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APPENDIX F.

ROYAL MILITARY COLLEGE OF CANADA.
SyLLABUS oF MATHEMATIOS—GENERAL SuMMARY OF SuBJECTS AND TExXT Booxs.

Euclid (Todhunter.) |

Arithmetic (printed notes by Major Kensington, R.A.)—Together with Smith
and McMurchy or any other approved text-book. Scales of notation and mercantile
arithmetic are omitted.

Algebra (printed notes by Major Kensington, R.A.)—Todhunter’s Elementary
and Todhunter; the latter only for the more advanced students.

Logarithms (Chambers' or other tables)—Thorough practical use of Logarithms,

Plane Trigonometry ( Todhunter.)

Spherical Trigonometry (Todhunter.)

Conic Sections ( Todhunter.)—This subject is taught almost entirely by lecture,
geometrical proofs being given whenever practical and easy.

Differential Calculus ( Williamson.) 2

Integral Caleulus (Williamson.)

Statics and Dynamics ( Todhuntér's Mechanics for beginners)—The most advanced
students are instructed further by lectures grounded on Todhunter’s Analytical
Statics, Tait's Dynamics, and other standard works, free use being made of the
caleulus. .

Statical Problems solved by Comstruction (Tracts on Mechanics by Crofton and
Ken];s]ingfon) Work and Energy (Tracts on Mechanics)—Special reference to artillery
problems,

Rotation considered geometrically without text books up to the resultant motion
of an elongated projectile.

Hydrostatics (Besanis' FElementary)—Special machines used in the Royal
Artillery. Higher course of lectures with the use of the caleulus.

Mensuration—Without text book.

_Applied Mechanies (Croftons’ Elementary)—Higher course of lectures grounded
on Rankine, Rouleaux, Collignon, and other works.
ioh Mechanism (Goodeve)—Steam Ergine; general principles only taunght by
ecture,

The whole of the above course is tanght by lectures and personal instruction,
aided by text books as far as possible. Shorter and easier proofs than those in the
text books are given whenever practicable. Notes of ‘the lectures are taken by the
cadets and revised by the instructors,

The following shows the syllabus for each class in detail ;

1st. Obligatory.

2nd. Voluntary.

The Voluntary Course for the 1st Class is more extensive than can possibly be
tg.keu, except by cadets of unusual mathematical talent, who might desire to con-
tinue the stud‘y of mathematics in lieu of other subjects. . The marks allotted for this
class are not intended to represent the adequate value of the course,
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SYLLABUS OF MATHEMATIOS AND MEecmaNi08, ToTaL Margs, 12,000,

410 CLASS—(OnL1GATORY)—ToTAL, 1,500 MaRrks.

drithmetic to Interest, Discount, Stocks, Proportional parts and extraction of
square rootand cube reot. ( Printed notes and other authorized text books ) Dec., Mks. 300.

Buclid (Todhunter) to Book I1; TIT; TV..cuieieivrerrennnnnnnn
Algebraical explanations will also be given of the propositions in Book 11 :
Marks— December, 100 ; April, 100 ; June, 200.

Algebra (Todhunter's, for beginners, and printed notes) to Quadratics and Evolution
Des. ; to Progressions, April ; to Permutations and Combinations, Binomial Theorem
and Interest, omitting scales of Notation and the harder examples in Quadratics,
Chapters [ to XXXII; to XL; to end....ccovseeinvneaeiesnenennnne.. Marks, 100, 100, 200,

Plane Trigonometry (Todhunter and lectures or printed notes.) (1st). Initial line,
~ Terminal line. Angles of uny size. The rules of signs. Trigonometrical ratios.
Reasons for their names. Elementary formule proved from definition. Formulwe
connecting each with every other. Constructions of angles when the ratios are
g‘_:ﬂ, also by the table of chords. Changes of the ratios in sign and magnitade,
ircular measure. Logarithms. Chaps. I to V, omitting § 5-9; proof of § 14 ; proof
of § 61, 53; § 66-75, Dec. Formulw of two angles. Chap. VI, omitting § 79, 80,
Chap. VII, § 95, 98. The angles 18°, 36°, 54°, 72°. Chap. VIII, § 107-0, and note
rocess of 133. Relation of sin §: f: tan @, Chap. IX, § 116-18. Complote use of
En%urithms and the Natural lables, April. Solution of triangles, Chap. XIII,
XLV, omitting alternative methods § 231, 2, 7, and § 219-221, 238,
Marks—Dec., 50 ; April, 50; June, 200,

B R B ELATIONS o s sranesss svinenseosssransnsissasesssssssansasismmeransanns oo HATRE, 100.

4t Crass—(Voruntary)—Torar, 500 Magrks.
Qualification, cne third for any seclion.

SEcTioNn A —Fuclid I11, IV. Algebra, (Todhunter's. for beginners, and printed
notes.) Quadratics, Evolutions, Indices, Surds, Ratio Proportion and Variation,
Progressions, Permutations and Combinations, Binomial Theorem, Interest,

Flane Trigonometry.—~Formulwe of two angles; Ratios for 15°, 18°, &e. Solution
of triangles. Chapters VI to XIV, with the same omissions as in the obligatory
B TR T o sr o vsththakvnnssn s vbesasensnssnninspanaesszasssnssse irles —Dee., 100,

Seorion B.—Euclid. Definition of Book V explained Algebraically; Book VI,
omitting Props. XX VIII to XXIX, and the first proof of XXX.... Marks—April, 100.

Seorion ('—Algebra (Todhunter). Equations, Chap. XII; XTII; X1V. Anoma-
lous forms XV to § 206. Indices XVIII to § 265, and proof of (am)"=amn,  Surds
XIX, omitting § 296-8 and 307 to end. Quadratics XX to XXIV with speclal
attention to XX |II. Imaginary expressions XXV to §364, and l‘u:u_l over the rest ?f

e Chapter, Ratio, Proportion and Variation; practical applications, only ,\k_‘-‘I
0 XXVIII. Logarithms XXXVIII; XXXIX, omitting § 549, and only reading

L vexersess Marks—April, 100,

SkcTI0 — -igonome Tochunter.) Chapters I to XVI, omitling
B e Teigomometry (Todhunter.) : Marks—June, 100,

.....................
SRetesasanrananananans e R R R R R R LR L

. *SEGTION E.—Conies and Analytical Geometry of fwo d!m.«wsiwz:s; (7‘r;f:}mmcr.)r
’Stratght line, Chapter 1 to 111, omitting § 27, 87, 43; examples 1 to 21. Change 0

in ‘actic O V. Circle. Chapter V1 to § 99.
ates, practical examples only Chapter cle ! Marks—-June, 100.

b 5t
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SYLLABUS OF MATHEMATICS—3RD CLass—(OBLIGATORY) TorarL, 2000 Marks,

Luclia (Todhunter)—Definitions of Book V. explained Algebraically. Book VI,

omitting props. XXVII, to XXIX, and first proof of XXX............Marks, Dec. 100 ;
June, 300,

Algebra ( Todhunter's, for beginners, and printed notes)—4th Class courso, particularly
Factors, Quadratics, Proportion, Variation, Series, and applications to Problems.
Marks—April, 50; June, 300.

Plane Trigonometry (Todhunter's, and lectures or notes to be printed) —Heights and
distances, Chapter XV. § 239—241. Properties of triangles, Chapter X VL., omitting
§ 2563,4. Inverse ratios without examples, Chapter X VIIL. § 363, December

Mensuration (lectures or notes to be printed)—Construction of ratios as /7, V3,
1 g ita
V5 T 1./_‘;, \! é, sin?f, tandg, cobg-, &e., and combinations of these. Reecti-

lineal and circular areas and perimeters and combinations of these. Area of ellipse
as the projection of a circle. "Area of a parabola intercepted by any chord, proved
geometrically, polygonal :LBproximation to the areas of curves. Simpson’s rule.
Summation of shot piles. December

Marks (Trigonometry and Mensuration).............. «ewee. December, 100 ; June, 400.

Conics and Analytical Geometry (lectures or notes to be printed)—Rectilinear and
polar co-ordinates. Distance between two points. Area of triangle. Equation to
a line. Equation of the Ist degrce. Principle of intersections. Equation to a circle
(any rectangular axes). Intersections with a straicht line, three cases. General
definition (Todhunter’s) of a parabola, ellipse, hyperbola. Sections of a right cone
shewing foci and directrices, Equation to parabola; construction of any point on a
parahola by drawing a tangent. Equality of inclinations of tangent to axis and
radius vector. Sub-tangent bisected by the curve. Tangents meeting on the axis.
Definition of diameter as the bisector of chords parallel to the tangent at its
extremity. Geometrical proofs that any straight line parallel to the axis is a diameter,
that the tangents at the extremity of any chord meet on the diameter which bisects
it, and that the portion of diameter thus intercepted is bisected by the curve.
Geome rical proof of equation referred to diameter and tangent. The distance of
any external point from the parabola measured parallel to the axis varies as the
distance along the tangent. Ellipse defined as the projection of a circle, as deseribed by
the trammel and as the locus of r - r '— 2q, Equation proved from the two former
definitions. Geometrical proof from the latter definition that the tangent is equally
inclined to the focal distances. Locus of the foot, of the perpendicular from focus on

tangent. Statement of the lengths ae, a, g. Conjugate diameters as the projections

of perpendicalar diameters of the auxiliary circle. a'? 4 2 =a’% 4 b2 and the cir-
cumscribing parallelogram — 4ab. Equation referred to conjugate diameters without
proof.  Hyperbola compared with the ellipse without proof. Asymptotes. Conju-
gate hyperbola. Conjugate diameters. Equation referred to the asymptotox with-
out proof.  Rectangular hyperbola, Similarity of curves; Newton's definition.
Meaning of constants of position and constants of size and shape. Similarity of all

circles and parabolas, Dissimilarity of ellipses and hyperbolas; similarity if g is
constant. Application of the test of magnifying.

: Marks—April, 200.
Statics.—(Todhunter's Mechanics for beginners.)

Chapter I, IT,—Omitting proof of parallelogram of forces § 45 to end of Chapter.
Chapter [II, TV, V,—Omitting § 78 to end.,

Explanatory notes in lieu of Chapter VI, on the equilibrium of a body and the
method of working oxamples. Constrained body and principle of the lever.
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Chapter VII,—§ 99 ; Statement of § 100; § 102, 6, April.
Centre of parallel forces, Chapter VIII to § 113. Short note on § 114, 15.

=
Formula z = 22(( P“;). § 116-120.
Centre of gravity, Chapter IX to § 135. Trapezoid, alternative proof for § 136.
Results only for pyramid and cone § 137-140. § 141-3. Formula z = 285

s (m)

§ 144-6, compared with § 114-5. ; :

Properties of the centre of gravity, Chapter X, omitting § 154-6. Altoration of
centre of gravity of a body or system when 3 portion is transferred to another

osition.

¥ Tho lever and balances, [Chapters XI, XI1; omitting analytical proof of the
requisites of a balance; § 173. ) i 4

Machines ; Chapter XIIT; with a simpler view of a lrain of wheels, § 187,
omitting all consideration of the size of the tecth. - Machines in combination ; product
of their mechanical advantages.

Pulleys; Chapter XIV; omitting weights of pulleys, § 202.6, and second case
of Spanish Barton given erroneously in § 207.

Inclined Plane; Chapter XV,

The Screw ; Chapter XVI. Gt i

Compound Machines; Chapter fXVII; proved by the principle of Virtual
Velocities. fail

Virtual Velocities; definition and statement of principle; Chapter XVIIL.
Certain forces may be omitted from the equation of Virtual Moments. .

Friction, Co-efficient of friction. Angle of friction. - Limiting angle of resist-
ance. Chapter XIX ; omitting § 255-7 and § 260. :

Easy pll)'oblcms on the abo%e?courﬁo. Marks—April, 100 ; June, 408.

e et TR R R S SO A S T T X S TR is sserwreiDls

3ep Crass. (Voruntary)—TorAr, 2,000 MArks.
Qualification—one third for any section.

Marks—December, 200,
SectioN F.— Euclid X1, to Prop. 21.

SecrioN G.—Aigebra (Todhunter's). Theory of guadratics and qun:h:nltixlu o\‘tlgiie‘t;-
sions, Chapter XXII. Simultaneous equations mvvol_vu_lg (llt:ldl':lt,.lt‘.‘i, ]&_l l.‘; . 3
Imaginary oxpressions, Ratio, P1-0p0|-L19n and Variation ; pracu?nl cmn.m!; n{'hnt‘ tg:;
XXV to XXVIIT. Progressions, including the sum of the squares, cubes, ¢ !l. i
first 2 natural numbers, and thence the summation qf series h:mng_tlw .Ttltx_.rrrln
rational and algebraic, XXX to XXXII, omibtingﬁ:’iﬁb-& .i\[_ruherpu._l:_v.-ll lx]a;.m,. w‘ai
XXXIIL. Permutations and combinations, XXXIV, omitting § .3‘}\9\.7 .maptrgln
theorem, proof for positive, integral exponent only, Xf\_\\*‘ t({{‘;\%{r“! ) %l{'l’(lf
§ 516-20, 523-25, and only reading over § 527. Log:u':lhnvls.f‘“‘;” B 1:e;\diné
omitting § #49, and only reading over § 551. Convergency o 'f@-llb;q tow ;{1 XL
over the investigations and applying them to esamples, XL. j !:i([ lL\'I'- iLV.
Annuities, XLIII, omitting § 584, 90, 97-99. Continued _fl‘fl‘r’L“”’-*-q‘t_;‘G g omed
omitting § 604 11 and 613-22. Indeterminate equations, XLVI to g 8- . {r--u.‘liéns
fractions and indeterminate coefficients, XLVILI, with notes on partia i
involving multiple and irrational roots. Summation of series L, omnttlull_?( :-llilies'
666, 670-1. Summation by finite differences without proof (Notes). Inequalilies,

Ll to § 680. Note result of § 681. Marks,— December, 200.

VT omitting & 180—210
Seorton H.— Plane Trigonometry (Todhunter.) Ito XVI '1??”?.1 nﬂ:i:%g Fune-
but reading them over for com parison with thg Dl,ﬂqrontml Ca (6} “" t,'l' X1 Yl 8266-T
'tiona—Ch;pter XVIILI, omitting § 264. Demoivre’s I‘he(‘n'cm?-t hlll!‘r;'!‘sl-— : )'r?r' 200,
omitting proof for fractional and negative values of the exponent... Marks—Aapri,
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Secrion J—Spherical Trigonometry (Todhunter.) Chapters 1 to VI, omitting
proof of Napier's circular parts. § 68, 69. Areas VIII, § 96 to 99. Meurks— April, 200,

Secrion K.—Conics (Todhunter.) Straight Line—Chapter 1 to 11T, omitting § 27,
37, 48. Transformation of co-ordinates ; practical applications only, Chapter V.

Circle. Chapters VI, VII, omitting § 111, 115 to118, and all but the definition
in 119,

Parabola—Chapter VIII, omitting § 157. Notes, principally geometrical, as
follows : Construction of tangent ; Inclinations to axis and focal distance ; Locus of
the foot of the perpendicular from the focus; Portion of tangent ‘intercepted be-
tween the point of contact and the ‘directrix subtends a right angle at the focus :
Tangents at the extremities of a focal c¢hord are perpendicular and meet upon the

directrix. p?=ar; r= ; r=a -4 x. Polar equation. Angle between two.

sin? @
radii vectores is double that between the tangents. Sub-normal = 2a. Sub-tangent
= 2x. Curve bisects sub-tangent. Equation to tangent yy! = 27 (z + 21) com-
rod with the equation to the curve; similarly for the circle and other conics.
tus rectum as the parameter. Explanation of the constants in an equation, both

those of size and form which are parameters, and those of position which may be
removed by choice of axes. Deduction of the general equation (y —y')? =4a (x — 1)
from the simplest equation y? = 4 ax ; similarly for all other carves (z1, y1), being
the origin for the simple “equation. Analytical investigation into diameters and
their properties (alternative with § 147.) Coustruction of tangents from any ex-
ternal point; their lengths are proportional to the cosecants of their inclinations.
Geometrical proof of the equation to the parabola referred to diameter and tangent,
together with a proof that the chords parallel to the tangent are bisected, &. (as in
the obligatory course.)

To draw a parabola, given any diameter and the tangent at its vertex and one
other point.

To draw a parabola touching two intersecting straight lines at given points; also,
to construct the focus and directrix, the latter by at least six points.

To druw a parabola, given its veortex, axis and one point ; thence to draw it, given
the axis and two points at different distances from the axis.

Ellipse —Chapter IX, X, omitting § 205,8.

_ Notes. —Equation found -from the definitions of an ellipse as the projection of a
circle, as described by the trammel, and as 7 + r' = 2Za instead of that given in Tod-
hunter. Geometric properties proved from the definition r + r’ = 2a, as follows:
Construction of a tangent; its equal inclinations to the focal distances; locus of the

£ & 9
foot of tho perpendicular from the focus. pp’ = b2; —-]i, el o

ST — s
r
Locus of intersection of tangent with the perpendicalar at the focus to the radius

vector; locus of intersection of tangents ot the extremities of a focal chord ; proof of
e g 2 3 a

Todhunter’s definition of an ellipse; the straight lines ae, @, " ; r —=a -+ ex. Polar
e

equation referred to both focus and centre,
geometrically,

fzquation at the vertex becomes ajparabola if e = lor @ = «. TLatus rectum
a .
e 27 = 2e (é e ae). compared with parabola. e is the tangent of the inclination
of the tangent from the foot of the directrix. Other properiies compared with the
parabola. Relation p? — a%cos 2q + b2sin %a for perpendicular from centre on
tangent; thence !ocus of intersection of perpendicular tangents,
The eccentric angle; z = a cos §; y = b sin §. Locus of a point obtained by

it L e .
measuring -é- at an inclination g and then + = ) 4 at — (.

The length e2x’ both analytically and

!
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Diameters investigated analytically as for parabola (alternative with § 187).
Conjugate diameters as the projections of two perpendicular diameters of the auxi-
liary circle; hence the properties of conjugate diameters and the equation to the
ellipse referred to them (instead of § 198). .

To construct. the foci of an ellipse, given the axes; also to construct directrices
and latus rectum.

To construct an ellipse, given a pair of conjugate diameters.

Given an ellipse, to find the centre and axis,

Given either axis and one point, to describe the ellipse. e

If any tangent meet two conjugate diameters,‘ tI_ﬁe rectangle containe{l by its
segments is equal to the square of the pa::allel semi-diameter; thence, given a pair
of conjugate diameters, to construct the axis, : )

Hyperbola ; Chapters XI, XII, omitting proof of equation referred to conjugate
diameters § 252, also § 262,3; 265. ‘ :

Notes as for the ellipse wherever practicable, Equation and properties dedunced
from-the definition » — 7’ — 2a. Substitution of — b2 for b2 or — a? for a? in the
equation to the ellipse. The same substitution in the case of propertics involving

b2 ; geometrical meaning of the negative sign in each case.

Diameters as for ellipse (alternative with 236).
The conjugate hyperbola. The equation (a2y? — b22?)? —=a*bh*.
equidistant tromn the centre. 2
Equation referrcd to the asymptotes. Area between the asymptotes (a3 axes)
and the co-ordinates of any point. : '
General equation of the 2nd degree ; Chapter XIIL. General acqnmnt:mcuqx:;:th
the method and results of § 269 to 272. To trace a conic, easy examples nn].y.;;?‘ 1.9.
Chapter XIV—General equation to a conic, § 281. Pole and polar, § 283-01.
uation referred to the tangents, § 203-4. Similar curves, 296-8. :
Chapter XVI—Section of a cone; a different proof will be given s’howu:g the
foci and directrices. Omit$§348-9. An harmonicratio; the ratios AB. DU.: AC. DB.
AD.BC., Harmonic pencil. Omit § %55561. g g
L VII—Projections ; § 362 read over the rest.
Chapter XVII—Projections; § 362-89, an i e o

The four foci

Secrion L.— Differential Caleulus ( Williamson) d s L

Chapter I—Proof of d (z®) by binomial theorem, instead of § 16-18. Differen-
tials used equally with ditferential co-efficients, Differential of the }:uz':mnr:{f a
fanction obtained directly without the investigation of § 19. Geometrical coudition

el d
[ {1} o -H'-y— =1
& e i iffi i independent variable
Chapter II—Successive differentiation ; differential of the indepen ont ks
is constant. Omit § 39-43 to end of chapter. Read over Liebnitz Theorem 3§ sl
Chapter III—ExPansio:l of functions. * Remainder” noted but mot <u.~iu‘1[n
applications of Taylor’s and Maclaurin's Theorems. Interpretation ol .nzmi:ulm el }o
sEew that if two points be taken on a curve, the chord joining them is ]1:1.1.ul e U(.)ltu‘ii
tangent at some intermediate point. IKxpansion f.‘sf tan -lxl b‘. lll.lk*\;ifl..l-.lli)ﬂ. oS
65-68. Read over § 73 with equations (27), (28). (29), (33) O M SACTU S
x's variation of Lagrange’s proof. Omit § 75 to end of chapter. b
Chapter IV—Indeterminate forms ; algebraic processes not necessary. Lo
also ¢ —cc . Read over the proof in § 91. AL e,
Chapt:cn- V—Partial diﬂ‘cu}mtia!ion, § 95-6. I_?c,-:'ult only OF‘S ?‘i; 1((1)4:"“ SH‘NSL,
101. Result only of Euler’s Theorem, § 102. Omit § 103. Consider § 104.
107, also § 110 to the end of the chapter.
; C,hapte?' VI—Read over the first two pages amll note results.
Chapter VIII—Read over § 127 and note result. ¥
Chagter IX—Maxima and Minima. Omit 5-139"‘..14-3_7'31451&3 :1.1* end of the
Chapter XII—Tangents and normals. Omit 3 1‘-%.-11,9’1 o e
eha;;ter except definition of inverse curves. Read over § 195.
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Chapter XITI—Asymptotes. § 196-200 explained more simply.

Chapter X1V—Brief explanation of multiple points.

Chapter XV—Brief explanation of envelopes, and the general methods of
determining them.

Chapter XVI—Convexity and concavity. Omit the analycal investigation in

223.

S Chapter XVI[—Radius of curvature; Omit § 228. Read over § 231; omit
§ 232-8; 234-6. Read over § 239. Omit § 241-2. Read over § 243-8, and note con-
clusions. Omit % 249-54. Read over § 255.

Chapter XVIII—Brief explanations and easy examples.
Trisectrix. Trisection of an angle. The conchoid § 270-71.

Chapter XIX—Roulettes § 272-7. Read over § 278. Geometrical proof of
hypocycloid and hypotrochoid when the radius of the inner circle is half that of the
outer, § 285.

Chapter XX —FElimination of Constants and Fanctions, § 302-3.

Ohapter XXT—Change of the Independent Variable, §311, 315-6.. Marks, June, 500

SecTioN M.—Integral Calculus. 'TEis subject will be commenced as soon as the
process of differentiation has become easy. The elementary formalw as the reverse
of differentiation, and easy variations of them, Substitution, and particularly trigno-
metrical substitution, tan*»(df. Integration by parts. The various cases of
Sin™Q. cos™df. Rational fractions....cceeecesssscsesseeessnrsersnssarees «Marks— April, 100,

Marks for Notes... ........ 100,

The Limagon and

R T TR I LT T

SyLLABUS oF MATHEMATICS—2ND CrAss—(OBLIGATORY)—ToTAL MARKS, 2500.
Marks.

Euclid (Todhunter)—3rd and 4th Class course.....e..eeeernrrarss 300
Arithmetic—As for 4th Class...ceeereerrereseeoiraessoscsserenacess 100
A RO g L CLARA COUINAL, o.esevesonsesosssqonatesssssssosion soomiones. 200
Trigonometry—3rd a nd 4th Class course—and sclection of

s e R e s e e R AN |
Conics—3rd Class course...... sk A e s 1
Mensuration ( Lectures or Notes to be rinted.)

The bases of similar pyramids are in tﬁe duplicate ratio’ of their altitudes.
Equality of pyramids on the same or equal basis, and having the same altitude,
%roved by equality of sections. Trisection of a prism into three equal pyramids.

olume of & pyramid or cone. Truncated prism on a triangle or pa.ralle{ogram as
base, in terms of its mean altitude. Wedge regarded either as a truncated prism, or
as a pyramid and right wedge or semi-parallelopiped. Volume of frustum of pyramid
or cone. Volume of a prismoid defined as a solid bounded by planes, two of which
are parallel, assumed to be divisable into prisms, pyramids and wedges, all

having the same altitade; mean section A—L—ﬂ%ﬂi—? General definition of a

mean. Application to caleulations of earth work. Surfaco of pyramid or cone.
Centre of gravity of pyramid or cone (both volume and surface), omitting proof for
former. Surface of a sphere, zone or segment, and centre of gravity of each.
Volume of a spherical sector proved by summing the volume hetween two con-
secutive sectors, considered as a conical volume. Volume of a sphere. Volume of
prolate and oblate spheroids and of paraboloid of revolution (without proeofs).
Statement and use of Guldin’s Theorems. .......... seses s Marks—Dec., 100 ; June, 200.
RRBHER oo i sinien e at 3000 trssunnirnnssnanssessenseiinanssnnenss JHATRS—JUne, 200,
_ Graphic Statics (Tracts on Mechanies, Part Il). Problems 1-4, 6, 77, with alter-
Eive solution; 8, 11, 12700, L. Ll i s s vessseennnnnnnnes s Marks—April, 100.
Dynamics and Work.—( Todhunter's Mechanics for beginners)
Velocity. 2Chapter L.—-Angular velocity in terms of circular meoasure.
TN

v=ra; a = :
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1st and 2nd laws of motion. —Chapter II.

Unifom; acceleration and the equations of motion.—Chapters III, IV, omitting
roof in § 37. /
g Para!%o]u of projection. Chapters V, VI, omitting & 72, 713, 75

Mass and 3rd law of motion. Chapters VII, VIII. Accel
directly from P — mf in § 89, 92.

Impact. -Chapters 1X, X. Omit § 109, proof of loss of Vis Viva in § 108-
124, and continuous rebounds, § 1223, :

-
-1 .
v

eration obtained

. i S - > (o) e S (mf)
Motion of centre of gravily of a system p — = S e 26 i R
= 3 2 (m)’ 3 Gy YT

3 (mx) o
SSTCD) Chap. XI.

Laws of motion and parallelogram of velocities. Chapter XII.
asmooth curve, v2 — 2¢A, without proof, except for an inclined plane,

frTom' . —

Motion down
The pendu-

limt=m= Seconds’ pendulum.

3 without proof. See Chapter XTIII, § 147, 152.

Centrifugal force — U?g,- proved differently from Chapter XIV, § 163, Gravity
the resultant of the earth’s attraction and centrifugal force.

Work.—Chapter XVII; also (Zracts on Mechanics, Part 1,) omi tting caleulation
for fly-wheel, § 24, and calculations of Moments of Inertia, § 23. Moment of Inertia
and radius of gyration to be learnt for simple cases of rectangle and circle; also the
formala M (4 -~ &% ), without proof. Special attention to Example 16.

Marks—December, 100 ; June, 300.

Applied Mechanics—(Crofton’s Lectures).

Introductory Chapter: Stability of Structures (Part I),
Trussed beams. Chains and cords. Stability of walls. December.

Strength of Materials (Part II). Stress and strain. Elasticity. Resistance to
comprossion. Theory of beams. Bending moment expressed by thoe area of the
diagram for shearing force. Culman’s graphical method of treating strosses and
finding centres of gravity., Moment of resistance for rectangular and cylindrical
beams. Girders. Beams of uniform strength. Warren girder and lattice girder
with diagrams. Method of sections. Parlial loading. Allowance for weight of
beams. Dead and live load. Sloping beams. Iixed beams.

: Marks—Deeembert 100 ; June, 200,

Frames. Reofs,

Hydrostatics— ( Besani's Elementary).

Introductory chapter. :

Chapter I—Omit the numbers and iuvestigation in § 3,
§ 10. Omit examples (11), (12).

Chapter II—Omit § 22, 29, 30.

Chapter III—Omit § 34, 35, Shorter proof of Ex. (5), § 48.
Proofs of centres of pressure of the triangles in § 49. . y

Chapter IV, V—Omit § 80. Read over § 3. Omit § 87-9 and 93 to the end of
the chapter.

Chapter IV—Omit § 98-101 and 108 to the end of the chapter.

: Marks—June, 200.

reteonssnrl s

Alternative proof of

Geomelrical

Notes and Re:itations.......eeesnsesssesssonsens

sesasss e RRsE R R R RRR RENR AN anun e

28p Crass—(VoLunrary)—2,000 Magks.

SECTION N.—Integral Caleulus ( Williamson.) : i

Chapter I-—Comffare (e) witl(l § 9; (f) with § 5; also Ex. (1), (2) § 13.
Integrate forms involving a 4 2bx + cx® or /a4 20z + cz* by completing the
Square. Compare § 4, 22, 23, 24 with 61-3. Omit § 8. : :

Chapter 11— Rational fractions; easy examples only with explanatory notes.
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Chapter IIT—Formule of reduction; easy examples only with oxplanatory
notes. Bmi-t 63-7; 71 to the end of the chapter.

Chapter 1V—Rationalisation, § 77 and read over § 78.

Chapter VI—Integration as summation ; more elementary proof of § 90. Gmit
§92to t.gc end of the chapter.

Chapter VII—Areas, § 126-131. Read over § 132-4. Polar Areas § 135. Omit
§136-147. Areas by approximation § 148. Omit §149. Asymptotic arcas of
rectangular hyperbola; hyperbolic logarithms.

Chapter VIII—Ares § 150-152, 155, 159, 16%.

Chapter IX—Volumes and surfaces § 162-175; 178; 181.

Chapter X—Moments of Inertia. Special attention to § 196-8. Read over
§ 207-12. Omit § 212 to the end.......coevnineiecernreennvneansannse Marks— December, 500.

Secrion O.—Analytical Geometry of three dimensions (by lectube or notes to be
printed.) Equations of a point in space. Distance between two points. Projections
of a straight line proportional to the direction cosines. ¢os? & - cos® 3 - cos? y =1.
Equations to a straight line. To find the inclinations from the equation. Angle
between two given straight lines. Equation to a surface ; condition of parallelism

to one or two axes of co-ordinates. General equations to a sphere, ellipsoid, -

spheroid, and cone with principal axes parallel to the axes of co-ordinates. Defini-
tion of a plane (1) as described by a straight line moving parallel to one given
straight line, and always intersecting another given straight line; (2) as the locus
of a point equidistant from two given points. Equation to plans found from each
definition in terms; 1st, of the inclinations of its traces and intercept on the axis of
Z; 2nd, of the three intercepts on the axes; 3rd, of the perpendicular from the origin
and its direction cosines. A line in space (or line of double curvature) as the inter-
section of two surfaces, usnally two projecting cylindrical surfaces ; particular case,
a stiaight line. Length of the perpendicular from a given point on a given planc.
Tangent to a curve; normal plane. Tangent plane to a surface; normal to a
BBECE e 1o easts s i v de R i b bR A el S o R 5 HEn it vv s wa bas vds b hsasas Bl =—December, 200.

N. B—The preference is given, throughout the course, to symmetrical
-equations.

Secrion P.—Statics and applications to Stresses. (Todhunter's Mechanics for be-
ginners.) Harder examples and the omitted acticles in the 3rd Class obligatory
course. Alternative proof of § 155. Omit § 154 ; 156 to 158. :

( Lectures or Notes to be printed.) Resolution and Composition— Ist, of forces in
space; 2nd of couples. The six equations of equilibrium (following the notation in

odhunter’s Analytical Statics.) Any system of forces reducible to two forces, Con-
dition that there should be a single resultant. Equilibrium of a particle constrained
to move ; 1st, on a smooth curve; 2nd, on a smooth surface. Centre of parallel
forces. Culman’s graphical method. Alteration of the centre of gravity by trans-
position of a part of the body. Elementary methods of finding the centre of gravity
of a circular are, sector and segment. Centre of gravity of a small arc or sogment

respectively 2 and % of the distance from the chord to the arc. General formulw for |

-centre of gravity of area, are, volume and surface of revolution. Guldin’s Theorems.
Attraction of a straight bar on a particle (1) in the divection of its length; (2)in
-any given position. Attraction of a circular lamina on a particle in a perpendicular
-axis through the centre. Principle of Virtual Velocities. Proof in the cases (%) of
any system of forces on a particle, whether free or restricted to a smooth curve or
surface ; (2) of a pair of particles connected by an inextensible rod or line; also of
any number of particles similarly conuected, that is, a rigid body; (3) when any
pair are connected by an inextensible string round a fixed point or pulley or round
4 point which is one of the parts of the system. Converse of this principle. Appli-
-cations of the princ‘.ple of Virtual Velocities. If any svstera of particles be in equili-
‘brium under the action of gravity, their centre of gravity is (generally) in a highest
-or lowest position ; in the former position the equilibrium is unstable, in the latter
stable. Condition for stability of a heavy curved body restingon a horizontal plane;;
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also of a flat body on a rough surface. Elementary proof that the ends of a chain
over asmoﬂth pulley must rest in a horizontal plane, but in unstable equilibrium.
Parabolic curve of lhq suspension bridge with vertical rods. The common catenary ;
its equation, length of are, tension at any point, similarity to a parabola near the
vertex; position of equilibrium of a heavy chain vesting over two smooth pegs
Suspension rods of equal strength, equation to bounding curve. Catenary of cq:f!'ﬂ'
strength. Pressure on a curve produced by a string of given tension wrapped
round it. Relation between the tensions at the extremities of a string passing round
an arc of a rough curve; application to obtain the advaniage of passing the fall
three times round the windlass of a gyn. The problem of the traction of a carriage ;
the point of contact between the axle and pipe-box; the angle of draught. Th(;
forces acting on a field gun carriage at the moment of discharge. Marks—April, 400.

SectioN Q.—Dynamics (Todlunter's Mechanics for beginners).—Harder questions
on the obligatory course. Loss of Vis Viva after im;mci § 108, :
or conic section to be rea i overonly, more advanced proofk being
XIV, XV. Kepler's laws, § 178. ¥

Notes—The differential equations of motion.

Motion in a ecircle
furnished. Chapters

Application to rectilinear motion

* under the action of a force, (1) constant; (2) varying as the distance; (3) varying

inversely as the square of the distance. Law of attraction outside and inside the
attracting body. Motion of a heavy chain (1) banging over a smooth pulley, (2)

.placed with part hanging over a smooth table. Body moving vertically in a resist-

ing medinm, the law being as the'square of the velocity ; rectilinear motion, neglect-
ing gravity, the law of resistance being as the cube of velocity. Curvilinear motion,
the parabola of projection. Given the general equations of motion in two perpendi-
enlar dircctions, to find the tangential and normal accelerations, also the equation of
Vis Viva. Equal areas are described in equal times, under the influence of a central
force. If the force varies as the inverse square of the distance, the orbit is an ellipse,
parabola or hyperbola according as the velocity <7 = >, the velocity of falling from
infinity. Motion of a particle on a smooth curve; velocity acquired. Cycloidal
pendulum ; time of an oscillation; length of “second ” pendulum ; osciliation through
a small circular arc. Conical pendulum. D’Alembert’s Theorem. Angular acceler-

Sum of moments of impressed forces.

Moment of inertia.
oscillation and suspension. Kuter's method of finding the eqaivalent simple
pendulum. Expression for the alteration of angular velocity produced by impulses.
Simple investigation into the pressure on a fixed axis, centre of percussion and
axis of spontancous rotation. Application of D'Alembert’s principle to the motion
of two equal heavy particles connected by a light rod and constrained to move
on two axes, one vertical, the other horizontal; also, of two equal weights
connccted by a string over two horizontal pulleys, a third weight being suddenly
attached midway. Special attention to the equation of Vis Viva wherever it occurs.
Work done in stretching an elastic rod. Vibrations of a thin vertical elastic rod
caused by a falling ring stopped by a projection at its lower end.

ation —

Compound  pendulum. Centres of

Marks—June, 400.

Section R.— Hydrostatics—{ Besant's elementary).—Harder questions on the obli-
gatory course, together with the omitted sections, Chapters I to VI.  The units in-
volved in W = Vsw and W == Vgpw.

Notes—Elementary investigation into the distribution of pressures over a plane
rectangular joint with application to reservoir walls ; the two conditions for stability.
Moments of Inertia of a square, rectangle, circle, ellipse, equilateral triangle, regnlar
golygon and other figures, also of a sphere; of a lamina about a perpendicular axis.

roof and explanation of I = M (A% -+ £?%). Radius of gyration. Application of
the caleulus to determine the whole pressure on a surface and the centre of pressure
on a plane surface. Proof that the centre of pressure is generally below the centre of
ravity. Metacentre ; determination of its height abox:o !]:e centrc_ of ﬂ{:t‘:mon, con-
ition for stability. Application to the floatation of gimple solids. The various
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positions of stability of a square log of timber as its specific gravity varies from
nothing to 1.
Lagw of pressure of gases. Fluids with densities varying according to different

laws, Barometrical measurements of heights. Proof of z — 26215 Iog.—:%;.

H—R  .on H—A
z2=26215. —h' ) z="52430. i + 7y
Stresses on boilers and thin metal cylinders. Thin hollow sphere. Relation
between pressure on a surface and the tensions in the directions of principal curva-
R? 4 r2
R3 ) Wt 3 rz >

Height of the “ homogencous atmosphere.”

ture. Thick hollow eylinder ¢t = p Resistance of tubes to collapsing

under external fluid pressure.

Flow of water through pipes. Torricelli's Theorem. Vena contracta. TFluid
friction independent «f the pressure, proportional to the wet surface and to the square
of the veloeity, Calculation of the sizes of water pipes. Open channels.

: Marks—dJune, 400.
Notes, 100.
1st Crass—VoLuNrary—Toran Marks, 1,500,

SecTioN 8. —Algebra and Trigonometry, Re-examination on the former course.
Probabilities (Todhunter) Chapter LIIL to § 737 and examples 1-10. Theory of
equations of all degrees. Transformation of equations to others having different
roots. Solution ot cubic equations by Horner’s and other methods. Determinants ;
Factors by inspection ; reduction to a lower order by addition of columns or rows or
their multiples. Application to solve simple simultancous equations, and to processes
of elimination. Demoivre's Theorem ; proof only for a positive integer; some of the
less difficult applications. ( Todhunter's Plane Trigonometry). Chapter XIX § 266-7.
Read over § 268 § 269-70; 72-6; 78. Exponential values of sine, cosino, tangent.
Gregory’s series. Calculation of 7x. Chapter XXT, omitting § 293 to the end of the
chapter. Summation of the series in Chapter XXII § 303-4; 6-9, and others of the
BAMO DALUIE.....cciiruurreiiisssssssniseriisissss snnsnranessssssssrassosnsnson sonssssnseesdarhs, 250.

SeorioN T'.—Co-ordinate Geometry and Conics. Re-examination on, and comple-
tion of the former course. Abridged Notation (Todhunter, Chapter IV)... Marks, 250.

SecrioN U.—Differential and Integral Calculus. Re-oxamination on, and com-
pletion of the former courses. Easy examples of tracing curves, Elementary notes
on the solution of differential equations. Finite differences considered with refer-
ence to summing rational algebraical series; interpolation and correction. Summing
areas. Weddle's approximation.............ceeu..s dedinreditanannarnontereansas dMaTis, 250,

SecrioN V.—Applied Mechanics. (Notes.) Re-examination on and completion of
Section P. (Statics.) Moments of Inertia. The ellipse of Inertia. Graphical con-
struction of Moments and Products of Inertia. Amsler’s planimeter. Internal
stresses in a plane lamina. Principal stresses ; direction of pure shearing stress;
Ellipse of stress. Internal stress in beams ; moment of resistance ; general formu-
Iz and application to beams of symmetrical section. Shearing force the differential
co-cfficient of the bending moment ; diagram of shearing force used to determine
the bending moment, Distribution of shearing stress; application to girders.
Theory of fixed beams ; application to a beam fixed at both ends ; (1) loaded at the
centre; (2) uniformly loaded. Beams on threesu pports; pressures on the supports;
Maximum bending moment. Distribution of pressures on a plane joint; intensity
assumed to be a linear function of the co-ordinates of the point ; general formula for
the intensity at any point; application to rectangle, circle or ellipse, rhombus, cir-
cular or elliptic annulus, To find what force should be applied at any point of a rec-
tangular joini in order that (1) the maximum intensity should not exceed a given
amount, (2) the intensity should be always be positive, 7. e., a pressure ; application
o CE L R e B A R M Marks, 500.
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Secrion W.—Hydrostatics. Re-examination on, and completion of the former
SOOUIIE B orsesrssnsnasanssrsocsens TrsnTenest b etesssasanssitttissanneasaisnnsneasnnsenseseass HarkS, 250,

SectioN X.—Mechanism and the Steam Engine (Goodeve, and Notes.) Omit special
applications such as those to weaving and mangling machines. Omit Chapter I1T
on Teeth of Wheels.

N. B.—This section may be substituted for any three of the above sections, excepting

Section V on applied Mechanics, in which case. 750 Marks will be allotted to it.

APPENDIX F 2.

ROYAL MILITARY COLLEGE OF CANADA.

SyYLLABUS oF THE CoUuRsE oF MILITARY ENGINEERING.

7. Obligatory, 6,000,
Total Marks....... { Volumary,’ 2,000

The theoretical course of Military Engineering is partly obligatory and partly
voluntary. The practiegl course or Engineering drill, is entirely obligatory.

Text Books.—The following is a list of the text-books in use:—

Guide to the Course of Military Engineering pursued at the R. M. C., Canada.
{In preparation.)

Text-book of Fortification and Military Engineering, for use at the R. M. A.,
Woolwich. Parts I and II. o

Instruction in Military Engineering, S. M. B, Chatham. Part III, Bridging;
and Part V, Miscellaneous. 3

Explosives, their use for Military Engineering purposes, including elementary
electrical testing. (In preparation.)

General Summary of Subjects,

Fortification,—
Field Fortification.
Permanent Fortification.
Semi-Permanent Fortification.
Attack and Defence of Fortresses,

Pioneer Duties,— ] )
Construction, demolition and restoration ef communi-
cations for the conveyance of men, horses and

materials, and for the transmission of messages.

Camp Duties. ) By

Method of Instruction.—The above subjects are taught theoretically, and, as far
a8 possible, practical instruction is given in them. The theoretical instruction s ca;‘r-
ried out by means of lectures and personal instruction, explanatory of the tex_t-boo‘ 8
above quoted, and of other matter given in the form of notes from time to t:me,_-tiﬂ
required. The Cadets have to execute numerous plates und exercises, and to write
out carefully the notes given to them. ] LB

The pryl;ctica] instr%letiou or Engineering drill has to be carried out by exle( un‘t;%
the various works, ete., to scale, owing to want of time and labour; b“?'lw mnetw_ o
possible, the work will be done full size, In this part of the course special attentio
will be given to instructiug Cadets in superintending. sty

The theoretical part o%tﬁe course will be studied in all four classes. ¥ aid

The practical part will be taken up during the two last years of residence (
and 4th terms).

Q_929
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The following shows the portions of the subject studied in each class :—

Theoretical Part.

IV Class—Field Fortification.—Nature and construction of the works required
for the defence of a position.
III Class.—Permanent and Semi-Permanent Fortification.
11 Class.—Attack and Defence of Fortresses, including mining, and Applied Field
Fortification.
I Class.—Applied Field Fortification—continued. Use of Field Fortification
by the Attack, and Pioneer duties.

Engineering Drill.

3rd Term (principally II Class).—Field Fortification, and the Attack] of Fortresses,
excluding mining.
4th Term (principally I Class).—Mining, Electrical Testing, and Pioneer Duties.
The following is a detailed syllabus of the course for each class :—

4th Crass.
OBLIGATORY.
Frerp FoRTIFICATION,

1. IntropvcTION.—Sketch of the defence and attack of a position, showing
the advantage of using field fortification and to obtain an insight into the works
required. These works must conform to the principles of defence, which are
unchangeable, but their nature will also deﬁend on the effect of the arms in use.
Consideration of the prineiples of defence. Effect of the arms at present in use.

2. Tools—Various kinds and how carried.

3. Materials—Raw : how obtained ; earth, wood, brushwood, iron, &c.

Manufactured : how made; pickets, fascines, gabions, hurdles, &c.

4. Revetments—When required. How made. Anchoring. Comparison of the
various kinds.

Works required for the defence of a position.

5. Clearing the foreground.—Object. Requirements, and how fulfilled.

6. Obstacles—Object. Divided into natural and artificial. Principles and
requirements. Description of the various kinds of artificial obstacles used, namely :
Abattis of various kinds. Entanglements. Wire entanglement. Irregular pits with
wire entanglement over. Chevaux de frise. Palisades. Fraises. Military pits.
Inundations, &c.

Cover for Troops—For Infantry:—

7. To cover shooting line.—Requirements, and how generally fulfilled. Descrip-
tion of the various works used, namely : Shelter trenches, earthen breastworks,
(larger parapets under the head of redoubts). Tog parapets. Stockades. Defen-
sible walls, hedges, snake fences, &c.

8. To cover supports.—Requirements and how generally fulfilled. Description
of the various works used, namely : Adaptation of natural cover, deep trenches,
blinded trenches, field casemates, &c.

9. To cover reserves—Requirements and how generally fualfilled. Description
of the various works used, namely: Adaptation of natural cover, shélters, etc.

For Artillery -—

10. To cover the gun, gun detachment and ammunition.—Requirements and how
generally fulfilled. Description of the various works used, namely: Adaptation of
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over, gun-pits - : . :
ﬁﬁf:lﬂfa:iéa%.) pits, gun epaulments(the p!aungof'guns in redoubts
11. To cover Limbers.—Requircments and how generally .
of the _vm'io_us works psed! namely : Adaptation of n:%t?ﬂ-itiaég-(i?iﬁieii b .I.)c.%mp $on
12. Blindages.—Specially considered, ' e
ﬁ gzﬁf Intf;nchmmts.mb}'ature and object.
5 ing ‘orks.—Object. Special z-e'quirement" and h
Description of the variou: i ks, suits  fankine  Sonerally falfilled,
‘ caponigm, P 10us special works, suitable for flanking, namely Tambours,
16. Tactical Pivots.—Object and special requirements. var: i
| Sk S8, va kind:
16. Field redoubts. Trace, profile, details an execution ﬂo(i}l‘r:nr:v]ir:g;, gimelj )
17. Defensible knolls. Trace, profile, &e. 1 il
18. Defensible houses and villages,
19. Defensible woods,

20. Making and Destroying Communications in g d ] 11 i
B st q. n a defensible posztwn.—()b_;cctand state-

Plates.—~The following is a list of thejplates to be drawn :—

L. Various sections of shelter trenches.
] 54 Do. do. do. do.
II1. Profiles of Field redoubt.
1V. Plan of Field redoubt.
V. Gun-bank with section.
VI. Defensible Knoll.
VII. Defensible House.
VIII. Defensible Village,
IX. Defensible Wood.

Exercises—On the above subjects principally numerical examples.
Subjects for each examination.
LDecember—Sections 1 to 9 inclusive.
March—Sections 10 to 16 inclusive.
June—The whole subject.
Marks :
For work during term..............
For examinations,—
BNGOETDOL essavusnrsnsensens

—

is considered

L S e S 1,000
3Rp CLAss.
OBLIGATORY.

PERMANENT FORTIFICATION.
A, INTRODUCTORY : —

Definition of permanent fortification. )

Principles and object the same as in field fortification, and unchanging.

Details subject to chango with the arms in use.

Situations in which permanent works are required.

Classification of fortresses with reforence to the duties they perform.

Application of fortresses to the defence of a country. Y e
eneral strategical considerations; method of frontier lines, its failare illus-

trated by examples.

9—221
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Exp 11ence of the German invasion of France in 1870-71; discussion « . .us
best method of defence.

Tactical uses of fortresses.

Distinetion between a fortified place, or fortress, and a fortified position.

B. ReEQUIREMENTS OF A FORTRESS—

a. Absolute security against attack with the means at the disposal of the
enemy's field army, viz. :

a. By surprise.

{4. By open assault.

7. By bombardment.

§. By blockade.

b. The mazimum amount of security against attack by regular siege.

Sketeh of the attack and defence under the above heads, with the object of
showing the general nature of the works necessary to give effect te
these requirements.

(. APPLICATION OF THE PRINCIPLES ALREADY STATED TO PERMANETT WORKS—

b.

The fortress in its elementary idea, consists of an enclosed space protected
from the enemy'’s fire, and surrounded by an obstacle which secures it
from assanlt. Requirements, and how fulfilled.

a. The rampart as a platform for artillery and musketry fire, and as
affording protection to men and guns.

b. Profile and plan of the obstacle, to secure it from assault and provide
flanking fire.

¢. Works outside the obstacle to watch and defend it, and to secure the pass-
age to the defenders.

‘d. Retrenchments or keeps, to prevent the enemy from securing his footing

inside, even if the obstacle is forced.

e. Countermines to defend the approaches.

a. The rampart, its object, command, thickness, terreplein, slopes, ramps.

(3 The parapet, its object, command, thickness, form, slopes.

¥. Means for use of musketry and artillery fire, the banquette, barbettes,
embrasures, Huxo casemales, Moncrief pits, mortar casemates, iron
shields, cupolas.

8. Trace, for strong frontal fire, as straight as possible.

& Means for shelter for men and material, traverses solid or hollew, parados,
bomb-proof shelter under rampart for men, in traverses for guns,
bomb-proofs for reserves, their construction and position.

a. Conditions of defence which all profiles must fulfil.

3 Profile, with dry ditches, with wet ditches, width and depth of ditches
in each case, comparative advantages of wet and dry ditches.

. Various kinds of revetments, their construction, comparative advantages
and disadvantages of each kind.

8. The trace to obtain flanking fire, why necessary, how obtained. Three
systems— _

1. The tenaille.
2. The bastioned.
3. The polygonal.
Describe and compare these systems,

¢. Under this head are included outworks, advanced works, detached works, and

communications.
&, Outworks—
1. Covered way and glacis, and ravelin, with their keeps, object,
construction,
2. Counterguards, their object, construction, defects, when useful.
3. Tenaillons and demi-tenaillons, mention only.

3 Advancsd works—
Hpm works, ecrown works, lunettes, fliches, their objects anJ traces
Discuss the general objects of outworks and advanced works, and
show that the accumulation of these works, formerly thought
desirable, is now obsolete, i

7. Detached works—

Requirements, when used. (Sce also applied F.F.)
§. Communications—

Requirement:, simple, easy, safe, how carried out,

d. Retrenchments—
Requirements, how carried out.
a Open works, cavaliers, gorge retrenchments, coupures.
3. Closed works, casemated keeps, interior glacis, iron plating,
7. Citadels, how they differ from ordinary retrenchments, their require-
ments and how fulfilled.
€. Countermines (see mining).

D. ARRANGEMENT OF THE ELEMENTS 1N FORTRESSES.
General considerations which govern the combination of the above elements.

a. Detached Forts.
Requirements,

a. Good artillery positions,

(3- Secure against assault.
How carried out.
Where they may be suitably employed.

b. Enclosed Enceintes.
&. When a regular attack is not possible.
1. Long simple points.
2. Simple outworks.
3. Escarps, caponiers, and keeps completely covered from view.
3. When a regular attack is to be anticipated.

1. Shorter fronts, more elaborate in detail.

2. Strong salient outworks, not only to cover the communications across
the ditch, but to provide large and safe places of assembly for troops
outside the ditch, and to bring flank and reverse fire, on an enemy
attempting to advance to the salients of the enciente. Counter mines
under glacis, c

3. Escarps, caponiers and keeps, cowpletely covered, not on]y from view,
but alto from distant curved artiilery fire—hence masks, iron plating,
interior glacis, the latter countermincd.

¢. Combination of Enclosed Enceintes and Detached Forts—To form first
class modern fortresses.

«. The enceinte as in (D — b — 3) above.

{3- The detached forts.

1. The individual forts as in (D — a) above. : y

2. Counsiderations which have brought into prominence in modern fortifica-
tion, the combination of detached forts with em‘]r).‘:%wl enceintes.

B. SkeTon oF PROGRESS 0F PERMANENT [FORTIFICATION with esamples of best

modern works in detail. . A of
a. Permanent Fortification before the Introduction of Gunpowder, methods o
' < d means taken to resist them.

attack to which it was exposed, an ) : ¢
Shew that the principlcs were the same as in modern fortification.

b. The Transition Period. S & F
Effects of the introduction of cannon, and of mining With gunpowder,

a. On the site,
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ﬂ. On the construction,

%’. On the profile.

. On the trace.

o Ii:kc Italian Schoal.-
troduction of the bastioned trace, origin of the ravelin. Paciotto’
trace, the first regular bastioned work. ¥ ' kel

d. il?w Dutch Sclsol.
ts orgin and distinguishing characteristics.

%Zxampie Coevorden. i
mprovements by Coehorn, his principles and method i

SRS Tk ik P p methods of construction,

S« French §chwl under Vauban and his successors.

a. Vauban's systems, 1st and 3rd. Cormontaingne’s improvements.

3. The modern French system, school of Mezidres, school of Metz.

g- Opposition to the bastioned system in France by Montalembert. Sketch
of his proposals, partly adopted by Carnot.

Method proposed by Carnot.

h. Rise of the polygonal system in Germany.—What it owes to Montalembert
and to the early designs of Darer (16th century). :
The modern Prussian system.

Antwerp, as an example of the latest design on the polygonal system.

SEMI-PERMANENT FORTIFICATION.

A: InTRODUOTORY—

Definitions.
Objects to be attained. Requirements,

Means available for construction of semi-permanent works, including time.
C‘harac‘:lemsncs of semi-permanent works.
Cases in which they are applicable.

B. ArrLicaTiON.

a. To semi-permanent detached forts.
b. To semi-permanent enceintes.

Requirements, and how carried out under each of the above heads.

C. Exaurres op SEMI-PERMANENT Works—

Varions.

Plates :—

I. Permanent profiles.
II. Bastioned trace.
IIL Sections and elevations.of the modern French system.

IV. Sections and elevations of the Antw i
vV crp i
". Detached Fort. encente

VI. A semi-permanent work.

Fair Notes.—On lectures during the term.
Ezxercises—Examples of permancnt profiles and bastioned traces.

Subjects for each examination.

December —Sections A, B,and C, P i i
March —Sections ) and E. er%g..nent Fortlif)'lgatlon.
June.—~The whole subject. :
Marks :—

For work donc during the TOXM .o o couinnnssssonsbboines 500
For examinatiuns, December........ ... .. B 250
"..ll't.'ll.-..III'."I"I..I.

i e R L e AL 250
JUDO--.....,,,"_“ Sesmmnan

LT T SCR e e 500

Total...eiiivs...iiivee 1,800
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3rD CLaAss.
VoLunTaRY.
PERMANENT FORTIFICATION.

SecrioN E or OBLIGATORY COURSE—
Sub-sections d, f, g and A, in greater detail.

THE AMENDED BASTIONED SYSTEMS—
Chasseloup, Dufour and Choumara.

COAST DEFENCE.
A. INTRODUCTORY—

Principles unaltered.
Considerations which influence the modifications in detail, characteristic
of coast defences,
Considerations which influence the selection of the points to be defended.
Sketch of methods of attack to which such defences are liable.
Requirements and means of carrying them out.
a. By special arrangement ef batteries—site.
b. By constructive details for protection of guns and facilitating their service,
¢. By utilization of natural obstaeles and creation of artificial ones.

B. CoMBINATION OF THESE PRINCIPLES IN WORKS FOR Coast DEFENCE—

Nature of defences :
a. Batteries.
b. Obstructions.
¢. Submarine mines.
a. Batteries—Requirements, and how fulfilled for the following :—
.. Harthen batteries with or without Moncrief carriages.
p‘. do do with iron submarine shields.

. Casemated batteries with do do
. Iron fronted batteries fixed or revolving. '
Situations in which these batteries are suitable, respectively.
. Obstructions.—Requirements and how fulfilled for the following :—
«. Sunken obstructions. :
(3. Floating  do ; :
Situations in which they are suitable, respectively : )
¢. Submarine Mines.—Requirements and how fulfilled for the following:—
a. Defensive.
1. Mechanical.

2. Electrical. ;
Situations in which they are suitable, respectively. Attack on sub-

marine mines. (For explosive used, see Explosives):
3. Offensive (Torpedoes.)
1. Locomotive.
2. Outrigger.

3. Towing.

Brief sketch ot the use of torpedoes. oy L
General discussion on]mcthof of defending coasts by the combination

of the above.
. GENERAT, MILITARY OPERATIONS FOR THE DEFENCE OF Coasts—

Plates—VII, VIII, IX. Coast Defences.
Fair Notes.—On lectures during the term.
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Exercises.—Project for an original work,

Subject for Examination.

June.—~The whole subject.

Marks :—
For work done during the term..........ccccvvveeersnnnene 200
For examination, s At e R G L N Y T

S—

3 O R et il Y

2nD. CLaAss.
OBLIGATORY.

ATTACK AND DEFENCE OF FORTRESSES.
ATTACK.

A MODES OF DEALING WITH FORTRESSES determined by their importance strategi-

cally and their strength,

Various methods of attack which can be carried oul with the means at the

disposal of afield army. When they areapplicable ectivel
o gy y. v PP respectively, and how

a. By Surprise.

b. By Open assault,
Application in connection with the regular attack.

o gy Bombardment.

@, For destruction of arsenals, &e.

B.AFori_obi.aining possession of the place.

pplication in connection with other methods

i BypBlackade. ods of attack,
Methpds a, b, and ¢, may be used in connection with blockade.
Application of blockade in connection with the regular attack.

B, THE REGULAR ATTACK.

a. Introductory—~When used, general sketch of t ‘oashi
e fonoi-‘gss. , g sketch of the method of approashing

Corps of observation, necessity for.
Siege corps, its strength and composition.
Siege train, Artillery and Engineer.

b. Investment—

Object, strength and compositionfof the investing force. Method of oxe-
execution.

Sketch of the arrangement and fortificati i i i '
appliod -5 g iication of the investing line. (See
¢ Preparation for the regular seige.
Choice of front of attack.
Project of attack.
Site and arrangement of siege parks.
Prep ation of materials.
Preliminary batteries, discussion as to whother they are to be recom-
mended.
d. The regular siefre.
. Thg first artillery position, object, requirement, of batteries, considera-
tions affecting their site,
Type of battery employed, method of execution,
B+ Progress of attack up to the formation of the first parallel.

Object of i i
aJ::t l:f;tﬁgl&f parallel, requirements, former method of opening, pre-
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Tracing, and extending.
Execution by common trench work.
The approaches.
Extent of the parallel.
Covering troops.
%. The second artillery position—
1ts object ; dutiesof the batteries ; their sites; number of guns required,.
and their distribution ; requirements of the batteries.
Type of battery used ; modifications of typical battery.
Screens, their object and mode of construction.
Communications to batteries.
Arming batteries and opening fire.

3 §. Advance from first to third parallel.

4. The second parallel, its object and position.

Requirements, execution of the second parallel and its approaches,
generually by flying trench work. Advancein front of second parallel
generally by sapping.

2. Definition of sapping and requirements.

Single saps shallow and deep, when used, how execated.

3. Demi-parallels, their object and position.

4. Third parallel, its object and position, requirements and method of
execution.

g. Advance to the covered way.

1. Special difficulties to be encountered in front of the third parallel.

2. Circular portions. P

3. Mine attack necessary, if counter mines'exist. (See Mining.)

4. Advance from circular portions by double sap on the capitals,

5. Demi-parallels, their object and position. A

6. Fourth parallel, its object and position, and requirements,

7. Crowning the covered way by sap-Lodgements.

8. Double and cube saps, object, requirements, how executed.

9. Crowning the covered way by assault, when attempted.

10. Fifth parallel, its object, position and requirements.

£. Breaking into enciente. ; ? i

1. General arrangements, and usual order of .procedure against the various
works in succession, : h

2. Bre(t)tching escarp, position and range of the breaching 1?:}ttm-1}_~<.l ".W“:Ed
of forming the breach, observation of effect of fire. Batteries in the
lodgements when required, position, execution and arma mont. !

3. Breaching by mines, silencing flanks, descent into diteh, passage ©
ditch. !

i the breach. ;

0 O%c_y"q;ﬁ;;?:;t?prepam: ions for assault, disposition of troops, exccution.

By gradual occupation, method of}exefltt::r;rf\.mw o

. 'ther proceedings against retrenchments, y exist.
5 F:llg:élaech]ijng by di;ﬁmt% curved fire if the escarps are not well covered.

Attack by miniug.

o E.:]‘:;Illi):zﬁ?on to the attack of a front nf'tho‘modcrn French system.
Probable course of attack on a polygonal front.
Attack on a chain of detached forts.

DEFENCE.
4. InTRODUCTORY —

Readiness to resist attack. State of preparation during
works and stores.

peace with respect to-
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Garrison peace and war establishments,
Armament, guard and full, nature of pieces, amount of ammaunition.
Engineer stores.

Provisions,

Preparations for defence if threatened ; interior organization of the place,
Works which require to be carried out by the KEngineers and Artiﬁery.
Distribution of troops.

Measures required to resist attack.

By the enemy’s field army under the heads given fin syllabus of attack,
section A, viz.:

‘a and b. By surprise or open assault.
¢. By bombardment. ¢
d. By blockade.

B. BY REGULAR ATTACK.—

a. Preparatory arrangements.
b. Resistance to investment.
¢. Obstructions of the preparations for the reqular siege.

d. Resistance to the operations of the regular siege.

@ Against the first artillery position.

: Modifications of armament. Retrenchment commenced. Special for
first class fortresses,—intermediate batteries between and retrench-
ments behind, the detached forts.

3. Against progress of attack to first parallel.

Defence of advanced posts (seo ); large sorties.
Lighting up ground at night and careful observations.
Firing on working parties ; large sorties.
Against the second artillery position.
Concentration of fire on Bgtteries in succession.
Interruption of working parties if discovered by shrapnel fire,
Against advance to third parallel.
1. Same operations against second parallel as against first.
2, 3 and 4. Against 8aps, demi-pam}le]s and third parallel.
Fire upon sap heads. Small sorties, Counter approaches.

£ Against advance to covered way.

1. Creation of difficuities, obstacles, mines.

Z. Same as against other saps

3. Counter mines to oppose besiegers’ mines. (See also mining.)

4,5, 6, 7Tand 8. Against double saps, demi-parallels, fourth parallel.

Crowning covered way by sap.
Concentration of fire ‘and small sorties as against other saps. Wall
._Pieces in place of arms, plunging fire from cavaliers.
9. Against crowning covered way by assault.
Concentration of fire as before ; sentries on flank,
10. Against fifth parallel.
Same as against other saps.
€. Agaivst breaking into enceinte.
1. General Ercpara.tions.
2. Against breaching of escarp,
Councentration of fire, andp sortie ‘against breaching batteries, in lodge-
ment and gallery of descent, retaining possession of covered way
as long as possible.
3. Against breaching by mines, &e.
orties and vertical fire in the ditch, Water manceuyres in wot ditch.

Shells rolled over and flank fire against attached miner. Counter-
mines under ditch.
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4. Against occupation of the breach.

Scarp and countermine breach. Arrange obstacles, Retrenchments
in the ditch and on rampart. Flanks restored, Concentration of
fire on breach and approaches. Strong bodies of troops under
cover close to breach. ~ Strong fire from keep on breach.

b. Against attack on retrenchments,

50untermines under glaces, strong fire of musketry, facilities for
counier attack with bayonet. Final defence of citadel or of a
second fortress.

C. EXAMPLES OF THE DEFENCE oF FORTRESSES,
Various.

D, GeNERAL Drscussions—
On the relative gains and losses of the attack and defence under modern
conditions, and on the probable course of the attack in the future.

MINING.

- A, INTRODUCTORY—

Brief sketch of methods of mining in use before the application of gun-
owder to this purpose.
A.Ep ication of ganpowder to mining operations,
a. By the attack.
Object, to breach escarps and blow in counterscarps ; means of defenders
to resist stich attack.
\ Countermines, galleries behind escarp, underditch behind counterscarp.
b. Offensively by the defence,
Object, to blow up the enemy’s works on the counferscarp, and so delay
his advance.
Measures taken for this purpose. :
Countermines, galleriés arranged systematically under the glaces, in one
or more planes (undercharged mines.)
Measures taken by the attack to neutralize this means of defence.
* Countermines offensive (overcharged mines.)
e. Submarine mines.
@ Defensive use, submarine mines proper.
J Offensive vse, torpedoes.

B. REQUIREMENTs.—Means for placing charges.
@. Sand mines, offensive or defensive. . ol
@ Shafts and galleries, object, dimensions, method of execation and lining.
Tools, appliances and time required. :
/3 Bored mines, object, dimensions and method of execution.
7 Ventilation of mines, requirements, method of carrying them Qut. :
I o Preparation of charges, loading, tamping and firing mines, (See also
b. Submarine mines. 3 :
See for details, Coast Defence, Section B, Sub-section C. (See also

C. ExrrosivEs GENERALLY Usep.—Their different effects, and the quantity of
each required.

a. Explosives. : ; .

a Gunpowder, guncotton and dynamite, comparison Jof their effect, and
when they should be used respectively. b

/2 Calsulation of charges, sand mines, definitions, overcharged and ?n _cr:
charged mines, camonflets, radii of rupture. Rules for caleu ?tllr;)g,
the charges and effects of mines. Influence of the nature of the
soil upon 1he charge. ) .

¥ For Subm!u-ino Mines sec Coust Defences and TEpro.-q\ os, m.fibox o.

For the application of mines see Syllabus of Voluntary Course.
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APPLICATION oF FIELD ForrirrcaTions 10 THE DEFENCE oF A Posrrrion—

Object of defending a position. Subdivision of the defence into two kinds,
active and passive. An active defence includes offensive, defensive and
purely defensive actions. Application of the different kinds of defonce,

The positions of the works must conform to that of the troops (1st Prin-
ciple ?if Defence), but a slight alteration may be made on technical

rounds.

Stategment* of the tactical requirernents and the consequent distribution of
the troo

General arrangement of works to conform to this distribution, namely, Lines

with Intervals. Comparison of Lines with Intervals and Continuous
Lines.

Object of advanced works "and of a second line of Defence and general
arrangement for ench.

Arrangement and nature of works according to the kind of defence:
(1) Offensive, Defensive; (2) Active defence; (3) Passive defence.
Choice of Position.—The approximate site depends on strategical considera-

tions, the accurate site mainly on tactical and slightly on technical
considerations. General requirements. Special requirements accord-
ing to the kind of defence. Defects that may occur in positions and
how best to neutralize them. Description of various kinds of positions.
Choice of sites for works—The site must be chosen principally on tactical and
slightly on technical considerations. Requirements, and how fulfilled,
in each of the following cases: '
a. Infantry shooting line, supports and reserves.
b. Artillery, guns and limbers.
¢. Strong points. Advanced posts. Main line pivots. 2nd line pivots,
Keeps of Position. Works covering retreat.
d. Flanks.
e. Communications, radial and lateral’
Order in whish the various works should be executed.
Number of troops required to defend a position according to the kind of
defence. Distribution of troops. 1
Application of the foregoing to the defence of positions occupied for the
following purposes, giving in each case the object of defending the
position, the special requirements and how they are fulfilled :
a. Field of battle. Offensive, defensive and pure defensive. Inquiry
into the effect of intrenching on the field of battle.
b. Lines of investment.
¢. Defence of the environs of a fortress.
d. Defile works—bridgo heads and mountain passes.
e. Intrenched camps, depots, ete.
Attack and Defence of field works.

Usk or FieLp FoRTIFICATION BY THE ATTACK.

Object.—The assailant may employ Field Fortification for two distinct purposes,

namely : a purely offensive and a purcly defensive use. Cases in which Field Forti-
fication would thus be used.

Purely Offensive use.

Nature of Works.—The same as those for defence, of a very hasty description.

Bat includes, besides, the destruction of enemy's works when captured. Methods
of doing this.

* The considerations of these tactical requirements belongs to the Course of Tactics.

i
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Application to the ground.—The sites of the works will depend on the tactics of
the attack. Statement of the tactics of the attack and deduction therefrom of the
arrangement of the works.

oghoice of Sites for Works.—Very limited. Requirements and how
fulfilled for Infantry, Artillery and communications,

generally

Purely Defensive use.

Nature of Works.—The same as those for defence, of a hasty description. Bat
“includes, besides, the adaptation of the enemy’'s works, when captured, for defence
against him. Methods of doing this.

Application to the ground.—As in the defence of a position, but in some cases the
choice of sites will be influenced by the tactics of the attack (see a aud b below.)
Consideration of the following cases :—

a. Intrenching front to assist flank attack.

b. Securing captured positions.

¢. Preparing rear guard positions in case of reverse cornection bhetween the

above use of Field Fortification and the “regular” attack by means of
seige works,

Plates :—

I.—The attack to the third parallel.
IL.—The attack to the summit of the main breach.
IIL.—Siege Works.
1V.—Detence.
V.—Mining,
VI.—Applied field fortification (project).
Fair Notes.—On lectures during the term.
LExercises.—Journal of Attack, Report on project.

Subjects for each Examination.

December.—To end of attack.
March.—To end of defence and mining.
(Sections A to C inclusive.)
June.—Attack, Defence, Mining. _
(Sections A to C and applied Field Fortification.)

- Marks : — e
For work during the term.........cccciisenneriesisiisnsinnninaciiinn ; ::i“
oy examinations, December...,...... .c..iciiiieiisioenaidiaiiee ;:)t_}

March....cocoereiiinieniineaninciinnnieinins s 350
b R e N S PR AR e SR B TR 1
Fotall. o sl 1,500

II. CLASS.—VOLUNTARY.
ATTACK.

Secrion B—Obligatory course. ;s 8
Sus-sEcTioNs d, @, ¥, §, € &, more in detail.

MINING.

D. AvpricaTion or MINES—

a. To defence. '
s Defeﬁfco of glacis object, requirements how carried out.
Countermine systems for defence of glacis.
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B Defence of breach, object, requirements how carried out.
Countermine systems.

b. To the Attack.

@. On countermines under glacis, tactics of assailant, ordinary method of
attack by galleries, attack by shaft mines.

[3- On countermines for defence of breach.

7. On escarp and counterscarp revetments to form breach.
¢. To demelition of permanent works after capture or during peace.

Plates—
VII. Siege works.
VIII. Countermine systems.
1X. Attack on a system of countermines.
Farr Nores on lectures during the term.
Exercrses—Examples on application of mining ; Journal of attack on counter-
mines.

SuBJECTS OF EACH EXAMINATION—
June—Whole subject.

MARKS— -
For-work dono FURINE LOrmh /i i ity hesaramnsopnsases 200
Wotlexaminatibo, June ... it i 300

OB i e e T e e e RS BO0
1sT Crass,
OBLIGATORY.
Use or ExprLosives For MILiTARY ENGINEERING PaRposEs.

Exerosives generally employed. Consideration of these explosives from a mili-

tary engineering point of view. .
The nature, properties and manufacture of explosives is dealt with in the Artillery and
Chemistry Courses.

Gunpowder —Size of grain most suitable for military engineering purposes.

Gun-cotton—Shapes and sizes in which the compressed gun-cotton is sapplied and
uses to which each shape and size is put. Advantages of the property of detonating
unconfined, whether wet or dry. Primer of dry gun-cotton to detonate wet gun-cot-
ton. Drying gun-cotton. Test for dryness of gun-cotton,

Dynamite—Cartridges in which usually supplied. Advantages of its property of
detonating unconfined.

Fulminate of Mercury—Other explosives that may be used.

ConsTrucTiON oF MaGaziNes for the storage of explosives. Objoct. Require-
ments general and according as the magazine is intended for ganpowder or gun-cot-
-ton, and whether exposed to artillery fire or not. How fulfilled in each case.

Meruoo or vsive Exerosives. (Land operations only.)

Zhe charge proper. (General remarks on making up.

The fuze, or the immediate cause of the explosion of the charge. Various kinds
of fuzes,. and how used.

Means of determining explosion of fuze—

By concussion.
Cases in which applicable and general arrangements to be adopted.
By slow or quick match.

Cases in which applicable.—Description of the various kinds of slow and quick match, and
how used.

BY ELECTRICITY.

. Oases in which applicable. 1ts generaljconsideration. Sources of Electrieityfdistin-
guishing betwe n those required for use of low tension fuses anl those required for

s high tension fuses, for the former galvanic batteries and qu
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; it antity dynamos, for t}
latter tension dynamos and frictional machines. Method i h kine ¢4
culation of battery power, of using each kind,  Cal-
Cirewit. Various arrangements of divided and continuous cix
wires.
gmecting u‘? z}tlnd arrangements to be made for firing.
tatement of the testing (electrical or otherwise) to b
. . - - e y > B i
that everything is in working order. ) perfbrnied {0 ascortain
Llectrical testing (to the extent possible with the instrn i
: e T ; il : struments contained in the
“Tield Service jointing and testing box ).—Description and use of the instrumen{:
contained in this box, namely : Leads (making connections), 3-coil galvanometer
Firing resistance coils, Test cell, etc. :
esting source of electricity, batteries and quantity dynamos ; test
; sou 1 S anc E sting strengtl
and measuring internal resistance by the fusion of platinum wi;-c. Tension d\gml.
mos, measuring length of spark by means of micrometer attached to machine;
minimum length of spark allowable. 4
Testing line wire. For continuity and insulation resistance by means of 3-coil
galv?rnometer. Detecting position of fault. '
esting completed circuit, Measurement of resistance of circuit by Wheatstone
bridge attached to firing coils. Pricker test to locate a fault, ; o
RECAUTIONS to be adopted when using explosives and to ensure explosion.
AppricATioN. Mining.
:H'asty dem?latzmls. Walls, Houses, Bridges, Cutting down trees, Cutting through
iron in various cases. Demolition of stockades. i

"cuits, Jointing

PIONEER DUTIES.
Communications considered under three heads : Making, Destroying, Restoring.
CoMMUNICATIONS FOR THE CONVEYANCE OF Mex, Horses aAxp MATERIALS.
CONSTRUCTION.

Brivaiva (Railway bridging omitted.)—Object, requirements, methods of deter-
mining dimensions of opening, considerations regulating the class of bridge to be
made according to the nature and dimensions of the opening, namely: Frame
and suspension bridges for narrow deep openings, Trestle bridges for shallow wide
openings, and floating bridges for wide openings containing deep water.

Approximate rules for rapidly calculating the dimensions of spars when the
8tress in them is known.* General considerations as regards the roadway, road-
bearers, trussed beams, chesses, ribands, rack-lashings, shore ends.

Methods of connecting spars together, lashing, tree-nails, spikes and dogs.

Plant used for bridging. —Tackle, Spanish windlass, derricks, shears, gyns, earth
anchors of various holding power. :

Frame bridging.—General description of such bridges. Materials required ;
petail of construction ; method of erecting and calculation of stresses for the follow-
ing kinds of frame bridges: Single lock, double lock, single.sling, ordinary and
stiffened, treble sling, in each case with and without vertical frames at shore ends.

Trestle bridging.—General description of such bridges; materials required ;
detail of construction ; method of making and caleulation of stresses for the follow-
ing kinds of trestles: Two-legged, four-legged and tripod. Advantages and dis-
advantages of each kind. Forming up into bridge. gy :

Miscellaneous methods of obtaining points of surpm-t‘. erib piers, piles, &e.

Floating bridges.—General description of such bridges; materials required ;
detail of construction ; method of making calculations of dimensions and buoyancy
Trequired for floating bridges composed of pontoons, barrel piers of various kinds,
S ———

* Accurate methods are glven In the Mathematical and Civil Engineering Course.
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timber rafts of various kinds and boats. Arrangements to be adopted at the shove
ends: 1. When the water level does not alter or varies but little; 2. When there
is a considerable vaviation of level. Flying bridges, their requirements and con-
struction. Y iy ;

Miscellaneous. — Rough bridges made of trees; passing weights across wide open-
ings by means of shears; various arrangements. : e 37

Roapns.—Object, requirements, method of construction of ordinary (Military)
when over mavshes and corduroy roads, road engines, repairing roads.

~ RamLways.—Sketch of the use of railways in war. Object of constructing

military railways in time of war. Requiroments, qt:nsidel'ations as to; select19n of
route, gauge, engines and rolling stock of military railways.* Adaptation of existing
_stations to military purposes. Carriage of troops. 2 i

French Railway.—Object, requirements, considerations as to section of _route,
_gauge, engines and rolling stock. Works required and how executed (bridging
mcntionegon]y.)

DEesorITION.

Object. Deseription of methods generally adopted. 1. By hand. 2. By use of
explosives. 3. By fire. 3 ;

Roaps.—Vulnerable points: bridges, cuttings, embankments. Demolition of
-each.

Raruways.—Vulnerable points: bridges, cuttings, tunnels, embankments, per-
manent way, engines and rolling stock. Hasty demolition by cavalry and deliberate
demolition of each.

Cayans.—Vulnerable points: locks, cuttings and embankments. Demolition
-of each.

RESTORATION. .

Object. General considerations. | N

Roaps.—Repairing bridges or replacing the original structure by a temporary
-one. Repairing cattings and embankments, or other works undertaken to replace
them if not repairable in time.

Rainways.—General considerations only.

CoMMUNICATIONS FOR THE TraNsMisstoN oF MESSAGES.
CONSTRUCTION.

Object and general description of this class of eommunication.

SIGNALLING. —Object. Alphabet. Code. Cypher. Means of signalling : flags,
lamps, shutters, heliograph. Selection and arrangement of signal stations and
method of working them.

Terecraras.—Object. Short sketeh of method of working without introducing

technical matters. Combination of ~avalry scouts, signalling, and telegraphy for
the service of an army.

DeMovriTION,
TerecrapHs.—Breaking the circuit. Tapping the circuit.

RESTORATION,
TeLEGRAPHS.—Same as making.)

* The laying and construction of line are not considered, being part of the Clvil Engineering Course.

e
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Camp Durigs,

Water Supply.—Sources of water supply. Purifyine wat
water. Methods of obtaining water. Morqmg’a Aby Hih B
water.

Hutting.—Requirements. Huts of various kinds. Bivouacs.
Miscellaneous.—Field kitchens and ovens, Latrines.

PrATES :—
I. Project for defence of a position.
II. Demolition project.
IIL. Project for a military bridge.

Fair Nores.—On lectures during the term.
Exercises.—Reports on projects.
SuBJECTS FOR EAcH ExXaMINATION—

yi Distribution of
ssinian tube wells, Boring for

Decemser—Field fortification ; use of explosives and bridging, as far as

il trestle bridging, inclusive,

Marca—Permanent fortification and remainder of pioneer duties,
June—Adttackiand defence, and whole course for class,

MARks—
For work done during term.....cesseeeersrnee.e... eeeee 500
For examinations, December......... voveverreeressnrereernneras 300
JUD. o utas vonposvasatisosias serransasssosss; DO
Botal it e s, 000
1st Crass.
W VOLUNTARY.

ErLrcrricAL TEsTING.

Consideration of the measurements that have to be made for military engineering
purposes and of the units to which these measurements are referred.

Instruments.—Method of using the following instruments: Contact keys, galvano-
meters (detector Clark’s differential, sine galvanometer, tangent galvanometer, Thom-
son’s re ecting galvanometer,) precautions to be taken when working with galvano-
meters, methods of obtaining good readings, constant of galvanometer, calibration,
resistance coils, condenser, standard cells.

Testing.— Various methods of obtaining measurements of: resistance, external
resistance of a conductor of a galvanometer of “earths,” ete., internal resistance of a
¢ell, difference of potential, currents and capacity.

Proneer Duries.
Communications for the Conveyance of Men, Horses and Materials.

Bripaixa. ;
Suspension Bridges.—General description of such bridges. Materials required.
tnilu:‘gnstruction. gMethod of erecting and calculation of stresses for the folluwu:sr
ds: Ordinary suspension bridges of various kinds, tension bridges and shott
tension bridges of various designs. : . sed. detail con-
Railway Bridges (temporary).—Object, requirements, materials ollowi e kinds :
strncﬁ()n’ method of erecting, and calculation of 'd1mens1ons for tl_xc fo 0“1’1%‘ AR h'l
].tmme brid ges for small openings; trestles for wide shallow openings, and trestles
tiers for wide deep openings.
9—23





