scholarship examinations is
similar to that for the /higher” examinations;” the passing of which
confers certain rights in university and college. ‘Among such ex-
aminations are the Oxford higher local, the Cambridge higher

-

local, and that for the higher certificate of the Oxford and Cam-.
. ( . .

bridge schools examination board.?-

g oo

1 Enml'psuon Papers for 1916 are to be found i Appendix A. The following works may be consul
In this connection: e . o .o . g
L. Matriculation mathematics papers.  Being the papers in elementary mathematics set at the matrioy.

lation examinations of the University of London for June, 1008, to Jung, 1015, with full solut!om to the -

Papers of June, 1915, (University Tutorial Serles.) London, Clive, 1915. 136 pp. o a
2. Matriculstion model ansicers: mathematics. . Being-the London University matriculation papers in’

* methematics from January, 1013, to Jube, 1915 (University. Tutorial Series.) London, Clive, 1018,
© 7 3 Matriculation mechanics papers. Being the London University matriculstion papers from‘Sopgem-- -
* “bet, 1903, to June, 1015, with model solutions to the last paper and-additional Questions, London, Qlive,

1915, 130 pp. G
* Papers set st these different examinations in 1900 and 1910 e given in Bpecial Reports on Educational
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In-the preceding pages some of the noteworthy features of the re-
lation of secondary schools to the géneral educationsl scheme have '
.-~ been lescribed, their wide divergence in ideal and in work has been
* - -illustrated, and the nature of mathematical courses taught has
been indicated.” The prominent rdle played in the school organiza-
tion by preparation for examinations by various boards of examiners
- suggests the thought that much of the energy of the-teachers and -
pupils must be unfortunately diverted to attacking certain types of -
problems and examinations, rather than to dévoloping a mastery of
‘the subject in question. But 'this evil has boen recognized and is
being dealt with.! - R
Having now observed what mathemafics is taught in secondary
schools, we must next consider one of the main features of the prop-
aration of the teacher for his work, namely, his course in one of the
* universities, ' : ‘

'UNIVERSITIES. .

~.The universities ‘of England are situated at Birmningham, Bristol,
Cambridge, Durham, Leeds, Liverpool, London; Manchester, Oxford,
- and Sheffield ; there are also university colloges at Nowcastlo, N otting-
ham, Reading, and Southampton. All of these institutions, with
the exception of those at Oxford, Cambridge, and Durham, rocoive
Government grants. The annual attendance of day students is about
12,000, of students gt evening classes about 8,000. In addition to
these there are at Oxford in the vicinity of 3,400 students, at Cam-.
bridge 3,700. - A : .
-, The organization of such universities as those at Birmingham and
- deeds especiallyremindsoneof that at the better American universi ties.
- The University of London, long merely an examining and, degree-
o conferring institution, was reconstituted by statutes of 1900 as a
. teaching university and a federation of 26 colleges and schools giving -
instruction in ‘arts, law, medicine; theology, science, engineering, eco-
nomics, and musie. . Sons of noble-ard wealthy families who seck a
. university education usually go to either Oxford or Cambridge. - Here
* one finds many of the most brilliant students of the country, those
- who have won in competition ong of the numerous entrance scholar-
- ships. Itisespecially among graduates of these universities—homes of
culture and all that is finest in English life—that teachers for second-
ary schools are sought. ' As Cambridge is preeminent in mathematics
in England, teachers of. this sitbject gre much {n demand among
@/ “honors” men there. . - . T
~ ...For definiteness, therefore, I shall confine my brief commént to
;. the Universities' of Oxford, Cambridge, and London. o
. It is well known that Oxford has 21 colleges, pach with its. own
teaching staff of tutors and lecturers; that each student is assigned

’ lcémpu:w.lolﬂp'l’pqp—’,m@&pp.ﬂm.‘ﬁ ' 0 ©
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to one of these colleges and ¥ras a tuter to whom he looks for guid-
ance, advice, and inspiration in preparing for the various examinations
of his university career; and that this preparation démands a high
standard of scholarship. .Great stress is laid on _ease and facility of
expression, off the ability to form' independefff judgments, on origi-
nality. No one édn get “first” in the- class lists on mere hard wBrk
and “grinding,” or by a display of erudition and an imposing array
of facts. The strain of the examinations, especially in the final
honors school, is very severe. At Cambridgoe the scheme ‘is ‘very
similar. o o @ = W ~ L

In all three universities the courses lead normally to' a ‘pass-
degree’’ or an ‘“honors-degree,” as bachelor of arts ; the pass B. A.
is attained three years after matriculation. The prinicipal examina-
tions may be exhibited in the following table: - - -

University examinations.

Exsminstions. | - Oxford. Cambridge. . .. London,
Entrance....... Responsions................... Previous ¢little-go)....| Matriculation (matric.). |
Intermediate, . . Pass moderations (passmods.) |........................ Pass intermediate or
[after 3 terms). . liminary arts (after | %m 1
Pass B. A...o..| Final gu.s school (groups) | Tripos Part I [after 3 Pmﬂnnl[aﬂq:ym]‘.
v | [efter3years). . years). - :

. Ezaminations for the honors B. A.

.

Examinations. oxford. - - . Cambridge. * | - London. .
H Entrance. +.....| Responsions.................... Previous (little-go)....| Matriculstion (matric.).
Intermediate...| Honor moderations (honor | Tripos Part I [after 3 Honors intermediate or Honors
- K mods.) [after 5 terms). years). ° g:lrl'minsry arts {after 2
"Honors B. A....| Final honor school [after 4 | Tripos Part II [after 4 | Honors fina} fafter 3 years).
3 years].: i years]. l , . :

Let us suppose that our student wishes to pursue mathématical
studies in the honor school at Oxford. He will be allowed tospecialize
almost to his heart’s content. According to the regulations of 1913,
the following'is the examination program for the' final honor school
of mathematics, which is one of nine schools. 4

Algebra, including the elements of the algebra of quantics; theory of "equatiom;;

trigonometry, plane and spherical; infinite series and infinite products,
Geometry, pure and-analytic, of tworand three dimensions,
Differential and integral calculus; differential equations. ) -
v The elements of the’theory of functions of a complex vgriablo, with applications
to the elementary functions and to elliptic functions, S “ :
“The elementa of the calculus of finite differences. . - ‘ ) ‘ '
, The elements of the calculus of variations.. > T R
" Staticsand dynamicsof particles, rigid bodies, and strings; the elementaof analytical "
dynamics; atatica of rodsslightly bent. Hydrostatics; the elements of hydrod ynawmics;
waves on Yquids. . o , o 0o ?
Attractions; theory of potential, -~ - - 4

s,
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Electrostatics; magnetostatics; steady electric currents (flow in linear cireuits,
laming, and solid bodies), . . -
_Electromagnetism (magnetic force due to currents, induction): electrodynamics
. (mechanical effects of currents); dielectric currents (propagation of Blane waves in a -
homogeneous dielectric): ’ Y .

Vibrations of strings; propagation of sound ; vibrations of air in pipes.

The elements of geometrical optica. .

Spherical astronomy. . ’ ~

Half of the 10 examinations in this program are 'in puré and half.
in gpplied mathematics., - They occupy about 30 hours, on 6-consecu-
tive duys. - . : ? ’

Oxford ¢oncedes that the most talented of English mathematical
students usually go to ‘Cambridge. It is not surprising, therefore,
that the program for the tripos examination is much more elaborate !
than even that for honors at Oxford. On the other hand, the mathe-
matical opportunities for the specialist in the University of London
are riot as numerdus as those'at Oxford.?

But while it is possible that a graduate of ore of these universities
may have received a very broad training in mathematics, it is also ]
true that he may, at the. end of his course, know no more mathe-
matics than &fe Tequifed for responsions, namely: Arithmetic, and

. eithor'Euclid’s Elements, BooksI-11, of algebra.

: TEAGHERS IN SECONDARY SCHOOLS,

The organized training of teachers for English secondary schools
'is in its infancy and extends at most to a postgraduate year in a -
university. For nearly a decade the board ofeducation has given
financial assistance to institutions’ training secondary school teachers,
_but while this feature is being increasingly emphasized, it is never-
theless true that less than 40 per cent of the total number of secondary
teachers (of bays and girls) have had some training, and that not
more than 15 per cent have been trained for the specific ‘work in
which they are now engaged. e .
According to rogulatigns which went into foree in 1913, students’
inay be trained as teachers in secondary schools in (1) training col-
leges, (2) certain secondary schools. - B
In order to be recognized as a training college under these regula-
"tions— T . : o
an ingtitution must be an institution or & departmént of aninstitation organized *
for the purpose of giving‘instruction in tlke principles and practice of teaching specially
" designed for persons who are preparing to' become teachers in secondary schools as
*. defined in the regulations. Lo, .

.1 This program is given on pages 194-98 of- 8peotal .Reports on Edncationsl Bubjects, Board of Educa-
" tipn, London, vof. 27, Tlie examination pspers for Parts I and 1T of the mathematical tripos are pub-,.
-~ «lished annvally in psmphlet form by the Cambridge. University Priss, ° 5 o0 [

“.! -9 ¢f. H. Bateman, “The W"!’k of an English Mathematical Btudent,” Mathematics Teacher, vol. 5,

- 1918, pp. 147-18%
DI 3 .
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2. The training college course must be confined to purely professional inastruction. -
4. (a) Adequate provision must be made, in secondary schools approved by the
board fof this purpose, for the instruction and practice 'of,g&xdetu in tdaching and in
school organization and management. ) : .
(8) 1f the training college is a department of a secondary school, this conditionw -
. may be satisfied, provided that the student has ample practical experience during the
year of training in the school of which the ollege is a part, -

6. The course must’extend, over Dot less than a full academic year.. .

7. At least 60 achool days must be spent in contact with class work under proper
supervision in schools approved for this purpose by the board. Not less than two-
thirds of the teaching practice must be taken in a secondary school ‘or schools. -

Training. of 4eachers in secondary schools may be carried, on under

the following conditions:

by the board, i - . .

(4) Any person proposed for recognition as a teacher in training must be not less than -
21 years of age and must have obtained an approved degree conferred by some -uni-
versity of the United Kingdom or some other university bf recognized standing. . In
the case of a woman who is not eligible to receive a degree, a certificate showing that
she:has fulfilied all the conditions which entitle a man to obtain an approved degree
will be accepted for the purpgse of this article. .

(¢) The course followed by a teacher in training must provide for a systematic

* course of study both in the practice and in the principles of teaching in accordance
with a scheme approved by the board.” The scheme must provide in each case for
s special study of the methods of teaching a particular subject or group of allied
subjects. o . : ' :

(d) The course must extend over not less than a full schoo! year. The whole year
must ordinarily be spent in the school to which the'ueacher‘in training is admitted,
but arrangements may, in certain cases, be made for the absénce of the teacher from
the achool for part of the year for the purpose of attending a course of instruction in
the principles of teaching at a university. . ‘

{¢) A school will only be approved for the purpose of this chapter if the head master
or head mistress or some other senior member of the 8taff is specially qualified and
has the necessary interest and leisure to supervise the teacher's training.

\ 22, Whena teacher in training has been trained for a year in an approved school
under conditions which the board can regard as satisfactory, the board will indorse a
certificate given by the head master-or head mistress of the school stating that the -
teacher has completed the.period of training in a satisfactory manner, * .

. 'The regulations give also a “List of qualifications  other than
degroes which will be- accepted as qualifying students for admission -
A to training eolleges.” These are: . LY .

L. A tripos certificate granted by the University of Cambridge to women, provided
that the examination taken was one. which, if passed by a man after three years’ |
residence, would entitle him to a degree without further examination. . Women -
students who have been allowed the ordinary degree in & tripos examination will be
regarded as possessing the neceesary qualification,  * . . e

. - I1."A diploma or certificate showing to the satisfaction of the board that the appli- .* - * -~

cant, if 4 woman, has fulfilled all the conditions which, if the University of Oxford -
granted degrees to women, would entitle her to a degree in that university; so that =~ -
she has obtained honors in the second public examination or has passed the first and

C 5

21. (a) The school must be on the list of eecdndary schools rec"ognized as efficient

o
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second public examination ! at that university or such examinations as are accepted
by the university as equivalent thereto. »
IIL. ‘A special honors certificate of the higher local examinations (Oxford and
. Cambridge) granted under the following conditions: o .
(a) That the certificate includes at least a pass in twolanguages(other than English)
and a pass either in mathematics or in l(?ic; and
() That the holder either (i) has passed in four groups or sections, obtaining a
" . first or a'second clasa in at least two of them; ok (ii) has passed in three groups
of sections, obtaining a first or a second class in at least two of them, and
holds in addition (1) an Oxford or a Cambridge, senior local certificate in -
onors, including at least one subject not included in the three higher local
0 groups or sections, or (2) a higher certificate of the Oxford and Campridge
", schools examination board, gained in one year, exclusive of drawing and
- music, and including at least one subject not incJuded in the three higher
) l'oca.l groups or sections., i o

. Among the institutions recognized as efficior:t under regulations
of the board of education for the training of teachers for secondary
., schools~are: (1) Departments controlled by, or forming part of, s '

+ university or university ‘college; (2) training colloges provided by
~ othér bodies. . Departments ‘of the first type are to' be found at
‘Birmingham University, Durham University—Armstrong Colloge,

Leeds University, Liverpool University, London University, Victoria

Untiversity, Oxford University delegacy for the training of secondary

teachers, and Reading-University College: An example of a training

college of the second type is the Clapham High School, in London.

To illustrate, the methods of operation, sonte details follow with

" regard to organization in units of each of these types. For the most
part the statements have been made by the institutions in question.

(@) University of Liverpool.—It is little more than a decade ago

that & diploma in education for graduates, along the present lines,

was established. The courses of study qualifying far the diploms
were placed under the gontrol of a special board, in organic relation

 to the facultios of arts and science, and including persons representing
secondary education in the city. ' '

Candidates for the diploma must be graduates of some university
in the United Kingdom, or have obtained such other , academio
qualifications as shall be approved by the senate of the university,
Before admission to the examination candidates present certificates
of (1) having fulfilled the conditions as to practical teaching, and

: - (2)having attended for-af least one session? subsequent to their final
examination for a degree a course of study approved by the diploma
board. ' : , '

~_The diploma examination consists of two parts, theory and prac-
tice. . Candidates are required to pass written examinations in thé

>

"5 following subjéots:

3 First. publlo é2amination—miodsrations atter 3 semesters; socond public examination—examination
forthe degres.. ., . ' : :
% Onesession consists of 3 terms of about 10 weeks each,

o
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1. Logio, et.lnos and psychology, mcludmg psychophysrology,
their application to education. 0 *
2. Principles of education, with specm] reference to methods of .
teaching the usual subjects of the secondary school curriculum ;
principles of general physiology and school hygiene. -
3. A* prescribed. period of the ‘history of educational theory and
_ practice.
In respect to practice, ca.ndldates are judged (1) upon reports’ by
the professor of education, and (2) upon written records of their work
in school and upon their tonchmg before the examiners. Candidates
are required to attend at approved practicing schools for a period of
at least 250 hours. They are, as a rule, .attached to one school .
throughout the session, and, so.far as possible, they undertake work
such as would be allotted to a member of the staff. They also attend
lessons given by members of the school staff and study the methods
of teaching the specla] subjects in which they ate interested. The
general supervision of their work. is.in the hands.of the university . -
staff, but each syudent is also under the direction of one teacher, who
* reports on his p{'ogress The $tudents are requlred to keep a record
of teaching observed and of courses of lessons given, to be submlt.ted
to thie examiners. .
The fee for the complete course is- £10 and the exammatxon fee
is £2 additional. ' .
(b) Clapham High School.—The department for the training of
« toachers for secondary schools was opened in 1902.  Students desiring
- to enter miust possess a degree, or. equivalent qualification, or hold a
higher local honor certificate. .
Throughout the course students follow lessons given in the school -
by expenenced teachers. They themselves also teach, under super-
h vision, which is relaxed as they gain experience and power. They,

' ENGLAND.

learn the wvarious dutics of a form™ teacher by being sent as assistants
in a form, for not less than half a term at a time. Visits are paid to

* other schools of differont types, and students gl:re criticized lessons
in outside schools. Lessons are followed by general discussion, W'lth
the specialist in chiarge of the subject.

The course covers three terms, and the plan of study lncludes
instruction in the theory of education, based on psychology, logic,
ethlcs, and the history and practice of education. ‘Instruction is also
given in ‘the use of the blackboard, voice production, and school

, hygwne ' ,
“The fee for the course is_£24. o o~ 4
Such orgnmzatxons give }romlse of & more eﬂicnent. group. of sec- A
_ ondary teachers in the near future. ‘Not so long/ago— S

" of the 9,126 full-time, teachers [men and women] in secondtry schools which reeewed
.grants from the board oi educahon, 5,348 were without pmieemoml t.mmng ot t.lm

r : P R ST 28  H8agy
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_ higher than &20’01 There is<usually no automatic increase. If & mu'7{ wishes to
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group of untrained‘ teachers, 2,731 were also wi'thoint degpees from college or uni\"ersit,'v_-
The total number of socond@ry teachérs without degrees was 3,715, R

It appears that véry fow secondary teachers appoinfed in the last

"decade have not had the cquivalent of a university course supple-

mented ‘by practical training. But even 80, it is noteworthy that a
university graduate may be engaged tq teach a subject about which’
he has not increased his knowledge since he lgft the secondary ‘school.
As Mr. Fletcher comments: It ig “a matter of grave ¢oncern that
half of our mathematical teachers of boys and girls have had no-
instruction in mathematics beyond what they hava had at school.”

" If we consider only the. best grade of secondary schools for boys,
the scholastic equipment of the teachers in the subjocts taught ranks
high, the, work that the teachers do if characterized by great thor-

oughness, and their personal influcnce’is such as to inspire the finest $
_ ideals of manhood. ~ ‘ : 1y .

‘T have been unable to procure any comprehensive statement of
salaries paid to teachers in English sécondary schools.. ‘But even if
such a statenient has- not baen publishcd, enough has come from
authoritative sources to demonstrate the wido variation Tn salaries
and, in most instances, their great inadequacy. The scrious offect
of this condition on the persenncl of the teaching forces is now
generally recognized, and it is hoped that through the authority of
the board of education much needed reform in this connection may
be brought about. : ' .

In August, 1900, Dr. W. H. D. Rouse, headmaster of the Perse
School, published some strikjng facts which would seem. 1o give a
true presentment of general conditions-at the time.! He found that
the average salary of assistant masters’ in 300 schools men(ioncd/

-~

in the returns of the Charity Commission was £135.22, and that &

‘similar average for 20 East Anglian schools was £ 103.6.

In 11 emaller schools the uv,émge aalary is £52, apd these data combined give a
sum just below £12) as the average sélary of the assistant, Residence, i. e., board
and lodging, is included in some cases; but we may leave this out of account, becauss
it is payment for extra work done out of school. The Victorian public schools, such
as.Clifton, Cheéltenham, and Marlborough, and others which though noted in the past
are of late growth, such as Tonbridge and Bedford; are not included in the above
list, whick is meant to illustrate the usual condition of country grammar schools, If

. these be included, the average will be alightly raised. . At Cheltenham there are one

or two posts at about £300, one at least of £100 only, and the others range from £200

' to £250as 8 rule. Clifton-and Marlborough do not greatly differ. The state of thinps

in Bedford is thus described by one who knows: “There is no scheme of salarics in
either of the two big sghools. Each man fights Jor what he can get; if he makes w,’good
bargain to etart with,?all for him.” * A.few years ago thé'average salary at Bedford
174, but many form masters received £150 or less; sonie under
£100, all these being nonresident; At Tonbridge there is in my table only ore salary

" 18iifiies in Becondary Bcbools,” Conte porary Revirw, vol. 78, pp. 275-280,

Y . ..
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- marry or thinks his inereased experience makes his seryices more v‘aluab]o, he may
have to get another post (if he can) in another schodl, As to the smaller schools, the .
_account of the of a Cambridge B. A. of my acquaintance may be of interst.
Hg began in A:E?e% Grammar School at £15, resident, and after several moves from
one private achodl to anqther, where-the pittance wae somewhatincreased, he attained,
sfter nine.years’ experience, to the magnificent stipend of. £140, nonregident, in the
grammar echool of a country town which for his sake I forbear to mention. A London
B. A., whose lifg story is also before me, now receives £]30, nonregident, after 18
vears” experience. The same pitiful stdry comes from scores; of amall country
schools. ) ’ . K . , L
The headmasters’ salaries present a pleasing contrast. " In the best-paid of the -
schools ‘mentioned, Tonbridge, the Lieadmaster receives £5.000 and upward, ‘while
his assistants have less than £200. The usual 'ai'émge is ten times that of the assistant,
falling to five times in the East Angliad schools and even occasionally toless. Sofaras
my knowlodgqgéos (and as regards rome of these schools it is not negative knowledge),
nejther headmaster nor‘goverriing body has expressed any dissatisfaction with the
state of affairs ‘or has ever considered means whereby: the salaries of assistants might
be permanently improved. The chance of succeeding to & boarding house keeps
hope alive in some schools, and this rather than the carned reward of merit would
seeni to be the present educational ideal. - - N - >

! : ol ) 2
The following definite indications of salaries in four types of

secondary schools were taken by Norwood and Hope in 1909 (pp,

367-568) from a list issued by the assistant masters’ association :

A. LONDON SCHOOLS.
1. City of London School. . L
(@) Upper scalg, £300, rising to £450 by annual increments of £5 156, 4d.
(b) Lower scale, £200, rising to £350 by same increments.  Five masters
are paid on the higher scale and 15 on the lowet.
2, Mercers’ School. - 0. .
(a) Upper scale, £160, rising to £300,
(b) Lower acale, £120, rising to £200,
B. PROVINCIAYL SCHOOLS. .- s .
1. Manchester Grammar School. . o
e " Ordinary scale, £180, rising by £20 every two years to £300.
" 2. King' Eduard VIJ School, Sheffield. .
(a) Five mastors, £220 to £250, rising by £10 annually to £300,
T (b) Five masters, £180 to £200, rising by £10 annually to £250,
(¢) Five masters, £150, rising by £10 annually to £200. .
C. MUNICIPAL SECONDARY SUHOOLS. ' , o O
1, Bournemouth. C : - . .
£120, rising to £150, with three.special salaries of £170, rising to £250,
* . £160, rising to £200; £140, rising to £170, . a
2. Hartlepool. ’
’ £150, rising to £200. °
D. COUNTRY AUTHORITIES. .
1. London County Council. oo . )
£150, rising by annual increments of £10 to £300, on atisfactory reports,
* with further annual increments of £10 to £350 » 3 o :
2. Surrey.. . L
. " Nongraduates, £100, rising by annual incremerits of £5 to £160,
" . Graduates, £130, rising by annual increménts of £7 10s, to £250,

N
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Provision for the pensioning of _teachers in secondary schools is
oertamly meager. -

A number of wealthy endowed secondsry schools have for yme—time had individual

pension systems of their owhn, operating unddr provisions of their respective schemes

. of government of charters, most of which were received under the endowed schools

acts for England beginningin 1869. ® * *' Alsoinafow caseggocondary teachers

_ in schools under public manageMent have been pensioned by local authorities. With

these oxoepuons there has been nothing mmowly uppro.clung any gvneml proy fsion
of pennom for secondary teachers. .
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V1. FINLAND,
—I . o
The area of Finland is somewhat less than half that of Texas, andits «
population is but slightly in excess of 3,000,000; yet it publishes many
important periodicals and is the home of not a few learned socicties, .
Of the inhabitants, about 80 per cent are Finns and about 11 per -
! cent Swedes. . : s o
. By ordinances of 1869 and 1872 the general administration of the national sysiem
of primary éducation, as well as that of the secondary schools which hetetofore had

tion. The members of this council -are appointed by the.senate (constituted by
imperial appointment), upén the nomination of ‘the Diet (legfislative asse . bly).
The executive chief of the.system. the director general, is also appointe . by the
eenate.  An assistant director has charge of -primary education, and tjere are Gov- -
ernment inspectors for both secondary aud pringary schools. - ’

Thoso State secondary schools which have interest for us are the
Ivccer (classical and real), cach Wwith an cight ycars’ course. In
— the real, as compared with classical lyceuny, one additional hour per
week is spagt gn mathematics, and greater %ﬂ wasis is laid on physics,,
Such lyceer prepare directly for the univeg@ity. '
There 1s no examination in passing from one class to another in
the lyceum.. But after finishing the work: of the VIII class, tho
pupils, who arcerbout 17 years of age, are required to submit to both
written and oral tests. The. written tests are the same throughout
the country and occur on the same days. They consist of (1) a
cumposition written in thie mother tongue;.(2) an examination in
the other language, Finnish in a Swedish school, Swedish in a F innish
school; (3) a Latin translation in the classical lyceer, a Freneh,
German, or Russian in the real; (4) a test in mathematics. In '
L _connection, with (4), questions dre also given on physics. The test -
lsts for six hourg, and the pupil who answers at least three. ques-.
tions, dut of about ten, in’a manner satisfactory to the professors in
the school, is declared admissible. Thé paper is then submitted to
the examiination ¢ommission of the university, who pass upan ‘it
‘_“Ihmllyl The successful ‘pupils who have also passed the oral test,
- given by the professors of the university, on all the subjects of the
the university. ;

~—.. g

been inder ecclesiastical direction, was vested in a central board or council of educa- i

- couise, receive a ‘‘leaving certificate.” ‘This-certificate now- admits ) o
the student to . R

e —
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- THE ALEXANDER UNIVERSITY. T

- As experience has shown that the course of mathematics in many
lyceer of the country has not beenr thorough, on account of the great
amount of time taken up with languages, the university undertakes
to review and c\om‘plete,certain parts, especially in trigonometry,
Then follows a course in analytic geometry, which deals with the
conic sections and surfaces of the second degree.  Only the elementg
of projective geometry are taught. The text is the manug) of
analytic geometry, by,L. Lindelsf. :

Spherical trigonometry is taught ‘In connection with analytic
geometry of space. ‘It is taken up more in detail in the courses on
" spherical astronomy. ' ¢ .-

. Differential and integral calculus is begun in the first year at the
sam® time as analytic geometry, and its study is carried on for two
years. The texts of L. Kiepert and E. Czuber are the ones most in
demand. '

An elementary course in differential equations is frequently given,
It contains spécial geometric applications of the theory. Sometimes

dévelopments lead to such problems as the conduction of heat and

other questions in the domain of mathematical physics.

Algebra and the theory of numbers are given in the second year.
The pupils use G. Bauer’s Vorlesungen ijber Algebra as a manual.

“Then, further, a course on analytic functions, which takes account ,

of the methods of exposition of Cauchy, Riemann, and Weierstrass,

is given every year. H. Burkhardt's Algebraische Analysis und

Einfikrung in die Theorie der analytischen Funktionen is recom-

mended for the students, Q{L

Besides the above-mentioned regular courses, thehe are frequently
given special courses in certain domains of mathematics, such as
minimal surfaces, applicatiqan of the theory of groups to the resolu-

tion of algebraic equations, elliptic functions, )

The teaching in the sections “ historico-philologique” and “phy-
gico-mathématique” of the faculty of philosophy is organized in
- such a way that the students can, in general, after four or five years
" ‘of study, pass the necessarygexamination to obtain the degree of
“¢andidate of philosophy.” y 'S,

This examination comprises, apart from a written test in a modern -
lmi\guage, interrogation bearing on at least four of ,the sciences in
the-domain of the faculty in_question, the combination of subjects
being submitted by the candidate and approved by the section, 1
In/ each subject the successful candidate obtains a predicate—ap-
probatur, approbatur cum laude, or laudatur—these, predicates de-
pending on the extent of the program studied. To pass, the candi-
date must receive dither the predicate laudatur in two subjects, or -

X .
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laudatur in one and approbatur cum laude in two others. In addi-
tion to this, an essential part of the examination is a study pro
gradu. In fRis paper, which requires a‘long time to prepare, the
candidate treats, in a personal way, some scientific question given
or approved by a professor: '

To obtain the highest predicate in ‘mathematics in this examina-
tion, it is necessary to know thoroughly the courses in analytic
geometry, differential and integral calculus with its applications to
geometry, differential equations, algebra and theory of numbers,
and the theory of functions. For the predicate approbatur cum
laude, the theory of functions disappears from the program, and
only the first principles of algebra and the theory of differential -
equations are required, The program for the predicale approbatur
is confined to plane tyigonometry, plane analytic geometry, and the
fundamental notions of the differential and integral calculus, g

The candidate who has obtained the degree of “candidate of
philosophy” can obtain the degree of licentiate in the, faculty of
philosophy by continuing his studies; publishing and, publicly sus-
taining ‘a thesis, and passing an oral examination, in which he shows
thorough knowledge in three subjects within the domain: of the
faculty.

The candidate of philosophy receives at the annual, promotion the
title of master in arts! under the same conditions the licencié may
receive the title doctor in philosophy. : :

In order to be competent to fill a post in secondary teaching, it
is necessary to have passed the examination for a “candidate of
philosophy” or the examination for the “certificate of aptitude in
teaching.” This latter examination is passed at the university, It
differs from the first only in’ that it is not absolutely necessary to
obtain the highest predicate in one of the subjegts. Nearly all
candidates become ““candidates of philosophy.” "

NORMAL LYCEER.

The professional education of the professors in seconda;y schools
is éoncentratfd in two normal lyceer, one for professors in Finnish
schools, the other for the Swedish. These two lyceer are under the
special conttol of the professor of pedagogy in the university. In
order to be inscribed as “stagiairé ordinaire’’ in a normal lyceum it is
necessary to have a “certificate of a]‘itudo in teaching’’ or to be a
“candidate'of.philosophy.’_’ As a general rule, the mathematical
candidates have' passed t}m gecond of thgse examinations and have
obtained the highest or the next to the highest grade in this subject.
They are placed under the immediate direction of the senjor pro-
fessor of mathematics, : Tadt b T
| 101179° 18— Loy ‘
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- The extent of training at the normal lyceer is two- semesters, -
The “stagiaire’” is thbroughly drilled in the theory and practice of
Pedagogy.  Under the surveillance of the senior professor he teaches
in a State lycoum. When his major is’ in mathematics, he alsq

* gives ingtruction in physicsand chemistry.

s

(N

.

-

In-addition to work of this kind, candidates are ‘assembled in
confetented of throe types, monthly, general, and weeltvl‘. The
monthly conferences are presided over by the professor of pedagogy;
ordinarily, the class examinossome one podagogic work each semoster,
Each of tho “stagiaires” in ‘turn makes a report on a part of this
work, which at the hour of the conference igmhe basis for discussion,
The portions of the work which concern hematics are assigned
to mathematical candidates. In the general conforences questions
of genoral _pedagogy are discussod. The wookly conforencos are
either the conforences of the. canididates in a special subject.or those
related to it, or special conferences arranged by the scnior professors
“for the individuals. -In the mathematical section a mathematical
" work is gonerally examined in a manner similar to that obtaining in
the monthly conferencos. S S
The “ condition of competence”” required to obtain a post as.pro-
fessor is that the candidates possess the degree of ““candjdato of phil-
osophy” with the highest grade in the major subjocts required by the
post. For the position as ‘“chargé de cours’” the same dogree or
tho “certificate of aptitude,” with at least the second highest grade
in the major subjects required by the position, is necessary. For
both classes of teachers an examination in pedagogy and a test in
Practical pedagogy are required. These tests are conducted by a

+ - council of the senior professors of the lyceum, Finnish or Swedish, as
. the case may be. This council consists of five thembors; the rector

of the normal lyceum, the senjor professors of the subject in question
from the' two normal Iyceer, and two members of the council of the
normal lyceum whero the candidate is being testod. - The candidate is
invited to teach in assigned classes for the purpose.of showing his
aptitude for the career which he wishes to embrage. On the basis of
this test is given the grade approbatur, dpprobatur'cum' laride or
laudatur, according to the work done, ' Ca g

CONCLUDING REMARKS,

.. “About one-half of the students in the fa'cuity of philosophy at the
university look forward to a career in connection® with secondary

p-. education. Nevertheless, the professional education of such. teach-

./ ere has been conducted almost wholly by those outside the university.

- Some slight dppagture’ffrqu this policy with regard. to ‘mathematics
: Was made in 1913, when an associate professor of mathematics in the
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university was appointed to a recently created chair. The special
task of this professor is “to ‘give courses and direct the practical
exercises for the future professors of mathematics in . the secondary
schools.” - - R . ' T
Among topics which this professoMtakes up are: g
In geometry: The axioms of Euclidesn geometry; the principles of projective geome-
try; a eketch of the various-systems of geometry; a systematic exposition of the

elemeniary methods of resolution of geometri roblems; the history of elementary -
, h ! geometricp ry :

geometry. .
n trigonometry: The historical development of the science. . ’
In arithmetic: Methods of numerical calculation; the historical development of -
elementary arithmetic; the extension of the idea of number, . - - N .
In algebR and the theory of numbers: The notion of divisibility in the theory of
numbers and_in algebra; the historical development of algebra and abridged notation;
the application of algebra to the resolution of problems in geometric constructions
with the 2id of various instrumenta.
BIBLIOGRAPHY. . ! _
Rapport sur I Enseignement des Mathématiques dans les écoles de Finlande. Rédigé par -
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1. 8. THORNTON. Schools, public and private, in the north of Europe. Special
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D

Few countries in the world .can compare with France in the high
standards maintained with regard to the appointment of teachers
of mathematics for the socondary schools. One may almost say

* that the educational scheme in France is largely organized with refer-
ence to the preparation ‘and selection of secondary school teachers,
It is important tharefore to have this general schemein mind.

For educational purposes France is divided geographically into
arrondissements. .The assemblage of Government schools (primary,
‘secondary, and superior) in each arrondissement forms an académis
over which' a rectour presides, There gro thus the 16 académics of
Aix-Mamseilles, Besangon, Bordeaux, Caen, . Chambery, Clermont,
Dijon, Grenoble, Lille, Lyon, Montpellier, Nancy, Paris, " Poiticrs,
Rennes; Toulo 3@ s well as a soventeenth at Algicrs.  With the-
exception of Cfl‘:Limbcry, these names correspond to the seats of the
French ur}ivorsit-ies. © af : Lo

The nsécmblugc of agadémiés constitutes the Université de France,.
at the head of whighis the minister of public instruction, who'is ex

_officio the “Reptcur de 1'Académio de Paris et Grand Maftre de
" PUniversité '¢¢ Pgeis.” For the Académic ‘de Paris theré is a vice
ies are the.samo as those of the recteiirs of other

recteur whode d
académicg! hough nominally lower in rank than the heads of
#s ip/the Provinces, he is in reality the most powerful official
in the/cgdational system. Since the position of the minister of
Mstruction is so insceure by reason.of changing governarients,
ity of scheme is assured by three licutenants wio have charge
" respeckively' of the primary, 's&:fmglni'y, and superior cducation.
They in turn have an army_qf inspertors who report ow’the work and
capabilities of the recteurs and their académics as far as grimary and
secondary instruction are concerned. ‘

The present system of secondary education in France dates from
the great reform of 1902 (important modifications ‘wero introduced in
1905, 1909, and 1913 ') and i carried on ffqr the most part in Iycées

-and collégeq-cdmmuninux,, i_vhm be found in nearly all cities, -
-Beéhus'?l\t eir preemirienco we shall ¢onsider the teachers in the .
oo ~former -dnly, vhich ‘are uitder control of the State. Here the boys

- who come. from familics in comfortable circufnstances may enter

&t the age of 5 or 6 years and be lé(_i al(:)ng in their studies".till they

- 'Rept.of Commis. Eduo., 1911-13, yol. f, Washington, 1913, pp. 28 532,
{ . ° ; Jo Ve AL
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. are divided into two groups. In the one are those who learn Latin,
X science-modern - languages section of the second cycle. Into this

" cycle there are three othen ‘soctions gntitled, *‘Latin-science,”
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receive the baccalauréat at the age of 16 or 17. Many lycées have
still more advanced courses to prepare for entrapce into such schools
s the Ecole Normale Supérieure, fcole Polytechnique, Ecole Cen-
trale, Ecole Navale, or Ecole de Saint Cyr. For our purpose it is
desirable to-consider these advanced courses and the studen who, .
having taken them, enter the Ecole Normale Supérieure. L\
Instruction” in fully equipped lycées may be divided ‘into four
sections: (1) Primary, five years, for children from 5 ¢ 10 years of
age: followed by (2) first eycle, four- years, the first. section of the
secondary &ducation, properly speaking; which leads to (3) second: 4
cycle, three years, on the completion of which the student receives .
theState degree known as'the baccalauréat.  In about orie-third of , .
the 120 lycées in ‘France there- are also (4) the classes dé ‘mathé- . . -
matiques: spéciales.. In considering the training of teackers for thé
lyeées certain general facts with regard-to (2) and’(3) should be borne .
in'mind, while detail¢d information as to (4) is essential. :
~ "Since the reforms of'a decade or so ago the pupils ofithe first cyclo -

with or without Greck, and in the otherare those yho have notl{ing ‘
to do with a dead language. Pupils of. the latter group go into the

sectjon may also enter certain pupils who give up_the study of Latin

Y

to specialize in modern langunggsmrd science. But in the second”

“Latin-modern languages,” and “Latin-Greek.” Tho work in-math-
ematics is decidedly’ heavier in the scionce sections, and as this
work must be taken by.all prospective teachers of .mathematics, we
.may confine our.attention to these sections. The classesr of these -
sections in the successive ypars are named as Jollows: )

..

- . * Classes of the sctions. | SR .
. © ' .
- =5 G _
First year. ' Rédconyl year. Third year. .
~7 i .
- 2] - . . .
. Latin-science..... ... BoocoooRc0000a00G Seconde (... pmv...| Premidrec. ...... Mathématiques A. °
Beience-languages..........ooooooennnn. Second.e ) LI Premiére 1.) ....... Mathématiques B,
P - hd

The work i mathematieg is the swmé,thr(mgimuot. it both sectionS. ..

At the end of ghe,second year the {irst of the examinations for the  , /
bnccalauréat apoaken.  They are both writtep and oral and of an
elnbornte‘aﬂ exgeting nature. Among tho:examiners, six ir num-
bef, in'a giVe{ﬁ)ndisscmcnt, threo are professors from the univer- - *
isity.  Under imilar conditions ,t_.hé’{.s'oc‘qnc‘l hr}d;ﬁnql tests-are.applied .- ..;
.at the end of the third year' and thé sucechisful pupil becomes & .

. . A - . o 3}

,E. LORMEAU ET P. MERLET, Probl2mes de giométrie donnés auz dy dsccaloréaf Latin- - -
Sﬁm,ce. Sciences-langues. Mathématiques A (u_lons)hwncgadcm la géométrie André et Lormeay, .Engnods ,. .
ot Solutions. "Parls, Aqdré-Guédon, [1909)+ " - . J . . ’ L
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bachelier. Little, if any, exaggeration is made by regarding the bache-
lier as upon a plane of scholastic equality with the st/udent who has
finished the sophomore year at one of the best Ameri¢in yniversities, *
", Several. of France’s most brilliant mathematicians and. teachers of
our day became bacheliers when only 16 or 17 years of age.
~_* I the bachelier who is proficient: irLgmthematics be not turned
~ aside by circumstances or inclination to seek immediately a career
- in civil or Governmient employment, he is likely to proceed to prepare ,
himself for the highly speciad and exacting examination necessary for
- entrance into. one of the great schools, of the Government. The .’
method of - this -preparation exhibits a very peculiar feature of the
" "French systein.- Whereas with us, or with the Germans, the boy who
has finished his regular cougse'in the secon 47y school goes directly |
- to ‘'some department of a ‘university for his next instruction, the
* bachelier, who ha a-perfect right to follow tho same course,, returns
to this old lycée (or eprolls himself at one of the gréat Pyris lycées,
such as St. Louis, Luis de Grand, or Henri IV), to enter the classe
. de mathématiques spéciales préparatoires which leads up to the classe
de' mathématiques spéciales. The latter is exactly adapted to pre:
pare. students for the Ecole' Normale Stpéricure, the Kcol Poly-
technique, and the bourses d¢ licence. As mbntioned above Anly a
. small proportion of the lycées have this classe, but with the exception
of Aix they are to’be.found in all un ersity towns. On the other
hand, still other lycées have dasses which) prepare specially for the
- .less exacting mathematica] ¢ trance examinations of the Fcole
" Centrale, Ecole de,St.\('ﬁ#seole Nayale, etc. But the number of
pupils who on first starting out deliberately try to pass csaminations
for these schools is small in proportion to the number who even- -
tizally reach them after repeated but vain‘effort to got into the Ecole
Polytechnique or the Ecole Norspalo Supéricure, Just what makes
. these two schools fgmous and peculiarly attractive' will Appear later.
When the pupil has won his baccalauréat he may immediately matri-
culate into'a university, and although it might be possible for him to
_keep pace with the courses, it would be, in mathematics at- least, a
* matter of pxcessive difficulty. Theroe is then in reality, between the
" baccalayréat and the first cougses of the universitivs, a distinet break,
bridged only by ‘the classes de mathématiques spéciales.!
: The éldves who enter the™ preparatory section of this class’ are,
"+ generully, bacheliers leaving the classes de mathématiques. Natural
. sciencs, history and geography, philosophy—indeed practically every
~ study except those necessary for the end in view—have been dropped, -

- -and from 'this time on to the agrégation and’ doctorat, all energies
_i - - N - - - . .

TEACHERS OF MATHEMATICS FOR SECONDARY SOHOOLS,
-0 . .
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: ] It is ‘only or matixenist!ul or scientific students that such & hreak occurs, 88 no special classes are pro- ‘
" vided in othér subjects eﬁegit in’the caso of half a dozen Paris lycées which have classes in “letters” pre-
pafatary for entry into the R e o

1 o . E

oole Notmale Supérisure,
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. .coordinates, curvaturg, concavity and convexity, envelopes, evolutes. .. . .
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are hent in the direction of intense specialization. This is the most -
pronounced «characteristic of*French education to-day. In mathe~ .
matics, irtruction now occupies 12 instead of 8 hours per week. -
New poihts of view, new topics and broader general principles, are
developed in zﬂgebru and analysis, trigonometry, analytic geometry,..
and .mechanics. Physics and chemistry arb taught during 6 hours
instead of 5. ~ Add to these, German, 2 hours; French literature, 1
hour; descriptive geometry, 4 hours; drawing, 4 hours. After ond
ycyzr of .ais preparatory training the éldve phsses ifto the remarkeble
classe de mathématiques spéciales. .

Eight years of strenuous training have made this class possible
for the young man of 17 or.18 years of age, who is confronted with ho
less ¢than 34 hours of class and laboratory work per week and no limit,
as to the number of hours expected .in preparing for the classes. -
The program seems a well-nigh impossible perforfnance for one year. '
Surely no other country can show anything «to  compare with it.

It would be interesting to consider fully the mathematical program
a8 given at the end of the plan d’étude, but I shall hastily refer to
only a few of the subjectd treated. In algebra and analysis we find
developed the fundamental ideas concerning irrational numbers, cori-

- vergency and divergenay of series, the elements of the theory of
functions of a real variable, power series, their multiplication and
division, th{diﬂerpntjation and integration term by term, Taylor’s
formula, the theory of algebraic equations, including” symmetric
functions, ‘but omitting the discussion of infinite roets. The lagter
part of the course treats of differentiation of functions of several
variabl®, elementary.ideas concerning definite integrals, integration.
of such funetions as are considered ina first calculus course pf the best ’
Apx€rican colleges, rectification of curves, calculation of volumes, |,
e areas, moments of inertia, centers of gravity, di&,rentia.l :
eqyations of the first order, solutions of simpler differential 8quations

of [the second order which occur in connection with problems, of
meshanics and physics. Whenever possible in thie discussion of :
these topics the power to work numerical examples is emphasized, .
" Plane trigonometry and the discussion of spherical trigonometry . :
. through the law of cosines are treated.in class, and five-place tables

arq used. . o A ' ' o

In the course on analytic geometry there is given a thqfough dis-
cussion of equations of the second degree, of homography and anhar-
monic ratios as“they enter into the discussion of curves and surfaces .
of the second degree, of points at infinity, asymptotes, fogj, trilinear

The professor also dijcusses thoroughly the various. questions con- -

- nected -with the’ /reat ent of -quadric surfaces and less completely, '\

. the theory of suyfaces in general, of space curves, osculating plahes, -
- v o S
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curvature of surfaces. The elements of the theory of unicursal curves
, and surfaces and of anallagmaf{cﬂ curves and susfaces are aldo taken up,
So also, we figsd broadly arranged programs.ih’ mechanics and
descriptive geometry. The whole number of class hours per week is

o

bréken up as follows: _ 4

o

Mathematics, 15; physics, 7 (2 in ]nbomt:(‘wry): chemisy, 2; descriptive geometry-.

4; drawing, 4; German, 2: French, 1. Tke scope of the mathematical work may he
judged frora some bodks which wera.prepared with the need$ of such'a clase especially
in view' B. Niewenglowski, Cours<f'algibre, 1, 382 pp.; 11, 508 Pp.. supplement—G.
Papelier P'récis de géométrie analytique, 696 pp.—Girod, Trigonomatrie, 495 pp.—P.

. Appell, Cours de mécaniyue, 630 pp.—X. Antomari, Cours de géométrie descriptive, .

619 pp. . PR ’ : ' ’
. If anything, this list underestimates the work actually covered !

- by-those who finally go out from the class. Tannery's Legons d alge- 2
bre et d’analyse (I, 423 pp.; 11, 636 pp.), might well replace Nieweng-
lowski's work; while Nidwenglowski's Cours de géométrie analyliqug "

(1,483 pp.; II, 292 pp.; IIL, 569 pp.) represents the standard almo® -
as_ nearly as Papelier’s volume. Another’ treatise on mechanics ~
widely used is thnt.o.?. Humbert and Antomari. . ¢
. Whéh we furthet realize that the main parts of the books in this”
list, which represents the work for only one of a half dozen courses,

. are covered by, the professor in. about 15 months—tho last three
months of the second year aro given over to drill in roview and
detail—we begin to get some conception of what” the classe d¢

" mathémhtiques spéciales really stands for. In his instruction the

» professor’is oflicially ‘“recommended ' — s %

not to overload the courses, to make considerable use of hooks, not to abuse general
theories, to expound 1o ‘theory without numercus applications dealt with in detail,
to commence invatiably with the more simple cases, those most easy to understand,
leading up finally to the general theorems. * Among the applications of mathematical
thegry, those which. present themselves in_mathematical physics should be given
the preference, those which the young peopld will meet later in the course of their
studies either theoretical or practical.. Thus, in the construction of curves, choose as
examples those curves which present themselves in physics and mechanics, as the
-, curves of Van der Waals, the cycloid, the catenaryy ete.-~in the theory of envelopes
choose those examples of envelopes which are met in the theory of cylindrical gear-
. ing—and #o on. The pupils should be trained to reason directly on the particular
.cases and not tb apply the formule. . To sum up, the aim should bhe to develop the
pupil’s jud¢ment and initiative, not his memory. : T
The success of a class is, by happy arfingement, not. left to depend.
wholly upon a single man. Take, for example, lycée St. Louis in
Paris. It is the greatest preparatory school for tha Ecole Norrle ‘
.- Supérieuré and the Ecole Polytechnique. There are four dTasses de 1
- mathématiques spéciales, and for all the members of these classes,
"+ conferences, interrogations,. and individual examipation are organ-

.. 1Thatls, much mo'ro_thnnAwhn-t is énlle:d for by éxumination questions is si.udlod: The studeots find
truth In the adage: Qui peut le plus peut le moine. s b

o
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struction, are’ conducted by one of the professors in- the lycée, or
by one of another lycée, or by one of those from the Colldge de France,
the Sorbonne, the Ecole Polytechnique, or the Ecole Normale. In-

the training is attained and, perhaps most valuable of all; the inter-
est of the pupil is sustained at a high pitch. :
concours or competitive examinatign. Freviously he has. found

mount to the next stage in his scholastic career; but now it is quite
~ different. In 1908, 1,078 pupils tried for ‘admission to the Ecole
Polytechnique, but only "200, or 19.5 per cent, were received; for
the department of science in thedcole Normale Supérieure, 22 out
of 274, or 8 per cent, d‘?c»c‘eaiod. " In each caso-the number was fixed
in advance by the Government according to the “capacity of the
school; the fortunate oneég were those who stood highést/in the exam-

_classa/de mathématiques spéciales. The 387 candidates declared

examinations are conducted at the seats of the various Z\ecadémies

200 were chosen.- Similarly for the Ecole Normale, t yntten
fga
lents

and tho oral at Paris. Since 1904 the concoiirs passed by

known as bourses de licence,’ open
of age and not more than 24. Ce
of age are’sometimes granted. The

ndidates of at least 18 years
lue of the bourse, for the sec-

help the students to prepare for tho licence and other examinations
required ‘of prospective professors in the lycées and universities.
The candidates leading the list in the concours are sent to the 'Eci?e
Normale Supérieure for from three g)

tionsnat the various universities of the Provinces. Their bourses

* last regularly for two, and exceptiohally for three, years.
But to return, to the students of the classes- de” mathématiques
_ spéciales. At the end of the first yaar, when 18 or 19 years old, the;
usually- present themselves for the concours'of both the bourse d
gﬁ{:cnce and the Eco19 Polytechnique, the‘exdéminations in the former
/" being more strenuous and searching. Only from 2 to 5 per ent

. 4The tnathematical questions at the concours of 1913 gro glven in Appendix C,

.
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inations, written and oral. In the case.of the-Ecole Polytechnique,.
the. written examinations wore held in all the lycées which had a -

ized. These egercises, which are complementary to thé daily in-

capable students are thus speedily-weeded out, a marked solidity of - '

With' the end of the year the pupil haphié first expériem;e of a _

that it was necessary only to make a certain percentage in“order to .

“admissible” Were then examined orally at Paris, and from 'thetqt;se :

wishing to enter the ‘Ecole Normalé has ie’c{si)/thnt for the stipends . -
d
dispehsations in the matter -

tion of science, is from 600 to 1,200 frar cs a year and is intended to -

four years. It is necesgary
Jor the six or seven other boursiérsto prepare for future examina-

s

succeed on the first tria).  The others then go back to the lycée and |
take another year in the. tlasses de mathématiques spéciales.” Many. -
poihts not, fully understood before are new clear,/m}d at the end of - -
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v " the second year from 25 to 28 per cent are successful. - The persever
- ing of those who fail agyin return-to their classe and try still a thind -
time (the last permitted for the bourse de licence); but it is a matter

. of record that less than onZa—half of those who enter the classe de
mathématiques spéciales sticceed even with thres trials. " This is
usually the last trial possible for entry into the Ecole Polytechnique,
as the young man who has passed™the age of 21 on the Ist of January
preceding the concours may not present himself. Thoe remainder
of the students either seek. for entrance into Government schools
with less severe admission requirements, and thus give up their
aspirations to become. mathematicians, or else continue their studies
at the Sorbonne or other university. The candidate whe heads the
list in cach of these concours has his nanee widely published. In
the case of the bourse do licence he is called the cacigue, and he very
frequently tops also the Ecole Polytechnique list. ’ '

If the work in the classe de mathématiques spéciales is so enor-
mously difficult' that only 2 to 5 per cont of its members can, it the
end of one year, meet the standard of requirements of the examina-
tions for-which it prepares, why is not the instruction spreid over
two? - Sinte nearly all the mathematical savants who now shed
luster on France's_fair fame have passed from this remarkable class
on the first trial, there can be no doubt that the answer to this
question may be found in theé fact that the French Government ever
secks her servants among the élite of the nation's intellectuals.

Those who pass. from the classe de mathématiques spéeianles -at
the early age of 18 years are not 1 u nerous, but Borel and Picard
are such 4nen, while Goursat ontered ihe Eeolo Norimale Supéricure
at 17 years of age. For the average bay the lycée course is hdavy,
and more than once he may have to halt in order to repeat a year.

. The system of training is largely formulated to develop to the full
the powers of the brilliant boy and: to promote his rapid advance-
ment. Korsuh youths poVerty is no deterrent. Every lveéo has a
number of bursaries (covering all expenses) which it distributes to
just such boys coming with distinguished records from the primary
schools.” If the boy's record is sustained, renewal of his bursary
from year to year is ascured. : '

There has been occasion to point out the strong influence which

- the Ecole' Normale Supérieure and'Ecolo Polytechnique exert bn the
careers of the flower of the French youth; how that instead of enter-
ing the university on passing tho baccalauréat, as in America or in
Germany— . . - T,

* they seek .to'enter these schools. The reason for this ia not difficult: to fisd, The
l!‘colo.Pol);tec}lniqué which prepares its pupils as wmilitary and naval engineers,

i CJ. P, Appell, “Sur Ia classe de mathématiques spéctales,” L’E eignement mathématigues, vol. 3,
[~ 1900, pp. 340-348. = % R .
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artillery officers, civil engincers in ent employ, telegrdphists apd officials
of the Government tobacco manufactories, offers all of its graduates a career which .
is at once rapid, brilliant, and certain. The Ecole Normale practically assures its ]
graduates at least a professorship in. a lycée and prepares its students for this or
for a university career, better-and moro rapidly than the university can do it.
. Let us suppose that our future mathemutical professor in the .
Iycée is one .of the 11 mathematical students who. is successful in
getting into the Ecole Normalo in a given year. He studies there
for throe years and receives special drill in pedagogy; simultaneously .
he also hears courses of lectures at the Serbonne ! and at the Collage -
de France.? ,Almost the whole purpose of the dril} and instruction
is to prepare for two examinations, the licence and the agrégation. :
The diploma Licence és Sciences, which is necessary for all those . .
who take up secondary teaching, is granted to those who have. three
“certificats” in any one of three groups of subjects. Our mathema-
tician i3 examined in the following subjects: (1) Differential and .
infegral calculus; (2) rational mechanics; (3) general physics or
some advanced topicin mathematics. The examinations may be taken
singly in July or in November; each examination successfully passed
entitles the student to. a certificat for that subject, The examin-
ation consists of three parts, épreuve écrite, épreuve pratique, épreuve
orale. The. first two are written examinations of about four hours
each. Theoretic considerations abgund in the écrite, while numerical -
calculation is characteristic of the pratique. The oral lasts for
15 to 20 minutes and is held: before a jury of those professors who
have the whole examination in charge. The pass mark, is 50 per
cent. i : : .
To understand just what is-implied in the possession of the .di-
ploma, Licence és Science, Jet us consider the value of such’a certificat
es that in differential and intogral caleulus. To prepare for the
examination in plli/s subject at the Sorbonne (and the methods at
otlier universities in France are little different) the candidate attends
three courses during the preceding year. The first af these consists
of about 60 lectures of 70 minutes each on differential and integral
calculus by Goursat; in the second, 30 lectures of one hour each on
applications of analysis to gecometry are given by another professor;
the third course is made up of 60 lectures of ubout 70 minutes each
on problems illustrative of the above 100 lectures. In this way
practically all of the first volume and a poftion of the second volume-
of Goursgt’s 'Cours+d’analyse mathématique is discussed. *Upon
this' work the examination for the first certificat is based. In 8 ;

* " 1The Borbonne fs the name of a bullding in the University of Parls where thie instruction {n sclencesnd ~
- letters is given.. . ; ) ° = . ; ° e
. *The Col'dge de France, founded in the' sixteenth century, s independent of the general educational -
-schemé but .unks bigher thgh any of the universities. Two or tliree courses in pure and applied mathe-
matics are offered ¢ach year. In them the‘lecturors usually set forth original developments of the sub-

o Jecta,

o
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similar way there{r’; three courses each in preparation for the exam- ~
inationdyto secure the certificats in. rational mechanics and general
. physics. \There is probably no graduate school in America where
- the studen}attains such a comprehonsive grasp and mastery of these,
_subjects. ' S
Unlike the Waccalauréat and the licence, the agrégation is a com-
petitive oxamigation amdj’is conducted by the State. The number

who become agrégés each) yoar ‘is fixed in advance by the minister
~of public instruction according to the nveds of the lycées in the
country. THis number in recent years has . been about 14; the num-
“ber of candidates is usually about 80. Our candidate for this exam- |
ination niust have .four certificats: (1) Differential and integral
* ealeulus; (2) rational mechanics; (3) general physics; and (4) a sub-
ject chosen at pleasure in the advanced mathematical fields in which
courses are offered. : <
To pass the agrégation our future professor disposes of his three
years as follows: During each of the first two years he ‘passes the
examinations for two of the four certificats. - With these successfully
. taken ho turns his whole attention to preparing for the agrégation
proper.” This examination is unique in its difficulty amd exactions.
"As it is ‘organized for selecting the most efficient young men in‘the
-country.1o take charge of the mathematical clusses in the lycées,
~ the examination turns largely on the subjects thero taught. It
consists” of épreuves préparatoires and éprcuves definitives. The
former are four written examinations, each of seven consecutive hours
in length (7 a. m. to 2. p. m.). The first two of these are on subjects
chosen from the program of the lycée in mathématiques élémentaires
nd mathématiques spéciales. . The last two, based 6n the work of
e candidates in the universiiies, aro a composition on analvsis and
its geometric applications and a composition on rational mechanics.!
The épreuves aro held at the seats of the various académies of France.
Those who have reached a .sufficiently high siandard are declared
“admissible.”” - Their number is usually a littlo less than twice the
‘possible number to.be finally received. They must present them-
selves at Paris for the épreuves defjnitives. * These consists of two
written examinations and two legons or specimens of .class-room
instruction. - The written tests are an épreuve do géométrie descrip-
“ tive, and a ¢alcul numérique. Their duration ‘is ‘fixed by the jury,
but it is usually four hours.for each. A legon is supposed to be
- the treatment of some topic such as & professor might give (dur- ~
ing three-fourths to one hour) in a lycée. The subjeets are drawn.
by lot and are taken from. the programs of the following classes:
() Math'émqtiqiles’ spéciales; (b) Seconde, Premidre C, D, and Mathé-

i .'l'.(»_ptuguxmmu@‘ 1 23 and of the progr @lawncgmmybooonauudln:\pmdlib.
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mahqu(\s A. B. le‘or each lesson the candidate has four hoyrs to -

think over what he is going {0 say. . No help from book “or qther

source is permitted. Thé unfortunate who has httle to say is speed-
_ily “adjourned.”

The agrégés are those specml]y prepared by~ the State for the
pu\lt.lons of professeurs titulaires in the- lycées. Although this title’
is not cenferred regularly till the agrégé hus completed his twenty-
fifth year, those who are younger receive temporary appointment,
for every agégé may demand a position as his right. The salaries -
vary nccordind to the ““classe” of the professor. At Paris the lowest
salary is 6,000 Trancs per year, and tho higheM, 9,500. In this range
seven clnsﬂ\s are represented; six, each differing frmn the one before by
500 franes, and the hors classe, for which the salary is 9,500 francs.

' ]’mmotmu from one class to another takes place b_v b(‘JOCthﬂL and by
seniority. * From the sixth (the lowest classe) to the third, the B

- nuinber of those who can be advanced each year by selection is eq\m& i

“ 1o the number which can be advanced by seniority. In the-second’
nm&{i\l\t classes two advancements may be made by selectiont. to one

by Xeniority. Those naried for the hors classe are advanced by
selechion alone. The promotions are made at the end of ‘each calen-
dar year, and take plnc so that thcre are always 20 per cent of them

in the sixth classe, 18 in the fifth, 18 in the fourth, 16 in the third,

14 in the second, and 14 in the first. 'I‘lys mjmnvemem is ob-

viously alappy one, both by way of recognition of the merits of the
unusually successful feacher, as well as those of one whose service ls )

rather charactetized by faithfulness.

In .addition to the' professeurs titulaires there are professeurs

~chargé de cours, who are usually sclected from those who have been

* students at the flco]e Normale and those admissible to the agrégation,

who fail to betmﬁe agrégés. After 20 years of service they may

. become professeurs titulaires and receive the salaries we have indi-
cated above. The Government has, however, recently passed a law
" which gives a hj ghcr reward to the agrégé. It is to the effect that «.
500 francs per goar shall be added to the regular salary of every
agrégé. The re#ll range of salaries mentioned ebove i is, then, 6,500 to
10)000 francs; in the provipces this reduces to 4,700 to 6,700, For
tlu&q;{esseurs chargés de cours the salarics at Parls vary. from 4,500
to 6,000 francs; in the provinces, from 3,200 to 5,200.' In the premier
_ cycle the professors have 12 hours of tezwhmg per week, in the second
asse de ma.thémanques spéciales, 14 to 15 hours. Except
_for corredting exercises and filling out reports, the ]pfoﬁ'essors have -
; Qo obligations outside of class hours. They do not live
in t;he"lycée “The supemnt«endence of the study of the pupﬂs is

o
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. o AN
“carried on by repetiteurs, the mbre- advanced .of ®hom receive at
Paris 2,600 to 4,600 francs for 36 hours’ service. per week. -
- Attractions connected with a professorship in % lycée! are that

- the remuneration is ample to live on comfortably, that the work is

not onerous and often quite decidedly inspiring, that colleagues are
‘brilliant specinlists in the same or other lines of study, that the
professorships ate positions of honor and prominence in the commu-
‘?ity, and that the incumbents are in denignd in. many ways which
requently materially increase their regular income. In gencral
- the charge of the classe de mathématiques spéciale, .enrolling in its

membership the piék of thé French youth of mathematical bent,

"« is gonfided only to a profédsbr in the first or hors classe, but to this
A ,. "

position all may aspire. 3 o :

With inducements such as these it causes no surprise to learn that
France draws, to the development of her system of secondary educa-
tion much of the best mathematical talent in the country.

..~ " DIBLIOGRAPHY.

"o Of first importance‘are. the five volumes issued ( Paris,. Hachette, i911) by the

entitled: 1. L’ Enscignement primaire;. 2, JJ’Engeignement sgrondaire publié sous la

dircction g M. C. Bioche; 3. B Enseignement supérieur -publié sous la direction de

M. A, de Suint-Germain; 4. L’ Enscignement technique; 5. L' Enseignement degbjeunes
- Jilles., 675 pp Each volume contains reports by several different specialists and

the whole is very interesting reading. - . % = "z

' For informatiorr concerning the echeme of secondary education, and of mathematical
work in particular, the inquiirer shopld turn to Plan d’études.et programmes d'enseigne:
ment dans les lycées et colldges de gurgons ( Paris, Delalain, 1910). o
- A very valuable geneml- work by sevenl, different authors is Secondary and Univer-
sity, Fducation in France. 'Loxdon, Board of Education, Special Reports, vol. -24,
1011, 554 pp. ; :

Other. réferences are given in my papers: (1) ‘‘Mathematical Ipstruction in’ France”
(Tvansactions and Procecdings of the'Royjal Society of Canada for 1910, 1V, 89-152); (2)
“Mathematical Instruction antl the. Professors of Mathematics in the French Lycées
“for Boya” (School Science-and Mathematics, 1913, X111, 43-56; 105-117).

. Commfssion Internationale de gﬂ(nseignemenf Mathématiqie. These volumes are

. — ——y — -
- 1In normal times men only are allowed-to teach In Iycées for hoys, but 104 women were employed in
1915 in such ch@u and 263 in the colliges. (lept. of U, 8. Commis, of Edue., 1916, vel, 1, Washington,
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In 1913 Germany or the German Empire was third among European
countri¥s in area and second in populhtion, being next after Russia
and Austria-Hungary in area, and second only to Russia in population.
Politically the Empire is composed ofi 26 States and divisions: The
four Kingdoms—Prussia, Bavaria, Saxony, and Wirttemberg; six
Grand Duchies, the largest of which are Baden and Mecklenburg-
Schwerin; five Duchies, of which the largest is that of Brunswick;
seven Principalities; the three free towns of Lubeck, Bremen, and.
‘Hamburg; and the Imperial Ter:itory,Alsz_xce—Lonaiﬁe,whjch is about
the same size as the Grand Duchy of Baden. - The Kingdoms embrace
more than four-fifths the area of the Empire, which is upward of
208,000 square miles. Prussia alone exceeds three-fifths, and its
population of approximately 40,000,000 people is but little less thar
two-thirds that of the Empire. ' ;o :

. There i8 no such centralization of education in Germany as in
"France. The only point of direct contact between the Empire and
education lies in— = :

»

s

the mtitual undertaking of the federated States to bring the law of compulsory attend-"
ance to bear upon all subjects of the Empire resident within their respective borders.
Of far greater moment is the moral influence exerted upon the other States by the

Prussian hegemony, in virtue of whid;%he ‘Prussian educational system comes to be
in all essential characteristics typical and representative of Germany as a whole.

In Prussia the highest educational authority is the minister of
spiritual and educational affairs,' who is appointed by the King.

He is usually 4 jurist by profession and represents Jis department

in the Prussian Parliament;

. His individual obligations are numerous. He has charge of the financial affairs of

his own department; appoints, with the approval of the Crown, counselors and other

" -officials; confers titles- upon teachers) ratifies their appointments, and makes promo-

tions, except when “thie right has been granted to other authorities; and he is the*

court of final appeal in all matters.conhected with this branch of governinent.? ]
The ministry of spiritual and educational affairs is organized into

departments of ecclesiastical affairs and education.. The direction of

_the department of education devolves upon under-secretaries, who

are the minister’s deputies, associated with 30 to 35 special counsel-
ors; 10 or 15 assistants are also ajtached to the deparfment. It

"t Formerly thip offiost was myistar of religfousyedizoations), end mediclnl afes, b {2} 1911 ¢he dapert-

ment of public hreaith was orgunised as s sspeirate body. - The demand for s separate mifh stry of eduidation’
13 insistent, . J=i e

37, B. Russsl), German Bighst Schools, new'sdition, New York, 1907, p. 112, ‘1 have bean more thal
wnce indabied o this very intermeting and valusbly wack, iF i
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consists of two main divisions: The one which “has charge of com-
mon schools, normal schools, high schools for girls, and institutions
for the education of defective children”; the other whick ‘OXercisds
supervision of higher education, intluding universities ! and second.
ary schools, .- .. o ‘
" The immediate administration and supervision of secondary edu-
cation in each of the 13 Provinces of Prussia is delegated to a pro-
“vincial school board,? which is composed of four or five counsclors
. selected by the minister from among- directors of training colleges
. and Gymuasien. The provincial Ober-Priisident is ‘chairman of the
"board by virtue of his office. :
.~ "Among other duties prescribed for the board aro: o
" The establishnfent of regulations for conducting final gxnminzitir;ns (Maturititspri.
«fungen or Reffepritfungen) and revision of reports of the same. :
N Inspéction, revision, and- direction of the reports of those higher echools? which
 admt to the upiversity. g St .
Appointment, dismissal, suspension, and discipline of higher-school tegchers (not
directors). ] : , : ) P

- SECONDARY SCHOOLS, NS

[y .-

! The official classification of secondary schools in Prussia is in aceor-
dance with the curricula, and the followingatypes are refognized: I.
Classical schools: (a) ‘Gymnasium, with nine years’  course; (b)
Progymnasium, with six years’ course. . II.-Modern schools: (a)
With Latin but without Greek' (semiclassical)— i) Realgymnasium
" (nine years’ course), (ii) Realprogymnasium: (six years’ _course); (b)
withoyt Latin or Greek'_\(nonc]:issica])—(i) Oberrca]sch&le (nine

- years’ course), (ii) Renlschu!e (six years’ course). .
. The threé leading types of secondary schools are: Gymnssium,
Realgymnasilgm, ‘and Obetrealschule. The following are the names
of the classes and their abbreviated forms:* - .
‘Lower stage:;, ) Upper stage:
o Sexta............. RBOOOOE06000B00, VI Obersckunda. ....... OllorlIIA.

\ Quinta. .......... e, \'4 Unterprima .......... Ulorl B
.0 Quarta'IV i Oberprima............ OlorIA
Intermediate stage: TN > =

Untertertia.,.........U III or IIl B| o 2 5 o : .
-Obertertls. ...........0 Il or IIT A » : :
- ,Untemeku@(ﬁ‘ ........ +£UllorII B’ y 0

Y. $In Prussia there are 10 universities, namely, those at Bérlln, Bonn, -nraslau',‘ Gottingen, Greifswald,
Halle, Kiel, Konlgsberg, Marburg, and- Munster; in the whole Emplré there dre 21. The others are situ-
ated in the Kingdom of Bavaris, at Erlangen, Munich, and Wurzburg; in S8axony, at Lelpfig; in Wurt.
umbM Tubingen; in the Grand Duichy of Baden, at Frelburg and Heldelberg; in the Grand Duchy.

! of Hesse, at Glessen; in the Grand:Duchy of. kecklenbm-&chweﬂn, ot Rostock; in the Grand Duchy of

" Baxe,Weimar, st*Jenia; and st Btrassburg, in Alsace. The university at Frankfort; Hespe, was opened in

. the sutumn of 914, 7880 0 "0, ° fe S I

» ! Provinslslschulkollegtumn. , - U e , 2 of o

*. ¥In Germany secondary schoo®® are dalled “‘higher *Pchools (higher than the elementary schools),
-.and lnstitutions of university rank are called “high” scools., T
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The gchodls with six-year.courses lack the * upper -stage” add are
‘uéually found in cities unable to support the full course.! -

Pupils usually enter all of these schools at the piinimum age of 9
and spend one year in each class, although some, fequiring more time °
‘to complete the work, remain longer. To enter a Gymnasium “the
pupil must, have had a three years’ preparatory course in reading,
writing, arithmetio, and religion. = This* course may be obtained ja

the elementary public-or private schools, or in the special Vorschulen .- -
* conneoted with the Gymnasium, These are preferred by the wealth- .

ier classes.? - . . . . .

.The Gymnasium js a classical.stro hold;, Frénch is the required
modern language, English bcing__an optiobal subject. About one-
half of the 304 lesson -hours in & weck * of the cofrse in the Gym-
nasium are devaqted to linguistic S8tudy. Apart from cultural devel- -

,opment, the course is intended to prepare students for university -.
~ speciallization in either axts or sciences. » 80 - ‘

The aim of the Realgymnasium is “to give the Youth a liberal edu-
cation founded especially on instriction in the modern languages,

- mathematics, and the natural sciences.” English takes the place of
- Greek in. the Gymnasium program, and”more time is devoted ‘to
* Frepch and natural sciences.” ' . -
In the Realschule and Oberrealschule the pupils* receive broad
. Preparation for business careers, With this end in view the study of
modern languages and of the natural sciences is emphagsized. . -

To formulate more definitely our conceptions of Prussian ideals in
standard secondary schools, -it will be. well to consider the program’
of the official Lehrplan. While certain optional studies are offered,
‘only- exceptional students attempt them, _as t‘he~regularAw<:§: is,

~

.extremely-heavy. From IV on, in all of the schemes, music i}"de-
.manded only of pupils with real ability. The bracketed numbérs in
two of the tables indicate when hours may be different)f distributed.

# One !usoq & the success of the six-year schools has been that bogs who graduste from them are ‘granted
the much prized ' privilege of serving only ono year In the army and of entering upon the career of an officer
{n case thoy choose the army as s profession.” Another reason is thagdarge business houses qud banks fre-
quently recrult their apprentices from such graduates. L - . . Sl

? In the public elementary schobls (3tfontliche Volksschulen) tho course is usually laid out for eight years,
and attendance of all children is cSmpulsory from tho ages of 6 £ 14, unlesga child attends some other school
or recelves private instruction. The Volksschulen are designed to tmin good citizens, while the Vor-
s’ulen and Gymnasien impart instruction with a view to preparing men of education mdp'ulm The
clfavage between Volksschulen and “higher schools” hag been much critici: d,asits ¢ founded wholly upon
4 bhasis of wealth. J'he ‘chﬂ%who ‘passes his-tenth year in a Volkssehulo where tuition js fm,'lnahndolq,
Gymnasium or Realschule ¥here a tuition feo of from$30 to $50 Is charged, Ands hifffself, ay s rule, per-
manently entered upon a career in which unlvamgy attendance, preparation for a liheral prohqon.w‘
qualification for any of the higher governmental positions is deflnitely prohibited.”” (Ses W. 8. | a4
‘‘An American Teacher’s Ygar in-6 Prussian. Gymnasfum.” A Report ‘to theUdhnegie Foundation for -
the 4dvandement of Teaching. Educational Review, 1011, p.300) .\ T Sl
* 9 A lowon hour contalns sbout 47 mlnum.'Ch-uoocumhod_syuonhe woyk, and $he school year lests 2
whout 40 weeks.  ° ' ; 5 Y o . S e :
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Pm:mlagc of time spent on different subjects in Uu typical schools. . '

- 'y 9

81
’
: > |a - Rugynf Oberreal-|| * 2 . e} Oberral-
by 4 :
BobjctLin w nastum. | schule 8bjects. W T
e veeeereeans a3 6.2 L2 13.7 1.3,
German, ... . 007 85| 91 60 94 s
Agclent languages, . 342 16.0 . LS L3 20
Modern languages..[ * 6.6 15.3 26 [ 53
History. ........ 56 5.3 89 a8
Geography......... 3.0 3.6 6.0‘* 89 1]
= - g - — = T —7 4
" The extent to “which these different type sehools appeal.to the N
Prussians appears from the following statistics: S, . >
. N ‘ . . . N . . -
Number of schools and of pupils.
» i .. )
> 3 ;
0 0w ’ < - " ! Nymber ofschools. | Number of pupils.
~ .. ‘ . . . " .
L - Classeqof'sahooks. . « ™ N .
S . .Feb.1, | Feb. 1, | Peb.1, | P88.1,
: . 1912.° | 199" [« 1012
LY . . %
338 342 | 102,207 | 103,84
138)c 168 4,202 60,319
102 34,735 | 41988
y 3 30| 4497 \787
45| o, 44| ‘4818| 4m8
160 |, 177 | 33,350 a1

'I'h;sse figurgs SW that for the three-year period 1909-1912 th'e're
" was little chiange inthe number of Gymnasien and of pupils atten_&\
“ ing them, whilg, the increase in this respegt in connection with Real-
gymnasien and Oberrgalschulon was very striking. Thero seems
little reason to" doubt hat these schools-vwill outnumber- the Gym-
nasien in the not very distant future. For more thanencentury the
nasién have been the “ center and'strength of the German sctool
system; ynd while schools of diffarent nature have been established
with & view to modern économic needs, popular prejudieo is passtrong
that only graduates of the Gymnasien are regarded as cultured.””
In 1901 it was enacted that those who .are “‘ripe,” that is, those
who have passed the. Reifoprifungon. of tfie Gymnasienk,’Rea.lgym.-
nasien) and Obergealschyjen should be adm sted to practically-equal
privilegdg, with respect to both civil-servige priforment and unjversity
matriculation. %o far as our future teacher of mathematics is con-
cerned, he may have entered the university from any one of the higher
schools, but4f he had ‘any teachers of Latin and Greek in the secondy
" ary schools they must have. experionced their fundamental-training -
-~ .in Gymnasien. The Reifopriifung also gives.the right of
[ . to the tecknical Hawhschulen, to the careers-of offh
navy, :and, ultimately, to State examinations at

rin the army snd/ -
the end of a uni» e

- yersity or tochnical cGurse, Indoed, it is afmost/the ‘only entrance "
10 all higher-positions of honor. and trust in th

" and sacial récognition In which it

érvice of the State; ..

is held ls qorrpgpondingly hngh’: .
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89 TEACHERS OF MATHEMRTICS FOR SEGONDARY SCHOOLS, .
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b

.- thls single-work,

R B v

To .obtain a c‘leam,r‘ idea of the 'early mathematical, triining the .
future’ teacher has received, as well as better to appreciate the rels- -
tion between the teachor’s work and his professional training, let us
briefly consider the. mathematical content of Prussia’s secondary.
schoo] courses as well as’ the; naturo of the emphasis in thejr
presentation. . - ' o )

On ontering Sexta at nino’years of age the boy is suppdsed to
have the ability to add, subtract, multiply, and divide simple whols
-~-faumbers. Tho general scheme of*the programs of the Realgymnasien

and Oberrealschulen is as follows: A

VI (four or five hours, weekly): Arithmietic, fundamental opemﬁgns with whole num-
bers; weights, measures, and currency; simple tasks in decimal fractions. ?
V (four or five -hours): Arithmetic, common vand decimal fmc‘tions;rixle of three,
Geometry, propaedeutic, ‘‘enough to get the pupils lookiing at things from a
. geometric_point of -view.” . oS 0
+ TV (four or six hours): Arithmetic, rule of tMree problemstin calculaﬁon‘.‘,pmﬁt, Andi;
‘__‘i loss, interest, discount. Geometry, lines and angles; theory ob triangles gnd -
i quadrilaterals. . Algebra, propaedeutic. °f a © °
" U INI (five'or six hours): Arithmetic, commercisl. Algebra, feckoning with abstract
"+ .quantities; proportion; equations of the fifst degree with one unknown quan-
tity. Geometry, theory of quadrilaterals; -circle and area; constructions.
O III (five hoursy: Algebra, theory of powers and roots; ‘equations of thd first degreo
in seveml\unknowns; simple equations of the second ‘degree in one unknown.
: Gemne_t{y, Proportion; t.he_oiy of similitude; the length of a circumference,
U II (five .h°“"’)i Algebra, logarithms; equations of the second degree; graphs. Ele |

~

a

ments of (figonometry. Elements of solid: geometry of ‘plape and line; mensurs-
: tiowobTique parallel Projection, o ° ; ;e
O II (five hours): " Algebra, arighmetic and geometric progresstons; compourrd_inter-
est and annuities; imaginary :quant;ities;‘ reciprocal and binomial equations,
harder quadratic equations, Geowmetry,” harmonic ragges and pencils; radical
axes; centers of similitude; power, poles, and pplars of circles. Bystematio *

~ treatment of solid geqmetry. Conclusion of plane’ trigonometry . g,,

LA

“0 I (five hours) and U I (five hours): Algebra, Permutations and .combi®ations, with
applications to the théary of probabilities; binomial theorem for. exponent;
“the most important series; expgnential, logarithmi&si'ne, cosine, apd arith-

metic series of second order; cubig equations; maxif® and min§ma. Descrip-

<ve geometry. _ Geometrical conics, ,Analytic geometry, conic sectioks. Spherical *

tyigonometry, with applications to mathematical geography and spherical

.. 8stronomy, . . . T . _ ol
"IPis only in a general way that such a synopsis ds &xe above con-
~ veys a definte idea; this can be more adequately dorived from con-

- sulting soma such texts as those of Jﬂeis," and.Koppo.-_Diek_x_nanii.' The 4

.« VB, Hols: Sammlung von Beispielen und Aufgabin ous der. aligemeinen Aritometlt wng Algebra,.Kopn,
. 1887, Over 300,000 coplea of this famous book Lisve’been sold: the one hundred and eleventh editién was
.. publishéd in 1912, K&ge-Diekmann's Geometric zum Gebratche an KBheren Unterrichtsansiallen (21,
| Aufiage) 3. Telle. [0r Realleliranstalten 8. Auflage der heuen Bearbeitung von-J. Diekmarin. K

7" Resen, 1903, Thers 15 Brohably s later editifa, but this is the Jast I happen to have: " Plane and solid

géometry, plane and spherical trigonometry,>geometrical conlcs, and analytic goometry are all treated in -
Y v Saof U B °o . - ol

Beo also W. Listerisnn, Btoff wnd Methody der Roumichreuhierrichia im. Destochi 4 (IMUK, Band ¥,

s 2%, o .

;" Helt 2), Leipaig, 1912... 8888 pp:; B. Hofimann, Mather dische Himmaaky de wnd nicders Geoddele an dip
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following official ““Notes on method” are qu instructivg.® . .
1. In the higher schools the chief objeét of the mathematical instructionis to pro- - |
vide such a training of the intéllect as will enable the pupil to apply corréctly in, - "
independent work the ideas and knowledge which he has gained. Therefore in all .
+  the various divisions of this branch the aim must be to sedure a cleaz comprehepsion
of the propositions’to be déVeloped and of their proof, as well as practice and skill
in their application. Accordingly, the tedcher of mathematics, equally with the
teacher of any othér branch, is urged to usc every opportunity to ¥eters proper use
of the mother, tongue, and: this point is most particularly to be remembered in the
coftectiow of \)iitwn wark, especially ¢f more tndependent work done at home, which .
in the upper classes is to Be done, as a tule, every four wgeks, in addition to the usual
class exercises. 3p - ) ’ S
2. The instruction in geometry begins with a Preparatory courre, which, starting
with the consideration of simple bodies, develops the power of observation and at
the same time gives the pupil opportunities for gaining practice in the use of compasses -
and ruler. - . g ° '
In all schools the megt careful attention is to be given to practice in problems
ol construction, and this practice must accompany the instriction up to the highest
- classes; but any problem must be excluded which demands for its solution a knowl-
*  edgeof remote principles or special skill in execution. By means of a reasonable
selection of exercises, which may be solved by gommon methods and out of the materi-
alg already at the pupil’s command, and through the clearness of his igstruction, the
teacher must-awaken in his pupils a feeling of independent capacity and use to the
full the formative force of such exercises. » a
4. The omission of a preparatory course in trigonometry and solid geometry in
IIB of the Gymnasium does not' preclude that, wher these branches are taken up st
the laier'ptageq, the first instruction should not be of such an introductory character.
Trigonometry is to be treated at first by means of figures, that is, geometrically; and, .
in.order to reach as soon as possible the solution of triangles, only-suth formule are
to be“practiced as gre abgolutely required for this purpose. Solid geometry is to
begin-with the con&?;eration of simple bodies (e. g., cubes and prisms), -and ‘a more
strictly &ystematic instruction is not to be given till later. In modern achools such
introductory courses iif trigonometry and solid geometry must be exclusively and
“ under all circumstances followed. Here, s in the carlier stages, models and mathe-
matical wall charts will prove of. great assistance in se(;uring'. proper visualization
. ond thoroughness of instruction; . . .o ’ ‘ g
5. For the highest class of the Gympasium the program prescribes the introduction
of the. pupils to the gmportant, theory ‘of coordinates and the simplest presentation
possible of the fundemental properties of conic sections, which can also’ be given:
synthetically. But it is not intended that gystematic” instruction in analytical or
the led néw geometry should be given. 4 Equally little do the formule neces-
sary {o upderstand mathematical geography ‘and astronomy call for any ektended
tteatment of spherical trigonometry. "They thay be simply deduced from a consider-
ation of the proPertien of solid angles. Here, too, as elsewhere, care must be taken
that, side by side with such knowledge, skill in itsl-pppliéstion is acquired, and this
pointof view must determine the selection and the extent ofghe material of instruction.
6. The defect of the mathematical instruction in the upper stage—viz, .that it is .,
- to exclusively of the mature of calculation—will be best remedied, by practice in
. geometrical observgtion aiid construction. In solid geometry (quite'gpart 'lm_n’uie"m !
Msheren Sckylen. (IMUK, Band I, Heft 4), Letpzlgri013. 0-+65 p; and P. Z0nlke, Dr Unierricht i
Lincarzelckmen und i 2t vamdm Geomeirié anden deuischen Realonsiclten (IMUK, Band 111, Helt'3),
Leipaig, 011, 2402pp. 9 - AT LT - '
} Ceniralbiats {r. die gesamie Unterrichis- Verwaltung in Preussew, June-July, 1901. Ses also Special Re:
parts 0o Kducational Bubjects, vol ¢:(London, 1902), p. 201f,, . | 5 B
Jd o o . W
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- pupil to-understand the principles of projective drawing.

. the.pupils a fuller understanding of theory of functions with which t?ey have
" becdme acquainted at a previous stage. o - o _

-

”

_ there is nag a0 equal measure of necessity for this combination.

" repeats. With this in view nothing is omitted that will assist ip faeting the attention

- with introduction, explanatory notes, tables, charts, diagrams, etc., do not exist.

. graphical dnd explamatory notes, suggestions on hard places, the flesh and blood of

" the fdliowing dayjn an exhaustive oral exgmination which forga the counterpart

. make what notes they wish. For all of /thig they are held directly responsible on
" to the lecture, the two exeﬁ-?ses.divid'

. mot classes asNrrelevant if yot $mpertinent. * @ Y} What we know saschool -
- loyalty simply doesn’t exist. It is s matter of keen regret on the part of many a

R

S

> "the’ end of the sixth schog] year, and the leavipg examingtion (4b-

. I 4 A . g
A | of s Gymnasiin pupil’s sotivities 40'years ago were given by Hugo in
'!lm:” Adlantic Monirly, my.mo,v‘rg, P. 6501, e '
. . : S o

84  TRIONERY OF MATHEMATIOS POR SECONDARY 30HOOLS, ~'

question of descriptive geomét.ry) it is specially important to prepare and assist the

+.T-"1I5 the highest class, side by side with the solution of proBlems in the differen; 4
branches of mathematics, there must. be a comprehensive réviewof the theories ang
processes already learned. An opportunity_gill thereby pr it itself of giving to’

" 8. The independent position which mat\ematics occupies in the curriculum of the
higher schools does not preverit—Ileast of allt; the upper stage—the instruction from
gaining in value, if the pupil learns how the resiilts of this'science may be applied
to other branches of knowledge, whether they be those of everyday life or physical
acience, and if opportunity be given for the development of his mathematical sense
by practice in. application in these directions, Accordiiigly, it is permissible to
to make a more extended use of those parts of physica which admit of- mathematical
treatnfent, not only in the physics lesson, but also in the mathematical instruction. .
In the Gymnasium, it is true, owing to the small number of hours aliotted to the
bn'nch, such pmctice‘cap be really fruitful onl’v if the instruction in physics and mathe-
matica be intrusted to one and the same teachet, as has been suggested by the brackets
of the time-table. In theymodern schools, owing to the greater number of hours

To give an indication ‘%’the relations between teacher and pupil
I-quote once more from WY'S. Learned’s mést interesthig Teport, (pp.
334-355, 365):! o & 5 T 7 W .
The fundamental conception of the teacher i&hat of one who inculcates a given
body of knowledge in the mind of a preferably padsive pupil. T ideal, teacher
is a“master ofahis subject agee expert in.itsvpresentation; the idejl pupil is one
who is completely receptive. The teacher imparts and drills; the pupil receives and *

directly *of“the teacher. ‘‘Textbooks” such as"are ‘used everywhere in, Americe!

Textbooks ip Germang®re literally confined to the ‘‘text” or, in history, to the Barest
outline of the ground to be «covered, while all supplementary material, such as hio-

historical narrative, ‘etc., are provided by the teacher, wimgets all forth in theehest
style-at his conimand in the form of an u interrupted lec from which the pupils

e time about equally. * * * Yy

untary questioning on the part of ihe pupil was in my ‘;J;geriencd wholly iackinét_ A .
’Ll_xé_,:wl;ole spirit of the inat&sgpn 1is again® it, and I thifk it would be regarded in

warm-hearted director and master, but the fact remains that the German student in
both niversity and school regards his alma mader with the fotal indifleronce and
apathy which he naturally feels toward, perhaps, the postal system put at his dispoeal.
This is varied only by the sense of freedon and relief with which he leavesthe insti-
tution which in his mind stands for strain, struggle, and restriction, without the courn-
balancing notions ofoppégtuni_ty and sympathetic inspiration. A _

. The most important exantinatfonsin connection with the secofid- .
ary-schools are the intermediate examination (Abschlusspriifung) dt -

e S -
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* " gangsprifung, Abiturientempfifung, Matyrithtsprifung;, or Reife-
prifung) ! at the end of the ninth year. “This latter is the first real
- test of the pupil’s ability, and we have already seen tRat those who
- Meet its requirements have_gssentially advanced in their careers.
All secondary schools approved by the minister of education héve’
tho right of holding this examination. - A o
+  The examination committee consists of 8. commissioner, ‘who is
+ Ysually the inspector (Sghulrat) of the schdol (appointed by the
* “Provinzialschulkollogium), the director-of the Gymnasium, Realgym-
-hasium, or Oberrealschule, as the case may be, and the teachers of
Oberprima. ~. 20 " "0, o o T
The examinations &¢ both written and- oral, and the questions -
must e such as would be familiar to those. in Prima. For the
“Oberrealschule the written examinations ard in (1) a German essay;
(2). 8 French or English essay; (3) a translation from German into
French or Engligh; (4) four problems in mathematics—one each
from algebra, pl geometry, solid geometry, trigonometry, and ana-
lytic geom®8try; an (5) one problem in physics or chemistry. The
subjects of oral examination are religion, French, English, history, -
mathematics, and either chemistry or physics. = - ,

In the written éxaminations the time allowed for 'tlx(}erma.n essay
is five hours, for mathematics five hours, for French ok English three
hours.-- “The papeﬁin each subject are read by the teachers con-
cerned, and..the “gréides ‘“very ?gooa,*‘ ‘“good,” “satisfactory,.”

“bqolg satisfactory,” or,"‘lmsatisfactory,f’.Aas'sigqed according to
the mnerits of the; pepers. R i :
ém - all papers are examined and the errors-noted, the com-_

mittee discusSes the attainmonts of égch candidate and decides who
should or should, nqt,.in its opinjén, %e admitted to the oral exam- -
ination. - A detailed report of the-decisions iri respect to the standing
of all pupils is then mads. to.the Schulkollegium. To it also are
submitted copies of the examinatjon papers and of the answers
handed in by the stddents. These are finally examined by the
Schulrag, who approves the’ decisions of makes such changbs ashe
Thay degm wiss. Some weeks later he sets aedate for the oral exam-
- ination’, ' ' =~ "L !
At thegoral examination'Kup'ila are brought in groups of 10 before / /
a disconcerting array of 30%r 40 eritical ‘Witnesses, many of them \
garbed. in frock coats and white gloves, The Schulrat, presides, and
others present ‘includd a representativg of the city authoritied and
* the whole teaching staff of the institution.: 'mlg' teachers Of the'

?

subjects of the examination ek the lead in' the quizzing, Dyt at e
', any point the Schulrgt may also fterjct questigns, -~ " .¥'\. S
; s ammummpm&mumn.wqwaum: A. Schaafter, 1400 Abliurienten-Anp
0 ~n‘bmma7;czﬁmm und A niekungen.zur Liring-sle Ucbungatiueh fa Bekunda wnd Prime sowis rwm .
. Bewunta Zabern, A7 Fuch; ig1v. uopps. o e AT o
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86  rTEACHERS OF MATHEMATIQS FOR SECONDARY SOHOOLS, o

A candidate fails to pass if he is ‘““unsatisfactory’"in German. or.
in both modern languages. He may pass, however,-even though
“‘unsatisfactory” in one- modern language, if he is at loast “good”
in the pther or in German or in mathematics, . If “‘unsatisfactory”
in mathomatics, he- imust be at least, “good” in physics or chemistry,
In case of failure tho last year's or half yoar's work must be

" répeated. B , ' '

The final grades are based not only upon the rosultjs.h the written
and-oral examinations, but also upon an inspection of the complete
records of the candidate’s work ddring Prima. As compared with
the French system two features are espocially striking: (1) The large
part which the teachor plays in the Abituriont examination; (2) the

.- small percentage of failuros—in 1902 ‘only 15 per cent in the Abitu-
y Hent exmtﬁnatior&;s against 55 per cont in tho bachelior examina- -
tiop in France. Tifat the difference in the mothod of examinations
contributos largely to the disparity in the'percentage of candidates
who pass is usually concedpd. A" closer study of the comparative.
"-questions involved would “be ‘of intorest, . Of course °the , young
Abiturionten are on an average a year older than the bachelicrs,,
.- Théir scholastic training is therefore about equivalent to that®f a
- student who has completed his junior year at one of the begt Arferi-
can-univorsities. The average age of such a student is about 23.
The following table gives the percentage of Abiturienten of differont
.ages in Prussia in 1907-8, . ) C

T ‘. . N ) Peroen‘t‘aigeolm{denu.ued—,
A e el L,
pi 49 2068 33| amo| ¢
.4l 301 U8 186 124
- 36| -28¢| 4| = iL8
5 'Exnmples of mathematical questions set in Reifeprifungen in

Wurttemberg and Hamburg are given in Appendix E. .

- ) < ) .
e . -TRAINING OF SECOND.'ARY-SCHOOL TEACHERS,

: The ro ations with regard to.tHe acientific training of teachers
. *for secopflary schools in' Prussia hLfive been adopted. by.‘11 other-
_* States,! "and there is nd . great divergence in the methods of still

- \other States. It should not be inferred, however, that the same
. &mt.h'od of preparation imiplies that ‘equal stahdards are maintained.
..+ M is nevertheless-true that a candidate who ’has satjsfied the tequire-
: . mé@té{pf!'l‘e‘ip,zig,, or Karlsruhe, or Giessen, or Rostock, or Jena, or
TR , Mockla -8ch ; 3 : he
n “m@; m slfhnm &kkpburg'nmqwlck.\ l-m-n:mm Anbalt, Bazs-

5 ‘ 0 T o
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Brunswick, or of Strassburg has equal privileges in Prussia with the
candidate who hag#ssed the corresponding examinations there, just.-
a8 the latter has equal privileges with the former in Saxony, or Baden, .
or Hesse, or Mecklenburg, or one of the Thuringian States * or Bruns-
wick, or _Alsace-Lorfaine, or in States which have no examination
commission.? . T T
Because of its predominating influence, a description in some _,
detail * is first given of the Prussian system of training secondary
school teachers; then follow brief sketches.of the corresponding
orgnn_izg.tidn and, when possible,  mathematical examination ques-
tions foreach of the seven other States with a population of not less
than 1,000,000, namely: Bavaria, Saxony,, Wurttemberg, Baden, .

4

Alsace-Lorraine, Hesse, and Hamburg.

- _ : :
B . * 1. PRUSSIA, s . .

-~

.. GERMANY, '-_ .

* A candidate for appointment as teacher of mathematics in one of
-the hig:?hchbols must first of all have completed the full course of 3
a Gymnfisium or I;enlgymnnsiuxq' or Oberrealschule.. He. must also
have studied for not less than 6 semesters (the ayerage is nearer 8
or ‘10) at -one ‘or more of the German universities,* directing his
attention spoci‘ally to those subjects in which he.is later to be ex-
amined. v
The examination is known as the examination pro facultate docendi
or the Staatsexamen and js conddcted by a royal examinatidn com-
mission (Kénigliche'Wissenschaftliche PrifungskommisSion) which is
composed for.-the most part of university professors and school-
men; the chairmanship is given to a schoolman. Thers are 10 of
these examination Boards in Prussia, one in each-of the university

centers mentioned above.t * . - oy

1The Thuringian Sttes are: Schwarzburg-RMolstad Schwmbu:@ﬂondetshlmj Reuss 4 L,
Reuss . L., Baxe Weimar, Saxe| Meiningen, Saxe Coburg-Gotha and Saxe Altenburg,’

*8es W. Lorey, Staatspeiifimg und praktische Ausbildung der M athematiker, Qe -

In this connection I have frequently drawn upon the offi regulations of J\F. Brown’s work.
It Is only in exceptional cases that g candidate may spend less than thres ssmestars in a Prussian unl- *

vorsity. For.candidates who eXpect 1o teach mathematics, physics, and try, regulsr study in o
German technical school (Technischo Hochschuls) s reckonsd equal tg study in 'a German university to
the extent of three samesters. -ﬂ*‘undld:pwho ks & tesfhing certificate in Franch or English and has
devoted himself to linguistic studies along’withsishtific pursults in countries whars these langusge are \_
spoken may, by special perinissfon, have this period of study count for a8 much as two ssmesters toward
the prescribed pariod of university work. . a 0o O

¢ In 1010 the number of membiers in the examining boards’ varied from 28 st Konigaberg to0 45 at Berlin,
In all 10 commissions there were 350 members.’ Of thess, 37 were examiners {n mathematics, 21 in physics.
In pure mathematics the examiners were as follows: 'Xmml,hyu and Bchoenflies; Berlin—Lampe,
Knoblatch, snd Firber; Greifewald—Engel and Vahlen; s—Rosanes, Sturm, Kneser, and Vogt;
Halle a\8,~Cantor, Wangerin,|Gutzmer, and Eberhard; Kicl—Pochhammer, Heffter, and .
Gottingerk=Klein, Hilbert, and Landau; Munster—Killing, v. Lillfenthal, and Bhnkmb‘nm.lahw—
Hensel apd"Neumann; Bonn—8fudy, London, and Hausdorfl.- All of these are profssors in universities.
axcept Lampe, of the Technische Hochschule; Firbar, Igofessor in an O ule; and Vogt and Blank-
oubmx,mmlnﬂxmmdq,' . \ . : e
O Lo s o © L i
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A yritten application for examination must be sent by the candi.
date tq the chairman of the commission in “the district where the-
candidate has spent the last and. at least one earlier semester of his -

. university._course. The application must specify (1) the subjects
and the grades or classes ! for which the candidate expects to qualify .
-to teach; (2) the field in which the candidate wishes to receive sub.
jects for the two home es:;ys or theses, one in the “general exam;-
nation” and one in the ‘“special-subject examination.” . ‘

The application fnust be. accompanied by— , :

(@) A biographical sketch in th andidate’s own handwriting,
including a detailed account of school training and academic
studies. : Co . b . ~
- (b) The originals. of ‘the certificates showing that the candidate

. has done the required-work at higher-schoovl and university.

() A statement of military status. . -

(d) In case the candidate has already. received the -degree of

“doctor ®f philosophy, a copy of the.doctor'’s dissertation and of the

- @ doctor’s diploma. s :

The examination consists of two parts:* The general examination
"and the special-subject examination. Both of these are divided into
‘written and oral parts. o B

The general examination is for the purpose of testing whether or °
not the candidate possesses the general culturs demanded of “all
teachers in higher schools. TTe subjects for examination are phil-

- osophy, pedagogy, German- literature, and, for -the candidate_who
belongs to the Christian church, religion. The home thesis ‘may be
on-any one of these subjects, and in it the candidate must not only
manifest adequate information and intelligent judgment concernin Pa
the subject treated, but-also show himself capable of a grammaticaily

_ correct, logically arranged, clear, and ‘sufficiently skillful présenta-
tion. For the oral examination it is required “that candidate

-

_ gic and psychology,
ant philosophical treatise;
) In respect. to its philosophical
foundations as well 85 with tlie most important phenomena in their
development siﬁe the "sixteenth century, and shall haye already
attained to some un'de:"standing of the problems of his future calling;
(¢) shall demonstrate that he is familiar with the gendral course of
development of German literaturs from the beginning of the bloom-
ing p'e:\iéd in thg eighteenth cetury, and that since leaving #chool

. - - 1Qeritfication tn individ tublects is of two grades: (6) The sscond grade for lower and intermedists

"0 mq-uma.qumsn—“mu;maumuunumm:mmnmmmmnmw

? 1, including also the classes Obersekunds, Unterprima, and Oberprima. o . .

: 3 Exclusive of {he stamp to be placed on the oectificate, the fees amount to 80 marks (814.28) for the
entire examination K . - : .
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he has also read with understandiiig for his own further development
the ithportant works of the present day; (d) shall show himself
acquainted with the content and connection of the Holy Scriptures,.
with a gencral survey of the history of the Christian church, and with
the-principal doctrines of ‘his denomination. The general oxamin-
ation is a formidable ordeal, and as each oxaminer is usunlly a uni-
versity professor and a’ specialist in the subjoct "the candidate fre-
quently anticipates this examination with . grealer npprehensiot(, !

The special-subject. examination is to test the’ acquaintance of * *
the candidato with the subjects which ho oxpects to teach. The
State regulations list 17 subjocts, in 3 of which,? 8 major and two
minors, the. candidite must qualify. Choico is limifed in several
respects.” For examplo, when puro mathomatics is a major, physics
must bo a minor; and applied mathematics as & major can be chosey.
ongy in-connection with pure mathomatics as a minor.. Pure and
appliod ‘mathomatics and physics™ro frequontly chosen together;
chemistry with mineralogy, or ‘botany and zoology, or geography"
aro also oloctod with pure mathematics and physics, but such a
third subjeetsas French or English is also possible, o5 .

To pass the ' speciul-subjoct examination the candidate must
yualify for the first grade in at least one of tho subjocts and ir two -
more subjects for the second grade; he may be cortified to instruct in -
the first grade; even though in his applicationJie intended to qualify
only forthe second grade. ' .

T{l{:mcial regulations make the foHowing statements with rogard
to the requirements of tho -spocit_l_l-s,u!\)ject, examination in . pure
mathemitics, applied mathematics, and physics: . o

Of candidates who.wish to qualify to teach pure mathematics there. ia required:
(a) For the sccond grade, a thorough knowledge of elemgrtary mathematice, famili»
arity with plane analytic geometry, especially the prinq‘pql properties of conics, as
well as with the fundamental printiples of differenitial and integraltylculus; (b)- For
the first grade, in addition, an acquaintince wigh the. iples of Mgher geometry,
arithmetic, and alge! ra, of higher analysis and ic” anics sufficient to enable
the candidate to work out a fairly difficult prob n thit'field without assistance. -

Of candidates who wish to qualify to teach applie hematica there is required, -
in addition to Qua.liﬁeation‘to teach -pure mathematics: Knowledge of descriptive :.
geometry, including the principles of central projection and corresponding facility
in drawing; acquaintance with the mathematical methods of technical mechanics, -

. especially of graphic statics with' elementary geodesy and ‘thé elements of higher 2

geodesy, ,in" addition to the theory of, adjustment of. errors in observation.
of candidptes who wish to qualify to teach physics there is required: (a) For the second

 grade, knowledge of the more important phenomena and laws of the whole field of °

X 1(.1? Ohristian religlon; (3) introduction to Philosophy; (3) German; (¢) Latin; ¢5). e o 'V

. (1) Fren:h; (8) Exglish; (9) bistary; (10) geography; (11) mathematios; (13) applied mathematics; -

(15) physics; (14) chemlstry with mineralogy: (15) botany wit} soology; (16) Polsh; (17) Danish, -
*A candidate is not prohibited from choosing a larger number of subjecta. S 2
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thie science, ag well-4s the ability to-proye thege laws mathematically as far as this is
possible without the application of higher mathematics; acquaintance with the most
© important apparatus required for school instruction and practice in its use; (b) for the
first grade, in ‘addition, a more exact knowledge of experimental Physics and ‘its
applicatiops; familiarity with the fundamental investigatins in one of the more
important ficlds of theoretical physics, and a .general survey of the whole field of
science. - o . TN\

’

The secord thesis is on a subject for svhich the’candidato 'sceks a
first grade. To finish this thesis as well as that of the general oxami.
nation a limit of 16 weeks, beginning Wwith the day of delivery of
the themes, is granted. Undor certain . circumstances the exami- .
nation commission mpy extond the time not th exceed 16 weeks

.,more. For one of the two thoses a dissertation Yogarded by a
Prussian faculty pf philosopliy as satisfactory for the dogree of doctor -
of philosophy Yhay, be accepfed as equivalent. The oxamination

- < commission may require a' candidato to stand a written examina-
- tion on’any subject of the special-subjoct examinatjon. The time

allawed for this does not.exceed three hours, e ¥

. %+ The oral examinations occur after the writton examinations, and

~after the theses have beerl handed in. Upon special roqioest,of the
ccﬁrdidate the chairman of the commission can separate the oral

".examinations of the general and special subject examinations by. a
period not 'to excoed threo monghs,

. After the oral examinations the commission  detormines whether

+ _.or not according to the results of all tests the certificate is to be
“ marked “satisfactory,” “good,” or “excellont.” For the predicate

“good” or “excollent’”” the candidaté must kave qualifiod for they

- firgt grade in at least two subjects. The certificate is now much

¢ . léss elaborate than formerly. The following is a sample of a certificate

&

At Munsgor in 1906: d

" Hem ::., ..... I - e Bon Of Lo oo » born the ....... .. of
oeen Vi, 1882, at ... % . , and of ../ ... .. confession, graduated
Easter, 1902, at the' Gymnasium in ....... .. .. . and studied matliematics and

\ .nataral science fram Easter, 1902, to Easter, 1903, at Munster, in the'summer of 1903
- 8t Gottingen; and from the spring of 11903 to the. spring of 1905 at Munster. Jr
+* On the-basis of authorization, dated October 25, 1905, to be admitted to the exa

* nation for the position of teacher in the higher schools, he received the followi

~ themes for théses: . ) : '

~ ¢ In mathematics: The geodetic representationof a surface on a plane. Ip philosot

phy: Thé different intrepretations of psychophysical law. )
_ + The oral examinatigns took Place in the period from November 20 to December 4,

1906 :
*  Herr....... éeshieese... took the examination for the position of teacher in the
* . higher schools, and according tg' the entire result of written and oral examination® the

' certificate is marked ““Good ”;. he is qualified to teach mathematics g6 well as botany
" and zoology idf the first grade; physics in the second grade, . '

LA - '/ - L -
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For information concerning the work of the Seminarjaht, you are referred to the ordi. -
.+ vance, dated March 15, 1890, forthe practical education of candidates for the position
8s teacher in higher schools. - . .
. . . Royan Scientiric EXAMINATION CoMMISSION.
Munater, }kcember 4, 1906. . . - . -

i (Signed) - Cauer. - _ - Srickes.
£ . i KnLiNG. KoNEN.
. ' : Buase. Zorpr. .
< .. R Feus.* ™ BeLLowims.
‘ T S . GEYSER. Busz. .

AUnder certain conditions examinations coverig deficioncios in the
first oxamifiatjon are allowed. The percontages of failures in the
Staats-Examen in al] subjects (therg are no spacialstatistics for mathe-
matics) are considerable. For the year 1908, theso varied from 20
per cont at Gottingen to 47 per gent at Munster. - To most of the
mathematicalscandidatbs who ipassed ‘the predicate “Satisfactory”
was assigned. The following®xact statistics may be of interest:

.
~

. Resully of the Staats-Ezamen. .
. o Satisfac- Excol-
Unlversluos.' ¢« tory. Good ot. 4
.. : T

‘28 s ‘8
17 8 0
3 2 0
! 18 .4 2
il 9 0 0
..... 18 5 1
ool Noco 4 3 0.
Konigsherg.. 7 4 2
arburg. ... b4) -0 ‘0

Muuster.....o.qeiennieiiiiniiiea., 13 .8 0
Total........uu...... e e, e - 138 7 10+

4 70.7 %1 5.2 y

Of all dissertations prosentod i 1908, 34.9 por cent were not ac- -

. "copted. Less than one-half af the Prussian teachors have taken the s
trouble to secure the'doctor’s degreo,which they look upon as &
somewhat unnocessary luxury. For many years no written exam-
ination was roquired of candidates with a university degree. *

. Anyono who has the above-mentioned certificate can; within the
six following yoprs, take an additional eXamination, either to qualify

+ . for instruction in now subjects or to oxtend the certification already
granted, in ordor to raise the final standard of the cortificate, provided
*he is Tecommended for. adniissign to such examination by the Pro- . ..
vinzialschulkollegium under which he has been working or is appointed
to work. - | R o o oy
) The examination pro facultate docendi was first éstisblishegl in 1810,
and by 1826 Prussia had introduced a plan vequiting 4ll candidates
who had eompleted this examination to spend & probationary year’
(Probejshr) as, trial teacher (candidatus probandus) in some ap-
proved school. . In time it became apparent; that the Probsjahr did .

v ' y o0 . K Y PR
(B A . o ’ FEEREL I .,,‘.,,g- AL
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" and regulations regardirg examinations, the rules regarding student credentials add
-promdtion,  * .. .. T e

S ‘Principlbs,_df'school'discipline illystrated so,far as possible by current examples, and
"..- by discussions of examples of a concreto type which have come up in the school at

b [
9 . . L. : .

?

not adequately meet desired requi ts, that ..s;xom'ething should
be done to shut out undesirable candidgtes and to elevate the stand-

ard of professisnal attainments. Theso considerations, and ‘peda- -
* gogical exporimgnts made by -Ziller at Lbipzig, Stoy at ‘Jena, and’

e

especially. py=Frick ‘at Hallo, led to & decrge ir, 1890, establishing & .

Seminarjahr in which the candidates aro to bo “made familiar with
.the theory of education and instruction in its application to the

" secondary sehools ahd ‘with the methods ‘of the individil subjocts
of instruction; they are also to be introduced to the practical work

of the teachor an‘nl oducator.” The Probejahr now Sserves primarily
88 & tegt of the teaching skill won during the Seminarjahr, .The

* * following descriptions of‘the'two vears of ‘practical,training of. candj-
- dates in Seminarjahr and Probejahr are basod upon the revised regu-

)

lations of 1908:

- . Seminarjahr —Application is made to the. Provinzialschulkollqgi_um in whose dis-
- trict the candidite wishes to pase the Semiparjahr. The application must.be accom. '

panied by: (a) The certificato of having passed the Stage xamen; (b) a certificate

from an official physician’ attesting that the candidate has the necpssary health and ’

the physical qualifications for the profession of a teacher; (¢) a'statement setting forth

the ability of the candidate.to suprort himself during the period of practical training; .,

(d) aatatement of military status. _ o
‘Semingrien are-organized in, connection with various _higher schools, and the Pto-

g viqziilschulkdllegilpm asrigns the candidates to sch Jr at Easter and 0. the autumn.

Not more than six candidates may be assigned in a fven to'any one seminar and
in their distribution the teaching subjects of the candidates, as well as the specialties’

-~ of the.different Seminarien, are taken into consideration. "0 g

The director and the teachers of & Seminar are named by the
Provinzialschulkollegium froin dmong the staff of tho higher school

* where the Séminar is located. The systomatic ttaining and practice
".of the carididates is carried out in accord with the following regula-

tions: . 2
- . 1

to be hcld‘during,the whole year (vacation time execpted) under leadership of the
director or one o‘f\y.th'e -te:whe{s named; to these sessions the other leachers are to he

-admitted also. . In these megtings the academie form’ of fectures ig to be omittéd s far
- a8, possible; on the other hand, emphasis should he laid on discussion and' instruction -

Concerning the requiremeonts of practical school life. The following subjecta in par-
ticular must be treated: ** > o . - , v
- Principles of training and instruction, together with their pipplications to the general

. problems of the secondary schools, and with special reference to the. apnduct of the
~ subject-in which the candidate is preparing to teach. *

Historical survey of the ~volution.of secondary 'scho&g, inel uding an acéount of the
leaders il pedagogy and also including commeuts on the mast importanp present:day

sltuatidos in the sducational world.’

. T P o . .
The constitution and organi:ation ol secondary schools, the official couree of study”

’

o Id

B

For the instruction of the c\,add'idalm weekly sessions of at least twé hours each are,

J

.
.

.
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~other times, rules 6f conduct for students, discussions of the relation betwéen school
and hotne. : - o bR . :
School ‘'hygiene with special reference to equipment of the classroom and to the
conduct of the class work. v v -y
. Supervisory authorities, rules, and regulations govbrning the official melations of
the teacher and class masters (Otdinarien !), including the fd¥ms of official communi- 5
catlons and reports. T ' o0 K
. * Provision is alpo made for (1) visits to classes by -the candidate; (2) supervision of
" the preparations for instpiction mage in the subject which the candidate is himself
w teach, and of the methods of correcting and handing baclygthe work of pupils; and
(3) discuasion of the-personal or ‘sther aspécta oﬂt%wtnal teaching of candidates. -

v

In the same sef:f.ion of the regulations we find that— © o Q)

lémrding to the requirements of, the chairman, ‘ l‘ct.ndidate must delive} shert - 2
" reports on subjects lying within his field; ho must al give lectures in which special
emphasis should be laid on the training of the candidate in fluent speaking.

Miputes of each Seminar mecting ,us"t be prepared by.one of the
candidates. These are kept a§ formal record of rthe work done at . °
the cohferenée. Parts ‘of these: minutes, a8 well as of the topics
given to the candidates for their reports and their theses, to be re- *
ferred t6 presently, are exchanged between Seminarien for the mutual .
stimTation of teachers and directors. ) 4

Pragtice teaching begins as soon as 'the candidate feels sorffowhat .
at home in the ipstitution. The regulations state: L0

o L 9 A3
In these lessons the teaching topics, which at first arp limited in time andymportance. *
have to be gﬁdu’ally extended according to thq ability of the candidates, go that they
may have the opportunity to test their own power and to be trained in independent
instruction. For these lessons the candidateg must outline the subject matter, and,
88 long ga'the supervising teacheg/thinks it necessary, they must perpare a lesson plas.
L I ) . .
" About once a month the candidates must teach Jessons at which, as a Mile, in addition
to the director, the regular toacher of that subject and the other candidates must be
present. Theso lemsons aré to be discussed in the general meetings with reference
to their plan and developmént (as noted abova); in this discussion attention muyst be
drawn 'to qut,a‘kea which the candidates have made in their preparation, in the
pedagogical treatment of the pupils, and in their own attitude before tho class. * * #
The candidates gnust also take part in the direction of play Fours, and, when neces-
sary, also.of work houng, 28 well a8 ig the physical exercises of the gupila and in school
excursions. . ° 4 05 ) o
. As far as the local sch&l conditions permit, candidates should sometimes be given
. opportunity to attend leseons in the Seminarien of elementary teachers and in Mferent

.

+ kinds of elerfentary schools, - %

! Each of the nfns ciasses of s higher schoal has o clase master br Ordinarius, who is a regular teacher chosen
by the direcor to act as hisrep ve. "‘Thammpswnoxmbdtobonuuhor.mae,mkhnd
of his class.. All other teachers report to him, and the clss record is his special care.  Puplis must

- seok his acdvice, befors going to th director; he bécomes p"a'onﬂlyllnqudnud with the parents of his boys{
be studies the condition of their botue life spd thelr condust out of achool: he has charge of thl trial teachérs.

" . whoinay be assigned to the class, 4nd sees to It that iio harm comes from their teaching: and in‘all facuity . -

é conferences bis acts as spokesman for his class. From jhe réports of othér teackers he khows just wheg -
7 each boy is doing, and is prepared to talk intelligently with teacher or boy, as the case may be. Thus,
4 be is responaible lorthglndqny. progresy, and morajs of his charges.” . -

f\ A
e 0 ° o4
. : :
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' . About two months‘before the end of the Seminarjahr every candidste must hand in
8 theaison a topic assigned to him by the director. Theso theses, in the choice oftopics ‘

- for which the reasonable wishes of the candidates should be considered, are, as a rule,
80 cobstricted that they include theoretical considerations and practical #pplipations,
They should Botinvolve'the treatment of an, olaborate litethiry subject, but they shold
give the candidate the opportunity, to work out a literary subject within his field -
and-to connect it with his own obeervations and ‘experiences. Even if the candidate
has had a very eanaivo’.}ém-hing experience, exemption from this ﬁm\}, thesis is not
granted. ? a O : L

'~ The titles of some recent theses at the Seminar conneeted with the
Realgymnasium at Remscheid are as follows: . _ R

On justruction in plane geometry for beginnegs. - )

Introductjon to algobra. based upon rimplé, equations In Untertia, -
The disci®un of trigonometry in Untersckunda, ’
Differential and integral calculus in the mathematical ins_lruvtinn of the Real-

schulen. - . . ’

. _ At the Seminar connected with the Kli.ngcl‘:()berrmdschule in
Frankfort on the Main the themes assigned included the following:

1901. " Three lessons in Unterprima of the Oberrealschule forming an intreduction
to synthetic geometry of conics. ) ; N -

1902. The area of the circle. Three lessons in Obertertia, \ :
1903. The reflection of light, discussed in' four l(rso'ns in Untersckunda of an
~Oberrealschule. :

._' 1905. The circle and proportion. Four lessong in Obertertin—pole and polar with
respect to a circle anq other codlics. Four lessons in Unterprima of an Oberrealschule.
* 1807." The triangle in geometry for beginners (Quinta). Tlie complete quadri- *
lateral - and quédrangle inh Unherp;ima. “The principle of duality, three lessons,
Three lessons on maxima and minima, 5 g ©8 :
1910.  Discussion of the regula falsi and N ewton’s methbd for approximate solutions )
of anequation. Three lessons. oo .

At least three weeks before the end of the Seminarjahr the diroctor

. must present to the Provinzialschulkollegium a detailed charactér-
. ization of each candidate on the basis of personal observation made
‘during his training. *This characterization treats of— ° '

N

¢« the conduct and activity of the candidate during the Seminarjalr, of his nm:i)z»n,
his eapacity forscientific work, his ability to teach nmt,m): stage reached. in his/prae--
tical training; it further covers his gtate of health, hts financial position, his social
attitude, and hi8 behavior toward his colleagues, so_that the supervising authoritics
_may be acquainted with speciat talents us woll a8 with striking shiortcomings in the

* candidate’s conduct, ambitions, and attainments.  The thesis with the criticism of
the-director or the teacher in charge '.and the abplic_'utiuu for admission o the Probe-

jahr, must accompany the chnractqriza!.iop. C e :

If it is the unanimous opinion of the Provinzialschulkollegiym that

- the candidate appears unfit for the teaching profession, the candidato
18 informeq that he can'not, be admitted to the Prohejahr! -

' . In 1909 there were 125 Seminarien throughout Germany. 'Of

. ‘these the™9 inf Prussia with a capacjty of uppro'ximntély'sod candi-

5 T A g 7
.1 The predicates “satisfactory,” “good,” and “excellent”’ are employed in thjs c'onn*uon.
-ee . : . . N . A : . : . ' X ° .. - .o .

'
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dates were of two types: (1) Tlie 12State institutions under the direc-
tion of the Provinzialschulkollegien ;. (2) the much more numerous 4
dlass “of institutions connected 'with leading Gymnasien, .Real-
gymnasien, and Oberrealschulen, and each under the control of the
Jdirector and some asspciates in the school.* N _
There dre many who consider that the Seminar system of Saxe-
Weimar is founded on sounder basis than is that of Prussia. In this
Duchy the eandidate is required to attend lectures on géneral peda- . .
gogy at the University of Jéna, to tegch at least two hours per week
" in the university practice school, and to carry on the work of the
Seminarjah? and: Probejuhrin the city Gymnasium where the higher-
Shool practice teaching is done.2 -In this'wayprospéctive secondary- -
school teachers can avail themselves of mere .scientific and. critical
treatment of training than is possible on the part of a busy-director
and his staff. ~ ' . '
In the summer semester of 1909 and the winter semester of 1909-10
the following coutses were givén at the University of Jena: Ele-
" ments of e‘mpil;icnl psychology™ (2 hours-a week during a semester);
applied psychology (2.-hours); attention (1" hour); general didactics -
(2 hours); pedagogic seminary (3 houfssa weck during a year); psy- S
chology (2 hours n week during a semester); neurological diagnosis -
with practical exercises (1 hour): discovery and treatment of mental
weakness in youth, for physicians and teachers; principal problems *
of ethies and “jurisprudence (2. hours) ; Herbart (2 hours); épecial
didactics (3 hours). -~ . . _ Yo .
" There are other university Seminarien at Leipzig and ‘Giessen, but .
while, most of the universities givé courses which are especially
valuable for the professional training of teachers, some universities
are hostile to ‘closer-relations.  The Universities of Munich and Wurz- =
burg are of the opinion that ‘“pedagogy as an isolated science is- able
to produce no ‘creative, Jscivmiﬁc' work;" that “the university has .
for its purpose the advancement of the scientific and purely cultural
training 6f students;” that **thewniou of practice schools with the
yniversities should be opposed not only by _considerations of ‘prin-
cple, but by great practical diflicylties as regards the personnel of .
teachers, the number of pupils, and local relations.’’ _
The following courses wome offered at the University of Berlin® in
the summer semester of 1909. ‘ : '

General psychology (2 semester hours); theoretical and experimenté! exercises in '
Peychological*institute (3 hours); the soul of primeval races (3-hours); exercises in .-
rce psychology (14 hours); pedagogic theorie® from Plato to Rousseau (2 hours);

* The best book on the subject of the gymnasial Beminar seems to be Das padogogische Seminar, by Dr.
Earl Noft, .of Munich (Beck, 1908). . %t s the result of 11 years’ experionce 8jnos Bavaria adopted the Prus-
20 system in 1897. - o E A ,

t1n.his work on T'raining of Teacher, J. F. Brown gives (pp. 93-107), * Regulations for the pedagogioal
wainar of the university and its practice school at Jena,” ’ —

¢ Rep. U. 8. Commiss. of Edug., 1912-13, vol. 1, Washington, 1914, pp. 82-34 . . %o,
©v 101179°—18—7 ., B 2 o ~ar e oy 8
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scientific -pedagogic exercises (1 hour). - In the winter semester: Psychology with

"~ demonstrations (4 hours); lectures, and experimenital and theoretical cxercises, in

psychological imstitute (10 hours); general psychology (2 hours); the psycholagical

foundations of education (1 hour); ethics (2 hours); Kant’ "gethics (1 hour): problems
“of madern culture (2 hours); the theory of instruction 2 hours scientific pedagogie .

exergises-(2 hours); dxscuaslon of cxponment.al pédngogy in connection with louun-,s
+ (1 hour).

Probejuhr. -Tho Probe]nhr gives opporfumt) for conev(-utw
teae hmf' under cmmmml inspection and eriticism in nn institution
e wlm his usually different: from that in .which the Seminarjahr is
“.spent. . The candidate js intrusted, -according to, his qualifications,
with larger connected teaching prob]ohw and 8 to lO hours a week'
of nclun} class work. " The camdxdnte is nlso obliged to exercise super- .
vision, to attend tcachers’ conferences, to assist the direétor in
making out reports and cheeking IM», and othefwise to ulontx‘f\
th‘]f with the life of the school.  For this heavy burden of work
_no_compensation. is \given. In exceptional cases the Provinzial-
schulkollegiugn may employ the probandus as a scientific_ assistant,
for substitute tonchinw or for additional work! In this cnso the
candidate receivés remuneration; he also receives the right to wote
_in teachers', conferences on all questions which cancern the clussgs
. he mnducts Y
The dlroclnr must watch:the eonduct and activity of the candidate, '\'isit tim from
RN ttme to time in hia lessing, and draw his attention to accidental mistakes and, if
necessary, warn him scriously, by mdlcaung the consequences of disregarding thisn
~Uradvice,, A )
. The teacher.in charge of the training of the candidate.is obliged to attend the candi-
_+dute’s lesson very often in the beginning, later at least twicea month; to-examine the
papers which \he has corrected; and to advise him_concerning matters outside of
instruction. . -

-

‘The canawdate should learn to use critically Reidt's Anleitung zum
malhema{ts« hen  Unterricht, Simon's Diddaktik, and Hotler's recent
Nandbuck des mathematischers ‘nterrichts; similarly -with_ the hand-
books and encyclopedias- of Killing-Hovestadt, Thicme-Liirber,

.Schwormo and chcr-Wcletom The candidate should also work
. through” F *Klein’s Vorl(’sungm iiber  Elementarmathematik  vom
- hoheren Standpunkte aus® The study of the history of mathematics
is also speciplly recommended to the candidate if he has already
carricd on some historicdl study in.mathematics.
llnsuchmosthe amount of class taaching Maybemmuchnszow% hours a week. 7
#\V. Killing und U. f{ovestadt, Handbuch des mallumalt:chm Unterrichts.  Leipag, . Toubnor, 10101913
vols., 456+ 482 pp.
1, Thieme und C, Fiirber, Grundlehren der Mathematik. Leipzig, Teubner, 1909-1912. . | vols.
K. Schwering, Handbuch der Elemmtar mathematik filr Lehrer. Leipzig, Teubnor, 1907. a6 pP.
H. Weber und J. Wélisteln, E‘mykloptmedn &mmf-llalhemauk Lelpzig, Teubnoer, 1009-1912 1 %ols.;
560-1603-+ 5484681 pp.

‘3 A sketch of the teaching, in German universitles, of olemouury mathemaum {rom higher stand:
polnts, is ¢lven in Lorey’s Das Sludium der ‘Mathematik an den deutschen Universitilen, pp. 263-211.

-
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. \
~ As cvidence of the amount of pedagogical insight obtained, the
candidate must present to the director toward the end of ‘the Probe-
jahr a’report concerning' his own work as teacher. ‘ -
At least three weeks before the close of the year the. director
reports- concerning the candidate to the Provinzialschulkollegium,
The nafure of the report is similar to that described above in con-
nection with the duties of the director of a Seminar. On the basis
ofthese reports, of the observations of the district advisers (Schulrite)
and of the result’of the two years of practical training, thé Kollegium
"soon decides whether orgmot the candidate possesses Ansfellungs-
fihiakeit or qualification to. have his name inseribed on the list of
“teachers eligible to appointment in the higher schools, '
. Il thete is doubt as to the candidate's qualifications, the Probejahr
is vrolonged six ‘months.  In any case a corl\nfm)to'con'c'orni'ng the-
teaching ability of a candid’ate.can never he granted if— C
in the meantime it has been proved that the candidate either through physical defects
or throngh una\'biq:lwu- pedagogic defects is unable to fulfill his duties as a teacher
or edducator of youth, or if the candidate on account of his conduct within or with-
wit the school appears unfit for the *eaching profession.,
: It rarely happens that a can®icate fails of certification af the end
“of the Probefahr. since his defects are almost sure ‘to, be brought to
bt i the Seminarjahr which is extended for a-year or half year
atanother sentinar when any doubt exists as to lis qualifications for
the Probejabr, -+ -

Teachers i all secondary schools. whether under State, city, or
‘other patronage niust .be selecteds from the provincial list.  But
while State’institutions are required to select their. teachers with the >
desired qualitigations in order of senioriiy on the list, other schools
are free to seleet. regardless of*order. from the six highest on the list. .
In recent years the appointment of teachors to positions has followed
very soon after their names have been placed en the official Vist. .
For interesting “details regarding - appointment ,and promotion of .

~teachers, the reader may consult J.+ E, Russell’s work (pp. 370-381),
wnitten abapt 18 years ago.*. AN S e

To make moro apparent the -opportunities’ of the future teacher
for stydying mathematics at the university it may, bo well to con-
sider details concorning specific cases. Asieven in Germany the
very large number of courses in pure and applied mathematics which
are offered each year at the University of Gottingen are quito excep- -
tiomnl," the following.illqstratjons are cited: (a) The courses offered -

-

! Avinteresting discussion/of the pnpirqtlon 'ol toachers in Prussia is contalned'in W, Killing's * Bemer-

kungen fiber die Aushildung‘der Gy {allehirer,” JaAresdericht der deutsch 7 Mathematiker. Vereinigung, *

. 'Band 22, 1913, pp. 20-34. : : g e PR 5 L

. *For an account of mathematics at Gottingen, see Lorey’s Das Studium der Mathematik an den
deutschen Univebsititen, pp. 3. L : a o . : o

‘ o ° :_..\
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at the University of Berlin' during the summer semester of 1914;
(®) the actanal list of courses of study Twith the exception of thuose in
-botany, zoology. and philosop'iy) which an Oberlehrer took at the
University of Bonn in preparation for hjs Brosent position.! e
spent: the fourth semester of wiiversity study at Berlin, where he
heard lectures én the theory of numbers by Frobenius and on alge-
braic equations by J: Schur., ot a
(@) Derivation.of the most important properties of conie-seetions
by means of clementary geometry (2 hours a week) by Sehwarz:
analytic geometry (4 hours), Schottky: differential caleulus (4
hours), Knopp: integral caleulus (4 houms), Knoblaueh; theory of
dvlorminnnls’(l hours), lew{nins; thvm‘:v of infinite series, infnite
= products, and continued fractions (4 hours), Knopp: introduetion
to the theory of ordinary differential equations (2 hours), Heter;,
space curves and _curved surfaces (4 hours), Schwarz; analytic me-"
chanies (4 hours); Lehmann-EFilhés; applications of clliptic funetions
(4 hours), Knoblauch: caleulus of varintions (4 ¢hours), Schwarz:
theory of theta functions (4 hours), Schottky: exercises in gliffer-
ential caleutus (2 hours fortnightl$), Knopp: exercises'in differentinl
and integral ealeulus (1 hour), Knoblauch: oxererses in m‘m-@mics
(1 ‘hoyr), Lehmann-Filhés: mathematical colloquium for advanced
students (2 hours fortnightly), Schwarz: mathematieal seminory
(2 hours), Schwarz. Frobenius, Schotiky (ench professor directed
the seminary once in three weeks), s B
() 1. Semester (1906): Differentin} ealeulus with exercises, Kowa-
lewski; descriptive geometry with exereises drawing, London;
experimental physies (eleetricity andptics), Knyser. 2. Semester
(1906-7): Laboratory physics for mners, Kayser; experimental
physies (mechanies, heat, acoustics), Kayser; integral ealeulus with
oxercises, Kowalewski: elements of analytic geometry with exercises,
Lonidon; introduction to algebra, Schmidt; theory of determinants,
Schmidt. .. Semester (1907): Laboratory physics for boginners,
+ Kayser; experimental physies (repeated) s Kayser; physical units
and constants, Kaufmann. &. Semester (1908): Selected chapters
in analytic geometry, London’ foundations and history of higher
analysiz, Kowalewski; readings and reviews of selecteds writings of
Leibnitz and Newton, Kowalewski; ntathomatical seminary. 6.
Semester - (1908-9): Fourier sories and applications, Kowalowski;
*“foundations of tho theory of aggrogates, Kowalewski; theory of
.electricity with oxercises, Pfliger;  mathematical seminary, 7.
Semester (1909): Difforential geomotry, study; difforential equations,
AKowalewski; thoory of light, with exercises, Pfliger; elamentseof the
. theory of elections, Buchorer; mathematical sominary. 8.-Semester
~ (1909-10): Synthetic geomotry with exerciSos, London; introduction .

L]

'W Lorey, Das Studium, etc., pp. 343-43. .
\, ~ : . . ° ., o
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to theory of functions, Kowalewski; mechanics, Pflager; physics
colloquiumn, Kayser; npplied theory of physies;, Eversheiny; mathe-
matical seminary, . 9. Semester (1910): Analytic geometry, second
part (repetition), London; foundations of geometry, iHessenberg;
mathenintical seminary.s- - ac ' ' > 50
In the tenth semester this eandidate passed the Oberlechrer-
prifung and was certified as having scieptifie l(no\\'l«‘)}ga requisite
~for'tvm'hing:mnlhvmntics,Q‘)h_vsics. batany, and zoology in the first
grade. The combination, ¢ “botany and zoology with mathematics
and physies appears tn»i\'vcl‘.\; common at Bonn as well as at other
universities, X :

' . ‘2. BAVARIA.

- The method of training ‘teachers fors higher schools in Bavaria
- differs (-unsi(lgrnhly from that in Prussia.. 11 what follows there is
given a description of (1) ‘the training based upon_ regulations in -
force from 1895 to 1912; (1) thé training required by decree” of
Scptember 4,'1912.% .~ - L t
- L Theé training consists of (¢) an examination (Lehramtspriifung) .
and (0) a so-called Seminarjuhr. The Lehramtspriffung is divided
into twdb sections, the first at the end of four semesters of study in a .
university or technieal school, and the second after feight semesters

at a university or technical school. « ° S .

In the first section of the examination the candidate is liable for.ex-
amination in the following sibjects: (1) Algebraic analysis ang algebra,
including equations of -the- third_snd fourth degree; (2) Blane and -

solid geometry; (3) plane and spherical” trigonometry: (4) clements

of differential and integral ealeulus; (5) ‘analytic and synthetic,
geometry of conies: {6) elements of deseriptive geontetry. - About
four liours are allowed for the examination in cueh of these subjects.
Then five hou"s are set aside for (7) a Gormnn essay on a theme the
treatment of .which displivs the general culture of the candidate,
For each candidate the oral examination, lasting an hour, mvm;! the ¢
subjects of -the written examipation and the foundagions of physics.
The following questions were set in.1908:' ’ :

o .

* Algebraic analysis (2 hours).—Prove that the series g
5 ;
€08 ¢, co8 2¢ , cos 36
5 .1+'T!— .2!_+ .3!.-.4_. s esesne

converges for &l valies of ¢; calculate thé sum of this series and sxprese the sum in
real form, R . C : ° O
Algebra (13 hours).—For what values of A does the equation x*—5x?+42x =\ have tlie
property. that ‘the difference of t¥o_roots is équal to 3? - Determine (hefeorresponding-
system of.solutions of the equation'ynd express the linear relation between A and x. . .

' The cirrent questions are 6 be found In Bay. Zeitschr. /. Realschuliesen or Bldtter §. d. Gymnasial.
schulwesen. Questions set for many years have been collected in Prifungraufgoben /. d.-Lekrgmt der Muh,
und Phys. a.d. Kpl.bayr. hum. u. techn. Unterrichaanstalten (1873-1288)." Ansbech;, C, Brilgel u. Sohn, 1894, * 0

s v ‘ )
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I'lane geometry (" lmnrﬂ —\n\' three pomtn A’ B%,C’, are taken oo the mlm BC,
-~ CALAB, resy <tively, ululnnnbloABC vaeu.s(-
(1)-the-virclos clmumssnln\i aboul the triangles A’B°C, B’C A C’A B Meet
. mnp\um ’ .

(2) the centers of theae cireumseribed citcles ave the vertices uf a tHul\nh’ similar

to the'riangle ABC. o
Sulud geuzietry (13 hours).—On an oqmlula-ral triangle the radius of \\hm- citeuR. .
scribed unh- T, i given, a ficht pyramid of height b is muemulml =Irom the
niddle point uf the cirenmseribed -circle of the hase porwligdintar arg dropanad on
the faces of the pyramid apd thgough eacl h ]un of perpenciculars playis ar. drawn
Find the comman ara and wlumv of .nn\ ane of the resulting. p\nynh and llm

. original pyramid. T o

!
L'lane migonomerry (2 honn,“«-ln a" triansle ABC there is given/AB=¢- . (ho

- leneth of the hnnm\gmmtcg }-, W owhere C is Hw Ml of the fide AB, and@he *

sdifferenec ol the ancles A and Bhor o — d=p=1° 4‘1 l-nul llu_- other 1wo mlu;‘.lml
_in general terma and then numvrn allvy, 8 4

W phecionl trigonmerry (2 hours) —Ag a place nhu«-- lzumlnlv l{ a=14° & and ar
do’clock in the aftérnoon on the longest day ;da hnaton of the § Fund wes 230007 ¢
it dyyired to find the apprpum.m' cardinal piints of the camipasy from Ilu Posttson “of
II.-;;nn and :wmnlmgl\ M is suppree lh.\l the Nlll i®in-the wl\h\\ml Nu)\ ;n'at_
Iy the erroraf this orientation? T ’

.

_At ulu\l Tour of the day would 1hln orientatinn error, due to interduanme of

" mzimath and bor ansle, he maxjmunt on that day and at |I|;u plitee? .
' 1)._{!nmlml e nluc KL hunmu - i n~-[(\'b and v pix,y02), iy llw derivative
RTINS K M J g .“
oo o ‘)v Ixdidz’ L e e
m-l express them an dvn\.nnun of { nml @. o
Integral ol ulu.t {..' hourss-Proyve by parlnl diffore nn ation that :
. - 'J‘mnn X " (!'lll \ da 1 ¥f (sm ~x) dx=3: Jicr nn x\) dr.
oY W
-lm-luhr qm:nrm/ of coniesq? hoursV— A ﬁxwl l.m;:vnl a of a paraboke meets the
anigent at a vartable peint Pin T, llw hm.- wgment PT s divided at Q f that -
)
'».l‘!-k Show 1 at— - . - . P _ N . )
. h e Lichis of Q is a pgrabola tangent to the given p:cmb'ola At the point 4
wliere g is tangent to !Im curve; - . =
U thedi of Q corre upnmhng tr ditfesént positiona of a are @ngruent.
Synthitic gometry of comige (13 hopte).=-In a plane two lines 1o and twa p-unla
P and () are given.  Determin® that line lhr--mJl JPsuch that the part cut off” by g
and g, irseen frome ) ,undor a Pight angle, . 0=
T . Fltmrnla of descfiptive geometry (4 hourss). —A plane (s,. 1,) is given by its 1rm~s
alxr 2 point A by itsprojections A Ay A circle ghrough A which touchea the firat
o trice & and hge ar Aa ungv-ut parallel .t a, is pmjm ted urlbug\-null) ot the plane -
(BI- ). 1’”’ . . . 3 .
L (@) the Mection plnn o °
(B), the true form of this projectiof; . oo %t '
() the eylimder'employed in the projection; lnd ’ : !

(d). ita dev elopment (Abwi¢ klung) so far as 1( is bonnded l»y the plann (s, t,\ 'md
" the vire le-planey

- The conditions- to be satisfiad bofom ndmnssnon of a (‘andldnto to
lhn second; section of tha Lohmmtepn’)fung are: (a) Tle 'shall finve
studied at fa umvoNt) or tccluucal school for at lou»b four years,- -of

.
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.which soveh somestershavo bean devoted to the study of mathemat-
ies and physics; (b) he -shall have taken courses in Iaborntofy
“physics-and theory of history of poadagogy; and two cqursos. in the "
second sectiom of -the philosophical faculey, especially ond in_inors _
ganic chemistry; (e) he shall have comipleted ‘a sciantific thesis in .

the fiekl-of puro or appliod faathomatics sr physics. o9  °
- The Vitdes of somo theses in recent foarsare as follows; ., .

. N 3 e
On the radii of cubvadure ' of tife.C,, their envelope and pedwy ourve with respect

1 the center =y . . . . .
Euvelope offthe plangs which cut off from s tnnectangular trihedral angle a tetra.
Ledroof qonstantanes, ) TN . Jetoes S

' exhibit three coplamar concurrent raye af the centeal projection of thrge raye
TARCNTRCIL AN Shaee o o L2 ' . . o
“Insnssion of Resenhain’s threeiold perindie- functiohs with “the aidsof Waier. .

3 .

.

as s ptang ¢ o functivos.” , . . | @ Lt
Clhcttes of pointadf carves tangent tova givem ine in a fixed point, e
“Oncpaee Weeurves and Wesarfaces, > .

On the goometriefoundations of 1nng‘thvn thieory based upon hyperbolic measyre- ~
59 A DRI v v
ment 8 o o . ! °

S On L acuerere's contaet l,r‘u‘ns[urnmtjnns.’ - A}
Cups ol substicutiohs which may be analytically exhibifed as functions of the.
fam g™ - So * : *

He emplovient of ellipti®funttions for the theory oi the point EVetlygns of a pon-
habounve of the third degeree.

Prosentation of the methods of solusion of the equation of the fifth degree in ih(-ir_
. . . .

P lastual dv\\‘}ﬂplul‘i‘l . . . . o 5 ° 99

Fhe oml exantinagion consists of question’s on tha thesis, and o
“analisis, geometry, anafytic.nmochanics, and physics. In particular * -
stich subjucts ns foundutions of goomotry, theory of functions, dife”
fétentianl equations, differential goomgtry. of plane and space-may he
disgussed.  In conducting the examination the’special lino of study

of the.candiduto is taken ‘into necount.” Furthermoro, ‘omphasis ‘s
" hid on matarity in connection with subjocts of the first axamination.
Iz mathematics, =especinlly carefulconsideration . is  bgstowed on
thasg, topies whose mastary tends go. a. trier understanding of sub:
Jeets taught in secondary sphools, * In physies tho candidato’s ficility
- W experiinentation is testod. Fheory and history of pedagogy are.
also subjecth for oxamination. “Fhe wholo oxamination lasts two
Tours, R N o '
Both parts of the Lehramtsprafung ara hold in_ Munich before an

. . . - = . PO B
eXamimation commission of the royal State mipistre.

The examination regulations contain yét anothér raquiroment,
*Tha candidate has io_-givo a'trial losson,(lmhrprobd) on an assigned
“theme i ono of the middle schools of* Munich before the fssomb]ad
esamination-hoard. .This test of teaching ability, for which a'spdeial -

&prodicato is assignod, is very péculiar inijhn‘t the candidato is tested .

e e e e ——

11 bave sotranslated K7 mmungssetnen ( .7 of Wielcitner's teport op Bavaria),

L I ’ {
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- in something concerning which he has never beer taught. At best
it can only tend to indicate his ngtural ability. On,the other hand s
-naturally good instructor may be confused by the large audience gnd __|
the fact that he.is not acquainted with any of-his pupils. Nevorthe.

- less, every candidate who satisfactorily passes the Lohramt.sprilfung '

and the Lohrprobe test is declarod competent to teach all subjects in
secondary school mathematics. _ .
. Following tho examplo set by Prussia, certain Seminarion for the

- training of teachers in .ancipnt classics "were established. in 1803,

- It was not, however, till tho spring of 1904 that two mathematical
Semiharien came into being at the Theresiengynmasium and at the
Realgymnasium in Munich. By. 1906 two others had hegn estab-
lished: One at th Realgymnasium in Augsburg apd tho other at
the ‘Realgymnasiun) in Wurzburg, but up to June, 1912, these four '
institutions wera tho only establishments of their kind in Bavaria.
Since none of these Seminarien could trgin moro than 6 or 8 can-
didates annually, whilo 10.to. 50 were coming from $hé universities,

- traimingin aSem'iﬁ{\’rwasnotrcquiro'd forthe candidate in mathematics, -
With the new regulations of 1912 tho Sominarjahr bacame compufsory.”

In the mathematical Seminar there are two special toachors (Semi-

. narlehrer, one mainly in mathematics, the other in physies) in
addition to two membors of the regular staff who #ro Seminarleiter, -
or teachers who conduct tho training. Of the four teachors only two
are specialists in,mathematics and physics. ‘

Candidates enter the Seminar at tho end of N ovember; in the first
wecks ‘thoy observe the instruction of their Seminarlehrer and of
the other teachers in-tho ipsiitution and after that givo trial-lessons
(Probeloktionen) at first for half an hour and later for the full hour.
On these occasions the other candidatos and the’ Seminarlehrer are
always prosent.- At the spécial Seminar mectings,. which usually
tako place twice & wook, tho candidates must report concerning all
classos which they have attended eithor as instructor or_observer.
At these meotings the ““Praktikanten” hoar discussions of a peda-
gogic-didactic nature and give loctures on genorad pedagogic questions

~ - or on mothods of troating cortain pafts of mathematics and physics.

The*trial lessons of the Praktikanton are here criticised and overy .

lecture is followed .by genoral discussion. At tho mectings the
. Seminarloiter and Seminarlehrer. also give loctures on general qués-
tions, on duties as a'toacher.and to socioty, and on special topics of
didactics .and method. The number of lecturos which each’ candi- .
date gives® varies from. two to six. Themes employed for such

- loctures are as follows: Heif)iu'rt’s views on mathematical ingtruction;
.- Kloin's endeavors for reform;. quedrature of the circlo -in -instruc-

~-{'Qiori; mathematical instruction in France; hygione in the schdolr(‘x_)m;
the handling of lying in the school; tho bost toxts in different sub-

-
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jocts: how is rest-in connection with instruction best taken? the
slide r'u]g;hguicide of pupils;! review of new books; methods of con-
struetion according to Adlor, Petorsert, and Alexandroff; and similar
themes+in“physics. o . o .
Minutes of all Seminar mectings must be kept by the candidates 4
in turn. -In this way each one has'to prepare cight to ton sets of
minutes.” - Beforo May 1 each one must also hand in a larger peda-
gogic thesis of which the themo was assigned the preceding January
in consultation with the Seminarleiter and Sominarlohrer. The .
theses are discussed in Seminar meetings and writton judgments are
passed upon’ them. A selection of subjects (in so far as they are
! not in pure physics) assigned, at the four S{mir}urion is as follows:

.Of what significance for instruction in mdthematics and physics.are the six “in-
terests” of Herbart? Appreciation of the attack of Elien ‘Key, Forel, and other -
mailerns leveled, against the traditional methods of instruction. Comparison of the .
light and dark sides of the system of specfalist teachers and of class teachers, Self- -
eriticism as one of the most necessary conditions of progress in successful instruction.
Relation’between pupil and teachef both within and without the school. - The ques-.
tion of overworking and the humanistic Gymnasium of the day. What place should
art occupy in a scheme of instruction? Comparative consideration of rograms in
mathematics and physics at various German institutions. Mental arithmetic. Teach~
ing of fractions by question and-answer, Graphic methods in th¢ instruction of
arithmetic and algebra as well as of trigonometry. How is the idea of a function to
.be developed according to the program of the Bavarian Oberrealschule? In the
intereats of concentration in ‘mathematical instruction in the upper classes, how
can the study of physica or. mtural science be promoted? ' (To be discussed on the
basis of the program of Bavarian secondary schools.) ‘Tlow cn the. interest of & pupil -
be aroused to recognize mathematical manifestations in daily 'life? The German
Mnseum? and the humanistic Gymnasium., Introduction to the rimilarity of figures.
Theory of equality of areas and transfqrfnstion of areas. Weights and measures in
arithmetic instruction. . 1 o
At the close of the Seminar course the authorities notify the
ministry of approved candidates who.in due courso roceive Befihi-
gungszeugnisso as teachers. Thero is no.Probejahr as in Prussia; .
-and'it is also to bo-observed that the Seminarien of Bavaria, organized
for the most part to trainV¥h a spocial subjoct, are, in this respect,
different from those in Prussia. ) .
. At the ljnivon'sity of Munich. in the sumnmer semester of 1909 the
following eourses were offered: Psychology, withéspecial reforence to
vpedagogic questions inyolved (4 hours a'week) ; psychology (4 hoursy;
psychological exercises (24 hours); art and race psychology (2 hours);. *
anthropological psychology (£ hours); introduction to ethical prob- "
* " -lems (2 hours); introduction to problems of sociology (3 hours); his- -

! This is s serious matter iy Germany. That it is largely due to overwork seems to be estnb_llﬁpd by the .
-appalling condition of recruits for the srmy and navy from secondary ‘schools of Prussia.  More than . -
one-third of the students are found physically unfit (see Rep. U. 8. Commis. of Educ., 1909-10, vol. 1, Wash-

ington, 1930, pp. 463-3). ] - o
? Presusnsbly the deutsches Museum von Meisterwerken der Nsturwissenschaft und Technik, {n Munioh,

of which the corner stone was ls!d in 1908, . : ) 5 o
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-

tory of pedagogic "thcorios (4 hours). In the winter semestor,
-~1909-10: General psychology (5 hours); psychology sominary (14
hours); psychological oxercises (14 hours); psychology of Aristotle (1
hour); fundamental probloms of othies (4 hours),
In Bavaria, univorsity ‘‘vacation courses” for those who aro
teaching in socondary schools aro often largely attendod. . Such
~ loctures wore given for example at: (a) Wurzburg, April-21-27,

1908—Dr. Rost, 6 lectures on the productiveness of the omployment

- of graphical aid in carrying out goometrical constructions, and Prof,

~ Prym, 6 loctures on the dorivation of fundamental functions in .
passing from lower to higher analysis; (b) Erlangon, April 13-19,
« 1909—Prof. Gordan gave 2 lectures on corresponding conics, Prof,
Noother 2 lncturos on the variation principle in mechanics, and Dr.
Hilb 2 loctures on relations between higher and clementary mathe-
‘matics. . a A PN

Courses in the. history of mathemgtics are not L)ftoh given in

Gormany, but at’ the University of Munich Dingler is a privat-
" docent for the didactics, philosophy and history of mathematical
sciences. Ilis appointment in 1912 was the first of the kind. -

IL. Regulations of 1912. Tho candidate is still required to ‘pass
two oxamiimt.ions, namely, the two sections of t.ho‘Lohmmtspriif ung,
but the first section docs not come till. after at least four yoars of
study in a university or technical high school and the second sostion
after the ‘complotion of a Seminarjahr. Thore is also a voluntary

. spécial oxamination. ° . "’
" The candidato’s choico of subjects is more circumscribed in Bavaria

- than in Prussia. 1o is required to mako selection from one of the

. following groups:

- Classical languages, German languago, and history,
. German languago, history, French or English language.
- Modorn languages - . .
- Mathematics and physics. ¥ ‘ .
. Chemistry, biolo%y, and goography.
- Commercial scienco and goography.
7. Drawing. : .
Mathomatics and physics must be chosen togethor, and no other
' su})_joct may hoe elected with them. ‘ _ =
for admission to tho first division of the Lohramtspriifung in
mathmotics and physics the following are required:

| DB O B e

. - . .
° (a) The Reifezeugnis gf a Gymnasium, Reulgymnasihm, or. Oberrealschule.

(8) The proof of study at g German university or technical high scheol for at least
~" four years, at least three of which have been devoted to atfending lectures on mathe-
. matica'And physies, to laboratory practice, and to drill in exercives, ' ’
* (¢} A certificate of successful completiod of courses of exercises in mathematics and

' physics, . . -
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(d) Proof of attending two courses of philosophic, historic, or geographic content.

(¢) /The presentation of two **Zulassungsarbeiten,” which must be authenticated by
(lnrectorﬂ of exercise drill or lnboratory practice; one~‘Arbeit” of moderate scope, on
romé topic in mathematicsor theoretical physics, should hiave heen prepared in eemmary
or similar exercises, the other Arbeit should be jn thogiature of a report of work done in
lahoratory physics. The Zulassungsarbeiten must each display familiarity with the
seientific subject and its literature, a method.lcnl development, and well-ordeped
presentation. 0

In’these conditiens it is notablo that practical exercises in both
mathomatics énd physics are xoqulrod and that certificates of the
successful pursuit of these exercises ate to.bp presentod.

The first division of the examination is both writteu and oral.
_Tho writton examinations all take place within a fow days (again’

“in contrast to Prussian arrangements, where thoy exbend over months),
and are arranged in three groups _ . . .

GROUP 1: . .

(a) Elementary plane and solid geometry (2 hours).

(b) Plane and spherical lngonomet.ry with simple apphcauuns to mathematical
geography (2 hours).

t¢} Descriptive geometry,. including the olements of a\onometry and perspective
with applications, e. g., to construction . of shidows (drawing very cnrefully done) . .
(2-3 hours).,, . . )

(d) Algebra (2 hours).
GROUP 2: , -

w) Analytic and synthetic plane and solid geometry (2-3 hours). ,

(1) Differential and integral calculus with applicafions (2-3 hours)

(c) Elements of the theory of ordinary and partial differegtial equations and the
elenfents of differential geometry (2-3.hours).

(d) Theory of scries and elements of the theory of func{ions (2—3 hours).
GROUP 3: .
(a) Experimental physics, Division I (mechanics, - ustlcs theory of heat) (2

hours),

) Expcnmenml physics, Division II (electricity, magnetism, optics) (2 hours).

(¢) Analytic mechanics of rigid and deformable bodies (2-8 hours).

(d) Elements of theorctical physics (2-3 hours).

In addition to these written examinations, the candldate is given
four hours to write & German essay to test his general culture. The
subjeet of the’ essay must be selected from one of three fields stated
to him. - .

' The elgborate home cssay, which is the central feature of the
written examination in other States and which is fegarded as of specml
value in detormining cultural development, ig entirely lackmg in
Bavaria. 0 ’

"In the oral exarnmatxon, which is not pubhc, there is more search-

: mg questioning in certain fields of the written examination; tliese. .
fields include the foundations of "the theory of space (Group 1), the ™ .-
theory of numbers (Group 2), and chomlstry (Greup 3). The can- .
didate is also given appertunity: to prove his familiarity with some -
special field of mnthemuucs or phyqxcs Whlch he }ms lums(,lf dnoson. C

fe "f* oo - . -\. ¢ '.,‘.
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] . .
The oral};x'amination in each of the groups 1 and 2 lasts for 40 minutes;
in group 3, 50 minutes. '

“Between the first mdfe‘cond divisions of the Lehramtspr ifun-
the candidate receives his Practical or professional training in o
Seminar, to which he is assigned by - the ministry. "The teaining
here has been described already. L. . S

In the second division of the exam:nation .the. candidate—

(@) Presents his home thesis. :

(®) Gives lessons of one hour each in' some topics of mathematics
or physics (in connection with which opportunity is given to indi-
cate .his facility in sketching on the blackboard apd in experimenta-
tion), and conducts an exereise in physics for pupils. - The topics
are assigned one day in advapce.

(¢) Is examined orally on the theory of education and instruction,
especially of secondary school pedagogy and its history, as well as on

- related fundamental questions in philosophy and psychology. In
- . addition to the general knowledge, the candidate must show a more
thorough acquaintance with the pedagogic theories and cultural
development in some modern epoch selected by himsclf. Connected
wigh this are quoestions on the nower development of methods of
instrudyon in topics of mathematics and physics, whereby the
* candidate is given an opportunity to demonstrate his acquaintance

- with separate phases of development in mathematics and physics.

* A candidate who fails in the second section of tho examination
. must repeat the Seminarjahr before ho is permitted to-try the ex-
" amination again. A second repetition of the examination is not

permissible. The examination is conducted almost entirely by

schoolmen, including the Seminar director and Seminarlehrer. ’
" The optiona “‘special examination" was a feature of rogulatioris
in force from, 1873 to 1895. In sdmewhat modifiod form it reap-
peared in 1912. This examination must be taken within 10 years
- after the second division of the Lehramtsprafung; it may, however,

be taken at the same time or even’ before, but in this latter case a

certificate of having passed the examination will not be: awarded

until the Lehramtsprifung has been completed.

For admission to.the special examination, there is required either
the presentation of a scientific thesis ! jn the field of pure or applied
mathematics or of physics, dr the presentation of a practical work,
with proof of thorough scientific study in one of the following fields:
Geodesy, astronomy, technital mechanics, technical physics, electro-
technical science. . : . SRR

The first part of the oral examination is on the field from which the
subject of the scientific thesis"is takon ‘and-lusts_about an hoyr; the

~“second part covers the whole runge of the special sitbject chosen and

" 1Or prise essay or doctor’s dissertation ot other printed paper,

CeL e o
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Iasts at least an houg,and a half No second tnal ‘of t.lna exammn«-
tion is permissible. .

Note that a scientific thesisand a piece of practwal work are puton-
a plane of equnht,y in this examination, of which there is no analogue CLe
elsewhere in Germany, although it is somewhat similar to the-exami- -
nation for doctorate. In the earlier regulations it was ordered that -
those who passed the special examination, even though it involved
nothing of a pedagogic character, were to get the better positions iq
the secondary schools. ‘This is not necessarily the case in the newer
rogulntlom. and fust what the cffect of the oxammatnon wﬂl be,
remains to be seen. .

In illustration of the excellence of the pedagogically arranged
lists of courses offered at\the University of. Munich, ‘that for the
summer semester 1914 is given: Introduction to higher mathematics
for students of philosophy (3 hours, including one for,exercises},
Dingler; differential calculus (5 hours, including one for exercises),
Bohm; exercises in plane. analytic geometry (2 hours), Dingler;
descriptive ggometry 11 (5 hours), Hartogs; exercises m descriptive
goqmetry (3 hours), Hartogs; analytic geometry of space (4 hours),

Vo mtogml calculus (5 hours), Lindemann; definite integrals and

Fourler series (4 l}ourq), Pringsheimsynthetic geometry II (4 hours),

Rosenthal; exercises in' synthetic geometry (1 hour), Rosenthal; in

seminary, excrciscs for middle semesters (higher analysis with appli-

+ cations) (2 hours), Rosenthal; theory of algebraic forms (invariants) /

" (4 hours), Lindemann; introduction to the theory of partial differ- /
ential cquations (4 hours), Voss; seminary, theory of ordinary
differential cquations (2 hours), Voss -applications of elliptic func- / .
tions (3 hours), Pringsheim; on the problem of squaring the circle /
(2 hours), Lindemann; seminary (2 hours), Lindemann; gcometrlc;’
morphology (3 hours), Brunn; clementary theory of hfe insurance
for natural scientists, political economists, and . mathomatnclans
(4 hours, including one for exercises), Bohm; lecturos and reviews’
of mathcmatlcu’?\ statistical questions, for advanced students /@
hours), Bshm. Mechanics of the continua (hydrodynamlcs, acous-
tics, elasticity) (4 hours), Sommerfeld; seminary oxercises on hydro-
dynamics, ete. (2 hours), Somm.orfeld physics of the science of
carthquskes (4 hours), Bidlingmaier; mechanics of the heavens | 5 SN

(4 hours), Seeliger. )
: 3. SAXONY. .-

The regulations formulated in 1983-9 for'the preparatlon ‘of - teach-
. ers of mathematics for the socondary schools of Saxony differ very
" 1ittle from' those promulgated in Prussia in 1898. - The examination
* consists of two parts, the general and the. speclsl sub)ect The home -
theses are to be- ﬁmshod before the oral examination: The general -
exammatnon ison phﬂosoﬁhy, pedagogy, aud Gérman literature, but -
.
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matics; (3) physics; (4) chemistry; (5) mineralogy and goology.!
Tho candidato must chooso at lenst three subjects; it is desirable

‘that he bé also prepared in a fourth; and he is not prohibited from

taking all five. The following combinations are poermissible:
" (a) Pure mathematics, applied mathematics, physics.
() Pure mathematics, physics, chemistry, + '
(¢) Chemistry, mineralogy with geology, Physics.
(@) Chemistry, mineralogy with geology, pure mathematics.
For-home theses the candidate is ,:§w\n two problems, one for thy
general examination, the other for the special subject examination in
that subject in which he wishes to prove himself capable of first grade.
In casp this subject is pure mathematics' ho réteives, in addition to
the problem for the general examination, two problems for the special
subject oxamination te work at home, of which one must be in math-
ematics; in this case the canididate has no written examination, but
otherwise WTitten .examinagions in@ subjects of the special subject
examination, to the extont of fourMBurs, may be required.  For the
prepiration of each home thesis eight weeks are allowed. The whole

~period of examination in Suxony as well as in Prussin thus extonds
- over several months instond of a fow days as in Bavaria.

The tegulations with regard tq pure mathematics and ph'ysics in
the special subject examination are practically identical with those

"in Prussin, but in applied mathematics,the requirements are soine-

what different by reagon of the final clause. The whole paragraph

iy
K3

- not on roligi;m. Thé special subjoét examipation, more limited than -
/in Prussia, is confined to—( 1) pure mathematics; (2) applied mathe-

is as follows: . - .

Of candidates who wish to qualify for instyuction in applied mathematics there is
required, in addition to a certificate in pure mathematics, knowledge of descriptive
geometry, including the principles of central Projection, and correspondirg facility
in drawing; familiarity with the mathematical methods of technical mechaiics, espe-
cially of graphical statics, with lower geodesy and the elements of higher geodesy
and-with the theory of adjustment of errors in observation. The candidate is free to
indicate in which one of the three parts ho.would rather be examined:

The prop tation for the special subject okaminati{)'n ixsun]ly occu-

csc than four years and this may be mado either at the
University of Leipzig or at the Technische Hochschuls in Dresden,
For the student whose special subjects are pure and applied mathe-

matics and physics, tho following scheme of courses is recommended
at the Technische Hochschule: :

.} There seems to he a‘dl‘scupancy A, Wlttmk’g r,dport unless different regulations govorn candidates
studying at the University of Leipzig from those at the Technische Hochschule. The regulations quoted

.- above went Into effect for the Bochscﬁu}o January 25, 1909 (p. §7). On'p: 47, however, in connection with

regulations (s force May 1, 1908, for the Dnlvonuy, German s hot mentioned as a goneral examination
subject, while.nine Instead ‘of five subjects are mentiondi as possible special subjects; the other four are
History, botany, zoology, n}% geography. Geography might be elected Instead of chemistry by the mathe-
eport on Pruasia, p. 65, > ° . a7 .

e
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1. Semester (summer). ' : . -
' Higher Mathematics I (analytic geometry and hlgher analysis), wnth exercises,
Descnpuve Goomotry 1, with exercises,
Iuorganic cheinistry.
. Inorganic chemistry in laborawry
2. Semester (winter).
. Higher Mathematics IT, with exercises,
Descriptive Goomotr\' IT and p«»wpochve, with exercises, ’ .
Technical Mechanies I, with exercises,
Experinioutal Plysies 1. -
Geodesy 1.
Laboratory plnﬂics o ° : .
3. Semester (snmmor\ '
Higher. Mathematics 111, with exerciges, B .
Analytic geometry of conics. o ,
¢ Techiical Mechanies 11, with exercises.. : R
Experimental Physics 11, :
Praktikum in geodesy. * . - .
Method of least squares. - ? 5 LS
Laboratory physics. A ’
4. Remester (winter). - * : .
Higher Mathematigs I, with exercises.
Analytic geometry of surfaces of the second dogree,
Technical Mechanigs TLE, with exercises ' .
Geodesy 11.- )

Fgr the first, third, and ospctmllv tho fourth semestor it is recom-
mended that the cundldaﬁo tako yot other courses in the fields of
mathematics and physics. The above-mentioned courses aro sunply
those which are fundamental.

Lator semesters should serve for deepor study in fields of interost. .
For this purpose there aro cach semester mathematical seminaries,
praktika in physics, and special loctures in mathematics and physics,
especially in spherical trigonometry; theory of real and complex
functions, olliptic- functions, higher algebra, difforential cquafions,
theory of space curves and surfuces, theory of geometric transforma-
tions, theory of algebraic curves and aurfuceq geometry of motion,

" analytic mechanics, potential theory and other parts of mathe- -
matical physics, sphoncal astronomy, and .insurance. )

The following coursos in mathematics and astronomy were offered
at the Umverslty of Leipzig .in the summer scmester of 1914:
Descriptive geometry (2 hours), by Rohn; plane analytic geomotry
(4 hours), Herglotz; algebraic analysis (introduction to the differ-
ential and integral calculus), Herglotz; theory of numbers (2 hours), -
Koebe; algebralc curves (4 hours), Rohn; differential equations,
with exercises (4- hours), Koebe; general -theory of functions of a -

_complex variable (4 hours), H(fldor calcylus of variations (2 hours), -
Holder; theory of collective measurement (4 hours), Bruns. - -Mathe-
matical x!emmavy (l) Exercises in 'tfxeory of functions (1 hour),
Hplder and ; (2) exercises in descrlptlve geomet.ry (2 hours), -

.
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. Rohn and ; (3) exercises in algebrajc—curves (1 hour), Rohn;
(4) introduction to the literature of modern theory of functions
{conformal representation and uniformization), lectures by the
members (fortnightly), Herglotz and Koebe. Exercises in analytical
geometry ' (1 hour),. Horg'lotz; practical work in “the observatory, .«
Bruns. e ‘ : )

- Further, all candidates have opportunj y to hear, at regular inter-
vals, lectures on history of philosophy, l¢gic, psychology, systematic
pedagogy, and history of pedagogy.s o

In spite of the statement of P. Ziertma#n in Monroe’s Cyclopedia

(p. 91), I am inr doubt, as to whether the Probejahr is obligatory ' in
Saxeny, sincg even the Seminarjahr does not seem to be required

" “ " but anly ‘“sccommended.”” (A. Witting, p.62.) The single Saxony

Seminar for the mAthematiciin is the practical-pedagogic Seminar
which was organized in 1895 and stands in official connection with
the Universjty of Leipzig.! Itis incharge of the rector of the Thomas
Gymnasium, and Dr. Errst Lehmarin directs the work of mathematics

‘and natural sciences. The weekly sessions of two hours éach in a

"Gymnasium ‘embrace* visiting tho classes o ‘experienced teachers, .

- practico teaching by studénts, and criticism of the work done. The

mumber of students is large. . o

_ ~1Itienoteven mentioned by A. \\’luing.ln'conneo;i»n with the reqoired training of the teacher. True,
* onedoes find the following in section 8 of the regulations concerning the practical Semiunar mentionsd below;
““Upon his departure from the Scminar every mejuber can demandacertificate, which is to be given by
the leader of the suject group and countersigned by the director. These certificates must be aflixed to
‘the petition tothe royal ministry of public instruction ' when the candidates are admitted tothe Prubejabr.”
.(J. F. Brown;, p. 112,) . ) )
Upon appealing to the late Miss Anna T. Smith, speciallst in foreigmredicational systpms at the Buresu
of Education, Washiugton, for references {oading to a more conclusive statement, I recejved the following
information: . L
“1 ro&rot to say that T am unable to refer yOu to any sources of information which pesitively seltle your -
inquiry, although to my mind it may be inferentially determined. A 1ittie volume by Prof. Dr. Jacob .
Wychgrom, eutitléd Das hohere und mittiere Unterrich in Deutschignd, and published at Berin - ,
and Leipzig in 1913, purposes to give the roquirements existing at that time with reference to the qualifi-
catlons of teachers of the secondary schools in Germany. In tie introductory chapter, which is « general
survey for the eutire Empire, p. 25, it Is stated that after completing the Seminar and Probejahr the can-
didates receive the certificate of capacity for appointmont as professors and may be admitted into the
public, 8tate, ur city school service untess special difficulties interfere. This statement {3 {n exact accord-
‘ance with the requirements Published for Prussia in 1898, . o,, Ordoung der Priifung fi das Lehramt
an hoheren Schulen von 12. Septemper, 1898, 5 K s
“ By a decree(Verfiigung) dated Dec.29, 1892, 8 mutual arrangement was‘entered into between differont -
parts of the German Empire which grovided for the mutual recognition of candidates ih the States of the
Empire named. The Kingdom of Saxony’ does not sppear in the number. {Compare pp. 86-87.) It
. Is known that, whils the general features of 7he Saxon scheme of qualification are the same as those of
Prussis, there are some slight modif This distinction is indicated by regulstions pertaining to
the examihation of candidates for the higher school service issued Jan. 25, 1909. Section 2 of this publi-
cation simply states that the candidatoe for appointment, before receiving the certificate of capacity, must -
- have sustained the State examinution and have passed successfully the Probejahr, No maentfon is made
"« of the year in tho Seminar. From this it might be inferred that the Iatter is not essentisty although jt
is well known that it iscustomary, « (Sce Bekanntmachung, itber die Ordnung der Priffungfiir Kandidaten
, deshdheren Schulamtes der mathematisch-physiksl und chemischen Richtung an der Koniglichen
Technischen Hochschule su, Dresden, sec. 29, pp. 14-18)" . ) o Lo :
94 Uber'das Studium der Pidagogen an der Universitit Leipslg,” in Kiein's Aktuells Prodieme der 1
Lékrerbildung, pp 1640 . » . : :

)
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_¢. WURTTEMRERG,

. The present regulations for the training of teachers for secondary
schools daté from  1898. Broadly speaking, they require that a oan-
didate shall successfully pass (1) two service examinations (Dienst- ,
priifungen), that is, examinations preparatory to serving as teachers;
and (2) a ““Vorhercitungsjahr” or Probejahr. . . .

~ “The examinations are held at Stuttgast, usually in, the spring,.
lefore a commission composed of university professors.and schoolmen
appointed by the minister of church and school affairs. The ‘com-
mission is under the direction of a member of the department of the

ministry for higher schools. L

‘Application for admission to the first service examination. must be _
~ accompanied by (a) A scientifio thesis; (b) proof of attendance at
lectures and seminary exorcises in a' German’ university or tochnical
high school during four years; (¢) certificates of participation in the

exercises of a high-school institute in physics or chomistry, and' a'

testimonial descriptive of the success stterlling this paricipatioh,

Of the required-attendancd at university and technical high school
at Jeast two. of the somesters must be at. a university, and during'not
lex$ than six semosters the candidate must specialize.in the subjects

- - of examination, in class and seminary. A g

‘Two advanced lecture courses in philosophy and oné-iu pedagogy
are also required of all candidates. : . ’

. The first service examination of the mathematics-natural science

- coyrse is arranged i} two divisions: (@) Mathematics-physics; ().

<hamistry-biology, l')etwcen, which the canglidate-has to make choice.

The subjects in oach division are grouped as majors and minors,

. Exceptyin cases to be noted presently the examinations aro both
wﬁtten and oral in all subjects; the commission can nevertheless
waive oral examination of a candidate in a special subject, when he
lins done exceptionally well in the wretton oxamination. ‘

.. The majors in the mathematics-physics division are: '

" 1. Mathematics. . T )

.~ (a) Higher algebra, including the theory of elimination. . 5

" - (b) Differential and integral cafculus, ‘including partial differential equations -

and elements of the theory of functions. : .
. (¢) Analytic geometry, including the elements of the theory of higher curvgs
. as well'as the theory of curvature. -« . .
AT Trigonpmetry, with mathematical geography. )
(¢) Bynthetic geometry, including surﬁtces of the second degree.,

¢ (f) Descriptive geometry. _ R
" *2. Mechanics, éspecially mechanics of a rigid system. o © a
3.’ Physics. A S 3 c S

o (e) Expérimental phyaica.' ' T

\

." (b) Thecretical physics in the four fields: Mechanics in physics, optics, f:ireory
of heat, electricity and, magnetism’ (written examinatidn ‘only). .
_ (¢) Exercise in manipulation of apparatus for physics,. ¢ | o
vo10m79°18—38 “ . L

- . ' ' A ' o \‘,.- -'.'-.'
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In the writ_u'h exa_minat'ion the candidate is expected 'to solve one -
-or more of the “not too difficult exercises” of - the gubject in question,

while in"the oral examination the candidate’s comprehension of the
theory is ascertained. ' ( .
{n mathematics, the candidate has a choice'in the written examina-

_ tion between (a) and (b); in theoretical physics exact acquaintance
with only twe of the four fields mentioned is required.

The exercise in manipulation of apparatus ‘consists in carrving ot

- certain experiments; thé commission. may waive this exercise if an
official certificate from the authorities of the Tnstjtute of Physies of

of the State University, or of the. Technical High School in Stuttgart
indicates suffi®ently long drill and adequate dexterity in such exercise,
The only minor of the first part is chemistry, in which a knowledge

“of the most. important theories of general chemistry and acqlimintance
with the presentation and the properties of the most important com.-

pounds is required.  Furthermore, demonsgrations suitable for school

.instruction ‘may be called for. ° -

The majors of the chemistry-biology, division are chemistry, min-

- eralogy with geology, botavy, zoology.

The minors of this part are:

1. Algebra and lower analynis.

2. Elementa of differential and integral calculus. i

3. Elementary geometry, including trigonometry and: the elements of modern
geometry. , : ’

4. Elements of plane Talytic‘ geometry.

5. Elements of descriptive geometry.

6. Experimental vhysics, in which the demonstration of acquaintance with the
miost important apparatus for instruction in physics may be required. :

\

‘Mathematical questions, which have been set in Wurttemberg ex-

~ aminations in. both the mathematics-physics and the chemistry-

biology. divisiens are given in Appendix E. , ‘“

" For upper classes the teacher is allowed to instruct only in the sub-

jects of his first scrvice examination; in the two upper classes he

must usually confine Mimself to- the major subjects of “this same

examination. o : .
Concerning the second service examination the regulations state:

- After the first service examination the candidate is assigned to a

Realschule for a year in ordor to acquire a methodical introduction

. into the theory and practice of teaching (Worbereitungsjahr).” The
second service examination consists of (¢) & German essay; (b) un
.examination in free-hand drawing ; (¢). & supplementary examination

(Erganzungspritfung), in which the extent of the requirements is de-
termined by the needs of instruction in middle real classes; and (d)

. the delivery of three trial lessons.

The peculiar. supplementary examination of the mathematics:

-. natural science group includes (1) Frenph_ahd 2 Enggh, and is a I

JRRLN FR p. i . . st
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survivil of other days' In practioce, however, t.he young teacher
“equipped. to instruct in .mathematics has to ‘start out in a country -
schvol and possnbl\' mct.ruct in just such subjects. . 4
The Vorbefeifungsjahr 18" néver. properly practical because of the ’
great senreity of ‘tepchers.  Hence ;the professional training of the
teacher in Wurttemberg really amounts simply to a year of teaching.

At the University of 'I‘ubmgon in the summer semester of 1909 tho -
following lgctures were given: General psychology (4 hours a week);

church and schoolin the nineteenth century.  In the winter.semester, -

% -10: Psychology (4 houts -a weck); philosophical ethics and
“urisprudence (4 hours); exereises in etlfical questions (1 hour).
© s BADEN. '

The o\amumtmn ordinance of 1903 for teachers'in secondary schools :
in Baden is copied in its m\onualq from the Prussian of 1898, '

Before admission to the examihation the candidate must have pur—
sued speéial studies at & German university for not less than (-lght- -
semosters (instead of gix).  If inathematics or ngtural science is to 4
be the major of the examination, regular study at a German school of
technology may be counted equivalent to study at a German univer- -
sity up to four semesters (ordinance of 1909).. During at least four
semesters of the period of acadefnic study the candidate must hyve
successfully participated in'scientific or practical exercises in school of
'h‘llnmlngv Or university seminaries, ot laboratories, or institutes,

The Nnmmatwn which oce urggvery spring in Karlsruhe before a
special gommisgion, -consists of two parts, the general and special
subject examinations. Both are vmtten and oral; the written usually
precedes the oral. , .

The subjects for emmmanon are: ‘

A. In the geneml examination for mh candidate, (1) phxloonphy, (2) German lit-
erature,
B. In the special subject exammallon according to the choice of the candidku-s
In the mathematics-natural science .field of lnatrucuon (1) Mathematics,?
(2) physics, (3) chemistry and ﬁneulogy, (4) botany and’ zoology.
" Geography may be chosen in "combination with mathematics,
| zoology, and botany, or as another subject R
The candidate must choose af. least three exmn‘inatlon subjects—
two as majors and a third as minor.
Candidates in the mathematics-natural science divisfon must nl\vays
choose mathematics. The candidate with- mathematics as-a major
" must prcsent a certificate mdlcatmg his participation in the exercises .
of a university seminar or other school of hxgher oducatxon during
at least fo &ur semestery. . = . ¢

'Applled mlhamuudwmtmu.mdnmmmﬁmmbjec& . .
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. In the ge'l\u'sml exanrination all candidates must -d.emouslruw"-(a).
Their general knowledge of the mast important facts in the history
. of philosaphy, the priticiples of logic, and the chief facts of empiric
pavehology; 8) their acquaintance with the general development of -
... Gernian, literature fromi the beginning of ita “ blooming period ™ iy -
b the ('f;:hu'm_\th.('u~r1!§_|r)' . (€) their thorough knvwledige of o m)’g.;‘l.m:f‘
limited tield in phifosephy and literature: . .
- For the examingtion in mathematics there i required—

(A) As minor:  Knowledge of- the elements of -higher analysis,
plane analytic and synthetie geometry, spherical trigonometry, ele.
ments of* astronomy. . T :

(B For mathematics as major in addition to the knowledge e
quired in A: Acquaintanee with the foundations of arithmetic and
geometry, of analysis and algebea, including the theqry of functions,

- of miglytic and syithetic geometry of space, andof analytic mechan-
Jes,ag well as with the elements of descriptive geometry and with
the etyefl facts of the lu’stury of mathematics., . o ) -

For the Jiome theses every eandidate receives twe problems, one ”
for the general examination, the other Tor the spejial subjoct examina-

P tiongn one of the subjects chosen by the candidate as major., The
examination coiimission may, however, so choose a theme that the

latter home thesis igvolves both ‘mnjnm. S, s % % a

» - Kor ®¢ preparation of the two home theses a period of 20 wecks
is allowed ' ' . '
The extent of the requirements in this connection may be. judged
by some of the themes assigned in the years 1908 and 1909: -

Derive the necessry and suflicient conditions for the valid\i(y of the theorem con-

.

- 2 - .
cetning_the independeyee of the value of.the integral w==J f(z)dz taken over the
) ~ y el . 7, e

path of integratioh,.and apply the theorem to some examples (Cauchy) for finding the ]
valie of desinite ingeurals ' ) 3 -
Symmetric functions. R .. . 5 .
The piroufy of the, transcendenee of » exhibited in their characteristic features
Connection hetween the theory of f unctions and hydrodynamics, capecially explana-
" tions of Kirehhioff's theory of wateraponta, 5 &7 .
A prosentation of the most importarit theorema in the theory of eylindrichl functions.
. The addition digorems of elliptic integrals of the first. second, and third species *
according to Euler's development.and their principal geometsic applications. -
The derivation of Lagrange’s diffdrential equaliouswf the second kind in mechanics
after the pregentation of Boltzmann-and. the researches of Von Halder offtho Harhil-
© % tonian priaciple”” . 20 ) )
" Development of the most important properties of spherical harmonies according to
.~ the legtures of Helmbolz, du?. regard being paid 'u‘;the. works by Heine, F. Neu-
: ‘mano, aind C. Neumann. T 2 o
‘On the pumerical solution of slgebriic equations.” .
On the transformation of Laplace's differential equation of the potential by Jacobi,
among others, together with applications to individual problegs. :
> X . . 0 o o
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-t infinity as double pointa.
(0 singular asymptotic curves and surhc@ (lnsugunj dmmuon)
Cyelides. )

A pnzc memoir crowned by the fncultv of phllO%th or nalural
_~aenee in a State bigh sehool or university, or a_dissertation accepted
By <uch a faculty may be considered by the examination comphission
as equivalent to the lmme thesis'in the specighpubject examination.

knowledge in one’part may be compensated for by good performance
w nyother.  Tlie candidate has passed if he has met the requirements
of the general «‘\dmmntu)u is satisfac dory in at-dedst one of his chosen
" majors, and has shown a knowledge of two more subjects at least equi-
" valent to that required for minors,  If the examination m.pnasod one
of the predicates * satisfactdry,”’ Ligaod, " or “excellent 'Uis assigned,
nuﬂrdlllg to the character of the writtei -and oral examinations and
home theses.  In this connection the majors are to be considered as
first in importanee, the minors and general examination as secondary,
If the candidate s failed in his examination, he may ‘tryagain within

further trial may be grnntod only. bv the ministry.

Prakgikant .in tlw training of a “Probejahr " \Alnch is more in the
nulure of’n Prussian Seminariahr. R

n‘mng classes which +ill aid in his development; (b) in trial teach-

continuous instruction;’ ¢e) in study of notable. ‘works in general an
spoe iaP pedagogy and didactics, which are to\be found in the libriry
of the institution. «This study is dlrot ted by the temhcr in charge
of the candidate. o

From this teacher at the begmnmg of the secontbhalf of the year
the Praktikant receives a theme on which he has to proparé"i"'thesls
of riot more thaa 20 written quarto pages in extent. This theme

relates to the activities of ‘the Praktikant iu the mamwtlon, but ,its

-gogic literature of ancient and.modern times. The thesis, accom-
_panied by the critical judgment of it on the part of ‘the director of
the institution, is laid lsefore the lmpector

which he has: ‘taught consec,utlvely for at least two weeks, before
_the director of the ‘institution and the gniding teacher, These each
make independent, reports of the trial lesson to the -mspector “The

out.snde of the xnsutuuon ,

Ka AE - ” T ——

On those phne curvea of the fourth oniar whlch'ﬂ\ve \he mugmuy cu'culn ppum_.',

Jn dotvnmmng the result of the whole examination slight-lack of

two vears, at the latest. -If he fiils a second time, permission for |

Having pa»od th¢examination the candidate mast next become a.

The activities of the Praktikant in the xmtxtutmn consnt-—(a) In_-

ing, first for part of & lesson, then for “whole lessons, and finally for

treatnifont also serves to'indicate his knowledge of the.related peda.«.
A Furthermore, the Praktikant has to give a trial lsson to a class,

repori of the director is also accompanied by a statoment concerning '~
the candidate’s -industry and his . general bearmg both insidé and

’ o a . . T B
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On the basis of the various reports the inspector decides “on - the
candidate’s. qualifications as a' teacher. If he decides that the
requirements of the “Probejahr” have not been met, the probation-

. iry period may Qo extended for a year.

At the University of Freiburg in the symmer-semester. of 1909, -
the following courses were offered: Psychology (4 hours a week);
physiological psychology (1 hour); history of pedagogy (2 hours).

" In.the winter semester: Physiological psychology (1 hour): the
higher’ scliool systems of the present (2 Kours); school hygiene (1
Ahour), ' o

In corresponding sefnesters at the University of Freiburg the fol-
lowing' courses were offered: Ethics (5 hours a week for # semester);
pedagogical classics, Rousseau and Pestalozzi (1 hour a week) -

““As in Bavaria, university “ vacation coursgs” are given from timne

"=. to'time. For example, at Freiburg, Easter, 1906: Lowy lectured on

_.matHamatics of life insurance, and Laroth on some fields of infinitesi-

:mal calculus which are suitable for introduction into instruction in

‘secondary schools. * At Easter, 1908, Lﬁr&)th gave three lecttires, of
an hour each, on spherical trigonometry. R

6. ALSACE-LORRAINE.

Since 1899 the regulations for the scientific training of the‘teacher
for the secondary school have been the same as those of Prussia.
. The examination is conducted at Strassburg by an imperial scien-
tific examination commiasfon. _
The professional training of the teacher in Alsace-Lorraine has not
'changed in form since 1871. The young expectant is sont as
“probationary.candidate” tosome higher school where he is required
to give instruction for six or eight hours weekly. The pedagogic
and didactic direction, the fixing of class hours when the candidate
.. listens.to the instruction of other Reachers, the giving of advice in
the choice of works which serve to adiancoﬁedngogic and didactic
developmont, are either undertaken by the director, if he is a
specialist in mathematics, or (as happens more frequently in larger
institutions) by a capable teacher who exercises a more or less satis-
factory guidance. At the end of the Seminarjahr the candidate must
~ “-present a thesis on a theme given him in the first e of the year.
As usual in such cases the theme gives the candidate an opportu-
. nity to treat some practical pedagogic question on the. basis of his
" own teachihg experience and of his study of related literature. . The
- . Teports to the inspector are of the same nature as in Baden, and he
decides as to the candidate’s “‘Anstellungsfihigkeit.” S,
"+ Wirz well remarks: In this organization: for the training of candi- -
* dates, it is evident that chance plays altogether too- prominent a role.

-
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pedagogy; and German literature. . In philosophy a home

When Reye and Weber were at the university of Strassburg the,
courses of lectures were arranged according to a plan which considered
the needs of those preparing to be teachers in secondary schools.
In the list of courses for the summer semester of 1914, however, there
is litt}e evidence of any such plan, as there is only one course, on the .
theory- of numbers, which can be possibly considered.as a course
for beginners. The list is as follows: By Faber: Integral calculus IT .-
(4 hours); theory of numbers (2 hours); mathematical seminary
(the distribution of prime numbers) (2 hours). By Schur: Theoret-
ical mechanics (4 hours); theory of ordinary differential equations
(2,hours); mathematical seminary (2-hours). By Simon: History
of mathematics in the Middle Ages (2 hours). By Wellstein: Elliptic -
and hyperelliptic functions (4 hours). By v. Mises: Technical
mechanics II (hydraulics and aerodynamics) (4 hours); integral

" equations and their appli¢ations (4 hours); seminary exercises in

applied mathematics (technical mechanics) (2 hours). By Epstein: -
Caleulus of variations (2 hours). By Speiser: Theory of aggregates
(2 Eiours) ;" the equation of the fifth degree with exercises (1 hour).

- Arrangements -for the scientific development of the teacher of
wathematics are wholly lacking and there are no “ vacation courses” :
as at several universities in Prussia, Baden; and elsewhere.

In the sunmer semester of 1909 and the winter semester of
1909-10 the following courses were given at -the university of
Strassburg: Psychological exercises (2 hours a week through a se-
mester) ; history-of philosophy (2 hours); psychology (4 hours);
introduction to experimental psychology (1 hour); ethics (2 hours);
history of Greek ethics (2 hours). .

Ly

7. HESSE. oy
Accordirg to an ordinance of 1908 the scientific capabilities of a
candidate are tested by an examination commission at the- Univer-
sity of Giessen. The commission is composed only of professors in -
the facultics of philosophy and theology, the idea being that after
candidates have studied at the university their teachers are best
ualified to examine them.; In addition to the examination, a pro-
fessional training of two years is required. - . o
Candidates for admission to the examination in mathematics and
natural science—(a) muat have a Reifezeugnis from a Gymnasium,
Realgymnasium, or an Oberrealschule; (b) must have attended a-
German university for at least eight semesters, three semesters at
a-technical high schoo] being counted as equivalent to those at s - -
university. . .o T .
The examination consists of a general examination and a special
subject examination. The general examination .is .on philosophy,
.A eLulm £
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required, six weeks being assigned for comple.tin‘g it; othefwise the
examination- is oral. It is expected that\ the candidate have a
- . geperal knowledge of the history of philosophy, acquaintance with
the most-important laws, of psychology and of the fagts of empiric
- psychology, and also familiarity with the history of pedagogy, the
essentials. of method (Methodik), and with the general development
-of German literature. : .

The regulations with regard to the special subject examination are
almost word for word the same as those in Prussia. -

The first of the two ycars of professional training must be obtained
at one of the six pedagogic Seminarien connected with and conducted
by, the officials of some of the secondary schools. Candidates are
here familiarized with the pedagogic theories required in their special
scientific development for tho purposes of instruction and cducation,

. and are guided in the practical application of knowledge thus won,
This training takes place (1) at meetings which occur once or
several times each week for introductory instruction in the theo-~
retical pedagogy and method of individual subjects;. (2) in the class-
room, where the candidate first observes the instruction of W

a

subject -teacher and then after sufficient preparation and assfst
gives some trial lessons. At the end of tho Seminarjahr eachtcandi-
. date must present a thesis on a pedagogic subject. :

The second year of professional training isat one of the secondary
schools, where the candidate gives: consecutive instruction urtder the
direction of one of the teachers or of the director. After sugcéssfully

- meeting the conditions of professional training the candidated who
has'up to that time borne the title of Lehramtsreferandar, is named
» Lehramitsassesor. e ‘ : '

At the University of Giessen i the summer semester of 1909

d the winter semester of 1909-10 the following courdes ‘were
offered: Exercises in experimental psycholegy; history of education
and pedagogy since the age of humanism {3 hours per week); the

. nature, -origin, and development of speech (2 hours per week);
Pestalozzi in philosophic seminary (1 hour); psychology.of will ‘(1
hour); introduction to scientific works in the sphero of psychology
. and pedagogy,; ethios; ‘outlinés of pedagogy (2 héurs per week).

’

.

. A o 8. HAMBURG, -

For the training of their teachers for secondary schools the Hanse-

Aatic cities of Hamburg, Lubeck, and Bremen_gre goverried by the
regulations in Prussia. The scientific training of the prospective
. teacher for these States)sas well a8 the professional training in ghe
0886 of Bremen, takes place in other States, such as Prussis or Hes¥e,
" I shall, therefore, confine my comment to the professional -training
- - of the candidate in Hamburg, - L
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The candidate in mathematios and natural.science is assigned, as a
rul;, to an Oberrealschule or a Realgymnasium. The number of .
Seminar candidates at one institution varies from 4 to 12. Each /
candidate is assigned to an experienced teacher in hM special eu- -
ject.” This Oberlehrer decides what lessons the candidate must
sttend in order .to prepare him most quickly to give instruction
himself. The period of simple listening rarely exceeds two .weeks;
then follow the first attempts at teaching in the presence of the .
Oberlehrer. A candidate showing some aptitude gives one or more
lessons alone, even during the first quarter of the year, that he may = -
display his pewers of preserving discipline. Not till this chrysalis
stage has passed does the Wirector listen to a candidate’s lesson and
discuss it with_the Oberlehrer. Such conferences are frequently Te-’
peated. In%% of a lesson by Oberlehrer or director tarely
occurs, as it is ized that the loss suffered by the candidate’s
sauthority is greater-than the benefit which would accrue. Moreover,
st the end of the lesson there is ample opportunity, to point outany .
error. In case of need a written preparation for the next lesson
‘may be required. It is arranged that-the candidate gives at least
four such inspected lessons, so-called “ Anlejtungsunterricht,” weekly,
At the same time, in accordahce with the advice of the Oberlehrer,
he visits classes, first, in all grades of his own special subject, then
also in other school subjects 40 a moderate extent. He has to render
an account of- his activities to the director every week. In some
institutions a written report of lessons heard and given is required.
This proceeds by way of the Oberlehrer, who suppresses indiscrotions
or evidences of poor judgment. Since in a large faculty frequent
substitutes (Vertretungen) are necessary, the candidate is early and
frequently called upon to act as deputy. In these cases he is quite
alone and must report to the Oberlehrer what he has done. The
weekly amount of Anleitungsstunden, hours of visiting classes, and
Vertretungsstunden should not exceed 18 and usually varies between
12 and 15-hours. - . ' : Lk
In the second quarter the candidate gives frequent instruction in :
one or two classes of different grades. - He must direct practical ¢lass
exercises in physics unassisted. If a class is divided into two sec-
tions for carrying ‘out exercises, it is customary for the Oberlehrer
to take the first section, while the candidate assists in the lesson.
The candidate then condiicts the second section himselfy When the
candidate has the necéssary independence, especially with respect to -
- discipline, the attendance of the Oberlehrer during his teaching hours
is confined more to regular visits, ¢ S TS
¢ In the second semester regular teaching hours ‘are ' frequently -
" astigned to ‘the candidate, and for these he receives remuneration.
In addition to this he retains An.l\eit.ungunnterricht in dne subject. -

S v
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-In the Seminarjuhr the candidate must become thbroughly
acquainted with the school equipment, and the laboratory éxercises

* give the necessary incentive. In addition all Seminar candidates
of physics gre roquired to attend the woekly instruction (2-3 hours)
in practical physics in the Oberrealschule at the Uhlenhorst.

For theoretical instruction a conference of one hour a weok is

- appointed. This is led by the director. So.far as possible, gencral
questions of instruction and education are dealt with by discussion,
Experiencod specialists locture on methods of instruction tn individual
subjects; - discussion follows immediately or a weeck later in‘ the
presence of the lecturor. Every candidate must prosont a-goview
of some 'vaﬂuable work; for example, by Locke, Basedow, Pestalozzi,
Herbart, Jager, Forstor, Wernicke, Lietz, Wetekamp, Reidt, Simon,
Schwering, Kloin, Waellstein, Killing, or publications of the Inter-
national Commission on the Teaching of Mathematics. The zealous
use of the Semipar library is promoted by the director. In some

. institutions the minutes of tho Seminar conferences are taken by the
candidates in turn. At others each candidate has to prepare minutes
of all general orspecial conferences. :

The candidate has to take part nall conferences and class examina-
tions in so far as he'is not prevented ty his 6wn instruction. When
the roports of these examinations are decided upon by class teacher
and director, the candidate has the right to offer a dissenting opinion;
indeed, ho is expressly summoned to declare himself, if the higher
courts disagree:. - :

~ At the end gf the Seminarjahr the candidate must prosent a
scientific pedagogic thesis, and a more practical report on his total
teaching experience is due at the end of the Probejubr. In the
Prqbeth'r'-t.ho. candidate is usually busy with a lgrge amdunt of 1
remunerative toaching. . If he remains at the same institution s
that in which he spent the Seminarjahr, the directing Oberlehrer
js frequently changed in order that differont methods may be learned.
Monthly revisions by the Oberlehrer and a thorough oxaminztion of

. the classés by the director at the ond of each somester are tho rulo.

~ The inspector follows the development of the candidates with
special; attention. At each of his visits to the institution, of when
the ?rector appoars bofore the sclfool authoritios, all candidates
are* discussed in dotail. Spoecial occurrences aro ‘immediately com-
municated either orally or in writing. The_jnspector hoars ghe
candidate at least' once in each’semester, mﬁonsidorably .oftener

if doubt arisgs as to the desirabilityof admitting him to the Probejalir 7

or of awarding him an ‘Anstellungsf&higkeitszeugnis. On the basis

~ . of'his own observations, of repeated oral reports by the director, and
;" - of written final reports by the Oberlehrer and director, the inspector
_passées upon the-candidate’s fitness for the Probejahr or for g teaching

,'. ! o !
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certificate. ’I'he refusal of the first as woll as the second occurs
repeatedly, either by postponemont (when the work- is usually con-
tinued at another institution) or with finality. = _ .

In conclusion, gomo titles of seminar thoses may be. mentioned.
The related litoratureis collected by the candidate from Rethwisch’s
Jahresberichten iiber das hihere Schulwesen, and the director then
furnishes the more infportant” original works for thorough study
The problems are 'so chosen that the candidate has opportumty to
test theory,in practice or to modify it. Since he receives the theme
in the first month, and doos not render the thesis till the ninth,
ample time is nl]owod to nssomble porsona.l experionces. ’I_“ﬁe titlog
are as follows: .

~

~What limitations can be imposed on arithmetic-algebraic instruction m othe
secondary school ('Iasscs '

On what groun(h can the constant use of oblique pamllel projection be recom-s -
mended in commencing the instruction of descriptive geometry?

llow far can and how far should arithmetic in the lower. classes of the hxgher schools A
prepare for the instruction in algebra? ’

What part of the theory of eircles may be placed at the beginning of mstructlon in
plane geometrg”? ’ .

Geometrical instruotion in Qnarta with special reference to M. Schuster’s Geo-

metrische- Aufyaben !
© How may instruction in apherical trigonometry be built up on the theory oi rigkt,

angled dihedral angles as found in solid geometry?
h The treatinent of the integral caleulus in Oberprima, startmg from dehmw integrals,
Logic in the program of the Oberrealschule. ,

How formulate in Sekunda the tt'tmcnt of tngonometry that haa the cloeestpossl
ble connection with plane geomotry?

To what cextent is history of philosophy connected~wn.h instruction in physics and
chemigry? ’ Y §
'l‘fne’nstructiona] value of drawing. ~ :

Induction and deduction in geometric instruction.

When a candidate for a teaching position in a secoridary school
takes up the work of his preparation in the German university, he
is not without suggestipns for his guidance. Two illustrations of
weight, pronouncements of this nature may be indicated: I. The
plan recommended in 1907, after three years of labor; by the com-
mission orf instruction of the Gesellschaft deutscher Natutforscher.
und Arzte (resultmg in the formation. of the Deutschen Auschusses

“ Gepmetrische Aufgaben and Lehrbucl ammcme. Nach konstruktiv-analytischer Methode bearbeitet.
Nach dem Tode des VM&I: von W. Lletzmann, Ausgabe A: {lir Vollanstalten,3 Tcile,
Lelpdg, Teubner. 1. Tell: Pianimetrie,3. Aufiage, 1908, 168 pp.; Il Tell: rmmmu, 2. Annue, 1911
126 pp.: I11. Teil: Stercometrie, 3. Aumo. 1908, 110 pp. . o
" 1CL. A. Gutzmer, Die kadl dér Unéerrichtakommisaion der Gma:ch/t deuadm Naturforscher und .

" Arste.” Lalpiig, Teubner, IT& ‘l‘ho phn and mdﬂq were also. published in Universitd: und '
Schule, Vortrdge auf der V wnd Schulmanner zu Baacl, 1907, Lelpzig,
Teubnier, 1907. Beoalso W, Lorey, Das smdlumdcrllommwk anden dcuuchen Ilnum“dlm. PP 'm-au C
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. .

for den mathematischen und naturwissenschaftlichen Unterricht);
II. Advice (Vorschlage) issued in 1913, at the Upiversity of Goltin-
‘gen, to students of mathematics and physics., . N .

L In this plan it is recommended that the géneral studies’in’
mathematics and physics should be taken during the first six semesters

- * according torthe following scheme: = . * o g . i
: - \ . . .
o a \ ‘ . .
E;g‘;. . Speclalty studiey, . General studios.
T = = 0 = = —
1| Differential and inte- | Analytic geometry. - - Experimental physics, 5
gralcalvalus, I. Ytio poottetry 1L phy ) :
. (Exorclsos, Praktika,! Seminurfes. . . & S
~ . M . .
2 | Differential and lnt;- Descriptive '5oomlry Exforlmonuu physics, . nt
gral calculus, II. (;1 projectivegeom-{ Il . R
. . [} N . - .
Ewclses.y tiks, Semibaries. M q
3 | Differentialequations. | Plementary mechanics * Introduction to chem; E B
', (with graphical and | - istry. . "
numerical inethods). . BN “ e
Exercises, Praktika, arfes. . : R s
4 | Algebra with theory of | Curves and stirfaces. Higher mechanics. History of philes-
n"umm : s : ) gphy'md ‘peda-- |
S , . gogy- .
Exercises, Praktika, Seml 0 :
\ A i : . 3 "
& | Theory of functions. Curves and surfaces. | Theoretical physics, | Logic, |
8urveying with calcu- L
{us of probabflities. i '
Exercises, }’mktlkn, Sem! L
w2 | 644 ;omprehenslvo Jeo- | Astronomy with geo- | Theoretical physics, | Psyohology.
2| ture. - physics, IL .
' Exercises, Praktiks, . .
- - VIn the Prakiikum of.a German university or technische Hochschule instruction fs not conflned to infor-  ~
mative } , but includes guid in ticAl application of the knowledge gained, as in laboratory
work for physics and chemistry, case md”m': for law, and 80 on. -
. In addition to this there will be added in most cases two to four -
semesters dufing wéﬁch— ‘ - )

. . Y . .

the industrious student finds time to,complete these studies in some direction which
- appealsto him. Abdte all it is of ijnportance that he deepen his study in some special
", field, .in which it may well happen.that he is led to the doctorate. Candidates with
" other gifta will strive for a suitable extension, not too far-reaching, of the “specialty

" studies” in the scheme outlined above. . -
. As the most essential point of this scheme one may well put forward the masifestly
. _ impelling effort to make the mathematical training of the average candidate as far as
poesible independent of the specisal fields of igvestigation standing ior the time being

in the foreground of interest. : .

$ I The Gottingen Vorschlige. '
) - 'l'l;o employment of years of study for the acquisition‘ofa general training, by virtue -
. of which the candidate may later understandingly become a part of the whole organiza. ’

*" " RatschilgefGr die Studierenden der Mathematih wnd Pysik an der Universitds Gottingen, Leipelg, Toatmor
¥ 1913, PP.30-31. Boe also Jahwesdericht derdeuisehen Mathematiker- Vereiningung, Band 2, 1913, pp. 06-100

L]

‘

and W. Lorey's Das Studtum der Mathematik on den deulithen Universisdten, PP 29122 o
o . . .. o . . ) 0° l..';...: .
[;z- :’ v 0, 5ol o . e
Liesis : B
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1ion of the'school in which he-hasto werk, snd(my ‘have theability to make himself

potontly felt in his department, is indeed a very important matter. Important, too,

is appreciation, for the time heing, of the pedagoglc problems. which smnd in the
{ foreground in the later activity of his callmg

In connection with these matters, however, there are two contrary conceptions.

The one,'sustained more by historical tradition, understands genersl training as 3
knowledge. of an encyclopedic nature, as it were, of just those fislds which are far
removed from the special studies in mathematics gnd natursl science, such as historical,
literary, or even artistic phases of human development. According to this conception

. the pedagogic instruction puts in the foreground the general ideas which have been
sugzested 11t the course‘of history with regard to the problems of education.

The other more modern conception demands that the candidate in mathematics and
natural science shall be'in a position to cstablish the significance of his mastery of s
particular field of instruction. In this sense we must refer to the importance which
‘mathematics and natural science possess for the logical and theory of knowledge side -
of philosgphy, for psychqlogy, for history of civilization and technology, for geognphy,
finally for the general field of civic interests. The biological gide of natural scienceis,
bedidea this, the basis of the rational theory of health, and it has to that extent also &
quite particular importance for school management. Corresponding to this conception
it would be desirable that the candidate at the finiversity should soon acquire a certain
understanding as to the significance which hisscientific studies po ~css for the didactics
of his subsequent field of instruction. On the pedngoglc side, however, the great and
important field of child study opens up.

At the present time examination procedure always follows the first of the concep-
tions. We would not, however, omit to mention the other which is.ever gaining cur-
rency. We do not recommend definite lectures or Praktika in one or the other direc-
tion; rather do we believe that very much which is worthy of attaipmenthere is better
obtained by private study or, in 'some cases, by association wi ose who have a

- simjlar purpose. Whichever course the candidate may follow, we urgently recom- (
mend that during the years of his university study he sh&ll not lose sight of the im:
portance of the formation of his own style and delivery; and in any case shall attain as
great knowledge as is requisite to the successful pursmt of his studies. We mtist also
think of and observe'the necessity for physical exercises so that on the side of the .
mnnagemelqt of instruction special weight be laid upon the acquisition of ability ta
give instruction in gymnastics. , " N .

On account of conflict of statements i authontatlve sources, it -
seems well here to formulate definitely the observation that even thé
general requirements for the training of teachers of mathematics in
secondary schools are not the same for all the eight States we have.
specially considered. Prussia, Alsace-Lorraine, and Hamburg each
-require not less than three years of study in a university or school of
technology,but all the other States requirenot less than four years.! All
States except Wurttemberg, apparently, now require a Semmarjahr

' thjs has boen true of Bavaria only since 1912, and there is some doubt

.
K

! According to g new Prussian project, which had been formulated when the war broke out, the following
changes in the trainipg of secondary-school teachers were contemplated: (1) A minimum of four instesd of
three years of study at a university or school of technology; (2) instead of 8 major and two minors iz the

* speoial-subject examination, two majors and one minor; (3) tollowln“.ho lead of Bavaris, an examinatfon
at thehlose ofthe prolusl’pnal tralning. (Beo L’ Enacignement matAématique, tome 18, 1916, pp. 385, 356, 358;
Lorey’s Das Studium der Mathematik an den deutschen Universitiien, pp. 254-256, 206; and Berickte und
Mitteilungen, veranlasst durch die lvuemauomlc Mathematische Untezrichts-k {ssion, No. X, Lelpsig,
Teubner, 1915, p. u.) '

.
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regarding Saxony. The Probejahr is not required in at loast threg o
tho oight States. In Wurttomberg the go-callod Probejabr is simply -
a year of teaching. Statoments made to the offect that two years of
professional training are required of all German teachors in socondary
schools must therofors bo accepted with considorablo reserve:.at
least four States do not have two years. The facts may be exhibited
in tabuiar form. Noto that tho requirements in Hesse aro more
extensive than those in thd other States. -

a

Loast num.|
r o

-]

.

. yearsre- | Semindr- Probejahs

States. . quired at Jahr
) umversity | required? require?
. or techni- | K
I L /

L Prussia. .,
* 3. Bavaria, .
3.'Saxony.......
4. Wurttemberg. ...
5. Baden
[
?
8.

. Hamburg. ... e

' No. before 112, yes, since 1912,

} «
It seoms a little curieus if the man who has just completed his
* Seminarjahr in Alsace-Lorraine, where there is no ‘Brobejahr, shoild p
be immediatoly qualified to teach in Prussia (becaush of the inter-
changoability of cortificates) whén a Prussian must submit to another
yoar of training. o .
Salaries in Prussia.—The following scheme of salaries wont into
effoct in 1909:! S - :

1. Salaries of Provinzialschulrite: 6,300-8.100 marks ($1.49980-81,727.80).2 Thein-
+ crease of 600 marks comesat the end of theee, six, and nine year periods of service.

2. Salaries of directors of nine-year schools: (a) In Berlin, 6.600-7,800 marks ($1.590.80-
$1,856.40);2 () in other cities, 6,000-7.800 maurks (%1.428-31,856.40).2 In
addition to these salaries directors receive a rent indemnity of 1800
marks ($428.40) in Berlin and 900-1,500 marks ($214.20-8347) elsewhers. -
Salaries in both (a) and (b) increase by 600 marks every thwee years till the

. maximumw is reached. < . _ -

3. Balaries of directors of six-year achools: 5,200-7,600 marks ($1.237.60-$1,508.80).°

Th%ﬂmte of salary increase and rent indemnity is the same as in 2, o

of the Oberlohrer, teachers of science: 2,700-7,200 marks 1 $622.60-
$1,713.60). Thesalary increases o curafter every three years of service. Thelirst
throe increases amount to 700 marks each; the next four to 600 marks each.
The Oberlehrer's rent indemuity in Jc+lin is 1,200 marks ($285.60); in other
places 760-880 marks ($133.28-$209.44). '

5. Balarios of scientific assistants from whom the Oberlehrer are chosen: 2,100 marks

($499.80) for the first year; 2,400 marks ($571.20) for the second, 2,700 marks

! Statistisches Jahrduch der hdheren Schulen, XX XIII, Jahrgang, 191213, Lalpzig. .
* ¥This computation is made on the hasls of 23.8 oents to the mark. These salaries each include 600 marks
“pensionsfiihige Zilage.” . ’ . o
" ¥ These sajaries each include 400 marks *“pensions(ihige Zuluge.”

4. Salari o
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“‘(W?. 60) for the third, and 3,000 marks ($714) for the fourth year. The rent
ity for Berlin is 720" marks ($171.36); for other places, 290-680 marks
( 02-$138.04). .
" other parts“of Germany sn.lari‘és are sometimes not qmto so .
high (for example in Hesse), but in Hamburg directors regeive as
much as 13,000 marks “without residence or 11,000 gnarks with
rc~|dence“and salaties of the Oberlehrer range from'4 000 to 11,000 -
marks without rent indemaity."
Pensions.—In practically all of the States of the (brman Empnre
the teachers of higher schools make no contribution to the State
_‘pension funds. Such pensions may therefore be considered as addmg
to the attractichs of the teachers’ pasitions.
If a Prussian teacher‘ls retired after 10 years of serwce, he receives
333 per cent of his salary. . The ahount of pensxon increases with
each additional year of service! after 25 yoars it is'58% per.cent of =
his last salnry, and after 40 years of service the’maximum of 75
per cent is reached.  The period of service includes time (1) spent
on leave of absence; (2) in* the Semmnrjahr and Probejahr; (3) in
‘military servico if performed after the age of 20. :
Sixteen of the German States give larger pensions after 40 years
of service than Prussia docs, and several States grant 40 per cent '
of the salary to teachers*Torced to retire after 10 years of service.
.Three States (Hamburg, Heswn, Anhalt) give the full salary in
pension after 50 years of service. (Statistisches Jahrbuch, 1913-14.) *
Prof. J. W. A. Young has éalculated that a very rough approxx-
“mation to the annual cash value of -a Prussiail teacher's assurance .
“of a pension aft,er 10 years of service is $222.2 If this be added to
the salaries and rent indemnities, we find that the range of income
of directors is from $1,673.80 to $2,506.80; of Oberlehrer from
. $977.88 to $2,145.04, this last salary being the "reward after 21 years
of serviee.
Congluding comment. —Characteristic foatures have been outlined
to indicate a fair uniformity of procedur¢ throughout the Empiré
in the selection of teachers of mathematics for the secondary schools, v/
. and it has appeared thatin very few of thé 26 States docs the standard o
full below the rcmarkably high one set by Prussia. The possibility
of this uniformity is largely caused by the standardization of all
_secondary schools “‘for the purpose of administering military priv-
* ilege which is under. the eontrol of the Central Government.”’
. In Prussia the secondary teachers as a class Bow.form an important, . -
* group in the social system of the-gountry as the result of struggle
- during more_than half a century for economic equahty with the ..

" 1Por (nnhu dotalls with regard to.different States the current auauhcha Jahkrbuch may be oonvumd .

- o9 The Teaching of Mathematics in (the Higher Schools of Prussis, London, 1900,p.20. Prof. Young'sstate-
« ment of $224 is derived on the basis of 1 mark as the equjvalent of 24 cents instead of 23.8 c8nts. It should -
" also beremarked that Prof. Yotmucmmuvubunduponulovcrullotuhﬂutmunovlnlutu.

L . S ¢ .~ . I “ay
. . Lo - . . s - - -
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. Ny ‘
- Ri or judges of the lower courts. ‘In his delightful ‘volume. o
thé Oberlehrer, Mr. Learnod writes as follows: 0 :
Owing to the peculiar structure of the ferman State, the classes of public servants
are numerous, and their ranks, rights, titles, and privileges aro elaborated with great
Wo nine grades in the civil service make & fairly accurate basis for measure-
ent of public importance, ahd class differences aro minutely scrutinized. . Now it
Jiappens that of all State officials, the judges in courts of the first instance aro nost
closely comparable to the Oberlehrer. They are members of & court organized on
the collogiate principle; they have approximately the same training as the Oberlehrer,
and are not fdar from the latter in bumbers. . . :
It was claiimed that—
. the professional qualifications, tho;condiiiona of s'crvice. and the social obligations of
the Oberlehrer were fully equal to” those of the Richter; that the service of the ym- -
.A(aaien to eociety was not inferior to that of .the 1aw court; and that, primarily, for the
- eake of these schools, an equal rating was necessary to sccure the ablest braina for the
profeasion and to give the prestige. neceasary for the Oberlehrer in the discharge of
his duties, o A aa \
The Kaiser, Bismarck( and- Paulson were among the.Oberlehrer’s -
champions in the fight which was finally won by parliamentary ©
- decree in 1909, . ’ ' :
The instructors in a secondary school of Prussia consist of (1) *
the Probandus, or candidate on probation; (2) the ‘Hilfslehrer, or~
part-time instructor, who is qualified for a higher position but
awaits af opening; (3) the Oberlehrer; (4) the professor; (5) the
director. The title ofsprofessor is purely honorary and was granted -
as an offshoot of the struggle referred. to above for improving the
social standing of the teasher. The ministry may appoint one-third
of the regular staff of the higher school to & rank oquivalent to that .
of university. professor, und all those so nominated are authorized
to use the title. Although it was intended that the honor should be
_8 reward of merit, in practicd it is awarded irrespective of merit
= to the upper and-older sgetion of the faculty. # S
As for the number of hours of service per week, German teachers
~ compare well with American- and English, but badly with their.
French colleagues. Special teachers give 26 hours of instruction
per week; Hilfslehrer, 24; Oberlehrer, 22; and professors, usually 20;
-~ - butall are liable to extra work without, a8 in'France, extra remuneration. The teach-
ers are oxpected Lo watch over their pupils’ health, to prepare their lessons carefully
and” mark. their exercises regularly, to consult the director before undertaking any
private work and the Provinzialschulkollegium before venturing to marry, and abovs
all to refrain from political controversy and pamphlet’writing. It will be noticed that
French thasters, though equally civil servants, are bound by none of thess petty
regulations. . ' \

. In addition to an nﬁ:o'st'-overwhelming'burden'of official duties;,
u

- the director must usually also teach 12 to 15 hours a week. But in )
spite of his great responsibilities, he.is warned that even in official .
relations with teachers he should not emphasize the fact of his pre-
::ede'nce., As Mr. Learned remarks, “‘He is but primus inter pares,

o
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4
and the memhom of the l\olloglum do not allow lum to lgnol:e or
forget the fact.’

Although the school obligatiord of the Oberlohror are arduous itis
common practice for him to supplement his small salary by private
tutoring and by boarding students at his hon». He can by frugal
manaement comfortably rear and educate a large family. while con-
stantly enjoying a wn-«fof security in the tenure of his offico and in
provisions made for disability and advancing age.  Moreover, his social
status in the community is of importance commensurate with that of
one whom Bismarek declared to be **the moxl iumportant factor in
patriotic education of the rising generation.” °

To such training, carcer, and rewarts the candidate who presonts
himself far preparation ax a teacher in a secondary fhool in Gernian_)
ma¥ look forward. ‘ o,

The scientitic publications of pro‘ov»m\ in secondary schools con-
sist. mainly of texthooks and of discussions.of methods in teaching.
Among. mmhonmtmum who have produced purely scientific work
during professional activity, the notable case of Gras Smann may be -
cited. (

It was. formerly normal for a sniversity professor to start his
career by teaching in a secondary school. « -For example: Weierstrass,
Clebgch, Fuchs, Kumnier; and hmun" those living. Sturm, Killin;:,.
Lampe, and Wangerin.  But since about 1870 this has happened
rarely At the Technische Hochschule in Berlin certain courses are
given. by secondary school professors; some of whom have been called
to universities; for instance, Juhnke and Salkowski. At Strasshurg,.
Simon has been both prof(\\sor in a woondurg, schooland honorary -
])lufc\\or in the university since 1903.,
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grammes  Work for Higher Sc hmls for Boys in Prussia. 1901" (pp: l{H—”&;)).
Education n Germany (Special Reports on Educational Subjects, volume 9).
London, Board of Education, 1902,

M E.SADLER, " I'mblems in I’russian \c-condar\ Education for lfou. \nth apocul

# reference to similar questionsin England ¥ (pp. 83- 252); H.E. D. HAMMOND,
“The lhghor Schogls of the Grand Duc hy of Baden; their Development and
Organization " (pp. 322-414). (Spegihl Reports on-Educational Subjects, vol-
ume 3.) l.ondnn. Board of F.ducation, 1808,

. ZIERTMANN, “Education ir Germany,” Monm(-s (‘yclnfwdm o/ I‘Iumlum,
vol..3, New York, 1012 Pp. 6893,

G. B. M. COORE, ‘l\duwtmn a\uumml S\su-ms, " Eneyclopacdia li‘nmnmm, :
eleventh editidn, 1910. \

Germany has two periodicals which are specially devoted to promoting the: teaching

° of mathematics; (1)/ru¢rhn(l Jiir mathematiachen.und naturwaserischaftlichen Unterricht,

(Leipzig, Teubner), founded in 1870; and (2) Unterrichishlitter Jiir. Mathemarik und

Naturwissenschaften, (Berlin, Salle), established in 1895 as the organ of the Vérein zur

Forderung des mathematischen un% natur\umenachafthchen Untepricht. o

While current volumes o the Un versitits Kalendar indicate all lectures delivered -

.at German umvomuce, fram scmester (o e mmlﬂ, titlee of mast of those on mathe-

matical topics fire probabl) more readily acceasible’j in the Bulletin oj Ammoan Matlw-

maﬁcal Socwty orin I, angnrm«:pt .llnll:émahqw :
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IX. JUNGARY.

Exclusive of Croatia and Slavonia, Hungary is about 109,000 square
miles 'in extent and has a population of over. 18,265,000, of which
" more than one-half are Hungarians (Magyars). '
. Hungarian education is administered, for the most part, by the
ministry of worship und public instruction, which is organized in 10.
departments, including the departments of elementary, secondary,
and higher education. Although not ali schools are controlled by

“the State, all are subject to State inspection.
SECONDARY SCHOOLS," ' ;

The right of inspection over all secondary schools was given by tho
secondary school -act of 1883. Another significant feature of this
"law was that it gave to the national speech, the Hungarian language,
its proper place in instruction.by dirécting that it should reccive
attention in all school courses. :

. - Secondary schools are divided into Gymnasia and “ Real Schools.”
"The aim of .these schools is to provide boys with a higher general
training, and to prepare them for the universitics. . The Gymnasia

_"attempt to carry out this aim by means of 8 humanistic training,
especiallf’ classical; the Real schools by means of modern languages,

" mathematics, and natural science. : ., '

The secopdary schoal courso of eight years (Classes T1-VIII) is based
upon the first four years of the primary school course.! In the Real

“schools, the pupil studies 9-11 subjects each year and receives 28-30
hours of instruction per week.  ‘In the whole course 30 hours per
week of class work have been devoted to mathematics and 22 hours
to drawing and geometry, or two-ninths ¢f the total humber of hours
in the course has been essigned to these two subjects. In the Gym-

- nasia this proportion is reduced to two-thirteenths. Here arithmetic

* is taught in Classes I-III; algebra, plang goometry, and plane trigo-
nometry in Classes IV-VI; algebra, solid geometry, spherical trigo- .
nometry, and graphs.in Classes VII-VIII: 'In the Real schools these
“subjects are developed at groater length, especially the section on

.. 3Thegix-year courses of the “burgher’ schools (Polgdrl iskoldk) for boys are also based tfpon this coucse
" .but thé form and manner of instruction fs that of higher elementary schools. ) ’ _
In Croatis and Slavonis the aight-year course of secondary education is in the Realgymnasia, -
The Hungarian scheme of secondary ‘education s almost identlcal, even to the programs, with that of /
“Austris. T Se B R e :
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graphs, which becomes a course in plane analytic geomeiry. Eight
hours of descriptive geome'twp.gp‘mo into the program of Classes
VI-VIII of the Real schools. ‘ : ' :

A public examination takes place at the close of each school year. "
At the end of his eighth school year the pupil must take the final
examination. This examination is partly written and partly oral.
The oralpart is public.- The student who passes this examination
successfully receives a *certificate of maturity.” He is.then usyally.
about 18 years of age. 0 .o o

The certificate of maturity from a Gymnasium entitles the pupi] to
entrance into any Hungarian university. The certificate of maturity .
from a Real scliool entitles a pupil to entrance into a Polytechnikum,
or thesmathematical or science department of a university.

THE UNIVERSITIES AND POLYTECHNIKUM, AND SECONDARY SCHOOL
TEACHERS. o .

In Hungary there are five universities maintained by the State:"
“The University of Budapest, with over 7,000 students and the chief
center of classical and scientific study and research in the Kingdqm;
the University of Kolozsvar, with over 2,000 students; and the uni-
versities at Zagrab (Agram), Pressburg ‘(Pozxony)yand Debreczen,
the last . two of which were founded in 19121 The Royal Josefs-
h Polytechnikum at Budapest has about 170 professors and about

1,800 students. :
The secondary school education act of 1883 gives definite instruc-
tions concerning the training of secondary school professors. The -

candidate must meet the following requirements: '

(n) e must have graduated from a Gymnasium or Real school. In the latter case
he must be able to read and understand easy Latin, for example Ceedar’s writings, -
Ovid’s poetry, and Cicero’s letters.

& (b) He must have spent four years in a university or Polytechnikum devoted to the .
study of the special subjects he wishes to be qualified to teach.. He must choose at
least two subjects, and he is strongly recommended to take three. Ho must also show . :
(1) proficiency in-the Hungarian language, literatiye, history. and general Hungarian
culture; (2) a thorough acquaintance with pedagogy, history,\principles and methods -
of cducation; (3) s knowledge of the'special methods of teaching his special subjects;
and (4) that he hasstudied logic. psychology. and'the history of philosophy.

(c) A year of practical teaching in a secondary school after the completion of the
four-year university course, or five years at the university and at least a complete -
year of secondary sch@l teaching accomplphed during that time. .

~ The candidates are examinedf bf a special examination Mmmission
organized by the universities.’ mem'!prs of the commission are

/. Neither of these universities hins & fasulty of mathematics nod clence; . The Ugiversity of Pressbutg” | -

. wasdeve from the Royal Academy of Pressburg, and the Unlvpnlty of Debreézen from s highschool . -
which had inexistence for pver 300 years. 'Cf. Rept. of U. 8. Commis, Edu., 1610, vol. 1, Washington, -

“ 1916, pp. 684-5. o, a®® o @ L I : INGBE
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mostly professors from the universities and Polytecbnikilm, but some
are also Privatdocenten or eminent secondary school professors.
According, to an. ordinance of 1888 the candidate must choose at
least two special subjects which he wishes to teach, e g., mathematics
with physics or descriptive geometry. The ordinance-recommends -
that tho candidate should also make a special study of a third sci- -
entific subject * ‘or else of philosophy. ‘ ' : ~
The examination is threefold: I." The. general examination at the
end of the fourth semester; II7 the examination on special subjeets
« at the end of the cighth semester; IIL. the pedagogic examnination -
at the end ‘of the next year, which the candidate usually employs in
professional practice. ' ‘ . . .
Thdse who fail in an examination may come up again six months
later. Those who fail a second time may not again present them-
" selves for examination till a year later, during which period “they
must have attended lectures a{ a university or at the Polytechnikum.
1. The General Examination is compoded of two parts, an oral and
a written examination. The former is public. In the latter and in
‘other written tests 10 hours are allowed. The candidate must write
a theme in the Hungarian language on seme subject of intcrest in
Hungarian literature. . ’
In the oral examination the mathematical ¢andidate is examined
in— ’ : .
. (1) Plane and spherical trigonometry; (2) analytic gcometry; (3) analysis— complex
numbers, infinite series, olements of $he theory of equations and of differential and
\mtegral calculus; (4) descriptive geometry— (a) orthogonal parallel projection, axo-
nometry, oblique parallel projection, central projection and collincation; (b) eloments
of the constructive theory of lines and surfaces; (¢) shades and shadows; (d) perspec-
tive; (5)? physics—(a) experimental physics; (b) elements of analytic mechanics; (6) |
Hungarian language and literature; and (7) one modern language (German. French, .
English, or Italian). with the literature of the same.  + '

-

. At this examination the candidate must be provided with his cer-
~ tificate of birth, a medical certificate, his certificate of graduation
. from a secondary school, and a certificate to prove that he has

studied the requisite time in'a university. L © 0
- It may be well to give indications of what knowledge is expected

for the above examinations in analytic geometry and in analysis:

In analytic geometry: Points, lines, and complete .discussion of conic sections;
generation of conics by projectivo pencils, parabolas through four points; conics
through five points, common properties of two conics, pencils of conics and circles, *
‘radical axis; line coordinates, trilinear coordinates, principle of duality, conics in
linecoordinates, generation of a conic by, projective ranges, theorems .of Pascal and

-+ Brianchon; point codrdimwo in space,.lines and: planes in space, coordinate trans-

/¥ VItis sot yncommen for & candidat to offer as three sublects pathematics, physios, au descriptive,

~#1fs candidate has not eleckel Lo specialize th both (4) and (5) he is examined in only ons o. them.
’ . s . ’ : oo \ . '

T . . - : .
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formation; facility in ining geometric loci.—In analysis: Thorough discussion
of irrational and complex numbers, De Moivre's theorem, general theory of root ex-
traction (binomial equations), properties of roots of unity; infinite series, conditional
- and unconditional convergence, eeries with complex members; convergency of
power series, circle of convergence, continuity ‘of power series; definition of ele-
mentary functions by power series; binomial, exponential, and logarithmic scries; 1
connection befween exponentisl-and trigonometric functions; Taylor's and Mac-
lnurin 8 expansions; maxima and minima of one an aeveril variables; multiple
integrals, surface, volume; fundamental theorem of algebra that every equation has
a root; symmetric functions of the roots; cubic and biquadratic equations; approxi-
mation methods of Homer and Lagrange; elimination, methods of Sylveswr and
Bézout.

II. After two more years oi university study the candidate may
present himself for examination in his special subjects.. Five months
hefore he presents himself he is given a tieme in each of his sub-
jects, upon which he has to write a dissertation. In this disscrtation
.« the candidate must show familiarity with the literature of the sub-

ject as well as originality and knowledge in its presentation. All .

authorities must be carefully indicated. These themes are passed

upon by the professors of the examination commission. "If a dis-
sertation is regarded as ““insufficient,”” another one hes to be prepared.
+  In addition to these dissertations ansoral examination is required.
In this theé candidate must show decided proficiency in each of his
subjects. All aids, except a table of logarithms, are forbidden. In
case of failure at the oral examination, another trial may be made in
six months. The oral examination in mathematics is on: (1) The
mathematics of the secondary schools; (2) certain parts of géometry,
algebra, and analysis common for nl] candidates; (3) the following
five sub]ecls ope of which the candidate must know thoroughly,
the others in a gonoml way—(a) Modern geometry and the theory
of algebraic forms; (b) number theory and higher algebra; (c) general
" theory of skew curves and surfaces; (d) general theory of analytic
and elliptic functions; (e) advanco.d portions of integral calculus.
In connection with (1) the candidate must not only display such
acquaintance- with t'h&subjects'#l is requisite for graduation, but

also a deoper scientific insight fnto elementary mathematics and- a
thorough appreciation of rigorous analysis. Facility in geometric
drawing is also required. \ As to (2) the general examination 18 sup-
plomented by consideration of the following topics:

F:Iementa of synthetic geometry, ranges and pencils, harmonic and anharmonic
ratio, involution, projective properties of conics; point coordinates in space, different
forms of thie equation of a plane, tetrahedrons, classification of surfaces of the second
degree, general properties, particular surfaces, pencils of quadrics; adjoint and com-’

. pound deterniinants, volume of tetrahedron and other geometric apphcmona, func- .
* tional udeterminanits; continued ‘fractions and indeterminate equations; infinite ..
products, Wallis's formula; total differential équations, existenqg of 8. solution,

general and pamcular soluuons, aimplest dlfferontml equnuons of thefirst anid second -

o
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order, integnting‘factor, linear_differential equations, variation of the cgnmﬁ;,

. application of differential equations to geometric questions.

Under (3) the candidate is examined in the subjects indicated in
the following synopses: Co

(a) Nomogeneous coordinates in the plane and in space; conics and quadries in
these coordinates; symbolic notation; line coordinates in. space; line geometry;
Projective properties of linés'and surfaces; singularities; algebraic forms; binary and
ternary forms; the most#/impdrtant invariants and covariants; “general theory of
quadratic forms; otthogonal substitutions. . o ° a

(5) Elements of humber theory; congrucnces; general theory of quadratic residues

and quadratic[Toyms; general theoty of algebraic numbers; substitutiond and groups;.

rational functibns of roots of an equation; resolvents; cyclotomy; Abel’s equations:

- conditions for the'solution of algebraic equations; theorems of Sturm, Sylvester, arid

Hermite on the séparation of roots of an equation; theory of elimination; chicf proofs
~of the fundaméntal theorem of algebra (Gauss, Cauchy, ete.). ’ .
() Skew curtes: Tangent and normal planes, first and second curvature, evolufes;

curyed surfaces; tangent and normal planes, lines on surfaces, surface elements,
" tangency of surfaces; theory of curvatre, lines of curvature, orthogonal surfaces,

confocal quadrics, Dupin's theorem, clliptic - coordinates, conformal representation
of surfaces; geodesic lines; partial differential equations of surfaces; theory of ruled
surfaces. 2 . B

(d) Functions of a complex variable: Single and multiple-valued functians, Rie-
mann’s surfaces, integration of func.dons of a complex variable, analytic expressions
for single and multiple valued functions, Dirichlet's principle; algebraic functions.
logarithms, trigonometric integrals; the three kinds of elliptic integrals and reduction
of general elliptic integrals, the modulus of periedicity of integrals; periodic func-
tions in general, fundamental properties of elliptic functions, theta fomctions,
development into series; Abel's theorem, the problem of transformation. ;

(¢) The more important definite integrals, multiple integrals, Fourier series and

. integrals, gamma funciions, spherical harmonics; fundamental ideas of the caleulus -

of variations, variation of functions, simple and multiple integrals, maxima and
minima, second variation; simyltaneous differential equations (general, complete,
and eingular solutions), partial differential equations of the first order; partial differ-
ential equations of the second order, inwgmti.on of partial differential- equations of
mathematical physics by means of infinite geries, methods of Monge and Ampere.

« In deseriptive geometry and physics; elaborate requirements are

- also made. To this oral examination the candidate must bring his_

certificate to show he has passed the gencral examination, and a
certificate to show that he has studied two years. further in the
university or Polytechnikum. . ‘

-, IIL. A year after the special examination, the candidate may pre-
sent’ himself for his .ezamination jn pedagogy. This consists of a
philosophic or pedagogic dissertation, and an oral examination -in
history of philosophy, logic, psychology, pedigogy, history of peda-
gogy. and special mothods for teaching mathematics. The exam-

.regard to teaching all classés of the secondary schools. Jhere is no

iners have’ constantly in mind the éandidate’s - qual'iﬁ'c:’?ons with.

.. such thing in Huyy a8 a teacher’s being qualified to teach only
~ :in the lower classes
. hat this is not nusual in Austria. = L e

of the'Staté.secbndury schools. We have seen

Vs
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In ptirsﬁjng.the courses leading to these examinations brilliant
students “may receive an annual stipend of 1,000 crowns ($200).
The plan of study requires not less than 20 hours a week of lectures.
In the first two years are:  _ -

History of Hungarian literature (2 semesters, 2 hours weekly); Hungarian language
(1s, 2 h.); Hungarian cutture (1e., 1 h.). In the third and fourth years are:" Logic -
(18, 2h.); psychology (1s., 2 1i.); theoretical pedagogy (1e., 2 h.); history of philos-
ophy (18., 2 h.); history of pedagogy (1 s., 2h.). . :

Locturos on subjects of the group matheinatics and physics are dis-
tributed as follows (all subjects run through the year): ' '

First year: Geometry and analysis (3-12 hours); algebra and number theory (3
bours); experimental physics (7' hours). '

Second year: Analysis, continued (3 hours); geometry, continued (2 hours); algebra
or number theory (3 hours); exercises with reference, to the program of the secondary
schools (2 hours); mechanics (6 hours); numerical exercises in physice -(fhoum). '

Third year: Special lectures in mathematics (5 hours); mathematical exercises (2
hours); scientific treatment of the subjects in the secondary schools (2 hours); theo-
retica] physics (4 hours); exercises in experimental physics (5 hours).

Fourth year: Special” lectures"in mathematics (5 hours); mathematical exercises
(2 hours); scientifié treatment of the subjects in the secondary schools (2- hours);
theoretic physics (4 hours); chemistry (2 hours). - . 7

For tho group mathematics and desériphive geometry, the schedulo is

as follows: -- 5 O

First year: Geometry and analysis (9-12 hours); algebra and number theory (3
bours); dedcriptiye geometry (58 hours); constructive drawing (7 hours). )

Second year: Continuation of analysis (3 hours); continuation of geometry (2 hours); \
slgebra and number theory (3 hours); exercises with reference to the programy of the
secondary schools (2Hours); projective geometry (2 hours); epecial lectures on descrip-
tive geometry (2 hours); review and questions of descriptive geometry (3 hours).

Third year: Special lectures in mathematics (5 hours); mathematical exercises (2
hoursy; scientific treatment of secondary school mathematics (2 hoyrs); special lec-
tures and exercises in descriptive geometry (4 hours). o

Fourth year: Special lecturcs in mathematics (5 hours); scientific treatinent of -
srcondary school mathematics (2 hours); mathematical exercises (2 hours): special
lectures and exercises in descriptive geomet.&lx (4 hours).

X

.

~In Budapost the student may attend such courses in both the uni-
versity and the Polytechnikum. o , -
The Baron Edtvés College in Budapest is an important institution—

the object of which is to give deserving students of the Budapest University who -
intend to enter the teaching profession an opportunity for holding social intercourse

with their fellows and for acquiring the theoretical and practical k nowledge necessary

to qualify them for their work. The college is directly subordinate to the minister of °
public instruction, who delegates hisauthority to the curator. For expert guidance of

the resident students four-tutors (chosen by the curator from among the teachersin. .
the service oi the State) are appointed by the minister (for periods of three yearsin = ..
fotation) for special duties. They are present in the college during the-hours devoted-

to private study to give individual or combined instruction to the candidates, and, as

occasion arises, to hold special courses of lectures, -, . ..

o
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. - . ‘ a9y
* We have yet to consider the institutions whero our future second-
ary school professor, who has completed. his four years in the univer-

sity, receives a year of professional training. T e -
Under the direct control of the minister of education is a State
Training College (founded in 1895) for Secondary Teachers. It is
established at Budapest, and its aim is to train univorsity students
for the profession of teaching. The students all live ‘togother in the
training college, and continue their university »studies simultane-

- ously with their pedagogic training. At the head of the dollege is a
curator, and under him are four professors who are appointed by the
minister. It is the duty of these professors to toack the students the
principles underlying education, and 4o shaw-them how they can be
applied. The studonts toach in a Gymnasium_connected with the -
training college for that purpose. ‘The methods adopted aro Hor-

-bartian as worked out by Zillor and Stoy. A4 the end of each school
year the curator and professors formally confer togother inarogard to
the students’ progress, and weed out the unsatisfactory ones.  Stu-
'dents may not remain ‘in the colloge longer than four yoars.

Thoero is also the famous Pedagogic' Seminar a Budapest, founded

. in 1872 by, Dr. Karmén.! This institution was modeled on Ziller's
“‘Seminar”’ at Leoipzig. It has throa distinct aims: (1) To be a gymn-
nasium; (2) to be a practico school {dr secondary teachers; (3) to he
an institution for promoting spocial methods of toaching in Hungarian
secondary schools. - " 2 .

The students. in the Budapest Pedagogic Seminar are young nioen

. who have spent oight years in a secondary schgol and four years ina
university and have passed' the general ani special examinations

-given by the examination commission. : ' .
+ They make a thorough study of the theory of kpecial secondary
school teaching in.connection with practical experieNee of the same.
Their philosophic and theoretic studios are already colyploted. The
staf consists of leading professors of special subjects, a professor of

_ ‘pedagogy, and a director. - - : h

After each candidate announces the special subject he ‘wislioa_to
- teach, he is placed under the diroction of the professor of that subjudgt.
At first he is not himself pormittod to teach; but he must attend all
the lessons the dirocting professor gives to the various classes; ho

-must then work out’ series of lessons undoer the direction of -the pro-

fessor; and after about three months he may begin to teach. #Tho

professor is always - pre_seyt‘a't his lessons ‘to offer him advice and
criticism. : . e L
. ..Every week there is a Praktikum or ‘criticism lesson.  In the oarly |
- part of the year thest lessons are given by the.professors, with tho

.

1 For a-description of this Seminsr the following articles on “Das Pddogogischs Universitits-Seminar
in Budspest in Padagegische Studien (Neue Folge herausgegeben von W. Reln at Dresden) may be con- !
‘sulted-in Jahrgang 8 (1887), pp. 219-222, by E. Leonhardt; in Jahrgang 9 (1888), pp. 99-103. It will also

. be of interest to turn to M. KARMAN Belaplel eines rationdllen Lehrplans fdr Gymnazien, Halle 3 8., 1499,

“ 2 °_ s '
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’

whgla Seminar present. In the latter part of the year the candidates -
gi lessons, and conferences are held two days after each lesson,
in ¥ 81l points raised by the Praktika are fully discussed. Twice
s wook a T heorttMum is held in which general principles and special
methods of secondary school beachmg aro discussed. -

Teachegs of gecondary schoole attain to full service after three years' probationary .
service, At this stage they receive an annual salary of 2,000 crowns ($400) in the
capital, and 1,600 crowns ($320) in the provinces. The teachers under full appoint-

_ mentare divided into two classes. Salariesin the lower class begin at 2,600 crowns and
rise by périodical increase, to 3,200 crowns, in the higher classes the salaries increase
by successive additions, from 3,600 to 4, 400 crowns.- Dlrocmrs recowe from 4, 800 to
6,000 crowns.

After 10 years’ service, according to the regulations of 1894, a
toacher is entitlod to a pension of 40 per cent of his salary, and for
. each year of further servico the pension increases by 3 peor cent, so
that at the’ ond of 30 yoars’ service the toacher may “retire on full
salary.
Teachors contributé to tho pension fund ono—thlrd of ‘the excess of
a year's salary above 690 crowns, and one-third of every incroase in -
salary. These sums are paid only once. « '
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X. ITALY. .

Italy is about 110,600 square miles in extent, and its population
of upward of 36,000,000 is in" goneral perfectlj;' homogeneous ‘in
language, except for about 250,000 people of French, Teutonic,

. Slavonic, Albanian, Greek, and Spanish origin.’

'# - The educational system of the country is under the direction of a.
minister, who is a momber of the cabinot and cither a deputy or a
senator. ‘He is assisted and in some respects controlled by the con-
siglio superiore or higher council which, in accord with dogislation of
1909, has 3¢ members. These members consist of 6 senators elected

- by the Senate, 6  deputies (not university professors) clected *hy .the
‘Chamber of Doputies, 12 members nofninated by the minister, and
12 designated by the ordinary and oxtraordinary university pro-
fessors.  The consiglio, on-request of the minister, prepares and
examines all bills and general provisions rélating to tho organization
of schools, appointment of professors-etc. The power of control on
the part of the consiglio is illustrated by the fact that the minister

. can neither dismiss nor suspend a professot without its consent.

Three departments of the ministry of public instruction are cqn-
cerned, respectively, with elementary and normal education,secondary
education, and higher education. -

. SECONDARY SCHOOLS, ot ¢
» - / . - :
The secondary-school training of ‘Italy is based. upon “four years’
proparation in tho elementary schools (pupil’s ageg to 10 years).
Apart from certain normal schaols there are two braad types of .
secondary schools: (1) Clasgical sohoc]s: and modern schools with *. ,
Latin; (2) modern schools wé‘hout Latin, and technical schools. © Of
the first type thero is the ginnasio, with a five years’ course leading
up to the liceo, whose three years’ course prepares for entry into the
“universitiegd The second typeNincludes the scuola tecnica and scuole
compkmﬁe,.ench with a three years’ course. They are preparatory
for.such séRools as the istituto techico; with a four years’ course,'
- and the istifuto nautico, With a ‘course of three years. .

" FAs an 6xcopuon the course for the.industrial section of the lstituto di Ba&omg lasts five years,
Concerning mithertatical instruction in technical schools and institutes, ses . Seorsa, L'insegnamentg

 dells rpatematica nelle scuole-c megli ftiiuti tecnici. (Commissione internazional rt mento mate-
" matifo) Roma, 1911, 34 pp. S : .
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In 1912-13 the rolatlve numbers of these sohools for boys and gu-ls N

}w'ns‘mﬂows . '

Govefnmant. Private.

Normalachools . . ...coooiiimiiiiiiiininiiaae, 5000000 pLl] 124
Ginpasi.... ...l i i S 201 . 262
" Licei..... 100000G006066000004 P600000000000G0000060006A0000 162 - M
Technical schools. ........veeineiiiniiiiiiiiieiiennn .34 - 207
Technical institutes. . . ..........ooooiiiiia..L, 40000E000 79 32
Mercantile matine institutes............oooneeeiiiane.... . 20 0

No student is admitted to-a secondary school unless he has passed
an examination called maturitd.

The course of study in the classical ginnasio mcludes the Italian
‘language and literature, Latin, Grovk, French, mathematlcs and a »
little drawing and' natural hlstory. In the “corresponding licgo,
philosophy, physncs, and chemlstry are taught in additiop to all the 4
subjects (rxcept French) of the ginnasio. ‘In the ‘‘modern” ginnast
and licei, established by an act of 1911, Greek is no longer taught; g
instruction in Italian, Latin, Frerich, Gemmn, or English, geography
and hlstory, mathematics; natural history, drawing, and physical
culture is given. at these gmnusi‘ Besides these the course at the
mrrospondmrr licei includes, in addition, political economy, phil- | -

-osophy, civices, physics, chemlstry, astronomy, and. physical geog-
h raphy. In cities having a ginnasio and a liceo, the two schools are .
combined in a liceo-ginnasio. The “modern" schools with Latin
are béing established in tHosoe cities which have more than one liceo-
ginnasio. The licenza ginnasiale, or diploma, of a ginnasio’ répre-
sents the standard of training for minor posts in the civil service
-and for tho licei. The diploma licenza liceale, awarded aftor the sat-
isfactory completion of ‘the eight-year period of secondary education,
admits to the universities. 0

At this time the student who has taken the possxble mathoma.tlcal
courses of the liceo has been taught—

In algebra: Equations of the first and second degree, progreaalons. theory of indices,
theory of logarithms, binomial theorem. irrational numbers, primg numbere and ‘-
divisibility, indeterminate equations of tlie firet degree. “In geometry: Relations of
positions, equality of solids; proportion and- similitude in plane geometry; measure-
ment; theory and application to plane geometry; practical rules for the measure of
curved surfaces and of. solids; équivalence and similitude of solids; theory of the
measure of curved surfacés and of solids; applications of algebra to geomotry *In
trigonometsy. Through the solution of plane t‘nd spherical tnangles

This work is covered by four hours a weck of work i in the first year,
three hours in the second, and two in the third. - o

From these mdlca'hms we observe that in ‘the hoeo-gmnasno .
mathematics does not occupy the central position, as in corresponding -
~ .8chools of other countries such as France. 3,
|~ In the physico-mathematical. section of an mtxtuto tecnico su:' 3
' hours 8 week are devoted to anthmetlb a]gebra, and geomet.ry m

a
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the first year; five hours to the same subjects in the second year;
and five -hours in the third year .to.algebra, geometry, plane and
_spherical trigonometry, and the -elements of descriptive geometry,
All of the mathematical subjects of the licco-ginnasio are here treated
much more fully. The following topics are sometimes introduced: -
Geometry of the triangle, ‘geometrography, dorivatives and their
applications to maxima and minima, equations of the third and
fourth degree, probabilities, determinants, ﬁistory of elementary
mathematics, 4 . o : .
Thorough grounding in geometry “is- characteristic of Italian
secondary schools. " It is only necessary to recall in this connection
-the works of Sannia and D’Ovidio, Faifofer, Lazzeri and Bassani, and -
do Paolis. : : o - T
Having.thus gathered impressions as to subjects in which & teacher.
«0f mathomatics in leading seeondary schools has to give instruction,
let us next consider those schools where the mathématical teachers .

are trained. . . '

N

“THE UNIVERSITIES AND TRAINING OF SECONDARY SCHOOL TEACHERS. .

The term “university” is applied in Italy only to those schools
of the highest grade in which students aré mstrueted m’ special
branches for the professions of their choice. There are in Italy 21
universities,' 17 bearing the description “royal™ and receiving State
subsidies and 4 fhdependent of Government control.  The free uni-
versities are at Perugia, Ferrara, Urbino, and Camerino. The
oldest university avas founded at Bologna about. 1200 and the'youngest *

- at Palermo.in the early nineteenth century. The other universities . .

are at Patlua, Macerata, Nyples, Gonoa, Pavia, Rome, Pisa, Siena,

Turin, Catania, Parma, Messina, Sassari, Ohgliari, and Modena* The

largest university is at Naples, where there were more than 4,000
students in 1913-14; in. point of size the university at Romo, with

“over 3,000 students, ranks next. - :

Repeated efforts have heen made to rod uco tho number of royal universities, which
exceed hoth the nceds and the resqurces of the nation. As a consequence a fow
vigorous universitics are found in the samo class with & number 6f struggling insti-
tutions that are quite unable to maintain standards and prestige. The condition
has been the subject of much discussion in the legislature, but so far no'modification
has resulted. Mcanwhile complaints have arisen that the standards of secondary,
education are depressed as a consequence of the competition for students on the part
of the universitics.? . ™ 7 . : ’

* . 1 There are about & score of schools known as ‘‘superior institutes,” which have the scholast jc program

of universities. Though private they are more or less under tho edtrol of the Governmont. Probably
the oldest now in existence s that.founded &t Florence in the fourteenth century. -An acoeunt of iathe-
matlos taught in the five-year course of the Resle Istituto Tecnico Superjoreat Mllan s given by V. 8nyder
in‘* Mathematics at an Italian Technical 8chool,” B'nmn of the Aimerican Mathematical Society, Docember,
1916, vol. 23, pp. 149-151. ' N . t o et '
t‘nep. Commis. of Educ., 1913-14." w_uhln;wn,'wla;‘vol‘ 1, pp. 7.’;7:788.

-
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The faculty of sciences in the university Has-a section’ of mathe-
matics in which the object is twofold: (1) Té give to future ongineers -
the preparation which will fit them for the Scuole di. Appllcazlone
(schools of applications); (2) to propnre candidates for the degree of
doctor in mathematics.! This degree is a prerequisite for teachers of
mathematics in secondary schools. : : - w

Preparation for the degree requires four yetm of study, the first
two leading to the licenza. The courses followed during this period .
are in physics, inorganic and organic chemistry, algebraic analysis,
infinitesimal  analysis, analytic geometry, projective” geometry,
descriptive geometry, and drawing. ¢

The licenziati dell'universita thon attend loctures at a school for
preparation of secondary school teachers (scuola di magistero) and 1
follow courses at the university in five orsix of the following subjects:
Higher analysts, higher geometry, higher mechanics, theoretital
geodesy, astronomy, mathematical physics. The scuole di magistero -
are connected with the facultjes of sciences, and in them one or two
professors give lectures on methods of tenching, etc. The diploma di
magistero obtained from these scunole is a.distinet advantage to its
holder when he is secking a posit }m in secondary teaching.

‘At the end of a year the licenziato gonornllv offers himself for
examination in at least three of his five churses; his second year is
Imwvly occupied with his dissertation and the propamnon of his
minor theses.  The-final examination, which is oral, is held before a
commission of 11, consisting of 7 proi\c\son of the faculty and 4 privati
docepti. If the oxaminers award .the candidate a mark of not less
than 60 per cent, he is proclmmod dottore in matematiche purd by
the dean of the faculty. : o

It very often happens that cnndldath add to lho required four,
years of, study a fifth, for the preparation of the dissertation and
for aptendance at special courses such as those of the R. Scuola -

" Normale Superiore of Pisa and of the *Istituto consorziale” of
. Pavia, or ‘of the recently established mathematical seminarics of the
faculties of science at Rome and Naples. '
While the. annual number of mathematical dottori in Italmn uni-
versities has not appreciably increased “in the last 30 years, the
number of sccondary-schools has greatly augmented, and the problem

of procuring properly qualified teachers has been a_ very difficult ‘one

to dgal with. Furthermore, the problem is not altogether one of .

. numbers. It is strongly felt by. many that while the larger universi- -
hos furnish an_admirable scientific training, far too little attention
‘has been paid to the profwsnonal and practical training;

The first appointment of a teacher in-a secondary school is for. three years, after |- -
wmch the :ppo{ntment may be made permanent if the inspector's report i favomble,

7A doctor's degres is required for sdmission not only to the professions (phy , lawyer, & L, n
uponduynhool ote. ), but also to the hlzhos& gudo clotkshlps in the memmt aervleo in sll bnnchu. o
¢ .
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i pot, the appointment is‘extended for another year, when the teacher is definitely
appointed or dismissced. During this probationary period the' teacher (professore) i
called extraordinary (afraordinario); after the defifite appointment, ordinary (or.
dinario)! Asarulea u{hvr isappointed for a single study or h:r two related subjects,
Teachars in the. first three classes of the ginnasio rcvoii‘ie as salary
about $347 (1,800 lire)* a year (if extzaordinary) and from 356 1y
$926 (2,000 to 4,800 lire) if ordinary. " In the case of the teachers in
the licei and in the fourth and fifth elasses of the ginnasi, these sal-
wries arc increased to 8414 if extraordinary and $482 to. 81,042 (2,500
to 5,400 lire) if ordinary.? - . i
All ordinary teachers reccive four quinquennial increases in sefary
of-500 lire cach.  An increase of one-tenth of this salary is made at
the end of two sjx-year periods, *In this \(n\ they' pass from the
minimum to’the maximum salaries as given above, - T wo_of the four
fixed increases, but not two cousecutive ones, may be anticipated wie
“ year in the case 6f exceptionally able teachers.” -
" Headmasters in schools are appointed from teachers who have
taught for thirteenyears, and ffom 4 list compiled by the consiglio
-~ Buperiore— o : . - :
in 'acron'lgnr':e with resulta of inspections.  They are appointed for a first perind of
five years, during"which they teach and receive oxtra compensaton varying from
7500 1,000 lire a year.  After the probationary period they are permanently appointed
and receive salaries not higher.than 5,750 lire for such schools as ginmash and 6,500 Jire
for schools of the licei standard. Schools equivalent to Government schoold must’
pay the same salarics. L

o ©° RN N\
The teacher is entitled to o pension proportional to his salary and
the length of his service. A pension equad to the full salary at the
- time of retirement is due to the teacher who has served continuously
for 25 years or more. In chse of his death two-thirds of the pension
awarded to the husband or father is paid to the widow of to the

children if orphans.

NORMAL SCHOOLS. . .

* The normal schools fbsm a third tyfe of school-in secondary cdu-
P cation. _All that has been'stated above with reference to the appoint-’
4 ment, salaries, and pensions of licei teachers applies to teachers in the
normal schools.  Their courses are destgned. to qualify teachers for

the primary schools.

4 ° Y .

" 1Incertain cies when a teacher wpuld have onl .8 few hours a week a temporaty appointment is made.

8uch appointments are slso inade if a regular appointee can not be found for the place, and in schools with

“ 8 large number of pupils when it is necessary to divide clases and the regular teacher carenot take charge

ofall. - . .

*The Iira equals 19.3 cents. . ' it A

-8 A comparison of these salaries with those of university professors may be of inteé

" ‘with s recent law, the salary of the ordinary professor of State universities is fixed at
that of the extraordinary professor at 4,500 lire. The salary of the ordinary prof may be. ed.
until s maximum of 10,000 lire Is reached through quinquennial #nereases of 750 lire each ) The salary of the

extraordinary or special professor has a onie-tenth quinquenntal increase, but must nevet exceed the initial -~

%

. In. accordance
,000 lire mtnimum;
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Alicenziato of a scuola teenica is prepared to enter a scuola normale

awith its course of three years.  To students with the liceifza ginnasiale

many ginnasi offer a two-yenr v‘n magistrale.

The plan of studies for a scuolg formale includes pedagogy, cthics,
Ttalian, history, geography, the elements of nmthomnt'(‘Q. accounting,
physie s, (‘hmmstr\ , natural history, and hygiene, awing. penimng-
\lup qmgmg, agriculture, gynmasties, practice in cl« nwnlur\ schools,
and manual tsaining. : :

In England and the United States it is important ‘that a teacher
shonld be able to maintain discipline in the ¢lassroom.” But in ltaly
matters are ordered differently.

) oungstens in lbmrmrly teens aim to shape municipal pnlu jea; they get up Jomon-
strations and indighation meeings, and go on strikes when théir uu-mu tors fuil to
comport themselves to llll‘ll’ liking.*

- In the university— - . - : C
there are unannound l‘(‘i Holidaya. At periods of pohnml, mmmuont the students

“have a patriotic’ custom of marching on the professars for speeches.  Shonld the doors

be lwl\«l they will applaud enthusiastically thereon with hands and feet.  As there

Sieno discipline to deal witlgthese cases, and it is not.etiquette to introduce the olice,
I £ q |2

the authorities frequently adopt the prudent Coprse of clesing the univemity until

“word arrives. lh it the students age ready to returi to urdinary ac ademic ways,
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- XI. JAPAN.

The area of Japan proper is less than 150,000 square miles, and its |
total population is about 56,000,000. »
*. One of the most prominont foatyros of its oducational system is tho
ost, absoluto contralization of authority. Educational -affairs
dre\administored by a dopartment of education, at the hoad of which
is the ministor of education, who is a momber of the imperial cabine
and is directly or indirectly in charge of overything portaining
to education. Hoe is assistod by a vice minister, sevoral directrs of .-
bureaus, and a numbor of councilors and secretariés. The depart-
* ment of education was first definitoly establishod in 1871 , and-in tho

.. following year there was issued a-code which stipdlatod that the wholo .
+ country should be divided into 8 large educational districts, each wjth
& university.” Each of those districts was to.be subdivided intey/ 32
intermediate educational districts, oach with a secondary school, ¢very
one of which was'in turn to be further subdiviged into 210 small edu-

* cational districts, each with an elomontary scA881. This plan, which
bore stiiking resemblance to the Fronch scheme, 'was found- too am-
bitious to carry out in its ontirety. Elomontary schools woFo indeod
established largoly as plantied. Tho standard for socondary schools

. i8 still unsettled although, since the promulgation of tho code, reforfns
in secondary oducation have been of a swoeping charactor, As |
recently as April, 1912, cortain now roforms wont into offect. Of .
theso.I will take no account in what follows. As to tho universities,
not, more than one of the four in oxistence is 20 yoars old o that this
branch of the oducnt;gonal system falls far short of tl:p’“fdoul of the

- code. : ] s ’ . _

- Immediately above’the elomentary course of sit yeoars is the'middle
achool_course of five yoars, “socially obligatory” for membership in.
the educated class. A one-yoar supplomontary course is sometimes *
offored. Pupils begin in"the middle school at the age-of 12 yoars.
Noxt in order to the middle schools comes the-higher middlg school,
whose course extonds over throe years. Much of the discission as to
secondary education is centered upon the Qyestion whether this school,
intermediate between the middle school and- the university, is to be

. affiliated with thie former or with the latter. On thé whole the ten-

-~ . dency seemp to be in the direction of giving greater prominence to the

" higher general education. the aim of the higher middle schdol -

is preparation for the di(‘{cnl_t'i'o,s of tho ‘uhiversity. Thera are
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four imperial universities at present, namely, those at Tokyo, at
Kyoto (the ancient capital),'at Kiushiu (the southom island), and at
Tohoku ("northesstern”). Tho normal ag& of a student prepared to" -
onter a university is about 20 or, '21. In the higher middle schoo) he <
has cqyvered the work of about the first two years in an American.
colloge of-the better class,’ . ’

Baron Kikuchi writes: '

« In all cases graduation from one school is qualification for entrance nto the next
higher stage, but in recent years the domand for higher education has increased at

euch a rate that, notwithstanding the very great and rapid expansion of educational
Iesources, & competitive examination for admission has to be held at almost every
L A=stace, the number of candidates for admission being from tmce or threo times tooven

in somo cases s large a3 10 times the number of those that ¢an be admitted. T

" This is particularly true of the higher middlo schook( of which, there -

W aro only eight. The students who arrive at the university are thus
likely to be the élite of the youthfukintellectuals.

The only branch of mathematics tnught in the elementary schools
i arithmetic. - There is much practice in soroban calculations.!

In the middle schools: Arithmetic®conclusion); algebra through
such subjects as ratio and proportion, progressions; permutations %d
combinations, binominal theorem with positive indox; logarithms;
elenonts of plano and soh(l synthetic geometry, as in Baron Kikuthi's -
hook which is based upon the syllabi of the Association for ke Im-
provemont of Goomotrical Teaching; plane tngonomot,{y through N
tho solution of triangles.

The competmvo examination for entrance into the hngher middle
schools is excessively sgvere and of a nature that is faf from winning
goneral approval. Tz examinees are picked boys fiom over 300

mld&¥sch00k scattered all over the country. Among them_are

N

those gvho h fgiled one, two,.three, or even -more times, The
porcentage of tHode who succeed on first trial is small. " c
In the higher middle schools there are three sectiond’, the first is for
thosd*who wish to enter the faculty of law or literature in the uni-
vorsity; the second for tifase who wish to enter the faculty of science,

. technology, or agriculture, or a certain part of the faculty of medicine;
the subjects in the third section are religion, the Japaneso language,- :
foreign languages rman and elth'o:%nghsh or French), Latm, .

.- mathematics, physies, chemlstry, zoology, botany, and gymnastics.
The chief mathematical training is given in the second section. The
subjects of study-include trigonometry, algebra, analytic geomet,ry,
and calculus. :

In trigonomelty, Todhunter’s “Plane Tngonometry for the use of N
,Colleges and Schoo "i8 used’ns 8 textbook. - '

. RL: % -fban-kanmtyohbma
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In dlgebra, besides R. Fujisawa’s ‘‘Sequel to Elementary Algobra”
(written in Japanese), Todhunter’s ‘Algebra Tor the Use of Schools
and Colleges” and C. Smith’s ‘ Treatise on Algebra” are used as texts,
Some of the topics discussed are: Inequalities; theory of determinants;

“theory (ﬁ‘probabilitﬁ theory of numbers; continued fractions; inde-
derminate équations; convergency and divergency of infinito series;
symmetric, functions of roots; cdte and biquadratic equations;
" methods of elimination. Q\t '
In analytic geometry, besides Kikuchi’s,*Plane-and Solid Analytic
" Geometry,” Puckle’s ‘“‘Conic Sections and Algebraic Geomotry”
~and N. S. Aldis’s ““Treatise on Solid Geometry” are used as toxts, -
* In differential and integral calculus the toxtbooks used are those of

’

Todhunter and Williamson. The chief -books of reference in current

. use, though not necessarily confined to higher middle schools, are the
calculus treatises by Kiepert, Czuber, J. A. Serret, Byerly, Lamb,
. Greenhill, as well as Appell’s “‘Elément d’ Analyse . Mathématique”
-and J. W.-Mollor’s ‘‘Higher Mathematics for Students of Chemistry
and Physics.” g . . g
- THE UNIVERSITIES.

- The higher middle schools are preparatory institutions ‘for the
imperial universitios, where the greater part of the students enter tl.e
collogo of engineering. The first article of the imperial ordinance for
the founding of imperial universities reads: ““ Impérial universities sha'l
. have for their objects the teaching of such arts and sciences as are
required for the purpose of tho State, and the prosecution of original
_ research in ‘such arts and sciences.” o second articlo of the same

-ordinance runs: ‘‘Each imperial univerglty shall consist of & univor- L
sity hall and faculties, the university hall being established for the

purpose of original research, and the faculties for instruction theo-
retical and practical.”” At present only three of the universities have
faculties of science. The length of a course is either ‘three or four
years. At the end of every year there js a thorough-examination.
* A graduate is entitled to call himself ,gqkushi or ‘‘graduate of a
university faculty.” . 4
Owing to the insufficiency. of schools, boys are often required to pass
competitive examinations in goingélrom an elementary to a middle

school as well as from a middle to-a igher middle school. Moreover,
as is. only natural, some of .them siay not be able to' finish a school
* course’ in the prescribed number of years. - Thus it happens, not
infrequently,. that"a student reaches the age of 30 or thereabout
. by the time he has finished his university course. . L _
. The newer universities'are modeled upon the University of Tokyo,

".which is far mbdre completely ‘organized. At this university- the fol--

. lowing mathematical ¢courses are offered in thto faculty of science: -
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FIRST YBAR

Differential and integral calculun, four hours a week thro gh the three ternms of the
year, Thu }ncludes discussion of: Volume and area of surfaces; moments of inertia; -
integration of ordinary differential equations of the first ang higher orders and their
applications; linear and simultaneous differential equations; calculus of variations,

Solid analytical geometry, four hours for gne térm. Lines; planés; suriacea of the

" second degree; élements of the general theory of surfaces.

Projective geometry, two hours a week in second and third terms. Synthehc and

analytic discussion of pro;ectxve forms ofRhe first order;*curves of the second degree
sgdsecond class. : '

Select chapters in elementary mathematics, three hours a week in second and

‘/tbu-d terms. Elementary algebra; domain of rationality and divisibility of integers,
of rational integral functions of one variable and of many variables; algebraic solutions
of the general equations of the first, the second, _the third, and the fourth degrecs.
Sturm theorem, etc. .

As(ronomy and least squares, three hours a week through the year. Some of the
topics are: Spherical tngonometry, fixed stars; .8un; calendar; planets: moon; , eclipscs;
rotation of planets; precessipn and nutation; theory -of probabxlmes law ot errors;
method, of least squares.

General physics, three hours a week through the year.

S8ECOND YEAR.

General theory of functions and theory of elliptic funct.xons, three hours a week
through the year, .
'ylﬁerentml and integral calculus and dlﬁerentnal equatlons, two hours a weeck

tKrough the. year. Topics here discussed are: Fourier’s series and _integrals; Legen-
dre's and Bessel’s functions and hypergeometric seriés; .tdt.al and partial dxfferenual
equations, etc.

Theory of, numbers and- algebra, five hours a week through the year

ligher geometry, three hours a week through the  year. Differential, noneuclidean,
or descriptive. ) .

General dynamcs, three hours a week through the year.

THIRD YEAR.

The titles of the courses in thu year are practically the same as those in the second;
the student is lead on to deal with advanced topics.

Other courses in astronomy and theoretical physics are also glven,
but further dotails are not germane to our sub]ect

PREPARATION OF M[DDLE SCHOOL TEACHERS.

To become a regula.r toacher in & middle school it is necessary to’
“have a license granted by the minister of education. This is civen .
(1) without examination to graduates of.Government schools and
institutes especially establishéd for training teachers and to others spe-.
cified later, and- (2) after examinations tostill others. Theexamina- -
tions are conducted at least once a year by ‘an exummmg board
appointed 1 from among the professors of ‘the imperial, universitiés,,of
higher tiormal schools, of higher :x{.:al schools, and of similar insti~ .- -

~ tutions. The examinations for teachéMs’ licenses in mathematxcs areof .
} four grades. The first consxstmg pf antlunetnc, algebra, and goomotry,
a 2 o |
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... hours for the year. "Of these, 20.to 25 hours are given to arithmetic, *
© 40 to™45 hours to algebra, some 50 hours {6 geometry, and about
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the second of trigonometry; e third of analytic geometry; and the
" fourth of differential and integral ‘calculus.! The examinations are
held separately for each grade, and at the same time there is a tast
. . asto sufficient knowledge of the outlines of pedagogy and of pedagogic
methods. Teachers of mathematics in the middle schools are not
regarded as fully equipped for their work unless they have been success-
fulin passing the examination for all foyr grades. The majority, how-
- ever, simply have licenses in the first grade. - Graduates of the regular
and special courses in mathematics in .the higher normal schools, as
well as certain others, are regarded as ‘having successfully passed the
examinations in all four grades and -are entitled to licenses in
them all. . , ) B . :
v HIGHER NORMAL SCHOOLS,
The'schools specially established for the training of teachers con-
sist_of higher normal schools, of which thero are two at presont, one:
+ at Tokyo and the other at Hiroshima. Tho single temporary instituto
‘engaged in training teachors in mathematics is locatod at Sondai.
Each of the higher normal schools has a four yoars’ courso, ono’
yoar proparatory, and throe yoars’ regular course. Tho proparatory
course is common t6 all studonts. The regular course, in which only
special subjocts -aro taught, is divided into five dopartmontd, that
having special interost for us being callod tho ‘’Dgpartmont of mathe-
matics, physics, and chemistry.” This in its turn is divided into tyo
minor divisions, one for students of mathematics ang physics, and
the other for students of physics and chomistry: :
Studonts entering tho proparatory course of the higher normal
schools are mostly graduates of middle schools or of normal schools,
or aro students rocognized to havo scholarship equal to that of the
graduates of either of these schools. _In the Tokyo Higher Normal
School, out of applicants from all parts of the Empire only thoge
are admitted who have the highag} grade in the entrance examina-
tion. At present, in the department of mathematics, physics, and
chemistry, about 50 aro admitted as preparatory students qut of
three ‘or four hundred applicants. In Hiroshima -the mothod of
selection is-different, but-the number in this department is less than
at Tokyo. | . -’ .
In both schools students enter at the average age of 21; so that the
average age of graduates is 25.. . e :
"The students in the' preparatory course of the Tokyo Higher Nor-
~ mal-School are required to take 30 hours’ classroom work a week, of
- which 4 hours are devoted to mathematics—making s total of ‘160

1Coples.of these examination papers for 1911 arogivenin Appendix F,
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30 hours to plane trigonometry. The work is-based upon that of the
‘ middle school rather .than that of the normal school, which is fuller
and more advanced. Nearly the same mstructlon is. given in the
preparatory course at Hiroshima.
In the Tokyo Higher Normal Scheol the first-year student.s of the
department of mathematics, physics, and chemistry are required to.
“"take a total of 26 hours of classroom work a week throughout the
year, in addition to hours for laboratory experiments in physics and
chemistry. Of the 26 hours, 2 are devoted o algebra, 2 to-trigo-
nometry, and 2 to geometry. -The topics tnken up are: ©
In algebra—Inequalities; theory of quadratic cquaﬂona maxima and minima; equa-
tions of hxghcr degree; simultaneous quadratics; ratio, proportion, and variatioa;
geries; pregressions; permutations and combinations; binomial and multinomial the-
orems; Mmiting values; cxponential theorem; logarithmic series; determinante.
In geometry—Foundations of gecometry; definitions and axioms; noneuclidean geom-
. etry; demonstrations of theorems; maxima and minima; geometric loci; problems
of geometric constructions; geometry of the triangle; modern goomctry. history-of
elementary geometry. °
In trigonometry—ldentitiés; relagions between the sides and angles of a tmmrle .
arid a quadrilateral; measurements of heights and distances;' inverse tngonomcmc
functions; trigonometric equations; trigonometric inequalitics;- maxima and minima}
trigonometric solution of algebraic equations; use of tables of trigonometric functions,
and tables of logarithms; construction of these tables; rules of proportional parta.

The courses in algebra and trigonometry are required for all stu-
dents in this department, but students specializing.in physics and
chcmistry may substitute for the course in geometry aescribed above

+ & course in cartesian geometry. .

“The second and third year students are divided into two sections,
the one consisting of those who take mathematicss and physics as
their SpcciaIlics and the other of those who take physicq and chem-
istry. Tho students of both sections have 23, hours of ‘classroom.
work per weck in all Subjects Fo students of the first section exper-
_iments in physics and exercises in mathematics are assigned outside
of these hours. In the second ycar, 6 of the 23 hours are devoted to
higher algebra, modern geometry, and nna,lytnc geomotrr In addi-
tion 4 hours a week are allotted to mathematncal exercises or to lec-
tures on mathematical subjects.

Higher algebra, two hours a weck. . Some of the sub)ects treated are: Inﬁmw prod-
ucts; continued fractions; indeterminate equations;. properties of rational integral
functions; algebraic equations; symmetric functions of roots of equations and their

"« applications; solutions of numencsl equations; elementary t.heory of numbers; dxvm-
ibility; congruencee.

" Analylic geometry, four hours. Some of the topxcs are: Straight lines; circles; par-
_abolas; ellipses; hyperbolas; genenl equation of the’ second degree; systems of
. coni¢s; homothetic and similar conics; coordlnatee in npace, lmee and planea, sur-
fu:e. of the second dezree. s

-
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-Of the four hours for mathematical exercises two are devoted to

_supplementing the above:mentioned course of algebra, with assigned

exercises in algebra. Tlic remaining two hours are deveted to lec-
- tures, some subjects of which are as follows: ‘ :

" Complex numbers; De Moivre’s Theorem; roots of a numben; binomial equations,

" relations of surds; trigonometric factorizations; powers complex number the

exponent of which is a complex number; logarithm of a complex number; expan-
sions in trigonometric series; demonstrations of theorems and ‘solutions of problems
in Euclidean space; problems impossible of geometric construction—trisection of an
angle, duplication of the cube, quadrature of the circle; transcendence of e and x;
constructible regular polygons.’ . _ ' .

" In the third year the,students are engaged in practical teaching

_during.the whole of the last term. During the first two terms 23
hours p week are devoted to lectures, of which 10 hours are in mathe-
matics, as follows: ’ o

'Di_ﬂ‘mntial and integral calcilus, six hours. - Some of the topics are: Higher differ-
" ‘ential coefficients andhdiﬁorentiala; curvature of plane curves; evolutes and invo-
ll.xu's; {unctions of two-variables, partial differentials; total differentials; .urfaces and
osculating paraboloids; indicatrix; “principal curvatures; curves in 8pace; tangent,
* normal, binomial, prificipal normal, rectifying line and cone, curvatures and gpher-

n ical curvatures; Gregory's scries, evaluation of ; existence theorem of integral cal-
culus; differentiation and integration under the integral sign; quadrature of arcas;
center of gravity; moments of inertia; Lagrange’s interpolatiog forgnulie;: mechanieal
quadratyre; nohequidistant ordinates of Gauss; Eulerian- ingegrals, Stirling's formu-
le; linear differential equations with constant coefficientgy characteristic equations;
particular and general solutions; differential equations-of. the first order, singular

. solutions; existence proof according to Lipschitz; uniqueness of eolutions; lincar,
equations of the sccond order; Fourier's functions, trigonometric series; equations of
potential functions, of emall vibrations, and of heat diffusion. .

-Two hours a week are given to discussion of additional work in Analytic geometry: .
" General theory of cutves; construction of curves in rectangular and polar coordinates;
“singular points; limagon, gpicycloid; spiral of Archimedes; logarithmic spiral; stro- \

.. phoid; ete. o ’ .

The remaining two hours are allotted to probiems in calculusand dynamics: Veloci-
ties and accelerations; straight motions; circular Motions; parabolic motions; ellip-

tic motions; constrained motions; elements of rigid dynamics and hydrodynamice.

~ "The mathematical i‘equi_rexhents in the Hiroshima Higher Normal
- School are very similar to those in'the Tokyo school. The aim in,
teaching mathematics in both of these schools is to develop in the
- student a well-disciplinéd logical facully, to lead him to acquire a
practical knowledge, and to heighten his ssthetic sense of scientific
beauty. -~ .~ ' '
Among the graduates of the higher normal schools there are a very
limited nuraber who, instead of immediately engaging in teaching, take
. the graduate course. - This course, still looking toward the teaching
. of mathematics in middle schools, prescribes theories of mathematics,
. * considerably in advance of those discussed in the regular course. .
.. 'The aim is to strengthen the'student’s grasp on the fundamentals of

.
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mathematics prescribéd by the curriculum of middle schools. An .
account of the condition of mathematical instruction throughout
the world is generally given. The theory of numbers, higher algebra, -
theory of curves and surfaces, hydrodynamics, etc., are sometimes-
offered. The tim allotted is from 6 to 12 hours per week. ,

Very few of the graduates of the higher normal schools enter the
imperial universities for further study. ‘ .

The mathematical requirements in the Sendai Insmute are a.lmost‘
identical with those in t,he higher normal schools

!, —
.

Besides the three institutions mentioned' above whose graduabes'
are given teacher’s licenses, there is a privatp school in Tokyo, called
the Tokyo Butsuri Gakko (Physics School at Tokyo), most of whose
graduates go out to ¢each in the middle schools. The graduates of
this school, however, are required, in order to obtain teacher nses,
to pass t,he examination conducted every year by the educatlonal
‘depagtment. Similar conditions obtain in connection  with ‘the
recently established Waseda University, a private institution which
has cstablished a -higher normal courso containing a branch for
training teachers of mathematics.

Teachers’ licenses in'mathematics are also glven wnt,hout examina-
tion to the following: : .

t. Graduates of the schools named below or of their special courses,
having the upproval of the minister of efucation: (a) Mathematical
course, astronomical course, theoretical physics coutse, xporimental
physics course of the Science Colloge, Tokyo Imperlal University;
(b) mathematical course, physics course, of the Sci:nce and Engineer-
ing College, Kyoto Imperial University; (c) mathematical course,
physics course of the Science College, Tohoku Imperial University.

28 Graduates of a normal or a middle school who have studied .
three or more yedrs at any of the schools recognized by the mmlsber

. of education as qualifying students for teachers’ positions. :

3. Graduates of a normal or a middle school who have studied

 abroad at-a university or at a school of similar grade and have degrees
or diplomas from such schools.

4. Graduates of schools abroad similar in. grade’ t0 a normal or °
middle school in Japan, who have studied at a university or at a
school of similar grade abroad and have degrees or dgploma.s from such
schools. G

5. Persons who have teachers hoenses for schools equal in grade .
to, or higher than, the one in which they wish to teach. o

- Teachers with a license have the title Kyoyu; otherwxse, howeverv ag
learned or proficient they may be, they are known as Kyoyu Kokoroe -
"(tempomry or substntut;e Kyoyu), assxstant Kyoyu, or asslstant. “
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Kyoyu Kokoroe. * Theso lloensos aregranted either to those who pass
the examination or to thoso who-are considersd able to pass it. The
supply of teachers in mathematics is onmely inadequate to meet the
demand. It has also been felt by some that tho lack of gonefal
.education on the part of the teachers is a serious dofect in the training,
however admirable may be thé extensive special knowledge wlnch
the teacher has in the sub]ect in which he instructs. ‘
I find no information in the repofts with reference ¢o the prepara-
* tion of teachers for the higher middle schools of Japan. Prof. Hayashi,
of the Tohoku Imperial University, has, however, ‘very .courteously
supplied me with the following facts: In tho eight highqr middle
- schools durmg 1915-16. thero were 256 professors, and 27 assistant.
professors, and about 70 -18cturers. Among these instructors wore
27 mathmnatlcnl teachers, almost -all of whom were gakushi. But’
somo of them were not gakushi, and oily one was a hakushi (doctor)
‘as woll as a gakushi. Thore aro no special regulations with regard to
the traininig of teachers of mathematics for higher middle schools.
' Although competition is keen for the various teaching’ positions,
there is little monetary inducement to take up tone hing as a pro-
féssion. As Baron Kikuchi writes: )

Thc salaries of trachers, from the university professors to primary-school teachers,
nre very inndequate: this, no doubt, is one of the reasons why the supply of teachersis -
. not sufficieft to meet the gemand. More than half oPthe 140,000 primary-$chool
teachers have salaries rahging between 15 and 24 yen ($7.50 to $12) a month, which
even allowing for the low rate of lmng in Japan is very inadeq#ate; the lughest salary
for a university professor is about 4,000 yen'($2.000). All teachers in Gov ernment or
"public schools and colleges are entitled to a #Pusion equal to one-fourthethe ainount of
their salary at the time of retirement if they retire after 15 years of service, and to an
additjonal one two-hundred-and-forticth of the amount of thur mla.ry for every year
mecdmg 15.} _
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XII. THE NETHERLANDS.  _

The Kingdom of the Netherlands has an_area of about 12,600
square miles, and its population at the (,nd of 1914- was about
6,340,000- '

Every grade of education in ‘the Netharlands is under the control

_and supervision of the State, the work of , administration being .
-bandled by-a special dopartment under the min,istry for the interior...-
So-called secondary schools (burgher schools, higher burgher schools,
agricultural schools, and industrial, trade, and technical schools)
were established by a law of 1863. This law requires ‘that.every
commune with a population of 10,000 provide a burgher schaol.
All of these are now organized. as evening schools, and they, as well*
as the higher Burgher schools (Hoogere Burger Scholen), are mainly
intended for those engagoed in “industrial or agricultural pursuits,

The highoer burgher schools are divided into two classes, those with
a threé-year course and those: (about two-thirds of the whole num-
ber) with a five-year.course. Pupils commence this five-year course
at tho age of % or 13 years, after having had six yehrs of trnining in
the: primary schools.! The instruction in mathem\ytics (which in-
cludes arithmetiopm]gobra, plane gecometry, solid geophotry, elements
of plane trigonometry, descriptive gcometry, geometrlc dro.wmg, .
mechanics,-and cosmography) occupies about one-quarter of the
30 te 32 recitation pertods (50 minutes ench) per week. : Algebra is
taught in Classes I-IV; geometry in Classes II=V. In algebra such .
topics as theory of indices, .logarithnts, progressions, compound
interest, and cquations of t.ho first and ‘blgho;\degree in one or several
unknowns ure taken up.

The diploma of a higher burgher school entitles the pupil to go to -
the polytechnic school at Delft or to one ‘of the universities to study -
medicine or natural science.? The examination for the diploma is’
decidedly severe.  rithin a penod of nine days the pupils have to
‘write' 42 hours'in he examination room: Algebra (3 hours), Dyﬂch
"(3 ‘hours), geometry (3 hours), French (3 hours), nature study .(4
hours), bookkeeping (2 hours), trigonometry (3 hours), free-hand
“drawmg (6 hours), mechanics (3 hours). This is followed: by an
oral examination, which includes certam subjects not. monmoned in.

L4

\

1 All puplls enfering the higher burgher schools and the gymmds, to which 1 shlll pnuutly nlor mnst
pass an entrance examination. Ususlly abGut 25 per cent of those who try the examination fail - ) .
" “«For other dapnnmmu of the universities, omnioauom in dreek sud Latin' must be passed,
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the above list. The examination is held at some convenieht center,
- before ‘a committee appointed by the provincial authorities. In
some cases two or threo Provinces are combined for this purpose,
The examination lasts for thres days, not niore than three hours a
day. . t \ U
Higher education, as defined by the law of 1876, is that, given in
the gymnasia (public and pyivate), at the atheneum—later the com- .
. munal university—at Amsterdam, and at the State univerSities,
The-pupils entering the gymnasium and higher burgher school are
of the same age, and the,courses of these schools are to a great extent
parallel, although the ﬁumti'on of the course in the gymnasiunfls
six instead of five years.! It is, accordingly, somewhat remarkable
. to find gymnasia classed with institutions of higher education.
This classification of gymnasia is found only in the Netherlands,
Every town with a population of 20,000 (and there are at least 30
such in the Notherlands) must pro¢ide a gymnasium unless specially
relieved from the obligation. The affairs.of each gvmnasium are
administered By a college of curators nominated by the municipal
“coupcil. , This council also<appoints the teachers, upon the' recom-
mendation of the curators and the advico of the inspector, dismisses -
them when necessary, and fixes the rate of their salaries, subject to
the approval of the minister of the interior. o o ¢
. The gymnasia prepare students to enter directly the various
departments of the universitjes. Diuring the first four vears of the
course this preparation is: the same, but in both the fifth and the
sixth year there are; along with hours common to all, cortain hours
for-(a) the ‘‘humanist” alone,and (b) tho “*realist” alone. The com-
~ mon mathematical program in the fifth and sixth yoars for (a) and
(b) includes discussion of 'quadratic’ equations, theory of indices,
and solid geometry. But students of section () are also taught
mathematics in three extra hours per week during the two years.
They have such subjects as the progressions, logarithms, indeter-
! minnte equations of the first degreo, permutations and combinations,
determinants, probabilitics, plane and spherical trigonometry, and
elements of the theory of plane analytic geometry. - They also review
*. their -arithmetic, algebrs, and geomotry, and are taught applica-
. tions. The () courses in geometry include at times such fopics as
" the theomms?f Menelaus und Ceya, radical axes, centers. of simili-
- tude,. Euler's line, nine-point circle, prismatoid; Euler’s theorem,
harmonic ,ranges and pencils, poles’ and polars, and “Guldin’s
' t.heoremj' The mathematics of section (b). occupies the student for
~'about one-sixth of his time. - .. - T W

) T Gradustes of a higher burgher school with a five-year course are ususlly better prepared to take up the
.\ study of physics and mathematicsin a university thai are the-graduates irom 8 gymnasium, :
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. number‘ As a rule, the inspector is one of them. The emmmatlon‘
~would, therefore, scem to have taken as a motto Lessing’s saying:

- wmty has no faculty of mathematical science and physics.

 bers, theory and methods of solution of aquitions of higher degree,

" an introduction to tho ‘integral calculus; analytic geometry of the

~ the principal ones are: Integral calculus, dlffercntml oquations,

 matics and physics. this examination is on higher algebra, analytic _
- geometry, descriptive geometry,dlﬁomntml calculus; astronomy; and ~

‘ the doctoral;e three yeo,rs after the examxnatxon for candldature, b’ut.

- . *
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The final examinations are conducted by the stafl of each school,
under the supervision of Government delegates, usually three in

is similar to that for graduaves from the higher burgher schools, and
covers practically all the studies of the course. These include )
Greek, Latin, Dutch literature, French, Germean, history, geography,
mathematics, physics, chemistry, and natural history. The Dutch

“Aus einem tichtigen Philologen lisst sich alles machen.” :
In the Notherlands thero are five univorsities. Besides the State -

universitics at Leyden, Utrecht, and Groningen, there are the Com-

munal and the Free Universities of Amsterdam. The Freo Uni-

* The mathematxcnl instruction in the universities of the Nether-
lands varies to a_ certain extont, but in all it m(‘ludes mathematical
physics -and theoretical mechanics. During the first two years
(courses are reckoned by years, not semesters) the programs of study .
contain higher algebra (determinants, irrational and complex num- *

linear subsmuuons, theory of invariants); differential calculus and - -

plane and of space -(lines, curves of the second dogree, planes, sur-

faces of the second degreo); descriptive geometry (methods of projec-

tion, applications to the theory of curves.and surfaces). . A
The subjects of study in later years are very varied, but some of

theory of functions, general theory of curves and algebraic surfaces, -
differential geometry, calculus of probabilities, calculus of varmuons,
theoretical mechanics, and mathematical physics.

The title of doctor is obtained after two academic examinations
and the submission of a dissertation. - The student gen?sqlly pre~
sonts hpnself for the first examination, called “the examination for
candidature;'” after three years of st,udy For the candidate in mathe-

physics. Ir} the second examination, the examination for the doc-
torate, the candidate is examined on integral calculus, theory of
functions, calculus of probabilities in its- applications to physics,, =
theoretical -mechanics, and physics. It is especmlly notable that
even for the mathemancmxm, hlgher geometry is not a subject. for.

exammatnon. ~ .
For students in mathematics and astronomy the coursé igmuch thé '-? A
same as in mathematics and physics. . 7

Candidates generally present themselves for tho examinaflon for
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practical proparation for the chairs which they have boen appointed

- have passed this exceodingly elaborate examinatiof. *But the law

-+ for theoretical mechanics; machinery, technology, ete, .Thys exam-
‘ination 4 is ddeomposed into four less onerous examinations, and

the total perjod of the study for this degreo is often more than six -
years, sinco.the time ordinarily spent on the dissertation is one or
two years. Occasionally a student accomplishes the work for this
degreo in less than six. years. - It_occurs more frequently, howover,
that a student passes the examination for the docwra,to/’énil then - .
presents his dissertation one or several years after having left the
university, z ‘ ‘ ' o
According to a law of 1905 the student who has successfully passod
the examination for the doctorate has the right to tefch in a gym-
nasium or other socondary school, in one of the subjeets in which he
was oxaminod,/ It thus happens that those who have arrived at pro-
fessorships in this way have récoived an admirable sciontific prepara-
tior from a theoretical point of view, but have had absolutely ne

to fill.  In most cases the future touchor is transforred directly .from
tho university to the schéol, without over having taught and without
any knowlodgo of theoretical and practical pedagogy: His only ox-
perionca is what may bo gainoll by conducting from time to time, in
tho prosence of a profossor, a.locture on some mathematical subject,’
oither on a paper which hus appeared in a periodical or on a subjoct
choson by the student or proposod by the professor. Through these
loctures and the eriticisms to which they load” the student becomes
somowhat accustomod to the mothod of formulating porsonal sciontific
re=tarch; but for dovelopment as profossor these loctures have shight
value, sinco the subjoct of a conferenco is almost invariably taken
from some part of higher mathomatics, and but rarely is a scientiic
~ troatment of elomentary questions given.

Those who have passed the examination Yor the doctorate arc not,
howeVer, the only ones who have a right to teach in secondary schools.
The law of 1563 established a series of State examinations leading to a
Certificate of Capacity for secondary teaching. * For mathematics and
mechanics there are two examinations, of which the first, examination
4, accords the right to teach the branches of this examination jn a
secondary school with a course of threo yoars, whilo the second,
examization B, accords this right for a secondary:school with a course

.(of five yeers. Examination. 4 includes arithmetic, algebra, plano
geometry, soiid geometry, plane and sphorical trigonometry, princi-
ples of descriptive and analytic goomotry, principles of thoorotic and
applied mechanics, inachinery and teohnology, physics, chemistry, "

. cosmography, geology, mineralogy, botany, and zoology. Infthe 50
years that the law has beeyy in force a very small number of persons

-

also permits special cortifidates of capacity for mathematics ‘alone,

-

o o .
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“The rmjority of the cundi s Tave béen propared by privato tutors /

I C. \lFDl), A Short heounl of Education in the N lhfrhmds (Qpeciaf Reports-on
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the candidate whd has passed any one of lhorfl"may tonch the branch
pamed in & socondary school with a throo-year course. - Examina-
tion B includes descriptivo geometry, analytic goometry, differential
and integral calculus, theoretic and appllod mochanics.  Those who
have passed the two oxarninations A and B complotely may teach
mathematics and mechanics in a socondary school with a courso of
fiyo yvears,
“Fhose who present ther _psolves “at theso oxaminations have ramly

if overattendod any coursg in mathematics or thedrotic mechanics. |

or by porsonal_effort. The porumlawo of faitures - is consoqumntly/
very high, 4
Tho salaries of directors of higher burgher schools range fmm 2,25 ¢)
floring (with homo) to 4,000 ﬂorms (8904.80 to $1,608) por mulum,
thoso af professors.From 1,000 florins to 3,050 florins ($402 to $1,22 ).

. S BIBLIOGRAPHY. - N R -
Rapport sur 'enseignement mathématique dans lex I'ays-Bas publié par la Sous-Commis. |
sion nationale (Commission internationale de 'enseignement mathématique).

Delft, J. Waltman, 1911,°151 pp. ’
This volumo contains sevetal liﬂl;!;i by 10 difTerent authors.
J.CARDINAAL,: “L'enw:gnempnt mathématique en Holland,” L Enscignement
Mathématigue, tome 2, 1900, pp. 317-339.
Puges 317-327 of this article are mainly historical.

.

l~‘dnm\uon'\l Subjects, vol. 8, suppl.) T.ondon, Board of Education, 190.,
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-XIII. ROUMANIA. L

Roumania contains about 7,500,008 inhabitants.

The general control of its education is vested in the minister of public instruction,
but othef ministers have charge of schonls pertaining to their special provinces. The
ministry of public instruction is organized in three departments: (1) Primary instruc.
tion, including primary normal schools; (2) comme/cial, technical, and private schools;
(3) secondary and higher education. ) 3 R -

The roal organization of secondary education dates from the law

of 1898, which was modified in‘1909 and. again in 1910 in” the direc.
. . N . . s

tion of*increasing the modern character of the curricalum. In

~ accordance with thése measures secondary oducation is arranged in

two cycles of four years each: Tho lower course (first to fourth, I-IV)

- and the higher course (fifth to eighth, V-VIII). Those secondary

schools which have only the lower course are the gymnasia. Those
with both cycles aro the lyceés. Tho higher coursoe is organized

in three parallel sections after the model of the French lycéo; namely,

scienco-modern languagos, Latin-Greok, and Latin-modern’ languages,
In each soction the material forms a unit of study. At the end of the
eighth class the pupils who successfully pass tho final examinations
obtain the ““cortificate of secondary study.”” In general, the pupils
leave the lycéo at the age of about 19 years. They are then propared
to enter various highor schools, including the universities; of which
there are two, one at Bucharest, the other at Jassy.

In the first cycle the subjects taken up in mathematics are: Prag-
tical and rational arithmetic, clemontary goometry (plane and solid),
olementary algobra, ‘and notions- of bookkeeping and _surveying.
With regard to the secohd cycle, reforence is made only to the science;
modern language section from which the future mathematiciahs
come. The special objoct of the mathomatical work in the second
cycle is to develop the reasoning powers. Bocause of this some of the
moré subtle questions, of arithmetic are <ntroduced.” The study
of algebra is developed at length ‘in courses extending' through all
four years. This study. includes convergenca and divergence of
series, the number e, derivatives of exponential, logarithmic, and .
circular functions, and Horner’s method of solution of equations with
numerical coefficients. In plane and solid goeometry such questions
88’ transversals, harmonic division, poles and polars with respect to

-+ a circle, areas of polygons and of a circle, angd araa and-'voluye of a

sphere are taken up with many problems and' applicatibns; Then

.. there ‘are, also. plane trigonometry in VI, descriptive geomotry and

* . mechanics, in VII, analytic geomotry and cosmography in VIII:

. Maghematics occupies 8 hours out of 28 s’ woek (21.4 per cent) in
- Vand VI, 5 out of 26 (17.9 per ““.Q in VII and VIII, :

4t oUny,
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For the pupils in the science-modern languagos sectlon who spé~ .
cmhze in mathematics there is a special pubhcatlon Gazeta mate-. -
-matica, which has appeared since 1895. It is somewhat dimilar

- to the Revue de mathématiques spéciales prominent in the French
lycées. Quite apart from the obligations connected with their
courses of study, the nfathematical pupils of the section not only
solve the problems in pure and applied mathematics in the Gazeta,

_but also propose qthers and contribute notes and articles. The
progress of mathematical science in Roumama stands i n mtlmat,e
rolation. to this review: ,

Such then is tho nature of the work which the mathematlcal
professor has to conduct. There remains 'the cons ration of his
preparation for the work. .

The directors and professors i in the secondary schools are univer-
sity men and receive their appointments from the Government.
Since the law of 1898 the mathematical professors are appointed
from &mong those who have passed the ““examination of capacity,”
which is held every three. years. To register-for this examination"
it is necessary to have (1) the diploma of licence és sciences mathéma-
tiques of a university; (2) the cortificate of & pedagogic seminar.

“The students who have passed the oxamination of liconce &
scionces mathématiques have sufficient theoretical preparauon to
“become good professors in"'secondary education,” ‘as it is modestly
.oﬁpressed by Prof. Tzitzéica. - The examinations for the-licence are
in higher algebra, analytxc geometry, descriptive geometry, differ-
-ential -and integral calculus, thoory " of functions, mechanics, and
astronomy. These oxaminations require at loast three .years of
.preparatipn ’ - ‘

Durin, hls univorsity studies and aftorwards the future mathe-
matical teacher takoes a cours¢ in pedagogy at the university. He
also commences at the same’time his practncal training at a pedagogxc
sominar. The pedagogic seminarien in connection with the uni-
.versities were created- by the law of 1898.
~ The examination of capacity consists of (1) three written examina-~
‘tions on the elementary mpterial of socondary education and on the -
‘more advanced material of the licenceé; (2) two oral examinations,
one on mathematical questibns proposed by tho‘jury, the other on

” pedagogy; and (3) twol practical examingtions—that is to say, two
lossons such as the candidato might deliver to pupils in a lycée. - -

“In order to claim a teaching posltlon as a right, one must heve-
passed an examination of capacity fof a secohdary specmlt.y For .

- example, phymcs-or geogrsphy may be offered w1th muthematlea. ,

BIBLIOGRAPHY

G TZIT?EIGA L'Enmgmmmt Malhénwttque en Roumanie. Emetgrumem mxm--'
’ dam cha.reat Impnmerie, "Gutenberg" Josethobl s-aeurs, 1913. 16 pp




* “ XTV. RUSSIA.

. It has been estimated that the Empire of Russia contains. more.
than 182,000,000 poople. Since the treaty of Portsmouth its area,
exclugive of inland waters, is about 8,400,000 square miles.

Finland (g. v.) has a separate system of public schools much more
highly- developed than that of the remainder ef Russia, where tho
. general education of the people has been of a very low order. Excopt .
in cortain parishos of the-Baltic provinces, education is not compul-
sory. The numerous central authorities in connection with Russian
education include the ministry of public instruction and the Holy
Synod. “The former controls the universities and.the great ma]ont,y

of the secondary schools of all classes. .

The secondary or middle gchools’ mcludo 1 (1) Semnmrws for
teachors of which the mmnstry established 63 2 in 1891 for the prepara-
tion of teachors for cortain primary schools; (2) institutes for teach-

" ers (33 in number in '1914) which prepare teachers for another class
of primary schools; and (3) establishments such as the progymnasia

. (of which there were 29 in 1914), gymnasia (441), “roal schools”’ (284)
and technical schools (68 in 1910),® under the control of the munstry

" of public instruction and providing general instruction for the youth.

The progymnasia are incomplete gyninasia.with four or six classos
ihstead of eight classes (I-VIII), one for each year of- the courso.
Among secondary schools, only the gymnasia and roal schools are .

~ considered- here. Bobynm has given the mathemntlcal progmms of
the sominaries and inGtitutes for teachors.

i - ‘ GYMNASIA,

*Pupils normally entor tho gymnasia at the age of 10 years. In the

. explanat,ory remarks profat.ory to the program of the course of mathe-

" matics in the gymnasia for boys, the ministty of pubhc instrction
sets forth the object of tho course:

Mathemstlca as an exact and abqtmct science furnishing a simple, and consequently

lppropnate -means of amuring suitable development of the mind constitutés one of the

" foundations of general instruction. The essential object of study at the gymnasium

being the intellectual development. of the pupil, the mathematical instruction should
. be cbnnctenzed before all elso, by the thoroughness and systematic ngor of & theo-

3 Bobynin, 1968 (00 blbllognphy), .‘d AT Bmlth tn cwmm o/ Education, edited by wmoa,
" atticle on Russia, .

9 8ince incteased, sccording tos rypon of J-n l mo, to m (smmun'c Year-Book, 1911)

_ %1n 1913 there were 30 technical nhoola of uoondtry school grade, . o
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retic course; practical applications should be introduced, firat, as iHustrations of the -
theory, and then, to habituate in computations.

.

The gymnasia of the ministry of public instruction are of two types:
(1) Thoso in which only one ancient_language, Latin, is taught; and
(2) those in which two ancient languages are taught. There were
only five of theso latter gymnasia in 1910, O

Whilo the whole number of hours dovoted to-mathomatics in these
two types of gymnasin is not tho samoe, the p}ogmms are identical, -
The subjocts taught are arithmotic, algobra, geometry, trigonometry,
physics, mathematical geography (cosmography), and notions of
mochanics. o e o

I'd

Arithmetic is taught in Classes 1-111 anil reviewed in Class V111, where certain parts,
omitted carlier on account of their. difliculty, are taken up. In the third year topics
of discuesion are: Ratio and proportion, problems relating to the so-called rule of three;,
interest and proportional parts. . a

Algebra (I1-VII1).—Some of the matters taken up in Classes VI-VIII are: Progres-'
gions and logarithms; calculation of compound interest; indeterminate equations of
the first degree in two finknowns; continued fractions; binomial thdorem; resolution
of a system of equptions by the method of Bézout. . |

Geometry (IV-VI), with review in-VIII.—In V-VI the stud

lent is instructed in the
measurement of lines and angles; proportiopality of sbgmenta;’aimilitudc of triangles
and polygons; regular polygons; notion of a limit; length ofthi¢ circumference; nofions -
on the caleulation of r; area of rectilincar figures, of the circle and.of its parts; simple
problems of instruction, and numerical applications for cach article of the Pprogram;
regular polyhedra; -evaluations of area and volumes of prisms and pyramids; cylinder,
cone, and sphere, evaluation of their areas and volumes. ’ .

Trigonometry (VII-VI1I).—Elements of plane trigonometry, including the use of

tables, solutions of triangles, calculation of areas and applications to problema in sur-
veying. Trigonometric equations and inverse trigonometric functions are not
discussed. S . }
- Cosmography (VITI).—Rotary motion of the celestial sphere: rotary motion of the
carth; true shnptz and size of the earth; apparent annual movement of the sun; dnnual
movement of the earth round the sun; measurement-of time; constitution and dimen-
sions of the sun; moon; eclipsés; plaricts; comets; law of gravitation; tides.

Mcchanics (V1, VIII).—Motion and force—laws of motion, law. of inertia, law of rela-
tive motion,equality of action and reaction; force as a cause of motion and of pressure;
resistance ol motion (friction); equilibrium of forces; composition and decomposition
of forces; levers. Theory of gravitation. Theory of motion—uniform motion; ve-
locity; acceleration; uniformly accelerated and retarded motion; motion of. 8 projec-
tile; notions regarding curvilinearmotion and centrifugal force; pendulum. Theory -
of energy—work; lever; pulley; inclined plane; toothed wheels; kinetic and poten-
tial energy; transformation of mechanical work into heat and inversely; principle of
congervation of energy. : '

In most gymnasia the pupils have the same teacher of mathematics.
in.all of their courses. This arrangement scems to cause the pupil to
think of the bonds umiting one course to another. * As to-the‘connec-.
tion between mathematics and physics and mechanics, the courses -
‘i’ physics and mechanics (as well as in cosmography) are conceived . -

é
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i+, with two unknowné—indéterminate case, contradictory equations. <. * .

.+ “Geometry: Relative pouitions of lines and planes in, space; principal properties of

" . dihedral and polyhedral angles; tegular. polyhedra; measurement of ‘the stirface and

- - - volume of the right cylinder, the right cone, and the sphereang its parts; examples
- léading to computation and construction -problems, Xy o ° e

162 - TEACHERS OF MATHEMATICS FOR SECONDARY SCHOOLS.

in such a way as constantly to give the pupil occasion to apply B
knowledge and his experionce of mathematics. , R
About one-third of the pupil’s time in the ordinary gymnasium is.

“devoted to the study of Latin and Greek, and about one-fifth to

mathematics and physics. :

At various stages in his course the pupil is required to pass writton
and oral examinations. In the final examination the written portion
in mathematics lasts five hours and requires tho'solutjon, with detailed

_ explanations, of two problems, one in algebra and tho other in trigo-

nometry applied to geometry. The mathematical portion of the ora]
examination is”in arithmetic, algebra, solid geometry, and trigo-
nometry. The studont who has successfully passed this examina-
tion receives a certificato of maturify (attestat zrolosti). The bond
between secondary and higher education is formed by the requiroe-
mont of this certificate for admission to the universities and that, of

- either the gymnasium or the real school for admission to tho higher
technical colleges: 2

< '~ .“REAL SCHOOLS” . .

The normal age of entrance into these schools is 10 years. Most
schools now possess, in addition to theformer regular six classes (I-VI),

- asevonth class (VII). Each class lasts for a full year.

The subjoects common to all real schools are: Russian, with Sla-
voni¢; modorn languages—German, French; geography; history;

- mathematics and geometric drawing; natural history; physics;

drawing; calligraphy. 1In -a-comparison of Real schools with the
‘gymnasia, it is-to be noted that logic and the classical languages have
disappeared to make room fgr more of scienc and of modern lan-
guages. B ' o . L
The students of the real school cover in six yenrs about the sameé
amount of mathematics as those in the gymnasia covor in eight.
Special referenco may be made, however, to the five-hour course of
mathematics given at many real - schools in the supploementary
seventh year. The subjects taught are arithmetic, algobra, trigo-
nometry, elements of analytic geometry, d)d infinitesimal calculus.
The leading topics taken up aro: g . %
“Arithmetic: Pﬁn_cipal propositions on factoring of qumbers; the 'highest dommon
divisor of two numbers; solution in positive integers of indetermi_nate equations of

. $he first degree in two unknowns.

Algebra: Complex riumbers; fundamental properties of nnihtef;rai functiof and its

"roots; special cases, the functions z°—a® and az??+-bzP+c; discussion of equations of

the first degree with one unknown and of a'system of two equations of the first degree
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'Ihgommwy Inverse cncular functions; . tngonometnc equations; etc.

Analytic geometry: Rectangular and polar coordinates; transformation of coordi-
nates; circle, pmbola, ellipse, hyperbola; equauon of ellipse and hyperbola in
bipolar coordinatés; loci; diameters. :

Calculus: Fundamental theorems,in limits; application to the measurement of " -
circumference and area of cn'clea, of the surface and volume of cylinders, cones, and

spheres; lnmt 8“; 2. limit 1+ ) dlﬂerenunlsof algebraicang transcéndental fync-

nN=00 a
tions; géometnc explanation of Rolle's theorem; Lagmnge 8 theorem; increaging and
decreasing functions; equations of tangents and normals of the conic sections; définite .
mtcgrals

Smce 1911, students who have satlsfacton]y completed the seven
years' coursebf the real school are admitted to the universities with-%
out examination. Teachers in the real schools’ -are, for the most
part, graduates of a university in the subject which they teach.

To form a true conception of secondary education in Russia, one
should bear in mind that, taken as a whole, the boys attending the
secondary day schools are drawn from a lower social stratum than are

* those attending such schools in England or France. .As a rule neither
the children of the aristocracy nor those.of the higher officials attend
the gynnasia; tho formor are educated for the most part by private

« tutors, the lat{u in special schools open only to the nobility.* -~

THE UNIVERSITIES

In- Russia, exclusive of Finland, there are 10 unwelsmes' The
largost and oldest is at Moscow; The others, in erder of foyndation,.
are at Yuriev (formerly Dorpat), Khazan; Kharkof, Petrograd, Kief,

Odessa, Warsaw, Tomsk,-and Saratov. The last was founded in

1 1909, and neither there'nor at the 'Un}vexsxty of Tomsk has a fa’cultzy
" of physics and mathematics been established.

While secondary cducation in Russia still leaves much to be’ do‘
sired; the standard of teaching in the ‘universities is, on the - whole,
very hlgh and may bo compared to that of the Germnn universities.*

. The scholpstic year consists of about 27 weeks of lectures, and the

. course of study at the university covers four years, !

The Russian faculty of physics and mnthomntlcs is composed of

* two sectlons The section of mathengaticel sclences and the section of

what Darlington states In this connection on pp 347-348 of his report
ditions at the end of 1804). The Bureauof Education at Washington
. d \he information that “about 50 per cent of Russian gymnasium
students are sons of nobility and myrchants. *Arist * ig rep d by at least 20 per cent of the
students. The special schoolp for 'racy have lobg lgo becomse insuflicient and now are Sliscarded.”.
The bureau states that the authority it quotes is: Ruuh, Mlnmry of Public In.stmcuon, Report br mz.‘
{in Russian], Potrograd, 1915, pp. 50 and 31 . .
: %A’ Populsr University besring the nnmo of Gen, Alphomo Shatiiavsky, who has given tlu ﬁmd: |
2 'neeemry for its creation, has oxistod st Moscow since sutumn, 1908. In 1916 & Woman’s Unlvenity was
* 7 created at Potrognd with the power of conferriing the degree of doctor.”--Stateyman’s ‘Yearbook, 1917, N
. 1 Encyclopaedia Britannica, 11th edition, 1011, Article “Russia.”” W, 8. Jesien hll tmtly repotud
- great lmprovommt ln Russian locondary education dunnx the past docndo. N
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. Datural sciences. With the exception of general courses in physica .
and chemistry given to students in*both sections, all subjects in the
two courses are.different. - . : -

Since 1906, several universities, including those at Moscow- and
Petrograd, have divided the studies in the mathematjca] section into

" three groups: (1) Mathematics and dnalytic mecha; ics; (2) astron-

. omy; and.(3) physics, subdivided ints (@) physicsand ) physical geog-"
raphy and meteorology. The student may elect/to take up tho

studies of any one group.- o E

* The courses for the mathematics and' analytic: mechanics group

* at-the University of Petrograd in 1909-10 wergp as.fol]oxys:

Semester l.;-Sphgrxfnﬁ trigonometry; introduction to analysis; analytic geometry;
exerciges on analytic geometry; higher geometry or descriptive geometry; physics
of molecular forces; descriptive astronomy. Recom'mendcd: Course’ in “generul
chemistry. . o g

sSemester 2.—<Analytic geometry-and exercises; differential calgulus and €exercises;
higher ggometry or descriptive geometry; descriptive astronomy;; physics; heat.
Recommenged: Course in general chemistry, : :

- Semester 3.—Iigher algebra; applicatie of differential caleulus to geometry;
* integration; spherical astronomy; optics; acoustics and electricity, S
Semester 4.—Higher algebra; integration ; geometric applications of integral calculus;
exercises on the integral calculi.s; statics, optics, acoustics, electricity; spherical
astronomy. . . ’ . ,

. Semester 5. —Definite integrals; infogration of ordinary diffgential equations;
finite differences; kinematics. T 0 ;
7 Semester 6.—Deﬁnite_integmls; integration of ordinary differential equations and -
the calculus of variations; theory of numbers; dynamics of o particle and exerciges,

Semester 7.—Partial differentjal equations; finite differencds; caleulus of probatiil;-
ties; -elliptic -functions; mechanics of systems and eXercises, "Recommended:
" " Theoretical astronomy. .~ ] T
-+ Semester 8 —Partial differential equations; calculus of piobabilili(-s; ﬂieory of
attraction, hydrostatics and h_ydrodynamjcs. Reépmmended:' Celestial mechanicy,

" certain special courses not'given every year, for example:

L Theory of Abelian irtegrals ( 1906-7).

- 2. Theory of surfaces (1907-1909). S

_ 8. Analytig theory of diffcrential equations (1907-1910),

4. Veetor analysis (1908-1910). . R

. 5. Historical and critical .review ‘of the principles of rational
5 ‘mechanics-(1908-1910). o9

- These courses are given, for the most part, by the Privatdoteniqn.
. The final examination for the students in the faculty of scierica
is conducted by a commission appointed by the State. The examina--
 tions are both written and oral. - The programs of the State.examina-
;. tions divide university courses into. two classes: (1) Fundamental
.o principal’ courses, (2) complementary courses, The. programis of
- the pringipal courses’ are the same foi* ‘all universities and contain
" only the most essential and: elementary parts of the four sciences ¢

-~ . .

" In addition to the general and recommended courses there are

o
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(mathematics, mechanics, physics, astronomy), which are taught, in
the mathematical section of the faculty. In these subjects there are  *-
two writterr and five oral examinations. . The programs of the gom-
ple .entary courses are not fixed. The choice of $wo complémentary

¢ .urses_is made by the student himself. In mdthematics he may
choose thcory of numbers, theory of elhptlc functions, ‘higher gedm-
etry, or some other course of three semeeter hours per week The
£examination is oral.

A student who passes all the examinations receives a diploma
of the first or second grade, which gives certain civil rights, such as
the right to teach in the secondary scheols without any special
examination. The diploma conferred by the State examining com-
mission is not technically a degree, though it is fully equivalent _ -

in value to the B. A. degree conferred. by British or ‘American
universities. With this diploma the great majority of stﬁdents rest. °
satisfied. * Only & select few remain at the university to prepare for &
degree, and most of ‘these do so with the view of ultimately obtaining
o professorial chair. There are twowlegrees, magister and do'ctor, .
. but dnsou»lon of theseis beyond the scope of this sketch. ‘

' TEACHERS IN SECONDARY SCHOOLS.

Jvery teacher of mathematics in a gymnasium under the control
he, ministry of public instruction must be a graduate of the
mathematical section of the faculty of sclenczn & Russian univer-’

sity. Until very recently such agraduate hag no training in peda-
gogy and no practice in teaching when he fidst presented himself
at & gymnasium ss a professor. In 1909, however, a provisional .
set of courses for the preparation of teachers of mathematics and
other subjects was organized in the educational district of Petrograd.
This plan has heen followed by other educational districts. o

At Petrograd the courses are under the direction of a council com-
posed of the directors of establishments of secondary education and -+
presided over by the inspector of the district. Igformation 1ssued
to pupil-teachers by the council includes the following:

1. The churses of one year in duration are, especw.lly des:gned
to give practicyl preparation to teachers of mathematncs in second-
ary schools.

2. 'The courseg are open to thoso students who have a dxplomo, from’
the mathematical section of a faculty of sclence' and are bearers of a
cortificate of good conduct.

- 3. The more necessitous of tite ‘candidates for the course receive a
sttpend ‘of 300 rubles ($156). In addition to-this assistance i in'money,
student teachers may, under certain circumstances, earn money as
tutors, or.as subst.ltube teachers durmg the absence of the: mcumbent
“ofa chan'. . .

o s ot
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2 : :

o) 9

4. Pupil teachers of the same specialty are sent as probationers,
in groups of two or three, into gymnasia and real schools. 2

5. The immediate direction of the work and courses of the pupil *
teachers is confided to chiofs of probationers chosen from the teaching
personnel of the establishment-by the administration of the distric,

6. The obligations of the pupil teaghers are the following :

(i) To study carefully, -in works and books indicated by the chiefs-
of the probationers, the parts of their specialty which figure in secon-
dary education, as well as the methodology of the subjeet. :

- @i) To attend lectures. by the chiefs of the probationers or by other
professors in logic, psychology, history of pedagogy, pedwgogy, and

~ to make report of these lectures to the chief. . »

- (i) To deliver lessons, as often as possible, before the chicfSof the
i)robnt,iono.rs, other professors, and other probationers in the specialty, *
in accordance with a plan arranged in advance and approved by(the )
dhief. .~ - . : R 2l

(iv) To attend the ttial lessons of other probationiers of their group.

(v) .To tako part iy the discussion of the trial lessons of proba-
tioners of their group, Do 0 .

(vi) "To prepare papers on questions of general pedagogy, studies of
methodology in the specialty, reviews of textbooks, - 32

y (vii) To seek fo, und'erstax}d the .child’s mind, by contact with and

" observation of pupils in. general, or of o particular group, while
engaged in i'ocreations,'gamcs, excursions, and walks, :

- (viii) To dttend the pedagogic council. . .

. (ix) To attend the conferences and pedagogic discussions -(three
- times a week) and make report., 4
7. In case theso requirements have been met, the probationers aro

. \6liminés du contingent” and are qualified to teach. -

_ \At the end of the school year, in a gencral conference of the com-g.
mitteo and the various chiofs of probationers, the regults of the wor
of the year and the characteristics of the probationers are iscussed.

The preparation of teachersin the real schools is practically the
same 3 of those in the gymnasia. S

Apart from the question of supply, tho two main difficulties which
remain to be solved in connection with the teaching staff of the
Russian secondary schools are (1) the question of remuneration and
(2) the question of professional training. - An attompt to dispose of
thia.h%?r difficulty has been described above. With regard to the'

~ first pomt thore seems to be genoral agreement, Mr. Darlington

- writes, that the prosent rate of remuneration, which was fixed 30-years

. . &go, is'not sufficiently high either to attract the best talent into the

. teaching - profession or to enablo teachers to give their undiyided
attention to their'schodl duties. Ap assistant toacher in a State sec.

‘ondary school, teaching 30 houis g week, which is accopted as the

1

.
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normal limit, receives 1,830 rubles (about $915) a year for the first
five years of-his. service, after which his salary is increased by 150
rubles, thus reaching 1,980 rubles (abol}t $993) a year in all. Extra 3
payments (e. g., for corrocting exercises and acting as “class tutor”
may raise the remunecration’to 2,230 rubles a year, but in any ordinary
case, so long ag he continues to be an assistant teacher, his salary
remains as above stated from the sixth to the twenty-sixth year of
his service, whon he roceives his pension. An income of less than
2,000 rubles a year may be sufficient to endble an assistant tedcher to
livo in a manner suitgble to his position, so long as-he remains &
bachelor; it is whefllyingdequate to tho needs of a married man with
a family. With the most rigid economy a moderate-sized middle-
chiss household can not be mgintained, at any tate in the larger
towns of Russia, on less than 3,000 rubles a year. A married teacher
15 thereforo undor the absoluto necessity of earning on.an avorage an .
extra thousand 'r'ublos a yoar in addition to his official salary in order -
somehow to keep soul and body together and provide proper educa- -
tion for his children. - : '
* The salary of an ordinary professor in a Russian university is 3,000
rubles-a yoar; of an extraordinary professor 2,000 rubles. . -

The pension rights attached to the teaching profession in the higher -
and secondary branches dre vefy\considerable in Russia. Twenty
years of work gives to such a todchdr a righ¢ to a pension equal to half _,
his salary; 25 years’ service entit s him to a pension equial to his full .-
sulary. Mofeover, if the teacher is revented by-shattered health or
somo incurablo disease from continuing in the exercise of his pro-

-~ fession, he is still more gencrously treated.’ -
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1,"Wasghington, 1916, pp. 5_97_—9'15.' C
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XV. SPAIN.

~

At the close of 1913 continental Spain had an area of about 194,009
square niiles and a population of over 19,600,000.

The whole system of public instrution ts controlled by the minis-
ter of education, an advisory council, and a corps of inspectors, one
for oach’of the 49 Provinces or administrative divisions of the country.
The secondgry schools and universities are intimately associated, by
reason of t&:?t.hat Spain is divided into 11 umvomty districts,
the secondar
control of & rector. He'is assisted by a umvemlty council which

« acts in an advnsory capacity.

The State secondary schools, of whwh there must be one, at
least, in every Province are styled institutos de segunda ensenanza.
The colegios de segund4” cnseiianza are boarding schools in charge of

* local authorities and are feeders for the institutos. Pupils who enter

the institutos are n;lmut, 10 years of age. The general course is di-
videddnto two parts, one part covering two years and the gther four.

- In the first part the only subjects of a mathematical 1 ture are

arithmetic and drawing. Algebra, geometry, and trigonometry are
studied in addition to arithmetic in the second part. Physics and

* chemisfry are also taught in this part. The studeit who hhg suc-

cessfully completed lho six years of study and passed the corre-
sponding State examination is called a bac hlllor en artes, and is
entitled- to proceed to a university.

The University of Madrid has the largest nllendance the Univer-
sity at Salamanca is the most ancient.  Other universities are those

‘established at Granada, Sevilla, Barcelona, Valengia, Santiago,

Zaragoza, Valladolid, Oveido, and Murcia.!

The bachiller who wishes to prepare himself to teach mathematics
in the secondary schools must study in the faculty of sciences of a
university and secure the- title of licenciado (licentiate). At Madricd
candidates may then proceed to the doctorate; Barcelona and Zara-

" goza aro the only other universities which have a faculty of science

preparing comnpletely for the licenciatura.
‘The mathematical studies leading to the liconciatura are as-follows:
-1. Mathematical analysis.—First and second courses, supplementary to the work in

‘the mamuws The first course compmea theories_of ant.hmet.sc not %xpluned in

3 This university was established in 1918 or 1918. Cf. The Staiesman’s Yearbook, 1015-1917,

1d” higher education in each of which is under the -
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secondary education, the.whole field of elementary algebra, plane and spherical
trigonometry with gnalysis of circular functions. The.second course deals with higher
algebra; and the general theory of equations, as well as an introduction to modern,
higher "algebra; is presented. Durimg one );?" at ‘the’ Univemity of Madrid, for
example, this introduction” dealt with the th€ory of hinary forms (discriminanta;
Jacohiana, Hessians, and Wronskians: linear substitutions; invariants and covari-
ants: canonical forms). . @ A
¢ Metric gecometry.~This geometry is simply the ordinary Euclidean geomictrys
modified by “the tse of modern synthetie methods.  The Course in the faculty of
sciences is divided into two parta: The first deals with.fundamental iheories, those
on which the theorems of all previsus questions are based: the second consists in
studies of each group of figures in detail, without losing sight of the proupings whic
facilitate the employment of the principles of duality, projectivity, ete. '
(¢) Fundamental theories: First notions: augles: perpendiculars and parallels; rela-
tion between the clementa of triangles and of trihedral angles, izosceles or scaleng; dis-
tanceaand inclinations lange and small; elementary cases of symmetry: and of equality
o triangles. trihedrals. and tetrahiedrons: equality and orthogonal symmetry in general;
" gebmetric loci; eircle, cone. and sphere: proportional* lines: gimilar figurca: prod-
uct8 of.segmenits in triangles: concept of length of curves in general and of the areas
onics: plane and epherical trigonometry suffivient for the solution of right triangles;
orthogonal projections. ' ) o
(M) Studies: More complote consideration of each of the following figures: Ranges
of poigta, pencils of rays or of plancs:. ww+if cross ratios and projection; segments and
angles; teiangles and trihedral angles: qnadrilaterals. tetrahedral angles. and™Metra-
hedrons: ordinar_v polygons, polyhedral angles. and Dolyhedrons in general, and in
particular thobeawhich aré regular and semiregular; prisms and ¢ylinders; pyramids,
prismatoids, cones. and apherical figures; systems of circles: of cones, and of spheres:
particular determination of length. of arcas. and of volumes; their comparison and
proportionality: homology. homethety, involution, and symmetry in general; po-

larity of a circle, of a cone, or of a sphere: inverse figures: stereographic projection, <)
3. Analytic geometry.—This course is based on projective m&q,nds and is especially
developed at Madrid.! : :

4. Elements of in finifesimal ealewlus.—This course inc udes a discussion of theory of
limits” continuity, orders of infinitesimals. derivatives and differentials of functions
of one or of several variablgs; changdof variables: hyporlmliv'f_um'tiuns; Legendre’s .
potynomials and developments into series by formule of Taylor, Maclaurin and
Lagrange; maxima and minima; elements of integral *calculus; differentiation and
[ integration under the integral sign with application to the caleulation of definite

integrals and of the Eulerian integrals, liﬁp snme.j)mgn s this first part.of the
calculus course concludes with a discussion of curvifinoar and surface integrals and of -
integrals in the formule of Green, of Stokes, and oiDirichlet, and their applications in
mechanics and physics, - ’ o

5. Cosmography and-physical yeoyraphy. T .
6. Geometry of position, o

7. Des:riptive geometry.

&. Rational mechanics. 0
9. Spherical astronomy and geodesy. .
. The title of Jicenciado in mathematical science is obtained by a
+eandidate after. three oxaminations are successfully passed: (a) A
+ writton examination on two questions  drawn, by lot, from .those -

" proposed by the. tribunal; (b) an oral intorrogation by the three

J. REY-PASTOR, Fundamentosde la geamefria proyectiva superior. Tomo 1. Madrid, 1916. 24444 pp.
€. Bulletin des sciencés mathématiques tome 41. 1917 p. 229, . a "0 °g
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]udges, for half an hour_ each; (c) a practical exercise consnstmg in
the solutienp of a problam in descriptive geometry or in rational
" mechanics drawn, by lot, from ‘the problems of tho questxonnmm,
and response to obsorvations of the tribunal. .
The examinations for %condnry school professorships are open only
to licontiates and comprise: (1)-A written examination four hours in
lengt»h consisting of the development of 8o themes of a question- -
naire; (2) an ora) emmnmlmn (‘On\l\tlllg of responso to five ques- |
‘tions drawn by lot; (3) a practical exerciso; and, after the exclusion
of those who have not met with success, (4) dvhwr\ of a losson aftor
‘eight hours of pmpnmtmn to be criticized by one or two oppononts;
and (5) exposition of a given topic and replies to eriticisms of the
tribunal.
The best muthonmlnml positions in the secondary schools are
obtained by the doctors of mathematical sciences, who are also eligible
_{for pesitions on the faculty of sciencos of a university.  To propate
“for the doctorata it is necessary to follow, courses at the university in |
higheranalysis, advanced parts of geometry, mtmnmm of the p]unvlnr\
ystem, and mathematical physics, and to present a memoir on a
ubject selocted by the candidate and sausfactorily sustainad m'umat
objections on tho part of the tribunal. -
The titles of some advanced courses offered to those preparing for
tho doctorate may bo given: Ordinary differential equations; caleulus
-of variations; intogral equations; quaternions; functions of a cum-
plex variable; elliptic functions; Galois’s thoories.
It usually takes four yaars in the university to pass the liconci m(um,
- and one oxtra year, for those who are upt scnemmc investigators, to
mako the doctorate.
The professom of secondary and lugher education aro nppomth)v
- the King; in tho caso bf tho institutos oné of the professors is
appointed as director. - -

> o BIBLIOGRAPHY,
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170,000 sqpare miles, .aand the ;mpuluti(m" was estimated to be on

" The trond of circumstances recently has been toward their separation.

. ‘ XVI. SWEDEN. .

“The area of Sweden s a little Joss (exeluding the lakes) than

Decembeor 31, 1916, about 5,757,000, . Of these, all but about 100,000
bel. mg to the established Lutheran Church. It is, therefore, not sur-
prising to find church and school both placed under the administration
of the E®Rlesinstikdepartementet, or - the ecclosiastical depart.mont

It.was not so long ago that the chapters (domkapiteln), composed of
iinisters and laymen, wero still the Jocal boards of administration,
it momly of ecclcsmahcal affairs, but also of M relating to the
sécondary schools and/to the elementary school system,  Since 1905,
however, the central government of the State secondary schogls and
equivalent educational establishments receiving State aid has beon in
the hands of a board/ ‘called-the Royal Board of Secondary Schools; the,
result, has been that tho powers of the chapters as regards these edu-
cational inst mmm{s have been very considerably curtailed. In 1913,
by the csmblnshm/om of a contral board for the elementary schools,
these also were plnced under the administration of expert laymen.

The royal board of secondary schools deals with such mattors as
curriculum, dixflpline, training of teacheys,. appointment of teachers,

ete. -It is“also/ the duty -of its members to mspo(‘t the 'schools per-
sonally and w give mstrucnon and advice -in the course of thelr
inspection. / : i

Since 1905 /the State secondary schools for boys have been clas-
sified.into two groups:. Roul«knlor or modern schools (independent),
and hogm nllmamm larmerk each comprising a realskola and 8
gymaasium, l o

There nm/ 77 gecondary schools for boys (allmﬁnna lﬁroverk), 38
of these are hégre allménna liroverk and 39 are independent real-
skolor. Among the lattor, 18 are cueducatlona] schools. There is
no u1dependont State gymnasnum

Into thd realskola, which has six one-year classm (ona, the lowest,
to gix), the boy may enter at 9 yecars of age.! The course.at the
y;nnnsmfn 'is based upon the work.of the five lower classes of the

'Note that :‘ao secondary education i§ built on the third year of pdmnry eduoation,instead of the fifth, .

asin Denmar. The primary schools give a six-year eouru, while in some cases 'continuation ooumo ln
cffered for thrp years longer. .
o . m .
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alskola and s divided into two “‘sides”; the Lati asium and

the realgymnasiun;, each. consisting of four one-year classes called _

" “rings” (I to IV). Tho boys in the sixth class of the realskola are

ot

school geometries now so common in England. :

- thus of the same age as those in the first ring of ghe gymnasium,

3 "REALSKOLOR.

Mathematical instruction, which occupies about one-sixth of the
pupil’s time, is here given during five hours.weekly in' each of the
classes except in the first and fifth, where it occupies four hours,
The subjects taught are arithmotic, algebra, and geometry. In the
sixth class the pupils are instructed in: (1) Algebra—evolution and
involution, proportion, oquations of tha first and second degree with

-one unknown, graphs, and problems; (2) geomelry—geometric exer-

cises and amplification of precoding course, which has dealt with

* circles and polygons and Simple problems. Drawing exorcises of the
. Realskola include, in class 4, geometric. construction of parallel lines, -

triangles, parallelograms, and polygons; in class 5, drawiag of regular
figures, such as the ‘ellipso and limagon;, elements of descriptive
geometry; in class 6 further oxercises in descriptive gedmetry. s

In 1904-5 about 60 out of 75 schools used Euclid’s Eloments as
textbook in"'geometry. Four years later, Witk the development of
the more practical or modernized scheme of secondary education,
about 60 ‘out of the 75.schools had -adopted toxts similar to the

L3

General scheme of stldies in-a realskola. )

c . ;
a’ s o e o R . Classes.
. Bubjects. z
- aes tl2la| 4| 5]
. 5 o \!
B.w:n... 3 3 3 2| 2 2
8w, 8 5 6| 4 3 3
English 6 y S !‘5 g 2
Y ey Sy B - I
g by 2\ 2| 2| 2| 3] 3
4 5 5 b 4 §
21.2) 3| 7Y 3 2
i i | i | | P N 1
2 2 | 3 FUOSO! IR I
EETP R 1 2 2 2 2
Totalnumber of hours 8 Week........................... ... 7] » 2| 2| o

The final goal of the 'r;alskola, is a State examination (Realskol-

.. examen), which gives admittance to various technical schools and to
_8chools of forestry, agricultire, and mining, and qualifies for various

tments in’the post office, reilway or telegraph service, etc.

./ The exbmination consiste-of two parts, tho one weisten snd ok ey
.. oral.. The questions of the first part (in Swedish, German, English,

v
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and mathematxcs) are the same for the whole oountry md the reqmre- o

. menbs are moderate.
GYL}NASIA

In 1913 about 57 per cent of the puplls in the gymna.sna were in -
attondance at the realgymnasia.

The number of class penods per week in the realgymnasmm
(including gymnastics, fencing, singing, and religious mstrucpon) is
38 to 41, of 45 minutes’ duration. Thore must be a pause of 10 min-_
utes botweon two periods. About one-quarter of the total tune,
apart from instruction in gymnastics, fencing, etc., is given to mathe- -
matics and drawing. In order to atoid overpressure and to permit -
of a puptl’s devoting himself to some special study for-which he dis-
plays’ marked aptitude, some options (valfrihet) are allowed in the
last two years of the gymnusmm courso.

The extent pf requirements in the different nngs of the gymnasmm
may be seen in the followmg table: .

. The realgymnasfum. The Latingymnasium.
Rubjects. Ring | Ring | Ring | Ring | Ring | Ring | Riog | Ring
: ng D, ng N, &

L H.K I l\'.‘ . L k| 11, lIl 1v.
Religion.......oooiiiiiiiiiiiinnn.. 2 2 2 2 2 H 3 .2
Swedish. od 3 2 3 3 3 2 3 -3
latin. ... e 3 Loconoad boooogad bocood 6 6 ¢ ]
« (ermy 2 2 2 2 2 2 2 2
Englis 3 3 2 4 2 2 2 2
French.oouocoieinnnniiiiiiiivei i, - 4 4 [T ST 4 4 4
History.......... ©3 3 3 3 3 31 3 3
G phy.. 2 U |bboooad boooseas 2 11 | boood eofssnressa
Elements of philosophy . .......c..c..|eeeeni)enn... 1 1] [ beooooed boosooas 1 1
thematics...... ? 6 [} [] 5 4 4 15
llolory ........... 1 2 2 1l 1 2 2 1
Plysics. ... 3| 2 4 3 2 1 2 2
Cl try 2 2 2 ® 7| boooooad bocooond oo U RS
Drawing.... 2 2 2 2 2 2 2 2
Total number of hours a week.. A 3 n k 8 B3 3

1 Those pu Elu who hnvd elected Gmk & hours 8 week) In Ring II1 drop mathematies, dnwlng, and
one hour of English; in Rlng IV Greek (7 ours) is then substituted for mnthemutics and draw! ing.

e As totathematics, instruction in a rea]gymnasmm iricludes:- (@) °
Algebm—-theory of indices, logarithms, grithmetical and geometrical
series, compound interest; (b).geometry—proportion applied to ge-
ometry, problems (especially in plane mensuration), solid geometry’;
(c) “ plane trigonometry—simple computatiens in connection with -
right. and oblique triangles; (d) analytic geometry-—curves of the
second” degree, the nation of a derivative is made.clear and- much-
emphasis ig laid on graphic ropresentatlon of functions.

The cowrse in“s. gymnasiup is.concluded with a final examination
(st.udentpxamen, or afg&ngsexahen ,.or mat;mtotsoxamen) whmh 'in ¢
either.‘side,” entitles those-who have passed it to matriculation -
the universities. ~Examination commisioners called. “censors”. dre*
appointed. by .the Government tg superintend-cach " examination.
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- : : c
* They are chosen for the most part from professors of the universities,
and usually number about 18. The censors are assistad’'by “exam.
iners,” who are the teachers of the schools; the examiners always
act under the direction of a censor and in his presence. Questiony
for the -written part of the examination are drafted by the.censors
ut must be approved by the royal board of secondary schools. This *
examination ‘takes pPlace simultaneously in all the schools "some
weeks beforo the oral oxaminations and lasts four or five days.
The written examinations in both “sides” include Swodish, modern
language, and’ mathematics, and ‘in the realgymnasium physics, in

¢ the Latingymnasium. Latin. French may be substituted for either
of the “modern languages,” which aro German and English. The
single examijnation. in mathematics. lasts ‘six and - one-half hours,
The paper contains eight or nine quéstions. An adequate discussion
of three at least is necessary for passing.! The answers are first
looked ovor by the teacher himself and one colleague, 4nd are graded
with one of six pré’dicates, the fifth of which in descending order is
“satisfactory,” amd the sixth “unsatisfactory.” =~ °
The candidate is not admitted to the oral part of the oxamination
unless in each of his papers he gaing at least tho mark “satisfactory.”
“When the teachers have thus arrived at their decisions, the papors
are stitched togethor into.books and sent to the royal board, which
distributes them among the censors for their inspection, much of |
which they make as they travel in the train from school to school,
from one end of Swedon ‘to the other.' The final decision is not
reached until censors and teachors sit together in conclave somewhat
later. i ' o '
The oral examination is widor in range than tho writtoy examina-
~. tion'and embraces all the subjocts taught in the lator yoars»f school
life. The rektor or headmastor in each school arranges the candi-
.dates in groups of five or six in & room; and in theso rooms ‘they are
.- kept throughout the examination, while tho consor is sometimes in
" one room and sometimes in another, according to the subjects of the
" examination. Various ‘arrangemonts omphasizo the importance of
the occasion. At least -three persons of position, nomim?l?ed by the
" . inspecting local authority, represent the public. Evening dress is
de.rigueur- for cqnsors, examiners, and candidates; and the censors
--and the teachers,wear their rolips and decorations. The teacher of
- the candidates is g erally the ekaminer; and, as a rule, puts all the
“questions under the direction and ‘guidance of the censor. The ex-
o q.minat.ion,‘_'thoug'hAapparentl{y of the pupil alone, is realy- quito as
" much’s test of the teadher, enabling the censor to. judge of the effi-
i _ciency of his work.” It is alsé -deemed useful for university profes-

', 8ors to-be brought for & few.days in each year into such close touch .

e “""V? T quote freely from Mr. Thornton in what follows,
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with the pupils graduating from the public schools in the country, .
and for schopl and “university thus to: be brought into relationship. -. '
As in the case of the written, so also in the oral examination, each
candidate is given one of six grades, of which the sixth <is unsatis-
factory.! -It is so, difficult for an’ ill-prepared candidate:to be pro- - .
oted td the highest class that the. number of rejections at.the final -
¢xamination *'is exceedingly small. * ' : b ¢
The aim of the realskola is to provide a common citizeng’ educa-

‘tion of wider scope than that of the elementary school. *The aim of
the gymnasium is to add to general education imparted in the. resl--

" skola a Preparation for the univorsitieg or. equivalent educational '
institutions. In 1912 the number of gradudtes from the .realgym-
nasia was 675, and from the Latingymnasia 510. Of these 1,185 pupils,

160 continuod their caroors at business or comméreial colleges, 144

- ontored on a military career, 111 went to higher technical schools,

and 535 toyuniversities, atc. | oo T \

o THE UNIVERSITIES. " * = -- o

 There are two State universities in Sweden; one at Upsala, founded *
“in 1477 and the oldost in Scandinavia, and the other at Lund, ’J
founded in-1668. 'Both of these are in provincial cities. There are, \
however, two privately organized universities, tho Hogskola at
Stockholm and the Haégskola at Goteborg (the second largest oity in
Sweden). Furthermore, the State stipports a medical pollegs, the*
Karolinska Institutet, at Stockholm, which it establishdd in 1810

According to statutes of 1908 the direction of the State univer-
sities’and medical college is exercised by a chancelloy appointe&'by

" the Crown, without salary, on the recommendation of certain au-'
.thorities in these institutions. It is the duty of the chancellor to
see that the statutes are observed, to issue instructions regarding

« the administration of the university finances and estates, to pro-
nounce “finally and officially in questions of nomination, and, in
general, in all university matters which are submitted to the decision .
of the Government. * * * The immodiate management andisupers

- vision of all matters relating to the university s in the hands of its
rektor, who is elected for a term of three years” (but is eligible for,

‘reelection) by cortain university professors.

! These grades are usually named 4 (mark of distinetion), a (exceedingly satisfactory), AB, Ba, B
" (satisfactory), and C (unsatisfactory).! The words in ;parentheses are doubtless Mr, Thornton'’s trans.
- Iations of the correspanding Swodish expressigns given on p- 177, : ;

A A3 8 rule only about one-fourth of the puplls entering the gymnasia‘aver pass this qxamination, a

¢ $There are alyy two [orelgn universities-founded in the seventeenth century under Swedish ruly,
" namsly, the.univelsities st Helsingfors in Finland and at Dorpat in Rusals. R e

" 4The chanosllor is entitled toappoingt a saliried socretary, . - . .
1011790°~-18—-12. % o
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. - In 1913 there were about 5,200 RS (1 the Swedish univer-
gities and medical college: "2,461 at Upsala, 1,421 at Lund, 395 ' at
the Karolinska Institutet, 741 at the Stockholm Hogskola, and 235
at the Goteborg' Hogskola®. : -
The Hégskola of Stockholm is under the superintendence of the
* chancellor of the universities. The govéring body is_a bl of
~ nine mombers, the president of which is nominated by the Govern-
ment. The rektor of the university is an ex officio member of he
-board. Six other'members are elected by the Swedish Academy, {l;
. Academy of Sciences, the Stockholm city council, and the faculty.
_The ninth membeér of the board is elected by the board itself. .
It is under the direction of professors at the Stockholm Hégskola

* that Acta Mathematica hagboen published.? This has been madé pos-
sible by the annual grant of 3,000 kronor. o

At each of the universities (except that at Goteborg) meathematics

is taught in the faculty of philosophy; and in this faculty, till lately,
three degrces were conferred—those of -candiate, licentiate, and
. doctor. According to a.statute of 1907, however, the .examination
for the first of these degrees was replaced, for those expecting to go;
into- secondary school teaching, by a secondary school teachers’
. examinatior? (filosofisk dmbetsezamen).” All candidates for teaching®
positions in- 8 gymoasium must have, passed this ¢Xamination.
Should the candidate aspire to be a professor (lektor), he ‘'must also
pass the second university examinstion (filosofie licentiatezamen),

. and defend a thesis for the degree of doctor (filosofie doktor)s The
-, first of these examinations requires about seven or eight semesters
~(that is, about four years) of study; the seéond, about four yearg more.
Filosofisk \dmbétsezamen.—The fasulty. of philosophy is divided
inte two sections: The section of the humaniffes, and.the mathe-
- matics-natural gojences section. To the [alte section belong
mathematics, astronomy, physics, _mec.hahics, chemistry, geology
and mineralogy, botany,.and zoology. ’.Sipce 1909 political economy
may, under cerﬁ\in circumstances, bedncluded in this section. Geog-
* raphy belongs to both sections. The_filosofisk #mbetsexaimen is
is~based upon the fellowing groups of G,&)jects: :

—

1In the State universities *'every studsnt is obliged to jelong to one of tfe tinions called nationsf8reningar,
or simply nation, or landskag (literally, provinge), into which the students are grouped, according tb'the ’
Jpart of the country from which they come, the objéct of these ¢ betng to epcourage hard study and /
- .jpure morals, as well as the ng of mutual ald. At Upsala thére are 13 and at Lund 12 of these nation
pocieties, each under, con & {napector chosen by the soclety from among the professors of tByunis
| Yersity. At Upedia theie unlions havess s ruletheir own ciub premises * # %; st Lund there is o
. houge comman to all the * nations,’ that of the Akadémiska Forenin These-unions have played
i tmpartant role o the lify of the students, both in its serious and its m convivial sspects.  The distino-

o\ Y udente’ dress s the white cap.(vita mdssgn), known-abroad from the tours of studeats’
4‘2 Ww“wmé‘-n ‘__5 o '. . ) . . . . L . .
. ", 3T st number of its fofty-first Yolume appeared nah.lj. c S e e
§ O o ) 0 N s ., . . W'
-~ - . . a ‘A °
.
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Group 1, Northern languages, Latin. .  Group 8. German, romance languages.
Group 2. Northern languages, German, Group 9. English, romapce languages.
(goup 3. Northern lapguages, English. Group 10. History, geography.

.Group 4. Northern languages, Bistory. = Group 11. Geography, botany, zoology.

Group 5. Latin, Greek. . * , Group 12."Mathematics, physics. ~ ,
Group 6. Latirhistory. -« " Group 13, Physics, chemistry. K
Group 7, German, Engliah. i Group 14. Chemistry, botany, zoology. N

\Application for the &mbetsexamon must be accompariied by—(1) a
statement of the choice of subjects; (2) a certificate that the appli- - -
cant Has been-a member of g nation sociéty during the term in which

thi¢ examination is to -take place; (3 the certificate, showing that

the c¢andidateshas passed the studeftexamen ; (4) the candidate’s
record book of university work (tentamensbok); (5) & fee of 15 kronor
(sbout $4.09), plus 3 ‘Eronor for making out reports, plus 1, krona

for janitor service. - T . '

As we shall be frequently referfing tor the grades which the can-
didate obtains in univérsity examinations, it may; be stated at once,
that, as in the case of secondary schéol marking, they are six in -
number.” If, for definiteness, we employ. the-letters tifat have. been
already mentioned, these grades are: A, with’ honor (beromdly); a,
with exceptional praise (med utmirkt bersm godkind): AB, with
praise (med berom godkdnd); Ba, not without praise (icke utan berom .
godkind); B, satisfactory (godkind); T, hot satisfactory (icke godkind).

To pass the examination we are considering, the candidate. must i
obtain seven poifity. 'He has three points to his kredit for each A
which he receives in the, subjects of the ‘examination¥ two ,points for

each a or ‘%B; and one point for cach Ba or B. - .

From this we see that mathematics and physics,” the- subjects of
gooup 12,-could contribute at most six points. But the candidate .
must also pass ah examination in some third subject, as well as in -
psychology and the history and theory of. pcdagogy, An the case
of group 12 the third subject may e any other subject in the mathe-

, Matics-nMural science' section. - Mathematics may be taken as. s '
#hird subject with any two-subject group. . c .
Whhtever selectio% of group is made for the major, if it is & two- .
Subject group, the candidate must obtain at least'a mark AB in each;
" if it is & three-subject group at least a mark AB in. two subjects and  °
atics-ngtural seidnce
section six of thg soven points'must be obtaip#d in subjects selected
frotm the follSwing list: -Theoretical philosophy, literary historpt and,
poetics, ‘Germap, English, romance langusges, pedagogy, geography;;
‘athematics, astronomy, physics, mechanios, chemistry, geology and = *
. minemlogy, botany, and zoology. . ~ ', . e 8
 In the #imbetsexamen at the University of Lund; the requireménts
~ in mathematigs for seyeral grades essigned ‘are as follows: (1) For B .

. X a o . . . . . 0o

.
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. 3
the candidate must show that he has"a good general knowledge of
analytic geometry, elements of the' differenial calculus and of the
. most important parts of the integral calculus; ¥2) for AB the candidate
must' be familiar with the subject matter in (1), with differential
calculus and its geometric applications, with an extenstve and thor-
r ough course in algebraié analysis, with a good course in integral cal-
culud, with the elemen'tary theory of equations, with ¢he foundations
of theory of numbers and theory of probability, and with a short
oourse in modern geometry, partic‘ul\arly the application of the tlie\)rya '
. of projection and reciprocation to conic sections; (3) for A the can-
didate must show remarkable facility in Tandling the material of
‘(1) and (2), and also of some impbrtant coutse the cont;a:t of which-
_g'may be optional with the examinee to'a considerable-extent, but
each particular choice must be approved by the examiner, o
~ "The’ exdmination: in every Subjeﬁ oral. The ptofessor reports
. to the examincr his personal opitfion of edch candidate whom he
has taught)), He not only indicates the extent of work covered, bus
- an opinion as to the thoroughness -of the student’s
nd as’to the independence and maturity of judgment _,
] as manifested. ; . ’ 5
The "titles .of some courses offered at the uniyersity will be given
later, and it will be seen that certain of these fre fon'm}xlat.ed to pre-
_paro the student for the sezlrching‘t,cs‘tﬂ Among -the 'great number
~.of books which are found uscful by the mathematician in preparing
dor the filosofisk dmbstsezamen the following are officially listed at -~

. Lund: . - ) - . " L] -
K. R. COLLIN, Lirobok i plan analydsk geometri. 2 upplagan. Stockholm, 1898,
- (Rather brief.)! ¢ - : N

BRIOT et BOUQUET, Lesons de géométrie analytique. 17 éditipn. 'Pnris, 1900.
C.F.E. BIORLING, Larobok differcntialkalkyl och-algebraisk analf).? 3. ypplaga.
*Lund, 1909 , o
-7C. F. E. BIORLING, Ldrobok i integralkalkyl. Upsgla, 1877.
SERRET-HARNACK, Lehrbuch der Uifferential- und Inlegralrechnung. *Bearbeitet
‘ von Scheffers. 4, und 5. Auflage. Band®I: Differentialrechnung. Leipzig,
. . 1908. Band II: tegralrechnung. Leipazig, 1911, .
W. NERNST und A. scnONl-‘LlEs.‘Ein%ung in_die' mathematische Behandlung
- der’ Naturuissenschaften. Kurzgefosstes Lehrbuch. der Differential- und Integral-
rechnungomit besonderer Berilcksichliguing der Chemie. 7. Aufiage. Mncher®
und Byrlig, 1913, : . ’ ) - .
TODHUNT Theory of Equations. 4th editich. London, 1880,
WEBER und WELLSTEIN, Encyklopadie der Elementar- Mathematik. Band 1: Alge- .
~ . ‘braund Analysis. 3. Auflage, Leipzig, 1909; Band 2: Elemente der Geometrie. .
v 2. Auflage. Leipzig, 1907; Band 3: Angewandte Elementar Mathematik. 2.
.7 Auflage; - 2. Teilen. Leipzig, 1910-1912. 4 5 0

. 1Thiscomment and others of a similar pature which (ollow oocur 15 the original Int,
“AIn'this work, applications to plajie geometry are cansiderably more oxtensive than is usual in books of °

. e d

' sdmilarnature, ~ =
.. . S .
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TODHUNTER, Algebra for the use of scloals and colleges with numerblis ezamples. 5th.
edition. London, 1871. (For theory of numbers and theory of probabilities.)
C. F. E. BIORLING, Lérobok i nyare plan geomberi.! Lund, 1896. B
The requirements in mechanics and mathematical physics,®io the e
ﬁlosbﬁsk imbetsexamen at the Univeysity of Lund, for various marks
are: (1) For the mark BI the candidate must know the elements of .
the kinematics and statics’of rigid bodics, including computation of
stability, the elements of dynamics of a particle (also relative motion), . - l
the elemertts of the dynamics of ‘solid bodies moving in a plane,
and’ central impulse with friction, and .must have the ability to’
solve simpler problems within the limits of ithe course in a reliable
manner; (2) for the mark AB the candidate must be familiar with .
the gubject matter in (1), with discussion of statics of a flexible- :j
string, with more extended develepment of rigid dynamics, including
Lagrange’s ‘equgtions of motion and the elements of the . theory of
the motion of a rigid body about"_a fixed point, with hydrostatics,
with differential equations of hydrodynamics and Bernoulli’s theorem, .
with the theory of small vibrations applied to organ pipes and stiings,
and with attraction between spheres, and he must also have facllity in
thesolution of problems within the range of the coufse; (3) for the
mark A the candidate.must complete the course.in (2) with respect
toygeneral dynamics and by means of a detailed study of some field .
mathemdtical physies or in-mechanics of continuous media, chosen
by-'the candidate in consultation’ with the examiner. He must also
have skill in applying practically the theoretical knowledge apper-
taining to the courses,” T B
Prerequisites in mathematics.—For a B in méchanics it is necessary
to know what corresponds to the requirement for B, in matheimatics.
For an AB, in addition to the requirements in-analysis for the same
predicate in mathematics, the cendidate must have some notion of -
ordinary’ differential equations ¥nd the most clementary idcas of
pertial differential equations. For the mark A there may be required |
.in gdditYon to ordinary and partial differential ‘equations important
‘branches in ohe.part or another-of mathematical analysis. " - .
Studies and tezthooks.—The studies are sfpropriately begun in the
frec preliminary. course (for B) as prescribed every spring term in .
connection, with"practical cxercises. In order to Ohtain any sdvan- -
tage from this it is, however, hecessary g4 the samo time to workat
"home, part_ljby carefully reviewing the notes taker at every Jecturs

1 The prineipal parts of this work include a treatment of the theory 3f conics from projective and dualistic’. . -
" points of view, in addition to s presentation of the theory o Invarlants in linedr subetitutions for binary
_and ternary forms, and, finally, after s section on “‘Ouu‘v‘es of higher ordig”’ where smeng other résults n.. S
Plilckerian formuls are derived, s trestment of the hleory of cubicurves. Other works, not mentioned:
- above but widely used In Sweden, are: L. Kiepert, Grundriss de Diferentiol- und Integralr ,
. umgearbeitet von M. Stegemann. ‘2 Binde. Band I, 10. Auflager .Hannover,1905; Band II, 0. Adflage, -

1908. - Do Ia Vallée-Poussin, Cours d’analyse infinitéfimal. 2tomes. 9. et 3. éditions. Louvain, 1912 and
* “1914. Goursat, Coura d'angiyse mnm. 3 tgmes, tomes 1-2. 2. éditlon. . Parls, 1910-15. -
$ 8tudiehsudbok, p. 108-173; ms! y and physics are treated on pp. 100~16A R
25y A iy L
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~and carrying on collateral rea)ing ih- .appro;éate textbooks, and
- partly by diligently solving problems in addition to N,which
*_bas been taken up in the practical exercises. ' .. N
" At the conclusion of the preliminary course similar regtlarly °

up. (To profit by these the home work should be somewhat
of the same nature as that in connection with the preliminary. coursc.)
-, Really satisfactory textbooks for Wéginners are not readily .found
at present. ' For the time being, however, the most suitable work
which can be recommended is Lindskog’s Lirobok i mekanik, Stock-
“holm, 1894, which also contains- practical problems. Chapters 13
and 17 may be omitted, and for tho certificato B also paragraphs
140-142, 155-159, 167-168. ~ - o
For the certificate 4p a more thoroygh knowledge of Lindskog’s
.. Imechanics'is required. " It is not cxpedent to recommend a definite
™ textbook for this cordifichte, because afow of this kind which are
" worthy of notice are just now being published or revised. The fol-
lowing may be mentigned first: . R : "
P. APPELL et 8. DAUTHEVILLE, Prétis de méeanique rationelle. Paris, 1910,
A. G. WEBSTER, The Dynamics of Particles, and of Rigid, L"laaﬁc, And Fiuid Bbch:ea. -
Leipzig,Q904. (Out of print, but a German ‘as well as a new English edition
is Being pr. ! 5 o : L .
+ The ﬁmt,—haﬁed -b_ook,Awhich. contains also a collection of practical
problems, corresponds most nearly to the prescribed . course. -Still,
of chapters 14, 16, and 18 can be omitted. The latter book s
contains comparatively more of the mechanics of fluids and of clastio
'bvodies and is specially to be recommended to those who intend to
: ‘de\"ote themselve/s;ﬁo physics. ' ‘-

)

. Among problem collections we may mention:
o "_.H, L. oz ST. GERMA}N » Recueil d'exercices sur la m ‘canique rationelle. 2, édition.
Pard: 1889. . .0 " :
A. FUHRMANN, Aufgaben aus der analytischen  Mechanik. 2 Binde. Leipzig
Bakd I, 3. Auflage, 1904; Band ﬁ, 2. Auflage, 1882, T
W.,WALTON, A eollection of problema in theoretical mechanics. 3. edition. Cam.
.. bridge,1876. - - 4 S
~—= ——, A collection of problems in hydrostatigs and hydrodynamics. . Cambridge, 1847. .
" M. JQLLIEN, Problémes de méoanique rationelle disposés pour servi .d'applications aur
’ principes enseignés dans les cours, 2. gdition. 2 vols. Paris, 1866-67.
‘K. W. F. KRAPT, Sammlung von Problemen‘ der analytischen Mechanik. 2 Bande.
Stuttgart, 1884-85, R A : ~
" Plosofie licentiatezamen.—Those who have passed the flosofisk «
+ &mbetsexainen are eliftble for the filosvfie licentiatexarnen. In each s
* §amination: subject the candidate -must make AR .t, ‘lemst. An -
acceptable’scientific, thesis must also be written: o T

. 8 The sscond English edition was published in 1812, shortly after this was written.’
o . .. r. < o

reclglring lectures and exercises for the next higher certificate can be *' .
tak
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Application” for the examination must be acoompamed by—-(l) .
s statement of the cheice of subjects; (2) a certificate that the appli-
cant has béen a ‘memberof a nation society®during ti# term in which
the examination is to take place; (3) the certificate showing that
the candidate has passed the filosofisk 4 jibetsexamen; (4) the candi-
- date’s record book ‘of university w tentamensbok) (5) a fee of
- 15 krongr (about. $4.09), plus 3 kronor for makmg ' reports, plus 1
krona for’ Jamtor service. .
The _present r(%ulatlons governing the hcentmtexamen wentinto
Hect in- 1911. They provide that gvery student .wko has: passed
cither that examination or the ﬁlosoﬁ& imbetsexamen lias the right
. “to ask for an examination §n supplementary subjects, for the sake
of obtaining higher reports.”. No one may take more than one sup- '
plcmen’tary examination. The standxng in supplementary exami- -
nation carries with it the same rights as in other subjects. The fee
for this examination is 5 kronor- for each sub]ect plus 3 kronor for
makmg out; reports, plus 1 Rrona for janitor service.
"The' lic “gitexamen calls for /insight into the more fundamental

pa.rts of mpdern higher mathematics, The thher certlﬁcates requires
aD exceptional  scientific thgsis based upon special ' studies appro-
iately chosen There is considerable latitude in making the.choice.
E\xt ‘“however the -subjects’ are atranged,” the announcement con-
cerning | thé examination reads, *!one must neither thrust to one side |,
modern insistence o logical exactness -nor neglect geometrical mtux-
_ tive methods.” - . & e e
Jn propamtwn for tho filosofio llcontmtoxamon in mathematlcs,
the lectures in higher mathiematics delivered by profossors or assist-
_ants -are intended ecither t& illuminate swmch parts of broad fields as
I are little available on account of gaps in toxts, etc., or olse t6 orient
. the student in some speclal topjc. - The seminary oxercisos have
e same end in view. .
Among the texts which are usoful in, preparing for t.hls exammap_
tion in the most fundamental fiolds thé following are mentioned in
the Studichandbok of the Univetsity of Lund: \
_E. PICARD, Tvaité d’analyse.” 2. édition. 'Homes Pans, 1901 1909. .\ A
W. F. OSGOOD, L¢hrbuch der Funktionentheorie. Band 1.° 2. s Auflage. Lexpmg, 1912.
(More complete in some respects than Picard.)
N. NIELSEN, Laenbogtele’mentaer Funktignsteort: K¢bnhavn 1909 '

H. DUREGE, Elemente deri;Theorie der Funktioney einer komplezen verdnderlwhm
-Gripse. 5. Auflage bearbeidet von Maurer. Leipzig, 1906, R

mﬂ.mwuhmmmummmmmm L : .
O)JORDAR, Cours d’analyse de I'E'eole Polytechﬂwue 8. édition., s tomee Ptrla,

ms—lﬂ5 .‘ ° ‘e ., . . - _'

!

: Sepu.rso uouons on elﬁpuc mnclJons and nlso l.ntroduotory chaplers on pmm dlﬁ'cmthl
ﬂmlm . 7 .
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‘L. SCHLESINGER, E\'ng)lrung' in 'die Theorie der Differentialgleichungen. 2. Au.

- G. BALMON, Tvaité de géométrie analytique: courbes plans. 3 édition par O. Chemin,

. -
: 4 WEBER, Lehrbuch der Algebra. 2. Auflage. 3 Biinde. (Band III: Elliptische

. . N L]
TR KLEIN, Vorlesungen ubder das Tkosaéder und die A uflssung der Gleichungen vom .,

" ' o
_SEBRET-HkRNAOI(, Lehrbuch der Differential- und JIntegralrechnung: Band 111

licontiatexamen in mochanics aro as follows:

highest certificite in the filosofisk 4mbotsoxamen in mechanics.

~ance, with the most important branchoes of -mathomatical physics °
", ‘grasp of &t least one of the sgpnces (for example, hydrodynamics,
: or theory of elastieity or thermodynamics, etc.), together  with a

o 'l'hugeond.edlilon, by W. Jagobsthal of H. Maser's German translation (with the solutions of the prob- ©
8 lmp) dq:e third Englht’edlt‘,lon of Forsyth’s work was pﬂ_blished at Leipzig in 1912, - : ”

— -
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C. &. A.'BRIOT et J. G: BOUQUET, Théorie des fonctions élliptiques. 2. &dition,
Paris, 1875. ' .
" In many respects now antiqusted, but can still be used with profit.,

flage. (SammlungJchubert.) Leipzig, 1904. .
K. HENSEL und G. LANDSBERG, Theotie der algebraischen Funktionen einer Varig-
= . blen und thre Anwendung auf algebraische Kurven und Abelsche Integrale. Leip-
"i& '1992' . ) -
C. F. E..BJORLING, Larobok i nyare plan geametri (och algebra). Lund, 1896.

Paris, 1903.

Funktiones.ypd 'algebraische Zahlen.) Riaunschweig, 1898-1908, .
‘E. NETTO, Substitutionentheorie und ihre Anucndung auf die- Algebra.  Leipzig, 1883.
J. Px C. PETERSEN, De algebraiske Ligninger's Theori. Kgbuhavn, 1877. (For an
introduction to the subject.) : .
J-TANNERY, Introduction a I'ftude de la théorie des nombres ct de Lalgebre supéricure.
Conferences rédigées par E. Borel et J. Drach.  Paris, 1895. :
" For an-introduetion to'the subject. -

-~

.

finfien Grade. Leipeig, 1884, ) e :
SCHEIBNER, Beitrige zur Theorie der linearen Transformationen als Einleitung in,
dic algebraische Invariantenthsorie. Leipzig, 190K, . s t
G." SCHEFFERS, Anwendung der Differential- und Integralrechung auf Geometrie.
Band II:. Einfithrung in die Theorie'der Flichen: 2. Auflage.  Leipmig,
1913. e . o Co .
P. BACHMANN, Grundlekren der newern Zahlentheorig (Sammlung Schubert), Leip-

zig, "1907. . P . .
A. R. FORSYTH, Tveatise on differential equations. 4. edition.! London, 1914,

" Contalns o ggeat ber of useful ples, but s not satistactory from a ‘{heoretical point of _
" view. 5 . ) .

G. Scheffers. Leipzig, 1909. . . -
G. Bohlmann and E. ZermWo cditors of the mon}l German edition in 1904,

Differentialgleichungen und Variationerechnung. 3. Auflage.  Bearbeitet von

The statements of the University of Lund concerning the filosofia
“To ‘obtain the mark B, the requirements are the samo as for the
To obtain the mark-AB, tho candidate must (a) have prepared
himself in a complete courso in goneral dynamics and mechanics of
& rigid body in conformity with the requirements for the highest
certificato in the filesofisk émbetsexamen; (b) have some acquaint-

and of the mechanics of continuous media; (c),have a thorough .
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deteiled study of the modern .liter-ature.;connected m}h the’ science

in question» : N ' :
To obtain the mark A, the candidate must not only meet the -

A © ‘swepex.

'
t

requirements just indicated, but must also prepare a piece of research
work of actual sciehtific valve. . - i :
The persori who intends to devote himself specially to mechanics
or.mathentatical physics is advised to direct his studies for the
+ imbotsexamen in such a way as to énable him to'obtain two certifi-
: cates in physics and the highoest' certificato in mathomatics. In
the lattor subject the main emphasis should be on analysis, such as -
onlinary and partial difforontial equations, calculus of variagions,

general t.lmory.?of "'kfunct,ions_, olliptic functions, tog with
spherical harmonics and Bessol’s functions. : S .

rla'iﬁramre list. —The literature list givon below lays no claim to

. confplotoness| and tho entries are chiefly of works suitable as text-
books. Among books in one and the same subject those stand last -
which on account of sizo or character are better suited to profound

. study in the spocial subject. Short or popular toxts come first.

H. WBBER, Die partiellen Differentialgleichungen der mal}zwuy'adzen Physik, 2
Biinde. 5.Auflage. Braunschweig, 19}0—1912. 7 o E
A. WANGERIN, Theorie des Potentials und der Ktgelfunktionen. (Ssmmlung Schu- , -
. bert) Band I. Leipzig, 1909. ", '
A.6RAY and G.;B: MATHEWS, A Tveatise on Bessel functions. London, 1885,
CHRISTIANSEN-MULLER, Elemente der theoretischen Physik.! 3. Auflage.
Leipzig, 1910. 7 . - C
P.APPELL, Traité de mécanique rationelle. Tomes 1-2,3. édition. Paris, 1909-1911;
. tome 3, 2. é{guon, Paris, 1908, - -

- o ) .
The first volgme nay be dispensed with, since it has besn already fead for the.cerfificate in
the iimetsexafien. The third vBluwme contains the théory of potential, hydromechanics, and
. theory of olxmhtity.
E. MACH, Die jlrr}u‘zgt'k in threr Ehtwicklung historisch-kritisch dargestellt’ 7.
Auflage. Ldipzig. 1912, 2 © 5 o
. Critical presentation of the founiations of hanics. Recgmmended even for the highest
certificates in the Ambetsexainen, :

i

. o N - : . : .
G. R. KIRCHOFF, Vorlesungen dber ma;lema(i:du Physik; Band 1: Mechanik. 4,
+ Auflage von W. Wien. Le? hzig, 1897, : '

Suceinet pmﬁantmidn—espwial from the mathematical standpoint—ol the whole of
mechagics. * .
W. THOMSON and P. G. TAIT, Treatise on, Natural Philoaopby. New edition, 2
volumes. *Cgmbridge, 1903. o Sc
A mssterly presentation of mechanics_from the physicist’s standpoint, but unsystematic and
for that reason ipnsull-ablo as a text. In part perhaps somewhat out of dsw', but none the less ~
hd ‘readable, Complements Appell and Kirchof! in n_lunblo manner. . ¢

" “BE. J. ROUTH, Tveatise on"the Dynamics of ‘a System of Rigid Bodies. 2 volumes.
: Volume 1: ’Ifhe elementary part, seventh edition, London, 1905. Yolume 2:
The advanced part, sixth edition, London, 1905, . - 0 %
¢ English translation of the first edition by W. F. Magie. London, 1897. X .
+ English trunslation from the second German edition by T. J. McCormack, Chicago, 1853. 2d edition,
revised, 1902, _Suppl,bment by P. E. B. Joypduin, Chicago, 1015, % ‘ 50 o ag

»
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H. R: HERTZ, Gesammelte Werke. Band 3: Die Prinsipien der Mechanik in neuem
“ Zusmammenhange dargestell. Herausgegeben von P. Lenard. 2. Auflage,
Leipzig, 1910. o -
~_ Bhort courses in hydromechanics and theory of elasticity were written by
Webater, Appell, ahd Kirchhoff (see above). . «
. W.WIEN, Lehrbuch der Hydrodynamik, Leipzig, 1900. = *-
H. LAMB, Hydmdynamics. 3. edition, Cambridge, 1906. (Also in German by
" . Friedel, 1907). 4. English editigg, 1916. . : . .
.A. E. H. LOVE. A Tveatise on the. ical Theory ‘of Elasticity. Second edi-

tion, Cambridge, 1906. .
Also transiated tnto German by ﬂnﬂ. 19007, ’ '

H. LAMB. The Dynamical Theory of Sound. . London, 1910.
. J.W.8. RAYLEIGH; Theory of Sound. New edition. London, . 1894-1896.
" M. PLANCK, Vorlesungen iber Thermodynamik. 4. Auflage. Leipzig, 1913.
W. VOIGT, Thermodynamit. 2 Binde. (Sammlung Schubert.) Leipzig, 19034, -
E. §(ACH, Die Prinzsipien der Warmelekire historisch-kritisch dargestellt, 2. Auflage. ~ ~
Leipzig, 1900. o = O -
G. JAGER, Dis .Fortschritte der kinetischen Gastheorse, Braunschweig, 1906.
"0. E. MEYER, Di¢ Kinetische Theorie der Gase.! 2. Auflage. - Leipzig, 1899. ,
JEANS, The Dynamical Theory of Gases. 2. edition. Cambridge, 1916. .
L. BOLTZMANN, Vorlesungen iiber Gastheorie. 2 Binde, 2. Auflage.  Leipzig, 1912,
J. W. GIBBS, Elementary Principles in Statiftical Mechanics. -Developed wnith special
reference.to the rational foundation of thermodynamics. New, Haven, 1902
(Also’in German by Zermelo, 1905.) ’ o ’
P: DRUDE, Dic Physt des Avthers ayf elekiromagnetischen Qu:ullﬂge ‘Stuttgart,

1894. 7. . ) :
- A. POPPL-M. ABRAHAM, Theone der Eletriciias, Band 1. 3. Auflage. Leip-
rig, 1907.° -

P. DRUDE, Lehibuch der Optik. 3. Auflage von E. ‘Ge_h.mke\. " Leipzig, 1912, - L
H. A. LORENTZ, The Theory of Electrons and it Applications to the Pheno

"Light and Radiant Heat. Leipzig, 1909. . :
M. PLANCK, Vorlesungen uber die- Theorie der Wiirmestrahlung.

. Doctorate.—In order to procure the degree of de

- i the candidate must*have passed the filosofi centiatexamen, and

A

" have published and publicly defended origirl scientific thesis
on a subject connected with the studies in which he has received
commendation in the. licentistetamen. - The thesis and defense or
disputation must be satisfactory to the faculty, - - , :
. The members of the mathematics-natural science faculty are
supposed to be present at the disputation, in which a representative of
the faculty and two supporters of the candidate take part. The
regulations seem’ to imply that such functions are not always of dn
hn\:iable chagacter: “The dpan, or some other professor whem he may
.appoint, sHlll see to it that order and decorum are preserved. In

" cgse disorder o‘r.distui'bancgrgses and can not be quelled by pleasant,

means by him or his deputy,te has the right to dismiss ‘the assembly.
- Whataver he rpquires must_be immediately observed by all preseft.”

-, The paragraph then concludes, ““ After the disputation has lasted four"

+English transiation of thie second mhsd odition, by R. N. Bayues. London, 1890, *

o e
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- hours the dean, or his deputy, may concludo the same if he is so
inclined.”

~ Courses.—In 1891 rogulatxons as to ‘the nature and method of - |
instruction in. Swedish universities were formulated. They provided
that all instruction given wuth a view to prepanng for examinati
must be so arranged that. “scientific lectures in cach exa
tion supject shall be given each year, and that exercise. cou ses,
partly introductory courses, and partly seminary courses shall be
furnished.” They provided also that “one course within the pur-
view of the fncultv~1pe|rucuon should conclude with an oral or other
examination suitable for those electing the course.”

(‘mmoqunntlv as far as the number- of imstructors will allow, an
ondeavor is mado to provide annually the essential requiremerrts for
the predicato AL in the filosogsk dmbetsexamen, and in addition at
lonst tho ospecially fundamental parts of analytic goomotry and
calculus, which proporly bajong to| a propaedeutic course. = In&pecial
oxorciseg, on which great stress i laid, an attempt_is made to have
tho students acquire tho habit Qf‘m'lvmg with facility hardor problems.
such as aro gonerally troated in ' tho courses. In Lund these courses

* and oxercises_gro compulsory to a cortain extent; in 1 psala, roquire-
maents of this kind have not )ot been introduced-in connection wnh
mathematics.

/ The public loctures aim to give, on the one ]mnd broad general

* presentations of fields which Pmporly belong to examination courses;
on-the other hand a thorough discussion.of spocial questions. . In
the seminary exorcises analysis of memoirs and report and discussion
of original papors encourago the development of indepgondent sclon~
tific work. ‘ ’

The following courses in astronom{r - pure mathomatlcs, and
mechanics, were offerod at the Yniversggk of Lund during the four
semestors (which are now roforr m s first, second, thlrd and
fourth), from the autumn semest ) the sprm" semeoster, 1916,
inclusive:

During the ﬁrst».. s(;meater Prof. C, V., L. (Charlier lectured &r_l “Motions 'Jf star
clusters’”; during the second on *“Multiple correlation’’ and “Use of the kipetic
theory of gas in the motion of star clusters,”’ three hours a week; during the thjrd on
“Selected parts of thie-theory:of enumerating the stars’’; and during the fourth for
threg hours a week, on “‘Selected parts of star statistics.”’ In each-of the semesters -
Charlier and an assiastant conducted a scminary in astronomy for thoae naplrmg to the
marks B, AB, or higher in thé fileofisk imbetscxamen.

-+, T. Brodén, profossor of mathemgtxca, condpcted (a)-In dm Tiret oemeeM
-prelnmnsr? course with the aid ¢f an assigtant; (ii) & course of about 20 lpctures on
the theory of funct\ons, (iii) an elementary course of about 10 lectures on infinite. .
geries; (iv) an elementary seminary course, two hours every fortnight. (b) Second
scmester—(i) a preliminary course; ‘(ii) & course on selected topics of the imbetsexa-

nen; (iii) a course on theory of funcuons (about 30 lectures); (iv) a courso onsome . .
"plnno of the modem theory of aggregttea, (v) an. elembnnry aemmary coum (c),' o

e .

e . 0
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Third semester—(i) a course in theory of equations, a preliminafy course in calculus,
selected topiegin theory of conics and certain arithmetic applications of higher analysis, |

. three hours a week; (ii) an advanced seminary course on the connection between ‘
analysis and the theory of numbers, one hour. (d) Fourth semester—(i) p, liminary
course; (ii) elementary course .in algebrajic analysis and arithmetic abplications of
higher analysis, two hours; (ii1) advanced seminary exercises, ‘one hour. )

\. W. Ekman, professor of physics: First semester—(i) mechanics, two hours A
week for two certificates in the dmbetsexamen; (ii) hydrodynamics, one hour; (iii)
exercises in mechanics, one hour. Second semester—(i) mechanics (first course),
three hours; (ii) motion of liquids and theory of friction, one hour: (ili) exercises in
mechanics, one hour. Third semester—(i) mechanics ((‘6min ation course and °
course for two reports in imbetsexamen); (ii) theory of elast.i(‘g&y, one hour; (iii)
excrcises in mechanics, one hour. Fourth semester—(i) preliminary course in
mechanics, two hours; (ii) theory of elasticity, one hour; (iii) exerciscs in mechanics,
one hour. o ’ . -

N. E. Nérlund, professor of mathematics: First semester—(i), elliptic and auto-
morphic functions, three hours: (ii) advanced mathematical seminary, one hour,
Second semecster—(i) elliptic and automorphic functions, one hour; 4i1) theory of

X numhers,'one hour; (iii) advanced mathematical seminary, one hour. Third semester—
automorphic functions and higher algebra, three hours; (ii) clementary mathemafical
seminary, one hour. Fourth se ter—(i) higher algebra, ‘three hours; ('ii),elemen-
tary mathematical seminary, ong hour. . _

F. A. Engstrém, astronomical ohserver: All four semesters—(i) use of simpler astro-
nomical instruments for dewrminat.pn of the time and of latitude. one hour!
(ii) exercises in astronomical observations. Co : ;

H. G. Block, docent in astronomy: First, second, and third semesters—in cach,
celestial mechanics, 15 lectures.

“ N.G. O. Kuylenstierna, docent in mathematics: First semester--on Laplace's equa-
tion,. 15 lectures. . Second semester—integral equations. 20 hours. Third s_omostor;’
selected chapters in the theory of linear differential equations, 15 lectures.

K.A. W.Gydlenbery, docent in-astronomy: Third semester—(i) spherical astronomy,
for meeting requirements for AB in filosofisk iimhetsexamen;, (ii) general astronomy
and the stars (requirements for B in same examination). Fourth semester—(i) deter-
mination of orbits of comets, 3 fiours:. (ii) spherical astronomy (for AB in imbetscxa-
men), 20 hours. - © o ' .

S..D. Wickeell, docent in mathematical statistics: Third semester—elementary
principles of mathematical statistics, 25 hours.” Fourth semqster—%hcory of corre-
lation, 25 hours. .

At the University of Upsala in the spring term of 1916 courses in
the following subjects were offerod: Linoar differential oquations;
theory of functions, differential oquations, trigonometri¢ series,
theory of olectricity, rational ‘mechanics, integral equations, and
theorotical astronomy, F .

SECONDARY-SCHOOL TEACHERS.
[ ]

%

There has been given ébove an outline of the work Sthat a matho-
matical teacher must do in the State secondary schools, and of work
in school and: university which he must have comploted by way of
preparation. But Sweden requires still more, namely, a year of
probation (provdr). This year of professional training is taken at
one of the se¥en schools officially %nnscribogl for this purpose, three of

| A
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which are located at Steckholm, one at Upsala, one at Lund; "and

two at Goteborg. Tho number of ““capdidates” is about 70 B yeoar.
Having finishod his ‘university course in the spring,' and having

decided o become a toacher in'sdcondary schools, the candida

sonds to the royal board of secondary schiools copies of his final

. oxamination cortificate and of his various university ‘ certificases,

naming at*the same time the throo subjocts he wishos to be trained
in, which are, shy, mathematics, pltysics, and chemistry. In the
autumn he is assigned to somo one of: the schools along with perhaps
nine othors. After he has had awintorview with the head master
or rektor, thero aro assigned.to him from the mombers of the staff,
various suporvisors or, diroctdrs, .under whose particular direction he
romains during his training.: A man may have one supervisor given

him for mathematics in- the lower classes, another for mathematics -

in the higher, and a third fo@physics and chomistry. The first two
or three wooks may be spent in watching the work of the classes (the
lowest for tho most part) and listoning to the instruction given.
Then comos a littie teaching, first in thé: presonco of the teacher and
thon-in his alisenco. After, that comes the first ““criticism losson”
given, porliaps; to tho’lowest class, in the prosence of the rektor and
the teacher of the class and tho rest of the students in training. As
soon as possible aftor the tormination of the lesson all those who thus
witniossed it moot with the candidate and ‘discuss its matter and
manner. And so in the s'ocond, third, and fourth: classos there might
bo listening and teaching and a second “‘criticism lesson.” In the
fifth class there is possibly continuous toaching for a month, both
with and without'the teacher; thon ‘“‘criticism lessons” follow; and

the first term closes’ with the class leaving the- roalskola for the'

gymnasium. . a

In the.spring term tho candidate watches the teaching of algebra
and geometry in Ring'I, going through his first “ criticism lessén”” in
those subjects in Ring II.  He may have a crit.icisﬂ-?lcssori in Ring III
in trigonometry and solid geometry, and in Rings I1-1V, he may have
criticism lessons in physics and chemistry, or he may give a-month
of continuous instruction in one of these subjects followed by a criti-
cism lessqn. In addition, heis expected to-take class teaching if one

of his supervisors is kept away on account of illness. .

. " Besides all this, an elaborate géries of lectures is given to the, candi-

dates on the theory and history of education and pedagogy. Lec-

Jtures arq also given on method in connection with special subjects””
The rektor, having heard the criticism lessons .and received peyi-

odical reperts both from the candidate and his supervisprs, holds a..
serutinium, attended by those of his colleagues who.have taken part ;

! From Mr. Thornton’s report. :

- *A‘‘criticism lessan " 13 & lesson specially prepared for ctl}lc'lsin on the part of hisfellow candidatesand .

ot his teachers.

- o ———— e ————
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in the training; and the precise charactor of thé certificate to be
given the candidate is then Settled by discussion*and by full-inters*
change of opinion and evidence. This certificate becotmes an im.
portant’asset in the teacher's stock in trade, one upon which the

character :_)f his first employment largely depends. A sample follows: --

. TRAINING CERTIFICATE. E .
X Y Z, Licentiate in Philosophy,
who in autumn.Lrmyg23 and spring term 1894 according to the requlations in’

Jorce has undergond~a training cours¢ at the Elementarliroverk in this place, has
~ _ displayed ’
in the theoretical course: )
an exceedingly satisfactory ‘klmowlrdge of the theory and history of education;

in the practical course: i

In Mathematics (Class I, 111, V, VI 2, VII, 1) a distinguished ® capacisy for

teaching. 3 - ' . .
.+ In Physics (Class VI and VII 1) an. exceedingly-\mtisiactpryroapacizy Jor |
teaching.  ° - . LW -
* .In Chemistry (Class VI and VII 1) ap excecdingly satisfactory capacity
Jor teacking. . . . )
In.......... (Class .........0). - . c
" and there has therefore been awarded to him, as a gublic testimony to his capacity
Jor teaching, thescertificate * excecdingly sntisfaﬁyt!:ry._" He has besides shown
distinguished: industry and exceptional aptitude for the seticher's catbing. ,
. - Upsala, the 2d of June, 1594. . . )
e , (Signed) A. B, . . 7 . (Signed) C.D.,
' Principal in the : Principal in the
practical ‘course, : ) ; ) theoretical course.

"The teaching staff of & gymnasium consists of tﬂ rektor or head
master and three ranks .of permanent teachers: (a) Professors
(lektorer) who teach chiefly in the upper classes of the higher schools
and who must be dbctors;,.(b) assistant professors (adgunkter), who
teach in realskolor, in lower classes of large rymnasia, and in the

» smaller gymnasia, and who, as far as the university is concerned, need
only to have passed the filosofisk &mbetsexamen;* and (¢) instructors
.(bvningslirare) teagliing drawing, music, gymnastics, and the use of .
agms, . C

According to the official regulations the applicant.for a position as
a lektor or adjunkt on the staff of a State secondary dchool must—

(1) Be 23 years old, at least. v . ’

(2) Be in good bealth and not crippled in such a way as to be:

unable to get about. . 8 I

e 'Thatis,a. = . ) N .
- 9These Classes VI 1,2, and VII 1; 5, aro now known as Rings L. 11, and Rings 111, IV.
$Thatls, A. _ . ' o
* 4The prospective sdjunkt of mathematics who Has passed this examination may have taken mathe:
matics as & third subject with ‘one of the grqups {n the hu_xeanll.lom : '

.

. .
3
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(3) Be own for honor and probity, and in cdse the chair :ncludes -
ruction in religious matters, nfust confess belief i in the
true evangehcal faith. _
4) Be conspicuous for. gincerity and stl%ngthpf chamraar a.nd for .
the good temper necessary in the guidance of youth.
(5) Be endowed with ability easily - and clearly to impart instruc-
© tion.: .. .
(6) Be thoroughly conversant w@) the subyocta connected Wwith
the chair he seeks. - :
(B¢ propnrga by a year of pmfeqsmna.l trammg .
(8) Have performed, with industry nnil skill, for a period bf not . ,
less than two years, the duties whickr devtﬁve upon a lektor
or adjunkt in (a) a boys’ high school; or (3) some institution
of learning under the ]ul;!hctlon of the royal board; or
(¢) a training seminfry fOr elemchtary schools; or (d) a

: - technical elementary school; or () the royal naval a.cademy, :
- - or (f)a high school supported byshe State. Or have served =

as docent i in a university for not less than two years, in such,

— a manner a8 would entitle him to an honorarium.”

The prospective lektor must also (a) have obtained AB or hlgher

in all those subjects of the ambotsemmen which correspond to

subjects in which the chair. has been announced as vacantt. (b) have

passed the hcentlatexmnen with the grade AB or hlgher in one

of those subjects; (¢) have satisfied the rcqlurementﬁ for the doc-

W toratd. The lektor'who t,ea,ches mathematics must alse be conversant

w1th*the mechanics and 'astronomy in the course for the licentiate.

- In the larger gymna.sna the rektorer. are required tg teach, from

12 to 16 hoyrs & week, in the smaller from 20 to 24; tho professors

from 18 togz, and the assistant professors from "0 to 28 hours

a week. , A rektor at a ren.lskola is*obligad to teach from 18 .to 20

hours weck]y '
An ad]“mkt begins with a sa]ary of 3,000 kronor (ubout $818) .
which may be increased 500 kronor every five years until the’ maxi-
mum salary of 5,000 kronor is reached. In Stockholm, Go\\l;)rg,
+  and Norrkdping sdfxools the municipality also makes'a grant toward
* rent of apartments. The salaries of lektorer rénge from 4,000 to
6,000 kronor. * There are two scales of salaries for tho rektor; namely,
6,000 kronor in_the higher schoals, with an increase of 500 kronor
after 10 years, and 5,000 kronor in the realskolor with like increase
after 10 years. In addition t6-this, rektorer have freo lodging or a/n
equivalent allowance.  + :
; All teachers are obliged to contripute an a.nnual quota (maxxmup,
£ " 200 kronor)-to their future pension! On attaining the age of 65 and
f _after 35 ‘years of seryico, teachers on the. permanent Naff are entltled
toa pen‘uon —4 000 kronor (about 1 ,090. 80) for lektorer and 3 400
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[ von Koch und E. Gérnsson. Stockholn, Stockholmas-Tryckeriet, 1911. .215
t . 8
op. ) . . S
This_yolume contains cight reports by E. Gigansson, E. Halleren, . von Koch, A.-Wimans
and - Cf. L’ Knseignement mathématique, 1911, tome 13, Pp. 166-172, 339-344¢

Pages 385-309: *State secondary schools for boys,” by A Nordfcldt.
b Pages 408-417: ““Stato and private Universities."” by P. E. Lindstrém.
_Studichandbok for afligyandet af examina ‘inom SHosofiska fakulteten § Lund. {tgifven
. of fakulteten. Lund, Hikan Ohlssons Boktryckeri, 1911 197 pp.
Fﬁrclﬁaningar och dvningar vid Kungl. Universitetet i Lund. (a) Hést-terminen, !
) ' 1914; (b) Var-terminen,? 1915; ‘(c) Host-terminen, 1915; (d) Var-terminen,
- 1916. Lund, Hikan Ohlssons Boktryckeri, 1915-16. ' )

for adjunkter. The rektor receives his pension (5,000 krorior in the
- gymnasia, 4,000 kionor In the realskolor), provided he has held the
post of raktor for at least 15 years. The widow and children- of a
teacher on the permanent staff receive a considerable pension from
" a State-sided and State-controlled Widows' and Orphans’ Pension

Fynd. : , .
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XVII. SWITZERLAND.

.

Switzerland is a confederation of 25 Cantons. It has a total, area
of less thari 16,000 square miles and a population of about 3,900,000.
The Cantons vary greatly’'in size; for examplo, Bern (Berne), Grau- -
hiinden (Grisqns), Valais (Wallis) are each dver 2 ,000 square miles
in extent, while the area of the Canton of Zug (Zoug) is less than
100 square miles.! German is spoken by the nmjority of the ingab-
itants*in 19 of the Cantons, French in 4, and Italian in 1. A ut’
two-thirds of the_ total populatiph speak German; about 800,000,
French; and about 300,000, Italian,

There is no ¢entrulization of control in educational matters. Each
Canton I aimost completely autonomeus in the arrangement of its
school system, and while- there are many similar features in the .
‘organization, the ideals ure often mdely divergent. But it is cer- -
tumly true that in no country is the impottancé of training for the
primary schzol"teacher more clearly recogmzed than in Swnzerland
Therd are no fewer than 4 Stateé or private tmmmo Qolléges for sugh
lvachers in this little Repubhc : o .

*SECONDARY SCHOOLS, ,

names jn the different- Cantons: Collége, gymnase, Oberrealschule,
Kantonschule. This last is the most common in the:German Cantons.

Examined from the point_of view of their external organization,
these ‘establishments present many notable differences. . We'gener-
ally find two &ycles. The first cycle is of three or four years and
forms the collége or gymnase inférieur; the second cycle comprises -
from four to four ang one-half years. Pupils enter this latter cycle
at the age of 14 or 15 years. N

A gymnasium may be. dmdeﬂ‘mto two, three, or even four sec:
tions, according to the foreign languages taught. The two main -
sections common to all the gymnasia are: (@) The classical section,
which leads to all the university faculties {(and to the Federal Poly-
technic.School after special preparation in mathematics), the special
stidies being Latin, Greek, and philogophy; (b) the tecknical orindustrial
section, whig:h-lchds more particularly to scientific, technical, or ind'u!;-‘A
trial.careers. The students who go out from this section are ‘admit-
ted directly to the faculties ‘of science and ‘of letters, to the techn;cal

P “ll\ough Bérn is not the largest Canton, lu population ol about 665,000 is the greatest. The Olnm )
¢ . of Zurich, with an area of some 670 square miles, ranks noxt, with s population of about 540, 000, :

101179°—18—13 o BT

The secondary schools leading to higher studios have. different - .

[
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faculty at Lausanme, and to the Federal Polytechnic School. The
gymnasium at Genera possesses two other sections: (¢) The Real sect
tion, in which Latin'is taught in addition to modern languages. (It
corresponds almost exactly to the section Latin-sciences in France -

" or to the Realgymnasium in Germany, and its certificates of gradua-
tion admit to university facultics)  (d) The pedagogic section, which
prepares candidates for teaching in the primary school dnd which-’
also Teads to the facultios of scicnee and letters, :

«  Although secondary schools are under eantonal or municipal diree-

~.tiem there is in their programs a certain ecessary common mini-
mum _brought about by Federal influence in connection with require-
meiit for examens f(déraux de'maturité pourles candidats qur profrssions’
médicales. The requirements in mathematies for {his examination
are‘as follows: (q) Algehra.—Equations of the first and the second
degree in one and several unknowns; logarithms; arithmetie and
geonietric progressioy; compound interest” and annuities; permu-
tations and egmbinations; probabilities; binonifal theorem with inte-
gral exponent. (h) Geometry.—Plane and solid geometry; plane
trigonometry; facility in construction of geometrie ficures; analytic
geometry of point, line, cirele, and conic: application of the theory
of graphic representation to siniple analytic functions and elemen-

" tary functionsSof physigs and mechanies, .

«The mathematical requirements of secondary schools often’ exceed

. these,  Inthe ( hervgalschule of Basel, which is open to suitably”

“prepared students who are 14 years of age, the scheme-of courses is
as follows: - : : . S e

Cl:ms I ;\fitbméticnnd algebra to equations of the first degree in soveral unknowns

(3 hours). Plane geometry an'(} the beginning of solid geometry (3 hours). Geemaoy.

- ric drawing (2 hours). :

e Class 1. Algebra: Theory of indices, logarithms; .oquations of the second degree
(3 hours). Solid g ometry (2 hours).  Geometrie drawing (2 hours). _

’ Class ITL. Algebra: Progressions: compound interest. annuitics and applicationsto
insurance; determinants (33 hours).  Plancand aphericaltrigonometry (3 hours). Geod
metric drawing: with practical exercises (2 hours).

Class [V, A Ig‘cl{r;x: Binomial theorem; series; complex nuthbers; solution of equa-

« tions of higher degree; transcendental eqhations (2 hours). Analytic geometry (2 .
hours). Descriptive geometry and gcqnletri‘“dmw'irlg (4 holurs), . . !

Class V (1 femester). Elements of differential caleulus with simple applications to
geometry and physics (3 hours)f Analytic.geometry of three dimensions (3 hours).

. _Descriplivogeomctry nd drafting (4 hours), . . ~

At'the end of the gymnasium course a certificate of maturity is
awarded to those_ who pass written and oral examinations on the

,st;dios of the previous year or two years; The examiner is the

*

5 teacher, but the examination is conducted under the supervision of
. one of the various forms of commissiona” 'to be found in'the Cantons,
0% In nenrly.' all the examination rules, it is noticeable that greater

empphasis is laid on the display of intellectual maturity than-on range
of knowledge.” The “inaturity_.)-ulcs" of the gymhasium and Real
<l . . 50 - . \ . N

i
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c . ‘ _
school in Zurich state: “In mathematics and descriptive geomeotry
the pupil shall indicate any new problems or applications which sug-
gest themselves to him.” At the Realschule in Zurich the oral exami-
nation is conducted in a manner similar to an ordinary class. - The
inspector makes a choice of three subjects proposed to him by the
teacher. Some of the exanmnation themes during the years 1907-
1910 are as follows: Maclaurin’s series; the equation z = tan #; maxima
ahd minima problems in optics; el\otch of the applications of the idea
of the derivative; Huygens’s approximate construction for the recti-
fication of a mrolo probjems on geographic and geocentric-latitude;
analytic treatment of problems from Steiner's paper ¢ Ueber das
* Maximum’ and Minimum bei den Figuren;” curvature of conics}
perspective of circular cones; construction of sun dials.

All schools unite in the opinion that the grade in the certlﬁ(‘ate
of maturity shall not, in general, dopond upon the examination but

rather on tho performance of the pupil in regular classroom work.

. Y ."  HOCHSCHULEN."

Pupils- with appropriate certificates of maturity may be regularly
admitted to: (1) The Iidgenissische Technische Hochschule (Federal
Polytechnic School) in Zurich; (2¥ a cantonal Ecole d' Ingénieurs in
Lausanne; (3) seven universities. In all of these training in advanced
mnthematical work is given. o ’ ’

(1) The Polytechnic School, which is the only Swiss scholastic insti-
tution under the direct supervision of the Federal authorities, is one -
of the greatest institutions of its kind in the world. It is organized
into 11 sections, each with a course of 4 to 8 semesters. Most of
the students ,furn fo the engineering and chemistry sections. But
somewhat over.a score are in*the section of mathematics and physics,
“The wotk of this section,is supplemented by the gencral section, ono
‘part. of which is known as tho “Mnthomatlsch lmturwlssenschafthch-
technische Sektion.” ' . .

Scheme of lectures in the mathematics and physics section during the Jfirat three semesters.
A . . “ .

\ A ) N
. CLe : Lectures. | Exercises. [ Collogium, .
5, 2 _ - 0 .
1. Bemester (24 hours): P Hours.- Hours. - Hours,
Higher mathematies 1................. & 2
. Analytic geometiy.. . ] ST eeese

Descriptive ebme(n . .
Mathematical exercis 200g{ooono00c000d ® Y boocooooocos

2. Bemester (25 hours): . :
Higher mathematics I1.............. 900000800000000000
u:[mllmtionn of descriptive geome!n .
hemaucal exercisesr..........
....... . )

3. Bemuut (22 houre): *

Fligher mathemutlps'!ll
. Geomm\y of tion......... ‘.

scg:?uu e\erclaas -

Phydes(hent) ............... e eecooooeaed ‘

L od
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“topics such as: Quadratie:

" work in’a soction’ a diploma is given

largest number of students; Gencva came next.
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Some of the topics in Higher Mathematics 11-111 are the following:
Space curves, tangent, principal normal, and binormal, osculating
plane; ordinary differontial equatios: equations of the first and higher
order; linear equations of any order: systems of simultancous linear
differential equations; curvilimear integrals: Green’s formula and
harmonic functions: .conformal representation; Fourier's series: ele-
ments of calculus of variations. In analytic ‘qeometry:  Analytic
treatment of projectivity, cylinders, and cones of revolution, general
surface of second degree, foeal conics, goneration of ruled surfaces
by projective pencils. * In geometry of position: Projective forms of
the first, second, third, and fourth species. -

-From the fourth to the eighth semester {hore is no fixed program
of mathematical work, byt thq following courses are given periodi-
cally: Function theory, elliptic functions, algebraic equations, num-
ber theory, differential geometry, plano curves, algebraic surfaces.
During the Iast two vears, such instruction is supplemented by dis-
cussions in the mathemgtical seainary, and lectures on special

geometry. In’applied m.ﬁt'homntics\tho titles of some of the courses
given in recent yoars are: Partial differontinl equations of physics,
ceylindrical and spherical harmonies and their applications in.physics,
elactro-mechanics, thermodynamics, celestial mechanies, ast rophysies,
mZp making, theory of probabilities, mathematics of ihsuranco.

To able students who have assiduously applied themselves to the
ter successful exdmination,
The examination comprises three pa ' (a) The Vordiplompriifung,
on subjects of the courses of “the firs 0 semesters; (b) the Schluss-
diplomprilfung, on function”theory; synthetic and analytic treatment
of geometry, higher arithmetic and algebra, theoretic physics and

- astronomy; and (¢) the Diplomarbeit, or thesis. -

. At’the polytechnic school the niathematical stugent may proceed
to the doctor’s degree in the usual way.- Tho standard for the thesis
is high. o _ ,

. (2) L’Ecole d Ingénieurs, although part of the faculty of sciences
of the University of Lausanne, has a certain measure of autonomy.
The classwork (39-43 periods a week) of the first four semesters
includes about the same amount of mathematics as 1n the first threo

- semesters of the above-mentioned section in the Polytechnic. L'Ecole

gives diplomas in_civil, mechanic8l, electrical, and chemical engi-
neering. . s T :

(3) The Swiss Universities are situated at Bascl, Zurich, ‘Bern,
Geneva, Lausanme, Fribourg, dnd Neuchatel. In the winter semester
of 1913-14 Zurich and Bérn had the largest teaching staffs and the

r

v ¢

orms, theory of definite integrals, theory’
of transformation groups, axiom? of arithmetic and of gtometry, line -

Lo
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, Introductory leptures, &) course lectures, (¢) spécial lectures. The'
" introd ctory lectures consist of analgtic geometry of the plane and of
spaco 4 hours, 1 semester), and flifferential .an}g“mtegml calculus
» 2 semesters). These, andl some supplementary loctures on
ylzebrai
for takin up course lectures! suu}ents\\ho , though thoy may have the
certificaty ‘8fmaturity, are not a loquntulv prepared in mathematics.

The course lectyfes’ (n\nl of such/subjects as algebra, function theory,

elliptic fuhctions, #rdinary différential cquations, partial differential

oqlmtmns, lihear differential eguntions of mathematical physics, pro-

Jective ge metry, and -theofy of surfaces.” Tho program of the

special lect\fres is not fixed, but it includes lectures on elomontnry

geomotry and number tliedsy on account of their npplwatmn in
school instryction, and on caleulus of variations because nf its sjgnifi-
cance in ma hemntu-ul physies,

. Atténdan ‘on .course cctuges, special lectures, participation in

seminary exeicises and the preparation of a suitable thesis lead t.o
« the doctorgte in about dight semesters.

At the Uyiv ersity offBern there are also threosclasses ®f math-
enratical lectpires: (a) Eight or nine hours a week during four €mes-
ters in prep ration” ¢f candidates' for positions as teachers in the
higher primary sehogls, the so-called “*Sekundar-schulen’; () 12 or 14
hours weekly duris six semesters for future secongdary school toachers
and those who ‘arg¢ specializing in mathematics: (c), ftred loctures”
on such topics a thenrv of hypergeometric.series, selected chapters

from the theory of differentinl equations, non-Euclidean geometry,
caleulus of variations, and method of least squares. .

In the courses for teachers in the higher priniary schools, pracucal
geometry, plane and spherical trigonometry, descriptive geomotry,
analytic geometry, and calculus (2 hours, 2 semesters) are taken up.f

The subjects for the mathematical specialist and secondary school
teacher include: Definite integrals (6 semester Kours), differential
equations (4 semester houm), function theory (4 semester hours), .
theory of determinants (1 semester hour), analytic geo ometry of space
(3 semester hours), theory of higher. plune curves (3 semester hours), -
gamma functions (3 semester hours), and Fourier's series and mtegrals
(three semester hours). - 5 .

Exa.mlnauons for_secondary school teachers will bo referred to
later. The requlrements leading to tho doctorate are sun ilar to those v
in the other universities. -

At the University of Geneva the first two years may be ﬂpent in-
preparing for the baccalauréat 3s sciences mathématiques, which is
a sort of licence és sciences. The examination for this consnsté o’

s

v
$ Course lcctures are often taken simult ly with intréductory loctures.

¢ .

At\the university of Basel thm\ thpes of lectures are glven (a) \

analysis and descriptiv o/geometry, aré to prepare suitably *.

' |

- y .. - o R . . & , . o® ©o%0 . ‘, *
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. jective geometry, differential and integral  caleutus, mechanics,

. A o9 o 5 Q Q -
chemistry. &nd minkralogy. * The written examinatjons cover all of -
© the above-mentioned subjects except the last four, - -

/

4

“order; (e) caleulus of variations: (N introduction, to mathematical®

o

" two of the following subjects may be salected: (a) General methody g
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0 - .
.two parts, an oral and a written. The oral examination is gn func-
tions of a real variable, serics, theory of cquations, plane and solid
[ .. g Q .
andlytic . géaietry, descriptive geométry and the elements of pro-

astronomy, physics, physical gepgraphy and metearology, inorganie

In 1908 the university established the certificat d'aptitude a
Venseignement des seiences dans les ¢tablissements wecondaires su pericurs, .
A candidate for this certificate must (1) have the diploma of thie
“_bn('(‘fl‘i‘nuréut“ from the university; (2) speid four semésters in fur- >
ther stugly: at the university ;. and (3) finally show himself well versed
in six geademic studies: The examination consists of twa parts,
both of F\‘hi«'h may be tuken at once. The fisst part of the examina-
tion is o thesis on o theme selected) from the field of the major subject,

£ and two trial lessons related to the minors. The second part consists
of an oral exaniination in the threk subjects chospn.  The major and -
one minor are seleeted from  the \following: Infinitesimal analysis
wlgebra and  higher  greometry, hechanies, astrononay, . physios,
chemistry.  The third subjeet, or sheond minor, is, * the seienee of
“edlication,” unless the eandidate has Yhe certiicate of maturity from
the pedagogit section of the Eyndimsivyn in Geneva, or an oqui.\_‘nivm:
ecrtificate, when philosephy or vxlwrimvn!nl.dps_v«;hnlngy N substituted
for the sciente of eduenfion, o St

“In the oral examination some choice of subjects is possiblg, Ty

Infinitesinal Analysis two of the following subjects may be selected:
(@) Theory of analytic functions;” (0 theory of clliptic functions;
(©) differential equations: () Parfial differential equations of the first

.

phies (trigonometrie sc'ri(;s. Green's fornfula, ete)). In Algebra-and
Higher Geonietry the’examination eovers: (q) Theorg of equations,
equations solved by square roots, applications in freometry: tran-
scendence of ¢ and »; (B methods in sgeometry/ (¢) infinitesimal
geometry, ‘curves traced on surfaces,- applicalfle. surfaces, and
(d) one of the fullowing: (i) Theory of algebraic forms; linear trans-
formatins; invarinnts; geometrical applications; (i) notions on 1 L-
theory of distitution groups and its applications to the theory 'of
equutions; “(iii) projective geometry: principal properties ‘of conies
and quadrics;, study of some transformations: (iv) line geometry:
ruled surfaces; congruences and’ complexes of lines. In Mechanics

for integration of equations in mechanics; (b) kinegmaties and maching
“ery; (¢) hydrostatics and hydrodynamics; and (d) thicofy of ells}iéity;-
In Astronomy the examingtion is on practical gstapnomy and geodesy,
and either spherical or theoretical astronompy. = . K._ : ~

a . o v .0, O
’ '._4. v_, D \ .
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* Upoy sutnfactmn of the ‘usual n‘qum\mom tho univemity also
confers the degree doctorat s sciences mathépmatiques,

At the U un.vi'vzlu of Latisanne a student \\hn has pursued (‘ortmn
courses for, four’sémesters may present himself ay a candidate for the
Licence (‘4 seleneps nmlhémnuqmw pures.” The éxnminatibns for

+ this degree aro oril, writtyn. and practical.  The oral covers differen-
tal and’ ml/gml ealeulus; theofy of analytic functions: elliptic
functions; ahalylic geometry; deseriptive geometry: geometry of
Dosition;- runmml mechanjes; applied mjee hm(n\ 35 astrongmy; mathe-
magical plivgies: and selected chaptors frun\ nuuT\\ls. geometry,
and nna\?/t 1 mechanies, , - o N

- _ The Written examination censists . of lhn'o tests '.in aml]\"ils
m-mnvlr\, “and mechimies. - The pru(luul exanination is a g,mnwmc
dru\\l}fg (6|m,n\ 0. N

The Licenice & sci ienees physiques ot mathématiques is m veii under
simflar condiions. At the University of Lausanne the dowroo of
ddctorat ds-seienges is also conferéed. - )

/T have already referred to the wgeole uwérw ums’” mun,iovli*d with
l‘fnx‘\mlwr\lt\' : . ‘

According to the nrwmn/ulmu of lho Iun'«rwh/ of . Fribourg, the
~diploma Licence ¢z seieneps nmlhénmuquw is wwarded to- “tudents
whe have attended and havertaken part. T the j practieal exertises of a
Hochsehule, o not. less thanaeight semesters (two at least at Fri;
hourg), and have passed suegessfuil examinations infour subjects:
(@) Differentinl wiid integeal ealeulus, including the theory of defintte
integrals,of differentinl ‘equations, and. of differentigl g«-nmq-tr\ and
(5) anailytic and synthetie geometgy. The othér two subjects can be
ehosen from ¢,) function theory and d)) higher alecbra, or ¢,)expieri-
mental phv\n\ and analytic: mee hnlm 2y ur; expe rmwulul ph_\au:s

and mathematienl physies, ' 0
The _degree doctor phitozophiac nn(urnhs i3 _also mnfvrn-«l at- -
lunbouu" 'Y ST
’ ' SECONDARY- SCHOOL TEACHERS, B

h)r secondary school teachers in \\\H?ollnnd there are no ﬁxé:d
examinations similar to those for teae luJ\ in primary se iumk Nor'
-are there colleges for training such teachers, although, ‘as we have
seen, the U niversity of Geneva has. a pmln'rwzw department, - For
most-of the teachingspositions in the secondary schools (\huoli(‘hulvn)
the majority of the cantons demand thay | the eandidufe shu]l have.
completed w Hochschule course of four or five. years,  Such are the
_ demands, for (‘\tllllpl(‘, in the Canton of F ribourg where the Licenti-
L' atsdipléme is necessary, and in the Canton of (mnov»{ with its cerhﬁcat
d'aptitude & lrn«mgmmmt des seiences dans’les -établissements. secon- .
daires supérieurs. -"Thoese candidntes with a record of but two years
in a Hochse huk' can, u~u.ll‘\, ufly bo—nppmnlod as’ tou('hoN in the .

«
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" lower classes of the better secondary schools. - As .an exception,
however, according to a law of 1908 for the Canton Vaud, the licence -
certificate,  which a candidate may secure after two years at the
University of Lausanne, is the only necessary preparation for g .
teacher in the Secondary schools. . Students with a_diploma from the
Ecole d’Ingénicurs with its two-year mathematical course are also
in demiand. . : .

Several Cantons prefer that prospective ‘teschers who have com-
pleted théir studies shall have been engaged for several semesters as
assistants-in the Technische Hochschule; others prefer candidates
'who either before or after university studies have taught in one of
the lower.school grades. And still others have recently made some
appointments to mathematical positions in Realschulen, of candidates
holding engineering diplomas; nét so much because of the lack of
well-trained ‘mathematical teachers as on account of the.desire to
emphasize, in the instruction, the applications of inathehatics. But
whatever the basis may be upon-which the selection of secondary
teachers is made, the standard is sure to be of a high order of its kind.

At this place further comment should be made with regard to work
at the University of Bern. * We have noted the six semester course
for the oral and written Patentprifungen von Kandidaten des hoheren

~ Lehramts. * According to regulations of 1907-191 1, the corresponding
- diploma entitles men to give instruction in the higher classes of the
gymnagia. This diploma implies that the possessor has had, in
addition to class instruction in-mathematics and pedagogy, at least
four weeks of practical experience in listening, or giving instruction
“to higher classes in the gymnasia. .

For more .than ‘a decade past the Verein Schweizerischer Mathe-
matiklehrer (Société suisse des professeurs des mathématiques) has been
a source of inspiration to teachers through the opportunities which it
offers’ both for social intefcourse and exchange of jdeas, and for
methodic organization leading to advances, in instruction of the |
science. The feeling is very general among members of this organi-
zation that the preparation of secondary school teachers should
always include adoquate professional training by means of courses
in psychology and pedagogy at the university, for example, and by
means of actual teaching in schools, _ 2 oo

As to the remuneration of secondary school teachers, in the Canton
of Zurich in 1900 the salaries ranged ‘from about $780 to about °
$1,460. The head (raktor) of the secondary school is chosen from the

.. stafl. He serves for a period of threc years and may be reelected.
" In Bern the ordinary. teacher (25-31 ‘hours a week) would recejve"
~ about $750." Increases in salary, amounting to about $60 each are
-+ made at the end of 4,'8, and 12 yeuars of service. ’ :

r
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The remgo of pensions for secondary schools in Zurich, in 1893, was
from $200 to $600 annually. . More recent information is not available.
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- XVIIL THE UNITED STATES.!

Like Germany and other federated States, the United States has
no national system of education. It is, however, a notable fact that
the educational systems in the 48 States and Comfnomyonlths of the
country are all constructed on the same general lines, and that the-

differences, although of local importance, gre of a minor character
when the systems are viewed as a whole. .

* In each State one finds that the pupil normally- passes in order
through: (1) The kindergarten, where the pupils are from 3 to 5 yeans
of age;? (2) the clementary school, which has an cight-year course «
for pupils 6 to 13 years of age; (3) the secondary school or high school,
with a four-year course for pupils of 14 to 17 years; (4) the collego
- or irist'it.ution of collegiate rank, for students from 18 to 21 ; and then
on.to (5) the university or institution of university rank. , :

The Amierican secondary school, unlike similar schools in Europe,
takes thespupils at 14, on the completion of am, elementary course
‘covering 8 years. This is due in part to the carlier establishment of
elementary schools which aimed to give a peneral education extend-

~ ing in fome-cases to 9 or even 10 years. High schools are now very
important establishments in the educational system gf the country,
and the increase in their number in recent years is enormous. In

* » 1910-11 the number of ““accredited secondary schools” in the United
States was 12,213. In 1913-14 this number had increased to 13,7143
By an “accredited secondary school” is meant one— '

-which is equipped to prepare students for colleges requiring at least. 14 units * for

unconditionsl admission and which has been investigated and approved for this

- purpose by one of the following agencies: A State officer of education, a university or

-callege inspector or committee on admissions, or an oflicer or committoe of an accred-
iting a.ssociat‘ion.‘ 2 c &

"This standard imposess€light restrictions on the latitude of the

. program of study, so that it is quite impossible to indicate a program

- in any wisg representative for even a large proportion of high schools

in the country. But it may be worth while to give (1) a single pro-

"N As different phases of mathematical instruction and its problems in the Cnito.! States have already
receive:l detailed treatment in reports of the International Commission on tho Tenching of Mathematics
. published by the Bureau of Education, this4keteh is adde:l malnly for the sako of completeness. It is

intended merely to hasizq some o ling features and to give supplementary information. . .
? Here and 1n what follows I shall assume that the normal lower limits of age at the beginning of each
_year are considlered. 0 v . )

38. P. Capen, Accredited Secondary Schools (Bu. of Edue., Bul., 1916, No.-20); Washington, 1916, p. 7.
" 4“A unit represénts a year's study in any. subject in a second hool, .cabstituting approximately a
quarter of a full year's work.” This statement takes—(1) the four- high-s¢hool course as a hasis and
" mssumes that{3) the length of the school year is from 36 to 40 weeks: that (3) a period is from 40 to 80 mlmiles’

Inléngth? and that (4) the stuily is pursue) four or five peidois o weok. ]
- 18, P, Cgpen, chndu_d Secondary Sdooh. (Bu. of Edue., Bul,, 1916, No 20), ‘Washington, 1916, p. 7.
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gram, and this of a well-known school founded over 270 years ago;
and (2) illustrations of the variations of accrediting ﬁgencles These .
illustrations roughly indicate the relative importance in which sub-'
jects are regarded by large groups of schools. -~ =
(1) The program selected is that (without Greek) of the Roxhury
Latin school in 1915-16. The course of study there is designed to
“afford training for boys between the ages of about 12 and 18 and to
qualify those who complete it to enter Harvard College, or other
colleges “or scientific'schools, like the Instituge of Technology The .~
entering students are’in the sixth class, those giaduating in the first.
The work covered in the fourth; third, second, and first classes ig that’
which corresponds to the t yplcnl’hlgh-school course. The: numbers
in the different columm are class periods of 40 to 45 minutes.

< Claaspemds in the Roxbury Latin School, 1915-16. -
oy SR Tt
o 9| o 3 o= Y
subgects. | Staen | piten | Foursn | Fageu-FoeomrFRT Total. | ey’
Jects. { class., | elass~3 TS, | class. | class, | class. - ‘:'s",
180 | ; ] 137
190 ¢ L8[ 203
84| 150
570 0.8
342 5.9
39 .7
76 1.3
2% 3.9
2 3.9
76 1.3
152 2'6
26 4.6
342 5.9
2 3.9
6 1.3
152 2.6
152 2.6
(] 7
5,808 | 100.0

(2) Tho range of work accopmd by accm(htmg Aagencies is shown
by the following.illustrations:

(a),The College Entranco Examination Boar(l recognizes tho fol-
lowmg subjocts as permissible in a stamlard lngh-school courso:? .

- o _Units. 4 o . .~ Upits.s
English, up oo00000000000a0e P 3 | Spanish.. ..., 2
Mathematics®...................... 4 | Mistory. .. ... ... ... ........ T4
latin.............oLL. s 4 | Science.... ...l e, 6
Greek... .3 Drawmg.............. .............. 1
French. -4 | Music........... 000006000008 4000000 2
German 4 : : .o

3 For 8 discussion of entrance to collego by examination see ¢ Pmmlmuom in mathcmatics ruhn than.
‘INoge set by the teacher for his own classes.” International (‘ommln(on on the 'l‘eacmng of Unmmtles.
(Bu. of Edue., Bul., 1911, No.8.) Washington, 1911. ) . . o
. $Quinquennial mtnfogue Roxbury Latin Schag1915-16. X .
0 3College Entrance Examinatiori Roard. D ént 68, New Yorlr nec 1, 1914, pp 11-12. '
‘¢ In each case the number ofunits given is the ma‘lmum number whlch can be taken inthe cormpondh:;
subject. In mathematics credit may be obtalned for any number of half units upto nine.
_ $Three qut fal vol of “F, ination Questions in Matheniatics” of this board have been s
published ln Boston. Onc v ofume is for the perlod 1901-1905, another for mo-mo the third lot 1011-1915. o

o

ERIC

Aruitex: provided by Eric



o

ERIC

Aruitex: provided by Eric

. ﬁ _ N
202 TEACHERS OF MATHEMATICS FOR SECONDARY SCHOOLS. - 4

- () In contrast to thise8chedule there are State uxiivexsitiesj‘/nd
privately endowed institutions, like Leland Stanford Junior Univer-

sity, which permit a wide range of clectives. The University of
Minnesota, for oxample,' accepts the following:

. : 5 g Units.? . ‘- ' - Units}
-English....... £OOBB0CAEE0D00G0GAG 3 —4 | Vocational'subjects (matle up of the
Mathematics. .. .. 0806 8E5a038000 2 -3% “following)................... 4
Latin.........0............... 24 Business arithmetic............. 3
Greek...........o..ooooiiil L. 2 | * Business law..... e, 4
French..........0............... 14 Bookkeeping................... 1-2
German................, i N 14 Stenography afd typewriting... 1 -2.
Spanish....... Go090000006 00000000 14 Frechand drawing. .. ........., 2
Scandinavian.................... 14 Mechanical drawing............ 2
Iistory and social science ... .. .. .. 3-7 Shopwork ..................... 2
Natural science................. }6 Modeling and wood carving..... 1

- . Agriculture...................... 14 Domestic art and science, upto.. 4

Normal training subjects. .. ...... 1-3 0 .

(¢) Finally, it may be of interest to give a composite picturo of
class work in the 15 States of the North Central Association (Colorado,
Hlinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Mon-
tana, Nebraska, N prtTl Dakota, Ohio, Oklahoma, South Dakota, and
Wisconsin). The percentage of units given in the diffgrent subjects
of the high schools of these Statesin 1913-14 was as follows: * English

*(13.1), Latin (11.5), history {9.5), commercial (9.2),, German (8.5),

algobra (5.2), goometry (4.8), manual training (4.7), physics (3.3),
domestic science (3), chemistry (2.6), cooking (2.5), drawing (2.5),
sewing (2.4), normal subjects (2.4), agricultura (2.0), botany (2.0),
French (1.7), physical geography (1.7), music (1.6), civies, (1.5), physi<

- ology (1.2), zoology (0.9), education (0.8), other subjects (1.4). . -

- After g:o‘m_g,l,éting his high-school course our future teacher in ont
of the secondary schools must of necessity take a collego course.
There are upward of 800 so-called ‘““colleges’’ and “universitios” in
the United States, but' many of those are really secondary schools,
In 1908-9 there were only 261 colleges which had 100 collegiate
students enrolled in the four regular colleg‘e.claésos, or which had an
endownient to the gmount of $100,000.4 There are ahout 40 endowed
and 40 State universities® in the United States. The studeént who
wishes to go to ono of the chief university mathematical conters would

1 Tlustration given by Capen (/. ¢.). o
" $1In each case the number of units given is the maximum number which can be taken in the.corre
sponding subject. R - : ’ o
© 9Q.8.Counts, A Study of the Colleges and Iligh Schools in the North Central Association. (Bu. of Educ.. N
Bul., 1915, No. 6.) ‘Washington, 1915, p: 116. Soe also the association’s “Investigation into the status of
the teaching of almost allsubjocts appearing in the secondary schools, programs of study,” by L. V. Koos:

The Admini of Secondary-School Units, Supplementary Eduéatloml‘ Mounographs, University of
_Chieago, vol. 1, No. 3, July, 1917, . ] Sog0" o0 : - :
4 Motiros's Cyclopedia of Education, vol. 2, p. " oo

- $There are also about 50 State colleges. Boo Statittics of State Universitics and Stage cwam'(_an. o

. Educ,;Bul,, 1917, Nb. 65), Washington, 1918, p

- o - .

: o . ’ . ) . ¢ o ..
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pmbablv select one of tho following: Harvard Chicago, Illmons :
Princoton, or Columbia.

The college course leads to the degree of A. B., Sc. B., Litt. B
Ph. B., or some other dogree of similar rank, but t )o title- alono does
not convey a very deﬁmte idea of acluevoment !

As to work londmg to the dogree of A. B., some colloges do not
require any courses in mathematics; others. requira lnghor algobra,
solid goometry, plane and sphorical trigonometry, plane and solid
analytic geomotry, calculus and differential oquatlons But the
normal requirement 4s a three-hour semester course in each’ of the
subjects: (1) Higher'algebra, or (2) solid geomotry, and (3) plane
trigonometry.? If our undergraduate student wishes to proceed in
mathematics beyond the required work, the opportunities for doing
so vary widely with different collogos In one none but roquxrcd
courses in mathematics aro offered; in another so many courses in
mathematics are offered that under the “eclective syetom” there in
vogue it woyld be possible for the student to olect the major part .
of the courses he takes for his degree from those given by the depart-
mont of mathematics. S . 7 .

THE TRAINI&G-OF TEACHERS FOR SECONDARY SCHOOLS.

-

But before going intd this question moro partxculnrly let us con-
sider how s student who is taking a college course may dcﬁmtoly
prepare himself to bo a high-school teacher. To get a broad view
of the question, we should recall the *“joint recommendatlons of the
committee of seventeen on the professional proparation of hlgh-school
teachers,” adopted by the National Education Association,

The committee on the preparation of high-school teachers recomimend: - .
L. That the academic preparation include the following elementa: N
A. A detailed and specialized'study of the'subjects to be taught. "The program -
c of studies selected by each student should include work in subjects out-
side of those in which he is making special preparation, sufficient to give
some insight into different fields of knowledge and to avoxd the dangers
of overspecialization.

B.One or more subjects from a group mcludmg hxatory. economics, and
sociology, which will give the feucher & proper outlook upon the social
aspects of education. .

C. A course in general psychology and at least one from a graup ot subjects ¢
including history of philossphy, logic, and ethics, which will give the |
teacher a proper outlook upon educatnon ,88 the development of the

mdxvxdual 4 .
.. 'In19n1 the Buresau of Fducation published an Intemtlng Ulauiﬂmllon of Uniuwersities and Golleges with
’ ke/mnce {0 Bachelor's # Degrees, The author, Dr, K. €. Bab , & specialist in the. b , divided - the

tnstitutions into four classes, The first and highest class he defined as “Institutions wbon gradustes
would ordlmrny bogble to take master’s degree st any of the larger graduate schools in one year after
recelving their boehelor'a dégres, without pebessarily dolng more than the amount of work regularly pro-
scribed. for such bighier degree.” In the Arst class were only 15 State and 4 tudowed and private institu-
tions, Beealso Rep. of U. B, Commis, of Educ. for lou, vol. 1, Washington, 1015, p. 168

’Compm Undergraduate Work in Mathematics in Collegen of lenaum and Universities ¥ International
Commission on the Teaching of Mathematics, (Bu. of Educ., Bii,, 1011, No.7.)’ wnﬁigm, 1911,
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" 1Glven on p. 538, Proc. Nat, Ed. Assoc., 1907, . SE

. N

II. That definite study be given to'each of the following subjects, either in separate
courses or in such conthinations as convenience or necessity demands:

A'n istory of education,

1. History of general education. .
2. History of secondary education,
. B. Educational psychology with emphaste on adolescence. ) :

C. The principles of education, including the study of eduncational ajms, -

. values, and processes.  (ourses in general method ‘are included under this

heading. - N : g
D. Special methods in the secondary-school subjects that the students expect
to teach. . . .

E. Orgavization and management of schools and school systergs.

F. School hygicne. A > ‘ .

‘I1. That opportunity for observation and practice teaching with eecondary pupils
be given. ’ : 3
“The committee recognizes the difficulties involved in this recommendation,

. but helieves that they ‘are not insurmountable. Each of the following plans
has proved successful in some instinces: . ]

A, The maintenance of a school of secondary-school grade that may be used

for observation and practice. R
~ B. Afiiliation with publi¢ or pri\'@igh achools so situated geographically
. that practice teaching can be done without interfering with other work of *
the college course. ‘ . :
In addition to the alove. the committee sugeests that where competent
critical supervision is possible. cadet teaching, in schools more remotely »
situated. may be attempted. In such cases. a teacher s diploma might he
granted after a year's successful work as a cddet teacher.

IV. That the minimum requirement for a‘secondary-school teacher be graduation
from a college maintaining a four-year couree and requiring four years of high-
school work for admission, or from an institution having equivalent requirements
for admission and giving equivalent academic echolarship. .

A year of graduate work divided between academic and professional subjects’
is desirable. Discussions of the relative value of college and normal schools for
secondary-school teachers are to be found in the referenices below.! .

V. That the study of subjects mentioned under II be distributed through the las
two years of the college Course. . 0 ° .

The proportional smount of time given to these subjects will vary with local
conditions, but an irreducible’ minimum is one-eighth of the college course.
They should he preceded or accompanied by the subjects mentioned in I B, (",
Recommpndations as to the amount of time given to part((-uhr courses will be

found in“several of .the accompanying papers.” v

Al a
It will now be illuminating to consider-in detail a definite schemo
involving practice teaching in a manner which has won high phaiso
from prominent authorities in recent writings.® I refer to thé pioncor
system at Brown University, in Providence, R. I., where it has boen
in operation for over 20 years. The fundamoental principles of tho

_ $8ee the'report in Proc. Nat. Ed. Assoc., 1907, pp. 521-668., :

37, F. Brown, Thetraining of leachcrs for secondary schools in G ermany and the United States, New York
1911, p. 42, W. 8. Learned, The Oberichrer, A study of the social and professipnal ctnlution of the German
schoolmaster, (ilarvatdSiudies in Education, VoL 1), Cambridge, Mass., 1914, p. 1311, -
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oo . . ,
scliomo which has been advocated as worthy of wide acceptance have-
beon simmarized by Prof. Jacobs as follows:!" C

1. Practico teaching should be.apen only to graduate students;-that is, students
who hold a bachelor’s degree. This.rule is‘inflexible and has never been broken.
Brown University looks, askance upon the cust u which has developed of including
practice teaching and extended professional preparation as a part of the four years'
work for the first college degree dnd Tegards it as a lowering of standards. It.holds
that a fifth year of college work is no«fq&mry to the proper preparation of secondary-
school teachers. . : %

2. Practice teaching should be under aitnal schoolroom conditions. Hence, Brown
Univenity uses for its practice teaching thg public and private secondary achools of
the city of Providence and neighboring citid and towns. ’ . I

3. Practice teaching should include the continuous instruction and control of a
class for a long period. At Brown University the amount qf practice teaching
required varies from a minimum of 5-periods a week to 15 periods a week for one year.
Student teachers teach very few classes, but they teach them continuously for a
scmester or a year. After many trials it has been found liest to limit the student
teachers to one or two subjecta. To give a few sporadic lessons before a class is one
thing; to teach a subjoct coiitinuously is quite another matter. \ '

1. Practice teaching must-be under the continuous direct or indirect supervision
of an experienced teacher who knows the school, the class, and the detailed progress
of the subject tanght. Hence, all supervising teachers at Brown University are
sclected from the experienced teachers of the schools.  Each student teacher has one
supervising teacher, and each suporvising teacher one student teacher, The work
is strioNg individual. - o : . C

5. Practice teaching must he closely correlated with the university work. At
Brown University supervising teachers are selected by the ugiversity and paid a.
small remuneration. Each student teacher ig visited once a week by the profeseor
in charge of the practice teaching, and privite conferences are held. Heo also meets
once a week in a general conference all the student teachers. Plam-bookg for the past,
week are presented and discussed and later returned to the stident teachers. . Student
teachers are at the same time pursuing other courses—(1) in education, a course in \
sccondary education and a seminary in current educational problems, and (2) in \
departments allied with the subjects they are teaching. . )

Student teachers who teach more than-five periods a week usually receive some
remuncration for their work from the achool. In the case of the city of Providence
this is provided for by an agreement between the university and the city of Provi-
dence.  In other cases it is arranged as the caqes arise.  Student teachers who have
ehown themselves cfficient are assigned other classes under supervigion. For this
work they receive remuneration. The work tlien becomes closely similar to what
is known as ‘‘part-time werk” in vocational education. The work at Brown Vni-
versity, however, long antédates the vorational *“part-time work.” * > 3

Graduate students who are admitted to the practice teaching at Brown University
usually have taken as undergraduates four. semester courses in education. These
courses are: History of education, principles of .education, educational psychology,
and gencral method. - In the last course- there is some systematic work in observa-
tion and some teaching of the class by members of the.class. _For this last purpose - .
the class is dii'ided;into scctlons of ‘about 10 each. The student, then, who is ad- -
mitted to the graduate practice teaching, is not & mere novice, but one who -lias

+already had some expefience. "~ . . - : o
6. The last principle is one which is fundamental and appears in all of the work. -
Pragtice teaching must not be an injury to the aclicol or to the pupil, but rather a

. S . " V8chool and Society, Apr. 8, 1916; vol, 3, p. 334,
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. and determinants. ’ - C

4. In the teachers’ course in elemeittary geometry the student is taught: -
%2, Methods for attacking Euclidean problems; discussions of famous 3

S

*i- psycholo, ferred to above. * For the A. B. degree they are required

&, furtier Fpthemat | work, suclp'as {1) the .
%) entialf;qu‘jions; the gix- urse in“theory of functions of a

206' TEACHERS .OF MA}'HEMAT'ICS 'FOR SECONDARY SCHOOLS. !

benefit. Hence the student teacher i3 called upon freely to assist the Bupervising
teacher or the principal of the school in doing a limited amount of clerical work, y
work with individual pupils, or other work which can be assigned with profit to the-
student teacher and to the school alike, The student teacher becomes, to all intents .
and purposes, a part of the school staff, subject to regulations as other teachers and
working as the other teachers are, in harmony with the general purposes and spirit
of the schogl. The work of the student teacher is frequently superior to that of many
of the regular teachers. He has more time for Ppreparation and individual work
with pupils and frequently more enthusiasry, .
But, quite apart from these general r;lquiren'wqts for all teathers,
the department of mathematics at. Brown University lays ‘down a
minimum course of study which it requirbs students who are pros- *
‘pectivo teachers of mathematics to take if they wish the backing of
the department. in starting on their careers. In outline the course
18 43 follows; Plane trigonometry (3 semgpster hours), higher algebra
(3), solid geometry (3), plane analytic geometry (4), differential and -
integral calculus «(8), teachers’ course in algebra (6), andteachers’
" course in geométry (6). The-teaghers’ course ‘in algebra constitutes
- an introduction to seme of the concepts of modem analysis. Among
the topids tréated are: The number system- with special reference to
Jdrrational nufnbem, limits, infinite seri&, the fundamental operations, .

.~

4

”
'l}:pro lems; the existence of transcendental numbers and the proofs of .
#ghe transcendence of ¢ and *; means of rigorous di_scussion of the more
cate and difficult parts of the subject, such as the systems of
a 8; sométhing about (a) the history and literatu.re of clemeritary
geoﬁtry; (b) the most impo'rtan_t French, German, and Italian texts;
and @mon-Euclidea‘n geormetry. ’ .
The '%don&s are also urged to take a yeareach (three hours a week)
in physi@and chemistry, in addition to the courses in education and

3 to."'fpke, alsgpd2 hours in rhetoric, composition, and English litdra-
7 6 hou European history; 6 hours in &tonomics and either

Lpr po]:%.science. - Other courses are elogtive, . - .
\ts prepaging to teach i&‘s‘euqndary' chools constantly elect,
éo-hour course in differ-
real variable (text,"irst parf: oL % edrick’s Mathematical
Analysip); (3%4he six-hour cogrigiin functions.of g complex variable
Y. - Burkhagdt-Rysors, u‘r_ork); "(4) six-hour course

(text, Ferponts ; r ;
in' differential gaamet oursat-Hedrick’s work .

F',/

L“
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in- tangential coordinates (French ‘text by Papelier); (8) three-hour
course in algebra (German text by Weber, Band 1). _ .

In the United States, as in Germany, the general courses in colleges
and universities have exerted more potent influences in molding teach-.
ers of secondary schools than any courses in professional training.
All the better secondary schools now require that newly appointed
‘teachers shall be college graduates. Morcover, the ideals embodied
in the roport of the committee of seventeen are rapidly becoming gen-
¢rally accepted -and have led to yet higher standards on the part of
many schools of the best type. © )

From the Atlantic to the Pacific there is constant development, of
schools of education, gnd the greatest in"flie country gre associated
with, or integral parts of, universities. ' Perhaps the School of Peda-
gogy of New York University, Teachers College of Columbia’ Univer-
sity,' and the School of Education at the University of Chicago are
the most prominent—the last two being the only schools of the type
organized for research ‘work in the teaching and history.of mathe-

_

t

pd

maticg leading to the degrees of A. M. and Ph. D. .
Another great source of benefit and training to secondary-school
teachers is the opportunity offered by the recent uaparalleled devel-
opment of summer schools. In 1913, in a group of 29 university
* summer schools, 282 courses of the character of professional courses
in education were offercd.? Such courses are pspecially -valuable in
inspiring those teachers who desire to continue their studies during
vacations. . A o ¢ . :
The enormous increase in the number of high scheols during the
past 20 years makes'the problem of training toachers for them a
sériou$ onc. Whilc the State normal schools * throughout the coun-
try deal effectively with the problem of preparing teachers for ele-
- mentary schools, the training of high-school teachers is a small part
of the work of a few of .the schools. In no case can this fraining be '
considered adequate from the poin{ of view of the standard set by -
the ‘‘Committee of Seventeen.” But apart from normal schools,
although ~in practice this standard is fully maintained in such a
State as Rhode Island, for example, there and in every other State
except California the legal requirements for certification of high-
“school teachers are not commensyrate with that standard.¢

v

. f

" '.l"o Teachers College, Columbis University, was changed into s pdfduste school in 1914,
3 ftep, of U. 8. Commis. of Educ. for 1913. Washington, 1914, vol. 1, pp. 545-851.
o 1Btatements made in this connection are based upon Ch. XII in Problems involved in standardiring Stete
~ -Notmal Schools, by C. H: Judd and 8. C. Parker. (Bu. of Educ., Byl., 1916, No.12.)° Wiashington, 1916, .
L\ ,' ¢ For full detalls on * The Certification of American Teachers,” see p -2350f The Trainingof Teachers . -
[* * for Secondary Schools in Germany and the United Stales, by J. F. Brodh. New York, 1911, : T

' . 101179°—18—14'
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As to the "tnuvlblo rowardq which form an attraction to the
high-school teacher we are able to give some statistios”but recently
aceumulated and_published.!

he salaries for nien and women in city high schools range about
as follows: .
1. In cities haring more than 250,000 mhabrlanls 3

lMlnlmux:l l.\lnximnm. Averave,

Principa $1,7m $5,0m) £3, M5
Vive priwi al 1.0 2.8\ , 22164
Head oldqwlmrm 1,20 00 1 Wil
Teacher 50 3,1.‘1\‘ 1,70

555G : 0

. In cities lnn g 5,000 rm/iﬁ ee then m 00 \nhalnhmn 4

- “ hlmunnm \h\mmm ; Avempe

Principal 360 $2,90 u..m
Head of drpmmn-m T 1,8% Y
Teacher.......... ... 100 , 31, NK0 ‘ T

e ittt o & e e e e e, R e s S e ———— e

“Cities with a population of'more than 230,000,

San Franciseo: New York:

Principil. . A 500aa0 $3.0n0- 1, 20 l Principat Si,l.';(r”,&ll
Vice pringipal... . . . . M0 f Teacher. . . W= 3, L0
Meadoooooo o0 0 2,000 ' Roston: .

. Teactier. .. ... © ao0o00 poaae 1500~ 1680 Principal. ... ... Qoon 80000060 2,544~ 3,924

Chicago: . Neasd . 2,090 34,
Principal..... .. .0 3.0m 3.600 Teaches. che o LNO- 3,000
Viee principal... L 2,100~ 2,600 | v
Teacher....... % S0000000000 eee LU00- 2,600 4

~Cites-icith a population less rlzan 250,000,

Alhany: Oalilnlnl: .
Princlpat... ... .. $3,00 CPrinedpal.ooo $7,000-83, %00
Head....... .. ... Sl N0- 2,0 Vice principal . . i2,

Teacher. . . ! N T (M) Teacher............ . 1,3%0- 2,100

Providence: o . [

. Principal. ... ... 3,000 | .
Vioe principmt. . .. . 2,00 o
Teac.hcr .......................... 850~ 2,20
Cities with a population of less than 100,000 but greater than 50,000.
Bpringfield: - Troy:
Y Prlncirml l’rlnciml
Head

Vie prineipal,

Cities with a population of leu than 50, 000 but greater than 2 25,000.

Ban Diego:’ . . Salem: | |
Principal........ . $2, 700 Prineipal
Vioe principal . 2,28 ’I‘_oa(her._.... 000000
“Teacher....... $1; 416- 2, 004
v The Tasgible lQnrrml: nf Tu:rhlm A detailed Statement of Snlmm ‘patd to the :tmnl Clmeb] Teachers
and School Officers. (Bu. o Edue., Bul., 914, No. 16) Washington, l!m m
LI o ¥ . o

(
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» In_the 15 States of the North Central .‘\mocmtlon ulready referred
to. G. S. Counts glvos the followi mg table of median salaries for cities N

of different sizes:! S 7
)leo\an ‘salaries'in 15 cities. : ,

Under | 2,501 | 5000~ | 2501- [10.001- | 15.001- | 008 =

2,50. | 5000 | 7.500. | 10,000, 15,00, | 30,000, | and | Total.

. B -

Median salary for superintendents. $1,828 | 81,75 $1,950 | §2,000 | §2, 290 'n,:m £2,700 |* §1,R21
Median mlarv for {Annrimls 1,08 | 1,140 ) 12,202 1,445] 1,587} 2,005 | 3,014 1,338
Median aluy lor teachers. m 963 b 881 08 90} 1,1 o9 -

The first rystem of teachers’ pensions to be established in the United qmu‘sap
to be that of Chicago, which was inaugurated in 1893. By the year 1900 nine P‘K‘
eystems had been founded. By 1910 there were 25 more.  Nearly half (31) of alh
of the systems, however, have come into.existence since 1910. * * * Thero are »
now State-wide ‘pension systems for feachers in 22 States.  There are local syatems
in 10 more.  Thus more than half of the States are represented in the movement.?

The 65 pension systems gre generally administered by special boards, in which the
teachers constitute a majority. Provision is as a rule ‘made for retirement on the
basis of service gnd disability, but tiwually only for teachers entering the service
after the establishment of the system.  Funds are in most cases provided by teachers’
amtributions and by public |ppmpn:\lmn in approximately Pqunl amounts, but the

*funds arranged for .u'o freqm-nll\ insufficiert to pay the pengions thnt have been
pmmlm'd . : N

In all the systems retirement is on the basis of from 20 (o 40 years'
service, most frequently 80 years.  Teachers conlrnl%ulu to the funds
in four-fifths of the systems, most frequently Isor 14 or 2 per cent
of their salaties. The representative salary (the median, aveages
ranging from $307 to $1,197) of the teachers in #1 systems reporting
i 3665 a year. The representative pension in these systems (60
reporting) is $500 a year (lho median of ‘averages ranging from $181
o $1,050).

For full information regardilg systems of teachers’ pensions the
reader should consult the seventh, eighth, ninth, tenth, eleventh,
and twelfth reports of the (‘arrqgne Foundation, and the bullotm by
R) an and King?

4 Study of the Collrges and High Schools in the North Central Association (Bu. of Educ., Bul., 1915,
No.6), Washington, 1915, p. 67.

* This paragraph and the factd which follow are taken from the admirable "Summnr) ol Teachers’
Pensions Systems” in the Tenth Awnual Report of the Carnegie Foundation for the Advancement of
Teaching. New Yark, Oct., 1915, pp. 1-102. In organizing the pension systems no distinctlon has
heén made between elementary and secondary.teachers.

IW. C. Ryan and R. King, State Penision Systems for Public-School Tcuchrn Prepared !or the com-
nijttee on teachers’ salaries, pensions, and tenure, of the National Education Association. (Bu of Educ.,
Bul,, 1916, No. 14). Washington, 1916. 46 pp..

Blbllmmph),pp -26. T)picnl peasion and mlnmem lnws, pp 2‘-&!
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. N:; consideration of the various forces which influence and- tend !
” to raise the standards for the #aining of teachers ig the United States

would be complete without: reference to the exchange of teachers.
between Prussia and the United Stat¥ . In response :to a‘réquest ;
from the Prussian minister of -cducation the trustees“of the Carnoegie
Fbundation for the Advancement “of Teaching . voted in 1907 1o

- authorize the president of the foundation to actyas the ageney in

America for an exchange of teachers of ‘English between the United
States and Prussia. Since. that time about 40 of our college and
high-school teachers drawn-from msoro than a gcore of States have
been cordially received in. Prussian secondary schools, *and a like
number of Prussian Qberlehrer sept to us were located in college,
'univ_'(-mity.\a\cademy. and high' school: . Several of our teachers sent
over' wére teachers of mathematics, one of them being a college
professor. '\ e g '
The advantyges, direct and indirect, accruing from the exchange

have been xery great, and more general acquaintance w'\th\the ofli- |

ciency and-worth of Germany's sywtem of secondary cducation will
surely o a source of weighty influence for progressive reform in this

country.! ’ .
. ‘\
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@ A Comparative S’r'uly f the Salaries of Teachers and School Officers.  (Bur. of Edue.,

Bul,, 1915, No. 31), Washington, 1915,

" R.C.BROOKS, National FEducation Association:. Iftpor! of the Commitiee on é‘rdthen'

. Salaries and Coat of Living. Ann Arbor, 1913: 20+ 328 pp.
1 For detalls concerning the exchange of teachers between l}ﬁ;uh and the-Unitad States, the Mllowing

. ¥ of the foundation 1d be consulted: (1) 4 Plan for gn Exchange of Teackers between Prussia -
ond the Uniied Siates, 1908; (3) Annus! Reports, 3 to 8, inclusive, - :
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. ' XIX. SUMMARY AND COMPARATIVE - REMARKS,

L4

A summary of some of the principal facts in connection with the
training of teachers for secondary schools ag well as comment,
- mdinly of a comparative naturs, is given in the following paragraphs.
All statements should be considered in the light of the fuller discus-
sion in earlier pages. LA
I, Australia.—The standards for the training of secondary teachers
in VRtoria and New South Wales are those to which all States of the
Commonwealth are' approaching.. In the Teachers’ College and .
University at Melbourne, Victoria, the usual eburse of traifling lasts
four years—three. years to obtain the B. A. of B. Se. degree and one
.year of special". professional training. The professional training
includes (1) attendance at lectures in the university on theory of
education with special reference to the method of teaching the various
subjects; and (2) 120 hours of teaching under supervision in primary
and secondary schools. , In New South. Wales similar requirements
. of at least four years of training after leaving the high school are
- maintained. - Professional work is taken up after graduation from
the university. This consists in part (1) of study in philosophy, edu-
cation, principles of teaching, and.school hygiene; (2) of continuous
- . practice teaching (8-10 hours a week). In neither Victoria nor
New South Wales is it necessary that the teacher shall have had
special courses in mathematics in the university. On the oiher
« - hand the better schools prefer graduates with “honors” in matho-
matics. ~ = -
"II. ‘Austria.—To a certain extent the provisions for the training of
secondary school teachers and the conditions under which they work
- are similar to those prevailing in Germany: - '
~ The training required for candidates as teachers in the Austrian
Gymnasium and Realschule is practically the saine. There must bo
not less than three and one-half years of scientific and othet prepa-
ration (not always good) at a university. = After five semesters the
" preliminary examination in philosophy and pedagogy may be taken.
When this is passed application may be made not earlier than the
" " end of the seventh semester for the Lehramtéprﬁfung, with its Haus-
- arbeiten aid oral examirmations. After this, in theory only one year
.. “of practical training at a Mittelschulseminar is required, while a second
- year i§ permitted. But in practice very few candidates have had
pz o+ o 2 s S
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more than a minor part of the training of even a single Probejahr.
before taking up actual teaching. o o
The written and oral examinations for the Lehramtsprifung - -
way.include mathematics as (1) a major or (2) a minor. In the
former case ‘(1) the candidate must be familiar with *gencral arith--
- metic,” the foundations of higher algebra and theory of numbers and
their significance for elementary mathematics, elementary geometry,
synthetic and analytic geometry, differential and integral cal- .
culus and its applications to geometry, the elements of the cal-
culus of variations and foundations of the modern theory of functions,”
and the principal results of investigations conéorning the founda-
tions of mathematics. (2) When mathematicsisaminoy it is demanded’
that the candidate shall have knowledge of clementary arithmetic,
insight into the structure of the field of real numbers and into opera-
tions with them; knowledge of elementary geometry to ‘the extent |
of what is taught in sécondary schools, and exercises in space per-
ception; accuracy and speed in the solution .of simple examples
applying the idea of a furiction and the elements of differential and
integral calculus to functions coming up in secondary school work.

The candidate is given three months to prepare the Hausarbeit
on some subject not discussed in the lectures at the, university.
With mathematics as major recent Haubsarbeiten have dealt with
such topics as: “The theory of Fourier series”; ““Theta functions and
their applications in theory of surfuces of the fourth order”; “Method
of derivation of large prime numbers”; and “Algebraic treatment -
of the 27 lines on a cubic surface.” With mathematics 2s & minor:
“Weierstrass’s theory of irrational numbers,” “Properties of the
nine-point circle,” and “The theorems of Fermat and Wilson,”

“The Probejahr includes observation of teaching niethods, practice
teaching under directions, the preparation of reports and weekly
conferences with the staff of the Seminar on such matters as teach-

- ing, school discipline; pedagogy, school hygiene, and new publica-
{ions of interest to teachers. - e o

It is deplored that ‘ieachers of mathematics in the Untergymnasia-
and Unterrealschule may have had only the scientific training -
required when mathematics has been taken as a minor. ' A

IIL Belgium.—The diplome de sortie of an athénée royal, or of
certain of the colléges entitles a student to enter one of the uni- -
versities at which all- teachers of the athénées are prepared. The
inspectors of studies and' professors in an athénée and therrector (or -

- head) of # lower middle school must.huve secured the doctor’s
degree, and thg masters (surveillants) in an athénée musf have the
university diploma of ‘candidate.” .(The four -universities include

" two State establishmonts, tho frce university -at. Brussels, and the.

.. Roman Catholic Univorsity at Louvainy - C

Y
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- During the first two years the student prepares for examinations '
leading to the certificate as ‘“Candidate in physical sciences and
mathematics.” ! The examinations of the first year are on: Ana-
lytic geometry, plane and solid ; descriptive geometry; higher alge-
bra and the elements of the theory of determinants; differential and
integral calculus (first part); analytic statics; experimental and
laboratory physics. For the second year: Logic; psychology; moral
philosophy; projective geometry; integral calculus (second purt);
elements of the calculus of variations and calculus of differences;
pure kinematics; crystallography; and laboratory exercises. _

The first examinations for the doctorate occur st the end of the
third year. They are on: Higher analysis; dynamics; general math-
ematical physics; spherieal astronomy and elements of mathematical
astronomy; elements of the calculus of probabilities with the theory
of least squares. . ‘ '

The subjects of the second set of examinations for the doctorate
(in the fourth year) include: Mathematical methodology; elements
of the history of the physical sciences and mathematics; and cne
of the five' following groups chosen at pleasure by the candidate:
(a) Higher analysis; (3) nigher geometry; (c) analytic mechanics
and’ celestial mechanics; (d) mathomatical® astronomy and geodesy;
and (e) experimental physics and mathematical physics. The exam-
ination in the ‘“group’’ chosen is somewhat searching, as the thesis
has to do with the development of some part of it. The th&is must
be publicly defended. ‘Prospective teachers must also give two public
.*“lessons,” the subjects for which are designated in advance by the
. Jury and chosen from the progfam of the athénées.

. The youngdoctor is qualifiod to teach in an athénée at oncofwithout
any professional truining. In general, it is, however, only after -
several years in some such minor position as surveillant that he may
reach the status of a prgfessor in an athénée. In the large cities,
the salaries, corresponding pensions, and social position connected with
.such a ‘chair are attractive. - , ' :
. IV. Denmark.—The university course for the scientific training of
"8 teacher for a secondary school usually onds in about six years,
with the Skoleembedsexamen. This examination consists of two
parts, covering the major and two minors; if the major is mathematics,
the minors are astronomy with applied mati¥matics, and chemistry
with physics. But in addition to these at the end of the first. year
the candidate must pass the “Filosofikum,” an examination in
~ logie, psychology, and the elements of the history of philosophy.
. . This entitles him to.the degree candidatus philosophise. Having
- passed t,h'e,Skoleembe_d_séxamgn he is cardidatus magisterii. After

. thuommunwbummuth.Mhlw’ndnﬁuhgmpmﬁ.
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“ two years of professiongl training (a yenr in the State Pedagogic
Seminary and a year as assistant,.or regular teacher, in aSMﬁ or
private secondary school), or its. eqmvslent. the candidate is finally .
examined ‘as to eligibility to teach. In view of the exght years of
such training, the salaries are pitifully small. )

In the first part of the Skoleembedsexamen the mathematical sub-
]octs include: Plane and solid-analytic geometry, theory of infinite !
sories, differential equations with a smgle mdependent variable, total °,
and partial linear differential equations in three variables, differ-
ential geometry, statics, kinematics, hydrostatics, and advanced
portions of gymnasial mathematics from a higher point of view. The
second part of the examination with mathematics as a major includes .
questions on such subjects as function theory, elementary number
theory, methods of descriptive geometry, synthetic and analytic pro-
jective geometry, and mathematical history.

'V. England.—The amount of mathematics taught in English sec-
ondary schools varies from such a program as the elements of arith-
motic, algebra, and geomet,ry required for a London University
matriculation examination, to programs which include trigonometry,
synthotic and analytic geometry, theory of equations, differential
and integral calculus; statics and hydrostatics—indeed all subjects
nocessary to prepare for an entrance scholarship examination in
mathematics at Cambridge University, for example. In the mathe-
matical training of the teacher there is correspondirig variation. In
practically all cases it is necessary for a candidate for a position
to be a colloge graduate. But on the one hand'he may have re-
coived a ‘‘pass” degree, in three years, without any college work in
mathematics; and on the other hand he may have spent four years
in obtaining a degree with first-class honors .in mathematics. - As to
the extent of tho professional training, this does not exceed a year
in the training college of what we call the graduate school of a uni--
versity, but even this is not yet always insisted upon. Athletic abil-
ities are a valuable asset for & man seekmg 8 posmon The salaries -
are often very low. : .

That first-class scientific and professional trammg is not gonerally
demanded of candidatgs for positions as teachers of mathematics in
secondary schools indicates a marked similarity Jet,ween the stand- '
ards in England and the United States.

- VL. Finland.—The steps required in the preparation of the sec-
ondary school teacher of mathematics after leaying the lycoum are:
+(1) To pass the examinations for & *candidate of philosophy,” or for~ -

~ the “certificate of aptitude in teachirig” after four or five years of prep- .
aration in the university; theg (2) to- spend a year of - profoasxonal
tmmng in one of the normal lycpor, and (3) to pass an exammatxon :
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in theoretical and practical pedagogy. In oach of the examinations,
grades approbatur, approbatur cum laude, and laudatur aro assigned,
A professor in a secondary school must have the degree of ““candi-
date of philosophy " with highest grado in the major subjects requiréd
by the post. Kor the assistant professor, the same dogreo, or ‘‘car-
tificate of aptitude,” with at loast the second highost grade in the
major subjocts required by the position,-is nocessary. :
The ““candidate of philosophy " has had courses in spherical trigo-
[ . nometry, analytic geometry, differential and integral calculus, differ-
jential equations, theory of numbers, theory of functions of a complex
variable, and occasional courses in such subjects as minimal sur-
faces, theory of groups, and elliptic functions. .
VIL." France.—The highest type of secondary school in France is
‘the lycée. The following remarks are with reference to preparation
. of teachers for this institution. The tendency of recent legislation is
to demand that all teachers shall have passed the examination of the
agrégation. The requiremehts of this examination in respect to-
“ knbwledge of mathematics and dextrous handling of materials are un-
paralleled by any other country. Professional training, in coniparison
with the amount required by Denmark or ‘Prussia, is comparatively
neglected, and this has been judged by some as a weakness in the
French preparation. .It should be borne in mind, however, that it
is difficult for an intelligent Frenchman (and the agrégés are the
wélite of the country’s intellectuals) to be otherwise than interesting,
effective, and elegant in his exposition of any subject.
The bachelor who wishes adequately to prepare himself ‘as a
mathematical teacher in a lycée usually undergocs -the strenuous
- training of the classes de mathématiques spéciales in mathematics,
physics, chemistry, descriptive geometry, drawing, German, and
French. This preparution, covering at least two yeang equlps him
for the university, where the three-year course con;?}u\am-hq of
8 highly specialized character. The best students pass the examina-
. tion for the licence at the end of the first year, other tests’at the end*
-~ of the second, and present themselves for the terrific concourse of the
. agrégation at the end of the third fear. Pedagogics and practice
" teaching form &’ very meager part of the'training of the teacher.
The annual number of agrégés has never exgeeded 14. For the
Years 1885-1909 tlﬁere were only 300, of whoth 178 wore trained at
the famous FEcole Normale. In 1909, of the 300 agrégés 51 had also -
become docteurs s science mathématiques. Such a doctorate ranks
far higher than any German doctorate,. oge acquisition of which has
"~ been made part of the preparation of mahy Oberlehrer. =~ =
" Ad to the mathenatical attainments of the agrégé, ‘they  are
" - equaled by those of only a.veory ‘small percentage of professors of
. mg,thomatics in American colleges. . s
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VIII. Germany.—Among the nations: of the world, l}en.m&rk
France, Swedeny and Germany certainly maintail, the highest stand- - i
ards in the_selection’of teachers for their better secondary schools. -
And no small part of the remarkable training which these teach- .
ers get is from master minds and master teachers in the schools
thentselves. * Germany insists much less than Francg on brilliancy.
and breadth of mathematical attainment, but, like\Denmark and -
Sweden, decidedly more on thcoretxcal and practical professional (
training.

The candidate for teachmg in a secondary school in Prussia 'is
examined by a commission composed part,ly of professors apd partly -
of State officials. Before the commission he must placex-(1) his
Matuntﬁtszeugms from a Gymnasium, Realschule, or Qberrealschule;
(2) documents to show that he has spent at least three years in study
at one or more German universities (in, pomt of fact candidates-
usually spend four or five. For three of the six semesters.requited
the mathematician 'may have attended a technical high school); (3) a
statement of the subjects (for example, pure mathematics and physics _
and applied mathematics) and classes (Sexta to Untersckunda, inclu-
sive, or Obersekunda to Oberprima, inclusive) for which the candidate
hopes to prove his quahﬁ( ations; and (4) a statement of the field {n
which he wishes fa_receive sub]e( ts for required essays -Not more
than three mont?\} ordingrily six wecks, are sllowed to ptepare
the essays. Foro them some publication of note, such as the

*The written and ‘oral oxammatlons are in - plulosophy, pedagogy,
religion, German li eratur\e, and” the candidate’s special subjects..
For ﬁrst-grade rank \in pure mathematics the.candidate must show
that he is thoroughly \acquainted.with the prm('lples of Ligher geome-
try, arithineticy algebra, higher ammlys:s and analytical mechanics
and can solve {airly cult problems without assistance:

Having passed the exammatlm pro facultate doc‘nd1 the
Schulamtskandidat ‘must still undergq two .years of sevare pro-
fessional training, (i) t ¢ Seminarjahr apd (i) the Probejahry .

When avorable repord has been made ok the work of thé Probajahr
the éandjdate 's name is put on a list of ted hers ehglblo to appoiqt-

ers for secondary schools.
Saxony, Wurten)bcrg,_ Bad




218 "mc RS OF

atical talent f the toun ry.

aépf'zf_u

" during five years at a uni\ {
training college. In starti

mended. Mathematics, p‘l‘xs A

* uncommonly chosen togetli‘cr'?.,\i .
The examinations in thp cojpr

~ examination, at the end of ‘hef

N

Iu the general examination

4

and spherical trigonometry, apalytic geometry, anglysig, d"é;siii'ipﬁy&
geometry, physics, the Hungariyn lariguage, and on modern language ™%
(German, French, English; or Itulian).with the

Five ‘months before the exs

the oral examinations on special
decided proficiency. The oral e

(1), The mathematics of secorf@ary schools; (2)/cortéin, parts of
~ geometry, algebra, and analysis ¢ommon for all
the following five subjects, one ¢f which ‘must b
- the"others, in a general way: (¢) Modern geomgetry and thé theory
of algebraic forms; (5) numbef theory and higher algebra 73(c) gen-
eral theory of siew curves and surfaces; (d); general theoryof: ana-
- lytio and elliptie functions; agd (e) advat}féed‘ portions .of integfl

" calculus.

examination in history of philosophy, logic, psychology, pedagogy,
history of pedagogy, and special méthods for tea hing mathematics. ",
f the fifth year, most of the

H

While this examination occurs at the end
courses of study have been taken dngzg
. university. - The fifth year is largely d 9

-of probationary activity. |,
X. Italy—A candidate for a position as

t

THEMATICS FOR SECONDARY scnopx.ﬁ
¢ = y Ry
"\er’s position are sufficientlv strong to draw some' of the best mathe-

d of training secondary school teachersin -
Dan that inp Austria. Recruits for such
i5hg the graduates of the Gymiasia and :
nd searching traifing is carried on
ity or in the Polytechnikum, and at a

: t‘five,. selection of a third is recom-
), 8nd"descriptive geometry are pot

. ".threefold:“(l) The genetal
th Semiester; (2) the examination !
on special subjects, a{ the $nd af-the eighth semester; and (3) the
pedagogic examination at thp end:%f the next 3

ubjects the ca‘ndiiia o'must show

The examination in ‘pedagogy ‘&,msists of;"‘;dissertalioh and m&gm] . #

the

ed toit
teaching in a Seminar, such as Karman’shor thé
lege. Teachers do not attain to full serviép until after three years

g

‘ year, which the*candi-,
. date usually employ= in profy ional practice.*, ’
he oryl part contains questions in plane

literature of ‘the same. *

miatiof in specinl subjects the candi-

date is given a theme in each o&is subjects, tpon which he has to

write a dissertation. These disso ttatfons must Wydicafe originality,

familiarity with literature, and br d,. knowledge ohthb’f@bemes. In
!

'teat;i:'fo}: of matheiatiés in
* asecondary school must possess the degree of Dottbre in matemstiche
Pure from oné of. the universities. After the candidate has graduated' -

~ s .

’

.

candidatid;- and (3)
¢ krown ;Ea?gqrpughly,‘

)

o RN

o

four-years at the
inifig and practice
tate training col-

R




o

ERIC

Aruitoxt provided by Eic:

SUMMARY AND COMPARATIVE REMARKS, 219

from a liceo or an istituto four, sometimes five, years are devoied
| to securing this degree. With an exception to_be referred to pres-

ently, the courses of study sre wholly in pure arfd’tzpplted mathematics

and allied fields,” An idea of the breadth of some of these courses
may be obtained by recalling that the following works consist mainly
of university lectures: F. Severi’s Legione di geometria: algebraica

(1998); E. Ciani’s Lezione di geomema proiettiva ed analitica

(1912); ¥nd G. Castelnuovo’s Lezione di geometrm analitia (1913).

The first two years of study lead to the certificate licenza dell’

universitd. - During the last two (or three) years the student (1)

carries five advanced courses (theoretic geodesy being put on a plane _
- with higher analysis), (2) writes a dissertation, and, if he wishes to
occupy an advantageous position with respect to appointments, (3)
attends lectures on methods of teaching leading to the diploma di
magistero (these lectures are given in the scuola di magistero of the
university). The final examinations of the university lead to the
laureate, of which therg are many grades.

The student who has read nothing but what was suggested in lecti.ies isnot likely to
... passout with ‘‘full wishesand praise,”’ as the highest grade is called, nor will the most
fﬂvomble opportunitics probably be waiting for him in future; still he has the highest
degr which the university confers. The dissertations, as is natural, present great

tionin value and originality. The candidateisrequired to publish a full résumé
offm results, but not the thesisitself; whereby a long-suffering mathematical public is
spfared much, for the feebler dnsserfauons never sce the light. The better ones find
read) acceptance by the mathematical journals or are laid before learned socxet.lea
§ The first appointment of a geacher in a secondary school is for
ihroe years, ‘after which the appointment may be made permanent
if the inspector’s report is favorable; if .not, the appointment. is
,extended for another year, when the to&cher is definitely appointed
_{ or dismissed.

In the preparation of the teacher the lnck of professwnal training
; is regarded as. 9enous by many; his scholastic equipment in his
{ special subject is probably equal to that of the Oberlehrer.

XI. Japan.—The usual method of preparation as.a teacher in a
H
/

¥

{ ~ middle school is (1) to take the course of four years in one of the
hxg_her normal schools whose gm\duatos are granted teachers’ licenses;
or_(2) to attend some similar institution and pass the four grades of

' examinations set.by the department of education for the license. A
gakushi of the faculties of science in the universities of Tokyo and
Kyoto, who has no professional training, is entitled to receive a
license without examination. Similar privileges are accorded tok
graQuates of fonelgn universities, b

The courses in the lrigher normal school which prepare teachers of
mgthemat,ws and physics include professional trgining, teachers’
courses in ‘algebxa and geometry, higher algebrai plane and solid

: analytlc geometry, and dlﬁerentml and. mtegral calculus, The four

4 . £
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grades of ex@nlion in mi¥thematics sot by the depabtmets of
education are il(ﬁJ) arithmetic, algebra, and gedmetry; (2 _trigo-

' nometry; (3) analytic \zcome y; and (4) diﬁaﬁntia&.and iftegral
calculus. > ¢ R < R

Teachers in the eight higher my scho
to the universities in their organizatiomehre nearly all gakushi in
mathematics. At the university the gakushi h'av\'? passed examina- -
tions in calculus and differential equations, solid analytic geometry,
projective geometry, astronomy and least squares,.general physics,
general dynamics, and theory of numbers, ot s ‘

‘XII. The Netherlands.—Gymnasia prepare students to enter
directly the various departments of the universities, but graduates of
higher burgher schools must pass upiversity examinations in Latin
and Greck. The first examination after entering the university is
the examination for candidature, at the end of about three years; the
second cxamination, that for the doctorate, occurs at the end of about
six yours of study. If, in addition to passing the latter examination,
the candidate prepares for the faculty an_appropriate thesis, he is

~ entitled to the degree of doctor. It is from those who have passed
the examination for the doctorate that teachers for gymnasia afld
higher burgher schools are almost wholly recruited. ,They haye Had »
absolutely no professional training. ) ‘

"7 A eanididate for appointment as teacher in a three-year or five-year
higher burghér school may also prepare himself for the position by
passing a series of exceedingly elaborate examinations, the prepara-
tion for which is made entirely outside of the universitics. For the
five-year school, examinations on the following subjects, among others,
mus} be passed: Plane and spherical trigometry, descriptive geome- -
try, analytic geometry, calculus, theoretical and applied mechanics, -
physics, ‘chemistry, cosmography, geology, and mineralogy. During
the past 50 years exceedingly few have qualified themselves as teach- .
ers in this way. ' : ’

“Some of the subjects leading to the examination for the doctofate
are higher algebra, caleulus, plane and solid analytic geometry, de-

. scriptive-geometry, differeritial equations, theory of functions, differ-_ -
ential geometry, calculus of variations, and mathematical physics.

XIII. Roumania.—Graduating from the lycée when about 19 years
of age, the student prepares himself to be a secondary teacher by

-study for (1) the diploma, licence &s sciences mathématiques of a
. university; and for (2) the certificate of a pedagagic seminar. - The
-examinations for the license are in higher algebra, analytic geometry,
.-+descriptive geometry, - differential and integral .cdlculus,-theory of

" functions, méchanics, and astronomy. It takes at least three years

.=~

\ -

- to-prepare for these examinativns. Professional training is obtained
" &t a (pedagogic seminar, s : '

o
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?ndndute for the position ‘of secondary teacher should hn.ve

pn\\(‘ he examination of capacity. To be admitted to thissexam-
“ination the student must possess the dmloma and.certificate mentloned -
“above, o

The orgammtmn of the secondaryschools and the trmnmg of teach-
ers for them is very similar to that in France. In Roumania perhaps .
more em}%\mm is put on professional training. A

XIV. Russia.—Graduates of the gymnaslum and of the seven-year .
“real school’” are entitled to fegister in faculties of the universities.
The course for teachers in the gymnasia, as well as for most teachers.
in the “real schools,” occupies four years and leads to a diploma of
the first or second gra¥e.! Tlie courses for the mathematics-ana- .
lytic mechanies group at the University of Petrograd include spher-
ical trigonometry, analytic gethuetry, calculus, partial differential
equations, theory of numbers, theoretical mechanics, hydrostatics-

" and hydrodynamics, and astronomy and celestial mechanics.

It was not till recently that any provision was made to give pro-
fessional training to candidates for teaching posmons in State second- o
ary schools. This beginning was made in 1909, when a vear course
including lectures in logic, psychology, pedagogy and its history, as

- ‘well as practice teaching, was organized for the arrondlssemcnt of
Petrograd. .

XV. Spain.—The bachiller en artes of an instituto may prepare
himself to teach mathematics ih ‘an instituto at any one of the three
universities: Bnrcclmm, ‘Madrid, or Zaragoza. The courses in the fac-
alties of science lead to the licenciatura vcrtmcntq,m) about four years;
the apt scientific investigator may procure the doctoratedn another -

vear. . Every candidate for a profoesorshlp in".the n‘mtltuto must
have a licenciatura certificate; the best posntlons arg obtained by the
“doctors in mathematical sciences. -

The maghematical courses leading to cxammatlons for the licencia-
tura are as follows: Mathematical analysis,metric geometry, analytic*
gcometry, infinitesimal calculus, cosinography and physical geo-
graphy, projective geometry, descriptive geometry, rational mechan-
ics, and spherical astronomy and geodesy. (This list of. subjects
strongly reminds one of those required for the licenza in Italy.) -The
examinations take on different forms tmd 1mply a certam amount of
. professional training.

To prepare for the doctorate the student must (1) attend courses
-in higher analysis, higher geometry, astronomy of the planetary sys-
_tem, and mathematical physics; (2) present a memoir on a subject : "
selected by the cand1date and (3) successfully defend the memon-' .

. before a tnbunal . . o

§
:' . 3 Thls is not a dégreo; the degrocs of magister and doctor require ionger preparation. b
. © s . 7 :
0, " N - : ' B 3
N s . St i
’ ' N ,, IR y %

o

ERIC

Aruitex: provided by Eric



A

222 TEACHERS OF MATHEMATICS FOR SECONDARY SOHOOLS.

XVI. Sweden.—The very thorough course of the gymnasium con-
cludes with the studentsexamen, the sole means hy which a gtudent
may enter one of the universities; mathematics is there taught in
- the faculty of philosophy. The courses for secondary-school teachers
" «. are xery elaborate and lead to (1) the filosofisk Ambetsexamen, at
©~ the’end of about four years of study; and (2) the filosofie licentia-
texamen, after about eight years of preparation. Candidates for posi-
tions as teachers in the Realskolor aro required to pass the first of
these examinations; those secking higher posts in the gymnasia. the
second; but in this latter course the candidate must also defend a
thesis for the degree of doctor. _ o
In each case the candidate has to spend a probgtionary year -
-~ in connection with some one of five special schools which organize
excellent professional training. Moreover, bofore/re lar appoint-
ment a8 professor or assistant professor in-the Governrhent second- .
aryschools, the candidate must have spent at least kwo years in
successfully ‘performing the duties attached to the posifion. Sweden®
probably leads the world in the extent of scientific' |
quired for her professors (Lektorer) in the gymnasia.
" The subjects of the ambetsexamen include proj
theory of\equations, calculus, analytic geometry, thgory of numbers,
theory of probabilities, ordinary differential equatiqns with constant |
coefficients; and generally for the highest’ predicatp elements of the
theory of (a) differential equations, (b) analytic unctions, and (¢) !
differential geometry. In.the preparation for the ligentiatexamen the |
" candidate is introduced into various important/ fields of modern’
mathematics, including ordinary and ‘p&rti&l' ifferential equations
of mathematical physics. , [
XVII. Swntzerland.—Considering the country/ as a whole, there

- . are no fixed examinations for secondary-school teachers; nor are thero :
any colléges for training them, although there, is a department of
pedagogy in the University of Geneva. For thost of ‘the teaching
positions in the secondary schools the majority of the Cantons de-
mand that the candidate shalt have completed a university course,

. or its equivalent, of four or five years. - Typical of such Cantons are’
Fribourg and Geneva. Candidates with two years’ training in a uni-
versity, or its equivalent, oan usually only be appointed as teacheps

_in- the lower classes of the better schools; an exception requiring the

qualifying word is Canton Vaud. There is a general tendency to

favor candidates who have had technical training such gs a student °

derives from an assistantship in the Polytechnic School. '

On the whole, high scientific standacds of training are demanded
on the part of secondary teachers, but their professional training is

‘almost entirely neglected. : :
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: Squects included in* examination requirements for secondary-
school teachers in courses of the Polytechnic School and the Uni-

versity of Bern are “of the following types: Descriptive gcometry,

calculus, analytic geometry of three dimensions, projective geometry,

theary of functions, Fourier's series and integrals, differential geom- :

etry, and theory of transformation groups.

XVIIL. United States. —Practically all of the hest secondary schools
require, as a general thing, that.a candidate for a teaching position
shall be a 'collogo graduate. It is usually unnecessary to have had
any courses in the theory of education, or any special work in the sub-
jects for which the candidate applies to teach, or any professnonal
trnining. Other things being equal, cindidates equipped in these
respects are, of course, more readily -employed. - Some schools de-
mand such preparation, .and (‘(\lll‘f'm and training schools in the
country have made pngvmon' for meeting such demands.

The standards throughout jthe United States for the training of

secondary-school teachers appear to be very similar to thase in Eng-’

lnind, although the prufmqlmml training is now, posslhl\' more insisted
upon in the latter country. qu a gonvml thing, salaries constitute
perhaps the chief attraction to college-trained  men to take up
~c(ondar) -school work in lhb United States.

)

?'ONCLUSION

In the prooodmg pages an ,nttompt has heen made to bring tngother
from a very-limited numbd: of sources facts concerning the develop-

ment of -the teacher of mathematics in.the better secondary schools

of different countries.  A’presentation which would be at all adequate
and complete in its different| aspects would require. for each country a

volume based upon a far widpr range of sources of information. Here |
slmply the dmcnp(nons of the few features which happen to be dealt -

with in available authorities are opnmmmd there has been no oppors

\

tunity for uniform trontmonl -1t is therefore only in a vory general - °

. way that definite statmnonts\'may be made in (‘omparmg the methods
of different countries. -/

Few will deny that if the econdanﬁ-ducnhon in & country is of a
high order, and i§ extended pver a period of seven or eight years, it
must materially contribute to the training of the pupil who, .after

further development in umvj'rsny or professn(,mal school, returns to -

the secondary school as teacher. It is therefgre pertinent to inquire,
What period is devoted to secondary educatjon in different countries §

To what cxtent is this bnsed upon work of primary schools? When:
is primary instructidn given in secondary schools? When dogs.the o
pupil enter the university? -Bearing in mind the types of schools -

which have been excluded:from consideration in this report, and the
fact.that, in general, only thé better seoonda.ry schools (under Govern-
101179° --18 —16 |
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< ‘
ment of State control) leading direetly or indirectly to a university
have béen considered, fairly definite answofSNto all of these questions
“may he found in the scéompanying synoptic table. :
The zlgo' there given is the normal lower limit, and in any one of
the countries it is possible for pupil or student of the given age to
-"be at the stage of scholastic ac vancement indicated. It should not
be inferred, however, that this rate of progress is necessarily charac.
teristic of the country ; for example, in Japan the pupil just graduating
from the middle school iy usunlly nearer 20 than 17 Years of age; nnd
in Germany, while a small pereentage of students are ready for a
university carcer at 17 years.of age, more than one-half aro at least
‘o 19, and more than one-third not less than 20 vears of age. In the
Tollowing discussion 1 shall, however, use’ the normal age given in
the table. . . ' . - .

We remark that in 15 of the 1S countries the normal agb of enter-
ing the universitvfis 18 or 19.. These countries are: Austria, Belgium,
lkiinmrk. England, Finland; France, Getmany, Hungary, Italy,
Netherlands, Roumania, J(ussin,‘ Sweden, Switzerland, and the
United Statks,  When' the extent of secondary school preparation
for the univemsity is considered, we find wide varialion of custom’
Australin-gnd the United States are at the foot of the list with' only
4 years: but 7 countries (Austria, Finland, Hungary, Italy, Japan,

Roumanin, and Russia) devote 8 years, and 3 countries (France, Ger-
many, Stxedeh) Q years tq secondary education,
Since the period of school education leading. to & university in 14 of
the countries is 120r 13 yeais, the wide difference of views which these
countries hold with respect to the portion of this time. which should
\ bo assigned to secondary education proper i8'interesting.” On ‘the
one hand, the United States holds that during & of the years the k
methods of elementary education should be amployed; while, on |
~\the other hand; France and Germany cnnéidcr that best results are
obtained when oven the 3 or 4 years allotied to primary instruction
are given in connection with secondary- schools; It is, then, nof
surprising to find that thero is great difference betwoen the scholastic
éqi,:ipmeut of studonts coming from these two Lypes of school. The -
raduates of the classe do mathématiques spécinles or of the German
éyn‘nnsinm are about on a par with the vouth wha has finished his
juniar year in one of the better American colleges, And in other coun-
tries 'Sa.lsc, like Denmark, Japan, and Sweden, the graduate of .a
higher secondary school has"done more or less work mg_}-mSe equivalent
i dong in colleges in"the United States. It is only in the lightof
‘such ‘considerations that the full force of, say, Sweden’s requirement -
of 100111 years of preparation ‘heforo « graduate of \a gymnasium
may fotlirn as a regularly appointed professor can. ige adeqyately
apprecia : o cor
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\;mm it should bo ‘Votne in mind that even wnh courses of sec-
ondary schools covering the same number .of years the content may
be vastly different.  Contrast the 9 years of the Gerinan gymnasium,
where '19.8 per cont of the time is devoted to mathematics, sciences; |
and drawing, and 34.2 per cent to ancient languages, with the 9
vears of the French lyeéo im the science-modern language section
and classes de mnlhénmth\m spéeinles with ulth 36.8 per cont of
dts course in mathematics, science, and drawing, and no time spent
on ancient lnnguagm France offers a much, more oxtensive mathe-
matical course in her secondary sch(mle’than does uny othior country
m the world.

From such different types of schools come the future'teachers of -
n¥itheniatics. Lot us next consider in a general way how these
teachers were prepared after leaving the secondary schools. Broadly
speaking, the training is dgrived from: 1. Courses in a umvomty or
<mnlar mstitution; 11. Professional training. ’

. All the countries require SOmMo university training on the part

of w\ndlda\tm for. npmunnmnt as secondary school teachers.! "The
maximum requirements are in Denmark and Netheplands, each 8
vearsy and in Sweden about 8 vears.  On the other hand, for minor
positions in the athénées of Belgium and regular pwmmm in Can-
ton Vaud, Switzerland (whére most Cantons mqulm 4 or 5 yeams),
only 2 or 2} vears of attendance at a university are compulsory.
The complete record “is s follows: Austfalia (Victoria and . Now
South Wales), 3 veurs; Austria, 34 to 4; \Bglxrnnn, 4.10-5, 2 fof
minor positions in athéhées: RQenmark, 6. Edeland, 3 to 4; Finland,
4 to 5: France, not less than 3, in addition to 2 vears in classog de -

mathématiques apé)cmlos Germany, 3 to 4, but rarely 3 and often 5
are taken; Hu, zary, 4: Htaly, 4 or 5: Japan, 3; The Netherlands, 6;
Roumania, not 10ss than 3; Russia, 4; Spain, 5, for liwer positions, 4;
Sweden, usually 8; Switzerland, 4 to 5 vears for the most part, in
ano or two cases 2 to 3; United States, 30 4. - -/

Lot us consider a single example, to bring out more clearlg the
implications of theso statemeénts. Since the future mathematical -
teacher entering a German university- is:sbout on a scholastis par
with the student who has finished the junior year at a college in the
United States, we may state, roughly, that the German teacher has
generally had at least threo years more of scientific training than the

" American teacher in a‘qemndar) school has had.

I1. In addition to attendance at universities, some - oountnes
require: professional trmmng ‘Australia (Victoria and New South’
Wales), England (gonorally), Finland, Roumania, and ‘some States .,
of Germany eachi n,qmm one year (1t. is only in theory ‘that Aus- -

-V As.[a7 o8 this stat s Japan, dore Ismndotothohl(humlddhuhonh. SN
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tria requires & year); other States of Germany and Denmark
requite two ‘years each; in addition to a year in a Seminar,
Sweden requires two years of probation as teacher before regular
appointment and ip. a similar way Hungary requires three; and
in Italy after four ﬁ\r;of trial a teacher may bo dropped. In
‘France the professional Yaining may possibly be estimated at half a
yoar. In seven eountries no professional training is made com pul-
sory. These countries aro: Belgium, Japan (in higher . middle
schools), the Netherlands, Russia, Spain, Switzerland, and the
United States! The.question of the far groater efficiency of the
training in some couritries than in others is not takeh up here.
When the courses required for the candidates in different countries
ere considered, the unenviable conclusion is reached that Australia,
England, and the United States are largely in a class by themselves.
For in these countries mathdmatical teachers know practically
* nothing of their subjects, as they have had no special mathematidT .
training in the universities. Perhaps England is less of an offender
on account of the number of trained specialists necessary at schools
preparing for Scholarship Examinations. All other countries re-
" quire of their professors a more or less broad scientific training, and
the minimum mathematical requirement is a knowledge of the dif-
ferential and integral calculus. Most countries include also among
their requirements differential equations, analytic geometry of three
dimensions, descriptive geometry, projoctive geometry, mechanics,

~ “and physics. A doctor's degreo is required of higher teachers in

"Belgium, Italy, Netherlands, Spain, and Sweden; and the standard
for teachers in France and Germany is certainly not helow that for

* the degree of doctor in those countries (indeed much of the training
for teacher.and doctor is identical). : e .

. _In the American Report to the International Commission on the
Teaching of Mathematics on -Traini of Teachers of Elementary and

© Secondary MatMematics, tho following firies occur (p. 13):

Yet with us, where the public is now beginning to recognize that toaehi;lg isa pro-
feasion,; a fesling which will certainly inicrease as the years go by, the time will un-

_-" doubtedly come when secondary teaching will be sufficiently attiactive financially

. %o enable us to. demand from the prospective teacher some such preparation as the

following: On the side of pure mathematics wo may expect the calculus, difforential

.equations, eolid analytic geometry, projective geo?netry, theory of equations, theory

of functions, theory of curves and surfaces, theory of numbers, and somegroup theory.

- On the applied side we should d emand a strong course in mechanics, theoretical and

. practical astronomy, deecriptive geometry, and some mathematical physics witha
- thofough course in experimental physics. N §

.

" We have seen that this ideal for the scientific training of teachers is

" now a matter of coutse in a number of countries. .

© "1 The ootulonal requitements (n*Russla; Bwitzerland, sod the Unlted Biate e neglected. ‘For most
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On the whole, the salary, pension, social position, and scholastic
status of -the secondary-school teacher in France and Germany seem -
to combine to give to the profession an attractiveness not to be
found in other countries. '

TABLE, '

In this table it should be noted that: (1) The separation lines be-
tween the primary and secondary schools do not always indicate that
regular primary instruction ends there, but only that portion of it
preparatory to the secondary school in question; (2) five only, of the .
six years of the course in the realskola of Sweden, suffice as prepara- -
tion for a gymnasium; and (3) some university courses extend be- -
yond the limits of age in the table, 0. g., in (.iolgmm and in Japan,
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APPENDICES, '

~ APPENDIX A.
 ENGLAND, .

CAMBRIDGE LOCAL EXAMINATIONS, SENIOR STUDENTS,®
o December, 1915. . ™

‘GROMETRY.

* (Twohours,) .
The er8 L0 questi k ‘AandBantobeamnyedandnnlupbtummmamnmaman.
N.B.—Art_mchamd:oaummﬁwmimmx.Bx.Bxﬁauumda/mpap«. .
A. ’ S

AL In the triangles ABC, DEF, /B=¢ E{£C=¢F, and BC=EF. Prove that
the triangles are congruent. ‘ 5

Show that the diagonals of a parallelogram bisect cach.other. ' =

A 2. In a triangle ABC, AD is drawn perpendicular to BC; show that, when the
angle C'is acute, o '

. AB*=AC*+B(C*-2BC. DC. .
Prove that thg sum’of the squares on the four sides of a parallelogram is equal to the
sum of the squares on the disgonals, o0 :

A 3. From a point O outside a circle two straight lincs OPQ, ORS are drawn, the
fitst cutting the circle at P and Q, the second cutting the circleat Rand 8. Prove that

£ : 0OP.0Q=0R.0S. )

In the triangle ARC, the angle 4 is a right angle. From a point D on ‘B2 a line
DEF is drawn perpepdicular to BC, meeting A at E. and BA produced at F. Show
that . ' v !

- , DE*<=BD.DC-AE. EC. - :
A 4. Inecribe a regular octagon in a circle-of radius 2 inches. Produce alternate
sides of the octagon, 8o as Jto form a square. v
Measure the side of the square. . = ’ .
Show clearly all the construction lincs in your figure, ] ,
" B 5. Show that ifa straight line touch a circle, and from the point of contact a chord
be drawn. the augles which this chord makes with the tangent are equal to the angles
in the alternate segments. ) : : S
~ Twocircles intersect at 4 and B. At A, tangenta to the circles are drawn, meeting
the other circles at X and Y. Show that BA hisects the an XBY. .
B 8. Two trianglee ABC, DEF are similar, AB and DE @ing corresponding sides. -

~

\

- Show that their areas are in the ratio AB?: DE?. _ i SR
. Through each of two opposite vorners of a rectangle perpendiculur are drawm to the
disgonal which ‘joins the other two corners. Show that if-the three parts imto which *_

_ the diagonal is thus divided 'u_e equal, the squares on the sides of the rectangle are in
- theratio2:1, - . . a 9 '




)
.
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B 7. The tangents to a circlas at P and Q meet in 7, und Cis the center of the circle, -
TC meets the circle at A and B, and meets PQat X. g ‘e

Show that CX. CT=CA%and that AX . XB=TA : TB. :

- B 8. Two circles (not in the rame plane) intersect in two points. Show how to
obtain the center of the sphére on which Loth circles lie. o
A, B, C. D, E. Faresix distinct pointsin spaée, suchthat 4, B, C, Dliéona circle,
C,D, E, Flieonacircle, E, F, A, Blioon a circle, no two of the circles lying in the
. eame plane. Show that the three circles lie on a sphere.  ° g \
- N, B.—One or more of the following questions B ix, B x} 1 xi may be taken instead of an equal number of the
fuestions B 5, B6, B 7, B 8 but lower marks will be assigned to them. o
" Bix. Show that the sum of the-apgles of a triangl® is equal to Two right angles. -

ABC js an acute-angled triangle, and O is the cente¥ of the circle which pasecs
through 4. B, C. Show that the angles 0BC und BAC are complementary. '
B x. Mlustrate and explain by means of a figure the geometrical theorem corre-

" sponding tothe algebraical identity ’ .
. (¢ +b)?=:a742ab-4- b3, v . i

ABCD is a square; points E, F. G, H are taken on 4B, BC, CD,”DA such that

AE=BF=(G=DH-==} of the side of the-square. -Show that the area of the square -
EFGH is § of the area of the square ABCD. R )

B'xi. Draw two -perpendicular lines: 4B, 'BC. Make A)?éli inches, BC=2}
inchen. . Construct a circle to pass through € and to touch A at 4. Measure the
tadius of this cirtle. .

Show clearly all the construction lines iin your ﬁquu. ’ ¢

~v

ALGENRA,

( Two hours and a Aalf.) ¢

.« Sguared paper and tahles of logarithma, etc., can be obtained from the presiding eraminer, .
N. B.—Attention is c1lled to the alternative questions A, 13, C af the end of the-paper.

.

S 412 L _ 82, : .
1. Show thatl s | S, ,

2. Find the wctors-of - '
’ (1) a%b—b*4 abe— b,

’ . (il) T'—a234-2ubr— b3 ¢
and rhow that if u+b+¢=0, ‘ .
S ) &+ b5+ c'=3abe,
3. Sulve the equations: ' .
PLy_ )
B +y—l. . . .
. ONE ST . ;
: 9, P ‘ o
z l. ) - - -
: o J(22) (y—3)=3,
@ {(;.-3) (j—2)=4. . S
4. A room is such that its length is 10|feet more, and ita height 13 feet less, than its
breadth. If it had been'1 foot less ﬁach 8y, it would have contained 1,524 cubhic feet
less.. Find ita dimensions. - ' : .

5. Find by logarithms the value of 1. §58X( .0247)}
R , Y : :
" In what year must.£1 haye been pu} out at ccompound interest at 5 per cent per
* snoum to umount to £100 at the end of (19157 - T i
. 6. 8how how to obtain the formula {for the summation of n terms of & geometric
, Progression, _ ST * ot ' '

‘ : - : ..

o
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‘,1 AP’PENDIX A. 238
fitst ber\n is 9 and the ratio of the sum of elght terms to the sum of four terms
1897 : 81, find the series. . v

7. If A is the anthmetlc, G the geometric, H the harmomc mean, between two

numbers, show that AH=G? and that A>G>H .
If LY ‘A- G=} ]
: : G-H=43)" )

find the numbers.
8. Find the condition that ax’+2bz+c has always the same sign for all real vnlues :

of z. . 0 %
Show that, lf ‘ 2+ pr49=0 ' .
and ' +qz*+p=0 . ’ .

have a common root, either

Pa=—1 or (p—g)*=—¢¥p’~pg+¢?). ‘
. 9. Find the number of différent pairs (meepectlve of order) that can be formed with
2n-things., -

If, of 14 numbered cards, 5 are red, 6 white, and 3 blue, find the number of groupa
5 of three,.one of each color, that may be formed.

How many more groups can be formed if any two but only two, may be of the same
color?

10. Enunciate the binomial theorem, and write down the middle term in the

’ expansion of(l—-é) . oo O

-

Find the term independent of r in*the expansion of \
re1) - '
O (z+l+—z+';,). [ B
11. Plot the graph - ' W .
2 - ‘\\‘ , : Lo

y——§~—~+ ‘—“—4 from z=1toz=7, .
o
and find its gradients when 1-2 when z=4, and when z=8.
Draw the tangent at the point (4, 2)

12. Plot the graph 4y=8+5x—322 from z=—2 to z=3, and show by mtézmhon .
that the area of the portion on the positive side of the axis of z is ¢

N.B.—4ny ol the following questions may be taken instead of an equal number of the qumunu §,9,10,11,13,
but considerably lower marks will be assigned to them. .

A. Solve the equation: .

. _ ‘ _L@#)-ﬂfz—_b)za,r,,

B. A caskisfilled with wine nnd water in the proportion of 3 1 4 gallonsare drawn
. off,and the cask filled up with water. If the proportion of wine ta water is nows ; 2,
find how many gallons the cask can hold.

C. Divide a*(B-c~1)4b3(c' +8)— c¥(a-+b) +-abe by a+b—c,
Tuoonounur

(Om Aourand o Aol )

. Smund PGP" and tables o/ lnnriam, elc., can be obtained from the presiding cxpmhm,
- "N, B—Amnﬂmhwﬂdwﬁeal&«wlumﬂm.\ B at th¢ end of (k2 paper, -

" L. (a) Find to the.negrest minyte the angle which an arc of length 4 mcheu subtends’
', at the center ofa qr"lo whose rsdxus ia 5 mches. -

i @ . . K L. 5 5 5 %o o PR \
o e “ Ty e el
ag o Seiie e R P NI
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| yr=dar.

~of Q is a circle with its center at the focus, * = -

(8) Find'by drawing and measurement the least positive angle whose tangent is
—.2; and-calculate the cosine of this angle, corroct to three significant figures.

(¢} The length of the slant side of & cone is 4.3 inchies, and the angle at the vertex is
115°. ‘Calculate the height of the cone correct to a tenth of an inch. -

2. Determine, by drawing the graph of &in z+42cos z for valucs of r between 0° and
45°, the value of r between these limits for whick sin z+2cos r is 8 maximum, - °

3. Prove that : -

(a) cos A~cos B=-2 siuizf sin A ;B'

(b) cos (4 —B) [L+sin (4+B)]=(sin A+ cos B) (cos A+sin B).
4. Find the length of the side AB of the triangle ABC, given that ) .
: ' BC=234inches, (ABC=42°, /ACB=67°.
, 9. Anairship is sighted at the same time from two points 4 and B at the samo level
‘Imileapart. Itisduesouth of A atan elovation of 34° and due east of Batan elevation

. of 23°." Calculate its height in feet. *° 8 . (

6. (@) Writedown all the cube foots of o8 §+y—1sing,
(b) Separate into real and imaginary parts the expression

- 14473

, ‘ a+v=1! - ‘

7. (a) Express tan (6,10,40,+6,46,) in terms of tan 6,, tan 8,, tand,, tan 6,, tan 6,

(b),Prove that, if tan a, tan g, tan v are the roots of the equation B +ar’41+b=0,
where a, b are unequal, then a8+ is an odd number of right angles.

‘N. B.— Either of the following 5uullom may be taken instead of either of the queations 6, 7, or both may be taken
instead of the two questions 6, 7, but considerably lon_ur marks will be assigned to them.

A. Aisthe foot of a flagstaff AB,and C is‘,a point on it such that AC=34B. If the

flagstafl subtends anyangle of:48° at a point .X on the ground, calculate ghe value of

“tan BXC. -

.

B. (a) Find all the solutions of the equation sin 30+ cgs 0='0. ke
08 ' L :
(b) Prove that cot —cot § =cosec 9. - ’

ANALYTIC GEOMETRY AND C.\Lcuws. o -
) , (Twohours.)
ANALYTIC GEOMETRY.
’ Tables of logarithms, etc., may be obtained from the presiding erami,

1. The cornets of a triangle are the points (2, 3), (3, 8), (-1, 5). Find the tangent
of the angle at (2, 3). &2 oo P

' .
. 2. Find the equation of the two bisectors of the angles formed by the two straight

lines az?+ 2hzy+by? =0,

234 TEACHERS OF MATHEMATICS FOR SECONDARY SCHOOLS,

-

The straight line 3z+2y=1 meets the circle 224 y?=8 in two points P and Q. Find~

the eqyation of the straight lines joining P and Q to the origin.

3. Obtain an expmession for the length of the tangent from the point (2, ') to the
circle 2242+ 292+ 2fy+¢=0. C .
A point P moves so that the tangents from it to the-two circles

L . zity=4
and ’ i C 'yt 0—8y+3=0 ,
" aro in the ratio 3+: 2. Find the equation of the locusof P.” - =, .
", 4. Find the equatiori of the polar of the point (2/, ') with respect to the parahola

P i3 a variable p;xint on any fixed line at right :;ngles to tile axis of the parabola.
From P a perpenglicular is drawn to its polar, meeting it in Q. Prove that the locus

-

L
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L.,

mndiﬁon that the line y=mz+c may be (i) a tangent, (ii) a normal to'
tfic ellipse ) - g
. 5o =
a1, o

"I the tangent and normal at any point P ot the cllipso meet the major axisin Tand
T"'vo that. TTV=a, prove that the ectentric angle, ¢, of £, is given by the equation
' € cor? ¢ +cos ¢—1=0, ’
where ¢ is the eccentricity.
_ ' CALCULUS.
(E. Obtain the values of o R

dvr d ., dr 1.
%C:E' de ™ f;/,,z';';z ! f.l.(z‘!rz'r’) d.

Prove that y=4 cos 214 B sin 2r+('¢z satisfies the dificrential ‘equation

Yy d
P Bl gm0 ,

7. A hollow done. of height 20 inches and radius at the base 10 inches, is inverted,
and water is poured into it at the rate of 12 cubic inches Rer second. At what rate'is.
.the area of the water-surface increasing when the dbpth of the water in the cone is
15 inches? . N . - . . a o
8. A circle of radius 6 inches is di -ided into two scgmenta by a chord at a distance '
of 1inch from the center. Prove that the rectangle of greatest area which can be -
inscribed in the emaller segment has an area of 27.8 square inches approximately. -
9. The curve y=r meets tho line y=4z in three points. Find tho coordinates of
these points and obtain the equation of the normal to the curve at each of them. ’
. If P’ is the one whose abscisa is groatest. find the area contained by the y-axis, the

normal at I, and the curve from tho origin to P.

APPLIED MATHEMATICS, . ‘

( T'wo hours.)

Sguared paper and tables of logarithms, ete’, can beoblained from the presiding examiner.
* Theacceleration due to gravity may be taken 6s 32 fool-second units. )

1. Three forces of 30 pounds, 50 pounds, 90 poindeact at a point, the angle between
the directions of any two forces being 120°. Find the magnitude of their resultant,
and the angle which its direction makes with the greatest force.

2. Prove that the algebraic sum of the momenta of two concurrgnt forces about any .
pointin their plane is equal to the momont of their resultant about the same point.

" Forces 2P, P, P act along BC, CA, AB., the sides of an equilatoral triangle ABC.
Show that the resultant is a force P parallel to BC and at s distafice from it, on the
side remote Irom .1, equal to the height of the triangle.

3. Two light rods AC (2 fet long), BC (3 feet long) are hinged to one anotherat ¢’
and to fixed’points at 4 and B, the plane of the rods being vertical. The horizontal
distance between A and B is 4 feet, and A is 1 foot higher than B, and Cis above AB,
From C is susponded a weight of 10 pounds. Find by graphical construction orvother- -
Wwise the thrusts in the rods. :

4. Abodyisplacedona rough plane inclingd to the horizontal at an angle a. Show
- that it can remain in equilibrium if the coefficient of friction is greater than tana. ' -
.- . Acircular hoop of weight W hangs in'a vertitzlnplme. overarough peg. Prove that -
the greatest weight which can be suspended fangentially from the rim of the hoop

without ca'usmg the latter to alip_ib WK:_:{;—O » where ¢ is the angle of [riction,

o
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5. A steamer is moving along a narrow canal when a man stops ashore after walking
across the deck in a line iraking an angle of 60° with the line from atern to how. Hae .
finds himself 25 feet farther along the canal than if he had. stepped off on the other
sido bofore walking acrose. I the vessel is moving at 2 miles per hour and the deck
is 25 feet wide, how fast did the man walk? :

6. Prove the formula s=ul+) f13, ) :

A mase of 35 poundsis pulled up a rough plane of inclinatién 1 in 16 by a rope parallel
to the plane whose tension is 150 poundals. If the resistance due to friction is 12
poundals, find the velocity acquired by the mass in 10 soconds. )

7. A body is projected with velocity Vin adirection makimzan angle a with the

“horizontal. Find the greatest height that it reaches and itg horizontal range.

Find, in foot-pounds, the least energy of projection which muet be given to a hall
of 3 ounwos in order that it may have a hori zontaTfange of 300 yards. | =

8. A particle moves in a straight line with an acceleration directed toward a fixed
point in the line and equal to  times the distance of the particlo from the point.
Show that the motion is periodic, with period 2affus ’

"OXFORD AND CAMBRIDGE SCHOOLS EXAMINATION‘ROARD,
EXAMINATI.ON -FOR SCHOOL CERTIFICATES,
‘ July, 1910, e "
ARITRMETIC.
( Two hours.)

1. Find the number nearest to 9,999 that can be divided exactly by 3, 4.5 7. .
2: Simplify § (13 = § + D + 3 (4 —- of 1), : :

Divide .003125 by .02048, obtai ning the answer correct to three decimal places.
3. ‘Find the cost of 3 tons 7 ¢wt. 2 qrs. 11'1b. at £4 8s. 8d. per cwt:

4. If it costs 6 dollars 30 cents to carry 4} cwt. a distance of 500 miles, find, o the

" Deatest cent, the Cost of carryving 8 cwt. 360 miles.

8. A bankrupt owes £6,000. He pays 128. 64d. in the £, and defrauds his creditors
by concealingey of his assets.  Find the value of his estate. ) )
6. Find to the nearest penny, the compound interest on_ £2,525 at 2} por cent

per annum for four years. . .
7. A square field contains 2 acres 3 roods, and is to be fenced witi hurdles 6 feet

in length. What is the smallest number of hurdles that can be used for each side

of the field? ' L ] .
8. A rectangular tank is 35 cms. deep, 62 cins. long, and 27 cms. wide. If the tank
is filled with water, how many times could a bucket holding 8.5 liters be filled from

" .1it, and what would remain over?

. . . . :
9. A man buys oranges at 5s. a hundreg and sells them at 8d. a dozen. What is
his gain or loss per cent? . ‘ . J
-10.. A man wishes to obtain £1,000 by eelling 2} per cent consols at 82§, What

. amount of stock must he sell, and what wouild be the quarterly income derived from i(?

(Answers correct to the nearest penny.)

<. ALGERRA.
v
. (Two hours.) e
. a4 . . 0 . “
NoTE.~(1) In order to pass in el {ary math £ didates must satisfy the ezaminers in Part ],

- (3) In order i0 pass in edditional mathematics condidols must satisfy the cvaminers in Parte I and 11 taken

U Mm'mummwmymymmmiaabh'mumm'mmmm. n Parts |
8 11, taken topeiher, and hould NOT attemp the questions A, B, C, D, - | - )

v
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_ Partl.  _ 7/
L Ma=2b= -3,c=‘<7fd;g, find the value of

b) (¢ . [
@athetid |y I
2. Find the continued productof b — ¢, ¢ — a, a — b,

Divide 47¢ — 97 67 — Uby 2024 8r ~ 1.
3. Simplify:

oy 2 r43 ’
: (’-r;'i‘.r+g__x’+:—2'
a b N .
. P a b >
’ @Oy i+, b . .
N . TTa sy, . N
4. Prove that the L. C. M. of.two quantities is equal to their product divided by
their H. C. F. . . )
Find the H. C. F. of . . :

Pirdi e land SR -,
5. Solve the eqdations: s , a ° g
(l)}-(1—2)-{(r+2),==4(z—-6)-}ﬁ,;
nEHI_Tts g

B 4 3

6. The difference of two fractionss one (the greater) ‘ormed by adding a certain
number to both the numerator.and the denominator of §, the other (the lesser) formed
by subtracting this number from both the numerator and the denominator of §, is 4.
Find the pumber. > N | .

? Thefollowing questions, A B, C, D are to be attempted oNLY by candidates who do NoOT altempt Part 11,
A. Factorize: ~ ' ' -
D (1) 62 4 = —12;
(2) @ + b — @ — 29), .
B. Solve the equations: ' - 5
A ar —by=a’+ 0%z + y = 2.

C. Show that the sum of the squares of three consecutive integers is greater 5)' 5
- than 3 times the product of the greatest and the least. =
D. Solve-graphically the equationa:

Iy =12 4r=2sy.
(Take 1 inch as your unit.] o

(

. v

.

Part I1.

7. Bolve the equations: _
N Y=5241 3z=2+1. '

a+b ¢ + d hap 8 €
8 If a—b=c—g Prove that =7

’ dfa, b, care in continued proportion, prove that
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" 9. Find the v afue of o ’ . . . .
(34.97)2 3 (1.08)70, ° :
Obtain a.formula for thf sum of 27 terms of the series

Cl 494 R4 730 4 6560 4 .,

and sHow that the sum is yery nearly 9.42, '

10. Draw the graphs ol 2y — r = 3, Yy =3 -1 for valuea'of r. lving hetween
= land 4. 3 : - o

Find their gradients when z = 1, and show that the lines cut at right angloes at the
point (1, 2). .
' Groxerny, .
(Twodours.) . rJ i
NOTR.—{1) In order to pass in elementary mathematics, candidates must satisfy the craminers in a.
(2) In order to pass in additronc.) marhematics or 1o oNain cxempison from the army pdv;iw eramination,

- candidates must sarisfy the cramines in @ and 8 fakem together. .
(3) Figures showld be drawn aorwrately wifh o harl pencil, and all * constructions” clearly shown.

. a
. A

1. Draw a triangle 4 BC having BC=3in.. 4 BC=12° and ACB=105°. Construct
the hisector of the angle BAC meeting BCin N, Measure BD. )

T~ 2. Draw a circle of radius 1 inch and take o point I’ 2.5 inchea from ita center,
Construct acircle of radiua 1.3inchee to touch the former cirele and also pass through I

3. 1f two triangles have two siaes of tho one equal to'two sides of the other, and ale
the angles con.amned by those sides equal, prove that the triangles are congriient.

If the sides 4B, AC of triangly are equal. and equal'lengths AE. AD are cut off on
AB. AC, prove that CE, BD are équal, . . .

4. State an aviom relating to parallel straight lines. and use it to prove that when a
straight line crasses two parallel straigpt lines it makes alternate anglos equal.

Prove that the opposite angles of a panallelogram aré equal to one another.

5. Prove that the square on a side uf & triangle opposite to an obtuse angle in greater
than the sum of the squarea on the other two sides by twice the rectangle contained by
one of thest two sides and the projection on it of the other. -

6. Prove that the opposite angles of any quadrilateral inscribed in a circle are
supplementary, .

Two circles intersect in 4, B. €, D are Any two pointa on one circle gnd CA, DB
cut the other circle in P, Q, respectively.  Proye that PQ is parallel to CD.

’ 8

7. Prove that thc‘!‘angont at any point of a circle and-the radius through the point
are perpendicular to one another, ‘

Two circles whose centers are 4 and B touch externally it . The commion tangent
at  meets another common tangent in N. Prove that ADB is a'right angle.
= 8. Construct & mean proportional to fwo given straight lines, and prove the con-

_struction., |

ABCD is a rectangle such that the square on 4D is twice the square on AB. RE
iNrawn at right anglesto ACtomeet Cin E. Prove that AE is one-third of AC.

9. If two triangles have one angle of the one equal to one angle of the other and the
sides shout these equal angles proportional, prove that the triangles'a similar.

10. Draw a straight line 5 inches long aad divide it into three parts ptoportional to
37 :46 :53,

-
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. angles ans! A is greater than B..
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ELRMENTARY TRIGONOVETRY, .

N

5 0o , - ( Toggours.)

}. Define the tancent of an angle.

Coustiuct an acute angle whos- sine is 6. and find ite cosine and its cotangent.

2. Prove that cos (180°—ai= —cos a. . . s
. Arrange the nngies a.B:vin ordor of magnitude, if

sina=. ’3’11 cor §=,7738. tan 1:——06]“!

the anglee being poaitive and cach loss than 180°. =~ - [
A. What is the length of the shadow of 8 man 5 ft. Rin. high cast by the sun whf-n its
*altitude is 55° 307 ?
1. Druw the graph of 10+ 10 cos 21 for values o( ¥ botwmn o° gnd 60°, Fuda vulue‘
of z to autisfy the eauahon

rw10+10 con 2¢° ’ .
[Tnko ono tenth of an mch as umt along bolh axes.] e ’

. Prove thnt in any (rmm,le
: #in Anain_!l_'
! » “a. .j
If A=63°, B=49°, q=50 in:. find b to the nnroat tenth of an inch.

6. Pruve that:.
cmo-lamn mso—-tmo &

m K roso-—«mo cos 0+ain @ l-i sinigt

@ (sec 6+ tan 8) (cosec 8 —cot 8)=(cosec 8+41) (sec 8- 1).
e If 2 8in 0+5 cos 0==5, prove that
) tan 6=0 or 4.

v

8. l’mve that ein (4 — B)=ain 4 cos B—cos 4 sin B, where 4 nnd B are both acute

ain 544 sin A
Prove that m{l‘ainA.«ig]'{'? coe 24

9. SHow that in arfy triangle 150 . .

’04(’ ,(”.‘(" m
Agin g™

T d4c=24.8cm., a=11.89 cm.. A=34°, find B and ©..

10. A lighthouse is ohserved from a'ship which is steaning due N. to hear 62° W, of
N...after the ship hue sailed 10 milee. the lighthouse is,observed to bear 10° \V, of'S,
¢ alrulaw the distance of the nl.:p from the hghthouae when it was nearest Lo it.

Stavica asp annca,
A Two and @ half hours.)
g e ‘ [Anum y-n[w/aal-miud mdlol <

1. State and pmve the triangle of forces, :

Find graphically: ‘or otherwise, the resultant of the‘rollowmg forcea acting lt ) polnt
vig, 5 1b due N., 10 Ih. 30° S. of W., 15 Ib. 60° '\' of E., 12 Ih. SE. (Sule lem. . -

‘tollb.)’

2. A form um long weighs 2 stene; itelegsars | ft. frdm mh end.. A boy welghmg
8 stone sits 2 [t. from one end, anather weighing 7 stone sits 3 ft. from the other end
Fxn{tbe pressures of the logs of lhe form on the gmund Fo s g

101170'—18————16 C 7 :

L
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their lines of action meet in a point. . B @

- A stiflf light rod ABC, bent so that ABCisa right angle and pivoted to a fixed point
at A4, has a weight of 12 Ib. attached to4t at and is maintained with 1B vertical
and BC horizontal by a horizontal string attached at C. 1f thé tension of the string

is equal to the weight of 8 Ib. and BC'is 4 in., prove that AB is 6 in.

4. O is the center of a rectangular piece of cardboard ABCD; the piece AOB is cut

. out and then fitted to and gummed on to DC so that AB lies along DC." Find the

center of gravity of the cardboard in its new form. ] - _

5. A massof 14 1b. rests on a rough plane-inclined at 30° to the horizon. If the coeffi-
cient of friction is 8, find-the least force which, acting directly down the plane, will
Just move the mass.- y : a ' ’

6. Prove the formula-v2=23fs for uniformly accelerated motion. °

A point moving in a straight line with uniform retardation describes 7 ft. in the
fifth second of its motion and 5 ft. in the seventh second. Prove that it will be at
rest at the end of 114 seconds. . *

7. Define force and show how it is measured. - e

Find (1) in poundals, (2) in pounds’ weight the force which will bring to rest in §
seconds a mass of 3 Ib. moving at the rate of a mile a minute, .

8. Explain the meaning of the terms work, energy, and power. .

Find the number of foot-pounds of work done by a man who picks up a stone

. weighing half a pound'and throws it through a window 20 ft. above the ground so

that it passes through the window with a velocity of 8 ft. per sécond.

9. A bullet is fired with a velocity whose horizon vertical components are
200 ft. per second and 40 ft. per second, respectively.’ "Find the greatest height to
which it will rise and its distance from the firing point ‘when it reaches-the ground

Tmoonoum‘nv, Startics AND Dynawmics,

(MATHEMATICS 1.)

(Threehours.)
. a [Assume =32 for foot-second units.) AV
1. Draw the graph of 5 cos z for values of z from 0° to 60°; and employ it to find the

-angle whose cosine is .8.

2. Prove that sin?4=1-cos’A4. .
Prove ‘that 5 oo ) .
(sinA+sinB) (co8B—cosA)= sin(4-B) (1 —cos(A4B)).

3. Show that in any triangle: : ‘

(1) b=ccos A+acos C; . . . v , )
* (@ tangd=4fC=0) =9 ve 0
i : s (s~a)

1 b=60 ft., ¢=72ft., B=52°, find thpossible values of C.  «

4. Two men dt A and B observe a balloon situated at a point vertically above the
line AB (which is horizontal) and between A and B; the angles of elevation of the
balloon are observed tobe 68 12 and 78° 41/, and the distance AB is 240 ft. “Show
that the height of the balloon is nearly 460 . - : :

. b. Btate and prove the triangle of forces, D
_ Find graphically, or otherwise, the resultant of the following forces acting at a

. em.to11b) o P ) — .

-, ..t 6. A form, 101t long,.weighs' , it8 legs are 1 ftr from esch end; & boy weighing
i s'shm&nits 2 f¢. from one end, anothér weighing 7 stone sits 3.1t. from the other end.
. Find o AL

" point, viz, 51b. due N., 10 Ib, 32 ol W., 15 Ib. 60° N. of E., 12 Ib. SE. @ealo 1

the pressures of the legs of-the form on the ground. .

3. "Prove that, if three coplanar forces which are not parallel are in, equilibrium,
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7. Provethiat if three coplanar forces, whjch are not parallel, are in ethbmun
their lines of action meet in a point.

A stiff light rod ABC, bent so that ABC is a right angle and. pnvouad tos ﬁxod
point ah.A4, has a weight of 12 Ib. attached to it at C and is maintained with AB ver-
tical and BC horizontal by a horizontal string attached at C. - If the tension of the
string is equal to the weight of 8 Ib. and BC'is 4 in., prove that AB is 6 in, .

8. A mass of 14 Ib. rests on a rough plane mclmed at 30°-to the horizon. If the
coefficient of friction i is 8, find the least force which, acung duectly down the plmo,
will just move the mass,

9. Prove the formula ¥?=2fs for umlormly accelemted motion,

A point moving in a straight line with uniform retardation describes 7 ft. in the
fifth second of its motion and 5 ft.'in the seventh second. Prove t.hst it will be st
rest at the end of 11§ seconds. ; . .

+10. Define force and show how it is measured.

Find (1) in poundals, (2) in pounds’ weight the force which will bnng to rest in 8
sccondg a mass of 3 Ib. moving at the rate of a mile a minute.

11. A body is attached to a fixed point by & string. If the body is let go when the
strin} is taut and horizontal, prove that when the body is passing through its lowest
posmon the venswn of the ntnng is three tlmes-the wcnght. of the body. .

ARITHMETIC, Amnmm, Gnoumn, AN ,Gaons'nucu. D’nAvnNo.
(MATHEMATICS 1.)
( T'hree hoyrs.) Y
1. Three bells begin tolling together at the fites of 50, 55, and 65 times per mlnufe.
n"pvctlvoly How aoon will they next toll together?
2. [Iavmg given that 1 cubic centimeter of water weighs 1 gram, that
1 kilogram =2.2046 1hs.
and 1 foot=30.48 cms., . .

- find the weight of I cibic foot of water to the nearest ounce

3. Solve the equations;

(2) z~y=a,
~ . . 72 —ax4by=0. c
4. Interpret the expressions a}, a2, and justify your mtorpretatmn, .
Sunplify . Vabieh+(ab-3ed) i . 0° 4

. Kind the sum of n terms of an -arithmetic Progression, whose first term and com-
mon difference are glvon '
Prove that, if n is an odd numbor tlw sum of n terms of the progresmon is n times
theniiddie term. : . .
Find the fifth term and the sum of 5 terms of the progression
‘ Jz+11421.._
0 Draw the grsphs of the equations ’ .
zty=1, y(1-z)=1 o .
for the values of z between — 2and 3. - * \ ’
Show that the second ourve has equal grpdlente at the two pmnwwhere u i’a cut
by the first. co

7. Prove that the oppoewe angles o( any qundnlateral mscnhed in a circle are sup.. j
.plomentary

Two circles intersect in 4, B. C, D dre any two points on one clrcle and C4, DB

. cut'the dther circle in P, Q; respectively: Prove.that PQ is: paralle] to CD. .
8. Construct a mean propomonxl to two ngen straight lines and provo t.he cou- oy
. .Strucuon. K

n (z’—l)(zt2)=r‘; ” . .

.

-
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/~) ’ ) 22—y,

' .. 8. Draw graphs of the equations
R = a5 TP S

P _ } o Po(l) y=122-20-27. ) ¢
" For what values of z is 27 ~ 10427 &au tl'z'an' 12229 ~2%?

R A ;
~ TEACHERS OF MATHEMATICS FOR SECONDARY SCHOOLS,

ABCD is a rectangle such that the sjuare on AD is twice the square on AB. -
BEisdrawn at right angles to AC to meet AC in E. Prove that AE is one-third-of AC. .
. 9. If two triangles have one angle of the one equal to one angle of the other and the
* sides about these equal anges proportional, prove that the triangles are similar.
10. Draw a straight line*5 inches long and divide it into three parts proportional to
37:46:63. ‘ T -

R umvmsnf'o%nn'on. o
MATRICULATION EXAMINATIONS, JANUARY, 1916,

ARITHMETIC AND ALGEBRA, -

Tueaday, Jonuary 11— Morning, (0 to 1. .

1. Find z from the equation .
=635 — 1540 (.642)2.

Y - : .

If 642 denotes a number lying between .6415 and .6425, what are the extreme
values of z? Give all the required values of z to three significant figures.

2. A consumer receives notice at the end of a quarter that the charge ‘per unit of
electricity supplied is to be raised P per cent. ' In the next quarter he succeeds in
reducing the number of units consumed by q per cent. Give a formula for the per-

" centage increase in tf€ll for the quarter. :
If p=10, and the bill is decreased by 64 per cent, find ' . .
3. There are two kinds of floorcloth of the same . pattern, one 27 inches wide
« costing 2s. 6d. per yard length. the other 45 inches wide costing 7a. 6d. per yard length.
A lady requires 21 square yards of floorcloth altogether and huys as much as she can
of the wider kind, but is determined not to spend more than £5. What length of the
‘wider kind will she he able to huy? .
4. Resolve into factors : .

- ' © (i) a’—ab-—3u+2!;-42, :
- and simplify the expression ’
’ a*~3(a—1)"+3(a—2)* = (a-3)s,

1 S ' 1 )
5. Ifz='%y_'.iy'n 5 V=%l§' and b=a:—icrexpgess z.in terms of a and e, and

check the result by putting ¢ equal to unity. .
&. Solve the equations .
: ' Ll IN U dea\ 1/, 241\
.. ) 3(z-3)+5(s+'7 =s(1+5%)
T ) @-3)e-a=@-Pi-6|
, Lo Z+y=0 s .

7. (1) Tf 8234-122y4- 824 122—10y - 63=0, find y when z=7. )
e -1 . ' -
. (ii) Find the values of 031 V305 755 ea«?b correct to three flgnxﬁcarft ﬁgurea.
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9. A sum-of £1,000 is set aside at the end of each year and invested at 5 per cent
compound interest. Find approximately the total sum accumulated at the end of
19 years; including the £1,000 set aside at the gnd of the nineteepth year. \

" [Use which you require of the following: .

(1.05)"*=2.406619 (1.05)°=2.626950 (1.05)=2.653298.)

K .
10. 4 and B could between them type 4,500 Ppages of manuscript in 100 working
¥ours. and undertook to doso. After 36 working hours B was replaced by C, and the
first half of .the task was completed in 54 working hours from the siart. After 80
working hours from the start B returned, and all three just finished the task in time. -
Find the average number of pages typed in an hour by 4, by B, and by C.

\> ) 8 GEOMETRY. M
Tursday, January M—-A/imwon, 2.30 (0 5.%0.

L. Prove that, if two sides of a triangle are unequal, the angle opposite the greater
side is greater thay the-angle opposite the less. Also, state and prove the converse
of this theorem. s . : S

In an acute-angled triangle ABC in which 4B is greater than AC, the lines drawn . .
from B, C perpendicular to the opposite sides intersectin 0. Prove that OB is greater
than OC. . : . :

2. Prove that the diagonals of a rhombus bisect each other at right angles.

The side BC of a rthombus ABCD is produced through C to'a point E so that CE
is greater than BC. The line ED is drawn and produced to cut CA produced in P,
and F is joined to B. 'Prove that the angles BFA, EFA are equal. .

3. Prove that parallelograms on the same base and between the same parallels
are equal in area. : o : :

ABCD, $EFG are two parallelograms having.a common -point.at 4, and having
the-vertex E on BC, and the vertex D on FG. Prove that the parallelograms are
equal in area. C . SN .

4. In a right-angled triangle prove that the square on the hypotenuse is equal to
the sum of the squares on the other two sides: - ’

If two unequal right-angled triangles ARC, ADC are drawn on opposite sides of
~their common' hypotenuse AC, and if AM, CN are drawn perpendicular to BD,
cutting it in M, N, prove that BM’+BN’=DM’-_+—DN’. : o .

5. If a straight line AB is bisected at C and produced to any point D, prove that
CD*=AD. BD+AC. . o0 :

Show how to find thé position of D by a geometrical construction so that the rec-
tangle AD. BD shall equal the square on AB. ' 2 o -

6. Show, with proof, how tp construct a square equal in area to'a given triangle,
illustrating your method by a well-drawn figure. . o

7. Prove that the angle at the center of & circle standing on & given arc is double
any angle at the circumference standing on the sarfe arc. - o

Prove that, if a square be described externally on the hypotenuse of a right-angled
triangle, and the right sngle be joined to the center of the square, the joining line

- will bisect the right angle. - = .o L g

8. The angles A, B -of l.cyclic'quadl;g:ml ABCD are 110°, 85°, respectively,

and 4B subtends an angle of 65° at the point of intersection of the disgonals. . Find
the angles which the sides subtend at the cwater of the circld. - SO

» . 9. Prove that in equal circles (or the same circle) équal angles at the centersstand  *
on chords which are equal. A coo R

" Given the base BC and the vertical angle A of a triangle ABC, the angle A being

acute; prove that if BY is drawn perpendicular to AC, cutting it.in M, and it CN -

- . is drawn perpendicular to AB, cutting it io' N, the line MN.is of conptant length.

7 oflan O°
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1

10. If two chords AB, CD of a circle, on being produced, meet in a point P, prove -
that the rectangles PA. PB and PC. PD are equal. . g

Two circles having a common chord AB cut a third circle, the chords of intersection
with it being CD, EF, respectively. Prove that 4B, CD, EF, produced if necessary,
intersect in a common point. ’ .

¢ MECHANICS,

Wednesday, January 18—Afternoon, £.%0 (o 5.30.

1. The gravitational acceleration at the surface of the moon is approximately 5.4-
feet per second. Calculate (a) the time\uken by a projectile, starting vertically -
upward from the surface of the moon with a velocity of 120 feet per second, to
return to its starting point, and () the maximum height reached. :

How do these results compare with those upon the earth’s surface? .

2. Explain the variations of the force between the floor of a lift and the feet of a
.man standing in it during the upward and downward journeys from rest to rest.

3. Give exact definitions of thie terms force, momendum, work, and pouwer, and explain
the connections between (a) force and momentum, (b) force and work, and (c) work
and. power. ) . ' . . :

4. Explain the principle by which the resultant of two forces not in the same straight
line is determined. : oL - : :

The bob of a simple pendulum is deflected so that the string makes an angle of 30°
with the vertical. It is then rcleased. Calculate the direction and magnjtude of
the accelepation with which the bob begins to move. . .

‘5. Show how to calculate the magnitude and position of the resultant of a number
of parallel forces acting in a plane, ] o . '

Equal weighta are situated at five of the angular points of a horizontally placed
regular hexagon of sidé a. Find the line of action of the single force which would be
in equilibrium with the weights. ' . ’

6. Apply the principle of work to determine the mechanical advsntage of & smooth
plane inclined at hn angle a to the horizontal, the load being raised by a horizontslly
applied force. o i

-8how what would be the effect of friction on the mechanical ad vantage; and' explain
what ia meant by the efficiency of a machine. , a ° ale

7. Define the density and the relative density of a substance..

’
‘ Y

Describe carefully how

_tion of the density of (a) a liquid, (b) a powder soluble in water, but insoluble in the
liquid. . ' R

t
you would carry out-—using a suitable bottle—a determina-

8. Explain how the pressure of the atmos

Lo e
phere can be,accurately measured.

At the top of a mountain a mercu

Ty barometer reads 67.2 cm. What is.the pressure

in kilograms weight-per ‘sq. cm., given that mercury hag 13.6 times the density of
water. S 0 4 .

¢
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ENGLAND. -
ENTRANCIE SCHOLARSHIPS EJ_K.AMINATION. PAPERS,
CAMBRIDGE . UNIVERSITY. .
Ex.mxmﬂon POR SCHOLARSHIPS, Exmnmons. AND Slzmsmm.

Thmty, Clare, Trinity Hall, Peterhnuae, and Sidney Sussex.
o . " December 7, 1910, 9-12.

1. The lines 4B, BE, CF are drawn perpendicular to the sides BC, CA, AB of
the triangle ABC, and EF, FD, DE are drawn to cut BC, CA, AB, respectively, in
X, Y, Z. -The tangents at 4, B, C to the circle ABC cut BC, CA, AB, respectively,
in P, Q, R, and L, M, N are'the middle points of AP, BQ, CR, respectively. Prove
that the six pomta X, Y, Z, L, M, N are on the radical axis of the circles ABC and
DEF. .

2. -A, Bare the points of contact of a common tangent of two given cxrcles, and any
line pmllel to AB cuts one circle in P and the other in Q. Prove AP and BQ" nter-
sect on ‘s fixed circle coaxial with the given circles.

3. Find three points X, Y, Z on the sides BC, CA, AB of the t.nangle ABC tuch
that YZ, ZX, XY will pass, respectively, through three given collinear polnta L,
M, N. v

Hence, or ot.herwwe, find the pomm of contact o( three glvo‘n\angenm to & conic
having also given the' pole of a given straight line.

4. Prove that, if n is 4 positive integer, . o o

a(n—1) n(n-—l)(n —-2)
1”1*"* IERAREna T

=¢2{l—(ni’;]) .(n+3(zr:+2) (n+l)§;l;|;23)‘("+3) . }

5. Prove tl.m't, if a, 8, v-are the three roota'of the equation
B#-21z436=0; - -

then will ) o
a’+2a—14 be equal to 8 or to v
8 Prove that.
co8 2a sin (B— 7)+cos 28 sin ('y a)+gos 27 sin (a—B)
=4 6in § (8—7) sin § (v—a) sin i (a—B) {cos (ﬂ+‘¥)+P08 (v+a)+coe (a+ﬁ))

* 7. The diaméter AB of a circle i is produced to C so t.hat B(Cis equal to the radius. - ,
OB of the gircle; CD is drawn perpendicular to OBC and CD=BC: A point P is
- taken on the'circle on the same side of AB as the point D, and-such that £ AQP is
~balf o right.angle. Prove that, if Q is the. pomt where PD éuts the circle_again,
’ ABOQ is 1.001 radians, very nearly.
8. Prove that chords of the ellipse z’/a’+y’ﬂt’-—l =0 which wbwnd a8 nght angle g
atagiven point-P of the ellipse intersect the normal at Bina point P/, such that PP/
s equal to 2abd/(o'+b'), where d is the oemididnewr conjugtw to CP.

Qo
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Prove that'as P varies the locus of L iv'a similar ellipse, and that the normals to the
ellipses at P and P, respectively, intersect either ellipse in four concyclic points,
9. Show that the locus of the intersection of normals at the extremitics of chords
of a parabola which pass through a fixed point is a parabola,‘and find the direction
its axis. - ’ ‘
10." Find the equation-of the tangent at the point (p? 1, p) on the conic af—\?=0;
and prove that, if the sides of a triangle touch the conic and two of its vertices arcon
“the lines a~X,6=0 and a—xB8=0, respectively, the locus of the third vertex is the
conic
’ : ()«,+.A1)’a3—4)s,)\?‘y7=0. :
. 1L, Bhow that if 9 and ¢ lie begween 0 and x, % is less than 1, and
* (1-2a cds 6+a?) (1424 cos ¢+a*)=(1-a2)3,
S do_sing_1-2acosetar’
f 0 d¢ sing 1-d? .
12. Prove that if the chosd of curvature through the oﬁgin in 2rnfqn=1 (p =1, for
any point of a curve at distauce r from the origin, then the radius of curvature is
" proportional to . . ’
M - N
. . : d

. ' 4 . I
o _ r(““)ef"'l"
I
December 7, 1910, 14, -*
_ ‘Bookworkg.

Condidates are requested to attempt at least oNg queation from’eac section of the paper, and not wmore than
. : . THREE in all.} :

" 1. Write a short account of the method of projection in gcometfy. Include in this

account the properties of a projected figure corresponding to (a) circles, {b) right angles,

(c) a pair of equal angles, (d) middle pointa of lines, and (e) foci of conics, in the origi-

nal figure, and illustrate your theory by stating in u form true for all conics the prop-

erty that the angle at the"center of a circle is double that at the cifcumference,
2. Prove that if m is prime to a the least positive remainders of the series of integers

E kta, ... E+(m-1)a R
" with res@ct to m are a permutation of the nuinben of the senes -
’ ' 9D, 1,2,...(m-=1),

and that o
: @™ 1 =0 (mod, m),
where ¢ (m) is the number of integers less than m and prime to it, "

Prove, also, that (m—1)!+1 is divisibie by m- if, and ouly if, m ix a prime,

Show that if m is & prime dnd p<<m, . .
L (P=1l(m~p)l+(~ 1) = O(mod. m). . :
' 3. State and prove the leading propositions in the theory of determinants and indi-
"= cate some applications of the theory. . S
. 4. Btarting from the definition of & differential coefficient, develop methods and
 * . results which will énable you to differentiate any function obtained by combining
L '_egpon'e_:iﬁal,funcgipns, circular functions, powers, and the inverses of these functions.
"5, Establish formulee for the curvaturs at any point of & plane curve, including
the cases when the curve is defined (&) by a Cartesian dquation, (b) by equations of
the type z=¢(t), y=v(t), (c) by an intrinsic equation, (d) by a p, r equation, and (¢)

C

»
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as the envelope of a line whose equation containg one variable p;nmewr. Apply
such of these formule as are suitable to the cases of the ellipse and the parabola,

6. Starting witheany definition of exp z or log z, where z is‘a real variable, develop

the principal properties of these functions, including among your results the expan-
sions for exp z and log (1+z), the equation.

[N

d 1
Z(log 2)=—2
and the relation

. lim Z\» . L. g
M(l+;).=oxp3. o . N

Explain, also, the connection between exp z and e2,

A. Prove the theorems on which graphic methods as applied to statical problems
depend. g : :

o . B. - Investigate the various theorems concerning the conservation of energy and
the conservation of momentum under appropriate conditions for a system of two
particles, - T : ' :

#pply your theorems- to the solution of the following problem: Two, particles of
masses m and m’ are connected by an elastic string, of natural length land without
mass, and are-initially at rest at a distance §1 from each other at points 4 and B,
respectively. Blows P and Q are applicd to the patticles in directions ‘perpendicular
to AB and toward A, respectively. Discuss the subsequent motion.

C. Investigate the various problems arising from the collision of smooth elastic
spheres. In particular consider the loss of kinetic energy. - g ’ S

”A'mass mof water issues per unit time from a pipe with uniform velocity « and strikes
a pail which retains it, there being no elasticity.. Initially the pail is at rest, and at
8 subsequent instant is moving in the direction of the stream with velocity ¥, Prove

- av_mu-yyp
m(u-—. .
S AT T Mt 0

and that the loss of e'nérgy up to this instant is
o "y Muv,
where M is the mass of the pail, and gravity is omitted from consideration.

D, Investigate the theory of the isochronism of oscillations, considering harmonic
motion in general, motion on a cycloid, and the small oecillations of a pendulim,

»

December 8, 1910, 9-12.
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Fok CANDIDATES IN MATHEMATICS, IN MECHANICAL Sciences, aNp IN MaTREMATICS
APPLICARLE 0 -PRYsICS,

Math cal tables and fuared paper are provided, and mathematical instruments may be employed for
calewlation. : g S )
Cundidates for mathematical scholarshipe ase o omit questions A0,

A. Prove the formuls- ' . i L
g co8 (A+ B)=cos A cos B—ein .4 sin B, . T~
Show that ' Y : S LY £
. - 8in. 4 sin (B—C)+-sin B sin (C=A)+sin C sin (A— B)==q),
B. Find the len§th of the perpendicular trom the origin to tk*e o
: ot " Sa4-4y—1=0. s % o e
Find also the equations of the two lines which are parallel to this line and at.twice -
" itadistance from the origin, T ey

v
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C. 'I‘mce the curve y?—16z, and tind the pomta where itis cut by the line y—zz—s

* Prove. dso that the line cuts the curve at angles ¢ and ¢’ given by

tan ¢=4, tan ¢’=¢§. .

. . )

5 . -
1. The blsoetor of the angle A of a triangle 4BC pasees through, the center of the
square described exwmally on BC. Show that-A ie a right angle, or that AB=A(,
23 AB(‘D is a quadrilateral not inscribable in a circle. Show that
AC.BDKAB.CD+RB. AD.
3. The roota of the equation
: P —~12834-5123— 02z+60=0
“ are all integral: find them.
4. Prove that if-x is the 'n.th root of g, the errar mvolvod in takmg x tor the (n+q)th
“-rout of a is

¢ Lo logez( g log e q
_ 2%_7{1—2 nt q)}approxlmateh.r,
where g .
. qlogez
- . D +q
is smnll

Estimate. roimhlv the extreme magmtude of this error when z and {q are not greater
" than 1.000 and 1. respectively, and n is not lcsa than 200.

6. Solve (graphically or ptherwxse) to two significant figuree the cquation ) .
_ 2'—102-11=0, > g o
6. Find the general soh;tion of the equatibn
. ) cosec 4a —cousec 40—cot 4a—cot. 40.
7 Solve completely the tnanglos in whic *h
. ) a=113, b=152, A4=27°,

8. In an a(-uw-nngled tnanglo ABC, if L MN is the pedal triangle and p its i in- radius,
show that :

LM . MN . L=24, -
where 4 is the area of ABC.

9. Ynterpret the equations obtamed by ehmmmng z and y in succession between

- the straight line z+2y=3 and the conic 22—3y2=22, and hence (or otherwise) prove

that the circle described on this chord as diameter has for its equation
z’+y'+181:-12y 128=0.

10. Find the relation between the eccem.nc angles at the ext.remltlee of conjugate
- diameters of an ellipse.

If the ellipse be !
' Doty =],
. prove that the tsngents at the ends of conjugate diameters intersect on the elhpee
. - 2N u? 40 =2, .
md that the correapondlug normals meet on the curve |
2 (a2 b P (0~ 1) (0'1" b’y')’* a o
11. Prove the ruls’ for differentiating the quotlent ol two- functlonl. '

Fxnd the differential coefficients of
. z-2

AT«-TH’ siny {i+_p' ) hn(i~§in“=);- .
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12, A bell tent consists of a conical portion above and a cylindrical portion near the

ground. For a given volume and & circular base of given .radius, prove that the
anmount of canyas used is a minimum when the semivertical angle of the come is
cos™! (§). : :

13. Integrate the followmg expreesiona- .

(z’+31+°) tan’z, z’logz, ‘/2 H_FH_: . '\

14. prly the mwgml calculue to evaluato
(i)- the area of a parabols cut off by a lin® perpendicular to the axis;
(ii) the volume of a aphere.

.

l’)ﬂ .’l‘mce the curve ry*=44? (2a—x) and prove . . . ‘,‘

i
x> .

(i} that the‘area hétween theviirve and the axis'of y i8 dxud;
(iij that the volume generated by the revoluuon of the curve about this line
is 2x%a®, .

' .

Decombar 8, 1910. 1.304.30.

Folt CANDIDATES IN. MATHEMATCR, IN Mnrmmcu. ScCIENCES, AND IN MA'mzuA'rlcs
' . APPLICABLE ro PKYBI(N \

Mathematical tables. and squared papn cre ided, and -mathemati (me may be employed /ov
calculation. . : °
1. A-ship leaves a certain port and steams N.W. at 15 knots; 10 hours. later anotlier
ship leaves the same-port, and steams W.S.W. at 12knots. Their wirelees instruments
are capable of communitutions up to 500 nautical wiles, how long may the ships
expect to remain in touch with one another?
[A knot=a nautical mile an hour.}

2. Atrain p tion A at 40 miles per hour and maintains thisspeed for 7 miles,
and is then uniformly retarded, stopping at B, which is 8 miles from-4. A second .
train starts from A the instant the first train passes and, being uniformly accelerated
for part of the journey and yniformly retarded for the rest, stops at B at the same time
as the first train. What is its greatest speed on the journey? -

3. A tramcar starta from rest and its velocities at m.l.ervnls of 5 seconds, are ngen in

the followmg table: - i o 0
W D ooormromrenoacroremmrorororccommocaoaod R o | s [ 10| 15| 22|23
V:locitylnmlleaperhour...:‘. ............. Boseoonoorpocoac o srfns|umei1es 17| 19

Calculate the distance in vards tmve]ed in the above time. “Klbo, if the car weighs
8 tons, cstimate the effectir » pull exerted on the car at the end of 20 seconds.

4. A particle is proje .1 from a given point with a velocity whose vertical com-
ponent is given. Prov ‘hat the initial angulnr velocity about the fochs of the path
is greatest when the angle of projection is 45°.

5. A smooth sphere is tied to & fixed p&mt by an melaatxc stnng, and another aphere

' impinges directly on it in a direction makifig an acute angle with the string. 8how

that, if the second sphere is reduced torest by the impact, the Tatio of the total kinetic
energy after the impact to that before is equal-to the coefficient of restitution. - -
6. A light spring is such that m lbe. weight compresses it a feet. It is compreued

cfeet (c > a). Ifm!lbs. is placed on thetop and the spring is released, find the can. -

dition that the weight will leave the spring, and its velocity when this happens.

-

.
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string, and so placed that £ ABC= £ B(D=120°,and the various parls of the string
are straight; an impulse I is given to the massat A in the direction B4, show that the
impulsite tension in AB is §} . . o

" 8. A heavy uniform beam, 8 feet long, weighs 20 1bs., ani at me end it.carrics a load
"of 20 1bs. and at the other pnd a load of 10 1bs.  The bram thus loaded is to be carried

i

on & certain support.  Find by a graphical construction the position of the support. - -

If the beam is'10 rest on two supportg which are to divide the load in a given ratio.
show how to find op your diagram any number of suitable pairs of pointa, and*find the
“position of the supports when they are at a distance 4 feet apart, the pressures on them

being in the ratio of 310 2. ) 5 ' °
9. A tripod consists of three equal rods. each of weight w0, smoothly jointed at the
upper ends. It is placed symmetrically on a rough horizontal tible, for which the
angle of friction is ¢, and 8 weight Wis put on the top of the tripod. Show that the

" rods can.not make an angle with the vertical greater than
— W43w .
tan ({2t fgan o).

-10. Two equal uniform rods are fastened together 86 as to biscct ohe angther at right
-angles. They restin a plane at right angles to a rough wall, the oné: rod resting on the
edgo’of the, top of the wall, and an end of the other against the vertical.side. Prove

. . that the limiting inclination 8 of the second rod to the vertical is given by the equation

s tan 8 cos®™\==co8(\+9) sin (A\—4);
. o /

w;here \is the angle of friction. - : I

11. The figure ABCD represents a freely-jointed light plaigr framework,; with forces

acting in the plane at right angles to BCD. ‘Show that. it is in equilibrium, and

- prove, grq&hjcall y or otherwise, that }he stresses in AM Care equal and of oppusite,
eign. . g
0 < 83w !

o R 251b

.. 12. Two equal friction-wheels of radii R inches turn on axles B, Clof radii r inches;
the coefficiént of friction between wheel and axle is tan ¢. A whoel of weight I is
attached to'an axle of radius a inches which rests on the circumferences of-the first two

.. wheels'as in the figure. Neglecting the weightsof the wheels B and C, show that the
3 b leh_ét couple which wiltYotate the wheel 4 is Wa%%' ‘where sirr §=;‘~,sin ¢: the centers

o . o o s . o

B

i

t

7. Four equal masaes are attached at equal distances 4, B,C, Dat péinu on a light
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g Laahatal S8

of the throo wheela fnrmmg an equilateral triangle.
: ' (Auzmx.\'nv: Qvnsnons IN Pnvsics.) \

13. A diving bell has the form of & ptnbolold of revolution cut off by a plane per
“pendicular to its axis at a distance A from the \enes where A is the height of the watgr
barometer. If thetbell be lowered 6o that its verte® isat a depth 54/2 below the aurface
of the water, find how high the water will rise in tife bell.

14. A battery is connected to a galvanometer of 40 ohmns resistance, and a certain

" current is observed.  The galvanometer is now shunted with a registance of 10 ohms,

and the current in the galvanometer fsils to one-half of the former value. Find the
internal resistance of the battery.

15. The coefficients of cubical expansion of mercury and brass are .00018 and d)006
per degree ‘centigrade. A mercury barometer with a brass scale reads dorrectly at

15° C., standing at 30 inches; what will be the error at 35° C.?

16. One cubic foot of air at'a tempemlure of 500° C. absabute is expanded isotherm-
ally from a pressure of 120 1bs. per sq.dn. to twice the initial yolume; it is then
cxpanded adialatically to three times the initial volume. Find the pressure and
temperature at the end of each stage and calculate, graphically or otherwise, the work
done and the heat units taken in during cach stage, taking the mechanical equlvdent
of one thermal unit as 1,400 ft. 1bs., and the equation for adiabatic expansion)of air as
p ¢_comt. 3 .

‘

- . e
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APPENDIX C.
FRANCE. o ) -

CONCOURS FOR ADMISSION TO THE RCOLE NORMALE SUPERIEURE
5 -AND FOR THE BOURSES DE LICENCE IN 1913

g S © Matneuarics.? y \
‘ Grovr I, .

S I

. s - (Time: 6 houry) - .
Being given three axes of mctlﬁguhr coordinates Or, Oy, Ot, consider (hesurfsce (S)
- - defined by the equation t=xy+ r* and the line (D) defined by the equations y=b, :=¢,
where b and c.arp two given constants, the second not being zero. 1n all that follows
- this line (D) remains fixed. - . '
1. Bhow that the surface (S) is ruled and find its gencrators.
2. To each rectilinear generator (G) of the surface (8) establish a correspondence of
the plane_(P) drawn through the-line (1) and paraliel to the line symmetric to (6
with respect to theplane 10y,  Determine the locus of the foint of intersection of (G)
and of (P), whet: the liné (G) describes the gurface ().
Show that this locun'is a curve (C) situated on a quadnie (Q), and determine thia
quadric. ) .
3. Form the equation of the fourth degree. Riving the absciseas of the points of inter-
scction of the curve (C) with a plane given by its equation wr+1y+wzts=0. Caley:
LIate the elementary symmetric functions of the roots as'a function of u, v p. 8. From
- this deduce the relation %hich the abscissas y, 2y, X5, 1, of four points of the curve (C)
must aayisfy in order that these four points should be in the same plaue.
Thia relation will be useful in most of the questions which follow.
4. Deduce from the preceding relation the conditions which the abacicias I, I, 1y,
of three points of the curve (C) must satisfy in order that these three pointa shall by
collinear. . .
Form the general equation of the third degree of which the roots are the abscissas'of
three collinear points of the curve (C). Show that the lines which cut (C) in thiree
. points generate one of the families of rectilinear generators of the quadric (Q).
. b. Show that the necessary and sufficient. condition that the oeculaﬁng,plan’éa to
* the curve (C}in three given points cut on the curve (C) is that the three points are
collinear, - E i
"“6. Throughany peiat M of the curve (C) there pass two planes enjoying the property
of being tangent to the curve (C)at the point M and in another point (that is to'say of
being bitangent to the curve). Suppose M’ and M’/ are the second points of dontact s
of these two planes. “how that there exists a plane bitangent to the curve (L;) in M’
and M. . - > % )
" What conditions miust be satisfied by‘the abacissas of the three points M, M, M,
" ofthe curve (U) in order that any two of ghem.are pojnts of contactof s plane bitangent
letheruve(0)r T e T T
lmpduumdtbofdlwlncmblommtobeloux_xdmxouwlladonlnammw.wmon,
- Oct.-Nov., 1914, pp. 467432, ) [ Ce ot .
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equal three, determifie the locus of the points such that two of the curves C which’

A’ eprojoctnonox and ¥on the axes aré X =z, Y=y—-4z z and y tfenoung the coor- ;
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7. Form the general equ:ho@ the third degree whose roots are the abscissas of the
points M, M’, M"’, of the curve (C) subject to the preceding conditions. Express the. i
coefficients of this equation by means of the ahaciasa e of the fourth point of intersec- |
tion u of the curve (C) with the plane (r) determined by the points M, ¥, M”, . °

Calculats, in terms of ¢ the coeflicicuts of the equation of the plane (r) and the
coordinates of the point of concoiitse,. A, of the tangents to the curve (C) at the points
M. M, M”. This point A is said to be the point associated wit'h the point u.of tha
turve (C).

f. Show that there exists an mﬁmt) of quadrice, depending only on b and ¢, with,
respect to which the point A is the pole-of the plane (r): determine these quudncd .
and.show that one of them is the quidric (Q) already considered.

Deterine the locus (I') of the péint 4, also the envelope of the plane (r), when llyo
point u describes the curve (C). |

9. With any three collinear ponnta By, 3. 1y, 0D the curve (C)are associatdd the thgee b
vertices 4, As Ay, of a triangle, inscribed in the curve (). Detcrmine by supposing -
b=0, the envelope of the sides’df this triangle when tho line gy uy s, varies. Show
that in the same hypdthesis b=40, the circle circumseribed about t,he triangle 4, 4, 4,
passes through two fixed points.

11 :
: / © (Tige: 4 hours.) ’ o o A

(hven two rec ungular noa and the differential equation y—2ry" 4 y%?=0.

. Show that this equation admigs of an infinity of solutions, the curves (¢, of which -
tho equation is of the fonn y?=f(x), f(+) denoting a polynomial in r.  Write the gen-
cral equation of the curves €; show that throngh every paint of the plane there passcs
vither one or three curres €. and determine the region of the plane where tho point 3
ought to be found in opder that the number of the curves which pass through it shall

pass through one of them are orthogonal. .
- 2. Given the poipt 4 (r=0.5,y=0). Let P be that one of the curves Clwhich '
is concave toward the positive part of the axis (Or; let B bo-the
point of the curve/P which has forordinate /6. Suppose (Q is that one of the curves C
passing through B, and concave toward the negative part of the r—axis! suppose finally
that A’ is the pofnt where this curve cuts the ax in Or. Caleulate the area baunded by
the arcs of cu AB, BA’, and the axis Or. '
3: A moving point. starting from A, travemes auccemnolv the a¥c AB of P, thenthe
arc BA’ of Q/ Its tangantial acceleration is constantly equal to its velocity, and ita
initial velocj )::is equal to 1; at the point B suppose that the velovity does not change

"in magnitude, but only in direction. Calculate to the nearest tenth the tinge mken

for the poifit to traverse the arc ABA’.

4. At the poigt B, the acceleration of the movmg point suffers s dmoont.mmty
Calculatd, by it4projections on the two axes of coordinates, the geometnc variation
of the v cwr-acoelemuon at the point B. .

Group I1.
I ’, .

inates.of the point A:

-1. Form and integrate the dlﬁerenthl oquahons of the mouon ‘of the pomg Il

- 2. Determine the motion of M in supposing that at the begihning of thie time its
coordinates are (a, 0) and that its yelocity has ~« and 2a for pm;ecuons on the axes. -

Construct the mjectory (T) correspondmg to tlnn mot.lon. R
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" 8. Calculate the time taken by
trajectory (T) to the point M/
radius vector O ¥, . . -

4. Prove that the hodograph of the motion is a homothetic curve of the trajectory
(T) and calculate to the nearest tonth the ratio of homothety.

6. Thetrajectory ( T) passes through the point 0. Evaluate,
of the point M, the area bounded by the src of the curve 0 M
the volume generated by this area turning about Oy,

II.
Evaluate to the nedrest hiundredth the integrals:

the moving point in going from any pmnt M of its
,-where the tangent to the trajectory is parsllel to the B

in terms of the absciss
and the chord O, also

o

R !f, dz : f‘r dr
o 2cos z43’ ) (2co8z43)

g the emphasis on analytimi geometry in
8 report, page 21 (Commission Internatio-
us-Commission Frangaise, Rapports, vol. 2).

NorE.—For interesting comment concernin
the above ezamination, compare E. Blutel'
nale de I' Enseignement Mathématique. So

4
-




. . . ‘ Oaq
-~

APPENDIX D. o
\ FRANCE.

AGREGATION DEs ScieNces MATHEMATIQUES.

.

Ao there are no mathematical examinations for teachers in any other country to
compare in difficulty with those to which the ‘candidate for a French agrégation is -
required to submit, it seems worth while tq give fuller details, I therefore subjain:.

I. Concours programs (annoynced” 9-11 months in advandb). The examinations .

" were on topics selected from the program. 5 >
I1. The corresponding examination papers. Thefour written examinationsoccurred  °
_within five consecutive days. The first paper may seem short for the time
allowed (seven hours), but when the enormously high 'atandujd in presentation
and detail is taken into consideration, this is not found to be the case,

' L PROGRAM FOR THE CONCOURS.

I.—GENERAL PROGRAM IN ANALYSIS AND MzcraNics, 1914:2

-

Since the programs for the certificats d’études supérieures vary among the different
universities, the jury indicata in the program below the minimum of general knowl-
edge which the candidates for certificata in analysis (differential and integral calculus)
and mechanica are supposed to have acquired. ' L .

The subjecta, of the * compositions” in differential calculus, integral calculus, and*
mechanics will be choden from Nos. I, 2, 8, 4, 5,7, 8, 9, 10, 11, 12, 13, 14, and 16 of
this program; their scope will not exceed the standard set by-the subjectaof problems

. proposed for the corresponding certificats for the licence. » : ’

DrrFERENTIAL CALCULUS AND INTEGRAL CALCULUS,

1. Fundamental operations of- differential and integral caleulus: Derivatives and - .
differentials; simple integrals, ‘curvjlinear integrals,-integrals of total differentials,
doubleand tripleintegrals, =~ - > o

2. Applications of the differential’ caleulus: Study of functions of a real variable
(Taylor’s formula, maxima and minima, functional determinants, implicit functions);
calculation of derivatives and differentials; change of variables. Order of connection

¥ and class of an area. ‘ . ) '

8. Applications of the integral caleulus: Prodesses of integration. Length of an arc
ofa curve (planeand gauche), areas, volumes. Differentiatédn and change of variables

under the sign f f . ¢ . Btudy of the integra] j b‘/ (z) dz when one of the limits or
: 7L .

the function becomes infinite. Green's formula. 8tudy of functions represented by =~
*tertain series. Properties of power series. ] o N
4. Llements of infinitesimal geometry: *Infinitesimal Jproperties” of plane and
gauche curves (curve envelopes, curvature, ‘torsion). _Infinitesimal properties of
- surfaces; surface enveélopes, summary of the results on - contact transformations;
developgbje surfaces, ruled surfaces; Mousniet’s theorem; ptincipal sections.” (o . -

jugate Lifges, lines of Curvature, asymptotic lines in any. curvilinear coordinates.

1 Bulldtin administratif du winisiirs dé Vinstruction publigue, annds 1913, 2 Jullt, pp. 173-174. Ak
though the programor 1918 was published, no exsmination has been held sinoe 1914, .- L

101179°—18——17
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. b. Elementary functions of a complex varigble: Simple algebraic functions; circular
and logarithmic functions. : :

8. Theory of analytic functions: Proéertiee of the integral r f@2) d. Series of Taylor

- ang of Laurent. Poles,-essent'ially singular points, residues. Reduction of the

hyperelliptie.integrals. . .
7. Differential equations of the Jirst order: General solutions, particular solutions,
singular solutions, Simple types of integrable equations. Integrating factor,
Theorem of Briot and Bouquet on the existence .of the solutions in the cases where
-the known functions are analytic, ’
8: Differential equations and systems of equations of any order: Geneoral solution, _

* particular solutions, first solutions. Simple types of integrable equations. Linear

equations, .
9. Integration of linear, partial differential equations of the first order. :
10. Integration of differcntial equations (partial or total) of the first order,

MechaNICS.
] ..

‘11 Statics: Compositfon of forces applied at a point, Attraction of a kpherichl
homogeneous shell at an exterior or interier point. Elementary properties of poten-

-tial. * Reduction of forces applied to a solid body.- Conditions of equilibrium of a

solid body. Applications to simple -machines. Funicular polygon. Suspension
bridges. Catenary. Principal of virtual work. .

12. Kinematics: Velocity, acceleration. Movement of a plane figure in its plane,
Ropresentation of the movement by the rolling of & moving curve on'a fixed curve,
Movement of a solid body about a fixed point. Representation of the movement hy
the rolling of a. moving cone.on a fixed cone. Movement of a solid body in space, -
Helicoidal movement. Relative movements. Theorem of Coriolis.

13. Dynamics.of a particle: Work.- General theorems. First intégrals of the equa-
tions of motion. Application to the motjon of the planets. Movement of a point
on a’curve or on a surface. Pendulum in a vacuum and in a resisting medium,
Conical pendulum. Geodetic lines. . g B

14. Geomelry of masses: Centers of gravity. - Moments of inertia.’ c .

16. Dynamics of systems: General theorems. Birst integrals. Energy, stability of
equilibrium. Movement of asolid body ahout a fixed axis: Pressure supported by
thé axis. Compound: pendulum. Movement, of a solid body about a fixed point.
General-movement of a solid body. 1aw of friction and slipping. "Application of
the principle of zia rive to machines. D’Alembert's . principle. Lagrange’s equa-
tions. Relative'motion. Percussions.

16. Canonical equationa; Jacobi's theorem, - ¢ :

17. Hydrostatics: Fqujlibrium of a fluigmass. Level surfices.” Pressureona plane
wall.  Archimedes's principle. Equilibrium of floating bodies. ]

18. iydrodynamiics: (iéncral equations of motion of a fluid mass. Bernoulli's
theoremn. Torricelli’s theorem.

= 0 " Lessons.!

.

" Parts of the programe from whi(-h are drawn the subjects of the lessons.

" .. 1 Aithough the program of “Lessons” for 1914 is given on pp. 175-177 of the Bulletin Administratif men-

toned above, the examinations on these lossans took pinco after the war had commenced, and I have

" been unable to find any pub lished 1ist of lesson-sub) lected at that time” As the program of lessons
- _for 1910 and the corresponding list of lesson-subjects wore available, they ure given in-this appendix, There
" is cotisiderable virlation o the program b Leossons” from year to year, .
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MarBEMATIQUES SPECIALES. _
. Series: "Series of positive terms; character of convergence or divergence drawn from
the study of the expressions: L" Vi nub

Abeolutely con%rgmg series. (‘onvorgence of series, with terms 2iternately positive.
and negative, of which the general term decreases constantly in abeolute value and -
tends toward zero. Numerical examples. :

General properties of algebraic equations: Number of room of an equation. Relations -
between the coefficients and the roots. Every rational and symmetric function of
the roots may be expressed rationally as-a function of the coefficients. Elimination:
of one unknown between two equations by meais of symmetric functions. Condition °
that an equation has equal roots. Study of the commensurable roots. Descartes’s
theorem, Complex numbers. De Moxvre s theorem. Trigonometric resolution of
the binomial equation, :

Funetions: Function of a real’ vanable graphic representation, continuity. Defi-
nition and continuity of the exponent.ml function and of the logarithmic funcuon

Limit of (l+—) when m increases indefinitély in abeoluw valne Derivmveof 8

function; slope of the curve represented Denvatwe of a sum, of a product, of &
quotient, of an integral power, of a functiore of a function. Derivative of a* and of
log z. Use of logarithm tables and of the slide rule. Rolle 8:theorem, law of finite
increments, graphic representation. Functions of several’ mdependent ‘varjables, -
partial derivatives. Law of finite incréments. Derivative of a compound function. ;
Derivative of an implicit function (admitting the existence of this derivative). Em-
ployment of the derivative for the study of the variation of a function; maxima and
minima. Primitive functions of a given funmon their representauon by the ares
~of a curve.

Functions defined . by a power series with real rorjﬁcwnla Interval of convergence:
Addition and multiplication. In the interior of the mterval of convergence one,
obtains the derivative or the primitive functions of the function, on taking the series

- of derivatives or of the primitive functions (functions which extend to the extremities

of the interval are not consideted). Examplea:. Developments in series o‘l———& ’.

ﬁ?' arctanz, log (l—z), log }+z

equations y’=y, and y’ (14z)=my serve to determine the,sum of the last two series.
Development into series of a?, of arcs in z.

Curves whose equation i resolved or resolvable with reqard to one of the coordmata
Tracing. Kquation of the tangent at a point; subtangent. Normal, subnormal,
Concavity, convexnty, points of inflexion. Asymptotes. Application to nmple
ex‘mples and in particular to the conics and to those curves of which the equltion
is of the second degree with respect to one of its coordinates.

Curves defined by the expression of the coordinates of one of their pmnla as fupctions of
a parameter: Tracing. Numerical examples. Curves of the second order d those
of the third order‘with a double point are unicursl. -

‘Curves defined by an implicit equatwn. Equation of the tangent and of the normnl
at a point. Tangents at the origin in the case where the origin is a simple point or a
- double point. Discussion .of $he asymptotes in the.case of numencal exampleo ol
‘curves of the second and df the thirdorder. . .~ . ., .. Ay
" Curvature.- Envelopes. Developables. . ' B o

Polar coordinates: Th¥1) transformation into rectangular coordinam Equatxon ofa -
right line, Constructiof? of curves; ungenfa uymptom. Apphcauom (confined

Exponential serics.. Binomial geries. The
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_tothe case when the equation is solved with respect to a radius vector). Case of the
corics. - . - ) B . . - :
" Gauche curves: Tangent. Osculating plane. Curvature. Applications to the cir-
cular helix. ' . . i
Study of surfaces of the second degree with reduced equation: Condition of the contact
~of a plane with a surface. Simple problems relative to tangent plancs. . Normals,
Properties of conjugate diameters, Theorems of Apollonius for the ellipsoid and the
hyperboloids. Circular sections. . Rectilinear generatrices. ‘TBe surfaces of the
‘second order are unicursal. - @ .

Dy~auics.

. ) o

1. Free matérial point: Principle of inertia. Definition of force and mass.! Rela-
tion between the mass and the weight. Inwariability of the mass. Fundamental
units. Derived units. Movement of a point under the action of a force, constant
in magnitude and direction, or under the action of-a force issuing from d fixed center:
(1) Proportional to the distance; (2) in the ratio inversely as the squaré of the dis-
tance. Composition of forces applied at a material point.? Work of a force, work of
the resultant of several. forces, work of a force for a resulting displacement. - Theory
. -of living force. Level surfaces. 'Fields and lines of force. Kinbtic energy and
potential energy of a particle placed in a field of force.

2. Material point, not free: Movement of g heavy particle on an inclined plane, with
and without friction, the initial velocity acting along the line of greatest inclination,
Total pressure on the plane; reaction of the plane. Small oscillations of a simple
pendulum without friction; isochronism, :

DescriPTive GEOMETRY. . o

Intersection of surfaces: Two cones or cylindcrs,.cone'or cylinder and surface of
revolution, two surfaces of revolution of which the axes are in the same plane.

II.—-I_,.nssoxs ON THE SUBJECTS oF THE ProarAMME oF THE Skconpg AND Pre-
. MIERE (C aAND D) ano MATHEMATIQUES A, - - }

Seconde (C and D).

o .\ . .
Algebra: Resolution of equations of the first degree in one unknown, Inequalitics
. of the first degree. Resolution and discussion of two equations of thie first degree
.in two unknowns." Problems; substitution in equation. * Discussion of the results,
Variation of the expression az+b; graphic representation. Equations of the second
degree in one unknown (théory of imaginaries not discussed). Reclations between
the coefficients and the roots. ‘Existence and signs of the roots. Study of -the trino-
mial of the second degree. Inequalities of the docond degree. Problems of the
sacond degree. Variation of the trinomial of the second degree. .Graphic representa- o
tion. Variation of the expression 5‘::—1'3;; graphic representation. Notion of deriva-

. tive; geometrical significance of the derivative. The sign‘of.the derivative. indi-

- cates th2 direttion of the variation; applicatiogs to very simple numerical exgmples, |
and in particular to the functions studied before, S

. Geometry: Simple notions of homothetic figures. Similar polygons: Sine, cosine,

. tangent, and cotangent of positive angles less than two right ‘angles. "~ Metrical rela- .

tions fna right triangle an d,in any triangle. _Proportional lines in the circle. Fourth

(- Proportional; mean proportional.” Regular -polygons. “Inscription in -a circlé of a

. 11t s admitted that a force applied at s materisl point is geometrically equa o produot of the mass

“9f the point by the scceleration that 1t impreases on the point o . ‘ .
“-#1t is admitted that, if several foross act at 5 point, the sccelpration that they im! on the point is

: thmmmm.quhomuoumzmbgnhomlmpnimaonn,Il 3 .

o
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square, of a hexagon; of an equilateral triangle, of a decagon, of s quindecagon.

Two regular polygons of the same number of sides are gimilar. Ratio of their per-

imeters. Length of an arc of & circle. Ratio of the circumference to the diameter,

Calculation of  (confined to-the method of the perimeters). Area of polygons; area .

of a circlo. Measure of the area of a fectangle, of a parallelogram, of a triangle, of s . |

¥ trapezium, of any.polygon. Ratio of 1he areas of two similar polygons. Area of a
“regular convex polygon. Area of a circle, of a sector, and of a scgment of a circle.

Ratio of the aréas of two circles, a ’

' Pmn?w?(c and D). . . N
4 ‘ GEOMETRY. : *

Translatiof: Rotation about an axis. Symmetry with respect to a line. _Sym-
metry witly respect to & point. Symmetry with respect to & plane. This second
kind of symmetry is equivalent to the fifst. a .

Trihedral angles: Disposition of the elements. Trihedral symmetry. Each face *-
angle of a trihedral is less than the sum of the other two. Limits of the sum of the’
face angles of a trihedral. Supplementary trihcdrals. Applications. Inequalities of

‘  the trihedrals. - ) . *

Homology: Parallel plane sections of polyhedral angles. - -Area,

Polyhedra: Homothetic polyhedra, siuiiar polyhedra. Prisms, ' pyramids, Sum-
mary of notions on the symmetry of the cube and of the regular octahedron. Vol-
times of parallelepipeds and.of prisms. Volume of a pyramid. Volume of a pyramid
truncated by parallel sections. Volume of a truncated triangular priem. Katio of
the volumes of two similar polyhedra, Two symmetrical polyhedra are equivalont.
Yphere: Plant scction, poles, tangent Plane. Circumacribed cone and cylinder,
Area and volume. i ' '

-

Mathématiques A. a -

, . . .
Arithmetic: Common fractions. ,Red'l'zc}ion of a fraction to its simplest -terms.
Reduction of several fractions to a common sdenominator. Least common denomi-
‘nator. Operations with common fractions. Deoimal numbers. Operations (consid- -
ering the decimal fractions as particular cases of ordinary fractions). Calculation of
a quotient to a given decimal approximation. Reduction of an ordinary fraction -to
a decimal fraction; condition of ‘Ppossibility. When the r'cduction is impossible, the .
ordinary fractiof can be regarded as thelimit of an unlimited periodic decimal frac-
tion, Square of 8 whole number or of a fractional number; nature of the aquare of
the sum of two numbers. The square of a-fraction is never equal to a whole number.
Deginition and extraction of the square root of a %hole number or of a fraction to a
given decimal approximation. Definition of abeolyte error and of relative error.
¢ Determination of the upper limit of an error made in‘a sum, a difference, & product,
a quotient, knowing the upper limits of the errors by '\!hich the given quantities are
affected. Metric system. Co . L
Algebra: Monomials, polynomials; addition, subtraction, multiplication, and divi.’
- sion of monomials and of polynomials. Equations of the second degree in one un- .
known. Simple.equations which are equivalent. (The theory of imaginaries is not
developed.) Problems of the first) and second degree. Arithmetic progressions,
Geometric progressions. Common logarithms. Compound interest, annuities, - -
- Thg'tmometry Circular functions, Addition and subtmtiog_ of arcs. " Mliltjplig, iy
tion and division. by 2. " Resolution of triangles, Applications of ‘trigonometry to. -
various questions relative to the elevation o planes. (The construction of the trigo- -
nometric tables is not to be considered.) o o , ° o
"Geometry: Inversion, Applications. Peaucellier’s cell, Polar of a point with ]
respect to a circle. Polar plané of a point with respect to a sphere. Hyperbola: S
: ; s e e

Sl PRI
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SCEHOOLS.
o ‘ . -
‘Trace, tangent, asymptotes; simplc problems on tangents. Equati in of & hyperbola
_ with respect to its axes. Plane sections of a cone and of a cylin
Vectors: Projection-of a vector bn an_axis; linear moment with rgspect to a point;
moment with respect to an axis. -Geometric sum of a system of ¥ectors; resultant
moment with respect to a point. Sum of the moments with prgspect to an axis. .
Application to a couple of vectors. - |
Descriptive geometry: Rabattige. - Change of ‘plane of projection; ¥tation about an
axis perpendicular to a plane- of . projection. Application to distand¢s and angles;
distance between two pdints, between a point and a line, between a poinf and a plane;
. the shortest distance betweentwo lines of which one is vertical or at rifht angles to
the plane, or of fwo lipss parallal to the same plane of grojection; eomihon perpen-
_dicular to these lines. Angle between two lines; angle between a line akhd a plane;
anglo between two planes. . . )
Kineqatics: Units of length and’ of time. Motion. Relative motion. ajectory
of a point. Examples of motion, ’ Regtilincar motion; uniform motion; ve ocity, ita
reimzsentfation by a vector. Varicd Motion, mean velocity; velocity at a fiven in-
stant, its ecpresentation by a vector; mean acceleration; acceleration at a given ine.
stant; its representation by a vector. Uniformly varied motion. Cul vilinear
-Jmotion. Mean veldcity, velocity at a gi®w instant defined as vectors,
value of “velocity. Hodograph. - Acceleration. Upiform circular motion, fa
-+ velocity; projection- on & diumetor. Simple osciHation in a line. Changel of the
system of.comparison, Resultant of velocities, Examples and applications,
geometrical applications are not to be i sisted upoy.) - Geometrical study of th
Helicoidal motion of .a body. . Screw and nut. - a
Dynamics: Work of a force applied-to.-a, material point. Unit of work. Wrk of 5
constant force, of a variable-force. Elementary work, total work. Graphical fevalug- *
, tion. Work of the resultant of-several forces. Theorem of forces acting on a material
- point. Simple examples. . - U ]
Cosmography: Moon. Apparent proper motion on the celestial sphere.# Phases.
" Rotation. Variation of the apparent diameter. Eclipses of the moon and of the sun,

II. EXAMINATIONS IN THE CONCOURS,
(1) Written, 1914,

L . MatrtMATIQUES BLEMENTAIRES, e
(June 30, 'ﬂmo,?hopis: 7a.m.to2p. m.)

. Let A,, 4,, 4, A,, be the four vertices of a tetrahedron 7. T.eta,, represent the
length of an edge 4,4, and 0 the middle point of this edge Denote also by (4, B)
the sphere described on any segment AB as diameter. .

1. Calculate one of the geometric products! of two opposite.cdges of T as a funcfion

“of the edges of the tetrahedron. Find the relation “which exists between thrée of
these products with respect to the three pairs of opposite edges. o

2. Rind the relation which mist subsist between the lengths of theedges of 7 in
order that the two lines 0,.,0,., and 0,.,0,., should be at right angles.

" 3. Buppose d is the distance between the radical planes of each of- the spheres (4,,

. 4,), (4;, 4,) and of the sphere (0,.,04.,). Let @ and d” be the analogous corre-

. sponding distances in connection with the two other pairs of opposite edgesgf the

Atelrahedron. It isrequired to find the relations whick must subsist between the ddges

. of the tetrghedron in order that d=d’=d”. . ).
" Three vertices of such a tetrahedron baing given, find the geometric locus of the
; fourth vertex.. Discuss. , ° o . 5

. _ — —— . A
" VIt is recalled that-the geometric producs of two vecton'l AB, CD is the product of the lengths of these
.mmdouhacamolshunmwweozithem. 2 ° . B o .

Qo
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4. Being given any point ¥, draw the two bisectors.of the angle 4, MA,. Let w,
be the middle of the segment ciit by these bisectors on the line A, Ay; there are six
points w; ;. { Demonstrate that these six points are in the same plane = which may be
associat: 't Witk the point M. Conversely, any plane ' being given, one may establish
a corr-spondence of this kind with two points M and M’ which are themselves dsson ‘' *
tited.  What position must be given to the plane  in order that the corresponding
jxiin(s M and-M’ fall together? Iow must the plane = be displaced ' wher a corre-
sponding poipt M describes a circle the plane of which pasees through the center of
the sphere ci ibed about the tetrahedron? ) : :

5. Given a.fetrahedron T, construct a point M, coincident with its assocjate and
situated at the same distance from the three vertices ‘A;, A, A;. Yo
" Find the surface S, locus of the vertex 4, when Tis deformed, 4,, A,, Ay remaining -

» fixed and the ratio 15"'74“preecrving a constant value k.
Loty . :

Let D be any line passing through A,. Construct the points of intarsection of D
and of S, and find the locus of the lines D tamgent 6o S ‘and the locus of the point”

of contact.! _ \

v 5 Mnntﬂnqus SPECIALES.
' (July 1, Time, ? hours: a4 m. to.2 p. m.)
24

Given a hyperboloid of one sheet whose equation, with respect to its axes, is

fad 2 22 . .
ﬁ+“,—‘,—z.—l=0. o _

(#There exist two families of such hyperboloids susceptible of being generated by

tgection of planes at right angles to one another passing respectively through.
two fixed lines; we may pass from a hyperboloid H.of the first family to a hy perboloid

1’ of the second family by rotation through a right angle about 0z, - ;

Let D, A be the fixed lines with respect to If; 1)/, A’ the fixed lines with respect
‘to H’; find the surface loct of D, A and of 1Y, &%, when A, u, vary, p remaining fixed.

There exist planes P. parallel to the plane zOy cutting these surfaces in two curves
which have & common point 4 situated on 0z, and a common real point B situated « -
in the trihedral Ozyz; evaluate the area bounded by the arcs A B of the two curves, -
also the volume generated by this area when the plane P has one coordingte (cote)

varying from z; to z,. } o

LL. "With a hyperboloid H, of the first family, a correspondence may be established
with an infinite number of hyperboloids of the second family such _that the fixed
lines with respect to H, and the fixed lines with respect to one of these latter form

a gauche quilyilateral; let 11, be such a hyperboloid; D,, 4,, and D,, 4, the fixed
lines with refer to H, and II, respectively; ABCD the quadrilateral -formed by

these lines: show that the hyperboloid H, generated by the intersection of two planes
cutting at right dngles and passing respectively ‘through the diagonals of the quad-
rilateral ABCD appgrtains to the linear point pencil defined by H, and H,, that
the feet a, b, ¢, d of the altitudes Aa, Bb, Ce, Dd of the tetrahedron A BCD are on the,
curve of the pencil and that the lines, other than the altitudes, which join the points

4, B, C, D 1o the points a, b, ¢, d.are on a hyperboloid H,, H,, or H,.

- 11I. The hyperboloid H, being giveny through a point A in 8pace one may pass
~two hyperboloids H, of the second family defined as has been ind icated (1I); on what -
surface § must A be found in order that these hyperboloids //; coincide? So also -
through the point 4 one may. pass two hyperboloids 27, defined as in (I1I); on what
. " surfacé §” must A be found in order that these hyperboloids 1l coalesce? . .

" . Show that H, euts § and 8’ along the same curve C,and that the intersection of

8§ and-§ is composed of the curve C and an imaginary curve. ' -

-~

! These questions are solved in M%‘mua Annales de Mathématiques, tome 73, oct.-nov, 1914, pp. 401-508,

R 8 o ©
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IV. Construct the projection I on the plane 20y of the curve C: show that T is )
the envelope of circles orthogonal to a fixed circle and find the locus of the centers
of these circles. '
" Find the locus of the middle points of the chords of the curve I' which Ppasses -
through the origin.!

- 7

. ) COMPOSITION ON A SUBJECT OF ANALys1s,
(July 3. Time, 7hours:.7a. m. to 2 p. m.)

» Being given three rectangular axes éf coordinates Oryz, consider the total differ- -
“ential equation (1) Ade+(z2—a%yP)dy—yd2=0 where.a denotes a riven constant.
1. Determmine the surfaces .hat are solutions of the equation (1). These surfgces
§ are ruled; study their lines of striction and their asymptotic lines. ; .
For each asymptotic line of a surface 8, express the torsion as a function of the
,angle which the binormal makes with the axis Oz, . N
I1. The surfaces § all satisfy a partial differential equation of the first order (#)
inddpendent of the*numercial value of the constant a. Indicate how one may, by
' means of the surfaces S; generate all the sutfaces T that are solutions of this equation.
The surfaces £ contain in general the axis Oz; determine the exceptional surfaces
which do not contain it and indicate their nature. : 3
III. Demonstrate that the characteristic curves ‘ot the equation (E) are the
asymptotic curves of the different surfaces S, and that they form one of the families
of asymptotics of the surfaces =. Prove that they can be obtained as contact curves
of the surfaces = with the right’conoids having for axes the parallels to 0z meeting Oz,
IV. Determine the second family of asymptotic lines of the surfaces . Prove
that thie curves of this second family can be obtained as curves of contact of the sur-
. faces T with the ri'ght conoids having for axes the parallels to Oz meeting 0z,
Determine the ruled surfaces = which are distinct from the surfaces S. Indicate
their nature, . :
. V. Suppose Tis a surface enjoying the property that one of its family of asymptotic
limes is formed frow the curves of contact bf T with the right conoids having for axes
the parallels to Oz meeting Oz.  Prove that the surface T cither is a ruled surface with
director plane parallel to the plane y0z, or clse satisfies a partial differential equation
of the form (E’) F(z~gy, py) =0, (p=3£, ng,:) .
Show that in the spcond case the agymptotic lines of the other fn'mily are character-
istics of the €quation (E’) satisfied by the surface T, and that these linés can be
obtained as curves of contact of the surface T with the right conoids having for axes
parallels to Oz meeting 0z. ~
If two surfaces, of which each satisfies an equation of the form (£), axp tangent in
| & point, they have at this point the same total curvature.? ;

5 MECHANICS.
(July 4. Time, 7 hours: 7a. m. to 2 p. m.)

A\
A\ ‘ Motion of a marble in a basin. . 5

‘A homogeneous spherical marble is et go without initial velocity on the interior
hemisphetical surface of a fixed basin of which the axis of symmetry is vertical and
which is concave upward. .

- Required to study the motion of the marble on the basin.

f ! ! 9 t .
In particular solve the following questions concerning this motion: .

} Phese questions are solved in Nouvelles Annales de Mathématigues, tome 74, jan. 1015, pp. 15-29, :
 1dem, tome 73, dée., 1914, pp.539-547, ° 0 ’

o
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1. Suppoee first that the marble can be concentrated at a material point A. |
1. Indicate the nature of its motion when the bodies in contact are perfectly ‘
smooth.
2) Conmder-then the case where the coefficient of friction f of the marble on the
basin is not negligible. Determine first the condition of othbnu\m for an initial
determindte position 4,0f A. (Denote by ¢, the initial value, comprised between

Oand;-, of the angle ¢ df 0A with the downward vertical 0Z). When this corfditjon

is not satisfied, the point A4 is changed for a time in a determinate sense on a'circle . .
For the moment corifine the calculation to that of the expression for the velocity v '
of A as a function of t le ¢ during this interval of time 7"

I1. Then solve the éame questions in the case where the mdlua r of tbc marble is

not neghgxble
»

(-....'.f.-.._...:

- 4

. 2 ’
But when the alipping friction is appreg
rolling friction) to. the case where the nfarb

" instant. Show that fora given initial pbajti

: )
le, confine the attention (neglecting the
.rolls without elipping from the initial
y Ao, of the center A of the marb]e this

 r
conditidp is neeessanly produced if the ﬂicnent of friction f is sulficiently large. -
. (In this case call w the velocxty of .4, and 2thdinstantancous Velocity of rotation of the .
marble.) . - .
I I1. Fmd an approyumate value of % v and v bemg caleulated for the same posmnn ]

‘of 04, very near to the common -initial position OA and for the same lee of:the
cocﬂicmnt J, when the radius r which enters in t? is very small.

*IV. In a general manner, compare the results obtained in Paragraph Iwith those
of Paragraph II when the radius r of the marble tends toward zcro, and the values

. of ¢, and of f(zero or not) remain thesame. Itisnoted that these.results are different;
indicate in a-few words thé origin of this paradox.

V. Return to the case where the marble is reduced to a mawnalpomt Show that
during the interval of time T'the velocity v of the marble supposed rough is less than
that, ¥, which it possesses if it were smooth w llen it ‘passes through the same pomt

+ starting froin the same initial position 4,. Lo

VI. Then continue the utudy of the motlon of the marble reduced to a.material -
point and-indicate the various circumstances which can present themselves according
88 thé value of f and the position of A, (without now limiting ourselves to the case

. where the interval of time T when the velocn.y of A .doea not change the sense),

o
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. . 4 : ’ :
VIIL. In particular, indicate what happens when the .value ¢2 is taken equal to
" 32°, then ‘o 60°, the cocflicient of friction having in-the two cases the value 0.75,

1
then the value ;-

Notation: Call p the igterior radius of the basin, 0 ita center and mg, ihe weight
of the marble. It will passibly be found useful to set tan 6=fund tan ¢'=2f.
Nt o ) e

Of the ¢candidates who took the previous examinations, 29 were declared by the .
jury o be admissibles. Further test of cach of these by: (1) A numerical calculation;
(2) a problem in deseriptive geometry. (épure); and (3) an oral “lesson”” occurred on
-August 21, 1914, This resdlted in the final selection of 15 agrigés.

The members of the jury for the entire examination were: : .
Niewenglowski, inspector general of public instruction, president,
Blytel, inspctor general of public instruction, vice president.
Cartan, proféssor at the University of Paris. '

Frechet, professor at the University of Poitiers.
. Grévy, professor at Lyeée St. Louis,
In 1910 the numerical galculation and épure were as follows:
, . . . .
NusERicAL CALCULATION. * . ’ : -

B

* /100 — 10cosa\?, - i
f"}f 1012000 92 .

Calculate the integral

. ST a .

- The direct method of primitive functions should be employed and it should be
compared with the results obtained by the methods of approximate ingegration,
Indicate, in each of these methods, the number of significant figures that are deter-
mined with certainty. ) 8
' " DESCRIPTIVE GEOMETRY (£PURE).

A parabola P situated in a horizontal Plane has for horizontal projection a parabola

‘of which the focus is 96 mm. to the left of the major axis, and 60 mm. below the minor
_ axis of the sheet; ite vertex is 102 min. to the left of the major axisand 54 mm. below
the minor axis. . ’ e .

A frontal line D is inclined at 45° to the horizontal plane and it rises from right to
left: it passes through the point of the horizontal plane o projeetfon situated at 130 mm.
to the right of the major axis and 96 mm, below the mingr axis of the sheet. This line

. is met by the parabola P in a point situated to the right of the profile plane which
contains the major axis of the sheet. : :
- Consitler the parabolic segment bounded by the arc of the parabola P which con-
tains its vertox and by the parallel to the ground line distant 144 mm:; required to,
" . represent in vertical projection only the solid generated by the rotation of this segment )ﬂ
" about the line D. C ‘
Take the minor axis of the sheet for ground line.

s

- . . BuBJECTS OF THE “Lessons” 1N 1910,
. (1) In Mathématiques Elémentaires.
" Bolution of triangles. - 5 = .« . ~

- " Bymmetry with respect to a point.]
" . Bymmetry with respect to a line,

. Bymmetry with respect to a plane. ) . :
Variation of 72—:_%, graphic reprsentation (program of seconde),

(A8 in f.he classe de premibdre,)

Qo
ERIC



Qo
ERIC

N

Supplomentlry tnhednl angles. Apphcahons

Rabattments. Applications.—Angle between two lines, angle between a line and a
Jplane, angle between two planees.

Conversion of an ordinary fraction into a decnmal fraction. Repeating fractions.
(Mathématiques A.)

the truncated prism.) (Premidre.) .

Plane sections of a cone of revolution. ‘(Dandelin’s method.)

lHomothetic polyhedra. Similar polyhedra. (Premidre.)

Relation between the coeﬁic)enw and the roots of the equauon of the second degree.
Applications. .

Summary, of notions on the symmetrics of the cube and of the regular octahedron.

Tangents to a hyperbola. Asymptotes. Simple problems on tangents.

Notion of the derivative, geometric- significance of the derivative.

Application to the variation of simple functions. '(Program of seconde.)

llumothcty in plane geometry. ’

Inversion (in a plane and in space). Applications.

Motion of the moon. Phuaes. o

'roblenis of the second degree. (Mathématiques A.)

() In Maghigatiques Spéciale. - .

Small ooi'illauona of a pendulum without friction: Isochronism.

Asymptotes in polar coordinates: position of the curve with respect to its asymptotes.

Theory of envelbpes in plano goometry

Normals to the ellipsoid. L

Curvature of plane curves. Evolutes. Examples (rectilinear coordinates).

Motion of a point under the action of a force issuing from a fixed ccutor and propomonul
to the distance.

Motion of a heavy pamclc on an inclined plane with or without fncuon the initial
velocity being zéro or dlrootod along the line of grentoat slope. :

Number e. Limit of (H—

.

P

Series of posmve terms. (\morm of convergence und dwergence den\ ed lrom study
.of the expressions: . . . o
'-:f:’l, o Ju,, nu?; numeriml‘cxnmplce.
-
( omplcx numbers. a+ bl'. Addition, subtmchon multiplication, division. Geo-
metric representation. .
Use of the derivative for the study of the van:mona ofa function; maxima and minima.
Numerical eXamploa
Developments into series. Apphmt ions to thé series of the bmomml and of arcs in z.
"Motion of a point attracted by a' fixed' center in a ralio inversely as the square of the
_ distance.
(ox)structlon ofacyrve(p=f(w))in polar coordinates. (Iishould be aaaumed that the
lersona on tangehts and asymptotes have been given.)
Discussion of the commensumble “roots of an equauon with mwgral coefficients,
"~ Examples. . : T ) - \ . .
Muiltiplication of serjes. Appllcatlona ; o LI 3 g
" Power aeries. Intervals of convergence. - Dxfferenuatlon Integration.
Intersection of a surface of revolution and a come. : ’
Trigonometric solhition of the binomial equation. "

APPENDIX D. 265

Volume of p:vallolcpxpeds and pmms (Do not consider the truncated pymnid or

.

Infinite branches in the intersec'tion of cones and cylihde_m. . {Descriptive geometry ) .
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. . - i . o . i
Intersection of two surfaces of revolution of which the axes are in the same plane,
Symmetric and rational functions of the roots of an algebraic equation.

_The jury for tho concours of the agrégation in 1910 consisted of:
~ Niewenglowski, inspector general of public instruction, president,
Hadamard, professor at the Colldge de France, vice president,
Combette, inspector general of public instruction. -
Grévy, professor at Lycée St. Louis. .
Husson, professor at the univemsity of (hen.

. X ’

N ’ . BIBLIOGRAPHY, : 7

o . /

A mimeographed pamphlet (16 pp.) published annaally from 1901-to 1913, by the I.Iht,\lrio Croville
Morant, Paris, contained the épreuves &cfites and subjects of the ** Lessons ' for the Agrégatigh des Scienve
Mathématiques of the year. + ! . i

Tublished solutions of sotne of the questions of the agrdmution during the four yoars P10-1913 may be
consulted in the following pluces: . . . .

Agrégation 1910.- Composition in Math. Elém.; Journal de Math. Elem., annde 35, mgfl, 1911, pp. 121-124,
Compwsition in Muth. Spie.: (1) Ree. de Math. Spée., année 21, juin, 1911, PP 221 (2) Nour, Annals
de Math., tome 70, Janvier, 1911, pp. 72-50; Composition in Analysc: Nour. An de Math. tome 7,
Janvier, 1911, pp. 21-39. ' ! . -

Agrigation’ 1911.— Composition tn Math, Elém.: (1) Journal d¢ Aok, El¢m,, 38, juin, 1912, pp .
137-140;-(2) Nour. Annales de Mazk., tomo 70, so0t, 1911, Pp. 358-373; Corupositjon in Math. Spde.: Rerue
de ddth. Sphe. annde 22, juin, 1912, pp. 512-518; épure: Revwe de Math. Spée., v 22,8001, 1912, pp. 576-

878, Composition in Analyse: Nowsn. Annales de Maik,, tome 71, mai, 1912, fp. 231-240; Compusition in
mécanique: Nour. Annales de Madk., tome 71, dicembre, 1912, pp. Std- 367, .

Agrégation 191¢.—Composition in Math. Elém.: (1) Journal de Mata, Eifm., année 37, Juin, 1913, pp.  /
149-154: (2) Nour, Amnales de Matk., tome 71, décembre, 1912, PP. $06-5280 Composition’in Math, Spée.: °
Revue de Maih. Spée., année 23, sept., 1913, pp. 289-204; Compusition in yse: Nour. Annales de Maur,,
tome 72, juli, 1913, pp. 316-323. o a i

Agrégation mu.—(‘omposilio_n in Math. Elémn.: (1) Jour. de Math, ém., annde 38, juin, 1914, pp. 14)-

144; (2) Nour. Annales de-Math., tome 13, fév,, 1914, Pp- 81-8% Compyfsition in Math. Spéc.: (1) Revue de
Math. Spid., annde 24, jull, 1914, pp. 553-338:(2) Nour. Ananales de ath., tome 73, juli, 1914, pp. 316-32¢;

- Composition in Analyse: Nour. Annales de Math., wwe 73, jan., 19 4, pp. 26-34; épreuve pratique: Rerue

de Mat). Spée., année 24, jull, 1914, pp. 559-561. _
TYE programs for each year are usually published during the ing July in the Bulletin ddministraty
€u ministdre de instruction publigus. . : :
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»

(\uomnm of & (1) Gymnasium; (2) leg3mnulum (3) Olwmnlt\chule.
(l)GlJ{\.‘lSll M: :

APPENDIX E.-

\\ T " GERMANY. V
' \\ : " A. REIFEPRUFUNGEN.
‘\ 1. WURTTEMBERG.

Amnnm\ AND Tmooxonmn?

Two pljcoa M and )\'am’ 119 km. apart A goes from M to N and travels 20 km.
on thefirst day, 18 on iho second, eté., B starta from N toward I two daye after
A's departure and tru\els 10 km. on the finst da), 13 km. on the so(‘oud ete.
\\'hon and where do. chey mect éach o(.her?

. Solve: I ' _ N

I

/

. A cortain capital lﬁmught 43 per cent interest, and. although 120 marke were annu- -

ally withdrawn, /w&s doubled in 18 years. - Hiow large waa the capital?

" 4. Solve the t.riang,‘s given ,‘

a=450.34, p=02.15, pg=367.52.
{o is the radius of the inacribed circle and p, the radius of the escribed cxrcle
opposme the q'ngle A.] .
PLANE AND Souv GeoMeTRY..

/‘

. Construet a t angle given k, {q and the condluon that the projection of f, on a

is equal to [h.,—altitude of triangle from angle A, tg=length of t.he median
from the uig]e A ] -

. Ons given ,hno segment a, draw two mmlar mtanglea ﬂm‘h that the portmn of ’

one outside the other is a'square.

v’

. On a given line scgment AB a semicircle is described. hnd p point X on the di- -

ameter AB produced and & point Y on the tangent at 4 such that XY is dl\ld(‘d
by the semicircle into three equal parts. .

. A given réctangle ABCD rotates about the side AB as.axis. It is roqmmd to

, "divide the rectangle into three parts by lines drawn from D such that the solids
generatc by these parts shall have’ equsl volumeu. : .

(z) meﬁmzuswu- : : ,t/ N
. ' Hmnzg(Agu:.xsxs. ' oL
. 62—z ) .
L Fmdth value of L??u_%' for zm0, P o

i Y —y=]-2 ) . . -
/ Peyia} (1), L e, 5T
N




o

ERIC

Aruitex: provided by Eric

—
268 - TEACHERS OF MATHEMATICS FOR SECONDARY SCHOOLS,

2. The total surface of a cylinder is 924 aqix,tre meﬁ;m What must be its height and
the length of the radius of its base in order that the cylinder should have a maxi-
mum volume? - . o .

3. For the curve y=2"(3~z) determine the maxima and minima points and point of
inflexion, also the equation of the inflexjonal tangent. Graph the curve. Cal.
culate tho area between the curve and, the positive z—axis, LN

‘4, Determine the area bpundeé-‘by the curves:
2 o - 1y*=—3(z—8) and (z+4) (y+3)=36,
and lying within the first curve. ,

ANALYTIC GEOMETRY.

s 1. Thiough the vertices B, and B; of the minor axis of an ellipse and a focus F,a

parabola is drawn whose axis coincides with the major axis of the ellipse. (a)
Find the equation of the parabola;, ()) Construct the tangents to the parabola at * |

-. B, or'B, and find their equatious.(
2. The tangent to the ellipse % P
. C ' P 3 @ o
o £ ’
. at a*poinit P meets 't.h,e Y-axis in P,; and the norma! at P meets it in P,. One
focus F, is joined to P,,.the other to P,. What is the geometric locus of the
point of intersection of F, P, and F, P;? (F, and F, on the X-axis.)

3. Considar'whether or not the line y=4z—2, z=3z+2." Cuts the circle
. 224y 422=30.. ’ )
A - 3z—by+2z42=0. : .

4. Given a sphere with center at the origifi and radius equal to 5. A eylindrical sur-
face tangent to this sphere is descriied with generating line parallel to the lino.
e | y=51,2:=3z, T

} - o
Find tho equation of the cylindrical surface.

"\ (8) OBERREAYSCHULE.
b

.

DESCRIPTIVE GEOMETRY.
. L ] .

A sphere is surrounded by a plane concentric ring (Saturn); the plane of the ring

. is parallel to the horizontal plane: Construct the shadow of the sphere on the ring,

+the shadow of the ring on the sphere; the shadow of the sphere on itsel, the shadow

of the whole system on the horizontal plane. (The light comes from aboveWh the left

and is parallel to the vertical plane.) The various measurements are supposed given.
‘TRIGONOMETRY, ,

o’ N . .

" 1. Inaplace A, whose eastern longitude is A=9° 59, it was observed on the 19th of

June thdt the sun rose at 34 minutes, 8 seconds past 4 (middle Européan time) and

culminated at 48 minutes, 14 seconds past 5 (star time). Hence determine the

.- geographical latitude of A, the M. F. T. of sunset, and the declination of the sun

o ifthe timeequafion is +0/24”; and the inclination of the ecliptic ise==27° 27/ 10,

atp+v+3=2360°, change the éxpression. ; © .. . . et

NG - Cm——i v e e A . _“\: o

cotg-{-cot g-'}-cot g+’°°‘ % .

»

into a product in which 4 is lackmg. ] -
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Pv 8ICS. 4
(Mathematical questions only.)

1. A factory power canal 2 meters broad arid 1 m. deep is closed by a heavy lock, of
weight G=110 kg., and raised upward. .How many horsepower must an electric
motor possess in order to raise the gate entirely out of the water, in t=3 sg(':'onds,
the coefficient of friction of the gate being f=0.2,, : C e

2. A plane convex lens stands centered opposite a telescope focused to infinity, and
with its plane surface next the telescope. A lumincus point lying on the other
side of the lens, on its axis, is clearly scen in the telescope if it is at a distance
{=16.3 from the vertex of the curved surface of the lens. What significance
has I for the.lens? How can the radius of curvature and the position of the prin-
cipal points be calculated from this, if the thickneee of the lens is d=0.6 cm.
and the refraction quotient is 1.537° :

I1. HauBura.

L 4 -
(1) WILHELM GY MNASIUM. Spring, 1909, ., o %
’ .‘l. An ellipse with semi-axes a=7, b=b6 cm. is rotated ahout (%), the axis. 2a (i1), the
o "~ axis 2, and (i%i), a tangent parallel to a. Compare the volumes of the three
surfaces of revolution with one another. / )

0] N 2
‘2. Given thé function y=log 9‘2.};“} :

Find the first and second derivatives, and the ‘value of z for which the function
‘is & minimum. ‘ : :

‘3. A square-pyramid is to be circumscribed about a sphere of radius r, 80 that its
volume shall be'a minimum. What are the lengths of the edge of the pyramid
ahd of a side,of the square base? g : '

4. How high is the sun on the longest day in Hamburg if it is exactly in the weet and
o what time (local time) does this occur? R Co :

. ) . Special exercises !
. . . “
v 1»f-41/_z'dz=? e
o .

-

2. Integrate fet. sin da;.

(2) REALGYMNASIUM. Spring, 1907. :
% 1. Projective geometry: The vertices /1 and A, of the imajor axis.of an ellipse are joined
to a vertex B of the minor axis; on these lines BA and BA,, perpendiculars are
let fall from the points D and D,, in which a movable tangent t6 the ellipse cuts
the tangents at the vertice-.4 and 4,. Show that the locus of the point of inter-
section A of these perpendiculars is a hyperbola, of which the asymptotes are the
. perpendiculars through A and 4, to BA and B4, _ “ -
2. Analjtic geometry: Given a hyperbola with center O and a line s perpendicular
"\ to the transverse axis and cutting it at & distance ¢ from Q; the polar of a point .
P, of & cuts the diameter O P,in A. What is'the locus ol A ss.P, moves in s?
3. Cubic equaigon: In arder to coffipare the specific heat of copper and lead one wants.
two quantities of equal superficial ajea and weight, . If 3 quantity of lead in the
/form of/a cylinder with enda. capped: by two hemispheres is available, :then. s

' In practios, as & matter of fact, solutions of specisl exero rhich- are- very lfttle harde: than
others, compensate for failure in one of the required quéstions. o {sujtiess solutions of questlons are -
*  usually necessary snd sufficient, for the predicate * satisfactoryd’ - For “very

out error are expected. . L8

- similafly. formed copper cylinder with hemispheres capping ‘the ends must be. . 3

" oue ool wilh,
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formed such that its weight p=162xg and surface 0=27 » cm.? are equal to the
pieceﬁf__lead. Determine the height of the cylinder and the radius of the end
hemispheres if the specific heat of copper is 9 g cm.™3, -.
4. Differential calculus: The curve N

M .

.vr’=~; z (-4 %7 '

has a point of inflexion, & maximum, and a minimum point. Determine these
points and draw the curve. ’ R .
e - . i - Special exercises. * L . .

. (1) Solve the first question by analytic geometry. ) .
* (#i)y Solve the gecond question by pure geometry. : } =

-

(i17) The intrinsic eriuation of Van der Waals is-
a . 8
- Re=(p+l—,) (v—b)l - v é
where p is constantrand the absolute temperature € is a function of the volume v, -
- For what value of v has the corresponding curve gn inflexional tangeiit? What

value myst p have in order ‘that the inflexional tangent be parallel io the axis
of volume?' . - ; .

(3) OBERREALSCIIULE (one of four), spring, 1907. ¢ Y
. 1.Through & payment of 6,000 marks a man 30 years of age purchases life insurance.
How much is this insurance on the basis of 4 per tent interest and Schubert's
table of vital statistics? What age must the man reach in order that an equal
sum would be paid to his heirs from a savings bank in which the 6,000 marks at
3t per'cent had been deposited till the terinination of the contract? @ o
2. What regular spherical polygons can be made up of oquilateral triangles and how
. larga are the radii of the inner and outer tangent circles.of these polygons?
3.-Find the first polar of the curve ' ' ’

. 22342278z —y4+8=0 .

. with respect to the origin. Draw the curve and discuss it. Find i intersections
' with the z—axisand the tangents to the curve in these points. . = .

- 4. What is the value of the difference ~ - ) ; '

- "5 2 sinz — sin2z , Fcosz—tan /4 g
. )2 emz T

{

: E.A 3 sn z
’ .
‘ ' Special exercises. .
(a) Find the locus of the vertex of a triangle with given base 2 ¢ and sides of given
* product p?? - ]
(1) What is.the form of this locus according as p is greatér than, equal to, or lese
thane¢?  » ) .

o

“Example for sketching: ¢=3
=3 p= 10, py=3 o '
(2) In'what case is there g doublé point, and what arathe tangents at-this double
. point? *q . * o : ; ol Y
t .. v,.. (3) Find the first.polars of the point at infinity on the base of the triangle; of the
R J poinit at, infirity on the perpendicular bisector of the base, and also of the
i : middle o} the:base with .respect to the locus in question. Indicate tha
' W significance of theselines for the lotus, and draw asketch for'the numerical

. VBlues c=3 and 7-242-. cp i v .
93 L & A ’ a - 2N a J
ﬁ‘“ L 3 M i I
Ny s . ) - LA ¥ A L)
Ay, oy e Tl
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N ° .
(5) Evaluate the integral _ L
. : e (b+\/b’+ac) ¢

. e

-. -, ) : Ja+" br—crd

. B LEIiRA\lTSPRUFUNGEN.

< o 4 WURTTEMBERG. .

I Qucsluma in the Mathmwtw:-l’hym Dnnmm

9 "¢ . ' Hicmer At,oza“

! 1 Given the equation
' | z‘+alz’+a,z’+a,z+a‘=0

i whope roots are all dxﬁerent from one another. Fn;d the equation of the fourth degree
in y, which is stisfied by the unsymmetric function’ of roots y=n423+1,, etc.
Prove that khe discriminants of the two equations are identical.

‘2. Accordmg to the geneml lnterpolatlon formula ﬁnd an integral algebnig func.
tion yz (fourth order in z), which for

(Indicate also a seqond method, without details; evaluato the detemunmts which
here enter.)” Further show that the value Y, Can be changed intoan ¢ Uborzwexza.hl "

. iffor numbers of the form ( ) the name “Uber-r-Zahl” is employed. Wnte down

values, calculation of the sum y_, to.y,. Checks.
‘ Ilmm;n ‘ANALYSIS,
5 1. Evaluate and give the geometnc meaning of the double mtegnl
. . 28 Sa x(w-)

. ' f Vio=z f w/r('*a—z) ~yldy;
givea plan and £l /ation sketch o - ' )
2y=f = (-(2) )]* . ’

3. my" +3y(x? - 2y? ’a £ o, . BRCE

4. Derivation of the properties of tha loganthm and of the exponential hmctwn—m
the complex field. Give thre® examples. . o, ©°

s

ANALYTIC Grousmv P
1. Discuss the curve -

-zt ~ 2%+ 22% -zt — y‘ 2z‘+4r‘y 4ry’+2y‘—4r’y+3zy’—y’=*0
p Find the equation of th% tangent-surface of the space curve =\, y==©, *zempd
am{ determine the- orthogonal trajgctories of the,tangents on the surface. Without

‘to write the differential equgtlon of the trajectonee ). -
SyNTHETIC Gsoumar ~

~ 1, Determine the: center of a hyporbola gwon four poum and tho dnrecuon of m
asymptote.

Sl 101179‘—18-—-—18 AT
i &*"'“!‘f;x P n":
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takesont.hevalueay 0031056 6390 BT . o

¢ calculation, what may be etamd with regard to the. lines'of curvature, the uymptonc 2 o
“ lines, and &te geodetic lines of the surfage?”. (lf time is laclung xt is- only necesdary .

». 2. To four planes through  point 0, no thiee of which cut in a .zmghghno, 0 i
nomhin O.are given, How' may the normal " 0 to any phne thmugﬁ o e, cons

-

the values of the numbers y-1+to y,. Further calculnnon o.f y, checked by thess -

R
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- stmcted through gimply joining and mtersechon, and in particular without the
further use of a right angle? S

DEscriptive .G EOMETRY.

Wn a vertical plane of projection a somx-c]hpse is given, Qf whlch the sh?w isa
semicircle. It is subjected to a rotation in space about & vertical axis, Construct
-the normal curve and the meridian of the surface of rotation so constructed, i. ¢., the
section of any plane (1) perpendicular to the axis of rotation or (2) through th&us
(Suppose the proportions given.) Give a free drawing in india ink of t

. curves sought, also a shortdescription of the corresponding construction.

wo

: . . ANALYTIC M zml,\mcs a 9
- . N »
* 1. On three mutually porpendxcular welghtloas sticks, rigidly fastened togethcr at
& point 0, masg-points” P, Q, R are placed at distances a, b, ¢ from 0.

The system is turneq about an axis through 0' which at a given instant, when the
angular-velocity Is w, makes angles.a, B, ¥ with the three sticks.

How great is the vis viva of the turmng motion of thesystem at this lnstant? Thtough
what Bingle force at O and what i palr of forces (what axis-moment) may the three cen-
trifugal forces be replaced? 7’ 9 . ' .

Discussion of the results for the case a=g=y, : ¢
. 2. The velgeifies of three noncollinear points of a rigid body movmg with freedom.
"+ of the first order, are given for a certain instanti as vectors, i. e., in size and direction,
Show how to find, either by drawing or by calculation, for the sameinstant: (a) the
velocity of a fourth peint of the body, also considered as'a vector, and (b) the central
axis or rotation axis, i. e., the locus of the points of the body which, for the instant,
of all of its pomw has the least yelocity. *

o o

Tnmom»\mmv AND Munaw.\ﬂcu Gzo\\uuv‘

.

1. On’two points A and B of equal hexght and '25 meters from each oth®r rests a’
smooth thin I)rzgl(l of steel which sags 50 centflneters in the gyiddle. How many milli-
meters (to the nearest tenth of a millimeter) is the band $nger than 25 meters? .

The calculation is to b€ earried through, and the exaltitdg of the result proved,
without employmg any tables. (The calculation fs toybe carried through in numbers.) -

2. On a simple rod swndard a vertical refermce -plane F is détermined by a strong
white endless t.hrpad passing through two rings @, and 0,, and stretched with the
help of a hangmg stone O;. The azimuth ofthe two directions of the thread differs
by exactly 180°. The azimuth is not exactly known, but it corresponds about (accord-
ing to the compass within 5°) to the prime veégl

At the point of observatiod (in middle Germany), determining the northern’ lati-
tude ¢ on an evening toward the end of Novtmber, 1895, the following times of transit .

. through the plane of the thread are observed in lerial time: ° . Sy,
R (about westward) S,= 29‘ 69, ¢ & o
: ?:loromcda (about eastward) §,=22" 35 45+, - LI
"The spparen{ AR [right ascension] and § [declmauon] of the two stars on the evening
" o} observation were: . o o
o %y Lyre ay=18h 55m 20, a,=+32° 32"! ' c

Pe Al v Andromeda o, =18 57m 320 §,= 1 41° ° 5y '1 . 2 a
B What w the ‘northern latitide of the place o bservatlon? Whabwﬁ the' azilnu‘h
of the plane of the thread? What kind of stars are to be chooen for such dewrmxha-
L txon of the northern latitude’ by transits thréugh one and the same vemml ﬁm east-
) wsrd and then wostward? Calculation of ¢ in numbers is desued
. (’l'ho candxdate isallowed axlogamhm table,) " -

Q.
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APPENDIX E.’ L - 2_73

Tnsonl:‘ncu Pnn!ca

1. Discussion of the pbyucal foundatlons of the Newtonian deﬁnihon of the quan-
tities *“ force”‘and ;' mass.” -

2. Drivation of the formula of an adiabatic curve: ’
Jundmona ofa t.heory of plane diffraction grating for parallel light rays®”
How and with what exceptions is Helmholtz’s law of induction derived on the
basis of the law concemmg the conservation of energy? - =
o LI Malhémalwal Qulauona of. lhe Chemiatry- lnology Division,

\

r - . »

\ = . .
\ ALOBBBA AND Low‘sn Amu.uls .

1. A merchant buya wn)ree for a certain sum, has in additips-5 per “cent expenses,
and sells them again for 504  marks, and thereby gains a twentieth part of the pur-
chaslng price.  What did.this amount to?

2. A left a fortune of 100,000 marks. J&'rom this his children must réceive 6,810¢
mmks annually for 10 Yyears from the first payment ‘within a'year after his death. .
¢ The capital after 10 years i8 to be devoted to school purposes. How large wﬂl ﬂm
\' amount be? ..

3. Exprees the fraction §}4 as the sum of two posmve ll'acuons With denommton
13 and 23. What are powsible solutjons?

4. In the equation ¢ — 11234 pr?+4qz —60=0 the root 241 is gwen Find the other -
roots and the coefficients p and q. (Check by means of Horner’s method).

.

Dwnnzmm AND INTEGRAL CALcULUS.

i le((l_dlﬂl) . e ‘
z=0(z—sinz) = . ; o -
£. bxprese y=log (x-h/ 1 +;:’j M power scries in z and discuss the convergencb of
the series.. - . .

(-wen’he hypcrbola FT e

‘I'hrough the origin and, with dnﬁ'crent. points of the hypcrl»ola 28 ccnbers, urcl arg
déscribed.  Find the equation of the envelope of these circles. . 2]

5 o lgwaN‘mR/ GROMETRY, R

1. Describe a circle which touches™a given lme ina glveu pomt, I’ ang/Cuts g given

¢ m-le K at the ends of a diameter. (Analysis, construction, proof.) :
iven a point and two lines £ and L/, hich cut orie another ji-A. On L find . ,

a pomt. X such that the perpendicular X Y from X on I/ is a pfean propqmon be-.

¥ tween AY and PX./ (C onstryction and proof.)

3. Given aright r‘mular cohe of which an axia) dection i isa equnlnwral t.nangle
Produce thg surface beyond the circular base, suth that th¢ whole syrface of the
added conical shell is to the surfacg of the whole con 955 is $0 6 (including construc- -
uon of the ctl culMed result). . s .

‘4. B and .C are the rmddre pomts of two aphcres Aradu , and 7, (10 and 14 cm
Toan obberver at ¢ the spheres ggpear under an of sight S, and 8, (3° 37 20” an

F W m’ 30).  Angle BAC is 710 4 407, }ia gryag is-the distance between B mﬁi

o

ERIC
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!

ANALYTIC GEOMETRY.
e v
G & J.
1. The curve with equation

23— 20% 4243 L y’r — 4y 22y — 24 9y =0

kreaks up into three ljnes, of which one is —2y. What are the éqﬁations of the
.other two? What are the coordinates of the vertices ol the corresponding triangle:

find its area. o .
R 72 2 p g Y moa i 2 9
2. In the hyperbola (72—%7-1=0 & digmeter with slope » isgiven. What is under-
- stood by a diameter conjugate to this diameter and hoiv is the slope u’ of this diameter
derived? How large are the semi-diameters corresponding to these swo directions?

3. Discuss and sketch the curve with equation

o

; r'+y’r —2r24y*=0. - »

= 4 Given a circle of radius r and a line which iegt a distgnce a from the middle

- point of the circle. A second circle touches the line in its<intersection with the line

drawn thigugh the middle point of the firgt circle perpendiculdr to the line: the tom-

. mmon tanddnts of the circles touch the second circle in points, the locus of which ig

required. | ({’he given line is to be taken as z—axis, and the foot of the perpendic-
ular ag orjfih of coordinates.) ’

-

L]

DESCrRIPTIVE GEOMETRY.

An-ellipse is projected horizontally as a circle of 10 'rm. diameter, verticdlly asa
line (30° toward the right with fhe base line). The horizontal trace of a given plane
makes an angle of 60°, the vertical trage of 45°; both toward. the right with the hase
line. (onstruct thé shadows of 'the ellipse on these planes. (Both projections of
rays of light cominig from the left make angles of 45° with the hage line.) RIS
The two projections of the shadows gre to be .constructed independently of one
another; at any givep point construct the tangent and find the nature of the curve”
in order that its conjugate dian;eten‘sran be determined.
' ExpERIMENTAL Prysics, !

4l A locomotive weighing 20,000 kilograms moves on a tra«:k Lﬁ’, meters wide and
its center of gravity is 14 meters above the rails: what is the greatest velocity that the
" locomotive may attain in order thz;.n, on a curve 4df 80 meters radius, it‘s}mll not leave

the rails? What is the maximum velocity, if the outer rail be so raised that the plane

.of the rails is inclingl-to the horizontal plane with an angle of 5°?

2..For determining the temperature of a smelting furnace, a platinim sphere of

- 100 grams is put in it and then thrown igi§a mixing caloriméter which contains®800

gramg of water at 10° . What is’ the .temperature of the furnace if the brass

* calorimete® tub weighed 250 grams and the final temperature reached 14.8%?  (Spe-
cific h rass. 0.0926; of platinum, 0.032.) k

3. Two Meonvex lenses with focal lengths f,=4cm. and f,=6cm. are arranged from

+ left to right, such that the distance of their optical middle point amounts to §=1cm.:

the thickness of the lenses may he neglected. - Tothe left of the first lens is & lumi-

nous substance AB T cm  high. Construct the pjcture of the object which 'is throws

second lens. fow great is the commfion foeal’ distance f of the system of lenses

of lenses over a siniple lens with the sagne focal distance?-

0 Te

’ « v :
- ’ - v
Kk J s Y,
' v
; !

e, .

through the pair of lenses and also deteymine the distance b, of the picture from the -

count¢d from theé secongd lens; and what advantage is there in such a combination -

~N




APPENDIX F. | ~

’ ) JAPAN. . . "

The following mafhematical papers were set in ;l‘ok¥o for t'}}e twenty-fifth exami-
_natjon for teachers’ licenses, in 1911, . - .

» PRELIMINARY EXAMINATION QUESTIONS. f

\

\
ARITHMETIC (3 hours).

1. Finc three frattions, 4, B, and C equal to §, ¢, and 1, respectively,. such that
A’s denominator is equal to B's numeratpr, and B's denominator to C's numerator.
Find the simplest forms of such three fractions. - ‘
2. A certain company, dividing its capitalin the. ratio of 3:5:7, carried on its
* hiisiness in three divisions. At a semiannual settlement it was found thatrthe first
division had made 2.600 yen, and_the second had earned 8 pes cent a year on its
capital, but that the third had suffered a loss of 5 per cent a yeal of its capital. How-
ever, the net result was found to be a gain 916 per cent a year on the total capital.
What was the amount of the capital? .
3. A steamer, bound for a certain port, had its engine damaged when one-fifth
of its voyage.had been completed. A#it had to reduce its'speed by 10 knots for the”
rest of its course, the average speed was found to be less than the first by 4 knots, '
What was the initial speed? ) ' '
4. By evaporating 600 gramg of waer containing 3 per cent of salt, one containing
5 per cent of salt was to be obtained. It was found, however, that .70 per cent of the
-water had already evaporated. ‘How much water containing 3 per cent of salt must
be added in order to obtain the solution of required strength ? y . b
5. Of a cylindrical vessel holding one sho, the height and diameter of which are
equal, find the height to the hundredth elace. .

.
h . , . ALGEBRA (3 hours), !
\'1, Whegn a+b+c=0, prove v .
b-c,c—6,a-b\/ a , b & ; ' .
(:a"f“r"“ =) (*r_#a:gzr:s) = A
2. Solve and discuss the following simultaneous equations: )
ar—by—2+41=0, 2+y—az—b=0, v THy—2z41=0.

3. Cut a triangle and a rectingle, having equal lz;t‘;ee.on a;straight line, by another
straight line [parallel to it] ! so that the sum of thd areas cut out between the paralle]
lines shall ))e‘lual to the area of the triangle. Find the fsta'nce between the

- parallel lines, - : : K { ' s :
. 4. Inhow many difgrent ways can 10 balls be arranged in a straight line, provided K
'ihat 2 special balls must in‘gll cases be placed 8o as to oc#upy alternate positions? ? .

-

5. Let a,, a,, a5, ,..... be an arithmetic progression, and by, by by, .., ar
geometric having all its terms pesitive. Prove that a, is not greater than%,, if
& d|=bl md a,ub,. : . ! N ) > . L.
' l"}‘hege Ia’érd’s"d(s not oceur in the ofiginal, LN . ot
. ‘ *1t is not clear whagis teant by “alternate positjons.”
. : ; % ; : . 275 L3
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_ GEOMETRY (3 houm)

" 1. Let two circles touch internally at A. From nny pomt P ib.the circumference, *
of the external circle draw a tangent P M to'the internal onc, and prove that P A:P M
is constant. @ g S

‘2. Given a vertical angle, the radius of the inscribed circle, and the area, construct
- ghe triangle. -

3. The verlcx,.A'?f the rectangle ABCD 15 a fixed point. and B and D are on the -
circumferenceof a fixed circle. Find the locus of the point C.

4. Fxnd the limit of the posmon of a_point, the ratio of whose dlslnnces from two
" fixed pomta is less than a given ratio,

5. 0f a quudnlawﬁxl whose fotr vertices are not all in one plane. throo are fixed
and one moves along a straight line. Find the locus of the intersec tion of the lines
joining the middle - pomtsxf its oppoewe sides. 72

FNAI,'_EXAMI_NATlol QUESTJONS.
ARITHMETIC, ALGEBRA, AND (; OMETRY fwritten).

d . Part1 @ houm)
1. The .sum of a certain 1rreduc|ble fraction .and i seciprocal is equal to

L 4
}%ﬁ’; I']nd the irreducible fraction. . ; . N
2. Elimindte®, y, and 2 from
b 2 ¢ ) . . N

-

. T8 ¥ bz ¢
L ToatrTytyEoty

.-,‘: \

.

y ¢z : .
< zyz=abe, . ' R
v 2% yi42(abt-betoa)=0, '
1

8. Ifa, b, p,and q be redl, prove that the followi'ng equation has real roots;,

i

. a+z+b ——1-:-0 x -
4. Bolve the following inequality, z—b>+a(a—2r). where a and 3 are pos:tn'e,
and v represents the positive square root., A
- B, Prove tbnt the following three equalities are conmstent with one auother, .

~ . . l . - , .‘ R4
zalot—lm. . y=1 101=logz, « 2=10!—dvoy»

. -

log representlng the common logamhm g _
lfm 13 hours) o .

1. If recmxgles ABDH) ACFG be externally constmcted on the two sides AB and
C of the right angle 4 of a right-angled triapgle ABC, yrovet ¢ the straight lines
BF and. CD mtersect with; each other on the perpendxcular f A %o the hypot-

~

2, an a circle with its conter ona stmght fine passmg through the center of a

'ngen circle, lntersqctmg this circle at,nght. angles and passing throug agiven ;smt v

" and the other twowertices B agd C move respectively along two other’ edges I"md
: th/ locus of the center of gmvnty ol the mangle.

8. Of a triangle ABC, the vertex A is a%xed point on an edge of a trihedral Thgle

-

.
-
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) ) Theory (3 hours).

L. $61\' and discuss the followirig equation, ‘

‘ ‘-T:_ Vg . . &in 3z=m sin z. L \ ’ e
2. Eliminate 0 and ¢ from &, . 0

. ¢ . “ ., ‘2 - csinf=asin (6+y), ot
o L a sin =b sin .0, ) .
. ’ T con b~ Gon p=2
_ 3. Find ‘the maximum vaue of &_ o Lo R
. . . Y% cosec¥—tan®. ’ '

: - cos % coss co8; o :
> 2 4o ~2 " a2 ] + 1 + 1 v
. . . r { . - e
- " 5. Having given ong angle the ponmeter and theé radius of the cu’cl\scribed

- xxunanmxna‘.'j S . M \

'o Anrmus'nc (oral) ) e

(X

A boat is rowed over a cem.m distance, when thore is no tide, in 24 hours. With
the tide, however, the sambd distance can be rowed over in 15 hours. Against the
tide the boat can be made to go over 32 knots' in 2 hours. Find/the speed, ac-

. cordingly, when-it is rowed w_lth the tide. S

" . ~ 'AraEnrA (oral).
¥ Solve the l‘ollowmg simultancous equaﬂom
(1+26) z-(1 +'l},—1 -E,
. (14k) z—(34+ky=3+k.
- ‘ GEOMETRY (oral). .
Draw a straight line meeting two straight lines not. in the same plane and normal to

agiven plane
TRIGONONETRY (written),

v N "cot’0+t-{ih"’0—_'1_

4. If the length of three bisectom of the three angles. 4. B. C of a triangle 4BC be
reapecu\ ely equal s g, 7, prove that. ) ) /

circle of a tnangle. solvg the triangle.” . o6 o ,\
‘ A pplication (3 bowra). _—
Whep the three sides of 3 triangle are known to be respectively, .
: a—750 M m., T bebocd2 m., |, c=20468m, .
. compuLe the three mgles and\t‘be area. ’ S .
. 2, ' NALYTIC Gzoumx @ houra) - '. .

53 1. vaenx pomt. (1, 1) and raight lide 3z+4y—6=0, the axes, bemg rectangu.

* Iar. “Fort the equation of the curve of the second degres, Having the: point apé the
straight line for ita corresponding focus and directrix and 5 for its eccentnclty, and

: ‘réducontwthemdud fonn . - . ] - ’
3 5 - .
Tl xmumeomlm- ' £
T .-
o ) L
St - Do o Ben’ o o Duns e
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2. Let Nbe,the point of intersection of the norma] at any point A on an ellipse and
. itsmajoraxis. -Prove that the orthogonal projection of MN on the line passing through’
'« M and one of the foci is constant. ) 3 S -
3. Prove that the four vertices of a parallelbgram circumscribing an ellipse and its
two foci are on the same equilateral hyperbola. > e T
4. Given an ellipse and a circle concentric with each other, the radius of the circle
" being eqital to the sum of half the major Bxis and half the minor axis of the ellipse. '
Prove thdt the locus of the point of intersection of the two tormals to the ellipse at
-~ the peintsat which two tangents are drawn to the ellipse from any point on the circle
" ipa circle. o . o )
5. Let N be the point of contact at which a tangent is drawn from the center M
of a fixed circle to’the circumscribed circle of a triangle self-conjugate with respect -
to the fixed circle. Prove that M.V is constant. : 0

*  DIFFERENTIAL AND INTEGRAL Cavrcurys (4 hours),

LI f/(2). o (2)=f (r). ¢ (7)#0 within the interval ¢ =r=s 3 and f (a) = 0,
J (5)=0, then prove that  (r) will become .zero within the given interval at least

- .once. Hero/’ (z)and ¢’ (x) are continuous within the given limits, * . ‘

' 2. Let Ybe the point at which the line passing through any point "X on the diag- -

onal AC of-a panallelogram ¥IBCD and the vertex B intorsects the side AD or its

extension. Find thé minimum of. the sum of the arcas of the two triaylélos AXY
.and BYC. - ’

3. Take zas the {unction of two independent, variables r and y: substitute

.

Zs=rgin 6 cos o, y=rsin 9 8in p,} ) 2==r @08 @
- ——naa L]

t variables eliminate z, Y, 2

S 1. .
4. B (I, m) represents (1 —-.t)"“" dr, land m being positive, 8 .
c - Jo : 3 g
Prove that o N . ) °
B(l.m).—_'-“Ll’i’nqul,m). ot . -
5. Find the whole length of the space curwe reprisented by the equations
) : ° .

T wr=z(bt). a¥atyn)=02 3, .
a and b being positive. ? o .

& . . L .
" 8. Take r=yp(u,v) and y=0(u,v), and change the variables of integration in .

'J.fdxdy from z,y to u,v, -

.

e e

? Ln the roport this equution is given as y=rsin ¢.

’ s o
-t . o °
i L S
. ‘ » )
o - . A et .
) s - * ’
. K .
) -—m\.. e, » . -
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Salmon, G., 182. -

Saunia, 'G., 140.

Scarpis, U., 143.

. Schacffer, A , 85.

Scheflers, G., 178, 182,

S_l‘lmibncr, W . 182,

Scherrer, F., 199. .

Schlesinger, L., 182,

Schimmack, R., 128, -t

Schmid, K. A, 129,

Schmidt, E., 98

‘Schnell; 1., 128.

\'(hoo and Society, 205. ’
SNchobl Science and Malhemalxca 76, )
11.

Schottky, F., 98.

Schubert, H., 270, .

Schulrat ((‘onmny) 8, 97, 124,

Schur, J., 98, 117,

g(hus((‘l, M., 121,

Schwartz, H A 98.

S(‘h\wrmg,'}( 96, 120.»

Scorza, (3., 138, 143,

Scrutinium, 187. )
Secondary schools, accredited, 200; 201.

i Secondary schools, examinggjons for”

- prospective secondary school teachers.
.See Examinations for procpcctlve ‘tedch-
- em in sedondary schools, *

| Secondary schools, periodicals. See ch-

erische. Zeuachn/t Siir . Reahdmhmm.
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Blater fir die - Gymnasialschulwesen;
Bolletino  della  *‘ Mathefis;”” Gazeta
Mathematica; Jahresbericht 1ber das
hohere Schulwesen; Mathematical Gazette:
Mathematics Teacher; Maphesis; Mittel-
schule; Revue de Malhématiques Spé-
ciales; School Science and Mathematics:
Statistisches * Jahrbich der Abheren
Schulen; Teachers”.€ollege Record; Un-
terrichtsblitter fiir Mathematik und Na-
turuissenschoflen; Zedschrift fir die

" Gaterreichischen Gymnasiew; Zeltschrift fiir’
Mathematischen und Naturwissenschaft- >
lichen Unterricht.

Secandary schools, salaries for teach-
ers. SeeSalaries for teachers in second-
ary schopls.

. Sgcondary schools, schoolu and colleges
for training teachers. See Teachers for

- secondary schopls, schoola and colleges
for training of teachers. -

- Seeliger, H., 107. . B

Seminarien (for professional training of
teachers) and Seminarjahr, Austria. 26,

“ . 212-213; Denmark, 42; Germany, 92-95,
97-99, 102-104, 106, 110, 115, 118-121,

" 123-125, 217; Hungary, 136,137, 218:

" Roumania, 159,-220. See. aa‘o Ex-
aminations for progpectivd Teachérs in

. secondary schools, schools and: colleges
for training of teachers. %

Semmmes (in university matrucnon),
" Austria, 18, 19, 21-23; Germany, 95, 98, .
99, 104, 105, 107, 109-111, 113, 117, 118,
122; Italy, 141; Switserland, 181, 185,
186; Sweden, 193 United States, 205.
See also Proeennnary .

Serret, J. A+, 146, 178, 182,

Servais, C, 32, 37. S

Severi, F., 219.

Shaniavsky, A., w:;.

.

Sies, R. W, 60, - ‘

Simon, M., 96, 117, 120, 127, 129.

Skoleembedsexamen, 41, 214. ‘

Skoleraad, 39. oo

Smith, A. T., 45, 46, 110, 137, 160.

Smith, C., 146 ..

Smith, D. E,, 3, 10, 129 211

Snyder, V. 140

Bociété Sume des Professours des Mathé:
matiques; 198, .

Shmigliana, C., 143.

‘Sylvester, J. J., 133, 134,

[ Teachers’ College Record, 129. -
| Teachers for eecondary schivols, schools

. Shel), 47. - . A

. 212, See alio Examjnations for pros-

Sbmmerfold A 107.
) 101179'-—18—19

- . - .
! i s Ca

A maututea ) P

Special Reports on Eduuno{ul Subjects, .
Board of Education, London, 14, 44,
51, 54. 60, 65, 76, 83, 129 187, 157, 167,

19, 189." , .
Speiser, A., 117, - \
Spicker, 91. ‘
Spring, A.F., 34, . < ° \
Staatsexamen, Pruassia, 87f.

Stgmper,-A. W, 211,

Statesman's lcar~Bool' 30, 160, 163, 168.

Statistiches Jahrbuch der hdlurm dlulm,
124, ,125' F .

Stegemann, M., 179.

Steiner, J., 193. :

Sterneck, R. von, 21, 27,

Stirling, J., 150.

Stits, A, 27,

Stober, E. A, 34.

Stécklin, J., 199, i

Stokes, G., 169.

St y, K. V., 92, 136,

Stroobant, P, 33.

Study, E., 8‘,98 s ©
Sturm, J. C. F., 134, 147, .
Sturm, R., 87, 127, g

Stuyvaert, M., 32, 3%
Suppantschﬂaclx R 21,
Surveillant, 36, 213, QM ;
Suzzaza-Verdi, T. de, 143. .
Swarts, F., 34. .
Sweden, 3, 171-190, 217, 222 224-226, 229,
Switzerland, 3, 191-199, 222-226, 230, -

-

Szabé, P. von, 137. !

Tait, P. Q. 183. . 2

Tannery, J., 70, 182, 20

Taylor's expansiod, 20, 32, 40, 69, 133,
169,255,256, - A,

and collegea for training of -teachers;
Austris, 26; Belgium, 37; Denngark .42,
215; England, 54-57; Finland, 63, 64
215; France, 72-74; 216; Germany, 92— .
97, 102, 110, 115, 116, 118, 119; Hun-
gary, 1:% 'laa 218; ‘Italy, 141, 219;
Japan, 148-151, 219; New Sou}h Wales‘
9-11, 212; Roumania," 159! \Russia, )65;
South Australia, 13; Sweden, 188, 187;
** United States, 205-207; Victoga, 12,

- pective teachers in secondary schgols;
_Upiversities, colleges, and tedmiell )
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Technical institutes. See Polywdumkum
or Tecknische Hochschule. “
Technische Hochschule. Seg- Pol)?vech-
nikum or Technische Hochschule, *
Tentamensbok, 177, 181.
Thaer,,A., 128.

Thieme, H., 96.

Thomson, W., 183. .
Thornton, J. S., 44, 65,-174, 175, 187, 190.
Timpe, A., 184.

Todhhntet, 1., 145, 146, 178,179, *
Toledo, L. O. de, 170.

'l'omcelh. E. 236.

Torroja, M., 170.

“Trial year (Probejahr, provir).. See Ex-

aminations for prespective teachers in
secondgry ‘schools.

Tripos exammauonst 53, 54. .

Trivett, J. B., 14, .

Twentyman, A. E., 129.

Tzitzéica, G., 159. ‘

United States, 3, 4, 200—211 215, 216,
223-226, 230. %,

Universities, colleges;. and technical in-
ntitutes, " Austrafia: " Adelaide, Mel-
, bourne, - Queensfund, “:Sydnéy, Tas-
mania, Western Australid; 5f, 212, 228;
Austria: Czernovxtz Grate, ,Innsbruck,
Krakow, Lemberg Prague (Germnnand
‘Bohemian), Vienna, 17f, 212 213;

. Belgmm anelp,dhent Liege, “Lou-

vain, 31, 213, 214, 228; Denmuk
Copenhagen, 41,” 214, 228; Englan&
Birmingham, Bristol, Cambridge, Dur’-
ham, Leeds, Livérpool, London, Man-
chester (Victoris); Oxford, Sheffield, .
Newcastle, Reading, Southampton, 60f,

¢ 215, 228 leuld Alexander Univer-

sity, 62, 215, <228; France: Aix-Mar-

~ eeille, Algiers, Besangon, Bordeaux,

Caen, Clermont, Dijog, Grenoble, Lille,
Lyon, Mogtpellier, Nancy, Paris, Poi-
tiers, Ren* Toulouse, 66, 216, 228;
Germany: Berlm, Bonu, Breslau, Er-
langen, Frankfurt, Freiburg, Giemsen,
- Greifswald,” Halle, Heidelbetg, Jena,

Kiel, Konigsberg, Leiprig, Marburg, |

Mumch Munster, Rostock, Strasburg,
- Tubingen, Wurzburg, 78, 87-91, 97-99,
:103-118; 122-124, 127-129, 217, 225,
228, 271-274; _Hungary: Budapeat
Debrecsen ‘Kolozsvér, Preauburg, Z4

1 .

" grib, 131-135, 218, 229; Italy: ﬁolqrnn,
Cagliari, . Cametino, Catanis, Ferrara,
Genoa, Macerata, ‘Méesina, Modena,
Naples, Padua, Palermo, Parma, Pavia,
Perugia, Pisa, Rome, Sassari, Biena,

_ Tufin, Urbino, 140,141, 143, 218, 219,
229; Japan: Kxuqhm_\Kyoto Tohoku,

. Tokvo, 144-147, 219, 220, 229; Nether-

* lands: Amsterdam  (Communal and
“Free), Groningen, Leyden, Utrecht,
153, 165, 156, 220, 229; Russia: Kharkof,
Khazan, Kief, Moscow, Odessa;, Petro-
grad, Saratov, Tomsk, Warsaw, Yuriev,
(formerly “\Dorpat), 163, 221, 229;
Spain: Barcelona, Granada, Mndnd‘ .
Murcia, Oviedo, Salamasca, Santiago,
Sevilla, Valencia, Valladolid, Zaragoza,
168, 221, 229; Bweden: Goteborg -

. (Hégnkola) Lund, 8tockholm (Hog-
skola), Upeala, 175¢, 222, 229; Switzer-

- land: Basel, Bern, Fnbourg Geneva,
Lausanne, Neuchatel, Zurich, 193- 198,
222, 223, 230; United States: Brown,
Chicago, Columbia, Harvard, Illinois,
Leland Stanford, Minnesota, Prince-
ton, 2001, 223, 230. .

Universities of the British Empife, 14.

Untergymnasien, Unterrealschulen 15,
26, 213, 228. -

Unterrichtsblatter fur llathemauk und
Naturwissenschaften, 129.

Vahlen, K. T., 87.

Valée-Poumn €.J. de'la, 32, 179.

Van der Waals, J. D., 70, 270.

Van ymelberghe..l 33.

Vegu .M., 170. ,

Vergm chweizerischer - Mathématik-

h"?éhr 1p8.

Verein zu Mrderung des muhemaq—
schen nd natumsenschamichen
Untérrichy, 129. 9

Victoria. Ske Australia.’ -
Vogt, K. W., 167. \
Vogt, W, 87. e
Voigt, W, 184.
Volenszky, J., 137.
Voes, A, 107, .
Waals, Van der. See Van dei*Waals, *
vWallentin, F.,17. - )

 Wallis, J., 133, .

Walton, W., 180.

Wangerin, A., 87, 127, 183,

.

B

A}

Waseda University, 151,
%
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Webeter, A. G., 180, 184.

Weierstrass, K., 25, 32, 62, 101, 127, 213.
Wellstein, J., 96, 117, 130 -178.
Warnicke, A., 120. .
Wetekamp, W., 120.

Wicksel, S. D., 186.

Wieleitner, H., 101,7128.

Wien, W, 183, 184. o’
William 1 of German L
Williamson,-B., 146.
\\1lopneTheorem 25, 218.
Wiman, A., 190.

Wirz. J., 116 127,

\\’imn& A 108, 110, ]27
Wolff, G

INDEX. : 289
Weber, H, M., 86, 117, 178, 182, 183, 207. -

Wronalrinﬂa, 169..
Wychgram, J., 110, -

Young.J W A, 10, 125.
Znudqut jar die acurmthuchm Gymm-

sien,
Zetudmjl Jfur malhema(udlm und natw-
* wissenschaftlichen Unterricht, 129,
Zermelo, E., 182 184

Zeuthen, H. G

Ziertman, P., uo, l29.

Ziller, T. Z., 92, 136.

Zindler, K., 21.

Zopf, 91. '

Zihlke, P., 83.
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