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TEXT BOOKS.

B e 1 —

TEXT BOOKS IN CIVIL ENGINEERING.

Principally Lectures,
Rankine's Oivil Engineering.
Henck on Railway Curves.
Trantwine's Pooket Book.
Fanning’s “ Treatise on Water Sapply.”

BOOKS RECOMMENDED TO BE READ,

Tate's Mechanical Philosophy. | A

Twisden’s Mechanics.

Peck’s Mechanics,

Vose on Railway Construction,
Stevenson’s “ Canals and Harbors."™
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SUMMARY OF COURSE OF INSTRUCTION IN CIVIL
<ENGINEERING,
18T, OLASS,
. SECTION 1. ,
Nature, produgtion and use of materials of construction, i
(Common to Engineering and Architeoture,) 4
Sus-szorron (A)'—MunmLs, Desoriprive anp Prooesses, E
Bnﬁdipg stones—Their ¢] ification, by constituent
elements, ratler than geologiorﬁg, calcareous, argillaceous 3
. and siliceous, sandstones, limestones, granites, slates, traps,
Darability of stone—Rx osure to frost, to heat, to city
smoke, hardness, structure, free, granular; shelly, m\tugﬂ or
quarry bed,

Making artificial stone—Ransomes Process, congrete
blocks, breakwater works of North Sea canal, brick clay,
mixing, moulding, burning,

Limes—Air imes, water Jimes, cements, materials, i
cal characteristics of hydraaulio Ii mestones, calcination otp i

! stones, lime kilns, fuel slaking of lire, sprinkling, dro
" immersion, manufacthre of artifieial h

¢ements, importance of uniformity of qna{i

Portland cement, Roman mortar, puzzolpnas,

Mortar—Sand, manifulation; proportions, Betting and
durability of mortars, ! heory of the hardening of mortar,
Tests of the strength of mortars of lime or cement, Weights
per struck bushel, Time required to harden, , =

Concrete—Of aiglime; of cement, Ingredients, definite
?roportions, manipulations, applications; ~ behayior under
rost. !

Woods—Age and season for felling, olimate, soil, structure :
sgpdlyvpod, heart wood ; seasoning in air, water, or Steam ;

raling,
v De%ay—Wet rot, dry rot; terredo worms,
reservation—Ground line; froe air current, wet sitna-
tions; kyanising ; oreosoting, d
Sus.-SEorIon (B)—SrrENGTH 0F MArgRIALS, ‘
Strees - Strain, Working load ¢tests’ set, Factors of

lafet%, Modulus of Elastioity., N f
ension—Law ; experiments ; taiales; various, woods ; i
irons, steel,

Direct Compression—TLaw i experiments; tables; varions
woods, irons, steels,
mpreesion resulting in oros&breakl'n or collapsin

Formulas; various woock, irons, steel; ofj and hollow crogs
sections, e
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. - Action of transverse load on a beam causing shearin
stross towards abutments, cansing bending moment towards -
middle of length of beam. ‘ .

Resistance of beam to cross-breaking—Formulas, tables ;
"various woods, irons, steel, and influence of cross section area,
and form crdss sections of equal strength, :
Modulusof rupture of cast iron beams:

SSES, Allowance for weight of beam,
ituent Limiting length of beam,
ceous Proportion of greatest depth of beam to the span.
Pps. Deflection within safe limits of beam,
 oity Expansion and contraction of beams.
al or ,  Beams fixed at both ends. Beanis fixed at one end.
Shearing Stress—Law; experiments; tables; various
2:“0 woods, irons, steels; . .
a ]
v ~ Sus-8eoTion (C)—DETERMINATION OF STRESSES oN FRAMED
hysi- STRUQTURES.—(BRIDGES AND Roors.)
ime- This course is begun by considering the internal strength
ing, of beams and pillars @s Treferred toin the part B of the
and : Syllabus, e :
© of § : Rlesistance of a beam to crushing or buokling, Gordon’s
ormula, - . .
and Practical problems for designing beams to support given
tar, loads when acting as pillars,
hts Formula for the sum of the moments of the fibres of a
. beam to resist cross-bending.
lite o Formula for the sum of the moments of the fibres of a
lor ‘boam to resjst cross-bending with a given factor of safety,
Conditions of equilibrinm of any rigid body acted on by a
e ; « system of forces in space,
m ; Conditions of equilibrium of ahy rigid body acted on by a
system of forces, for a frame.
Ranking's theorem of the equilibrium of all the forces act-
18~ ing on one side of a section,
Expansion of this theorem so as to forfh a method of
sections,
ii Dead loads, live load, special loads, apex ymds.
Effective reactions at the abutments, '
. Section to cut three bars. S
' Infinity to right or left for cenfre of moments.
" Positive and negative rotation
Kinds of stress—red, towards the section; blue, from the
3 section,
. Stresses on the chords,

Stresses on the verticals,
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Stresses on the diagonals,
Braces—Counter brace.
Definition of the Howe truss,
Separation into systems,

Determination in detail of the stresses on every member-

of the Howe truss,

Designing of a Howe truss,

Testing of a Howe truss.

Position of the rolling load to produce maximum stresg on
the main braces. )

Position of the rolling load to produce maximum stress
on the counters,

Position of the rolling load to produce maximum stress
on the chords,

Definition, designing, testing and caleulation of the Pratt
truss in irqn (the Whipple.)

The Pheenixville truss and the Keystone truss,

Separation into systems, - .

i Calcnlation of stresses on all members of the Pheenixville

tritss,

Towne’s lattice truss and its defects,

Definition, designing and calculating and testing of the

arren girder,

The Fink truss,

The Bollman truss.

Practical specification for bridges of wood and iron.

Drafting various type forms of bridge trusses,

The tubular girder.

Other forms of bridge trusses.

Suow and wind pressure on bridge and roofs, Calcula-
tions of the Tay bridge.

Stresses on cranes,

SECTION 11,
Design and execution of structures.

SuB-SECTION (A)—PrRiNoIpLES oF ENaINEERING FIELD WoRk
AND oF ENGINEERING Orr10E WoRK,«APPLIED To
SURVEYS AND T0 ConsTRUCTION OF RAILWAYS
aND Comumon Roaps,

RAILWAY EXPLORATIONS,

Matters influencing the choice of Route,
Organization of Staff—~Ranks, duties,
Cortrol and Payments,

Penetrating Country—Moving supplies,

vatio
» I

river,
level,
]

Crossi

surfacir



7

Aneroid explorations—Field observations; check obser-
vations; camp ogservations and weather profile,

Traverses with compass or with transit along roads,
rivers, watersheds, or divides. Trial lines with transit and
level, or compass and level,

Handling surface—Topo(fmphy, valleys, ridges, summits,
crossings, passes, divides and terraces. )

Governing points of a country ruling gradients and local
gradients, and adding distance to iessen gradient.

Topographical notes along trial line belt of information,
as to streams, roads, slopes, coasts, banks, ice-marks,
freshets, river beds, foundation strata.

Approximate estimates off trial line profile—quantities,
masonry, excavation, fencing,

PROJECTED LOCAT[O#S.

Cross -sections, summit cattings, maximum gradients
and curvature, level contours, grade contours, alignment dis-
tance, and alternative projects,

Compiled profile seotion —Parliamentary estimates of
quanties and cost—Basis for tenders from confractors,

Proparing reports, plans and profiles for Parliament.

ACTUAL LOCATIONS.

Tangents, apexes—intersections,

Roferencoe hubs—centre stakes and pegs.

Circular curves—simple and compound degrees of curva-
ture; caloulation of lengths of curves; calculation of points
of curvature; long chords and chord offsets problems flowing
from curves, avoidance of obstacles closing a ocurve trace;
limit of accuracy desirablo. ;

Reduction of quantities of work by successive improve-
ments of & location ; shifting alignment ; altering gradients.

Balancing gradients against curvature —formulas nsed on
Canadian Government railways; on Pennsylvania railway ;
on Canada Pacific railway,

Analysis of mass of ‘trials made by trunk lines advisory
committee as to effects of curvature and gradients separate as
well as combined upon traction of three types of locomotives,

Rules recommonded to be used in future locations for
balancing = gradients against eurvature and for undulating
gradients on either curves or straights,

Balancing excavations and embankments—borrowing
wasting,

Ballasting—objcct of ballast, qualities of ballast—tamping ;
surfacivg ; shimming ; tracklaying ; ties,
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Rails—principles governing rail section and distance

from points of support designing of & rail section, weight per
yard.

Rail joints-spliced, fished, chaired or soabbarded, sus- .

pended and supported joints, The bridge Jjoint the best, Steel
coml‘)rared with iron rails,

he foregoing courss of railway field and. office engineer-
ing is performed by the cadets in the field by their running
of trial and location surveys as if they were in aotual service,
and the office work is performed in the same manner,

OOMMON ROADS AND STRERTS,

Uses—Freighti-ng ; travel;. mails; intercommunication i
outlets; commerce; settlement; defence, Colonization is
dependent upon and is gauged by the “read systems of a
country, |

Terms—~Trunk road; high road ; main road; bye road;
occupation road ; trail,

utes are decided by roasons topographical, military,
agricultural, commereihl,

Dimensions—Tables of existing roads and streots; neces-
sities always ‘affecting dimensions; necessities ocoasionally
affecting size of roads,

Surveys—Plans ; estimates; reports and staff for con-
struoting common roads are much the same as for railways of
the same length,

Gradients of common roads for ascending traffic, and
gradionts for descending traffio; co-effloients of friotion for

ifferent road surfaces ; co-efficients of draught for a horse at
different spdeds,

Destructive agents for roads—frost; water; wind ; traffio;
weights; widths of tires of wheels,

Drainage of water and fnow ; surface water to run off;
sub-water to be sucked away by low drainage; water line to
be maintained not less than three feet below road surface in
order to have durable road, : ol

Road-bed and road metal,

Oross section—orowning, and footways and side ditohes.

Telford’s road-bed ; Roman road-beds, Macadams road-bed.

Metalling—earth, gravel, broken stone; stone pavement,
wood pavement, asphalt pavement, planks, corduro ;

Streeta—drainage, dimensions, gradients, al gnements,
diagonal thoroughfares, rectangular laying off of oities, cir-
cular or concentric laying off of oities. 0

Systems of maintaining the common roads of a country,

Governmental, municipal, corporated individuals,

¢
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mg: Sus-8gorion (B), ConsTRUoTION AND DEsIGN IN WooD, STONE,

P EarTH AND IRON, -

sus- Carpontry —Framing- of wood work, mortised, soarfed,

teel halved, spliced, fished, dowelled joints. L

Beams—Solid, built up, truseed,

oor- Pannelling—Rails, styles, surbases, cheeks and jambs,

ng Brick-work—English, Blomish and American bond string

108, oourses, copings, chimneys, men:uration, estimates,

ork—This comprises a fall course of instrnction

on the specifications for varions classes of mason-work used on
the Government railways of Canada, and is'supplemented by

on; exoursions to inspect and explain existing railway structures

is on Canadian railways.

f a Process of building for mason-work of bridge piers and
abutments, and culverts and cattle guards.

ad ; Designing the dimensions at base and top of piers and
abutments, and the length of abutments.

Iy, Hollow abutments—Cellular; well ; and arranging given
quantity of masonry to give a shape of greatest strength,

08~ Distinctive principles between * wing wall ” abutments

lly and “ tower ” abutments,

4, Oaloulating lengths of wing walls for retaining embsnk-
on- ; (x;fnts of earth or rock of given depths, and widths and angles !
 of By rpﬁose.

inding lengths of inclined, or of skew culverts on lovel
nd or on sloping ground by the following methods :—
for (1) Experimentally with rod and level, in a manner
at analogous to setting out embankment slope stakes. '
.) By finding, analytically, the point of intersection of
lo; two right lines given by their equations. ,
(3.) By agraphic construction,
ff; (4.) By successively galonlated approximations from an
to assumed length,
in Rotaining walls for earth and water; earth level with
top of wall ; earth higher than top of wall. y
Dams—Btone; crib; clay ; plank,
3 Prinoiples for economising mason work in culverts by
d. reducing their lengths, by using wing walls, and by raising -
1t, ‘oopinlg and by selecting of sites,
; rinciples for economizing mason work in abutments by
8, using cells, and wells and concrete.
)

Foundations of structures—Explanations of the different
kinds of materials which have to lge dealt with in founding
gtructures. ,

Prinoiples governing the permanerce of foundations, set- *
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tlifigs, scour, frost, springs, piling, platforms, ooncrete, sand-

piles.

Excluding of water from foundation areas, dams, coffor-
ams, caissons, divers, pneumatio processes,

Designing and executing rook and earth excavations and :

embankments, tunnels, slopes, gullets, lifts, falls, chambers,
Drainage of storm and su water—COatohwaters ; under-
drains; road-bed; water tables ; orowning ; snow sheds,
Fencing—Post and board ; block an picket ; block and
rail; A fence; snow fence, :

. Protection work—Rip-rap; cribbing and stream diver-
s10ms.

Designixgg of iron bridges,
Sections of members of iron bridge frames,
Sections of connections for members of iron bridge frames..

SEOTION 171,

Estimating, setting out and supervision of Work,
SuB.-SEcrIoN (A)—OConsTRUoTION AND UsE oF TaBLEs or
Excavanion anp ExsAnksgyr,

The information hecessary before estimate of quantities
can be made forshowing probable cost of a proposed publio
work, 2 :

Caloulation of cubic contents of line ocuttings and
embankments, by the method of mean heights and tables,

Caleulationof do 'do by the method of prismoidal,

Formula and tables,

Calculation of do do by the method of mean areas,

Comparison of the advantages and the disadvantages of
these methods as regards acouraoy in theory, and aoouraoy in
practice and time and labor of the computor, *

Construotion of Tables, MacNeil's. :

do Oanadian Pacific Railway,

Methods used on the Intercolonial Railway, the Oanadian
Pacific Railway, and the Quebec Government Railways for
final estimates for contractors, 5 s :

SETTING 0UT OF ExcavaTion AND*CuLvERTS,

. Measurement of line exoavations, and . borrow pits by
level, rod and tape in th field, and degyco of acouracy required
setting in slope smkes?‘grade pegey’centro cuts and fills,
gullets, &e., &o. S

Setting out position and lengths of level culverts in the
old.

Setting out position and lengths of inolined ctilvertl in
the field,

‘
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Four methods as shown in the preceding part of this

syllabus,
. Limit of the safe inclination of a culvert,
Paving to be a fow inches below the original level of
stream.
Gauging freshet areas, ice marks of floods;
Discharge capacitien of various types of culverts,
. Precautions with the foundations, :
Frost level, springs, scour, wing walls, artificial founda-
tions, &o,, &c.
Mothods of economizing masonry in culverts by reducing
length by means of wing walls, coping, &o., &o.

=
EsTIMATING QUANTITIES oF MasoNRY AND PAVING.

In abutments, piers and culverts off the drawings.
Tabular form for culvert quantities. :
Estimates and Contracts general form for Quantities from

" a Railway profile,

Allowance for shrinkage, balancing, excavation and em-
bankment waste, borrowing,
Details of items,
do Pprices,
Various methods of letting contracts,
Schedule of prices for limit of work.

*

Lump sum. J
Comparison and history of these methods.
SECTION 1V.
Hydraulic Engineering.

Sus-Sgorron (A)—Warzr SurrLy ; Storace EvAPORATIONS
Frow THROUGH ORIFIOES AND THROUGH PIPES
Ve UNDER Pnssung.
|

Introduction :—Necessity of Pablic Water Supplies; Phy-
siological Office of Water ; /,Sa.nitary Office of Water Supply.

CONSUMPTION, -

Quantity of water required.

Statistics of consumption,

Ancient cities; European cities; American citios-
Increasing consumption,

Relations of supply per capita to total gopulation.
Monthly and hourly variations in the dranght.
Ratio of Monthly consumption,

Reserve for fire purposes,
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~ Rafwrary.
The liquid and gaseous successions.
General rainfall statistics,
Olimatic effeqts—sections of mazimum rainfail,
American'western rain rystem,
American central rain system.
American eastern coast rain Aystem.
Influence of elevation or precipitation,
River basin rains,
Grouped rainfall statistios, '
Monthly fluctuations of rainfall,
Secular do do !
Local physical influences,
Ubiform effect of natural laws.
Great rainfalls,

imum ratios of floods to rainfalls,
Volume of water from given rainfalls,
Gauging rainfalls,

-

. 1 Frow or StrEam.
Flood volumes inversely as the areas of basins,
Formulas for food volumes.
Tables of do
Seasons of floods,
Influence of absorption and evaporation upon flow,
Flow in seasons oF minimum rainfall,
Summaries of monthly flow stafistics.
Minimum mean and flood flow of streams.
Mean annual flow of streams,
Tables of flow equivalent to given dgpths of rain,
StoBack aND Evaroration,
Artificial storage,
es incident to §torage.
Substrata of storage basin,
~Percolation from storage basin, .
Evaporation loss from a reservoir.
* Evaporation from water,
do sand,
do earth,
Ratios of evaporation,
Resultant effect of rain and evaporation,
Practical effect npon storage, ' -

SuPPLYING OAPACITY OF Warer SmEp,
Estimate of available annual ﬂow_ of streams,

R el Tl T

b bl e ol Bl 3 A Bl P
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Hetimate of monthly available storage requireds
Utllization of flood flows,

Qualifications of deduced ratios.

Influence of storage upon continuous supply.
Artificial gathering areas.

SPRINGS AND WELLS,

Subterranean waters,

Porosity of earths and rocks,

Oauses of percolations

Subterranean reservoirs,

Overflowing wells,

Amerioan artesian wells,

Bupplying capacity of wells and springs.
IMPURITIES OF WATER,

Composition of water,

lutions in water,
Mineral impurities.
Organic impurities, 4
Tables of analysis of potable waters.
Deep well and surface impurities.
Vegetal organic impurities,

ogetal organisms in water pipes.

ation of aquatic organisms.

Purlfying office of aquatio life,
Intimate relation between grade of organisms and quality

of water,

Agricultural ; mineral; manufactaring and sewago im-

purities, :

Wary, Sprivg, Laxe anp River Surrrizs,
Locations for wells ; fouling of old wells;
Spring waters; impregnations; mineral springs,
¢ waters ; impounding; plantgrowth,
Preservation of puril;y; natural clarification,
River waters; pollutions; sanitary discussione,
Spontaneous clarification,
Artificial do
Bugar test of the quality of water,

Frow oy Warer raRoUGH SLutons, Prees AND CHANNELS,

Weight, Jmunre and motion of water,

Atomio Theory— Molecular Theory, :
Influence of Calorio~Relative densities and volumes, -
Weight of water and its constitpents,

Crystalline forms of y‘mr.




. of the angle.

-of a jet.
\

Formule for volumes at different temperatuares.
Weight of pond water,
Compressibility and elasticity.
Weights of single molecules,
Pressure of water. :
Pressure rroportional to dopt!
Iodividual molecular reaction;
Pressure from vertical, inclined and bent volumes of
‘water. -
Pressure on unit of sarface.
Equivalent forcas; weight on measure of pressure,
Line & measure of weight ; line a measure of pressure
upon a surface,
I;iagonal force of combined pressures graphically repre-
sented.
Anpgular resultant of a force represented by sine and cosine
Direction of maximum effect. : 2
Prossure upon a curved surfx};ao and effect upon its pro- \
jected plane. e
- Centre of pressure upon a circular area. .
Sustaining pressures upon submerged and floating bodies,
Upward pressure from a submerged lintel, :
gyphbn—lnverted syphon,
ransmission of pressure to a distance.
Figw of water—Action of gravity upon,
Individual molecules/ :
Aocceleration of motion.
Equation of motion,
Parabolic path of the jet.
Velocity of efflux proportional to the head.
Converting of the force of gravity from pressure into
motion,
Resultant effects c‘ pressure and gravity upon the.motion

‘Resistance of the air—Theoretical velocities.

Frow or WaTER .THROUGH ORIFIOES.

!gheoretionl vol:hmefof eﬂlnlx.
onverging path of particles.

. Olaues%lf gr&ou.

Form of submerged orifice jet.

Ratio of minimum section of jet.
Volume of efflax—Co-efficient of efflux. .
Maximum veloocity of the jet.
Factors of the co-efficient of efflux.
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Experimontal oo-eﬁoignta, from Michellotti, Bogsut,:

Co-effioients diagramed,
ffects of varying the head of the proportions of the
orifice,

Qo-cffioients of velocity and of contraction,

ariable value of velooity and contraction,

Jets of various crossections,

Flow of water through short tubes, e

Adjutage—Vacuum of ad jutage, and it effec

Divergent tube—Inward Pprojecting adjutage,

Expeﬁmenu with oylind‘rioal and compound tabes,

Range of Eytelwein’s Tables, 3

FrLow or WateR THROURE Prrgs UNDER PREssune,

Definitions of pipe and conduit, :

Theoretical volume of dischargo.

Moan efflux from pipes.

Bub-division of the head H into b, to generate velocity in
p/ipe; b’ to overcomo resistance 1o entry; h” to overcome
resistance of pipe wall,

Resistance of the pipe ‘wall varies directly as the length,
and as (approximately) the wvelocity, and ag (approximately)
the ciroumference divided Ig a function of the area,

Variable values of co-efficient m, and its peculiarities,

Effeots of tuberoules, :

Bquation of velocity neutralized by resistance to flow,

Hquation of resistance head,

Hquation of total head,

Hquation of diameer,

uation of volume,
Relative value of sub-division of total head.
Olassified equations for the above,
Mu: oo-efficients for smooth, rough, and foul pipes,
nds,
Branches, *
How to economize head,

Bun-Sorion (B)—I’%umun ConstruoTION OF WaTER Wonks,
Rzenrvors, EMBANEMENTS AND CHAMBERS

Ultimate economy of skilful construotion ; embankment
foundations ; spriogs under foundations; s ~80ils; con-
‘orete out-off walls ; treacherous strata ; ombankment core
'matiarhln :! dll'ooon‘nuulu;ao:‘ bt"lotx-i site ; fros 3
paving puddle wall; dist: On Tegorvoirs ; masonry-faced
ombankll:,:ont; embankment eluices and pi v 4 gut:y cham-
bers; sluice valve areas; gate chamber found‘n):l.ons.
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Retaining Walls—Equations of stability; materials; di-
mensions and cross:sections of retaining walls actually con. -
structed, |

Masonry conduits, :

Mains and distribution pipes.

Distribution Systems—Hydrants; fire supply.

SECTION V.

o Mechantsm and Prime Movers.
Sus-SectioN A.—STEAM ENaINgs AND WATER ENGINES,

Laboring Forces—Vital, water, steam, wind,

Friction—Laws, co-efficients, tables,

‘Work—Measure, equality of moments, modulus.

Water Engines—Wheels, pumps, ram,

Steam—Boilers, flue, tubular Cornish.

Steam—Engines, condensing, non-condensing, direct act-
ing, rotative, rotary, compound, the marine engine, the loco-
motive engine, the compound engine,

Heat—Combustion, radiation, fire grate surface, evaporat-
ing surface,

ExransioN oF STEAM AND AOTION OF THE VALVES.

(a) Application of the calculus to find analytically the
mean pressure of the steam during expansion.

Formula for work performed during expansion,

Work of steam having a mean pressure,

* Work of steam considered in relation to the quantity of

water evaporated. ] :

Tables of volume of steam derived from one cubic foot of
water when evaporated under different pressures.:

Mopxs oF EsriMATING THE PowER AND PERFORMANCE
or EncINEs AND BoiLEms,

Horse-power, "

Duty of engines and boilers,

The indicator,

Dynamometer and gauges.

Proportions of boilers.

ERvaporation powers of boilers,
" The blast in locomotion.

Steam room and priming,

Strength of boilers,

Boiler explosions,

| passages.

Air pump~ Condenger and hot and cold water pumps.
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Fly-wheel. ;
Strength of land engines.
Strength of marine engines.

Consrrorion DETAILS oF ENGINES,
Pumping engines,
Various forms of marine engines. -
Cylinders, pistons and valves.
Air pump—CQondenser.
Pamps, cocks and pipes.
Details of the screw and screw shaft.
Details of the paddles and raddle shaft.
The locomotive engine,

Loss or Work pur o Frrorion or MAomINEs,

(5) Investigation to find analytically the work absorbed
by friction of an axle in-a journal,

Practical problems on the frictid of an axle.

(¢) Investigation to find analytidally the work absorbed
by friction on & flat pivot,

Practical problems relating to the work absorbed by the
friction of turbine wheels on their pivots,.

(d) Investigation to find analitically the work absorbed
by the friction between a belt and a pully,

l?aloulations to find work absorbed by friction of belt on
a pully,

. (¢) Investigation to find analytically the work absorbed
in compressing an elastio gas, steam or air.

Application of the investigation %s) to the calculation of
work absorbed (and given out again) by the air compressing
engines of the Mont Cenis tunnel.

Application of investigation &4:) to the caloulation of the
work J:mo during expansion of a high Ppressure engine.

AJ)plioation of investigation (¢) to the caleulation of the
work done during expansion of a condensing engine,

2
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ROYAL MILITARY COLLEGE OF CANADA.

—_————0

SYLLABUS OF INSTRUCTION IN ARCHITEQ-
TURE.

This Course is Voluntary—It is taken up in the Second
‘Class and is continued in the First, and extends over a period
of two years, No marks are allowed for the Second Class, the
whole being assigned to the First Olass,

ALLOTMENT OF MARKS,

B [Yearly and Intermediate -
; Xaminations. ....... 1,900
&For Entlrooc’ourse, g { Torm ( Notes, Draw-
. = Work ings and 1,300
B l * { Recitations,
Section I—Nature, Production and Use of Materials of

Construction,
Marks.........cu00000..1,900,
Bub-Section A—Materials: Description and processes.
Marks—Examinations....... ....... 400
Sub-Segtion B—Strength of mateials, :
Marks....... {E::eu:l:::lwﬁ:;ﬂtntion ..ggg
Sub-Section C—Stresses on Framed Structures,
e i o i i
Section II— History and Prineiples.
Marks ....ocvenenee-...200
Sub-Section A—History and Principles,
Marks—Examinations. ........200
Section 11— Design and Execution of Structures,
Marks.....oureieneenn 700
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Sub-Section A—Buildings, Domestic.
do | B~ do Public—Civil.
do O— do do —Military.

: : Examinations.......... ......300
Marks......o. { Notes and Drawings..,......400

Section 1V—Estimating and Supervision.

Sub-Section A—Measurements, quantities, prices.

Examinations
Marks, ceesere {Notes and Recitations. ...200

Nore,—If a Oadet takes up both the Architectural and the
Civil Engineering Courses, one-half only of the marks assigned
to Sections I and IV (being common to Engineering and
Architecture), will be ‘available for each subject, If he takes
Architecture only, then the full marks assigned to Sections I
and 1V are available for that subjeot,

As both the Ciyil Engineeting and the Architectural
Courses are voluntary'it is allowable for any Cadet takinf
the Architectural Course, to also take up additionally any suc
subjects or sub-sections of subjects in the Oivil Engineering
Course as shall carry marks for competition sufficient when
added to the 3,200 marks available for Architecture, to raise
the total number of marks for competition available for such
Cadet to the total number 5,600 marks, available for compe-
tition for Cadets taking Civil Engineering only,
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TEXT BCOKS,

Principally Lectures.

Mitchell’s Elements of Architecture.

[

BOOKS RECOMMENDED TO BE READ.

Ferguson's ‘¢ History of Architecture.”
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SUMMARY OF COURSE OF INSTRUCTION IN
ARCHITECTURE.

IsT CLASS.
SECTION I.
Nature, Production and Use of Materials of Qaﬂslmction.
,SuB.sECTIONS A, B, & O,
(Common to Engineering and Architecture, For details
seo Syllabus of Engineering Course.)
SECTION II.
History and Principles,
Sus-SECTION (A)—DESCRIPTIVE AND HisroRICAL,
Early history.
Greek architecturc,
Roman do
Byzantine do
Romanesque architecture,

Mediwval pointed do
English mediwval do

Elizabethan do
Renaissance do
Modern do

SEQTION III,
Design and Exeeution of Buildings.
Sus-SeorIoN (A)—BurLping ConsTRUOTION,
GENERAL PRINOIPLES,

Foundations, natural and artificial, concrete Béton,
hydraulic lime, foundations nnder water, piles, pile-driving,
iron piles.

Masongy,

Uncoursed rubble, course, ashlar work, through stones,
bond beds, joints, tools used, -

BRickwork, | y

Bricks, size, thickness of brick walls,

Principles of walling, headers and stretchers, Plans and
elevations of walls in English bond. Plans and elevations of
walls in Flemish bond. Plans and elevation of walls in lake
and herring-bone bond,

Protection against frost, application of wall-plates, tem-

plates
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plates, discharging arches, lintels, construction of brick arches,
general rule as to brick-work, tools used in brickwork,
DrAwING FOR BRICKLAYERS,

Drawing for bricklayers, Examples of rough arch square-
headed windows, extrados, intrados, centreing, square-headed
doors, with relieving arch and tie-rod, segment arched win-
dows, Gothic arch in birch wood, with centreing.

; Woobpwogk,

Scantling, modes of lengthening timbers, strapping, bolt-
ing, fishing, halving, scarfing, trussed girders, joints in tim-
bers, notching, morticing, fos-tail joint, tennon,

ConsTRUOTION OF Roo¥s.

Gable, hip, mansard, tie beam, rafters principal and ‘com-

mon rafters, king-post, strap, queen-posts, arch track, straining

beam, struts, purlin, determination of stresses in roofs, wind
and snow pressure.

CoNsTRUOTION oF FrLoORS.

Single floors, trimming, aroh and Joist, herring-bone truss,
sound boards, double floors, binders, ceiling joists, framed
floors, floor boards, square-edged, rebated, ploughed, tongued
and dowelled, :

ParTrTIONS,

Principles of construction, fire-proof, must form portion of

caroass, -
JOINERY.

How distinguished from carpentry, mitre-joint, dove-tail
Joint, staircase, general construction, bracket staircase, dog-
legged staircase.

Fire-Proor CoNsTRUCTION.

Behavior of various building materials under fire, fire-
proof layers,

GENERAL ARRANGEMENTS,

Cellars, drainage, sewerage conneotions, ventilation, traps,
warming, water supply, ready egress in case of fire, doors
opening outwards,

Sus-SEorions B anp C,

Sub-Section A will be continued so as to embrace the
designing of domestic buildings and of public buildings, for-
civil and military purposes,
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SECTION 1V.

Sus-8EoTI0N (A)-Mlmonl oF EeTIMATING QUANTITIES IN
Buiupinas,

Stone ick work, wood work, plutenng, slating,
shingling, umtmg, glazing.

Entir
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ROYAL MILITARY COLLEGE OF CANADA.

rEs IN

slating,

SYLLABUS OF INSTRUCTION IN ARTILLERY.

ALLOTMENT OF MARES.

Obligatory

YVoluntary.....ccomesueesscesssssannns
Entire Course. ﬁrill

4,560

For

seges00scesasssns

| Communicating Drill (N. C. Officers
L only)iceccaceincans imone

Obligatory—Yearly and Intermedmte
I ilxammmons’: ssasadbuveniisvanis 11,000

For 3rd Olass.

1 B R Gl e

( Obllg.tory—Yearly and Intermedmte
XAMINALIONS severserrervorss vosoane

For 2nd Class. Voluntary—Yearly Examinations g

Drill

For 1st Class, {Oom:;u];l)catmg Drill (N. C Oﬂ‘icem
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s : ® A1
TEXT BOOKS AND BOOKS OF REFERENOCE.
‘ ' : two 5
B
TR S simult
Texr Booxs :
’ ; B8t
Practical and Theoretical Course, Batter
Handbook of Artillery Matériel (Morgan). wtbez
Manual of Siege and Garrison Artillery Exerciges, M
Notes on Ordnance, carriages, &o,
Treatise on the Construction of Ordnance (Royal Gun
Factory) 1879 (Voluntary), M
Treatise on Carriajzes (Royal Carriage Department) 1879 El
(Voluntary), rowing
Sladen’s Gunnery (Voluntary), gun &“
Tracts on Mochanics (Voluntary), g’
Firat 8
Booxs or RerereNcE : :
Treatise on Ammunition (R.L) ‘
Instructions for the Service of the Siege Train, %:
Field Artillery Exerciges (Royal Artillery and R, H, A).
Notes on Mgnufacture of Gunpowder and Guncotton, PriNTE
Reports of Experiments with Bashforth’s Chronograph, Gy
The Penetration of Iron Armour by Steel Shot (Noble), C
Owen’s Modern Artillery, ¢
Transactions of Royal Artillery Institution, QT’:
Reports of the Department of Director General of
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SUMMARY OF INSTRUCTION IN ARTILLERY.

opeiess () et
Hach Cadet fires annually three rounds of Segment Shell,
two with peroussion and one with time fuze,

Both the practical and theoretical courses are carried on
simultancously during the 20d and 3rd Terms,

PRACTICAL COURSE.

THIRD OLASS.
(OBL1GATORY.)

Btanding gun drill and simple manceuvres of a Field
Battery, Dmlﬁod ordnance, Drill of Garrison guns on stand-
ing carrisges and on traversing platforms, Mortars, Drill
with Armstrong B, L. R, 6 Pr. and 7-inch guns,

Making up ammaunition,

S8EOOND OLASS.
(OBL1GATORY.)

Material and arfliances, knotting and splicing,

Elementary shifts of ordnance, such as slewing, pinching,
rowing, raising a gun on skidding, parbuckling and moving a
gun on rollers, and on temporary sleighs.

Gyns and sheers.

Sgeeial marks for N, C. Officers as Drill Instructors in
First Olass, 160,

THEORETICAL COURSE.
THIRD OLASS.
(OBL1GATORY.)

Brief History of Artillery to the present day.
Definitions of various terms in Gunnery,

8, B. ORDNANCE.

Printgp Norzs:

Guns, Howitzers, Mortars and Carronades,—A short des-
or!;tlon of their natures and uses. The names of the
different parts of a gun,

Ohambers.~Oglindrical and gomer.

Vents,~The necessity for a vent  bush,” “The cone
and “through " vent,

Sighting 8. B. Ordnance.

The various lines on a smooth bored gun,
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Dispart, - Line of metal elevation. Cloarance Angle,
Means of giving direction and elevation,

Wooden and braes tangent scales.

Millar's Sights,

Mode of graduating sights,

Examination of 8, B. Ordnance,

RIFLED ORDNANCE.
Text Book, Morgan's Treatise.
CHAPTER I—METALS USED IN GUN 00NSTRUOTION :
Cast iron, wrought iron, steel, bronze,
CHAPTER I[—RIFLED MUZZLE-LOADING BuiLt-up-Guons :

Construction, process of manufacture, riﬂing, chambering,

sights and fittings, vents, designation, examination, classi-
fication,

Crarrer [[I—RirLED MUZZLE-LOADING CONVERTED GUNS—
OvLp parrERN R. B, L, guns:

R. M, L. converted guns, ‘process of oconversion, sights,
examination, old pattern R, B, L. guns, construction, breech
fittings, rifling, tights, converted 35 owt, 40 Pr. R. B. L. gun,
examination.

Caaprer 1V—New 1vrE Brexca-Loaping GUNS :

Construction—breech mechanism, systems of obturation,
vents, rifling, chambering, manufacturing operations, natures,
examination, ~

December, 250 marks.

AMMUNITION.
Craprer V—Gusrowper CarTRIDGES, &0, :

Gunpowder, composition, advantages, density ; natures of
gunpowder ; classes; guns-cotton ; detonating compositions,
cartridges cases and barrels. Procautions to be taken in,
making up ammunition,

CHAPTER VI—PROJEOTILES :

Projectiles for R, M. I, Ordnance, general description,

Armour-piercing rojectiles, common and double shell,
shrapnel shell, case shot, star shell, studded projectiles for
£, M. L. Ordnance, description ; service gas check for ditto,
Studless ‘Frojeotiles for R. M, L. Ordnance and automatio
check, description; altered studded  projectiles, studless
Palliser shell, {)rojeotiles for 16 in.and 12:5 in. new line
projectiles for old-pattern Armstrong R, B, L. Guns,
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ﬁ.ute', segmeont, shell, common shell, shrapnol thell and
cage shot, '
Projeotiles for Smooth-Bore Ordnance, natures, &c.
Projootiles for new pattern B. L. Guns,

Craprer VII—Fuzes, Tuses, &o,:

Fuszes for rifled Ordnance, wood time fazes; description,
M. L. wood time fuzes; wood time fuzes with detonators ;
remarks on wood time fuzes; percussion fuzes for -rifled
ordnance; Description, Pettman’s G. S. fuze, R. L. fuze ;
large percussion fuze ; small percussion fuze; B, L. plain foze;
;iireot action fuze; delay action fuze; time and concussion
uzes,

Fuzes for 8, B, Ordnance. Friction tubes, - Vent sealing
tubes, Abel's eleotric fuze; electrio fuzes and detonators ; safoty
fuze; quiok and slow match ; hortfires ; wedge wads ; tin cups;
primers ; Hale's war rockets ; disabling guns,

Maroh, 260 marks. Repeat course in June, 1,000 marks.

SECOND OLASS.
(OBLIGATORY.)

MILITARY OARRIAGES. //
Fierp anp Sizar CARRIAGES{

Trxr Books :—
Morgan's Treatise and Manual of Siege Artillery Drills.
Printed Noles :=

Principles of construotion, pointing out the considerations that
govern the height of wheels and the dimensions of the
various parts.

The cffect of firing on a feld or siege carriage.

Considerations by which the various strains on a field gun
carriage may be minimized,

Advanteges and dieadvantages of iron as compared with wood
for tie construction of a gun carriage,

Construction of wheels and axles, namiog the various parts.
The dish of & wheel and why necessary, The incon-
veniences arising fromsthe dish, and how they are over-
come, Definition of hollow, lead, strut and set,

Description of the “old pattern” and “ new pattern” or
* Madras " wheel, pointing out the great advantages of a
metal over & wooden nave,

Olassificution of wheels and axlos.
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WooDEN CARRIAGES.

Description of the carriage for a 40-pr. B. L. R. gun, with
traversing saddle. .

Points of difference between this and the carriages for S, B,
guns,

Limber for above gun carriage.

Description of the mode of shifting shafts for single or- double
draught and, four abreast, Pole versus shaft draught,

The question of driving with reins or from horse's back,

The ammunition’waggon,

The heavier natures of wooden carriages,

Mortar beds,

IroN CARRIAGES,

The carriage for the 9-pr. R, M. L. gun, Mark II, described in
dotail, it being the pattern on which all the larger ones
are constructed.

The limber for above, its boxes and fittings.

The proposed “ Limber System ” of carrying ammaunition,

The ammunition waggon and its fittings,

Carriage for 12-pr. B, L. gan,

The chief points of differonce between the above carriages and
those for the 16-pr., 25.pr., 40-pr. and 6' 6-in gun,

The overbank attachment and its uses, :

The carriages and beds for the howitzers, 40-pr. B, L, con.
verted.

Methods of checking excessive recoil in field and siege carriages,
hydraulic buffers and achorages, breaks, &o,

SreeE PrATroRM, &0,
The ground platform ; Clarke’s platform ; special platform for
the howitzer beds. ;
Detail of carriages, &c., in a siege unit,
The various.other artillery carriages, such as sling and platform
waggons, general service waggons, Jorage waggons, &e,

GARRISON CARRIAGES AND PraTronus,

General principles of construction,
ooden carriages and platforms,
The garrison standing carriage, with Allen’s break.
The rear chock carriage,
'!;hé sliding carriage and wooden compressor, both dwarf and
/7 onsemate,
Traversinag PrLaTronus,

The common, d warf and cagemate platform,
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Racers and pivots, real and imaginary,
" Inon CARRIAGES AND PLATFORMS,
Wrought iron standing carriage.

Single plate construction of sliding carriages,

The Elswick compressor,

The double plate construction of sliding carriages.

Vavasseur's carriage, .

The small port carriage.

The hydraulic buffer.

The elevating screw and quoins,

Worm wheel elevating gear.

The ars and indicator,

Iron traversing platforms, pivots and racers,

Various methods in use for running in and out, traversing and
loading guns, Mantlets,

The Moncrieff system, its ad vantages and disadvantages,

The preservation and oare of carriages and their parts,

Decomber, 250 Marks.

D

ELEMENTARY GUNNERY.

(ManvaL or ArtiLLERY EXEROISES AND PRINTED N oTES )
Parr L.—Srorron I,
Definition of Gannery Terms,
- SeorroN IL—TaE Gun,
1. Material for ordnance,
2, Rifling:
3. Muzzle versus broéch-loading.
4. Proportion of weight to calibre,

Seorion IIL —TrE CuARGE, y

1. Gunpowder and its action on the bore of a gun,
2; Quality of the ingredients,
3. Porportion of the ingredients,
4. Density,
6. Hardness.
6. Proportion of moisture.
7. Size of grain,
8, Amount of sraoo occupied by charge.
9. Point of ignition of charge,
10. Length of the bore of the gun,
11, Bize of the powder chamber,
12, Calibre.




13. Amount of the charge.
14. Weight of the projectile.
15. Windage,
16. Rifling, ‘

Short description of the methods of measuring pressure in
the bore and the velocity of the projectile.

Tae PROJEOTILE.
TIE FORCES ACTING ON A PROJEOTILE IN THE BORE OF A GUN.

The force of projection of the powder gas.

The rotation imparted by the grooves.

THE FOROES AOTING ON A PROJEOTILE DURING FLIGHT.
The force of projection.

The force of gravity.

The resistance of the air,

The rotation due to rifling.

Tho rotation of the earth,
VABRIABLE FOROES ACTING ON A PROJECTILE,
Variability of thé charge,

Variability of space occupied by charge in bore.
Difference of level wheels, )
Force and direction of wind,

ARTILLERY FIRE.
(MANUAL oF ARTILLERY EXERCISES.)
Parr I.—Secrion VI.—FIELD ARTILLERY.

Effect and use of projectiles, -

Shrapnel shell.

Common shell.

Firing at moving objects.

Practice with reduced charges,

Use of range tables, times of flight, angles of descent.

Parr III, S8gorions 1X AND X.—SIEGE ARTILLERY.
MeTHOD 0F LAYING,—

A, When object is visible.

1. The tangent scale is used.
B. When ogject is visible from battery, but not from gun.
2. Laying by plumb line,

3, Laying by hanging scales and quadrant,

4. Laying by an auxiliary mark in front,

6. Laying by an auxiliary mark in rear,
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6. Laying by Capt, French’s scales,
7. Laying on plumb line and mark to rear with service
sights,
C. When object is not visible from battery.
8. Obtaining line of fire. '
. 9. Laying the gun,
10. Firing by night.
PROJEOTILES USED ¥ROM SIEGE GuNg,—
Their mode of use and effect,
Common shell,
Battering shell,
Shrapnel, case and star shells.

Observations on the effeots of fire,
Mode of using rockets,

|
Panr I, Sgor. VI.—GARRISON AND COAST ARTILLERY.

Land fronts and sea fronts, :

Nature of work to be done.

Principal Hrojoctiles—Palliser shot and shell.

When each will be used.

Common shell,

Shrapnel and case.

Notes on penetration of iron plates by chilled projectiles.

DrsorrerioNn AN Usks or “ Ranae Finpers,” —
Pagr IV, Sgor. 1V.,—
And “ Siege Train Manual” and “ Field Artillery Drill Book,”
Nolan’s and Watkins range finders,
Principle of Weldon’s range finder; the objections to its
eneral use.
The hydroclinometer for elevated hatteries.
Arming batteries by night.
Hasty disablement and destruction of ordnance,
*  Maroh, 250 marks,
ManvAL GanRiSoN ArTiLEERY.—YVor, II
Papr V.—
Material and applian ces.
Parr VI.—
Elementary instrudtion,
Panr VII—

;fmhines and transporting carriages.




Parr VIIL— ‘
Moving, mounting and dismounting ordnance, carriages
and platforms,
Papr IX.—
Gun sleighe.
Part X.—

Sheers and derricks.
Repetitionand completion, in June, 1,000 marks.

SECOND OLASS.
Sectron A.—(VOLUNTARY.)

CoNsTRUCTION OF CARRIAGES, &0., IN ROYAL ARSENAL
PRINTED NoTES.

Machinery—Steam hammer.,

Notes on the variou® woods, British, and Foreign, used in
the constructioh of carriages, &o.

Form and quality of iron used, tests used.

Nature of bronze used.

Care and preservation of leather, &o.

Sizes of cordage and uses.
MANUFACTURE oF PROJEOTILES AND FuzEs,

Selection of iron for shells. Preparation of core and mould.
Casting of common shell and shrapnel.
Peculiaritios in the manufacture of Palliser projectiles.
Fitting studs and gas checks.
Lacquering inside of shell.
Construction of wooden and metal time fuzes.
Construction of tubes, port fires and rockets.
Various laboratory compositions.

Nores oN THE MANUFACTURE OF GUNPOWDER.
Manufacture of gun powder.
Manufacture of gun cotton.

Secrrov B.—(VorunTARY.)
SLADEN'S PRINCIPLES oF GUNNERY.
Cuarrer 1.
Definition of terms used in gunnery,
CuarrEg 11,

Relation between and problems upon the “angle of spiral”
and “ twist of rifling.””  Velocity of Rotation determined
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from that translation. Energy due both to translation
and rotation, omitting the note to pages 15, 16. Velocity
of recoil without noticing the weig%t of the cartridge
and without the considerations in pages 18, 19, which
should, however, be read over, the causes of inaccuracy
being noticed. Eunergy of recoil, omitting the cartridge
as before. Omit Major Kemmis' table.

Cuarrer III,
Pressure in the bore of a gun.
Craprer IV,

Work done by a charge of powder, omitting the table of
work and its applications, ¢ Factor of Effect.” Velocity
in the bore and muzzle velocity, omitting details in
pages 31, 32.

CoarTER V.

Resistance of the air. History up to Bashforth’s ex-
periments and conclusions. Calculations leading to
|4

= and to the tables of remaining Velocity.

14¢Vs
Practical use of these tables. Consider the table of K,

page 48. Omit table page 54.

‘CuarTER VI,

Calculation of Trajectories; vertical height and angle of
descent. Omit pages 69 to 84.

Crarrer VIL
Drift of elongated projectiles. See also manual of Canadian
Artillery.
Crarrer VIIIL
Probability of fire,

CraprTER IX,
Penetration of projectiles. General principles without
detail,

APPENDIX,
General acquaintance with the pringiples of Le Boulengé’s
Chronograph ; Bashforth's Clock and gravity Chrono-
raph ; V?atkin's Eleotric Chronograph; Chrusher
ange and Chronoscope.
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SeorIoN C.

(TrAoTS ON MECHANIOS, PART II1,)

Aep]ioation of mathematios to artillery machines, includ-
ing tackles, and purchases; hydraulio and other jacks ;
elevating screws; triangle gyn, shears, derricka,i

Ce




8, includ-
jacks;
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SYLLABUS OF INSTRUCTION IN JRENCH.

ALLOTMENT OF MARKS.

For entire Course (Obligatory) +:3,000

4th Class,

Ezaminations eseecenrneses100
Notes and Recitations...400

3rd Olass.

. Examinations ........c..e. 150
Matks (Obligatory).....600 { Notes and Reoitations...450

2nd COlass,

: Examinations . ..... ......200
Marks (Obligatory).....800 { Notes and Recitations...600

1st Class.

: Examinations ...........ee 250
Marls (Obligatory)...1,100 { Notes and Recitations...850




* TEXT BOOKS USED,

33!54’“‘,’/

sufficie
Contansean’s French Dictionary,

do Grammar,
French Classios, Gustave Masson,
Horaoce, Corneille,
Cinna do,
Les Xorivains Militaires do Ia France, Karcher,
Histoire de Charles XII,
. Frederick the Great, by Lord Macaulay,

Le Page's  French Master for beginners,”

do  “Petit locteur des colleges,”

do  “Jugevile treasury of French conversation,”
Guilgault's Hand Book of French,
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SUMMARY OF COURSE OF INSTBUCI‘ION‘IN FRENCH.

Grammar; reading ; diotation ; exercises for translation from
French into English, and English into French; vocabularies
and conversational lessons; comparison of the most usual
French and English idioms,

The exercises are graduated in difficulty, according to the
ability of cadets,

Special importance is attached to the oquisition at an early
stage of the knowledge and correot pronunciation of the sen-
tences, most ordinarily employed in conversation,

A complete course of literaturs is also given for those who
sufficiently understand the French language. )
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SYLLABUS OF INSTRUCTION IN PHYSIOS.

ALLOTMENT OF MARKS.

N
For Entire Course.

Obiguiary.{ Bsmlton. ..

Voluntary, { Examination...... ..eeeeeess1,000

002,800

For Second Class.

Examinations
ObI‘S'“’T'{Roomuon.... . }Totnl. wenee 700

Voluntary,{ Examinations ...e.....

For First Class.

Examinations «.eue coeeee 800
Obligatary. { Recitations........oseerees 200 }Total. e 1800

Voluntary.{ Hxaminations....cu.... cusees 800

Norz,—~In order to quality for any Certificate of Graduation
or for “Pass” in Physics, a Oadet must study in the Second
Olags, the course of Elementary Inorganic Chemistry of that

ass,




TEXT BOOK.

Ganot's Physics translated by Atkinson (eleventh odition.)

vologit
resona
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.

SUMMARY OF INSTRUCTION IN PHYSICS.
CLASS 11
EXPERIMENTAL PHYSICS.

(OBLIGATORY,)

Matter : its constituticn and physical conditions. Atomsand
molecules. Gencral properties of matter, Units of measure-
ment. The metrio system.

Energy : its varielies, transmutation and conservation.

Atomic and moleonlar forces, Chemical affinity, cohesion
and adhesion, Elasticity of traction, torsion and flexure.
Universal attraction; its laws. Terrestral gravitation, and
causes modifying its intensity.

Hydrostatics— [

General character of liquids, Equality of pressures. Laws
of pressure, Pressure independent of shape of vessel.
Hydrostatic paradox. Condition of the equilibrium of liquids.
Hydraulic press. Water and spiritlevel. Artesian wells,

Principle of Archimedes.  Equilibrium of floating bodies,
Specifio gravity, Hydrometers.

Oapillarity: itslaws and explanation of capillary phenomena.
Endosmose, diffusion,

Preumatics—

General properties of gases. Atmospheric pressure, Tori-
celli's and Pasoals experiments, Different kinds of baro-
meters, _Corrections of barometers for capillarity and temper-
ature, Barometrio variations,

Measurement of elastio force of gases. Boyle's law. Mano-
meters, Aneroid barometer,

Archimedes’ principle applied to gases. Air balloons, Air-

ump, Bianchi's, Sprengel’s, Bunsen’s and Morren’s : Gauge and
binet ntopcooﬁ. Uses of air-pump, Condensing pump, Suc-
lion and force pumps. Fire engine, Fountain in vacuo,
Intermittent fountains, Velocity of eflux. Quantity of efflux.
Direction, form and height of jet. Water wheels and turbines.

Sound—

Sound and noise, Cause of sound. Propagation, intensity,
volooity, reflection and refraction of sound, Kohoes and
resonances. Speaking and ear trumpet.. Stethescope.
Monsurement of number of vibrations, Savart’s apparatus.
Byren., Limit of peroeptible sounds,

Musical tones. Pitoh, intensity and timbre. Diatonicscale,
semitones, chromatio scale, Number of vibrations producing
each note, Musioal notation,




_ fication and circumstances retard
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. Wavo length. Production and perception of sout.d. Vibra.

tion of strings. Nodes and loops.  Wind, mouth, reed and
stringed instruments, (hemical harmonicon, Phonograph,

VoLunrtary,

Motion in acircle, Centrifugal force,
Work; measure_of woik ; unit of work. .
The Balance. Conditions to be eatisfied in its construotion.

Atwood’s and Morin's machines for verifying laws of falling
bodie %, Compound pendulum,

Sound —
Caloulation of the velocity of sound in gases. Velocity of
sound in various gases, Doppler's Pprinciple.

mpound musical tones and harmonics. Helmholtz's
analysis of Sounds, Beats, Musical chords,

Verification of laws of transverse vibrations of strings.
Nodes and loops of an organ pi

ipe.
Vibrations of rods, plates antf membranes. Graphical method

of representing vibrations, Phonautograph,  Manometrio
flames, :

Text Book.—Ganot's Physics; books st and 2nd (selected
portion) and books ord, 4th and 5th,

—

Crass I,

Q

OBLIGATORY.

Heat.—Theorics of emission and undulation, General effoots
of bheat.. Expansion, Temperatura, Thermometers, the_ir
manufacture and graduation, Comparison of Fahrenheit,
Celsius and Reaumur scales, Corrections on readings of ther-
mometers. Alcohol, differontial and metallic thermometers,

aximum and minimum thermometers, Pyrometers.

Linear and cubical expavsion ; coefficient of expansion,

otical application of principle of expansion, Compensation
pendulum and balance,

Expansion of liquids, Fo
Ximum density of wator,

Bxpansion of gases; its laws, Practical application. Air
thermometers, ensity of gases,

Fusion; influence of pressure, Latent heat of fusion. Solidi-
ing it. Change of volame on

ree exerted by liquids in expansion,

solidifying, Freezing mixtures,
Vaporization. Elastic force of vapors,

Evaporation,
Ebullition and circumstances affecting it.

Papin's digester.,
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Latent heat of cbullition, Cold due to evaporation. Carrd’s
refrigerators, ’ i

Distillation. TLiquefaction of gases, Spheroidal condition,

Hygrometric state of atmosphere, . Hygrometors,

Conductivity of solids, liquids, and gages. Applioations,

Radiation of hegt; its laws, Newton'’s law of cooling,
Beﬂecting..radiating;}:d absorbing powers of substances,

Dynamical theory‘of heat, Thermal spectrum, Trapsmu-
tation of obscure rays, Application of properties of abgorh.
ing, emitting, and refleoting heat, Radiometer,

Thermal unit. Specific heat, Dulong and Petits Jay,

Steam engine. Double and single acting engines, Loco-
motives. Low and high pressure engines. Hot air and gas
engines,

Sources of heat; friction, pressure, percussion, chemioa}
action, Solar and terrestrial heat,

Methods of heatin ; open fire-places, stoves, steam, hot
water,  Cold produced by expansion of gases, Absolute zero,
Dissipation of energy.

Light,—Definitions,, Theories of light. ' Propagation of
light, Shadows, Images produced by small apertures, V.
Tocity of light, Laws of intensity, Photometor,

Reflootion ; its laws, Formation of images by plane mir-
rors. Virtual and real images, Maultiple images, Diffaged

light, Concave and convex mirrors; their foci and images,
Parabolic mirrors,

Refraction ; its laws and effeots, Total refleoticn, Miragé.
Prism, and its effect on light,

Lenses; their effect on light, foci, and formation of images,

Relative magnitude of image and object, Aryngoscope,
Solar spectrum, Recomposition of white light, * Color,
Mixed and complementary colors, . Speotrum and pigment

colors. Homogeneous light, Properties of fpectrum, Spec-
troscope and its application,

Microscope, simple and compound.

Tolescope, astronomical and terrestrial,

Camera obscura and lucida, Magic lantern, Solar micro-
scope, Photographic apparatus,

ho eye—its parts; path of rays; inversion of

visual angle, Hstimation of distance and size,
distinet vision, Accommodation, Stereoscope, ersistence
of impression on retina, Use of eye-glasses, O thalmoecope,

Magnetism,—Definitions. Theories of magnetism, Magpetio
induction, Coercive force, \

Directive action of earth on mognets. Terrestrial and mag.
Detio couple. Deoclination and its variation. Mariner's

images;
Distangg of
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compass. Inclination. Astatic needle. Intensity of earth’s
magnetism.: Laws of attraction and repulsion. Magnetio
curves,

Methods of maguetising ; single, separate and double touch
and action of earth, Magnetism of iron ships, Maguetic
battery. Circumstances influercing the power of magnets.

Statical Electricity.—Deyeloped by friction, prossure, cleav-
age, heat. Conductors and insulators, Positive and negative
electricity. Theories of Electricity.

Laws of Electrical attraction and repulsion. Distribution of
clectricity. Loss of charge.

Induction. Limit to its action. Motion of eleotrified
bodies. Electroscopes. )

Electrophorus. Plate and cylinder electric machiros. Maxi-
mum of charge, Holtz's electrical machine. Electric spark.
Electric chimes and whorl,

Condensers, Slow discharge and instantaneous, Fulminat-
ing pace. Loyden Jar. Residual charge. Electric battery.
Condensing électroscope.

Electric discharge j its physiological, luminous, heating,
magnetic, mechanical and chemical effects.

Dynamical Electricity.—Galvani's and Volta's experiments,
Electricity from chemical action. Voltaio couple, Electro-
motiveseries. Electrodes, Voltaic pile. Wollaston's battery,
Enfeeblement of current. Daniell’s, Grove's, Bunsen’s and
Leclanche's batteries. Amalgamation of plates. 'Dry piles.

Detection and measurement of Voltaic currents, Multiplier.
Tangent and sine galvanometer, Ohm’s law.

Heating, luminous and chemical effects of current,

Electric light; its properties and intensity. Electrolysis,
Electroplating.

Action of currents on carrents, of magnets on currents and
currents on magnets. Ampére’s theory cf magnetism, Mag-
netization by currents. Klectromagnets.

Telegraphy. Single needle and dial. telegraph, and Morse-
Sounder. ~ Electric alarum and clocks. Electromotor,

Induction by currents. Lenz'slaw. Induction by magnets.
Extra current, Property and laws of induced currofits,

Magneto-electrical machines; commutator. Ruhmkorff's
<coil, and effects produced by it. Geissler’s tubes, Telephone.

Principles of diamagnetism and thermo-electricity,

Meteorology.—Winds; their direction, velocity, cause and
rotation, i

Wogs and mists, clonds, rain, waterspouts.

Influence of aqueous vapour on climate,

Dew, hoarfrost, snow, sleet, hail, glaciers.
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A tmospheric electricity, cloud electricity, lightning, thunder,
return shook, lightning conduotors, rainbow, aurora borealis.
Climate and influences modifying it.

; . VoLunTaRry, \

Heat.—~Measurement of coefficient of linoar expansion,
Measurement of absolute and apfarent expansion of meroury,
and coefficient of expansion of glass. Correction of barome-
tric and thermometric readings, Determination of the oxpan-
sion of gases and density of vapours,

Tension of aqueous vapour and of mixed vapour. Laws of
mixtures of gases and vapours,

Recent researches in liquefaction of gases,

Measurement of radiant heat. Reflection of heat. Trans-
mission of heat rays. Influence of nature of heat and char-
racter of screen on transmission, Diffasion of heat. + Rela-
tion of gases and vapours to radiant heat, and of absorption
to molecular state,

Mesurement of specific heat of bodies by fusion, mixture
and cooling. Specific heat of gases. Calorimeters, Mochanical
equivalent of heat,.

Light.~Fizean's method of determining velocity,

Formulew for spherical mirorrs. Heliostat,

Measurement of index of refraction in solids, liquids and
gases. Spherical aberration. Caustics,

Formulw relating to lenses. Combination of lenses. Fluor-
escence and_phosphorescence, Achromatism of microscope,
Galileo’s, Newton's, Gregory's and Herschell’s telescopes,
Photo-electric microscope. Lighthouse lenses. Stereoscopes,

Undulatory theory cf light ; its - explanation of reflection .
and refraction, Double refraction,

Interference of light. Diffraction, N ewton’s rings,
Polarization, its effects, Saccharimeter,

Magnetism.—Declination and inclination compass, Methods
of determining laws of magnetic attraction and repulsion,
Total action of two magnets on each other. Determination
of magnetism in absolute measure. Portative force of
magnets,

Hrictional Electricity.—Electrio density. Potential and
capacity and their measurement, Potential of a sphere,

araday's experiments on induction and theory of induc-
tion.  Speoific inductive capacity.

Armstrong’s hydro-electric and Carré's dieleotric machine,

Limits to charge of condensérs and calculation of con-
densing force, Charging by cascade, Measurement of charge
of a battery. Laws of eleotric charge  Thomson's quadrant
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and absolute eloctrometers. Potential of a Leyden jar.
Heating effects of electric discharge. Application in firing
mines, ' Duration of electric spark, Velooity of electricity.,

Dynamical Electricity. —Electromotive force, Recent forms
of voltaio battery. Gravity batteries, Comparison of power
of different batteries. Marine galvanometer, Arrangement
of battery for maximum effect,

Laws of heating effects of ourrent, Regulators for electric
light. Comparison between tangent galvanometer and vol-
tameter. Polarization. Gas battery,

Laws of angular and sinuous currents, Rotation of currents
by currents and by magnets. Directive action of earth on
ourrents,

Writing telegraph, Dulplex telography: Marth current.
Induction in telegraph cables, Electromagnetic machines,

Inductive action of Leyden discharge, of magnets on bodies
in motion, and of earth, >

Magneto-electrical machines : Clarke’s, Wild’s, Ladd’s and
Gramme'’s. Siemen’s armature,

Miorophone. Tasimeter,

Diamagnetism,

Different forms of thermo-electric batterjes, Electrical
thermometer and pyrometer, ‘ .

Determination of electrio constants,

Meteorograph,

Text Book,

Ganot's Physice. Books 6th to 1
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ROYAL MILITARY COLLEGE OF CANADA.

SYLLABUS OF INSTRUCTION IN CHEMISTRY.

ALLOTMENT OF MARKS.

For Entire Course.

Exam}nations ...... sessese s Seivie 2,200
Voluntary. { Reoltations .coosesssesiiisnnsess ’300} Ha00

N

For Second Class.

. Examinations .. e 400
Obligstory. { ReOHBHONS.vv0vrseenssorsrrrrr: 100 } 500
For First Class.

( ( Inorganic Chemistry...650

P Organic Chemistry or
Voluntary, { Examinations Cﬁemistry of Metals..550 $ 2,000
Laboratory «..eeeses «ss« 600
Recitations..ucessiseessssenesancasses sesarsns 200

Norz,—1In order to qualify for any Certificate of Graduation,
or for “Pass” in Physics, a oadet must study in the
Class the course of Elementary Inorganic Chemistry of the Class




TEXT BOOK.

—

Bloxam's Chemistry—Inorganic and Organic (fourth edition,)
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SUMMARY OF INSTRUCTION IN CHEMISTRY.
BLass 1I.
INor@aNIc COEMISTRY.—VoOL  UNTAR

General principles. Constitution of matter,

Solid, liquid and gaseous condition of matter.

Elements and their classification. Symbols and atomic
weights.

Chemical affinity. Chemical combination and mechanical
mixture, Solution,

The nov-metallic elements: their occurrence in nature,
physical and chemical properties, and modes of preparation,
Uompounds of these elements with each other and with the
metals,

Water.—Its decomposition by the galvanic battery, heat,
electric spark and chemical action. Constituent elements of
water, and their relative weight and volume, Laws of definite
proportion—atomio thoeory.

Hydrogen.—Illustration” of its properties, physical and
chemical. Diffasion, Theoretical unit of weight and volame,
Hydrogen a metal,

Oxygen.—Its history, source and properties. Carbon, phos-
phorus, sulphur, potassium, iron and zino burnt in oxygen ;
differences in the emission of heat and light, and in the char-
acter of the producte, Oxides, anhydridos, acids, bases and
salts, Role of oxygen in nature ; combustion, Chemical nota-
tion and nomenclature, Use of formulsm and equations. Rela-
tion of volume of a gas to temperature and pressure,

Analysis and - Synthesis of Water —Explosive gaseous mix-
tures. Oxyhydrogen blow-pipe. Different varieties of water
in natare, Tests for its purity and hardness, Presence of
organic matter. Astion on lead, Petrifying springs ; stalactites.
Chemical relations of water. Hydrates, efflorescence, deli-
quescence, crystallization, distillation. Peroxide of hydrogen.
Ozone, its production antt’ properties,

Nitrogen.—The air, its constituents and methods of analysis;
Eundiometry. Réle of its several components. Uniformity

of composition, how maintained. Proof that air & mechanical
mixture,

Carbon.—Natural and artificial varieties, Allotropes.
Diamond, its ocutting, polishing, valuation and usés; how dis-
tinguished from other substances; proof that diamond is pure
carbon, Graphite, its uses. Amorphous carbon; different
varieties and their applioations in the arts, Peculiar value of
lampblack as 8 printing material. Imperfect combustion of




wood in meilers or retorts, - Absorption of odors, guses and

coloring matters by carbon, Co

special uses, Products of combustion, Smoke nuisance,
Carbonic Anhydride,~ Evolved in roapiration, combustion,

fermeutation, patrefaction, &o, ect on flame and life ;

ventilation. Relation of animal and

voﬁmblo world to ocar.
nic acid ; effervesoent, drinks.  Baboook’s extinguisher ;

liquefaction of ocarbonic anhydride ; carbonates ; analysis of
i i ubstances,

and oxidation,
Coal Gas.—1Its production an

purifleation, Deseription of
gas works, Subsidiary produots in distillation of coal,
Silicon.—Silica : varioties in naty

T, orystallized and amop.
phous.  Dialysis, Silicates: methods of fusion, Varieties of

glass and their composition, Annealing, coloring and enamel.
ing of glass, Manufacture of glass utonsils, ,
Boron.—Borax, boracic acid,

General Charaoteristics of Onrbon Group of elements,

Ammom’a.—PrepnruLion of tho gas and s roperties, Hgx.
traction of ealt from the ammoniucal liquor of 8asworks,

iquor ammoniae. Liquefaction of Ammonia, "Ammonijg
refrigerator.  Ammonjum theory, Balty of Ammonium,
Analysis of ammonia, Atomic weight and volume of nitrogen,
Molecular weights and volumes, Atomicity of elements,
Molecular types, Detormination of nitrogen in organio sub-
stances. Production of ammonia and nitrates ip nature,
Nascent state,

Nitric Acid.—Itg manufacture, properties, industrial appli.
cations and laboratory uge, Oombining weight of nitrio acid,
Nitrates. Tests for nitrio acid. Nitrio anhydride,

Nitrous Oxide and Nitri Ozide,~Their Preparation and pro.
perties, Nitrons anhydride and nitrous acid, Nitrites,
Review of Owides of J\‘z‘trogm.—Anbydrldol and acids, Laws
of definite, reciprocal and multiple proportions,
unpowder.—Preparation of ingredients anq manufacture,

Properties and products of explosion, Oaloulation of force of

ﬁmviJ gunpowder. Blasting powder,

@uncotton.—Abel's prooess of manufacture, Effect of ﬁmp-

its varioties and their

ing gur
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ing guncotton compared with gunpowder, Theory of explo-
sions,

Bloxam’s Inorganic Chemistry, pages 1 to 146 ; 411 to 438 b
511 to 518,

——

CLASS 1.
d INORGANIC CHEMISTRY.

Metalloids,— Their occurrence in nature and modes of prepara-
tion cont nued.

CnroriNg Group.

Chlorine,— History, occurrence in nature and oxtraction from
‘common salt, Physical and chemioal properties. Attraction
of chlorine fur hydrogen. Oxidizing, bleaching and disinfect-
ing properties, Applications in industrial arts, Hydro-
<hloric acid—Preparation and properties of the gas and its
solution in water, Action of the acid on metals and metallic
oxides.  Chlorides, Analysis of acid. Molecular weight,
Aqua regia. Hypochlorous anhydride and acid. Chloride of

3 lime. Usos of hypochlorites, ~Chloric acid and chlorates.

Proparations and uses of chlorate of potash. Colored fire com-
positions, Chlorons acid and chlorites, Chloric peroxide.
Perchloric acid, Review of oxides of chlorine—Comparison
with oxides of nitrogen. Chloride of nitrogen,

Bromine.—~Extraction from mineral water and uses. Resem-
blance to chlorine. Oxides of bromine, Hydrobromic acid.
Bromides,

Todine.~Extraction from sea-woed ashes, Characteristics
and uses, Todic and periodic acids. Hydriodic acid. Iodides.
Todide of nitrogen,

Fluorine.~Its occurrence in nature, Hydrofluoric acid.
Btching on glass—(1) dull, (2) clear. Fluorides. Hydro-
fluosilicic acid.

Review of Chlorine Group.—Group characteristics and indiyi-
dual differencos. Gradation in properties. Atomicity and
quantivalence of elements and radicles, Types.

SuLPHUR GRoup,

Sulphur.~Its occurrence froo and combined, Extractio_n
and refining of sulphur, Commercial varieties. Allotrppw
forms;, Eleotronegative and electropositive sulphur, Received
explanation of allotropy and dimorphism, Mothods of crys-




tallization : (1), sublimatin i (2), fusion; (3), solution, Uses
of sulphur. “Influence of hent on specific gravity of vapours,
Hydrosulphuric acid, its preparation, Propertios and labors.
tory uses, Sulphides, their separation into groupe,  Aotion
of hydrosulphuric aeid on paint.  Sulphur acids, basos
and salts, Aotion of ajr on sulphides. Analysis of hydro-
sulphuric acid, Persulphide of hydrogen, Sulphurous anhy-
dride and acid, Bleaching, deoxidizing and antige tio rro-
perties. Dibasic acids. Acid and normal salts, Sulphites,
Testa, Sulphuric anhydrido and acid. Qld and new methods
of manufacture, Theory of the new process. Foonomio ex.
pedients in manufacture, Importance of acid in industrial
arts, Physical and chemical properties. Tabular represents..
tion of steps in bydration of the anhydride, Impurities and
tests, Sulphates, Acid, normal and double sulphates,
Determination of composition of sulphurie acid, Polythionie
acid series. Structural formule of oxides and hydrated oxides.
of sulphur.  Bisulphide of carbon, its preparation ang uses,,
Sulpho-carbonates, Chlorides and jodides of sulphur,

Gradation,

Prosprorys GROUP_.

Phosphirus.—Distribution in natare. Preparation, Varietjes,
Manufacture of red variety, Physical, physiological and
chemical properties of phosphorus, Comparison of red and
yellow varieties. Reducing action, Uges, Friction matches,
(1) lucifer, (2) silent, (3) safety, Posphorus fuze composis
tion,

Ozides of phosphorus. Table of anhydrides and acids,
Structural formulgm,

Phosphorie anhydride and acid, Meta-, pyro., and ortho-
Phosphoric acid and salts, Uses and chemical tests for acids
and salts, :

Phosphorous anbydride and acid, Hy pophosphorous acid,
Phosphides of hydrogen. Chlorides, iodides and sulp ides of
phosphorus, h

Arsenic.—Occurrences in nature,  Extraction from mig-
pickel. Properties and chemical relationship.  Arsenjoug
achydride, Chemical and physiological Properties and uges,
Arsenites, Scheele's green; Arsenic acid. Arsenates,

Arsenetted bydrogen. Marsh’s and Rheinsch's test for
arsenic, :

Antimony.—1ts sources and properties.  Alloys, Oxides of'
antimony,” Antimonetted hydrogen. Tests for antimony,
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Bismuth,~ Extraction, properties and uses. Oxides. Flake
white and pearl white,

Review of Phosphorus Group.— Chemical relationship of
members of group to each other and 1o nitrogen, Gradation
of properties, Gradual passage from metalloids to metals,

General Review of Metalloids.— Atomioity and quantivalence.
Monobasic, dibasic and tribasic acids, Structural formulsm,
Metals and their classification, Alloys, Haloid Salts, Oxysalts and

Double Salts. Theory of Types. Principal Metallurgical
Operations.

METALS OF THE ALKALIES.

Potassium.~Caustic potash. Carbonate and bicarbonate.
Nitre, Chlorate of potash. y

BSodium.~Common salt, Manufacture of carbonate of soda,
Caustio soda, Borax, Soluble glass. Sulphate and phosphate
of soda,

Ammontum.—1Its principal salts,

Lithtum, Rudidium and Cesium.~Spectram analysis, Char-
acteristios of alkali group.

MErALS oF ALKALINE EARTHS.

Barium, Strontium, Calcium and Magnesium and their chief
Salts,~Lime, Gypsum. Mortars. Characteristics of group,
Tosts, Relation between specific heats and atomio weights,

MeraLs or Tae Eartns,

Alumintum.~1Its preparation and uses. Chief salts, Sili-
cates. Clay. Porcelain, Pottery. Cements. Alum. Ultra-
marine, Other metals of the earths, Characteristics of group.
Tosts,

Iron Groups.

Iron—Oras of Iron., Oast iron, wrought iron and steel.
Blast furnace, Chemistry of process of smelting. Hot blast.
Grey, mottled and white “iron. Chill casting. Refining and
uddling, Bessemer process. Different varieties of steel,
Untalan process of extracting iron, Oxides and salts of iron,
Manganege.~Oxides and salts,

Qobalt and Nickel and their chief compounds,
Ohromium and Uranium.—Bichromate of potash, Character-
inties of group. Tests,

Zixo Group.

Zine.~Methods of extraction from ores. Uses. Galvanizod
iron,
Cadmium and Indium.— Characteristics and tests,
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CorpER GroUp,

C'Opper.—Smelting of copper ores, Uses of metal. Alloys:
brass, bronze, &o,

Lead.—Metallurgy of lead. - Extraction of silver from lead

ores, 0 metal, shot, solder, &o. Saltg of lead. Manufac-
ture of white lead, ;

hallium — iscovery by 8pectroscope. Characteristios and
tests of group,

: Tin Grove,
Tin.—Extraction and purification,
cipal salts,

Titanium, Molybdenum, e, —
tests,

Tin plate; alloys. Prin.
vGenornl characteristics and

NoBLE Mgrars,

Silver.—Extraction” from copper by liquation. Standard
silver, Electroplaling. Principal sals,

Mercury.—Extraction and purification. Uges, Amalgams,
Its, -

Gold.—Methods of extracting, Standard gold, Testing and
aseaying of gold, Gilding. Purple of Cassius,
Platinum—Sources and Preparation.  Spongy platinum,
Platinum black, gp]ts,
Iridium, Palladium, dc.—Goneral characteristics and tests,
loxam'’s Inorganic Chemistry : Pages 146 to 256, and 411
to 417; selected portions from pages 256 to 410,

OraaNIC CreyisTry,

Analysis of Organic Oompounds.—Determination of molecular
weight. Empirioal and rational formulm, Sabstitution,
Isomerism, Homologous series, saturated and unsaturated
compounds,

ssification of Organic Compounds baged upon atomicity,

General Characteristics of Groups.—Hydrooarbons. Al-
cohols, Mercaptans, Kthers, Aldehydes,” Ketones, Acids,
Anhydrides, Amineg, Organo-metallic compounds.

Marsh Gas and Substitution Products,
products and thejr general reactiong, Chloroform, H: droxyl
substitution products; general re-action of Alcohols, ethyl,
Ether and Aldehyde, ~ Formio Acid.  Sulphur substitution
products, N; itrogen derivatives ; Amines, Amides, &c., Nitriles
and Nitro compounds. Usges,

Hydrocyanic Aeid ang Oyanides.-Ferrooyanides and F
anides and similay tompounds. Cyanogen, &o,
Cyanuric Acid, Fulminates.

errioy-
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Methyl with Phosphorus, Arsenic, Antimony and the metals.
Compound Ethers,

Ethyl Compounds.—Ethylene and Acetyleno and their deri-
vatives, Preparation and properties of Kthyl Alcohol, Ether,!
Aldehyde., Chloral.  Acetic Acid and its Salts. Acetic
Anhydride. Ozalic Acid, Glycols. Mercaptan,

Propyl Compounds,—Propylene. Allylene. Acetone. Keo-
tones and their properties. Lactio Acid, Glycerine. Nitro-
‘glycerine, Dynamite. Isomerio compounds,

Butyl Compounds.—Butyric, Succinic, Malic and Tartaric
Acids, and other derivatives,

Amyl and Hexyl Compounds,—Valerianic and Citric Acid, &o.
Mannite,

Fats and Oils.~Soap. Saponification.

Sugar.~Ita varieties, Extraction of Cane Sugar. Sugar
roﬂnln% Beet-root Bugar. Production of Sugar from cotton,
paper, &o,

tarch.—From potato, wheat, rice, sago, tapioos, &. Dex-
trine, Cellulose. ~ Gun.cotton, its preparation and properties,
Oollodion,

Fermentation,—Alcoholio, lactic,butyrio, mucous and acetous.
Oonditions necessary for fermentation and circumstances in-
fluencing it. Action of heat, acids, alkalies, &¢. Wines and
distilled spirits, Germination of Seeds. Malting and brewing.

Aromatic Series of Organic Compounds.—Theory of their con-
stitntion, Benzole and its derivatives. Aniline, Toluol, Xylol,
Cumol, Cymol,

Naphtalene, Anthracene, d&c.~Camphors, Essential Oils,
Resins, Alkafolds, Ooffee, Tea, Cocos, Tobacco.

Qoloring Matters~Their general properties and preparation.
Dyeing and Oalico frinting. Coal-tar dyes. Products of the
destructive distillation of wood and coal.

Vegetable Ohemistry.~Food of plant and its sourcer. Tissuo
of vegetable, Growth of plant and ripening of seed. Decay.

Ammal Ohemistry.—Chemistry of milk, blood and flesh,
Exorementitious products. Patrefaction and disinfoctants,
COhemistry of tanning,

_Text Book,~Selected portions from Blozam's Organic
Ohemistry, pages 439 to 646, Notes from Lectures.

Praomror Cremistry.

Qualitativo analysis of substances containing a single metal
and a singloe inorganio or organio acid.

Uso of the blowpipe.

Flamo reactions,

Exerocises in writing out formulse expressing reactions,
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Qualitative analysis of a few mixtures,
a few simple minerals,
of gunpowder,
Analysis of substances insoluble in water and acids,
Text Book.—Bloxam's Laboratory Teaching.
Printed table of course of analyses of mixtures.




ids,

of mixtures.

ROYAL MILITARY COLLEGE OF CANADA,

SYLLABUS OF INSTRUCTION IN GEOLOGY AND
MINERALOGY.

e

ALLOTMENT OF MARKS.

1st Olass.

Notes and

2,000. Recitations.

200

Voluntary, {Examinations, i 1,800




TEXT BOOKS.

—

Dana’s Text Book of Geology, fourth edition,

Dana’s Manual of Mjneralogy, third edition.
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SUMMARY OF INSTRUCTION IN GEOLOGY AND
MINERALOGY,

Crass I,—VoLuNnTaRy,

Relations 3;1 Geblogy.—Relations of Barth to the Universe—
2

ject of Geology.—Sub-divisions of Subject.

Physiographic Geology.—Earth’s general contour, Form of
earth and probable causes. Sub-divisiong of its surface and
character of its reliefs, Mountains, river systems, &,

System in the surface form of Continents : Continents
bounded by high borders, with oomparatively low interiors
and highest boarders facing deepest ooeans,

System in Courses of Earth’s Foeature Lines ; North-western
and north-eastern' trends, .

System in Oceanic Movements and Temperatures ; Oceanic
currents ; their courses, causes and effects,

Atmospheric Currents and Temperature, Climate, Effect
of currents of air and ocean, on distribution of sterility and
fertility. Forest regions, prairies, deserts, &o.

Lithological Geology.~Constitution of rocks. Elements
composing minerals and minerals constituting rocks.

Silica and Silicates Quartz and its varieties, feldspars,
micas, hornblende, pyroxeme, serpentine, &o. Mineral Car.
bonates, Sulphates and Phosphates: Materials of organic
origin : Corals, coal, phosphates, &o,

ﬁinds of Rocks: Properties to be observed in the determina-
tion’of rocks; texture; hardness; specifio gravity, &o. Terms
used in desoribing rocks;

Fragmental rocks: Conglomerate, sandstone, shale, &o,

Limestones : massive limestone, dolomite, chalk, marl,
marble, &o.

Metamorphic Rooks : quartzite, granite, gneiss, mica-sohist,
syenite, &o,

Bruptive Rocks : Trachyte, dioryte, doleryte, &o,

.Examination of specimens of principal minerals and chief
varieties of rocks, '

Condition, Structure and Arrangement of Rock Masses—

Stratified Rooks : nature of stratification. Structure and
arrangement of strata, Natural positions and dislocations of
sirata, dip, strike, outerop, faults, &o. Fossils,

Unstratified Rooks: veins, dikes, &o.

Short Sketch of Animal and Vegetable Life—

Historical Geology : Rocks, in order of thejr formation and
contemporaneous events in geological history, Floras. Faunas, :
Geographical progress, Progress of life,
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Dynamical Geology.
earth’s crust.

Life~Its protective, transporting and destructive effeots,
and contributions to rock formations. Poat and coal deposits.
Coral islands and réefs,

Atmosphere.~Its rending and abrading effects. Transporta-
tion of inorganic matter and living species.

Water.—Fresh water rivers and lakes, their mechanical
effects, erosion of soil and rocks; transportation of gravel,
sand, &c., and distribution of material transported, Mechanical
offects of subterranean waters. Land slides.

Oceanic Wators : their mechanical effeots arisin from (1)
the general gystem of currents, (2) wind waves an currents,
(:3) tidal waves and currents, (4) earthquake waves ; their
effects in eroding, transporting and distributing ‘material and
in the formation of deposits,

Freezing Water : its disintegrating effects. Ice as a trans-
porting agent. Icebergs, Glaciers: their nature, formation,
cause, manner of movement and eroding and other effects,

Chemical effects of Water : in’consequence of (1) its solvent
properties, () the affinity of its elements, (3) substances taken
into solution.

Heat.—Caunses influencing its distribution, Sources of heat :
(1) sun, (2) earth’s interior, (3) chemical and mechanical
action, Fiffeots of heat in dilatation and contraction and meta-
morphosis of rocks, :

Volcanoes.—Their nature and geographical distribution,
varieties of voleanic cones, non-voloanic -igneous eruptions,
Heat of lavas and condition of voloanio action, Thermal
waters, geysers,

Metamorphism.—Definition of the term ; phenomenon due to
action of heat and water, &o.” Effects of metamorphism, ag
consolidation, cerystallization, loss of vaporizable or soluble
materials, &o. Origin of heat causing metamorphism—Local
metamorphism.

Mineral veins, lodes and local ore deposits.~Pogitions, forms,
structure ; origin and filling of fissures,

Effects of the cooling of the earth on its c:g.—Changes of

—Forces at work in development o

level. Formation of mountains, origin of moffitains. Rosults
of action of mountain making force. Epochs of mountain
making, Floxures, fractures and faults, arthquakes,
Bvolution of the Earth's JSundamental features,~Continental
borders and” system of trends, how developed. Climatal
developments. :

SumMMARY oF INSTRUCTION IN MiNgrALOGY.
Gencral characteristics of Minerals,
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Crystallization, Systems of Crystallization in detail. Cloav-
age. Dimorphism,® Measurement of Angles. Crystalline
Aggregates,

Physical and Chemical properties of Minerals, Action of
acids, blowpipe, &o,

Classification of Minerals, Description of Minerals in detail,
Ores. Chemical composition of Minerals,

Methods of determination of Minerals,

Text Book.~Dana's Manual of Mineralogy and Lithology

{third edition).
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ROYAL MILITARY COLLEGE OF CANADA,

SYLLABUS OF INSTRUCTION—-FREEHAND
DRAWING: AND PAINTING.

ALLOTMENT OF MARKS,

v

Obligatory
Voluntary......oneeees

4th Class.
OBLIGATORY—300 MaRKs,
Drawing from copies and { Examinstions, (Annual,) 100
objects, Term work, 200,
3rd Class,
OBLIGATORY—400 MARKS.
Drawing from copies and { Examinations. (Annual,) 150
objects, Term work, 260,
- hVOLUN;‘ABY—-lOO MARgs;
ainting in monochrome from
copies, objects and nature, } Term work, 109.
2nd Class,
OBLIGATORY—800 MARKS,

Drawing from copies, objects ) fic e 3
and nature, or : | Examinations, (Annual,) 150,

For entire caurse{

Painting in monochrome from
copies f Term work, 650.

VoLuxTARY—300 MARKS,
Drawing from objects and

nature, or
Painting in colour from copies, et work, B0R;

objects and nature,
1st Class.
OnrLIGATORY—1,100 MARKS.

D'“;': ::::‘m'ogf’e" objects) Examinations. (Annual,)?200.
Painting in monochrome from

copies objects,and nature. Term, work, 900,

VoLUNTARY ~ 500 MARKs, a

Drawing from objects and i

nature, or
Painting in colour from objeots Lo woek, 800.

and nature
b




| TEXT BOOKS USED,
Barchett’s Perspective,
Redgrave's Catechism on Colour,
Warren's Artistio Anatomy of tho Human Figuro,
do do Horse,

Merrifield’s Manual of Light and Shade, with reference to
Model Drawing.

Green's Sketching from Nature, Part 1 and 2,

BOOKS RECOMMENDED To BH READ,
Bonomi's Proportions of the Human Figure.

Ruskin’s Modern Painters, Publishers, 0, Robinson, Lon.
don, \\%C.S; Smith & Elder, London, or Wiley & Sons, New
York, U.S.

_Ruskin’s Stones of Vonigo, Publishers, O, Robinson, Lon.
don W.C.; Smith and Elder, London, or Wiley & Sons, Now
York, U.S.

J. D. Harding's Principles and Pratice of Art,  Chapman
& Hall, London,

«Field’s Chmmatogmphy. Winsor & Newton,
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SUMMARY OF INSTRUCTION, FREEHAND
DRAWING.

GRADE 1.—(OBLIGATORY),

Preliminary courses in linear perspective,

Froehand outline drawing from copies of ornaments, objects
and models,

Freehand outline drawing from the round, models, objoots
and ornament,

Shading from flat examples or copies,

Shading from the round or solid forms,

Time sketching and sketching from memory,

Drawing the human figure and animal forms from copies in
-outline.

Drawing flowers, foliage and landscape details from natare,

GRADE 2.

(Obligatory). Practical a plication of perspective to gen-
-eral drnwing—landscape, architecture, &c.

(Voluntary). Studies of historic styles or ornament and
applied design.

(Voluntary), Drawing in a given time the bones and
musoles within the outline of the antique figure,

(Obligatory). Drawing the human figure and animals forms
from the “ round.”

(Obligatory). Painting from flat examples and from the
cast in monochrome and colour,

(Voluntary), Painting direct from naturo in water colour,
flowers or still like, landscapes and views of buildings,

(Obligatory), This grade to embrace a general Enowledge
of the principles and practice of art, ¢ e, light and shade

-eompositions, omit andp principles of harmonious colouring,

GRADE 3,—(V OLUNTARY),

Paintil:g the human figure or animals in water.colour from

copies and from nature,
ime studies from the living model.

LY
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ROYAL MILITARY COLLEGE OF CANADA.

SYLLABUS OF INSTRUCTION IN ENGLISH
LANGUAGE AND LITERATURE.

ALLOTMENT OF MARKS.

For Entire Course.

Voluntary, § Torm Worlkemomen o

Examination (Anpual)..... 600
Obligatory, { pianmightion (Anmual) ..1,000? 1»600} -
)

Fourth Class.

Obligatory, { Famm Worie, s s - 800} 800

Third Class.

Obligatory, { o oo (Aanua. oo 3001 00
Second Class. ]

Examination (Annual)....ceeeeees soenee 300
Voluntary, {Term Work...(. ......... ) .................. 400} 700

Fmt Class.

Hxamination (Annual) .....o ceeeies voee 300
Voluntary, {Te rm Work...(......... ) .................. 400} 700




J

TEXT BOOKS,

—() e

Shaw’s “ Students Manual of English Literaturo,” -

Bain's “ English Rhetoric and Composition,”
Marsh’s “ Leotures on the English Language.”
Whately’s # Rhetoric.”

BOOKS RECOMMENDED TO BE READ.

s () e

Earle’s « Philology of the English Language.”
Max Mauller's “Science of Language,”
Mostzner's “ English Grammar.,”

Taine’s “ English Literature.”




!

SUMMARY OF INSTRUCTION IN ENéNSH
LANGUAGE AND LITERATURE.

Practice in writing letters, reports, and essays, and also in
grammatical and critical exerciges, form an important part of
the Obligatory course of the 4th and 3rd Classes. Essays and
oritioisms of & higher order form a portion of the Voluntary
course of the 2nd and 1st Classes.

4TH CLAss:

(OBLI1GATORY.)

Sgorion I,—On the philological relations of tho English
language.

SeomoN IL—On the historical changes in the English
language.
E;; From the inflected form in Anglo-Saxon.

Through the influence of Romance and other
languages.
SectioN ITL.—On composition. .
(1) Philosophy of style.
(23 Formation of sentences.
3) Figures of speech.
E4) Different style of writing illustrated by read-
ings from various authors, viz :—Addison,
Macaulay, Johnson, Alison, 8ir James
Stephens, Carlyle, Helps, Ruskin.
(8) Formation of a good style considered as Nar-
rative ; Descriptive ; Didactic.
Seorion 1V,.—History of English Literature,

8RD OLAsS.

(OBLIGATORY.)

SEcTION I.—Poegy—diﬂ’eni:nt kinds : bit
1 ic ; (2) Lyrio; (3) Didactic.

SeoTion II.—S)%ﬂ’er%nt nget):res. : >

Sgorron [I1.—OCritical exawmination of poetical works?—
Scott’s *“ Lady of the Lake;” Tennyson’s
 Princess;” Byron's “ Manfred ;' Shakespeare’s

“ Hamlet ”; Pope's “Iliad.”
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2ND AND I8T CLAsSES.
(VoLunrary,)

Seorron I.—Early English — Spencer’s « Faerio Queen,”
Book I;” Chaucer's « Canterbury ~ Tales”
Prologue,
SrorIon IL—(1) Anglo-Saxon Grammar,
2) Béowulf,
SEorroN IIL—Rhetorie and Public speaking,

e ——t

Norte.—Oadetg of the 2nd
by the Professors ag bein

asses.
in the higher Clag

3
8
£
kS
R
&

3rd Class,
1,400

nd Class,
1,600

2

1st Class,
3,000

.
-
=
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ROYAL MILITARY COLLEGE OF CANADA,

SYLLABUS OF INSTRUCTION IN SURVEYING,
MILITARY TOPOGRAPHY, AND PRACTICAL
ASTRONOMY.

ALLOTMENT OF MARKS.

Nore.—The proportion shown for Drawings, Examinations,
&c., are not absolutely adhered to,

Yearly and Intermediate Exami-) About
Obligatory,
4,000

DALIOD8.uves cersrnesen ve wenseens | 2,000
Notes .
| Term Work, { Drawings . E Azb(‘;(‘)‘&
Surveys ... . ’
{ Yearly and Intermediate xami-} 1.500

6,000

o —— e e |

nations...

Voluntary,
Term Work... consieces . "800,

2,000

$
&
£
g
S
g

( Yearly and Intermediate Exami. { About
Obligatory, | nations...... cee 700

140 {Notes *+) About

3rd Class,
1,400

it Torm Work. { Drawings . 700

(

1

]

{

! ; Surveys. .....

[ Voluntary—Nil,

{ ( Yearly and Intermediate Exami-] About
Obligntory,{' DAtioNs . .eveiianies

;:600 | Term Work. { Drawings........
Surveys ..e.. .
Voluntary—Nil. :

f Obligatory, { Examinations about 500
| 1,000 Torea Work....c..cceeenssvenerecctbout 500

nd Class,
1,600

9,
&

1st Class,
3,000

Voluntary, { Kxaminations ........... sinviiasastersivs 1,600
2,000 Torm - Work . ivcuvevecinaiiveivebase

* These marks are for drafting, and count for place, but not for *‘ Pags "
or ‘‘ Honours.”




TEXT BOOKS.

—" ()? —

Richards’ Military Topography,
Heathers’ Surveying and Astronomical Instraments.

Practical Astronomy and Geodesy, by Col, Oliver, R.A,
~ The Nautical Almanac,

Al

The Manual of Dominion Land Suarveys.

_

Books recommended Jor reference.

o —0——

Gillespie’s Land Surveying,
Gillespie'’s Higher Surveying,
Doville's Examples of Astronomic an
Clarke's Geodesy.

Loomis’ Practical Astronomy,
Chauvenet's Spherical and Practical Astronomy, .
The U. 8. Naval Academy Text Book on Surveying,
Whartong’ Hydrographical Su:veying,

Germain on Projections, «

d Geodetic Calculations,

(The

ground
squares
and de,

Surv
Variou

Grou
dicular
Interpc
points |

Meth
lines ar



onts.
or, R.A,

Calculations,

75

SUMMARY OF INSTRUCTION IN SURVEYING, MILI®
,TARY TOPOGRAPHY, AND PRACIICAL
ASTRONOMY

! L —

(The practical work ordinarily done by the Cadets is shown
between brackets.)

3RD CLASS.
(OBLIGATORY).
. SURVEYING AND MILITARY TOPOGRAPHY. .

Geoneral principles of surveying aud map making, The
amount of accuracy expected in a survey dependent on the
purpose for which it is made and the time available, Military
sketches ofton hurriedly made against time,
Scales generally used, both in military sketches and civil :
surveys, y g P
Conventional signs and colours used in map making.
Copying plans by tracing, pricking off, squares, eidograph, and
photography.
(After a little practice in conventional signs each Oadet
makes from memory a map of some piece of country with
which he is well acquainted.) :
The necessity of a preliminary exagination, of the ground
before commencing a survey. w
Description of Gunter’s and the 100-foot chain, the steel
tape, surveyor’s cross, and offset staff. Relative advantages of
the two chains. The method of chaining a line, Precautions
to be taken and amount of accuracy to be expected. Allowance
for slopes. Chain surveying. Cutting up the ground into tri-
angles. Necessity of getting good intersections to fix points.
The,details of the survey, how obtained. 1
Methods of calculating aress. (1) By measurement on the o
ground ; (2) by measurementson the plan ; (3) by division into
squares; (4) by reducing a figure to a triangle ; (5) by latitudes
and departures,
Surveying by tie lines. Chain angles. Perpendiculars.
Various methods of keeping the field book in chain surveying,
Ground problems in chain surveying. Erecting perpen-
dictlars to a line. Running parallel lines. Passing obstacles !
Interpolating points in a line. Finding the distance between
points where the intervening space cannot be chained.
Methods of checking a chain survey by measuring proof
lines and by the test of points that lie in a straight line,
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(The Cadets aro shown how to make and plot a small chain
survey. They then survey and plot a fresh pieco of ground,
keeping and plottiog from ‘their own field books,)

The principles of angular surveying,

The limits of well conditioned triangles,

Mensuring a base line and oxpanding a triangulation from it,

The construction and uses of the pocket gextant and pris-
matic compacs. The adjustments of the sextant, Tho defects
of each instrament. Thejr relative advantages and disadvan.
tages. The variation of the compass and facts connected with
it. Fixing points by interpolation,

(The Cadets are practised in taking angles with tho sex.

i ith the compags,

measured base with

details by the compass and pacing,
the length of his pace.

The Cadets next make a sketch survey by the compass and
pacing alone, erwards do two examination 8Urveys—

he compass, In these

skotchos being given in on the ground.) '

Triangles plotted oither by the angles or by the calculated

length of the sides. How to construct a large paper or card
protractor. Plotting angles by the scale of chords,

Forms of field-book used jn angular surveying, Travers-
ing with the compass, Local atiraction—how to get rid of it
in traversing, Restoring the magnetism of & compass, Changes
in the variation, Surveying land by the compass and chain.
Latitudes and departures—thei i ing, balancing, and
plotting a survey. Given the ths of the lines
bounding a rectilineal figure, ulate its acreage by the

tables of latitude and departure, Supplying omissions, = Deg-
eribing bounds,

Contours—their nature and use,
lent. Use of the hand level and clinometer for contouring a
plan roughly, Definition of « water course,” ¢ watershed *
and “ orthogonal,” The different methods of showing slopes
by shading.” Horizontal hachuring, vertieal hachuring, stump
shading, and brush work, The light supposed to come from a
little to the left, Uses of each method. The scales each is
best adapted for—their employment on the Ordnance Survey.
The scale of shado, Its usos, Mounting plans on calico.

(The Cadets are praotised in copying plates of horizontal
hachuring in Indian ink,

The horizontal equiva-
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If time allows, instruction in the use of the Theodolite and
Transit Theodolite is commenced.)

2nd CLASS.
(OBLIGATORY.)

SURVEYING AND MILITARY TOPOGRAPHY (Cont.)

The construction, adjustments, and uses of the theodolite
and transit theodolite. How they give the horizontal and verti-
cal angles. Taking a round of horizontal angles. Reason
for reading both verniers. Repeating angles, gorreeh’ng the
angles of a triangle when all three are measured. Methods of
traversing with the theodolite. Plotting the traverse from
meridians and the advantage gained by doing s0. Use of the
circular card protractor. Uses of the attacked compass. Re-
placing broken level tubes and spider lines, Use of the theo-
dolite in ranging out a base line and reducing the slopes to tho
horizontal, "Measuring across obstacles (such as wide creeks)
and up to the point immediately under an inaccessible object,
such as the top of & church spire. Making a trianguplation
Choice of trigonometrical stations. Plotting the triangles from
the calculated lengths of the sides, Use ot the beam com-
passes. Finding the points approximately by plotting the
angles. Finding the relative heights of the stations, taking
into account the allowances for curvature and refraction.

Method of plotting by means of rectangular co-ordinates.
Proving the accuracy of a traverse by closing it on a known
point. Proving a traverse by eastings and westings and
uorthings and eouthings,

Making sections by the theodolite.

(The Cadets are practised in taking angles with the theo-
dolite and in running a traverse. They afterwards plot a
traverse from the field book, and also a given triangulation by
the method of co-ordinates,

How to check a triangulation by calculating the same side
from different triangies. Bases of verification. Methods of
filling in the details of a triangulation, Plotting a triangu-
lation on a lage scale. Expansion and contraction of paper.
The scale to be laid down on the paper. Plotting on different
sheets. How this is done by means of the calculated co-
ordinates,

Principle and uses of the plaue table.

(Survey with the chain and plane table.)

The omnimeter or other instruments of that class.
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Problems in dividing up, parting off, and laying out Jund,

(The Cadets are practised in copying models of hills, put
ting in the slopes by horizontal hachuring, first in pencil and
then in ink, ll)‘hpy are afterwards given a contoured plan of a
convenient piece of ground which they take out and hachure
by scalo of shade, Those who are sufficiently expert practico
shading in brush work,)

The principles of layin g out roads with reference to tho
gradients.

The methods of laying out railway curves.

The principles of levelling, with' the ocorrections for curva-
tive and refraction. Construction and adjustments of the dif-
ferent kinds of level, Ihe water level and reflecting level.
Forms of field book used,

(A traverse is run with the transit theodolito and a section
of it made by levelling )

Surveying without instruments,

(Examination survey of a piece of gronnd without instru-
ments.)

The principles of hydrographical surveying.

PRACTICAL ASTRONOMY,

Elemontary facts of Astronomy. Apparent motions of the
heavenly bodies. The seasons, Short description of the solar
fystem, with & fow facts as to distances. The celestial globo.
Tho principal northern constellations, Explanations of
the ordinary astronomical terms, The co-ordinates em.-
ployed.  Altitude and azimuth. Latitude and longitude.
Declination and right ascension, Different methods of reckon-
ing time. Civil and astronomical time. To convert one into
the other. Apparent solar, mean solar, and sidereal time ;
reason of the difforence between the two first, The equation
of time. Hour Angles : their numerical expression in time
and are, Time at different meridians, To convert the apparent
time at a given meridian into moan time, and vice versd,
Given the sidereal time at a certain instant to find the mean
time. @iven the mean time to find the sidereal time, To find
at what time a given star will be on the meridian, Given the
hour angle of a star at a given meridian to find the local mean
time, Astronomical clocks. Use of the sextant and artificial
horizon. - How to measure the altitude of a heavenly body,
both with the natural and Aartificial horizons, Corrections to
beapplied, index error, dip, refraction, parallax, semi-diameter,

Taking altitudes with the theodolite, Necessity ot observa.
tions in reversed positions of the instrument, Night observa.
tions, Reasons for observing both north and south or east and
west stars,
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The Nautical Almanac, corrections for longitude, simple
interpolation. Kinding the latitude by a meridian altitude of
the sun orstar, Finding the latitudo by an altitude of the
pole star at any hour,

To find the time by equal altitudes of a fixed star.

From an observed altitude of a heavenly body to find its
hour angle and thence the local mean time.

To find the longitude by comparing the local mean time
with a chronometer showing Greenwich mean time.

Finding the longitude by differences of local time; the
difference being ascertained ‘either by signal or electric tele-

gr;ph.
o find the azimuth of a heavenly body from its observed
altitude, and hence (using the theodolite) the azimuth of a
terrestrial mark : from which follows the true meridian and
variation of the compass,

Othef*methods of finding the meridian, viz :

(1) By equal altitudes of the sun or a star.

(2) By the greatest elongation of a circumpolar star,

3) By observation of the pole star at any time,

54) By meridian transits of high or low stars.

Sundials, horizontal, vertical, and mean time.

The solar compass,

(The Cadets take and work out observations for latitude,
timo and azimuth, using both sextant and transit theodolite.)

Ist CLASS.
(OBL1GATORY.)

Recapitulation of the principles of ¢onstruction, adjust-
ments, and uses of the various surveying and astronomical
instroments, with a short account of the portable Transit
Telescope and Zenith Telescope.

The method of laying out Canadian Public lands, with the
regulations contained in the Manutl of Dominjon Land Sar-
veys.

Deville's method of solving the following problems :

To find the convergence between two points; to find the
difference of latitude and longitude of two points when their
distance apart and the azimuth of the line joining them are
known ; to correct a traverse by the sun’s azimuth ; when
runving a line to correct it by azimuths; to lay out a figure
on the ground; to lay out a parallel of latitude by chords and
by offsets. ,
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Lectures are given on the method of oarryiog out a trian-
gulation on a large scale, the astronomical work involved, pro-
bable errors, and the clements of projection and map draw g

(The cadets practise, as occasion offers, road traverses, trian-

gulation, contouring, and hydrographical surveys. They also
observe and keep registers of various meteoro'%gjg‘al instru.

ments, and practise tuking meridian transits and alt-azimuth
obscrvations.)

Ist CLASS.
(VoLunrary.)

PRACTICAL ASTRONOMY.
Portable Astronomical Instruments.

The rofracting teloscope, Magni?lng wer and fleld of
view. Brightness of images and intens ty of their light,
Spherical and chromatio aberration, Achromatio eye-pieces,
Diagonal eye-pieces, To measure the magnifying power of a
tolescope. The micrometer, The reading m oroscope, The
spirit lavel. To obtain the value of a division of the level. To
find the level error, The chronometer—winding and trans.
porting, Correction for temperature, Comparison of chrono-
moters, The electro.chronograph,

The sextant and its adjustments,

The simple reflecting circle,

The repeating reflecting circle,

The prismatic reflecting circle and sextant,

The portable transit instrument, Its adjustments, The
instrument in the meridian, Methods of ocorrecting the devia-
tion, To find the error due to inequality of pivots, To apply
the level correction to an observation, To find the latitude by
transits of stars across the prime vertical, Adjustment in the
prime vertical. The meridian mark, The personal equation,

- The zenith telescope and its use in finding the latitude by
Talcott's method. To find the corrected latitude. To find the
level correction. To find the value of & revolution of the
micrometer screw. Reduction to the meridian, The correc.
tion for refraction, 'The transit instrument as & zenith teles-
cope.

The altitude and azimuth instrument;

Additional methods of finding the latitude,

(1) By a single altitude taken at a known t{me.

(2) By circum-meridian altitudes,

eriptic
survey
6
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Interpolation by second differences. To fiad the Greenwich
time correspording to a given right ascension of the moon on
a givenduy. Ioterpolation by differences of any order, To
find tho longitude by transits of moon-culminating stars. T'o
find the longitude by lunar distances, To find the longitude
by an altitude of the moon,

To find the amplitude and hour angle ofa given hoavenly
body when on the horizon. 'I'o find the equatorial horizontal
parallax of a heavenly body at a given distance from tho
centre of the earth, To find the parallax in altjsude, the carth
betng regarded as a sphere. General laws of reffaction. Tables.
of refraction. Semi-diameters of celestial bodies.

Star catalogues and how to use them,

Differential variations of co-ordinatos.

To find the correction for small inequalitios in the altitudes
when finding the time by equal altitudes of a star., Effect of
errors in the data upon the time computed from an altitude,
Effect of errors of zenith distance, declination, and time, upon
the latitude found by circum-meridian altitudes.

The probable error; weight of observations and results,

GEOODESY.

Meuning of the word “Geodesy.” The true figure of the
oarth an oblate spheroid. Methods by which this has been
Froved. Measurements of arcs of the meridian at different
atitudes, Pendulum observations. Abnormal deviations of
the plumb line, How caused. Method of detecting them.,

Definitions of “ compression,” * eccentricity,” “ geocentric
latitude,” ¢ geographical” and * astronomical latitude,” “reduc-
tion of the latitude,” ‘

To find the reduction of the latityde for the compression of
the earth. Development of the epression for it in series. To
find the radius of the terrestrial spheroid, the normal termin
ating in the axis, and the radius of curvature of the meridian
for a given latitade. To find the length of a second of latitude
and of a second of longitude at a given latitude.

Goodetical oporations. Mapping a country by triangula-
tion, Laying out the earth's surface in certain figures and
tracing them on the ground. Expanding a triangulation from
a measured base. Primary, secondary, and tertiary triangles.
The usual size of each. Well-conditioned triangles. Bases of
verifioation, Examples of the latter, Networks of triangula-
tion. Intersecting chains of triangulation,

Account of the measurement of certain celebrated base
lines, The different means: and materials employed. Des-
cription of the American compensating bars. Bases for small
surveys measured by steel tapes or pine rods,

6

13
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Preliminary measurement and levelling of a baso linc,
Division into sections,  Permanent monuments, Correction
for changes of temperature of rods. Reduction of inclined
rods to the, horizontal. Distance across a creek or other
obstacle. ' ‘The broken base. Measurement of bases by found,
Astronomical base lines. Reduction of the base to tho sea
level.

Triangulation. Selection of stations, Size of the principal
triangles in various triangulations. Signals for flat countries,
Stations to be selected so that they can be observed from, as
well as to. Various forms of signals: tripods, poles, polili)ed
cones and hemispheres, Scaffoldings, towers, station marks,
The heliostat. The electric light, The latter used success-
fully at very great distances.

Measuring the angles, Instruments employed, Various
sizes of theodolites,  Repeating and reiterating theodolites,
Comparison between them. Method of repeating &n angle.

To reduce a measured angle to the centre of a station,
Correction for phase of signal. To reduce an inclined snglo
to the horizontal plane.

Calculation of the spherical excess. Correcting the observed
angles of a triangle. Calculating the size of the triangles,
Legendre’s theorem.

eduction of a difference of latitude on the spheroid to the
corresponding difference of latitude on the sphere, the radius
of which is equal to the normal of the spheroid for the mean
latitude,

Calculating the latitudes, longitudes, and azimuths of the
points of & triangulation, taking into account the ellipticity of |
the earth, The convergence of meridians, Co-ordinates of
the points of a triangulation referred to the meridian and a
perpendicular to-it-—_ \

Givep-the latitude and longitude of two points to find their
distance and the azimuth of the Xne joining them; given
the latitudes of two points and the szimuth from one point to
the other, to find their distance; given the latitude of a point
the azimuth from this point to another, and the difference o
their longitudes, to find the distance between the two points,

Geodesic lines.

To find the area comprised between two meridians and two
parallels (spherical solution).

To find the offsets to a parallel of latitude,

Methods of delineatiig a spherical surface on a place, The
orthographic, stereographic, gnomonic or central, globular,
equidistant, Mercator's, conical, and ordinary polyconic pro-
jéctions.
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"Trigonometrical levelling by reciprocal zenith distances ;
by the zenith distance measured at one station ; by the obser-
ved zenith distance of the sea horizon, ¢

To determine the co-efficient of terrestrial refraction by
means of reciprocal zenith distances,

The barometrical measurement of heights,

l&:alurement of heights by the temperature of boiling
water,

General explanation of the use of the pendulum in deter-
gxllnlng the compression of the earth. Kater's reversible pen-

nlum,
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ROYAL MILITARY COLLEGE OF CANADA.

SYLLABUS OF INSTRUCTION IN MILITARY
RECONNAISSANCE. ».

ALLOTMENT OF MARKS.

([ & '( Sketches
[ ]
Entire Course,J‘ Eb +Term Work{. and }‘ 1,600
= |
1600 (& ) ( Reports. |
[ g', ‘: '[ Sketches]I
2nd Class, { § I\Term Work{ and Y...... 700
700 1 3 J ( Reports. J
B ( Sketches
Codok! fmond
1st Class, f g rTerm Work{I and ‘} ....... 800
g |
800 = AL ( Reports. |

N.B.—The Professors of Military Engineering and Military
History assist the Professor of Surveying in awarding marks
for Reconnaissances, but only as far as relates to their respec- |
tive subjeots of instruction, : 48




TEXT BOOKS AND BOOKS OF REFERENCE.

s () e

Those used in Courses of Imstruction fur Military Topo-
aphy, Military Engineering, Military Administration, and

actics.
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SUMMARY OF INSTRUCTION IN MILITARY
RECONNAISSANCE.

Norg.—The Professors of Military Topography, of Strate
Tactics and Military Administratio;},’nndpgg Mi‘l,it{ry Enginegx{
ing will conjointly carry out theinstruction in Reconnaissance,
Necessity of reconnaissances, General and special recon-
naissances, The former usvally made in peace time to ascer-
tain all points necessary to be known in case of war; such as
climate, topography, inhabithnts, supplies, transport, fortresses,
armed strength, &c. Special reconnaissances always required,
and any officer may have to make them, Maps ofa country
generally on too small a scale and have to be enlarged, and
details inserted. Besides, maps do not show the state and
width of theroads, the depth and current of rivers, the nature
of the soil, the kind of woods met with, and a host of other
points that it is neoemri to know; therefore a report must
always accompany the sketch

Scales ordinarily used for the sketches.

Reports to be written on foolscap with half margin,

: Maps to be enlarged in prefercnce to making a triangu-
ation,

= Pencil work of sketches to be neat and clean, Sketches
for hasty reconnaissances to be in pencil, for deliberate recon-
naissances 1o be in ink, Use of colored chalks. Different kinds
of ‘special reconnaissance. Roads, railways, rivers, woods,
positions, encamping grounds, districts,

Road Reconnaissances—Made either on foot or on horse-
back, A note book may be used and the work plotted in the
evening. A fow bearings taken and distances judged by the
time occupied in traversiog them, Rates of a horse's paces,
Points to be specially observed. Form of sketch and report
used. Hstimate of accommodation afforded by villages and
towns. Report to contain the following details :

1. Construction of road, present condition, materials obtain-
able for repair, defiles (bridges, streets, cattings, &v).

2. Nature of adjacent country, cultivated or not; open or
enclosed ; woods; facilities for moving troops.

3. Halting places, including facilities for watering, and
places where troops can file past.

4. Camping grounds, and for what force. .

5. Positions suitable for advanced and rear guards adjacent
to road. ‘

6. Pogitions within range of road enemy may occupy.

7. Lateral communications,




River Reconna’ssances.—A. When the course of the river is
in the direction of the line of operations; the object of ?he
report being to show how connection may be maintained lon
the march, or for action, by a force moving on both banks,

1, General nature of ,valley in which river lies, whether
swampy, rocky, woody, &o.,; proximity of heights, ‘

2. Nature of stream, general direction, bends, rap dity of
current, depth, liability to floods, banks, islands, fords,

3, Tributaries.

. 4, Nature of existing bridges, and materials for extem-

porizing others. B

5. Boats, numbers available, &c.

6. Towns and villages on banks. \

B. When the river is to be used as a defensive obstacle.

In addition to the above: p

- .1 Nature of approaches, and points at whicli access by
them may be barred by troops or obstacles,

8, €ommand and distances from the stream, of heights on
either bank within cannon range.

9. Points and means for effecting inundations,

10. Points on either bank suitable for covering the passage
of troops to farther bank,

Railways.—(For points to be noted, wvide p. 133, Jones's
Notes on Administration ; and for Railway Stations, p. 135.)

Arrangements for the despatch of given bodies of troops
by rail, with plans and ostimates of works necessary to enable
them to entrain and detrain with the greatest facility, either at
btations or elsewhere; with sketch of a railway station, show-

. ing approaches, platforms, arrangement of switches, additional
temporary erections, &o, ;

Camps and  Billets,~Seleotion of camping grounds for
given bodies of troops of all arms, with sketches of the ground
showing disposition of the troops, accompanied by reports,

Billeting of troops on the march in given villages and
towns.

Outposts —Covering a stationary force with outposts ;
sketch to show positions of line of sentries, piquets, supports
and reserves, if any. Report to detail number and nature of
troop; required, general dispositions and action in case of
attack,

Positions.—Both offensive and defensive ; their selection
(seeﬂ‘gotioal Notes, p. 850.)

Sketches of ground to show dispositions of troops, olear-
ances and obstacles, &o. .

Reporta to contain :

General description; length, depth, nature of soil, ground,




89

whether cultivated, fenced, wooded, slopes. View obtainable,
flanks where resting, approaches to front and flanks’; obstacles
such as rivers, marshes, &o. ; lateral communications, roads {o
rear and positions covering them.
2. General suitability to object in view, and to troops
available, 2
A 8. Decisive points, weal: points, enclosures, villages, woods,
0. :

4. General position of firat line, including main defensive
lino and advanced posts, showing allotment of troops and
artillery positions.

5, General position of second line.

6. General positions of reserves, allotment of troops, facili-
ties for counterstrokes, ;

7. General summary of works to be executed and allotment
of tools and working parties, -

8, Facilities for offensive returns, parts suitable for and
positions suitable for enemy resisting the same.

9. Means of retreat and covering positions for artillery
and rear guards,

10: Artillery positions, and approaches available to the
enemy.

Ni—A number of the fore, oing reconnaissance schemes,
both hasty and deliberate, will Ee given to Cadets of the 1st
and 2nd classes as time and means may allow,
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ROYAL MILITARY COLLEGE OF CANADA.

SYLLABUS OF INSTRUCTION IN MILITARY |
LAW. /

ALLOTMENT OF MARKS.

Yearly Examination. ... 500
Intermediate do ... 200

Notes,
| Term Work. . b
L Recitations,

For

Obligatory.
S B

(
Entire Coum,J;
1

/

[ Yearly, Exammstlon o 500}

For 3rd O'Iasa,J Intermediate do  ..... 300

600

<

Obligatory. _

Notes
Term Work..
) Reoitation.

Yearly ‘Examination..cc.eeeessacese

i Notes. }
‘| Term Work..
§ { Recitations,

For 1st Class,
200

Obligatory.

—




| gt 01—
Booka recommended for reference :
The Army_ Aots,

Militia and Defence Act of the Dominion of Canada,
The Queen’s Begulgtions and Orders for the Army,
Regulations and Orders for the Militia of Canada.

All Official Orders, Regulations, Rules of Procedure .and
Official Tnstructions bearing upon the sufqeota i
specified., < WAL

b

‘
»
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SUMMARY OF INSTRUCTION IN MILITARY LAW.

Comparison between Military Law and Civil Law. Army
Act contains written part of Military Law. }

MARTIAL LAW,

Martial.Law, contrasted with Military Law, when it may
be proclaimed, and by what authority. :

The classification of Martial Law under three heads :—

1. Applicable to Officers and Soldiers. ;

2. Applicable to Provinces during War., : !
g 3. Applicable to the whole community in time of Rebel-
ion,

Lessons to be derived from the past and opinions of
eminent Lawyers on the subject.

MARTHAL LAW,

Brief historical summary of the growth of a code of Mil;.
tary Law in England and causes which led to it,

. Circumstances which led to the introduoction of the first
Mutiny Act,

Statatory Coprts and Prerogative Courts.

Powers of the Crown as 10 Articles of, War and Rules of
Prdcedure,

Short description of the Army Act.\ Classification of
Contents : Discipline, Hnlistment, Billeting, Genoral Provi.
sions, Application of Military Law, Saving Provisions and
Definitions. i

Annual passing of the Army Act by Parliament,

Persons subject to Military Law.- f :

Military Law as it concerns the Militia of Canada,

Maintenance of good order and military discipline; chain
of responsibility.

Course of procedure on commisssion of offences,

Military cugtody.

Power of Commanding Officer, with remarks on {he
~ punishment he can award,

* Daties of the Provost Marshal,

Courts Martial. Descriptions, warrants, convening, com-
position, jurisdiction, order for asgembling.

Scale of punishments, when special punishments may be
awarded and how combined,

Special application of the Army Aot to warrant officers,
non-commissioned officers, and to persons not belonging to
Her Majesty’s forces. g
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Preliminaries to trial, framing and investigAtion of
charges, warning the prisoner for trial.

iesponsibililies, uties, and privileges of persons aftend-
ing Courts Martial ;—President, Members, Prisoner, Prosecn.
tor, Deputy Judge Advooate, Witnesses, Interproter. ) :

Description of proseedings at Courts Martial, rules as to
: challenges, arraignment of prisoner, rules for addresses, exami-
-nation of witnesses, the finding and sentence. :

Confirmation. Persons having authority to confirm. Daties
and powers of the confirming anthority.

g’evision of findings and segl:ences. Quashing proceed-
ings.

Persons having power to. alter the sentences after con-
” firmation, :
Execution of sentence. Disposal of {)moeedings.
Exceptional Courts Martial. Special provisions relating
to Field General Courts Martial and to Summary Courts
Martial, & :
Crimes, 'Their flnssiﬁontio and punishments for each.
Crimes punishable-only by.Civil Law, with exceptions.
Definitions of some legal terms with explanations. Malice,
Principal of the first and second degree, Accessories. Treason.
Misprison of treason, Felony and misdemeanor. Hemicide,
theft, robbery, arson, forgery, &o., &o.’

_COURTS OF INQUIRY -AND BOARDS,

+ 1, Royal Commissions; 2. Courts held under the Statute ;
3. Ordinary Courts assembled by a commanding officer.

How assembled, duties of members, order of proceedings,

powers, &c.. . ,,f’"
\ nvmlucg,'

The five general rules as tgr the admissibility of evid:

nee (= ! $

1, Evidence as to character, and evidence in res-gesice.

2. Direct and positive evidenee, satisfactory evidence.
Presumptions of ‘the law, presumptions drawn from the
evidence (circumstantial evidence.) :

3. Evidence to be confined to the charge. ®

4. Hearray evidence. .

6. Documentary and secondary evidence, when admis-
sible ; publio records, private writings, proof of handwriting.
Confessions by prisoners. Depositions.

Witnesses. Number required, their competency ; exami-
nation of witnesses,

Form of proceedings of Courts Martial, héw recorded, &o.-

Form of proceedings of Courts of Inquiry and Boards

+ Oaths and solemn declarations,




ion of
ttend-
rosecHs
y \
8 a8 to
exami-
Daties
roceed-
or COn-
slating
Courts
r each.
Malice.

00800,
nicide,

atute ;

}adinge,.v'c

exami-

“ 38rd Class,

d, &o,-
rd
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R ’

SYLLABUS OF INSTRUCTION IN MILITARY
ADMINISTRATION.

ALLOTMENT OF MARKS.

N

i J Yurly7Exammatlon.
or

Intermediate do .

. Notes.
l'.l‘erm Work.... 100
Recitations,

Obligatory.

| £
Entire C'ourae,{'
1200, l

" .. (Yearly Examination....... 500
For Intermediate do. ....... 300

; / Notes.
900 Term Work....
L : Recitations.

( Yearly Enminat;pn....
For 1st Class, 4
300 3B | Term Work.. {

| \

Notes. ! }
Recitations.




®

TEXT BOOKS.

—i
OPxéA,nons)or War. Part 1,
(General Sir Edward Hamley, K.C.B, K.UM.G.)
MILITARY ADMINISTRATION. )
(Major Douglas Jones, R.A.)
REGULATIONS AND ORDERS FOR THE MILITIA OF CANADA.
()} e—

Books recommended, and sources from which information may be

obtained : . ’

The Queen’s Regulations and Orders for the Army.

Regulations and Instructions for Encampments.

Aymy Circulars and General Orders.

Préois of Modern Tactics, Colonel Home.)

The Armies of Europe and Asia, (Genetal Upton,)

Sir Garnet Wolsely's Soldier's Pocket Book,

Official Military Regulations governing the various
branches of the Military Service both of Great Bri-
tain and of Foreign Countries,
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SUMMARY OF INSTRUCTION IN MILITARY
ADMINISTRATION.

: General Erinciples of the organization and maintenance of
armies, and the special laws relating to soldiers.

Maintenance of discipline, and chain of responsibility.

British Military Units :—from companies, troops and bat-
teries, up to army corps. %

War Establishments of the different units of the British
Army.

FORMATION AND MAINTENANCE OF ARMIES.

Systems of recruiting, terms of service, etc. Comparison

. between voluntary and compulsory enlistment ; relative advan.

tages and disadvantages of each system. Comparison between
long and short service.

Rules of Enlistment in the British Army,

Reserves of the British Armyi—Army reserve; militi
reserve., Auxiliary forces— Militia, yeomanry, volunteers.
Organization, composition, mode of recruiting or enrolment,
training and exercise, bounty and allowances, numbers, and
liabilities of each. i
Organisation of the Regular Army :

1. Combatant branches—Infantry, cavalry artillery, en-
gineers.

2. Non-combatant branches—Commissariat and transport
departiment, ordnance store department, army pay depart-
ment, veterinary depurtmenb—-o:ganizntiou and general func-
tions of each, Army medical department—organization in
peace and war, field, hospitals, general hospitals; convalescent
depdts, transport and tare of sick and wounded in war,

 Pay and allowances, and a brief description of the accounts
to'be kept by the captain of a company. Gratuities and
pensions. ;

Supply and Transport in time of Peace.~Rations, quarters,
medical attendance, equipment, clothing, necessaries.

Sketoh of different Eh‘litary Systems.—Germany, France,
Austria, Russia, 1taly, United States, Canada, Switzerland.

Appointment and promotion of officers in different armies.

Organization and distribution of the Staf of the British
Army.—Staff at headquarters, corps, divisional, brigade, and
regimental staff.

The Prussian General Staff.

Subdivision of Duties.—Offico work and method of con-
dnoti’?g official correspondence.
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CONDITIONS AND PRINCIPLES OF SUPPLY IN TIME OF WAR.
Supply of ammunition in the field ; expenditure in battle,
Rederves of ammunition, Equipment.—Arms, ammunition,
etc. Rations—Amount of nutriment required, nutritious pro-
perties of different kinds of diet, daily rations per man and
horse; how carried, and amount required by an army in the
field. ;

FIELD,

1. From home magazines.

2. By contract to doliver at base or depét,of operations, *
8. By purchase.in the country, #
4. By requisition or seizures, - )
Relative advantages and disadvantages of each system.
Billeting of troops, with calculations for billeting,
Forage and ration depdts; railway depots.

The Prussian system of Supply.

SYSTEMS OF SUPJ’LY 6F FOOD AND FORAGE BY AN ARM'Y‘IN THE

MILITARY TRANSPORT.

1. Inland water transport, by means of navigablo rivers,

iakes and canals. s L
. 2. Railway transport, uso of railways in war, construction-

of military railways,

8. Transport by means of wheeled vehicles, :

4. T'ransport by means of pack animals and human carriers.

Comparison between the different methods, and their
relative advantages and disadvantages, )

Requisites of a good military carriage; relative merits of
two-wheel%d and four-wheeled vehicles, Traction engines,

ORGANIZATION OF TRANSPORT FOR AN ARMY IN THE FIELD.

1. ““ Regimental transport” of a battalion, regiment of
cavalry and battery of artillery.

2. ¢ Departmental transport ” of different units from bri-
gades to army corps. Organization and expansion of the
* Commissariat and Transport Corps. Calculation of length of
.road ocongied by military transport. Difficulties of supply.

3. “General transport,” Organization required. Advan- °
tages of working 1t on the stage system.

. RAILWATYS.

Their value and use for concentration and supply at the
outbreak of war, and for oo:&e&ance of troops and stores during
tlfle operations. Their influéncs on gupply and the movements
of armies,




Organization required for  the working of railways.
- Administrative and executive staffs. Daties of officer in- charge
-of a station, i e ;
Arrangements for forwarding a force by railway. Num:
ber of trains that can be despatched in one day. Entra ining
and detraining troops. Ratoe of travelling, Roquirements of a
railway station for military purposes.

THE LINE OF OOMMUNICATIONS OF AN ARMY IN THE FIELD,

Duties and res&onsibilitfes of the Inspector General, and
under him of the officers in charge of the Bage of Operations,
~Advanced Depdt, and of the “ Road Commandant,”
Railways on the Line of Communications,
Force required for the defence of the Line of Communica-
tions.
ENCAMPMENTS, BIVOUACS, CANTONMENTS,

Military and sanitary requirements as woll as principles.
for oncampments. Spaces required by different units. For-
mations for encampments, Estimates of water supply required
and watering arrangements, -

Bivouacs, Prussian system,

Cantonments. Area over which troops can spread. Cal-

‘culation as to number ‘of troops that can be cantoned in &
town or district, on the march ‘or for lengthy occupation.
-Arrangements for cantoning troops and billeting on the line
of march,

MARCHES,

Number of roads to be used by an army ; selection of
roads'; rates of march ; length of marches ; general arrange-
ments for & march ; order of march in proximity to and at a
distance from the enemy.

' Length of column of route for British divisions and army
corps, Oalenlations of space required. Considerations limiting
the size of columns that can march on one road, Marching
in “Echelon,” Framing orders for a march, v

' EMBARKATIONS AND DISEMBARKATIONS,

Transport and freight ships, Vessels, how chartered and
by whom. Boards of survey. Description of vessels ost
suitable for troops, capacity required. Fittings and intdrior
arrangements of transports, Caloulations as to the number
of men and horses a ‘hii will accommodate, /

Operation of embarking troops and horses/ Diseribarka-
tion in presence of an eriemy, orders for. Selestion of land-
ing places, :
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ROYAL MILITARY COLLEGE OF CANADA.

SYLLABUS OF INSTRUCTION IN MILITARY
HISTORY, GEOGRAPHY, STRATEGY,
AND TACTICS. »

ALLOTMENT OF MARKS.

——

o e
Obligatory.

Yearly Examination. ...... 2,700
rIm:enmxiiate do ......1:400} 4,100

Notes.
Term Work. 400
Réeitations.

For
Entire Course,

|
i
1

4,500 !
L

—_—

( Yearly Examination.......1,400
Intermediate do 400 1,800
For 2nd Class,

2,000

A

Notes.

Obligatory.

Torm Work,
Recitations,

Intermediate do

For 1st Class,
2,500

<

Notes.

(
|
(
|

( Yearly Examination,.......1,800
600

Obligatory.’

| Term Work.
L Recitations,

L

»




102
TEXT BOOKS.

—()

MINOR TAOTICS. (Lieut.-Colonel Clery.)

OPERATIONS OF WAR.
(Gen. Sir Edward Hamley, K.C.B., K.C.M.G.)*

TACTICAL NOTES. (Major Douglas Jones, R.A.)
INFANTI}\Y FIELD EXERCISE.

——iOi——

Books recommended to be read and sources from which information.
may be obtained :

Préeis of Modern Tactics. (Colonel Home.)
Great Compaigns in Earope, (Major Adams.)

Tactical Deductions from the War of 1870-71. (Colonel
Boguslawski.)

Official Report on the conduct of the American Civil War.
Cavalry Regulations,

Tnstructiops for Cavalry by General Von Schmidt.
(Translated.)

German Official Accounts of the Wars of 1866 and 1870-71.
Russo-Turkish War, (Lt. Green, U. S, Engineers.)
‘War in Bulgaria. (General Baker.)

Daily News Correspondence of the Russo-Turkish War..
(A. Forbes.)

War in Armenia. (Norman,)
Journal of the Royal United Service Institution.
R. A. and R. E. Institation Papers.
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SUMMARY OF INSTRUCTION IN MILITARY H[STORY,
AND GEOGRAPHY, STRATEGY AND TACTICS.

TACTIOCS.

Meaning of Tactics as distinguished from Strategy.
Fighting tactics. Mancuvre tactics.

A brief account of the changes that have taken place in
tactics at various periods, including tactics of the present day
ag modified by the experience of recent wars and the introduc-
tion of modern weapons, showing the nature and cause of the
various modifications. )

Tactical and fighting units of the different arms. General
functions and characterjslics of the various arms,

Calculations of time and space occupied in marches and
formations of the three arms, separately and combined,

Relations of offensive and defensivo in regard to tactics.

Principles of attack and defence.

Principles upon which the present tactics of European
armios are based.

SECURITY AND INFORMATION,

The measures by which armies obtain security and in-

formation, whether at the halt or on the march.

Superiority whon coming into collision with the enemy
depends partly on timely information and partly on power of
rapid concentration. Power of concentration dependent on
mobility and supply. Difficulties of keeping an army concen-
trated entail necessity of early and acourate information of
enemy’s movements, :

Outposts —Their objectsand duties, Their composition, and
considerations which affect their strength. Infantry and
cavalry outposts, separately and combined, Line of Tesist-
ance. Distance of outposts from main body. Usual sub-
division into sentries, picquets, eupports and reserves; com-
position, relative strength, position, and duties of each. Dif-
ferent kinds of patrols and their object. Adaptation of out-
posts to ground. Resistance and retreat. Artillery with out-
posts. Outposts by night; modifications required,

Advanced Guards.—Their object, necessity, and duties
Comporition and strength, and causes affecting them, Forma-
tion and subdivision. Position of each arm, Distance from
main body and the causes which regulate it. Daties and
respongibilities of the Commander. Conduct on meeting the
endmy, whether to hold his ground or retire on main body.

Rear Guards.—Of two kinds: 1. To an army advancing.
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2. o an arm retreating. Their object, dutios, strength, and
composition in each case. Goneral modo of action of & rear
guard to a retreating army. Daty not to attack but delay the
enemy. Manner of occupying positions, special care required
on ihe flanke, Withdrawal in the presence of the enemy,
General digpositions on the march. Retiring through a defile.
Degree of rosistance to be offered by Rear Guards.

Reconnoitring— Necossity for obtaining ample and accurate
information about enemy,and surest manner of obtaining this.
Tmportance of screening movements from enemy. How & con-
siderable force of cavalry would be employed in screening and
reconnoitring duties in advance of an army. Small recon-
noitring parties, infantry and cavalry patrols, their composi-
tion and strength. Qualities required in commander. How
information is obtained ; transmission of intelligence to the
rear. Points to be noted in country passed over. Reconnoi-
tring the enemy’s position.

GROUND IN RELATION TO TACTICS,

Character of ground best suited to each arm. How nature
of ground affects the view and affords concealment. Danger
of confounding cover from view with" cover from fire. How
nature of ground affects movements. Character of roads, nature

of soil, &e.
TAOTICAL EMPLOYMENT OF THE THREE ARMS.

Principles of omployment of infantry in action, both in
attack and defence. Modern infantry fire.

Principles of employment of cavalry in action. - Offensive
and defensive f{actics, Dismounted service of "cavalry.
Mounted infantry. T

Principles of employment of artillery in action: The
positions and objective of artillery in attack and defence.
Attack of field intrenchments, Development of artillery fire.
Tactical employment of machine guns.

Principles of employment of the throe arms in combina-
tion—in attack, in defence, in pursuit, in retreat.

DUTIES AND RESPONSIBILITIES OF A COMMANDER OF A
MIXED FORCE,
TENDENCY OF MODERN TACTICS.

Principles to be kept in view in considering the tacties of
the fature. :
OCCUPATION OF POBITIONE.
Principles on which ground should be ococupied. Re-
quirements of a good defenrive position. The occupation of &
position selected as a field of battle.




N

105

GENERAL COURSE 61‘ AN ENGAGEMENT.

Attack and defence of positions. Night attacks. Counter
attacks and offensive returns.

INCREASED USE OF FIELD FORTIFICATION BY THE ASSAILANT,

Issue of intrenching t iols to spldiers has a direct bearing
on tactics. Used by assailant to secure ground won, to con-
tain defender in position, &ec.

MARCIES,

Objects and requirements. Pace and halts. TLength of
marches dependent on the condition of the men, weight car-
ried, nature of roads, ete. Liangth of column. Use of several
roads. Importance of accurate timing of marches, Connection
to be kept up between different columns. Place of each arm
on the line of march. Discipline.

_ Flank Marches.—Their danger in presence of an enemy.
Exposed flank to be protected. Distribution of forco. Defiles
on exposed flank to be guarded.

Night Marches.—Disadvantages attending them; precau-
tions necessary. .

J
RIVERS,

Defence of a river line, and gencral principles for distrie
bution of forco ; active defence of a river line.

Forcing a river line; different methods. Selection of
point of passage; what constitutes favorable points. Tributary
streams. Islands.

Preparation of materials and assembly of troops. Secrecy
and stratagem necessary. Coverinq party. Secondary cross.
ings.

DEFILES.

Definition of a defile, Different kinds of defiles; _tbe'u-
importance. Manner of defending defiles and of conducting &
retreat throngh them. Mode of attacking defiles. Mountain
defiles, Bridges. Fords. Causeways.

THOUSES AND VILLAGES.

Their importance and use. Conditions that affect their
utility in a military sense. Isolated houses and villages form
“ tactical points,” if in front, on the flank, in rear, or in the
line of & position.
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Geoneral mode of putting them in a state of defence.
Importance of exterior line of defence, inner lines and citadel.
Disposition of troops. Positions of artillery.

Attack of isolated houses and villages—1. by infantry
alone ; 2. by infantry supported by artillery.

‘WOoOoDSs.

Advantages afforded by woods to the defence or to the
attack, according to their nature, extent, position. Dieadvan-
tages attending fighting within a wood. ‘

Manner of putting woods in a state of defence.

Active defence - of woods, and - dispositions of the threo
arms,

Attack of a wood ; disposition of troops for attack ; move-
ments of attacking force within a wood.

CONVOYS,
L

Different kinds of convoys, either by railway, road or
water, Difficulty of conducting a convoy. Length of convoy.
Causes governing strength and composition of escort.

Disposition of escort on the march ; its duties, Advanced
ﬁmrd, main body, and rear guard., Conduct in case of attack,

ode of parking a convoy. Convoys by water.

Attack of a convoy; method of attack.

BATTLES.

The principles of tacticsillustrated by the study of battles
at different periods. i

S8TRATEGY, N

eneral principles of strategy, objects to be attained by
i operations,

Difference hetween offensive and defensive war ; advan-
tages and disadvantages of each, |

Sucoess of strategy dependent on mobility, and tho result
of it on tactical success.

The difference in the art of strategy botween the Feudal
period and the present time. How the introduction of stand-
ing armies and civilization effected the change.

Improvement in the artof strategy by Napoleon,

THE THREE IMPORTANT PRINCIPLES OF STRATEGY.

1. The “ object.”” Selection of objective and theatre of
operations. What generally must constitute the ¢ object.”

e
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2. Base of Operations, The requirements of a base, extent,
description, effects of configuration and position, Angular
bages, Offensive and defensive bases.

3. Line of Operations. Necessary conditions for a line of
operations. Distinction between single and double lines.
Disadvantages of several lines, but difficulty of using one
line, Independent lines. Limits of use of a single road for
strategic purposes and advantages of operating by soveral
roads.

Point of junction of different fractions of an army ; danger
of concentrating t0o near an enemy.

Combined armies operating trom divergent bases, and
armies operating on interior lines.

OFFENSIVE STRATEGY,

Offensive strategy classified under throe heads :

1. Endeavour to turn a single flanks

2. The advance against the contre of a strategic line,

3. Operating against both flanks.
. kAdvantage of compelling an enemy to form *front to a

an

An army throwing itself across the adversary’s communi-

cations,

DEFENSIVE STRATEGY.

Direct and indirect defonce. The evils of dispersion in
defensive strategy. The strategical advantage gained by
abandoning a certain amount of territory under certain oir-
cumstances. Employment of retarding forces.

LINES OF COMMUNICATION,

Influence of good communications, such as good roads,
navigable rivers, canals and railways on strategical opera-
tions ; also telegraphs,

Necessity of fortified points on the line of communica-
tions, The disadvantages of a long line of communications,
and especially in the enemy's country,

OBSTACLES,

Inflaence of obstacles, such as mountain ranges and rivers,
on offensive and defensive operations, when their general
direction is parallel or porpendioglar to the line of operations,
Fortresses viewed as obstacles.
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FORTRESSES.

The effects fortresses have on strategical operations. The
cause of the establishment of fortresses. How they first affected
strategy, causing sieges to be so numerous, The causes of

sieges being reduced in these days in proportion to the number
of battles,

CAMPATGNS,

The science of strategy illustrated by the study of cam-
paigns at various spochs.

GEOGRAPHY.

Special study of the theatre of war of such campaigns as
may, be solected. General study of the military geography of
the Dominion of Canada. .

\

N.B.—The campaigns and battles solected for study are

_/ varied from time to time, and no special *text books are used
for these, original lectures being given.

ESSAYS.

Original essays on the subjects of instruction will be
vequired to be written according to the time available,

‘N.B.—In the examinations, a3 well as in essays which
may beywritten on the subjects of instruction, great stress will
be laid on clearness and conciseness of style and expression,
legibility of handwriting, and correctness and precision in
statement. Allowance will bo made for those Residents of the
Lower Provinces who may not be thoroughly acquainted with
the English language.




ROYAL MILITARY COLLEGE OF CANADA.‘

SYLLABUS OF INSTRUCTION IN MILITARY.
ENGINEERING.

ALLOTMENT OF MARKS. ’

THEORETICAL PART.
Marks available for entire Course.

Yearly 1,900
Interm;:diate, 2,200 4,100
Notes, Exercise: and
';‘ | Term Work, Drn,wings, 1,900
Yearly, 1,200 1,200
Voluntary, Intermediate nil, } ,

2,00 Term Work. Ncit)t:‘z,w]iin?:ci&m and } 800
‘ tl

' ( o {
Obligatory, ; Bxamination.
60

Examination,

PracTIOAL PART OR ENGINEERING DRILL.
Marks available for entire course.
\ N. G4 O’s. and Cadets
bligatory. { For imparting instruction, (N. C. O’.
A8 P iy modianie B At 170
Voluntary, Nil,
Distribution of Marks by Classes. (Theoretical part.)
4th Olass.
Yearly, 300
Interm’ediute, 300 600
Notes, Exercises and 400
Drawings, )

Obligatory. Exammamn‘{

1,000 Term work. {
Voluntary, Nil.
3rd Class.

§o oo Yearly, 500
Obligatory. [ Bxamination, § 1ptermediate, 500} 1,000
1,600 Notes, Exerciges, and 500
Drawings, 5 ~

s f Yearly 301
Voluntary, (Examlnntlon, Interm’ediate, Nil. 800

LTerm work, {N‘};‘l’_:-w ;E!g:’rcises and} 20

(Term work,
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\ 2nd Class.
Yearly, 8003 Yoo

Obliga'ory, Ex“minmo"’{Intermodinte, 500
1,500 Notes, Exorcises and 500

Yoy
Voluntary, I(Examination, .Interg:'ediuto Nil.} 800
b Notes, Exorcises, and} 200
Drawings,

’LTerm work,

1Term work,

1st Class.

cls Yearly 600
Obligatory, [ Bxamination, { [riarmediste, 900§ 1900
2,000 Notes, Exercizses and 500
Drawings, g
o Yearly, 6
Voluntary, { Exammatm"lglnterm’odiate. Nil,

tTerm work,
} 600

1,000 Notes, Exercises and} 400
L.

L'l‘enn work, 1" Drawings,

Distribution of marks by Classes. (Practical part.)

4TH CLASS,... .00 teesesrasaians
3rD OLASS,.... .
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/ 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, by Major Walker, R.E. and Capt. Sankey, R.E.

Text-book of Fortification and hilitary Engineering, for use
at the R.M.A,, Woolwich. Parts I and TI,

Instruction in Military Engineering, 8.M.E., Chatham. Part

- III, Bridgiog; Part 1V, Military Mining; and Part V, Mis-

cellaneous. i i

Explosives, their use for Military Engineering Land Opera-
tions, and Eleotrical Measurements, by Captain Sankey, R.E,

Manual of Instruction in army signalling, :

Books recommended to be read.

Tostruction in Military Engineeripg, S.M.E,,&hatham,

Lendy’s Treatise on Fortification: .. ;

Professional papers of the Royal Engineers. :

Sir Howard Douglas’ Military Bridges,

Haupt's Military Bridges. °

Von Scheliha’s treatise on Coast Defence.

Journal of the Royal United Service Institution.

The defences of Washington, Barnard.

The Attack of Fortresses (R.E. prizo essay), by Major
Frazer, R.E.

The Defence o% 8 Position (RE. prizo essay), by Major

er, R.E,

Brialmont’s Hasty Intrenchments,

Brialmont's Traité de Fortification Polygonale.

Home's Precis of Modern Tactics.

Principes de Fortification, Noizet.

Fortification depuis Vanban, do.

Fortification du Champ de Bataille, Brialmont.

Nouvelles défences de la France, Tenot,

* Only those hooks at pregent in tho Library at R.M. (., have been quoted.
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SUMMARY OF COURSE OF INSTRUCTION~’IN
MILITARY ENGINEERING.

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

Gerieral Summary of Subjects.

Fortification,—

Field Fortification.

Permanent Fortifi ation.

Semi-permanent Fortification.

Coast Defence,

Attack and Defence of Fortresses.

Mining.

Pioneer Duties,—

Construction, demolition and restoration of
commiunications. (a) For conveyance of
men, horses and material, (b) For trans-
mission of messages.

Tilectricity applied to Military Engineering.

Use of Explosives.

. Bignalling.
Camyp Duties,—

Water supply, huiting, ete.

Method of Instruction—The above subjects are taught
theoretically, and, as far 88 possible, practical instrauction is
given in them. The theoretical instruction is carried out by
Teans of lectures and personal instruction, explanatory of the
text-books above quoted, and of other matter given in the form
of notes from time to time, as required. The Cadets have to
exeénte numerous plates and exeroises, and to write out care-
fully the notes given to them.

The practical instruction, or Engineering drill, has to be
carried out generally by executing the various works, in earth,
timber, eto., to reduced scale, owing to want of time and
labour; but, whenever possible, the work will be done full
gize. In this part of the courso special attention will be given
to instructing Cadets in superintending the execution of work,

The theoretical part of the course will be studied in allfour
olasges.

The-practical part will be taken up in the 1st, Znd and 4th-
clasges.

The following shows the portions of the subject studied in
each, class :— :
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Theoretical Part.

1V Class.—Field Fortification :—Nature and construction of the
works required for the defence of a Pogition,

III Class.—Permanent and Semi-Permanent Fortification, and
Coast Defence,

II Olass.—Attack and defence of Fortresses, Mining, and
Applied Field Fortification.

I Class.—Applied Field Fortification g}ontinued.) Use of
Field Fortification by the Attack, Pioneer duties, Camp

duties.

Engineering Drill,

IV Class.—Field Fortification.

III Class.—

II Class.—Field Fortification; The attack and defence of
Fortresses ; Signalling.

I Class.—Use of explosives ; Pioneer duties, Camp dauties,
Bignalling.

47H CLASS.
OBLIGATORY,

FIELD FORTIFICATION.
o 1st Part.

ion. is 1. Introduction.—~Influence of Tactics on Field Fortification.
ont by Sketch of the attack and defence of a Position. Prinociples of
of the defence and deductions from them of the works required
o form to defend a Position, Effects of the arms at present in use.
ave 10 . 2, Tools.—Various kinds, Transport of tools.
t care- 3. Materials—Raw : how obtained ; earth, wood, brush-
wood, iron, &o.

to be Manufactured : how made ; pickets, fascines, gabions,
 earth, . hurdles, &o. ; N
e and 4. Labour.—Tasks and Reliefs. Working parties,
ne full 5. Revetments—When required. How mada. Anchoring.

p given . Comparison of the various kinds,
im‘ﬁ Work 70 B& Donk For THE DEFENCE OF A PosITioN,

6, Olearing the foreground.—Object. Requirements and how
ind 4th - | folfilled.
s Y. Obstacles.~Object. Divided into natural and artificial.
died in Principles and requirements. Description of the various kinds
of artificial obstacles used, namely : Abatis of various kinds,
8
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Entangloments, Wire entangloment, Irrogular pits with wire
entangloment over them, Chevaux do frise, Palisades, Fraises,
Military pits, Inundations, &c.

Cover for T'roops.

Lor Infantry :—

8. To cover shooting line.—Requirements, and how gener-
ally fulfilled, Description of the various works used, namely :
Shelter trenches, earthen breastworks (iarger parapets unt{or
the head of redoubts), Log parapets, Stockades, Defensible
walls, hedges, enake fences, &c.

9. To cover supports.—Requirements and how generally
fulfilled, Descriptions of the various works used, namely :
Adaptation of natural cover, deep trenches, blind trenches,
fiold casemates, &o.

10. To cover reserves.—Requirements and how generally
fulfilled. Description of the various works used, namely :
Adaptation of natural cover, sheltors, &e.

1 Fer Artillery : —

11. To cover the gun, gun detachment and ammunition.—
Requirements and how generally falfilled. Description of the
warious works used, namely: Adaptation of natural cover, gun
pits, gun-epaulments (the placing of guns in Field Works is
considered under that head.)

12. To cover Limbers.—Requirements and how generally
fulfilled. Description of the various works used, namely :
Adaptation of natural cover, Limber pits.

Blindages.
13, Specially considered.
Hasty Intrenchments.
14. Nature and object.
Methods of Flanking.

15, Object. 3pecial requirements and how generally ful-
filled, Description of the various special works, suitable for
flanking, namely : Tambours, caponiers, &o.

Fortification of the Strong Pogt!s of a Position and of Isolated
08ts.

16. Object and special requirements, various kinds, namely :

17. Field works. Trace, profile, details and execution.

Garrion, &c

18.
19,
20.
Makin
21,

L C
IL C
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IV, I
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18. Defensible knolls. Trace, profile, &c.
19, Defensible houses and villages.
20. Defensible woods,

Making and Destroying Communications in a Defensible Position.
21. Object and statement of work to be done.

PLATES,

I. Cover for shooting line.
IL. Cover for supports and reserves.
III, Profiles of Field redoubt.
IV, Field Trace.
V. Defensible Kn
VI. Defensible Post,
' These plates are varied from time to time.

I MZEROISES AND FAIR NoTES.— On the above subjeots.

' SuBJEOTS FOR EXAMINATION :—
December—Sections 1 to 6 inclusive.
March—Sections 1 to 14 inclusive.
June—The whole subject.

1 CLass.
OBLIGATORY,

! PERMANENT FORTIFICATION.

A. INTRODUOTORY :—

Definition of permanent fortification.

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

Details subject to change with the arms in use.

Situations in which permanent works are required.

Classification of fortresses with reference to the duties they
perform.

B. REQUIREMENTS OF A FoRTRESS —

o, Absolute security against attack with the means at the
disposal of the enemy’s field army, viz,:—

a, By surprise.

3. By open assault.

7. By bombardment.

J. By blockade, 4

b. The maximum amount of security against attack by regular
siege.
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Sketch of attack and defence under the above heads with
the object of showing the general nature of the works
necessary to give effect to these requirements.

C. ELEMENTS oF PERMANENT WORKS—

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 assault. Require-
ments and how fulfilled. .

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

b. Projile 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 passage to the defendere.

d. Retrenchments or keeps, to prevent the enemy from secur-
ing his footing inside, even if the obstacle is forced.

a. . The rampart; its object, command, thickness, terreplein,
elopes, ramps, ‘

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

%Y. Means for use of musketry and artillery fire; the ban-
quette, barbettes, embrasures, Haxo casemates, Mon-
crieff pits, mortar casemates, iron shields, cupolas.

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

& Means for shelter for men and material; traverses, solid
or hollow, parados, bomb-proof shelter; under ram-
part for men, in traverses for guns, bomb-proofs for
1eserves, their construction and position,

b. g. Conditions of defence which all profiles must fulfil,

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

Q’>Various kinds of revetments, their construction, com-
parative advantages and disadvantages of each kind.

. 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 objects, construction, defects,
when useful.
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3. Tenaillons and demi-tenaillons, mention only.
3. Advanced works—

Horn works, crown works, luncttes, floches, their
objects and traces.

Diecuss the general objects of outworks and advanced
works, and show that the accumulation of these
works, formerly thought desirable, is now obsolate.

1. Detached works—

Requirements, when used. (See also applied F. F.)

3+ Communications —

Requirements; simply, easy, safe, how carried out,

d. Retrenchment—
Requirements, how carried out.
a. Open works ; cavaliers, gorgo retrenchments, coupures.
. Closed works; casemated koeps, interior glacis, iron
plating,
7. Citadels; how they differ from ordinary retrenchments,
their requirements and how fulfilled,

D. ARRANGEMENT oF THE BLEMENTS IN FORTRESSES.

General considerations which govern the combination of the
above elements.
a. Detached Forts,
Requirements,
a. Good artillery positions.
- Secure against assault.
How oarried out.
b, Enclosed Enceintes.
«. When a regular attack is not possible.
1. Long simple fronts,
2. Simple outworks,
3. Escarps, caponiers, and keeps cothpletely covered from
view.
(- When a regular attack is to be anticipated,
1. Shorter fronts, more elaborate in detail,
2. Strong salient outworks, Countermines under glacis,
8. Escarps, caponiers and keeps, completely covered, hence
mgsk(si, iron plating, interior glacis, the lattor counter-
mined,
-¢. Combination of Enclosed Enceintes and Detached Forts—
To form first-olass modern fortresses,
a. The enceinte as in (D — b— 3 ) above,
/3. The detached forts.
1. The individual forts as in (C — ¢ — ¥ ) above.
2. Considerations which have brought into prominence in
modern fortification, the combination of detached forts,
with enclosed cnceintes,
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d. Examples of Modern Works—To illustrate the above:

E. SkeT0oH oF PROGRESS OF PERMANENT FORTIFICATION—vide

voluntary course.

F. GENERAL APPLICATION.

Aleication of fortresses to the defence of a country, in-

cludigg a general sketch of coast defence. *

General wtrategical considerations: Method of frontier
lines, its\failure illustrated by examples,

Experiencg’of the German invasion of Krance in 1870-71.

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

SEMI-PERMANENT FORTIFICATION.

A. INTRODUCTORY—

Definition.

Objects to be attained. Requirements.

Means available for construction of semi-permanent
works, inciuding time.

Characteristics of semi-permanent works,

Cares in which they are applicable. .

B. APPLICATION—

a. To semi-permanent detached forts.
b. To semi-permanent enceintes.
Requirements, and how carried out under each of the-
above heads,

C. VARrious EXAMPLES OF THE APPLICATION OF SEMI-PERMA--

NENT WORKS,

PLATES,

I. Permanent profiles.
II. Plan of a Permanent work.
III. Sections and elevations of II.
1V. Details of Permanent works.
These plates are varied from time to time.

Fair Nores.—On lectures during the term.

Exeroises.—Examples of permanent profiles and bastioned
traces.

*Coast defence is chiefly dealt with in the Voluntary Course.
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SUBJECTS FOR EXAMINATION ;=

December.~Sections A, B, C and D, Permanent Fortifl-
cation,

March.—Section F, Permanent Fortification, and Semi.
Permanent Fortification. .

June.—The whole subject.

11l Class-
VoLuNTARY.

PERMANENT FORTIFICATION.
E. Skercm or ProGRESs oF PERMANENT FORTIFIOATION.

a. Permanent Fortification before the introduction of Gun-
powder ; methods of attack to which it was exposed and means
taken to resist them. Show that the principles were the same
a8 in modern fortification,

b. The Transition Period.

Effect of the introduction of cannon, and of mining with
gunpowder.
On the site.
On the construction,
On the profile.
On the trace,
c¢. The early Italian, Dutch and F;ench Schools.
Tptroduction of the bastioned trace in Italy.
Qrigin of the ravelin,
Paciotto’s trace, the first regular bationed work.
Characteristics of the Dutch school, example Ccevorden,
[mprovements by Coehorn, his principles and methods
of construction,

¢. The French School under Vauban and his Successors.

Vauban’s systems, first and third. Cormontaingne’s im-
rovements ; the school of Mezidres; the school of
etz (modern French system.)

Later improvements in the bastioned system and its
application to detached forts in France during tho
present century,

e. Rise of the Polygonal System in Germany.

What it owes to Montalembert, and to the early designs
of Durer (16th century.)

Various examples of the application of this system in

modern German works,




COAST DEFENCE.

* A, INTRODUOTORY —

Principles unaltered,
Considerations which influence the modifications in de-
tail, characteristic of coast defences.
Considerations which influence the solection of the
points to be defended. :
Squt(i)llx of methods of attack to which such defences are
iable.
Requirements and means of carrying them out.
a. By special arrangement of batteries—site,
b. By constructive details for protection of guns and
facilitating their service. .

¢. By utilization of naturel obstacles and creation of arti
ficial ones.

B. CoMBINATION OF THESE PRINCIPLES IN WORKS FOR COAST

DEFENOE— .

Nature of defences :

a. Batteries,

b. Obstructions,

¢. Submarine mines,

d. General discussion on method of defending coasts by
the combination of the above,

a. Batteries.—Requirements and how fulfilled for the
following :—

. Earthen batteries with or without Moncrieff carriages,

B. do do  with iron embrasure shields.

. Casemated batteries with do do
g'. Iron fronted batteries fixed or revolving.
Situations in which these batteries are' suitable, respect-

ively :—

b. Obstructions.—Requirements and how fulfilled for the
following :—

a. Sunken obstructions.

B. Floating  do

Nituations in which they are suitable, res ectively :—

¢. Submarine Mines—Requirements and how fuifilled for
the following : —

a. Defensive,

1, Mechanical,

* Portions of Sections A, B and 0, Coast Defenceare included in Obliga-

tory Oourse under Section F,

Fan



2. Electrical,
Situations in which they are suitablo, respectively.
Attack on submarine mines, (For oxplosives
used, see Explosives).
3+ Offensive (Torpedoes.)
1. Locomotive.
2. Outrigger,
Brief sketch of the use of torpedoes.
d. General discussion on method of defending coasts by the
combination of the above,

C. GENERAL MILITARY OPERATIONS FOR THE DEFENCE OF
Coasrs,

PLATES.

V and VI. Coast Defences.
These plates are variod from time to timo,

Farr Norgs.—On lectures daring the term.

e Il CLASS.
OBLIGATORY.

ATTACK OF FORTRESSES. '
A, INTRODUCTORY,

Modes of dealing with fortresses—how determined,

Various methods of attack which can be carried out with
the means at the disposal of a field army. When they
are applicable respectively, and how carried out.

a., By gurpr{se.

b. By Open Assault,

Applioation in connection with the regular attack,
¢. By Bombardment,
a~ For destruction of arsenals, &c.
. For obtaining possession of the place,
ABppliontion in connection with other mothods of attack,
A

y Blockade.

Methods ¢,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 the method
of appoaching the fortress,




Corps of observation, necessity for.
Siego corps ; its strength and’ composition,
Siege train ; artillery and engineer.
b. Investment—
Object, strength and composition of the investing force.
Method of execution,
Sketch of the arrangement and fortification of the invest-
ing line. (See applied F, F.)
<. Preparation for the regular siege.
Choice of front of attack.
Project of attack,
Site and arrangement of siege parks.
Preparation of materials,
Preliminary batterios, discussion as to whether they are
to be recommended,
d. The reqular siege.
o The first artillery positions; object, requirements of
batteries, considerations affecting their site,
Type of battery employed, method of execution.
» Progress of attack up to the formation of the first parallel.
Object of first parallel, requirements, former method of
opening, present method,
Tracing and extending,
Execation by common trench work.
The approaches.
Extent of the parallel,
Covering troops.
“%. The second artillery position—

- Its object ; duties of 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.

o- Advance from first to third parallel,

1. The second parallel ; its object and position,

Requirements, execution of the second parallel and its
apg‘r:aehes, generally by flying trench work, Advance
in front of second parallel, generally by sapping.
2. Definition of sapping and requirements,
Single saps shallow and deep ; when used, how executed.
3. Demi-parallels ; their object and position. :
4. Third parallel ; its object and position, requirements and
method of execution,
&, Advance to the covered way,




1 Speciallldimcullies to Bo encountered in front of the third
para.

2. Circular portions.

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,

6. Fourth parallel; its object and position, and require-
ments,

7. Crowning the covered way by sap lodgments,

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 ir:‘go enceinte,

1, General arfangements, and usual order of procedure
against the various works in succession.

2. Breaching escarp, position and range of the breaching
batteries, method of forming the breach, obseyvation of
effect of fire, Batteries in the lodgments/when re-
quired, position, execution and armament. :

3. Breaching by mines, silencing flanks, descentijnto ditch,
passage of ditch, \

4. Occupation of the breach,

By assault, preparations for assault, disposition
execution,
By gradual oceupation, method of execution,
5. Farther proceedings against rotrenchments, if they exist.
Breaching by distant curved fire if the escarps are not
well covered.
Attack by mining.

C. ExaMPLES—

a. Application to the attack of a front of the modern
French system.

b, Probable course of attack on a polygonal front,

¢. Attack on a chain of detached forts.

DEFENCE OF FORTRESSES.

A. INTRODUCTORY—

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

Garrison ; peace and war establishments.

Armament; guard and full, nature “of pieces, amount of
ammunition,

troops,.




Engineer stores,

Provisions, [ s

Preparations for defenge if threatoned ; interior drgani-
zation of the place. it

Works which require to bo carried out by the Engineers
and Artillery,

Distribution of troops,
Measures required to fesist attack.

By the enemy's  field army under the heads given in
syllabus of attack, section A, viz:

a and b. By surprise or open assault,

¢. By bombardment,

d. By blockade.

B. AGAINST REGULAR ATTACK—

a. Preparatory arrangements.
b. Resistance to investment.
. Obstruction of the preparations of the regular siege.
d. Resistance to the operations of the regular siege.
a. Against the first artillery position,
Modifications of armament. Retrenchment commenced,
Special for first class fortresses,—intermediate batteries
between, and retrenchments behind, the detached forts;
(3. Against progress of attack to first parallel.
Defence of advanced posts.
Lighting up ground at night and careful observation.
Firing on working parties; large sorties.
J. Against the second artillory position.
Concentration of fire on batteries in succession.
Interruption of working parties if discovered by shrapnel
< fire, .
J- Against advance to third parallel.
1. Same operations against second parallel as against first,
2, 3 and 4, Against saps, demi-parallels and third parallel,
Fire upon eap heads, Small sorties, Counter approaches,
€. Against advance to covered way,
1. Creation of difficulties ; obstacle, mines,
2. Same as against other saps, :
3. Countermines to oppose besiogers’ mines, (See also,
mining,
4, 5, 6,7 and 8, Against double saps, demi-parallels,
fourth parallel, crowning covered way by sap,
Concentration of fire and small sorties as against other
saps, Waull Pieces in place of Arms, plunging fire
from Cavaliers,
9. Against crowning covered way by assault.
Concentration of fire as before ; sorties on flank,

C. Er,
Vari
D, Gx;
On {

th
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10, Against fifth parallel,
Ame a8 against other saps,
G, Against breaking into enceinte,
1. General preparations,
2. Againgt breaching of escarp,

Concentratior. of fire, and sortie, against breaching
batteries in lodgment, and gallery of descent, retain.
ing possession of covered Wway as long as possible,

3. Against breaching by mines, &o,

Sorties and vertical fire in the ditch, Water manceuvres

in wet ditch, Shells rolled oV

er and flank firo against
attached miner, Countermines under ditch,

4. Against occupation of the breach,
Scarp and countermine breach, Arrange obstacles,
Retrenchments in the ditch aud on rampart, Flanks
restored.  Concentration of fire on" breach and
nlpproacbes. Strong bodies of troops under cover
close to breach, Strong fire from keep on breach,
, B Against attack on retrenchments,

Countermines under glacis, strong fire of musketry,
facilities for counter attaclk with bayonet, Final
defence of citadel or of a second fortress,

C. EraurLES oF THE DrrEnce op
Various,
D. GeneraL Drsoussion—

On the relative gains and losses of the attack and defence
under modern conditions, and on the probable courge of
the attack in the future,

FortrESSES —

MINING.
A. INTRODUCTORY

Brief sketch of mothods of mining in u

oation of gunpowder to this purpose.
Application of

a. By the attack,

Object, to continue advance when sapping is stopped to
breach escarps and blow in countersearps,

Means of defenders to resist such attack ; oo
galleries behind esoarp, under ditoh, bohi
scarp,

b. Offensively by the defence. :
Object, to blow up the onemy's works, and so delay his
advance,

Measuros taken for this purpose.

86 before the appli-

gunpowder to mining operations.

untermines,
nd counter.




Countormines ; galleries arranged systomatically under
the glacis, in one or more planes (undercharged mines.)

Measures taken by the attack to neutralize this means of
defence. |
Countermines offensive (overcharged mines.)

¢, Submarine mines. (See Coast De%ence)

. Defensive use, submarine mines proper.

/3. Offensive use, torpedocs.

B. RequiremENTs.—Means for placing charges.

a. Land mines ; offensive and defensive.

a. Shafts and galleries ; object, dimensions, method of
execulion and lining., Tools, appliances and time

required.
3 Bored mines ; object, dimensions and method of execu-
tion.
Ventilation of mines ; requirements, method of carrying
them out.

) Pregaration of charges, loading, tamping and firing mines.
(See Explosives.)

b, Submarine mines.

See for details, Coast Defence, Section B, Sub-gection c.
C, ExrLos1vES GENERALLY USED.—Their different effects, and
the guantity of each required.

a. Explosives.

« Gunpowder, gun cotton and dynamite; comparison of
their effect, and when they should be used respectively.
Sketch only.

4 Caleunlation of charges, land mines ; definitions; over-
charged and undercharged mines ; camouflets ; radii of
rupture. Rules for calculating the charges and effects
of mines, Influence of the nature of the soil upon the
charge.

v For Submarine Mines, see Coast Defence and Explosives,
as above,

For the application of mines, Syllabus of Voluntary
Course.

FIELD FORTIFICATION.
2nD PART-

APPLIOATION TO THE GROUND OF THE WORK TO BE DONE FOR
THE DEFENCE OF A PosITIoN—

Object of defending a Position. Subdivision of the defence

into two kinds: offensive-defensive and purely defensive.

d.
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A pplication of the different kinds of defence.

The positions of the works mast conform to that of the

: troops.

Statement * of the tactical requirements and of the conse-
quent distribution of the troops.

G'eneral arrangement of works to conform to this distribu-
tion, namely, Lines with Intervals, Comparison of
Lines with Intervals and Continuous Lines, Influence
of the kind of defence and of the object for which the
Position is defended on the arrangement’ of the works,

] Object of advanced works and of a second lino of defence

' and general arrangement for each,

Choice of a Position.—The approximate site depends on
strategical considerations, the accurate site mainly on
tactical and slightly on technical considerations, General
requirements, Special requiroments according to the
kind of defence, Defects that may oceur in Positions,
and how best to neutralizs them. Description of various

' kinds of Positions.

Choice of site for works,—The site must be chosen prinei-
pally 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,
;

c. Strong points : Advanced posts, Main line pivots.

2nd line pivots, Keeps of Position, Works covering
retreat,

d. Flanks,

e. Communications, radial and Iatoral,

» Order in which tho various works should be oxecuted.

| Inquiry into the effect of intrenching on the field of battle,
Application of the foregoing to the defence of positions

: occupied for the following purposes, giving in each case

the object of defending the Position, tho special require-

ments and how they are fulfilled : —

L. Field of battle. Offansive-defonsive and pure defonsive.

2. Lines of investment,

3. Defence of the environs of a fortress,

4. Defence of defiles—bridge heads and mountain passes,

5. Intrenched camps, depots, &o. )

6. Rearguard Positions, {

5 Attack and Defence of field works.

| * The consideration of these tactical requirements belongs to the Course
of Tactics.
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PLATES,

1. The attack to the third parallel.

I1. The attack to the summit of the first breach.
111, Defence, §
1V, Mining, &c.

V. Applied field fortification (project).

Thege plates are varied from time to time,
Fair Nores.—On lectures during the term.
Exeromses.—Journal of attack. Report on project.
SuBsEors ¥orR ExXAMINATION—

December—To end of attack,
March—To end of defonce and mining. (Sections A to
C inclusive.)
June—Attack, Defence, Mining, (Sections A to ¢) and
xII’pplioation of field fortification to the defence of a
osition.

2ND OLASS.
VoLUNTARY,

ATTACK.

Szorion B.—Obligatory course,
Sus-SEorIoN d— @, ¥, §, & 6, more in detail.

MINING.

D. ArrrioaTiON OF MINES—

a. To the Defence. . :

. Defence of glacis : object, requirements, how carried
out.' Countermine systems for defence of glacis,

3 Defence of breach, object, requirements, how carried
out, Countermine systems.

b. Tothe Attack. ! ; ;

a: On countermines under glacis, tactics of assailant,

ordinary method of attack by galleries, attack by shaft mines,
(3. On countermines for defence of breach,

7.0n escarp and counterscarp revetments, to form breach.
¢. To the demolition of permanent works after capture or

duri ace, :
i PLATES.
VVI{ } Biege Works,
These' plates are varied from time,to time.
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Famr Nores.—On lectare during the term,

Enxoxs:s.——Exsmples on a
attack on countermineg,

SuniEoTs oF ExAMINATION—
June—Whole subject,

pplication of mining; Journal of

—

IsT OLAgs.
OBLIGATORY,

FIELD FORTIFICATION,
Use or Fizrp Fqnnrmuxoxw BY THE ATTACK,

Object.—The assailant may employ Field Fortification for
two distinot purposes, namely : A purely offensive and a 1pm'ely

defensive use. Cages in which Field Fortification would thus
be used,

Purely Offensive Use,

Nature of Works.~The same ag those for defence, of a very
hasty description, But includes, besides, the destruction of
ennemy’s works when captured; methods of doing this,

Chaice of sites for Works.—Very limited, Requirements and

how generally fulfilled for Infantry, Artillery and communi-
cations, :

Purely Defensive Use,

Nature of Works.—The same as those for defence, of a hasty
desoription. But includes, besides, the adaptation of the
ennemy's works, when captured, for defonce against him ;
methods of doing this,

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

a. Intrenching front to aseist flank attack, .

- b Becuring captured position.
¢. Preparing rear positions in case of reverse : con-
Deotion between the above use of Field Fortification and
the “regular” attack by means of siege works,
9




EXPLOSIVES,

Tuer Usk vor M[Lmnr ExarNeeriNG LaNp OpERATIONS.

Qualities and capabilities of the varions explosives used.
Detonation, !

Construction of magazines for the storage of explosives,

Use or ExprLosIVES.

Fuzes.—Electrical and for use with slow or instantaneous °

leader.

Preparation of Charge,.— Primer ; preparation of charges for
various purposes,

Preparation of Firing Arrangements.—Slow and instantaneous
leaders.

Firing by Electricity.— Voltaic batteries, quantity and tension
dynamos, arrangement of circuit, jointing,

Testing.

Examination of explosives. '

Eleotrical testing (with the apparatus contained in the Field
Service Testing and Jointing box) of fuzes, firing apparatus,
batteries, dynamos, calculation of battery power, Circuit, test-
ing circuit wires and complete circuit,

PIONEER DUTIES.

Communications considered under three heads : Constraction,
Demolition and Restoration

COMMUNICA fIONS FOR TIIE CONVEYANCE OF MEN,
HORSES AND MATERIALS.

CONSTRUCTION.

Briparxg (Railway bridging omitted).—Objeot, require-
ments, methods of determining dimensions of opening, consider-
ations 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 ; 'I‘,;estle 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 stress in them is known, * General considera-

tions as regards the roadway, road-bearers, trussed boam and
shore ends.

0‘ Accurate methods are given in the Mathematical and Oivil Engineering
ourges,

weigh
Roa
‘milita
road e
Rar

of war
gauge,
tation
Tres
‘sectior
requir

Obje
thand,

Roa
ments,

1 The
of the O



131

Methods of connecting spars together ; lashi ng, trec-
and dogs,

Plant used for brirlging.—’l‘nckle, Spanish windlass, dorricks,
shears, gyns, earth anchors of various holding power,

Frame  bridging.—General description of “such
Materials required. Details of construction,. Methods
ing and calculation of 8tresses for
bridges : Single lock, double lock, eingle sling, ordin ry and
stiffened treble sling; in each case with and without fvertical
frames at shore ends,

Trestle bridging.—General description of such i
Materials required. Details of construction, Method of
and calculation of stresses for the follo
Two-legged, four-legged and trj
advantages of eéach kind, Formiug up into bridge,

Miecellaneous methods of obtaining points of Bupport, crib

" piers, piles, &o.

Floating * bridges —General description of such br
Materials required, Details of construction,
dimensions and buoyancy required for floatin
posed of pontoons, barrel-piers of varions kin
of various kinds, and boats,

nails, spikes

bridges,
of ereot-
the following kinds of frame

idges.
aking
wing kinds of trestles ;
pod. Advantages and dis.

idges.

Caloulation of
g bridges com-
ds, timber rafts
Arrangements to be adopted at
thoshore ends: 1, When the water level does not alter or varies

but little ; 2. When there is a coneiderable variation of level.

Flying bridges,—Their requirements and construction,

Miscellaneons.—Rough bridges made of treos i passing
weights across wide openings by means of shears, ot¢,

0AD8.—Object, requirements, method of construction of
military roads, ordinary, hills over marshes, corduroy roads,
road engines, repairing roads,

RatLways.—Object of constructing military railways in timo
of war, Requirements, censideration a8 to selection of route,
gauge; engines and rolling stock of military railways, Adap-
tation of existing stations to military purposes,

Trench rai way.— Objoct, roquirements, considerations as to
section of route, gauge, ongines and rolling stock, Works
required and how executed (bridging mentioned only).

Dexorrtron,

Object. Description of methods generall
hand, 2. By use of explosives, 3, By fire

Roaps.—Vulnerable points: bridges,
ments, Demolition of each,

y adopted: 1. By

cuttings and embank-

The laying and construction of
it

f the road are not considered, being part
of the Oiv: Eogineering Oourge,




RAIL%}AYS.—Vu]nerable points: bridges, cuttings, tunnels,

embankments, permanent way, engines and rolling stock,

Hasty demolition by cavalry, and deliberate demolition.
CanaLs.—Vaulnerable points: locks, cuttings and embank-
ments, Demolition of each.

ResToraTION,
Objeot. General considerations,
RoAps.—Repairing bridges, or replacing the original struc-
ture by a temporary oue. Repairing cuttings and embank-

ments, or other works undertaken to replace them, if not
repairable in time.

AILWAYS.—General considerations only,
COMMUNICATIONS FOR THE TRANSMISSION OF MESSAQES,

CoNSTRUCTION, .
Object and general considerations, S
SianaLLiNG.—Object. Alphabet, Code. Cyphey. Means
of signalling : flags, lamps, shutters, heliograph, “Selection and
arrangement of signal stations and method of workinf them,

TeLEGRAPHS.—Object. Short sketch of method o working:
without introducing technical matters,

Combination of cavalry scouts, signalling and telegraphy
for the service of an army.,
DEmorriTron,
TeLrarapas,—Breaking the circuit. Tapping the circuit,

REesToraTION,
TeLEGRAPH3I,—Same as making.

CAMP DUTIES.

Warer SuppLy.—Sources of water supply. Parifying water,
Distribution of water. Methods of obtaining water. Norton’s
Abyssinian tube wells, Boring for water.

Hurrivg.—Requirements, Huts of various kinds, Bivouacs.

MisoeLLANECUS,~Field kitchens and ovens. Latrines.

PROJECTS,

L. Project for the defence of a position,
IL Demolition project.
IIL. Project for a military bridge.
IV,

These projects are varied from time 1o time,
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Ear Nores,.—On lectures during the term, when ordered.
ExErcics, —Reports on projects,
SuBIEOTS FOR EACH Examination—

December—Tield and Permanent fortificati

sives and bridging, as far as trestle brid
March—Attack and defence

June—Whole course for clasg,

on; uso of explo-
ging, inclusive,
and romainder of pioneer dutjes,

—

IsT OLASS
VoLunTaRY,

ELECTRICAL TESTING.

‘General Considerations, Units to which these measurements
are referred.

Instruments.—Description and method of using the following
instruments : (ontact keys, standard colls, galvanometers
(detector, sine, tangent, Thomson’s reflecting and Clark’s
differential galvanometers,) resistancoe coils, condenser,

Testing,—Various methods of obtaining measuroments of
resistance, (resistancoe of a conductor, of‘a;;alvanometer, of

{3

“earths,” ete,, internal rosistance of a cell), difference of
potential, electro motive force, strength of a current, and
capacity.

(Part IT of Explosives and Eleotrical measurements forms
‘the volantary Courso),

PIONEER DUTIES,

‘COMMUNICATION FOR THE CONVEYANCE OF MEN, HORSES
AND MATERIALS.

Bripoing—

Suspension Bridges,—General description of such bridges,
Materials required. Details of construction. Method of erect.
ing and calculation of stresses, and dimensions for the follow-
ing kinds: Ordinary suspension bridges, tension bridges, and
strutted tension bridges.

Railway Bridges (temporary),—Object and requirements,
Materials used. ~ Details of construction, Method of erecting,
and calculation of stresses and dimensions for the followin
kinds: Frame bridges for small openings, trestles for wide

shallow openings, and trestles in tiers for wide deep openings.

"COMMUNIOATIONS FOR THE TRANSMISSION OF MESSAGES,
BALLOONING.—General considerations.
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Onsnnvuomns.—Objeef, requirements and mothod of con-
struction of various kinds,

PraTEs.~Pioneering project.

Fare Nores.~On lectures during the term, when ordered.
Exercises.—Report on project.

SussEers For EXAMINATIONS —Jano—Tho whole subject,.

ENGINEERING DRILL.
4TH CLASS.

F1ELD ForTiFrcaTioy.
Preliminary,

Carrying tool drill and extending working parties, Field
Geometry, Use of Field Level,

Obstacles,

Abatis ordinary. German hough abatis. Shallow military
pits. Wire entanglements, lisades, Fraises. Chevaux.de--
frise, &o, ] -

. S
; /// " Cover ror Troork
a - Infantry.

Shooting Line,—Shelter pits and riflo pits. Shelter trench
exercise, Blinded shelter tronches, defensible hedges, walls
and snake fences. Log, hurdle and plank parapets. Stockades
of various kinds, : ;

St(t‘pparts‘—-Deep shelter tronches, Blinded shelter tronches..
Field casemates of various kirds,

Reserves.—Lean-to shed covered with earth,

Artillery.
Guns and Detachment.—Gun pits, Gan epaulments,
Ammunition— Ammunition recesses in above,
Limbers,~Limber pits,

Use of Brushwood.
Making pickets, gabions, fascines and hurdles,

: Revetments,
. Made of the following materials :—Gabiona, casks, fasoines,.
logs, planks, hurdles, continuous hardle work, sand-bags,
bricks, stone, miscellaneous.
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Il CLASS.

Field Redoubt,

Tracing, profilling and defilading fall gizo,
model. The redoubt to

Executing in
] contain splinter proofs, traverses and
cccasionally gun-banks, :

ATTACK OF FORTR ESSES.

First Artillery Position.—Execution in model of guitable
batteries, :

Up to 1st Parallel—Common trench work for parallels and
approaches,

Second Artillery Position.—Tracin
battery and execution in model, wit|
forms and approaches,

Up to 2nd arallel.—Flying trench work,

Up to 8rd Parallcl.—Single'sup shallowsand deep.

Advance to covered way.—Circular portions, f)ouble saps.
Blinded saps, Orowning the covered way.

Breaking into enceinte.—~Batteries in lodgthent on covered
way. Descent into the ditch. Passage of ditch (1) when
dry, (2) when wet, Occupation of breach,

ining.—Sinking shafts with cases and fram
galleries with casos

g of fall size siege.gun
h magazines, screen, plat-

es.* Driving

and frames, Preparing charge for mine,
Signalling.

Flag Drill.—Practico with flags, Lamp drill with dummy

amps.  Practice with lamps. = Practice with heliograph,
Selecting stations, Transmission of messages,

| CLASS.
UsE or ExpLosIVES,

Preparing charges of gunpowder, guncotton and dynamite
for various purposes.

Preparation of Jiring arrangements.—Firing charges by means
of slow or instantaneous leader and by electricity,

Testing.—~Practical application of the theoretical course.
ProNexr Durixs,
Bridging. ;
Dreliminary.~Reconnoisance of site, Measuring width,

* The actual sinking of shafts, &c, will not, ag a rule, be possible.

/

—
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taking gectious (boning and levelling). Knotting. Lashing
spars. Making Derricks, Shears and Gyns, Trussed beams,

Frame Bﬁdgca.—Sinile lock, double lock, single sling.

Trestle Bridges.~Ma ing two-legged, three-legged and four-
{)eg ed trestles with various matorials, Forming up into

ridge.

Miscellanecus,—Points of support formed by gabions, casks,

crib piers, &o.
ater bridging.—Barrel pier drill, Preparing boats, Form.

ing the above into bridge.

Signalling.—2nd class work continued.

Camp Durigs;

Bivouace.  Field kitchens and ovens. Latrines, &e.
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ROYAL MILITARY COLLEGE OF CANADA.

SYLLABUS OF INSTRUOTION IN PRACTICAL
GEOMETRY AND ENGINEERING DRAWING.

ALLOTMENT OF MARKS,

By

Marks available for entire Course,
PLANE GEOMETRY AND ENGINEERING DrAwING,

b ( AR Yearly, 300
Obligatory, Examination, Intermed iate, 200 800
800

tTerm work, N(]Si:,ﬂf;erciees and 300
£

i Yearly, 240
Voluntary, Examination, {Intermodiate, Nil, 840
500 Notes, Exercices and
Term work, { Dra’winge, } 260

SoLID GEOMETRY AND EnaiNEERING DRAWING,

s Yearly, 300
Obligatory, ! Examination, {Interm;giate, 200 o
90! Notes Exercises, and
tTerm work, { Drawings, 400
Yearly, 5

fuilal 0
Voluntary, Examination, Intermediate, 300 § 1,080

'2,000 lTerm work, {N(i;ﬁ,me;:rcises and 950
’
4th Class, ;
PLANE GEOMETRY AND ENGINEERING Drawina,
R Yearly, -200
Obligatory, rExammatlon, {.Interm,edinte, A 00 400
700 iTerm work, ’:N%f-:,w in]l“gx:ucnws and ) 300
: !
o early 240
Voluntary, Examination, Intext:xediale, il, 240
Term work, Notes, Exercises and

Drawings, i




3rd Class.

Sorp Geomerey ANp ENGINEERING DRAWING,

Oblig(%gry ! | Examination, {

Includin,
1(00 for r%-
visionin

Plane |
Geometry.,)

Term work, {

1Y
Voluntary, [ Examination,
[Term work,

G.D, D.G,
Yearly, 100 4-300
Intermediate, 200

Notes, Exercises and
Drawings,

Yearly, 250
Intermediate, Nil.,
Notes, Exercises and

Drawings,

2nd Olass.

|
|

SoLID GEOMETRY AND ENGINEERING DrAawing,

Obligatory .. ........ coeresee.

o @
Voluntary, Examination,

1,500

Term work,

Yearly,
Intermediate, 300
Notes,* Exercises and

Drawings,

500

600

400

250
250

Nil.
800
700

Par

Prac
Chatbh:
!

The

geome
ing,” b
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TEXT BOOKS.

Part I, Text Book, Fortification and Military Eogineoring,
R. M, Academy, Woolwich.,

Practical Geometry and Perfnanent Fortification, 8. M, B,
Chatham. )

R, M. College notes on Practical Geometry,

The * text book in use for the voluntary course in solid
geometry is “Practical Geometry and Engineering Draw-
ing,” by G. 8. Clarke, Lieut. R. E,

Books recommended to be read :
Heather's Descriptive Geometry, Weale's series.
Edgar and Pritchard’s Solid or Descriptive Geometry,

Woolley's Descriptive Geometry,
De Rheim’s Geometrical Drawing.

* Only those books, at pregent in the Library at R. M. 0., have been
quoted.

{
|
[
|
i




SUMMARY OF THE COURSES OF INSTRUCTION
IN PRACTICAL GEOMETRY AND
ENGINEEE[NG DRAWING,

Plane Geometry.—Only simple constructions are atte pted
in the Obligatory part of the course, those for the Volantary
part are more difficalt. The course is throughout designed so
238 to teach esse, accuracy, and mneatness in drawing with
instruments,

Solid Geometry.—The Obligatory course consists of such
simple problems as are necessary for Field and Semi-Per-
manent Fortification, Tho Voluntary course is of a higher

nature, containing such problems as are useful for Civil and
Mechanical Engineering.

Method of Instruction.

The instruction is emeried on by means of lectures and
personal instruction, The lcqtures will be exzplanatory of
the text-book, and occasiona ly additional matter will be
given, of which fair notes will be made, The Cadets will
farther be required to execute numerous lates and exercises,

The course of Plane Geometry and Ji’ngineering Drawing
(Obligatory"snd Voluntary) will ‘be studied in the 4th class,
and the Obligatory course of Solid Geometry in the 3rd Class,
The Voluntary course of Solid Geometry will be commenced
in the 3rd class on completion of the Obligatory course and
will be continued during the 2nd class.

The following is a syllabus of the courses for each class
(fally detailed when no text book is available for reference).

—

4TH OLASS.
PLANE GEOMETRY AND ENGINEERING DRAWING,

OBLIGATORY,

General rules for the use of instruments, construction and
use of ordinary, comparative and diagonal scales, and verniers,
Explanation of the problems contained in tho plates. .

Farr Nores.—On such of the above subjects as are not con.
tained in the printed notos and text book,

PLATES.
1. Printing plate,
IL To bisect & given angle. To draw a straight line through

circle
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4 given point towards the interseotion of two given straight
lines, this intersection being unattainable, To divide a finite
straint line into parts, havin

g given ratios to one another,
b Ordinary and comparative soales,

l IV. To find third, fourth, and mean, Proportionals to given
: lines; by various methods. To divide a given line in extreme

and mean ratio. To determij i i
| given ratios. To plot an g

On a given straight line to dege

ribe a segment of a
circle to contain a given angle. To describe a oirole about a
: given triangle, or to pass throngh three given points, centre
' attainable and unattainable, o inseribe a oircle in a given
triangle. To escribe 4 circle to g given triangle, To divide
the circumference of g circle into equal parts, and inscribe
regular polygons, To construct regular polygons on a given
side,
VI. Colouring,
VII. Diagonal scales and verniers,
: VIIL Colouring a lithographed drawing,
IX. To draw langents to a cirele; circles tan
straight lines and given circles, under various ¢
X, To draw tangents to two
circular are, centre unattainable, To reduco an irbgular
rectilinear figure to a triangle of equal area, To draw reoti-
lineal figures of a given form and area,
L. To draw an ellipse trom conditions.
tangent and a normal to an ellipse.
L Copying a Geometrical figure,
These Plates are varied from 1; me to time,
Exerorses. Various exerocises to teach uge of instruments
and Iaying flat washes of colour. Simple

8eometrical problems.
SuBsEoTS FOR Examivamon, ;
December—From beginning up to Plate ¥

March—From Plate V to Plate VIIL,
June—The whole course.

gent to given
onditions,
given circles and to g given

To draw g

VoLunTary,

Explanation of the problems contained in ¢
& Fa Nores,.—Of the above explanations,

PLATES,

XIIL To divide rectilineal figures into equal parts and into,
8rts having given ratiog to one another. To draw recti.
ineal and curved figures equal in area to the sum o

rdifference
of the areas of two or'more given similar figures,

he plates,




XILV. To draw a parabola and a hyperbola from conditions.
To draw tangents 'and normals to these curves.
XV. To draw various curves or curved loci.
XVI (0 R “ :
XVII. More difficult examples on the Obligatory course.
XVILL Copying a drawing.
X[X. “ {13

These Plates aro varied from time to time.
The drawings for Plates XVIIL and XIX will be principally
parts of machinery, and will sometimes ba coloured.

Exwuroisesi—

Suyeers ror ExaminaTioN.—There will only be one exami.
nation ia June, and problems based onethe obligatory and
voluntary courses will be set.

3rD CLASS:
SOLID GEOMETRY. ;

OBLIGATORY.

Object of solid or descriptive geometry, Necessity for some
means of representing points, lines, planes, etc,, lying in‘spade
on a plane sheet of paper. Explanation of the two methods of
doing this, namely the two-plane and indice method. Rea-

sons why the indice method is more suitable for fortifications,
el

Definitions.

Notation,

Theorems of solid gecometry required for the prosecution of
tho subject; stated only.

Proot of the following theorems and deductions therefrom :

I. The plan or elevation of any point must lie in a straight
line, at right angles to the ground line. ;

1I. The distance of the elevation of any point from the

ground line is equal to the difference of level between the .

point and the horizontal plane containing the ground line.

III. The length of the projection.of any finite straight line
on any plane is equal to the length of the finite straight line
multiplied by the cosine of the angle of inclination of the
straight line to the plan.

Forty-two problems as given in Printed Notes, comprising
problems on points, straight lines, and planes; principles of
¢ constructing;” problems on intersections and measurment ;
and problems relating to ground.

Faie Nores —On subjects of lectures not in text-book.

PLATES. -
1. Problems, various, a
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1L, Contoured field work,
1I1. Problems relating to ground,
Theso plates are varied from time to time,

ERCISES,—Numerous problems, a written explanation 'of
process to be given,

SuBszors For Examivarron—
December —From beginning to problem 23 inclusive,
March—Problems 24 to 36 inclusive,
June—The whole course and revision of obligatory courge
of plane geometry,

VoLUNTAl‘zy.
Definitions of tho terms required by two-plane methods.
(Clarke, pp. 13, 16 and 21 )
Notation, (Clarke, P. 13 and notes,
Theorems, (Clarke, theorems 1 to 26,
Fundamental problems—Adaptation of the two-plane method

to the fundamental problems given in the obligatory courge,
The following additional

problems will be adapted to hoth
mothods,

L To find the conditions that a straight line passing
through a given point in a given straight line may make a
given angle with this straight line,

2. To find the conditions that & straight line passing

plane passing through a
given point in a given straight line may have a given incling.
tion to this straight line,

4, To find the condition that a plane may pags through a
given point and make a gi i

are given, (This problem is required
blems 1 10 4,)

Application of the above Pproblems to the solution of prob-
lems on straight lines and planes, and to the Pprojection of
plane figures, (Clarke, chapters II and 1IL)

Translation of the indjco method into the two-plane method
and vice versd. (Note,

AR Norrs—Of such mattor a8 is not given in text-book,
PLATES,

1V. Problems relating to straight lines and planes,
. Problems relating to plane rectilineal figures.
VL, Problems relating to plane curved figures,




These plates are varied from time o time.
Exgroises — Virious problems.

SussEors For ExamiNaTioN.—There will only be one exa-
examioativn, in June, comprising the whole of the course.

2nND CLASS.
SOLID GEOMETRY.
VoLUNTARY.

Projection of solids. (Clarke, chapter V.) Description of
, the most usual golids. Projection of solids in simple positions;
Proof that whatever be the data the problem resolves itself
_ into the following : To find the projections of a solid given
the plane of one face and the position of an edge lying in that
face ; solution of this problem and hence : Projection of solids
in any position. (Notes,) Projection of right cylinders and
cones. (a) When the position of axis is given, (b)) When the
inclination of plane of base ig given. Projection of helices on
right cylinders and cones, and hence projection of ordinary
screws. (Jontouring a solid, (Note.) -
Section of solids by planes, (Clarke, chapter VI.)
Interpenetration of solids. (Clarke, chapter VIL.)
Deveﬁ)pment of surfaces,  (Clarke, chapter VII),
Tangent planes to surfaces, such as spheres, cones, cylinders,
- and surfaces of revolution, (Clarke, cEapter VIIL)

Projection of curved surfacos tangent to each other. (Note.)

Determination of shadows, (Clarke, chapter IX.)

To determine which faces ot a surface, bounded by planes,
are in shadow, and which in light. (Note).

Isometrio projection. (Clarke, chapter XI.)

Perspective projection—Definition and use., Definition of
the followin%]terms: Object, vertex. Plane of projection. To
show that the perspective projection of any point can be
obtained from its orthographic projections, and hence to obtain-
the perspective projection of anv object in any position from
its orthographio projections, Variation of the method in the
special case where there are systems of parallel straight lines.
Vanishing point, Comparison of this method with the ordinary
method, (Notes,)

Fair Notes.—Of such matter as is not contained in text.

k.

PLATES,

VII. Orthographic projections and sections of solids.
VI1L Isometric projection,
1X. Interpenetration of solids.

1(
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X, Shadows,
XI, Perspeotive,
These plates are varied from time to time,
O18E8,— Various problems solved either by the indice
or the two-plane method,
Susszors vor Examinamon—

December—Projection of solids,

March—Seotion of solids by planes. Isometrio Projection,
- Interpenetration of solids,
une—!

'he whale course of golid geometry.

10
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ROYAL MILITARY COLLEGE OF CANADA,

r—

SYLLABUS OF INSTRUC ION IN INFANTRY DRILL,
EQUITATION, AND MILITARY EXERCISES,

cm——
ALLOTMENT OF MARKS,
oo
Sgor. I.—INraNTRY DriLLs,

Total 'marks Cadets and N, C_ O. (obligatory).. . 500
N. C. Officers.......... CREINCETTTTPIIPPPORSRSVR | )

]

4th Olass (obligatory)...... cesne suennnnens 200
3rd  do seseerenness 200
. 2nd - do - RCTRTTIT TP 11
13t Class, Communica 11 (N. C. Officers
only eligible).......cen . . . vervianas. cenennnnns 170
Szor. IL—Equrrarion,
Total marks (obligatory) 300

13t Clags (obligatory). .......
&

Seor. IIL.—~Gyunasrics,

Obligatory.... .. oo 200
Tota marks, 400 {Volnnt&ry.... veeee 200
4th Class (obligatory),....... st
3rd do ( do . weee 100
I A0 (volOBMEY) et ccionns s gt . 100
1s¢ do do % teeseveiieieinsnie.,s 100
SEor. 1V.~Sworpsmansnrp,
Total marks, 400 } 332533}’.’.'.’.: S
4th Olass (obligatory)........,..ccoereuennnn. eensee 100
3rd do { do v ssnneees 100
Ind do (vOINDEARY)..iv s isesiinnnnnin 100
1st  do , do .

Seor. V.—Swimmming.
Total marks (obligatory) «vevvuiinniennn... 100

seseseese B0

tessessranines B0

c—

4th Class, do e
3rd do do




Squ
Exirc
X ifl
TEXT-BOOK. 5
Seo, 1
Com
Infantry Drill.~Field Exeroise. to f&g
Rifle Exercises and Musketry Instruotion, to falu;
Regulations and Instraotions for Engampments. dn}l,l j
as follc
EBquitation—Nil, ;
Gymnastics.—Nil. 100

Swordsmanship.~Infantry Sword and Carbine .Sword— }33
bayonet Exercises, 500

200 for
200 for

200 fe
“ Rifl
IV and

)—Bx
“the e;;of,
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6.
“the end of, the Term, in the subject marke

‘SUMMARY OF INSTRUCTION IN INFANTRY DRILL,
EQUITATION AND MILITARY EXEROISES,

el
Szorron I,
Ml

INFANTRY DRILL,
4TH OLASS:
(OsBLIGATORY,)
Squad Drill (&)~Instruction and communicating* ¢ Field
Bxercises,” Part I,

Rifie Exercises—Instruotion in manual, firing, and bayonet
oxercises,  “ Riffe l?xercises and Musketry Instruotion.”
Bec. 1 to 13 ipclusive,

Company rill—Instruotion, “ Mield Exercises,” Part II. up
to Sec. 20 inclusive,

Miscellan,
to 21 inclusive,

Musketry Instruction—Theoretical Pprinciples, preliminary
drill, judging distance and t

arget practice ; firing 55 rounds
a8 follows : vide notes' 3 and 4,

—Guards, “.Field Exercises,” Part VIL, Sec. 15

INDIVIDUAL FIRING,

100 yards, 10 rounds, Standing.
150 “« 10 €« {3

100 ' « 10 « Kneeling.
500 « 10 «

Any military position.
VOLLEY FIRING,
200 for 300 yds. (&{ed uced Target,) b rounds, Close order,
200 for 400 "« i 5 « Extended order,
INDEPENDENT FIRING,

200 for 400 yds, (Reduced Target) 5 ronﬁds. Close order,
y V“ RfiﬂeV Exercises and Musketry Instruction,” Parts II, 111,
and V,

Norm (1) —* « Communicatin g” means that cach cadet is fallen out in his
turn, and imparts instruetion in the various drills, ete., to the remainder.
(2.)—The 3rd and 4t Olasses, when in

the ranks, obtain incidental instrue~
tion in Oompany and Battalion drill, and in advanced and rear guards, and
1n outpost duty, whilst the 1st anq nd Olasses are being instracted in, or are
communicating theso drillg,
(8.)—The entire course of Rifls Instruction i necessarily determined by the
Tange, and time, available to Cadets,
(4.)=The 4th Olass Practice to be d after Chri and to be
aompletﬁ. before 30th April,

5. annual course of Rifle Instruction of the 8rd, 2nd and 18t Olasses
10 be commenced 10th September, and be completed before 20th October.
nation—partly wri tten, plrtlg &Bl—wﬂl be held during, or at




150

. !
3rD OLASS.

(OBLIGATORY.)

Company Drill—Instruction in * Field Exercises,” Part.

II, Sec, 21 to 28 inclusive. Revision of the whole of Company
drill :

Advanced and Rear Guards, and Outposts (E)—Instruction,.
“ Field Exercises,” Part VI, Sec. 1 and 2, and paragraphs I,
VY, VI, VII, VIII and IX of Sec. 3.

Miscellaneous.—Tent pitching, Regulations and instruc.
tions for encampmernts,” Appendix, page 33, Oavalry sword
exercise, .

Mushetry Instruction.—Preliminary drill, target praetice,
judging distance ; firing 55 rounds, as follows : vide notes 8:
nn(f 5, page 181.

INDIVIDUAL FIRING.

150 yards. 10 rounds, Standing

200 « 0 ¢ Kneelinf.

600 « 10 ¢  Any military position,.
“«

500 for 800 yde. (Reduced Target) 10 rounds,
VOLLEY FIRING,

200 for 300 yds. (Reduced Target) b rounds. Close order,
200 for 400 « U hw Extended order..
INDEPENDENT FIRING,

200 for 400 yds, (Reduced Target) b rounds, Close order,
" Judgiog distance from 100 to 1,000 yards.
Riflo exercises and Musketry Instructions.” Parts III, IV
and V,
2ND CLASS:
(OBLIGATORY.)
Uorﬁoany Drill (E).—Communicating. “ Field Exercises,”
art 11,

. Battalion Drill—Instruction, * Field Exercises,” Part TII
up to Sect. 35 inclusive.
Mushetry Instruction.—As for 3rd Class.

18T OLASS.
. (OBLIGATORY,)
Battalion Drill E).—Instruction. 4 Field Bxercises, "
Part 111, Secs. 36 to 49 inclusive, Revision and communieat-

Nors (1).—When practising Route marching or Out-post duty, a cadet N..
0. Officer will be da&ﬂed ‘ofnlke 8 brief npgrt of th ;p procee l;gv.

E(:) —Oadets' will be practised in marchiug on snowshoes as opportanity
offers.
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« 11
ing the whole of battalion drill,

“ Field Exeroises,” Part III
Advanced and Rear Guards, and Outposts, (B.) —Communi.

cating “ Field Exercises,” Part VI,
Mysketry Instruction.~As tor 3rd Class,

Srorion II,

—

EQUITATION,
(OBrLIGATORY.)

IsT CLASS.
Leading the horse.
Mounting and dismounting,
Extension and balance motions,
Seat while the horse is in motjon,
Dressing.
Wnlking and trotting,
Riding in saddles without stirrups,
Saddling,
Bridling,
Titting the stirrups,

Mounting and dismounting without stirraps.

Aide in turnings and paces,

Single Ride.

,Eornmtion of the ride,"
ing lesson,
Tarns in the bending lesson.
The canter,
Pogition with stirrups,
Position of briddle hand with the bit,
Mounting and dismounting with stirrnps.
Riding with swords,
Leaping,
Salute when mounted,

Doubdle Ride,

Formation of the ride, &o.
ing lesson,

Blementary im't.ruotion on care, menagement and veterinary

treatment of horses,




Seorion III,

s

GYMNASTICS.
4TH OLASS.
(OBrLIGATORY.)

SnteLE - ExEromses.

First Practice—Movements and positions.
nd ¢ With damb bells,
Third “  VWith bar bells,
Running—To run at slow time short distances,
Vaulting Bar—To vault the bar, three movements,
({3 [ « two ({3
& L “  one movement.
Vaulting Horse—To vault on' the horse, two movements,
standing.
“ To vault on the horse, one movement,
standing,
To vault on the horse, one movement,
running,
g ¢ To vault over horse, running,
Parallel Bars—The single march, forwards
w* The double march ¢
¢ The single march, backwards,
“ The double march
To clear the right bar by the front,oscillating.
" To rest on the right bar and clear the left by
the front, oscillating,
i To rest on the right bar in’the rear and olear
it in front, oscillating,
Pair of Rings—The single eirole, evoluting,
.« The double circle ¢
g, ¢ To turn with feet in the rings, evoluting,
The row of Rings—The single step,
Horizontal Bar—To march with l‘l%ht hand leading, &
i To turn round the bar, raising above the bar:,
] A ff with the hands revers-
ed, raising above the bar, 2
L To raise above the bar, riiht and left,
5 o # both hands at once,
Bridge Ladder—To climb both hands at once, backwards,
o« “ “" fOl'W&I'd.S.

“

€«

Ve

Ind

Horizc

Paralle




Vertical Pole suspended—To climb hand
hands and feet,

To climb both hands at once;
hands and feet,

The double step both hands at
once, and feet,

over hand, with

€« [

1] “"

Vertical Rope  « To climb with right hand leading,
“ “« “« leﬂ; “«
hand over hand,

€« “ 113
Indian Club Exercise.

3RD CLASS.

(OBLIGATORY.)

ADVANCED aND ARDUoOUS Exgncises,

Running—To run at speed short distance;
The Leaping Stand—To lea height, running,
The Vaulting Bar—T, Vanﬁ: over the bar by the back lift,
The Vaulting Horse—To vault to the right, running,
“« “ ]eﬁ’ €@
i To leapyclear. over it
Pair of Rings—To form g straight line by the back.
5 " front,
Row of Rings—The single step back wards,
Bridge adder—To climb with both  hands at once back.
wards, by the spars,
To climb with both hands at once forwards,
by the spars, 1
‘To climb with right hand leading, by the
sides,

To olimb with left hand leading, by f.ho
sides,

To olimb with both hands at once, by the
sides,
Horizontal Bar—To form s straight line by the back,
3 13 Y “ front.
To clear circle and vault right and left,
“ To form a balance by short arm,
“ ¢

g o straight arm,
Parallel Bars—To form straight line by the back,
4 alanco at short arm and march forwsrd.

e gt straight #
4 “ " come slowly down and
form a straight line by the back,

“




The Vertical Rops—To climb both hands at once.
The Vertical Pof: At i
Indian Clab Exercise,

Seorion 1V,

n——,

SWORDSMANSHIP,
4TH CLASS.
(OBLIGATORY.)

Infantry Sword Egxercise,

Extension motions and positions,
Preparato? instruction with sword.
Review and inspection exercise with sword,
Attack and defence,

Stick drill,

3rRD CLASS.
(OBL1GATORY,)

Infantry sword exercise—con tinued.
Stick drill.

Officer’s salute ﬁInfantry.)

Cavalry sword Hxercige,

Fencing.

Foil vs, Foil.

Sword vs. Sword,

Sword vs. Bayonet,

Bayonet vs, Bayonet,

Quarter Staff,

*Nore—(1) Voluntary olasses of 1st, 2nd, 3rd, 4th QOlasses
are instructed in an {ranoh of gymnastios, or, of defensive
exercises, 1. e., swon{ bayonet, boxing, &o,

(2) The annual competition for voluntary gymnastics and

swordmanship in 2nd and 1st classes, will take place toward
end of March.,

——

Seomon V,

SWIMMING.
3RD AND 4TH CLASS.
(OBLIGATORY )

SY

88, For Entire Course,
, © 12,000,

4th Cla,

2,000,

¢l

For 3rd Class,  For
4,000,
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ROYAL MILITARY COLLEGE OF CANADA.

SYLLABUS Of INSTRUOTION IN MATHEMATICS
AND MECHANICS.

ALLOTMENT OF MARKS,
P e i
£ [ [ Yearly Examinations. .., 4,500
§ 5 | Intermediate do ... 1,250} %180
28] chioa Term Work, | Notos and 250
S t . Recitations.
. Yearly E
s early Examinations.... ., ........ 5.800
g ( Voluntary. { Term Work (Notes & Recitations). 200
e [ Yearly Examinations..... 900
§ : ' S | Intermediate do ..... 500 f 1,400
g igatory. {' e
=S 4 otes an
I LTerm Work. { Reaitations, } wo
( Voluntary—Yearly Examinations........ ........ . 5600
I { Yearly Examinations...... 1,600

¢

‘ | Intermediate do  .... . 350} 1,950
I Obligatory. {

tTerm Work, { Notes and } 5o

For 3rd Class,  For
4,000,

Recitations,
Yearly Examinations................ 1.900
L Voliotany. { Term Work (Notes & Recitations), 100
( { Yearly Examinations...... 2,000

| Intermediate do ..., 400} 2,400
Obligatory. { )

Notes and
lTerm Work. { Recitations, } a0

4,000,

For 2nd Class,

Yearly Examinations................ 1,900
 Voluntary, { Torm Work (Notes & Recitations). 100
For 18t Class, 1,600, —Voluntary— early Examinations, 1,500




TEXT BOOKS.
—r0 e

EvoLo (Todhunter,)

ARITHMETIO (printed notes by Lt, Col, Kensington, R, 4.)—
Together with 8mith and MoMurchy or any other approved
text-book, Soales of notation and mercantile arithmetic are
Omitted. ’

ALGEBRA (printed notes by Lt. Col, Kensington, R. 4., Tod-

huuter's Elementary ; and Todhunter.)—The latter only for the
more advanced students,

Loaartrams (Chambers' or other tables)—Thorough praoti-
cal use of Liogarithms,

PLANE TrIGoNOMETRY (Zodhunter.)
SpHERIOAL TRIGONOMETRY (@odhunter.)

Conio Seortons (Zodhunter and printed notes by \Lt. Col,
HKensington, R, A.)—This subject is taught almost entirely by
lecture, geometrical proofs being given whenever practical

and easy. The course is founded to some extent on Salmon’s
conic sections,

DrrrERENTIAL CALOULUS (Williamson.)
InTEGRAL CALCULUS (Williamson,)

StATI08 AND DyNaMIcy (Todhunter's Mechanics for begin-
ners)—The most advanced students are instructed further by
lectures grounded on Todhunter's Analytical Statios, Tait’s

Dynamics, and other standard works, fros use being made of
the calculus,

SraTican ProBLEMS 8oLVED BY CoNSTRUOTION (T'racts on
Mechanics by Crofton and Kensington.)

Work anp Eneray (Tracts on Mechanics)—Speoial refe
ence to artillery problems.

RoraTions considered geometrically without text books
up to the resiltant motion of an elongated projectile,

HyprosraTIos (Bcsant's'Elemenlary) —Special machines
uséd in the Royal Artillery, Higher course of lectures with
the use of the calculus,

MzNsURATION ( Printed notes by Lt. Col. Kensington, R.A)

ArPLIED MEoHANIOS (Crofton's Elementary) — Higher

g
course of leotures grounded on Rankine, Collignon, and other
works,

lecty
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MeonaNisM (Goodeve s and lectures aide

d by models.)
StEAM  ENGINE—General principles only taught by
lecture,

Note—The whole of the above oourse is taught
and personal instruction, aided by text books as far le,
Shorter and easier proofs than those in the text booksare given
whenever practicable, Notes of the lectureg are taken by the
cadots and revised by the instructors,

The Obligatory Examination at the end of each Torfn in
each Section includos al] back work in that seotion,

The Voluntary Course for the 1st Class i
than that for the other classes, to admit of some elastioity,
regard being had to the Previous success of each cadet,

The whole Voluntary Course is purposely framed so ag o
be longer than can tgrobubly be complet by any, except
cadets of unusual mathematical ability, Thug any cadet who
wishes to devote himself more particularly to mathematiog is
provided with ample employment. Such portions of the
Course as may be peglected without affecting the continuity
of the whole are omitted at the discretion of the Professor
subject to the approval of the Commandant,

by lectures
a8

8 less detailed

BOOKS OF REFERENOE,

RuLEs anp Taprzs (Rankine.)

EvoLip( Potts.)

GEOMETRY (Pierce.) ;
TI0 AND Book KEEPING (Hadden.)

ALaEBRA (Hadden, Colenso,

TrrgoNoMETRY Hann, Snowball, Eamblx‘n-Smith.)

MznsuraTION (Bater, Maoore, I hunter.,) =

Con1o 8EoTI0NS (Salmon,

g{mm Pravng Curvas ¢ ,»Sa,l‘m »

TATIOS AND AMI08 (Batker, win, Tomlingom,
Praorioar, Meonan1os Twisden, )
MzoraNI08 oF ConsTRUOTION (Fenwick.)

ArpLiED MEoHANIOS (Rankine, Bovey,)
StaENGTH OF MATERIALS (Barlow,)
Cours e MEcmaNIQUR Collingnon.)
Lz Consrauorzur &v
l von

)
GraPHI0 SraTIos (. Ott, Clarke,)
Pracrioar Gromerny (Clarke,

Stnorsts or ResuLts 1n purg AND ArP'p Mare'0s (Carr,)
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SUMMARY OF INSTRUCTION IN MATHEMATICS
AND MECHANICS.

4TH CLass
OBLIGATORY, 1,600 MaRKs.
MATHEMATICS,

Arithmetic to Interest, Discount, Stocks, Proportional parts\
and extraction of square root and cube root. (Printed fiotes
and authorized text books,)
: Marks, March, 100 ; June, 300,
Euclid (Todhunter) to Book II.; LI,
Algebraical explanations will also be given of the proposi-
tions in Book IL.  Marks, Dec., 100 ; March, 100, June, 200,
Algebra (Todhunter's for begi ners, and printed netes) to
simple Equations, Chap, I—XXV, April; to Evolation XXXII,
March, Progressions and Revision I=XL, June.
Marks, Dec., 100 ; March,.100 5 June, 200, .
Plane Trigonometry (Zodhunter and lectures or printed
notes.) 1st, Initial line, Terminalline. Angles of any size.
Therules of signs, Trigonometrical ratios, Reasons for their
names, Elementary formule proved from definitions, Formule
oconnecting each with every other, Construction of angles when
the ratios are given, also by the table of ehords, Changes of the
ratios in sign and'magnitude. Circular measure, Logarithms,
- Obaps. Ito V, omitting § 5-9; proof of §14; § 24 ; proof of § 51;
63; § 66-75, Déc. Formulm of two angles, Chap, VI, omitting
79, 80. Chap. VII, § 95, 98. The angles 18°, 36° 64°, 72°,
Uhap. VIiI, § 10710, and note process of 113, Relation of
sinf): § : tan ¢, Chap. 1X, § 116-18,; March. Revision I—XL.
Solution of triangles, Chap. XIII, X1V, omitting alternative
methods § 231, 2,7, and § 119-221, 238,
Marks, Dec., 50 ; March, 50 ; June, 200,

VoLuntary, 600 Manks,
Qualification, one-third for any section.
Szorron A,

Buclid 111, 1V.—Algebra, (Todhunter’s, for beginners, and
printed notes.) Quadratics, Hvolution, Indices, Sards, Ratio
Proportion and Variation, Progressions, Permutations an
Combinations, Binomial Theorem, Interest, Plane T Ty,
—Formuls of two angles, ratios for 16°, 16°, &o, Solution of
triangles; Ohapters VIto X1V, omitting 219, 221, 231, 232,
281, 238, s Marks, Dec., 100,

Complete :
Class

Eugeli
Book V

Algeb
Anomal
proof of
to end,
XXII,
the rest

ractical
VI
§ 661:

Plane
ting XII

Conics
hunter a
omitting
nates, pr
Vito§ 9

Euclid
oxplained
to XXIX,

Algebra

cour
Variation,




Szoron B,
Buclid,~Definitions of Book V explained Algebraically ;
Book VI, omitting Prope, XXVII to XXIX.,
Marrs, March, 100,
Skorron C,

Algebra (Todhumcr).—Equations, Chap. XII; XIII; XIV.
to § 206. Indices XVII to § 265, and

proof of (am)n=—g mn, Syrds XIX, omitting § 2968 and 307
to end, Quadratics XX to XXIV with special attention to
Imaginary expressions TXV to § 364, and road over

the rest of the chapter, Ratio, Proportion and Variation ;
ractical applications only, XXVI to XXVIIL, Lo, arithms
E[XXVIII; XXXIX, omitting § 549, and only reading over
§ 651: Marks, March, 100,

SkctIOoN C.

Plane Trigonometry (Todhunter.) Chaptersil to XV, omit-
ting XII from § 180, Marks, June, 100,

SEcrion E.

Conics and Analytical Geometry of . two dimentions (Zod-
hunter and printed notes.) Straight line, Chapter I to 111,
omitting § 27, 3%, 48; examples 1 to 21, Ohange of co.ordi.
Dates, practioal examples on ly, Chapter V. Oirolo, Chapter
VI to §P 99. - Marks, June, 100,

e ()

3D CLASS
(OBL1GATORY, 2,000 Marxs,)

MATHEMATICS AND MECHANICS,
Arithmetie.

4th Class Course.
Marks, March, 150.

Buclid Todhunte?—Book IV. Definitions of Book Y.
explained algobraically. 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)—
Complete Book, omitting scales of notation; Decomber, 4th
Olags course, particularly Factors, Qnadratios, Proportion, .
Variation, Series, and applications to Problems.
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¢ Marks, March, 100 ; June, 200,
Plane Trigonometry (Todhunter and lectures or printed notes)
—Complete use of Logarithms and natural tables—Solution of
triangles. Heights and distances, Chapter XV, § 239-241. Pro-
pertios of triangles, Chapter XIV., omitting § 263-4. Inverse
ratios without examples Chapter XVIII, § %63, December,

Mensuration (lectures or notes to be printed) ~Construo-

1 —_— —
¢ s 2 35— V3 |4 &, and com-
b Fapnt 1 ALY ]
tion of ratios as /2, y/3,{/ g ?
binations of these. Rectilineal and circular aroasand perimeters
and combinations of theso, Area of ellipse. Areaofa parabola
intercepted by any chord, proved geometrically, Polygonal
approximation to the areas of curves. Simpson’s rule,  Wed-
dle’s approximation, December,
Marlés (Trigonometry and Mensuratipn), Dec., 100 ; March,
June, 260, ) r
*Spherical Trigonometry Todhunter)! Chaps. T, I, III, IV,
omitting § 88, 89, 42, 60, 51, 63, to end of Chapter V., Solution
of right angled trianfle. Chap. V1. Solution of oblique angled
triangles, Chap. VIII, omit'§ 98 to end,
ordinate geometry, introduced only by lectures,

Marks, 150,

Statics (Todhunter's Mechanics for beginners.)

Chapter L_IL.—Onmitting proof of parallelogram of forces
§ 46 to end of Chapter.

Chapter III, 1V, V.—Omitting § 78 to end,

Ezplanatory notes in lien of Chapter V1, on the equi-
librium of a body and the method >f working examp‘}es.
Constrained body and the principle of the lever.

Chapter VIL—§ 99 ; gtatement of 100; § 102, 6, March,

Centre of parallel forces. Chapter VIII 10 § 113. Short
notes on § 114, %5.

= )
Formula ™% (P) § 116-120

Centre of gravity, Chapter 1X to § 135, Trapezoid, alter.
native proof for § 136, Results only “for pyramid and cone
% (mz)

§ 137140, § 1413, Formula 5:2 (my § 1446, compared
with § 114.5,

Properties of tho contre of gravity, Chapter X, omitling
*Nors.—This subject is"obligatory for instructi r ted

Marks wil
ascist towards place ** Pags,” ** Dis Fllll,lﬁd,” * Honours,”’ but lfbd"owl
minimum the subjects wil}-be omitted from qualification for the same,

§ 1564
when ¢
Ti
analyt;
M

of whe

teeth,
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Euclid :

Alg
oxpressi
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Proport
XXVII]
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only, X
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§ 164.6. Alteration of centre of gravity of a body or systom
when a portion is transferred to another position,

The lever ard balances, Chapters XI, XII ; omitting
analytical proof of the requisites of & balance ; § 173,

Machines ; Chapter XIII ; with asimpler view of a train
of wheels, § 187, omitting all considerations of the size of the
toeth. Machines in combination ; product of their mechani-
cal 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 ; Chap XVI,

Compaund Machines ; Chapter XVII,

Friction. Co-efficient of friction, Angle of friction.
Limigi;goangle of resistance. Chapter XX ; omitting § 268-7
and § 260,

Hasy problems on the above course,

Marks, March, 100; June, 400,

s008s0tetsintesannen cernnonssesarareenss B0

Notes and Recitations...
i

3RD OLAss:
VoLunrary, 2,000 Marks,
Qualification,—ome-third for any section.,
Seorion F.

Euclid X1, to Prop: 21. Marks, December, 200
Srorion G,

Algebra (Todhunter.) Theory of quadratics and quadratio
expressions, Chapter XXII. Simultaneous equations involy-
ing quadratios, XXIII, XXIV. Imaginary expressions, Ratio,
Proportion and Variation ; practioal examples only, XXV to -
XXVIII. Progressions, including the sum of the squares,
cubes, &o., of the first n natural numbers, and thence the sum-
mation of series having the last term, rational and algebmio,
XXX to XXXII, omitting § 456-8, Mathematical In uotion,
XXXIII, Permutations and combinations, XX X1V, omitting
§ 5600, Binomial theorem, proof for positive integral exponent
only, XXXV to XXXVI, omitting E 516-20, 523-25, and only

ing over § 627. Logarithms, VII1, XXXIX, omit-
ting ;%49, and only reading over § 551. Convergenoy of series,

1




only ieading over the investigations and applying them to
exampleg, XL, Interest, X LI, Anngities, XLIII, omitting
§ 589, 90, 97-99. . Continueq {ractions )X L1V, XLV, omitting
'S 604-11 and 61322, Indeterminatogequntions,XLV[ to § 628,
Partial fractions and indetorminate coefficients, X LVIII, with
notes on partial fractions involving maltiple and irrational
roots. Summation of series, L, omitting § 661.1; 666, 670-1.
Summation by finite differences without,

proot  (Notes).
Inequalities, LI to § 680. Noto result of § 681,

Marks, December, 250,
SEorroN H,

Plane Trzgonometry (Tod/mnter.) I to XVI, omittin
§ 180—210, but re lng them over for i i

Differential Caloulus, and omitting X VI, § 25§

A
Seoron K,

Conics (Zodhunter) and printed notes ) Straight Line—
Chapter I to 11T, Transformation of co-ordinates; practical
applications only, Chapter V.,

Circle.-Chupters VI, VII, omitting §
definition and Position of centres of gimilituge,

Parnbola.—Chapter VIII—Notes, principally geometri.
cal, as follows: Equations to the ourve and tangeng compared ;
Yy =2a (x4 a); similarly for the circle and other conics,
LBquation to the normal,

Deduction of the general equation (y — ¥)i=da(z— ')
from the simplest equation Y =4dax; similarly for
all other curves, (=','y’) being the origin for the simple equa.
tion,

Latus rectum ag the parameter, Explanation of the constants
inan equation,both those ofsize and form which are parameters
and those of position which may be romoved by choice of axes,

Construction of tangent; inclinations to axig

distance. Loous of the foot of the
focus. Portion of tangent intercepted  betwoen th
contact and the direotrix gy btends a right angle at the focus,

rpendicular

119, except for

Tangents at the extromities of a focal chord are pe!
Wi
r=sm20; s o
Polar equation, Angle - between two rad
that between the tangents, Sub-normal

and meet upon the directrix, Pr=ar;

ii veotores is double
2a. Subtangent

of our

In
site ch

B
project
r4r
proper
Constr,
distanc

op'=b

Lo
the foc
Qition
tremiti

Polar e
to tange
length ¢

Equ

a=o ]



b, 0
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=2z. Curvo b'sects sub-langent, Length of normal = 2¢,
Analytical investigation into \dia

meters and their pro-
perties (alternative with § 147.) !

eometrical proof of the equation to the parabola reforred to
diameter and tangent, together with g proof that the chords
parallel to the tangent are bisected, &o., (as in the obligatory
“course, !
To draw a arabola, given an
alits vertex amf one other point.
To draw a parabola touching two intersecting straight
lines at given points; aleo, to construct the focus and direo.
trix, the latter by at least six points,
To draw a parabola, given itg vertex, axis and one point 3
thence to draw 1t, given the axis and two points at different
distances from the axis,

Construction of tangents from any external
lengths are proportional to th
Intersections of Conics,

‘Contact,

y diameter and the tangent

point; their
© cosecants of their inclinations,
straight lines and other curves,
2 2
Circle of curvature ; 2p aslimit of y‘ory%‘,
z  x sin -
S e N N
7 hintg— sinif—
of curvature, and evolute,
cirole and conic, e

SL? ; thence construction of radius

qual inclination of op
site chords; then, constraction of rading of curvature, § 208,

Hllipse.—Chapter IX, X, omitting § 205,
EBquation found ffrom the definitj
Projection of a circle, as described by the .trg
7+ r' = 2a, instead of that given in Todhunter, Geometrio
properties proved from the definition # . — 2a, a8 follows :
Construction of a tangent; its equal inclinationg to the focal
distances; locus of the fo%tz of the Perpendicular from the focus,
r r
w=p e L U

mmel, and ag

Locus of intersection of tangent with (he perpendicalar at
the focus to the rading vector; proof of Todhunter’s defi.
Qition of an ellipse; locus of intersection of tangent at the ex.

a

tremities of a focal chord; straight lines a6, 8=; r=qa -+ ep
: e

Polar equation referred to both foeus and centro, Equations

to tangent and normal, Points where they cut the axes, The,
length e22’ both analytically and geometrically,

Equation at the

vertex becomes a parabola if ¢ ==1lor
@ = oo, Latus rectum — 2?1—: 2e g—ao,), compared wilh

v
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;)nraboln. ¢ is the tangent of the inclination of the tangent
rom the foot of the directrix, * Other properties compared
with the parabola. Rolation P® = a? cos? a -+ b3 sin? q for
perpendicular from centre on tangent; thence locus of inter-
seotion of perpendicular tangents,
eneral comparison of ellipse, parabola, hyperbola,
The eccentric angle; = = g cos 0; y="bsin 6. Locus of

a point obtained by measuring & at an inclination ) and

a—b
then -+ o at—p

Diameters investigated anal tioally as for parabola (alter-
native with § 187,) Conjugate diameters as the rojections of,
two perpendicular diameters of the auxiliary circle; hence the
properties of conjugate diameters and the equation’ to the
ellipse referred to them (instead of § 198.)

@'? + b2 constant; pb'= ab.

i P+

2a

b rp 7
Trongth of Normal = ——; ¢os V=== =

S e

a i o
P@. P =¥’ = 1+ and other properties.
Radius of curvature (as for parabola)
'3 8
e cbgﬁ]} = gL7; thence construction of points on the
evolute,
To construot the foci of an ellipse, given the axes; also to
construct directrices and latus rectum.
Given an ellipse, to find the centre and axis,
Given either axis and one point, to desoribe the ellipse,
To construct an ellipse,given a pair of conjugate diameters,
1f any tangent meet two conjugate diameters, the rectangle
contained by its segments is equal to the square of the paraliel
somi-diameter; thence, given a pair of conjugate diameters, to
construct the axews,
Hyperbola; Chapters XI, XII, omitting proofofeguation
referred to conjugate diameters § 252, also § 462.63; 265.
Notes as for the ellipse whorever practicable.  Equation
and properties deduced from the definition r—r'=2a, Sub-
stitution of — 42 for b2 or — g2 for a? in the equation to the
ollipse. The same substitution in the case of properties in-
volving b2; geometrieal meaning of the negative sign in each
¢age. Diameters as for ellipse (alternative with 23 .)
Asymptotes, The con ugate hyperbola, The equation
(0% = b323)% = 4444, The four fooi ¢quidietant frofh the
centre,
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Equation referred to the asymptotes. Area botween the

asymptotes (a8 axes) and the co-ordinates of any point.
eneral equation of the 2nd degree ; Chapter XIII. Gen.

-eral acquaintance with the method and results of § 269 to 272,
To trace a conic, easy examples only. “Read over § 272, 280.
Meaning of “discriminant of a conic.’’

Chapter XI1V—General equation to a conic. Read over
§ 2883, Pole and polar. Read over § 28991, Equation
reforred to the tangents, § 293-4. Similar curves, 296-8,

Chapter XVI—Seoction of a cone; a different proof will be
given showing the foci and directrices, Omit § 3489. An-
harmonic ratio; the ratios 4B. DC. : A0, DB.: AD. B,
Harmonic pencil. Omit § 356.61,

Chapter XVII —Projections; § 362-89, and read over the
Test, Marks— December, 500,

SECTION T.
Differential Culeulus (Williamson, Ed., 1880.)

Chapter I—Pﬁo\of of d (a") by binomial theorom, instead
of § 16-18. Differentials used equally with differential co-
efficionts. Differential of the function of a function obtained
+directly without the investigation of § 19. Geometrical con.

dy dx
dition for — % — — 1,
dx dy

Chapter IT—Successive differentiation ; differontial of the
independent variable is constant, Omit § 89, 43 to end of
chapter, Read over Liebnitz Theorem § 48,

Chaptor IIT—Expavsion of functions, * Remainder ”
noted but not used in applications of Taylor's and Maclaurin’s
Theorems. Expansion of tan - 11 by integration, Omit
§ 65-68. Read over § 73 with equations (27), (28), (29), (33).
Interpretation of remainder to shew thay if two points be taken
on & curve, the chord joining them is parallel to the tangent
at some intermediate point,§ 76, Oumit § 717 to eud of chapter,

Chapter IV—Indeterminate forms ; algebraic processes not
necessary, Consider also o ~-oc, Read over the proof in

Chaptor V—Partial differentiation, § 956, Result only
of §97. Omit § 98, 101, Result only of Euler's Theorem,
§102. Read over § 103-4, Omit § 107, also §110 to the end
of chapter,

Chapter VI—Read over the first two pages and note
results, Omit the rest excopt § 120




X

Chapter VIII—Read over § 127 and note result,
Chapter IX—Maxima and Minima, Omit § 1367, 14347,
151 to the end of the chapter, L e
Chapter XII—Tangents andl normals, Ouit § 1737, 185
to the end of the chapter oxcept definition  of inverse curves..
Read over § 195,

Chapter XIII—Asymptotes, § 196.200 explained more
simply. ~ Exception when tho asymptotes are i i

‘Chapter X[V—Brief explanation
Nodes, cusps, conjugate points,

Chapter XV~ Brief oxplanation of onv.
general methods of determining them,

Chapter XV [~ Convezity and concavity, Read over the-
analytical investigation in § 223.

Chapter X VIT--Radiug of curvature; Omit § 228, Omig
§232-3; 236. Read over § 289. Omit § 241-2. Read over:
§ 2438, and note conclusions. Omit § 249.54, Read over
;256. and study the approximations,

Chapter X VIII—Brief explandtions and easy examples,

he Limagon and Trisectrix, Trisection of an angle, The
conchoid § 270.

Chapter XIX—Ronlettes § 271-7. Read over
Geometrical proof of hypocyaloid and hypotrochoid when the
radius of the inner circle is half that of tho/otter, § 285,

~Chapter XXI—Elimination of Constants and Funotions,
311-12,

8 Chapter XXI—Change of the Independent Variable,

§ 320, §324 5. Marks, June, 600,
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elopes, and the

SECTION M,

Integral Caleulys,
/... This subj
‘differentiation hag become
i » and easy variations of them,
Substitution, and particularly trigonometrigal substitution,
tan?"9d). Tntegration by parts.” The various oases of
8in™@ cos"fdy. Rational fractions, Marks, March, 100,
Notes on Voluntary Qoblec.. ceeennnns 100,
2nD Crass,
OBLIGATORY—2,500 Magks,

MATHEMATICS AND MECHANICS,

Marks,
Euclid (Zodhunte

r)—3rd and 4th Clags course,. March, 300
teesisssasannnns s March, 300

Algebra—a4th Clags COUrge...i0.,,
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Mensuration (Zectures or Notes to be printed )

The bases of similar pyramids are in the duplicate ratio
of their altitudes, Equality of pyramids (als0 prisms) on the
same or equal bases, and having the same altitude, provei by
equality of sections. Trisection of a prism into three equal
pyramids, Volume of Pyramid or cone. Truncated right
Prism on a triangle or parallelogram as base, in terms of its
mean altitude. Wedge regarded oither as a truncated prism,
Or a8 a pyramid and right wedge or semi-parallelopiped. Volume
of frustum of pyramid or cone, Volume of a prismoid (defined
a8 a solid bounded by planes between two parallel ends)
assumed to be divisible into prisms, piramids and wedges; all

A4 4M4 B
having the same altitude i mean gection___

. Gen,
cral definition of a mean, Application to caleulations of earth
work,  Sarface of pyramid or cone. Centre of gravity of
pyramid or cone (both volume and surface), onitting proof
for former. Surface of a sphere, zone or segmeont, and centre
of gravity of each, Volume ofa spherical sector proved by
summing the volume between two concecutive soctors, con-
sidered as a coninal volume, Volume of a sphere, Volume of

and of paraboloid of revolution
(without proofs). Statemont and uso of Guldin’s

entres of gravity of the aro and
area of a semi-oircle and quadrant, ‘Marks, Dec., 200,
Trigonometry, former course.................. «« June, 300

Statics, 3rd Class course, and Graphic Statios (Tracts on
Mechanics, Part IL) Problems 1, 4, 6,7, 8, 11, 12, 21,

Graphic, Statics, Marks, March, 100, Statics, June, 300,

Dynamics and work—(Todhunter's Mechanics for beginners.)
Velocity. Chapter 1.—Angular velocity in terms of cir-

27 n
cular measure,. y— ra; a=——.

1st and 2od laws of motion.—Chapter IT,

Uniform aceeleration and the equations of mot:

ion.— Chap-
ters III, 1V, omitting proof in § 37,
Parabola of projection,—Chapters V, VI, omitting § 72,
13, 751,

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

Tmpact. Chapters IX, X.  Omit § 109, proof of loss of
Vis Viva in § 108-124, and continuous reboun s, § 122.3,

i : - 3 (mp)
Motion of centre of gravity of a system v —

S(m)




(mx)

3 (mf)

s LEr S
f= S oy proved from x — S m) Chap. XI.

Laws of motion and parallelogram of velocities, Chapter
XII. Motion down a smooth curve,v? = 2gh, without proof,

I
except for an inclined plane, The pendulum ¢ = 7 \/* with-
out proof. Second’s pendulum. Soe chapter XII, § 147,152,
vz

Centrifugal force = 7 » proved differently from Chapter

XLV, § 163. Gravity the resultant of tho earth’s attraction
and centrifugal force,

Work.—Chapter XVII; also (Tracts on Mechanics, Part
L) omitting calculation for fly-wheel, § 24, and caleulations of
Moments of Inertia, § 28, Moment of Inertia and radius of
gyration to be learnt tor simple cases of rectangle and circle ;
also the farmula M ((R*+k?), without proof. Special atten-
tion to Examdle 16.

Marks—December, 200 ; June, 350.

Applied Mechanics—(Crofton's Lectures )

Introductory Chapter: Stability of Structures (Part 1)
Frames, Roofs.” Trussed beams, Chains and cords. Stabilify
of walls,

Strength of Material (Parts IL) Stress and strain,
Elasticity, Resistance to compression, Theory of beams,
Bending moment exprossed by the area of the diagram for
shearing force. Colman’s graphical method of treating stresses
and finding centres of gravity. Moment of resistance for
rectangular and oylindrical beams. Girders. Beams of uni
form strength, Warren girder and lattice girder with diagrams,
Method of sections, Partial loading,  Allowance for weight
of beams. Dead and live load, Sloping beams, Fixed beams,

Marks, June, 350,

Notes and recitations .ouevee. ' .. oovessves ... seesesaens s . 100

Introductory Chapter.

2ND CLASS.
- VOLUNTARY.—2,000 MaRrxs.
Qual fication, one-third Jer any Section.

Seorion N,

Integral Cqleulus ( Williamson).
Chapter 1—Compare (¢) with § 9; (f) with §5; also Ex,
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(1), (2),§ 13. Integrate forms involving a 4 2bx + cz ? or
V/a+2bx+cx? by completing the square. Compare § 4, 22,
23, 24 with 61-3. Omit § 8.

Chapter II—Rational fractions ; easy examples only with
explanatory notes,

Ohapter [I[—Formul of reduction ; easy examples only
with explanatory notes. Read over § 6373 ; omit 74 to the
end of the chapter.

Chapter IV—Rationalization, § 77 and read over § 78.

Chapter V~Infinite series § 85,

Chapter VI—Integration as summation ; more elementary
proof of § 90. Read over 92-94. Omit 95.114. Double and °
treble integration § 115 with notes and examples. Omit
§ 116 to the end of the chapter.

Chapter VII—Areas, § 126-131, omitting 130 (a). Closed
curve; easy examples, Read over 132-4, Polar areas, § 135,
139, Omit §136-8; 140-7. Arcas by approximation § 148,
Amsler’s Planimeter § 149, or alternative investigation as
given in Collignon, Asymptotic areas of rectangular hyper-
bola ; hyperbolic logarithms. .

Chapter VIIL.—Ares § 160-162, 155, 156, 167. Rectifica-
tion of evolutes. Read over § 1534, 3

Chapter 1X—Volumes and surfaces § 168-175; 178-181.
Note process in § 1845 ; 187,

Ohapter X—Moments of mertia. Special gtention to §196-
98. Read over § 206.207; 216.17. Mar —December, 600.

o

SeorIoN O, '

Analytical Geometry of three dimensions (by lecture and
Printed notes), Equations of a point in space. Distance
between two points. Projections of a straight lino pro-
portional to the direction cosines. cos? & -+ cos? 3 + cos? y
=1 Equations to a surface; conditions of parallelism to
one or two axes of co-ordinates, A line in space (or line of
double curvature) as the intersection of two surfaces, usually
two projecting cylindrical surfaces ; particular case, astraight
line. General equations to a sphere, ellipsoid, spheroid and
cone, with principal axes pnraller to the axes of co-ordinates.
Equations to a straight line, To find the inclinations from
the equation.. Angle between two given straight lines,
Definition of a plane (1) as described by a straight line
moving parallel to one "given straight line, and always
intersecting another given straight live ; (2) as the locus of a
point equidistant from two given points.  Equation to plane




found from each definition in terms ; 1st, of the inclination 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, Length of a perpendicular
from a given point on a given plane, Tangent to a curve 3
normal plane. Tangent plane to a surface ; normal to a
surface ; Properties of radii of curvature of two perpendi-
cular normal sections of a surface (without proof ; section of
spheroid, normal to a meridiam,
\ Marks— December, 200,
N.B.— e preference is given, throughout the course, to
Symmetrical equations,

-

SEcTION P.

Statics and applications to Stresses.  (Todhunter's Mechanics
for beginners.) Harder oxamples and the omitted articles in
the 3rd Class obligatory course. Altgrnative proof of § 155,
Omit § 154 ; 156 to 158.

(Lectures or notes to be printed) TResolution and Com-
position—1st, of forces in 8pace; 2nd, of couples. The six
equations of equilibrium (following the notation in Todhunter's
Analytical Statics,) Any system of forces reducible to two
forces. Condition” that ihere should .be a single resultant,
Hquilibrium of a particle constrained to move ; 1st, on a
8mooth curve ; 2nd, on a smooth surface. Centra of parallel
forces, Culman’s graphical method. Alteration of the centre
of gravity by transposition of a part of the body. Elementary
methods of finding the centro of gravily of a circular arc,
sector and segment. Centre of gravity of a small arc or
segment respectively £ and 2 of the distance from the chord to
the are. General formuls for centre of gravity of ares, are,
volume and surface of revolation, Guldin’s Theorems,
Attraction of a straight bar on a particle (1) in the direction
of its length, (2) in any given position. ~ Attraction of g
circular lamina on a particle in a perpendicular axis through

the centre, Attraction of g cone on its vertex; of a thin/

spherical shell on an internal particle ; of a homogeneous
Sphere on an external or internal particle. Principle of
Virtual Velocities. Proof in the cases (1) of any system
of forces on a particle, whother free or restricted to a
smooth curve or surface; (2) of a pair of particles con-
nected by an inextensible rod ov line ; also of any number of
particles similarly connectod, that is, a rigid body; (

when any pair are connected by an inextensible strin

round a fixed point or pulley, or round a point which is one of
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the parts of the system. Converse of thig principle. Applica-
tions of the principle of Virtual Velocitios, If any gystem of
particles be in equilibrium under the action of gravity, their
centre of gravity ig (generally) in g highest or lowest p
tion; in the former position the equilibrium
latter stable, Condition for stability of a he
resting on a horizontal plane ; also of a flat
surface, Elementary proof
smooth pulley must rest jn 5 horizontal plan A
equilibrium. * Pressure on g curve produced by g string of
given tension, wrapped round it. Relation between the tensions
at the extremities of a string Eassing round an aro of g rough
curve ; application to obtain the advantagoe of passing the fall
three times round the windlass of a 8yn. Parabolic curve of
the suspension bridge with vertical rods, The common cate-
nary; its equation, length of are, tension at any point, simi-
larity to a parabola near the vertex ; position of equilibriam
of a heavy chain resting over two smooth pegs.  Suspension
rods of equal strength, equation to bounding curve, Catenary
of equal strength, The problem of the traction of a carriage ;
the point of contagt between the axlo and the i ‘box ; the
angle of draught. The forces acti
the moment of dischargo,

Marks-March, 400,

Seorion Q,

Dynamics (Todhunters Mechanics for beginners.)—Harder
questions on the obligatory course, ILosg of Vis Viva after
impact, § 108. Motion in a circle or conic section to be read
over only, more advanced proofs being furnished, Chapters
XIV, XV, Keplor's laws, § 178,

Notes.—The differentia] equations of motion. Application
to rectilinear motion under the action of g force, (1) constant ;
(2) varying as the distance; (3) varying inversely ag the
square of the distance. Law of attraction outside and inside
the attracting body. Simple harmonie motion, Motion of g
heavy chain, (1) hanging over a smooth pulley, (2) placed
with part hanging over 5 8mooth table, Body moving vert;.
cally on a resisting medium, the Ia 8 a8 the equare of
the velocity ; ili ion, ing gravity, the law

i i elocity, Curvilinear
motion, the parabola of projection, Given the general equa-
tions of motion in two perpendicular directions, 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 contral force. If the force varies as the inverge




square of the distance, the orbit is an ollipse, parabola or
hyperbola according as the velooity <, =, >, the velocity of
falling from infinity. Motion of a particle on a smooth curve ;
velgoity acquired. Cycloidal pendulum, time of an oscillation 5
length of “second ” pendulum i oscillation through a small
ciroular arc. Conical pondulum. D'Alembert’s Theorem. An-
gular acceleration, Sum of moments of impressed forces

Moment of inertia, .
Compound pendulum, Centres of oscillation and suspension,
Kater's method of finding the equivalent 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 spontaneous rotation,
Application of D’Alembert’s principle to the motion of two
equal heavy particles connected by alight rod and constrained
to move on two axes, one vertical, the other Lorizontal ; also,
of two equal weights connected by a string over two horizon.
tal pulleys, a third weight being suddenly attached midway,
Calculations of moments of Inertia, as in Sections P. R,
Special attention to the equation of Vis Viva wherever it
occurs, Work done in stretching an elastic rod, Vibration of a
thin vortical elastic rod cauged by a falling ring stopped by a
projection at its lower end. :
Any motion of a plane figure in its own plane represented
by rouletites, combination of rotations, motion of a solid round
a fixed point, rotations round intersecting axes, application to

t?riolation of the earth about an axis through the zenith at
'

atitude, application to tho derivation of elongated pro-
ctilps,

Marks—March, 400,

' A,
SEcTION R. {H,

A. Introductory chapter.

Chapter I—Omit the numbers and investigation in § 3,
Alternative proof of § 10. Omit oxamples (11), (12),

Chapter II—Omit § 22, 29, 30,

Chapter I[1—Omit § 34, 35, Shorter proof of Ex. (5), §
48.§ Geometrical proofs of centres of presgure of the triangles
in § 49,

Chapters IV, V—Omit § 80. Road over § 83. Omit § 87-9
and 93 to the end of the chapter.,

Chapter VI—Omit § 98-101 and 108 to the end of the
chapter,

B. Notes—Elomentary investigation into the distribution
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of pressures over g plane rectangular joint with application to

reservoir walls ; the two conditions for stability, “Moments of
Inertia of a square, reotangle, circle, ellipse, equilateral tpj-
angle, regular polygon and other figures, also of 5 sphere ; of

8 lamina about a perﬁendicular axis. Proof and eXplanation
of =M (B 4 #*). Radius of gyration, Application of the
calculus to determine the whole Ppressure on a surface and the
centre of pressure on a plane surface. Proof that the centro of
pressure is generally below the centre of gravity. Metacentre s
determination of height above the centre of flotation, condi.
tion for stability. Application to the flotation of simple solids,
he various positions of stability of a square log of timber ag
its specific gravity varies from nothing to 1,
AW of pressure of gases, Fluids with densities varying
according to different laws Barometrical measurements of

heights. Proot of = 26215 19 % =262'5, & = A
‘ i

, approx,

2 =152430 ZI-%}’: Height of the “homogeneou.s atmosphere,”

Stresss on boilers and thin metal cylinders, Thin hollow

sphere. Relation botween Pressure on a surface and the ten.
810n8 in the directions of Principal curvature, Thick hollow
3 4 g2

R
cylinder ¢ — %7 —r7 Resistanc
under external fluid pressure,

oW of water through pipes. Torricelli’s Theorem,
Vena contracta, Fluid friction independent of the pressure,
proportional to the wet surface and to tho squaro of tEe veloc-
ity. Calculation of the sizes of water pipes, Open channels,

Marlrs—June, 4. 150,
Notes on Voluntary Course, { B, 250

e of tubes to collapsing

18T CLASS.
Vowumnr—l,boo Magks,

MATHEMATIOS AND MECHANICS,

N.B.—0nly Section v andso many of the others qs make a
total of 1,500 may be taken up,

Szorroy 8,
Algebra and Trig Re-examinat

anomehivi ion on the forme;
ocourse, (Sections C, G, )- Probabilities (Todhunter.)

|
|
|
|

D




Chapter LI to § 737 and examples 1-10. Theory of equations
of all degrees. 'I'ransformation of equations to others having
different roots. Solution of cubic equations by Horner's and
other methods. Determinants; Factors by inspection ; reduc-
tion to a lower order by addition of columns or rows or their
multiples; application to solve simple simultaneous equations,
and to processes of elimination, Demoivre's Theorem; some
of the less difficult applications. (Todkunter's Plane Trigo-
nometry.), Chapter XIX, § 266-72; 27476 18, Exponential
values of sine, cosine, tangent. Grogory’s series. Calculation
of 7%, Chapter XXI, omitting § 998 to the end of the chapter,
Summation of the  series in Chapter XXII, § 303-4; 6-9,and
others of the fame nature, Marks, 250.

Secrion T,

Geometry with deductions, Co-ordinate Geomelry and Conics.
Re-oxamination on, and completion of the formor course,
(Sections A, B, I, K, 0). Abridged Notation ( Todhunter,
Chapter IV.) Marks, 250.

Section U.

Differential and Integral Caleulus. Re-oxamination on,
and completion of the former course. Easy examples of trac.
ing curves. Elomentary notes of the solution of differential
equations, Tinite differences considered with reference to
summing rational algebraical series ; interpolation and correc-
tion, Summing areas, Weddle's approximation. Mothod of
least squares. Marks, 230 or 500.

SEcTION V,

Applied Mechanics. (Crofton.) Re-examination on and
completion of Section P. (Statics) Moments of Inertia,
The elipse of Inértia, Momental ellipsoid. Principal axes.
Graphical construction 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 formuls and application to beams of symmetrical sec-
vion. Bhearing force the differential co-efficient 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
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loaded. Beams on thre i pressures on the supports;
maximum bending moment, Distribution of pressure on g
Plane joint; intensity assumed to b

ordinates of the point ;
point; application to rectangle, circle

6 supports

r that (1) the maxi um
exceed a given amount (2) the inlt;nity
itive, 7. ., a pressure; application to the
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