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SCIENCE, TECHIOLCGY AND TRADES HiANCH

Pour=¥Year “rograrme

The Seierce. Technology and Trades Franch cffers a nurber of day courses
sovering a Four=Year Frogramme of education 1leading to a Jecondary S5chool frad-~
uation Diploma,

In addition to the study of basic academic subjects,the Four-~Year Programme
in this Franch offers srecialized instruction in Technical 3ubjests., These courses
are designed for pupils who have special interests and aptitudes in the technical
or practical fields of business and industry and who expect on graduation to enter
employment in the type of work for which these studies have direct practical value,

During the first two years instruction in Technical 3ubjects is exploratory
in nature and the pupils spend some time studying all or most of the Technical Sub-
jects available in a particular school. This provides an orportunity to ascertain
the special aptitudea, capacities and interests of the pupil.

Unless provided for under the Cuidance Programme of the school, definite
information with resrect to the orrortunities and requirements of the various
occupations should be made available to the pupils by the teachers of Technical
subjects. The pupil is thus assisted in making an intelliigent selection of a
Technical 3ubject in which to major or srecialize in Grades 11 and 12 preparatory
to admission to a trade or industry.

The courses in Technical Subjects are designed to encourage logical
thinking, to develop an appreciation of good design and the principles involved,
to instill good work habity and tc give training in the basic skills and
technology associated with the type of work the pupll expects to enter vpon
graduation from a secondary school.

RELATED SUBJECTS

Fupils enrolled in Grade 11 are required to elect a major Technical Subject
in which to specialize, In Grades 11 and 12 pupils spend the major portion of the
time allocated to Technical Jubjects (Uee H.3, 1,) studying a major Technical Subject
and the remainder on one or more related Technical Subjects. The functions of the
related courses are to supplement the instruction in the major subject, and show the
interrslationship of the different trades,

One or more related Technical 3ubjects may be selected for Grade 11 and
continued through Grade 12 or another subject or group of subjects selected for
GCrade 12, The related courses studied will depend on the major courses offered,
the varying demands of industry and the capaciiy of the school organization to
meet the needs of individual pupils.

Details of the courses in related subjects are set out on pages 157 to 176.
The major and typical related Technical Subjects should be chosen from this list.

O
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Major Technical Subjects

Adrcraft Mechanics

Air Corditioning and Refrigeration
Applied Electricity

Applied Xlectronics
Auto fody ltepair
Auto lechanics

Drafting, Architectural

Drarting, lectrical
Draftin;;, Mecharical

Foundry iractice

Grapyhic Arts

Irdustrial Chemistry

Industrial thysics

Machine Shop Iractice

Power ilant Operating

Flumbing

Sheet Metal tractice

Welding

Woodworkirg-Puilding Construction

Woodworking-Cabinetmaking and
Millwork

Woodworking-Fattern and Casting
frocesses

Typical ielated Technical
Subjects

Drafting, Machine Shop, Zlectricity,
welding

Drafting, Shect Metal, Klectricity

Drafting, Slectronics, ackine Shop,
Carjentry

Drafting, !Jdectricity, rachine Shop

Weiding, Auto Mechanics, lachine Shop

HKectricity, Conrmercial wWork, lachine
3hop, welding, Imall ingines, Auto
Body Repair

Building Construction, Sheet letal,
tlumbinge

flectricity, Qectronics

“achine .hor, Tattern Yaking, Welding
lectricity

Fattern !aking, Machine 3hop, Drafting

Cormercial Art, lhotography, Drafting

PDrafting, Hectricity

Air Conditioning and ilefrigeration
Drafting, tlectronics, Machine 3hop

Drafting, ‘elding, Pattern Making,
Auto Hechanics, [Jectricity

Drafting, Auto Mechanics, Electricity,
Diesel llechanics

Building Construction, Welding, Sheet
Metal, Drafting

Drafting, Jelding, Machine Shop,
Plumbing, Air Conditioning and
Refrigeration

Drafting, tachine Shop, Electricity

Architectural Urafting, 3heet Metal,
alectricity

Drafting, Sheet Metal, Hlectricity

Drafting, Machine Shop

Pupils in Grades 11 and 12 may elect a business ortion in lieu of a
related Technical Subject. The usual arrangement is: Grade 11, Typewriting;
Grade 12, itecord Keeping and Hookkeeping (See Ri-31),

Those who obtain a Diploma in the Technical Course ray enter a special one-
year course in Technical Subjects, Dusiness, Commercial Jubjects, Home Economics or

Vocational Art,

SI'ECIAL TECHNICAL COURGE

A sp.cial one-year Technical Course may be set up subject to the approval

of the Vinister, (Seo H.S.1.)

ERIC
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HMAJOR TECHNICAL JURJICTS

Suggestions Regarding Technical Courses

The division of time between academic and technical subjects is set out in
Cirecular H.3.1l. The courses in the Technical Subjects contained herein are quite
extensive and it may be necessary to modify the courses to suit the tire available.

The course outlines for the Technical Jubjects in vocational schools as
rrovided herein are not necessarily arranged in order of rresentation. 1In schools
where it may be desirable to teach courses other than those outlined such courses
of study should be submitted for the approval of the linister hefore they are
adopted. In organizing time-tables, the semester plan or the rotary plan is sug-
gested in order to reduce the number of subjects carried concurrently by nupils,

The project is the usual basis for the presentation of technical instruction.
Projects to cover the topics of the course should be selected with a view to the
interests and abilities of the pupils and should offer sufficient variety. Tupils
should be encouraged to choose from several suitable projects or to make modifica-
tions to the class project., The well-directed use by the rupils of carefully
planned shop libraries, illustrative materials, trade marazines and other instruc-
tional aids will promote the close co-ordination of intelligent study with the
Aevelopment of recognized standards of rerformance in trade operations.

In planning and presenting instruction, teachers should take into account
previous training and experience which pupils have had, whethier in school or else-
where,

From these courses the teacher should make a detailed organization of the
work for each class. wherever possible problems should be introduced which require
numerical calculations. Frequent and systematic appraisal of the pupil's work
should be made, giving creuit for achievement in practical work, tests and examin-
ations, home-work, assignments, note-book records and, if desired, general adapt-
ability to the instruction.

Pupils majoring in a Technical 3Subject rmst take related Technical Subjects.
To conserve shop time for technical work the science, mathematics and drafting
related to the various Technical Subjects should be talken in the resrective depart-
ments.

REPORT WRITING

Writing reports should be part of the work in Technical Subjects., Reports
should be written on all experimental work and be well prepared with the ideas
clearly expressed,

In the years of Crades 11 and 12 students in the Technical Coursc should
refer to technical articles in trade journals and other publications and write a
report on a suitable topic, Thils gives the pupil practice in clarity of expression,
trajning in the analysis of information and experience in the use of reference
materials,
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PLANT TCURS

Students should be made familiar with new processes and new techniques,
therefore, well-arranged plant tours are effective in an educaticnal prograrme.
Plant visits should be for a specific purpose, timed suitably for the work ir
progress at school and not for a general overall look. Before going on a plant
tour the pupils should be briefed on its purpose and phase of the work to be
studied. An assigmnment following the plant tours checks the learning that took
place, gives the pupils practice in describing a technical process or operation
and trains them in careful observation,

SAFETY

Dangerous conditions affecting the health and safety of pupils must be
avoided, BExhaust gases from running engines and fumes from spray guns and heat-
treating processes must be effectively discharged. 211 machines must be properly
guarded; safety instruction should be given in every shop where hazards exist
and a first-aid cabinet must be readily accessible. A clean and well-appointed
shop, with equipment maintained in first-class operating condition is an important
fuctor in the prevention of accidents,




IRCRAFT

Four-Year Programme Grades 10, 11 and 12

Grade 10

Airframes

Parts and Materials

Names, function, materials used, and locstion of the main parts of
fuselage, wing and tail assemblies; construction, function and
operation of main control surfaces; lights, their location and
use.
General
Discussion of various types of aircraft such as airplanes, heli-
copters, autogiros, Vertical Take-off and Landing Aireraft (V,T.0.L.'s)
and Short Take-off and Landing Aircraft (S.T.0.L.'s), classification of
airplanes by wing shapes and location; demonstration of airfoils to show

lift; airport characteristics and procedures
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ATRCRAFT

Grade 10

Aero Engines

This study is confined to foui-cylinder opposed type engines.

Safety
Shop organization and safe practices

Parts

Investigation to obtain knowledge of the location, function and
materials used in the following: overhead valve mechani ms, pistons,
piston rings, connecting rods, crankshaft, bearings, cylinder and cylinder

head assemblies

Fuel System
Carburetion: purpose and funetion of a simple carburetor; tracing

a fuel system including tank, pump, filter, shut-off valve, selector valve

and carburetor

Lubrication Systen

Tracing the lubrication system of a four-cylinder opposed type
engine, operation of the gear type oil pump and oil filters

Cooling System
Operstion of an air cooling system, the use of fins, baffles and

cowlings

Genersl

The operation of two-and four-~stroke cycle jinternal combustion engines
and an introduction to the operation of gas-turbine engines; classification
of internal combustion engines; identification and use of tools, threads and
fastenings; removal and replacement of cylinder and piston assemblies, piston
rings, valves and studs; hand valve re-conditioning, valve clearance adjust-
%fnt, locking fastenings, cutting gaskets, Starting and running adjustments

lEI{Iﬂ:ieveral small engines and a six-cylinﬁer automotive engine, safety pre-

IText Provided by ERIC
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ATRCRAFTY

Srade 11

Adrframes
3afe practices in the following: the hindlinz of propellers;
=linging, hoisting and jacking aircraft. The use of eye shields, pogrles,
ind fire extinguishers

tarts and Materials

A detailed study or the construction features and the materials used
in: wings, wing spars, wing ribs, wheels, whrel tearings, cables,
turninckles, clewis pins, bolts and other fastenings. A.N, lumber
system
A brief survey of aircraft woods, plywood. yplues, wood protectives;
airplane dope and its function, specifica-ions of fatrrics, falric
etitching, fabric surface taps and reinforcing tape, types of seams,
use of grormets and zippers, classification of metals and heat
treatment
tperations
locking of airfrane parts, wrapping splices, tieing rope knots, re-
moving and essembling wheel units, tuhe repair, covering a small frame with
fatric, applying dope with a brush, rubbing down the doped surface to finish.
Tuck splicing, mechanical swaging, use of cable :lamps, rope splicing;
assembling and alignment of wheel, float, and ski undercarriages:; flying
cntrol inspecliosn and adjustment, preparation of a structure for fabrie
covering, repair of fatric, shock cord whipping, netal protection, dis~
mantling and assembling a complete tail unit, caecking taileplane rigeing.
Q ircraft shop routires and organization

ERIC
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General

A study of the stresses to which aircraft parts are subjected; ul-
timate tensile strength, ductility and other metallurgical terms; fire
prevention and ventilation; operation of a dope-room; use of thinners, and

rejuvenators; bonding

ATRCRAFT

Grade 11

Aero Engines

A radial engine of medium horsepower is required f . instruction.

Safety
Safety precautions should be stressed

Parts
A detailed study of: crankshafts, connecting rods, pistons, piston
rings, valves, valve operating mechanisms, cylinders, cylinder heads
and crankcases

Fuel System
Detailed inspection of gravity and pressure fuel system, fuel line

identification. Construction and use of: fuel tarks (rigid and rubber),

filter units, selector and shut-off valves, gauges, primers and fuel pumps.

Jubrication System
A detailed study of the radial engine dry sump lubrication system.

Construction and operation of: oil pumps, 0il coolers, filters, pressure and

temperature valves and oil tanks; dismantling for inspecction; procedure and

purpose of oil changing

Cooling System
Liquid cooling Construction and cperation of: radiators, themostats,

pumps and cooling jackets, Use of snti-freeze, application and in=-

)
]E[{Iﬂ:btallation of hose and hose clamps

T 11
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Air cooling Detailcd study ofi fins, baftles, ducts, cowlinps, cowl

vents and airflow

Gns Turbine tnsines

Theory of jet propulsion, basic operation of centrifugal and axial

flow jets, clagsification of gas turbine, jelL nnd rocket engines

General

Decarhonizing aud cleanine: cylinder heads, pistons, walves and valve
guides. Detailed study oi': fastenings, bolts, nuts, cap screws, studs
and set screws; the removal of broksn studs; the use of step studs and
helicoil threads; parts inspection, measuring cylinders for out-of-
round and taper, checking piston pins and piston rings for wear,
commercial methods of crack detection ("magnaflux" and "szyelo"), heat
treatment and forming metal; practice in the use of reamers, hunes,

taps and dies; scratch removal and the treatment of scores, machine
valve re-conditioning, fitting piston rings; ¢ngine firing orders, power
impulses, valve lead, lag and overlap, valve timing diagram, camlift and
dwell; valve timing on the engine; types and use of fire extinguishers;
starting and running a four cylinder aircraft engine, safe operating

practices

12
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AIRCRAFT

Grade 11

Electricity
Simple explanatien of electrons, protons and structure of atoms;
uxperimental study of circuits, conductors, resistors and insulators; meaning
of voltage, current and resistancej Olm's law; use of voltmeter and ammeter;
magnetism; magnetic field about a current carrying conductor and helix; electro-

uwagnetism

Battery Ignition Systems
Construction and function of: breaker points, condensers, H.T, coils

and distilbutors; installatin and adjustment of breaker points; ignition
timing, trouble shooting the system

Spark Plugs
Types, construction, servicing, removal and installation

Storage Batteriss
Construction, operation, testing,charging,installing and handling

13
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AJRCRAFT

Grade 11

Aircraft Theory

General

A study of aircraft terminology: types of aircraft, parts, general
and flying terms
Experiments

To show the following: the functicn of flying controls, pressure
change in a venturi tube and about a wing shape, variation of lift witl angle
of attack and velocity of airflow, change of drag with angle of attack and
velocity of airflow, movement of centre of pressure, effect of flaps and slots
on 1ift and stalling characteristics of a wing, comparing the drap of varicus
shaped objects and otserving the airflow about them
Problems

Solving simple navigation problems involving air sveed, ground speed,
wind, variation and deviation; wing loading, power loading and aspect ratio

Air Regulations

Scope of the Aeronautics Act, rules for air traffic, aircraft markings
and 1lights, breach of air regulations; aircraft. -igine, and propellc: log
books, personnel

Enhgineering Fandbook of the Department of Transport

A selection of items covered to familiarize student: with the scope
of this manual and a discussion of the origin of and need feoi several of the
directives
General

A detailed study of the following: stahility; lateral, longitudinal
and directional stability; “alancing contiols by horn, inset hinge and balarnce

O
IQJ!:‘method; Frice and differential allerons, adjustable stabilizers, trim tabs

T 14
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AIRCRAFT

Grade 11

Instruments

A detailed study of the construction, operation and use to the
pilot of =ach of the following instruments: air speed, vertical speed,
altimeter, compass, directional gyro, artificial horizon, turn and bank,
manifold pressure, Bourdon tube types, centrifugal and electrical tncho-

meters, and fuel gaures

Testing of the above using dead weight testers and test bench;

instrument. panel servicing; deviation, variation and swinging a compast

15
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ATRCRAFT

Grade 11

Sheet Metal
Metals used in aircraft and their location in aircraft structures,
A detailed study of aluminum and its alloys: thé cave and handling of
aluminum sheet stock; identification and marking of steel and aluminum alloys;
the use and care of templates; head markings and colour ccde for rivet
identification} stcrage, handling and heat treatment of rivets; speclalized
rivets and their use. Buffing wheels, compounds, abrasives; burnishing and

surface preparation} methods used in metal finishing
Operations

laying out from blueprints and working from templates; cutting and
drilling flat stock and the use of metal holders. Operation and care of:
prieumatic drills, rivet hammers, rivet squeezers and cherry rivet guns,
Using bending blocks, bumping forms, dies and sand bags. Counter-sinking,
dimpling, stretching and shrinking metal using hand tools. Identifying

and removing defective rivets

16
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ATRCRAFT

(irade 12

Mrframes

Safety precautions should be stressed

Parts and Materials

4 detailed study of the construction of landing gears, fuselages,

propellers, propeller governors and constant speed control units

Overhaul and Testing

A study of and practical work on the overhaul and testing of the
following hydraulic units: flap and undercarriege actuators, relief
and selector valves, hand pumps, engine~driven pumps, oleo legs,
accumulators, pressure-corntrol valves, master brake cylinders, wheel
cylinders, constant speed propeller controls, controliable pitch

propellers, hydraulic brake units, and multi~disc brake assemblies

JServicing and Adjusting

General

A study of and practical work on the servicing and adjusting of the
following: hydraulic and mechanical brakes, retractable under-
carriages, controllable pitch propellers, propeller control units,
trimming tabs, balance tabs and flaps, An airplane to rigging
position for checking fuselage alignment, tail-plane alignment,
dihedral and angle of incidence of the wings. Inspection after a

hard landing

The use and maintenance of paint spraying equipment, principles of
hydraulics, airplane slinging, dismantling and asseabling wings, repair-
ing steel tubing, protection of metals, fabrication of hydrszulic tubing,
The selection and appliéation of tube fittings; weight and balance;
flying faults and their correction; ground handling of aircraft on

wheels, floats and skis; types and servicing of de-icing equipment
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AIRCRAFT

Grade 12

Aero Engines

Instruction to be given on: (a) Radial and opposed reciprocating

engines, (b) Centrifugal and axial flow turbine engines

Parts

Investigation to obtain knowledge of the location, function and
maerials used in the following: supercharger drive assemblies,
impellers and .ffusers, reduction gear units, carburetors
(standard and injection), induction and exhaust components.
Turbo-jet engine: compressors, diffusers, combustion chambers,

turbine units, burners, fuel pumps and fuel control units

Fuel System and Car -uretion

A detailed study of fuel requirements throughout the speed and power
range of the engine. A comprehensive study of the carouretor including
construction and operation of: float mechanisms; fuel discharge, line
and idling jets; accelerating, economizer, aititude and idle cut off
systems;, ice formation, heat application, detonation and water in-
jection. A study of fuel injection and fuel injection carburetors.
Supercharging: inveatigation and study of single and two-stage
superchargers, induction air cooling and turbo superchargers. Procuring,

refining and testing gasoline; aero engine fuel requirements

Lubrication

" ERIC
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Refining and manufacture of lubricants, review of types of oils and
greases, engine requirements, the preparation of the lubrication

system for cold weather -peration; oil dilution ~ purpose and procedure

18
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General

Piston engine power ratings, indicated and brake horsepower, calcula-
ting engine power, use of indicator diagram; slinging, handling,
storing and installing engines and the safety measures to employ;
datly and periodic engine inspection; trouble shooting including the
use of compression gauges, vacuum gauges and exhaust gas analysers;
reduction gearing, types and application; piston engines accessory
identification; engine exhaust systems, engine controls; exhaust and
combustion type aircraft heaters, cold weather operation, engine

heating

Jet Propulsion

History of jet propulsion, review principle of propulsion and engine
classification, engine types in detail, performance comparison of
turbine and piston engines; engine air pressure, velocity and temper-
ature; detailed study of engine compcnents including compressors,
burners, combustion chambers, turbines, nozzles and rear units;
thrust reversing, silencing and afterburning; fuel and fuel control;
jet engine lubrication; types of starters, starting and running
procedures; engine performance, effect of water injection and water-

methanol injection

19
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AIRCRAFT

Grade 12

Aerodynamics

Theory

Definitions and examples of terms and quantities necessary for the
study of aerodyndmics: aeronautics, mechanics, dynamics, fluids, motion,
liewton's three laws, equilibrium, inertia, weight, mass, force, momentum,
syeed, velceity, acceleration; equations of motion and their derivation,
ieeeteration due to gravity, terminal velocity, slug (a unit of mass),
centripotal and centrifugal force, work, energy, potential energy, kinetic
energy, power, horsepower

The uimosrhere: pressure - units and conversions; temperature - units
and éénvcrsions; tropopause, trojosphere, stratosphere, International 3tandard
Atmoééhére, absolute temperature (Kelvin), Poyle's law, Charles! law, density
calculations

Resistance to airflow, form drag, skin friction, Bernoulli's Theorem,
Krell gauge; wind tunnel types - open jet, closed jet, open return, closed
return; wind tunnel balance, 1ift and drag formulae; airfoil characteristic
curves - 1ift and drag coefficient, lift-drag ratio, centre of pressure;
stalling angle, angle of incidence and loading

Problems dealing with above terms

Wind tunnel experimenis on airfoll models with plotting of character-

istic curves
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AIRCRAFT
Grade 12

Electricity

Magnetos

Construction and principle of operation of rotating armaturs,
rotating magnet, polar inductor and impulse agnetos, Dismantling and
assembling the former. Adjusting breaker points, internally timing,
operating and timing to an engine
General

Trouble shooting ignition systems, use of ignition analyzers and
harness testers, construction of shielded and unshielded ignition harness
assemblies., Types of circuits used in lighting, precautions necessary in
wiring airecraft. Purpose, location and operaticn of relays; application of
motor-generator units to generate A.C. of various frequencies. Construction,
operation and demonstration of alternators and jet ignition systems

Starters and Generators

Construction, operation and comparison of starter and generator
circuitse The dismantling, overhauling, assembling and testing of these
machines; construction, operation, function and adjustment of generato:

controls of the vibrating and carbon pile types

21
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AIRCRAKT

Grade 1

Sheet Metal

Heat treatment of aluminum alloy shaets ard rivets, types oi’ ovens
and baths used and their heat control, heat treating processcs, calculation
of bend allowance, iabrication of metal parts such as spars and ribs, the
forming of stringers and air scoops by means of hind and power presses,
canses of corrosion, reaction botween dissimilar nmetals; surface protection,
cover fastenings and their installation; repairing skin, flcats-nnd cowlings.
Operation and care of metal band saws, nibblers, electric shezrs; form blocks

and dies

o 22
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AIRCRAFT

Grade 12

Welding

General,

A study of the gaces used; safety measures; construction, esre and
operation of welding apoarztus; flame characteristics; selection of proper
welding rod; [luxes used for welding cast iron and bronze; construction and

opcration of rutting torch

Operations

The preparation of steel for a variety of joints; practice in welding
butt and lap joints; fillet welding; manipulation of blow pipe and rod;
forward and backward riople welds on steel; simple tests for fusion,pene-
tration and bead; welding cast iron; welding a cluster tube joint. Practice

in the freehand use of cutting torch to layout

) )
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AIR CONDITIONING AND REFRIGERATION

Four-Year Profrarme Grades 9, 1C, 11 and 12

Grade 9

SAFETY: Safe practices in the use of tools and equipment should be stressed and

1.

N
.

5.

7.

O

observed at all times.,

Domestic Heating

{a) History of domestic heating
(b) Domestic heating systems
Space_Heaters

Operating principles

Forced Air Heating

(a) Types of forced air furnaces and application of each type

(b) Basic components of a forced air furnace and their functions

(¢c) Forced air distribution systems - graduated trunk and perimeter; zoning
{d) Fuels: coal, gas, oil, electricity

Hydronic Heating

(a) History of hot water and steam heating

(b) Compariscn of hot water gravity system, forced hot water and steam heating
systems

(c) The basic components and operating principles »f a gravity hot water
system, a forced hot water system and a steam heating system

(d) Zoning in a forced hydrenic system
Heat loss

Heat and indoor comfort; how heat travels - conduction, convection and radjaticn;
how - room loses heat

Heat loss Calculations .

Thermal resistance, the U factor of walls, ceiling, window glass, doors and floor.
Calculating the heat loss of a room and selecting the proper size of heating unit

Heat Gain

Survey of heat sources; room orientation; construction of walls, roof, ceiling,
floor and windows; shading; exhaust and vents; occupants and utilities

RIC
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10,

11,

E

Calculation of Heat C-ir

The U factor of walls, roof, windews and doors, The heat gain of a room and
the selection of a suitable cooling unit

Refrigeration Fundamentals

Application of refrigeration in the home and industry; how heat is transferred
in solids, liquids and gases; the B,T.U., specific heat, specific . at tables;
the difference between B,T.U,'s and temperature; the neaning of sensitle heat;
determining the amount of heat involvedi in a given temperature change

Changes in Jtate of 'atter

(a) Vapour: definition, meaning of saturated vapour and superheated vapour

{(b) Tressure: definition, meaning of absolute pressure, gauge pressire and
vacuu

(¢} Comparison of condensation and evaporation; use of tables to calculate the
v.T.U.'s involved in evaporation and condensation

The Refri~eration Cyvcle

The refrigeration system - parts and their purpose; the pressure cycle, the
temperature cycle, the hea. cycle, the iiquid-vepour cycle; the purpose and
results of evaporation in the refrigeration cycle., Fahrenheit, Celsius

and Wsolut» temperaturs scales; pressure - temrerature relatlonship. The
standard ton rating

vorking with Copver Tubing

(a) Jafety: safe procedures in the use of hand and power tools
(b) location of roles for tubing in relation to the building structure

(c) Cutting, Reaming and Flaring: cutting, reaming and flaring tools; reaming
and flaring hard and soft tuting; safety precautions; flare fitlings

(d) Swaging: application; sizes and types of swaging tools; direction of flow
through swaged joints

(e) rinching-off Tubing: types of pinch-off tools; technique of pinching off
and sealing tubing; re-sizing tubing

(f) Bending: types of benders and precautions for their use, application,
localion of bends

(g) 5oldering: rpreparation; soldering fluxes; soft soldered joints; silver
soldering and brazing; silver soldering using dry nitrogen

(h) Refacing flare fittings; refinishing

RIC
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Grade 10

Air Heating Equipmant

SAFETY: Safe practices in the use of tools and such equipment as acetylene

3.

1.

sylinders, refrigerant cylinders and gauges should te stressed and
periodically reviewed.

Space Heaters
(a) A study of the tyres and models
(b) 0il burning: wvaporizing pot type, components and their functions

(e} Gas burning: models for natural and manufactured gas, vented and unvented;
safety controls

Forced Air Furnaces
The purpose, dusign features and construction of :ombustion chambers, heat
exchangers, fans, fiiters (mechanical and electrostatic),registers, grilles,

humidifiers and hunistats for oil burning, ,as burning and electric resistance.
forced air furnaces

Hydronic Heating

(a) The meaning of loss of head and available head

(b) Boilers: presswres, ratings, size, B,T.U, output in relation to horse-
power; construction features; fuels used; basic components and their

purposes; combustion and boiler efficiency

(¢) Line sizing: the resistance to fluw of pipes and fittings; determining
the size of lines and fittings

(d) Pumps, valves and traps: types, sizes, ratings and application

(e} Controls: operating principles of the basic controls for gas and oil
fired boilers; the cycle of operations for a boiler

(f) Radiant heating: ceiling and floor.installations; the design of a typical
radiant heated home or building; the size and spacing of tubing; balancing
cocks and air vents

(g) Practical work: cutting and soldering copper pipe; types ard installation

of pipe fittings; tube aml pipe bending; cutting ani threading steel pipe;
brazing

Air Conditioning
Heat and Heat loss

(a) Humidity: the effect and control of moisture; relative humidity, dew point,
wet and dry buldb temperature, vapour barrier; humidification

(b) Thermal conductance and thermal resistance for typical home constiuction

oNn
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Heat loss Cilculaticns

(a) iypdeal floor plan and use of charts to dctermine the U values

(b) ieaning of such terms as temperature, R,T.U., heat flow, heat transmission
factor and heat loss maltiplier

(¢) Calculation of the total heat loss for a small house by an apprcved method
Eeat Gain

Feanirp and terminology; heat and heat gain - sensible heat, latent heat, external
and internal scurces of heat; factors affecting heat gain - humidity, ventilation,
shading and solar shielding; heat transmission - building construction and compass

direction

Calculation of Heat Gain

(a) Typical floor plans and use of charts
(b) Determination of the total B.T.U,H., gain

{c¢) GCelection of suitable cooling equipment for the structure

Refrigeration

.SAFETY: Safe practices in the storing and handling of refrigerants should be

ERIC

1,

2.

5.

emphasized and reviewed from time to time,

Handling R2frigerants

Refrigerant cylinders: colour coding of cylinders, types; proper storage and
handling; safety devices and shipping regulations; storing refrigecrants; safety
precautions

Refrigerants and their Characteristics

Nirpose and properties of a refrigerant; refrigerant tables; common refrigerants -
water, ammonia, R11, R}2, R22 and R114, R500 and other refrigerants; coumon and
chemical names and formulae; symbols; reaction of refrigerants with moisture

Leaks in a Refrigeration System

Chemi~al reaction of a refrigerant with flame and the preccautions to be observed
when a refrigerant comes in contact with flame; method of teating for refrigerant
leaks and the equipment used

Instailing and Reading fauges

Types of gauges and the application of each type; types of thermometers, their
purpose and vse; propes use of electrical test instruments

Adding Refrigerant to a System

O afsty precautions; resson for and method >f adding refrigerantj when refrigerant

s added in vapour and liquid forms; reason for and method of purging air from

EEmETE he system
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.

low and High Side Float Systems

Construction features and principles of operationj technique of testing for
proper operation; capillary lines

Yeisture and 0il Accumlation

Effects of moisture and oil accumulation; effects of des.ccants and dryers and
their application; selection of suitable desiccants and dryers

Servicing the Unit

The effect of refrigerant shortage and the technique of testing for proper
charge; checking for acid damage to needle valves and float bulbs; checking
voltage, current and power of the motor; dismantling, cleaning, checking and
re-assembling the unit

Crade 11

SAFETY: JProper safety precautions in the handling of refrigerants, welding and

1.

power equipment should be emphasized and observed.

Heating Control Eguipment

The purpose, design features, construction, installation and application of the
thermostat, protectorelay ignition transformer, delayed action oil valve, baro-
metrie draft controls, pilot generator, series gas valves and squivalent controls
Heatingz Control

Factors necessitating zone control; effects of zoning on equipment size; cnntrols

for zone heating (automatic modulating dampers) fuel and power savings; the lower-
ing of the thermostat at night for fuel savings

Bsilers

ypes of Boilers

(a) Classification according to design and fuels burned
{b) Comparison of steel and cast jron boilers, rating of boilers
(¢) Design features, heat transfer and types of heating surfaces

Boiler Operation

{a) Water level; water supply and water treatment; purpose, size and location
of expansion tank

{b) Operating pressure, controls and safety equipment
{c) Efficiency; testing for carbton dioxide
(d) Inspection and cwes

(e) Boiler troubles - water, vacuum, venﬁing

2%
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Mr Conditioning

The Design of a warm Adr Vea“ina System for a Small liouse - Perimeter Jysten

(a) Use of the equal friction method
(b) Zelection of tie tyve of lecating equirment

(c) Letermination of the location and size nf the surply outlets, the return
inlets and the ducts

(d} Calculating votal C.F.M, requirements

(e} Layout of thke heating plan using standard symbols and with detailed
specifications

The Desism of a Summer Cooling Svstem for a Small louse

(a} Types of systems: loop, radial and extended plenum perimeter, overhead
trunk and radial

(b} Determdning the locations and size of the supply outlets, braach inlets
and the ductsj the use of the supply duct table

(c) Calculating the total C.T.M. requirements, duct charts and their appli-ation

{d) Layout of the cooling plan using standard symbols with detailed specifica-

tiens
Refriperation
tvaporators

Tre rurpese, principle and requirements of an evaporator; types of evaporators;
circulation in evaporators; oil return, oil traps, accuruliators; velocity of
vapour through evaporater

Reciprocating, Rotary and Centrifugal Compressors

Purpose, principles and operating pressures; size of units and horsepower required;
lubricetion and servicing

Z2rvicing Compressors

The use of exploded and cut-away views to show parts and construction details;
removal of compressor from condensing unit, safety precautions to observe when
17 fring; removing and replacing flywheel, compressor head and valve plate; types
and purpose of seals; removing and replacing seals; disassembling, lubricating
and re-assembling reciprocating, rotary and centrifugal compressors; marking
maving parts; making gaskets; connecting compressor to condensing unit and test-
ing for satisfactory oreration

Hermetic and 3Jemi-hermetic Units

The development of hermetic units; types of compressors used; types of metering
© ‘ces; vapour ccoling; effect of moisture in sealed units; servicing sealed

[E l(:s. Relays and capacitors required for starting sealed units

Aruitoxt provided by Eic:
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5. Refrigeration Controls and Control Valves

The principle, construction, installation, application and servicing or
replacing of low pressure controls, temperature controls, high pressure cut-
oute, solenoid valves, constainl pressure valves, water regulating valves
and pressure relief valves

6. Fuel 0ils
(a) Cormmercial methods of classifying fuel oils

(b) Specific gravity, flash point, viscosity, pour point, end point, B.T.U.
rating

(¢) The relationship between these qualities and combustion
7. Combustion
{a) The chemistry and physics of combustion (basic principles)
(b) The flame: its structure, size and colour
(¢) Products of combustion -~ testing for carbon dioxide
(d) Incomplet: combustion and its effects on operating efficiency
(e) Heat: physical and chemical =xplanation
(f) Measurement of heat and temperature - B.T,U.'s and degrees
8, 0il Burpers

(a) Cun Type: design features and characteristics of high and low pressure
types

(b) Rotary Burners: vertical and horizontal types, design features and
characteristics of each

(c) Vaporizing or Pot Type Burner: design features and characteristics

(d) Design features of pumps, pressure regulating valves, nozzles, fans, air
control devices, ignition system, and combustion chambers

9. Burner Servica

(a) High Pressure Gun Type: service problems, servicing single and two stage
pumps, ignition and combustion problems

(b) Low Pressure Gun Type: service problems
{(c) Rotary Burner Service: typical problems and their solution

(d) Vaporizing Burner Service: service problems

30
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Grade 12
SAFEY:  The care and proper use of tools, refrigeration equipment and test
equipnent should te stressed. Froper precantions should be observed

in the randling and servicing of refrigeration equivment.

1. Alr Movement Testing Procedure

Yeasuring air pressure in dacts; the relation of static pressure ana velocity;
the use of dampers in branch ducts; types of centrifugal fans used in air
conditioning

Adr Conditioning

1. Commercial reat loss Calculation

Difference belween domestic and cormercial heat loss caleulation; determination
of the design temperature difference; the type of construction and exposure;
calculation of the B,T,U. loss per hour for the building considering all the
factors - include ventilation loss, occupancy load and appliances; determining
the total heat loss of the tuilding

2. Conmercial Air Conditioning

{a) lmking a survey of all the factors affecting the ccoling problem e.g.,
types of constructien, exposure, appliance and Occupancy load, space to
be cooled, window and door areas and outside air for ventilation

(b) Application and use of psychrometric and comfort charts

(c) Calculation of the cooling load considering a1l the factors involved

(@) OSelection of the size of equipment and ducts necessary to give the
required cooling

3, water and Alr Cooled Condensars

Purpose of condensers; water supply, water conservation, types of cooling
towers; special features and operating principles of double pipe, evaporative
and air cooled condensers

4o ldiquid Receivers

The purpose, application, types, construction, safety devices, piping and
servicing of liquid receivers

5., Purgers

The purpose, types, construction, application and servicing of purgers

6. Defrosting Fvaporators

The purpose, principles and application of simple defrost, automatic electric
defrosting, hot gas defrosting and water spray defresting systems

7. Refrigerated Enclosures

Types, purpose and importance of insulation and vapour barriers; methods of
Q constructing refrigerated enclosures - heat calculations

ERIC
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€. Compressor Calculations

Use of refrigerant tables; calculatirg compressor size and horsepower; effcct
of pressures and temperatures; standard ton conditinn

9. Ultra Low Temperature Systenms

The design features, operating principle and method of applying the two stare
and cascade systems

10, Calculating Size of Refrigerant Iines

Allowable velocities and pressure drops in pipes; effect of .ressure drops;
sizing pipes by velocity and by pressure drop; effert of changing conditions
of flow

11. Brine in Refrizeration

Meaning of indirect system, brine chemistry, the eutectic point, corrosive
properties of calecium chloride and sodium chloride, determination of the th
value

12. lhltiple and Complete Jrstems

Principle and application of ice cube makers, and "flake ice" nalkers

13. Absorption 3ystems

The principle and application of household (domestic) and industrial absorption
systems. The operating cycle of the industrial ammonia abserpticn system and
the principle of operation of the Lithium Bromide Jystem

14. Heat Pumps or_ Reverse Cycle Systems

The purpose, theory c¢f operation and performance of heat pumps; sources of
heat; B.T.U. capacity; calculating the size of lines; types of control and
reverse valves; auxiliary heating

15. Recent developments in air conditioning and refrigera*ion

Fans

1. Axial Flow and Propeller Type Fans

Types, use:, nomenclature of various models, characteristics, comparison of
axial flow and propellzy type fans; testing

2. Centrifugal Fans

The three classifications, forward, straight or radial and backward curved
blades, characteristics of each, performance curves, comparison of the
performance of each cype

3. Fan laws

o ltelationship between: volume and spced, pressure and speed; power require-
[E l(: ments, brake horsepower; total pressure, static pressure, velocity pressure
o e :]2
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blowing Versus 'ixhausting

Comparison between blowin- and exhausting in low and high pressure syshens

Jervicing 0il iturner larts

(a) fump rroblers and their solution; use of presours and vacuum gauges;

rerlacing defective parts
(b) 3ervicing pressure rerulatins valves of various tyres; use of a trouble

chart; adjiustments
{c) lozzle problems
{(d) Mr delivery problens
Servicing Complete 0il Purner Systems
Locating and diagnosing service problems in completely installed and operating
systems
Testing Combustion Sffliciency
A study of the purpose and use of a stack thermometer, a draft gauge, carbon
dioxide testing equipmeni; analysis of flue gases

Gas_Furnaces
Combustion
The chewdstry and characleristics of natural, ranufactured, butane and propane
zases; the cost, storage und availability of the atove gases; air requirements
fer combustion; the chenistry of combustion; flues: size, construction, con-
densation problems
Controls and JServicing
Control system voltages in cormou use; cirenits and controls used; operating
principles of controls; use of electrical instruments for making electrical
tests and measuremcnts; testing controls for troutle; making the necessary
repairs or replacing the defective control
Servicing Gas Furnaces
Selecting the proper size of feed pipe and orifice for satisfactory operation;
testing for carbon dioxide and adjusting primary ani secondary air; diagnosing
and correcting common gas furnace troubles such as extinction noises, flash-
back, resonance and flame floating
O
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APPLIGD ELECTRICITY

Four-~Year Programre Grades 9, 10, 11 aix’ 12

Grade 9

SAFETY: Safe practices and the recognition of electrical hazards should be
emphasized and periodically reviewed.
1. Circuits
(a} Study and construct signal circuits observing the effects of series and
parillel loads of lamps, bells and buzzers; drawing schematic diagrams
using standard symbols~ use dry cells and a bell ringing transformer as
voliage supplies; tracing and checking the wiring against the schematic
diazram before operating
(b) locating and repairing circuit faults
(¢} Construction and application of lamp and appliance cords (2-3 wire)
2. Electrical Connections
{(a) The construction of simple joints such as rat-tail, tee and western union
(b) Soldering: preparation of the soldering iron; soldering fluxes; com-
position of solder; goldering wire Jjoints
{(c) Taping and weatherproofing
(d) Solderless connectors
3. Magnetism
(a) The study of the properties of magnets and of lines of force using filings
and compasses; magnetic and non-magnetic materials
{b) The law of magnetic attraction and repulsion; a theory of magnetism
(c) The earth as a magnet
(d) Common types of magnets and their uses
(e) Methods of magnetizing and demagnetizing
(£) Magnatic shielding
4. Bectro-magnetism (Hand rules are to be introduced as required)
{a) Examnination of the field of force about a single wire carrying a curre it
(b) Making an electiv-macnet
(c} A stady of the magnetic field of a coil and its polarity
(d} Applications of electro-mignetism
; (e) 7The sntudy of the principle of operation and the repair of electric bell:

tuzzers, annunciators and allied equipment
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5. Conductors _and Insulators

An experimental study of a few common metals and non-metals as a basis for
classification into conductors and insulators, Semi-conductors should be
introduced

6. 3Sources and Effects of Electricity

(a) Rasic methods of producing E,1.F.: f{riction, thermal, chemical, electro-
magnetic induction, rhotcvoltaic and piezoelectric

(b) Demonstrations and application of the above methods
{c} Series and parallel cell connections
{d) A study of the basic effects of electricitx

7. Hectrical Units

(a) 4n experimental study to provide a general understanding of electrical
pressure, resistance and current and the relationship between them.
Conventional flow and electron flow are to te presented

(b) Heaning of elestrical rower and cnergy; units of measurement

(¢) The reading of a kilowatt-hour meter and the caleulation of a simple
energy bill

&, Circuit Protection

Construction, purpose, operation and rating of simple fuses (plug and cartridge
types); an exr~eriment to show the protective value of the fuse with application
to the circuits in the home

Grade 10

A. Installation and “aintenance

All electrical installations should conform to the requirements of the
Hydro-tlectric lower Commission of Ontario and the local Supply Autherity,

JAFETY:  5tress safe practices in the use of tools and equipment and for the
prevention of electrical shock,

1. Jplices and Joints

I'roper construction of Jjoints used in lighting circuits, A further study of
solderless connecctors

Z. iaterialyg

Tr.e study of the American wire gauge and wire table; the recognition of comron
Q ires and cables according to size, insulation and use; the identificatiun by

[E [(:y:e, size and description of other trade naterials witlin the score of this
RO 54T 3 € -
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Circuits

(a} Further study of signal systems to include the annunciator ana the
following systems: the apartment door lock, return call, burglar
alarm and master control; simple telephone circuits

(b) Typical circuits as used in an average~size residence; construction
in non-metallic cheathed cable; architectural plans and symbols

(c) The testing of circuits with a voltage tester and a voltmeter and the
repair of circuit faults should be introduced as required

(d) The construction and testing of simple electronic circuits such as a

rectifier and a triode amplifier

Circuit Protection

The construction, purpose, operation and rating of circuit breakers and
special fuses

Elementary Testing and Repair

The testing of simple domestic electrical appliances and devices using a test
lamp and an ohmmeter; making minor repairs; checking for adequate insulation
by means of a '"megger" or equivaleni testing instrument after the repair has
been made and before returning the device to service

B. Theory and Test

Problems on the topics studied should be assigned in a systematic manner

to clarify and drill the principles involved

SAFETY: Good safety practices should be stressed,

1.

2
[€)

Electro-magnetism

(a)

(v)

(c)

{d)

(e)

(£)

Plotting the field of force about a single conductor carrying current
A review of the hand rule

A study of the magnetic flux around two adjacent parallel conductors
carrying current in the same direction and in opposite directions

Plotting the magnetic field set np by an energized single layer coil
with an air core; incl' ie the lines of force around the individual
conductors. 4 review of the hand rule

A study of the three factors affecting the strength of an glectro-magnet

Applications of electro-magnetism such as door chimes, relays, 1ifting
magnets, circuit breakers and magnetic .ontacters

An elementary study of magnetomotive force, magnetic flux, reluctanco,
flux density and permeability

Conductors, Semi-Lonductors and Insulators

£12Jﬂ:00finitions. A rore advanced study and experimental determination of che
ability of metals, non-metals ana sclutions to conduct curront

Full Tt Provided by ERIC.
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The Bohr theory of atomic structure; explanation of conducting properties
of conductors, semi-conducteors and insulators based cn the theowv o atomic
structures; elementary electrostatics

3. Types of FElectric Curren!

An introductory study of unidirectional current (steady an: pulsating) and
alternating current; the reaning of electrical cycle and [requency

4. Instruments

(a) Ammeters and voltmeters: circuit connections; rr:mautions for their
use; accurate scale reading

{b) Using an ohrmeter
5. Chn's Law (Experimental study)

(a) The effect on the current in a circuit produced by varying the resistance
and maintaining a constant applied erf.

{b) The effect on the current in a circuit produced Ly varying the applied emf,
and maintaining a constant circuit resistance

(c) Development and application of equations
(d) Introduction to ptefixes

6. Resistors, Resistance Measurement, Circular Mil Feasures

(a) 4An examination and study of the resistance materialis used in such house-
hold applianees as lamps and heaters

(b) Comparison of wire diameters using the American standard wire gauge and
wire tables; comparison of mil-foot resistances of wires in common use

(c} Calculation of the resistance of a round conductor based upon physical
factors

(d) Resistors: common types; censtruction; ohmic and power ratings;
application

7. Analysis of Electrical Circuils

Determination of current, voltage and resistance characteristics of typical
eeries, parallel and series-parallel circuits

2., lower and Energy

(1) Definitions and units of power and enersy

(b} Voltmeter-anueter and wattmeter methods of power measurement; energy
rmeasurenent by the watt-hour meter

Q }
ERIC
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Calculating power and energy; horsepower in te.ms of watts and kilowatts
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Voltage Drop and l'ower loss

Measurement. of voltage drop and calculation of power loss in electric circuits

Electionics

(a)

Phycsical examination of: resistors, capacitors, inductors, electron
! R H t H 14
tubes, transistors

Colonr codes for resistors

Jimple diode experiments to deronstrate emission and nnidirectionil f1ow;
rectification

Simple triode cxj.criments to demonstrate prid contrsl of anode current;
amplification

Grade 11

Ae Installation and laintenance

All electrical installations should conforr to the requirements of the

tiydro-diectric Power Mommission of Ontario and the local Jupply Authority,

DAFEIY:  Xlectrical safety should be stressed,
1., Circuits
(a) The installation of electric services; more advanced study of circuits
for domestic light, heat and power, using non-metallic and metallic
cable, i.M.T. and rigid condnit
(b) Mlanning and estimating electrical instaliations from blueprints and
circuit diagrams
(c) The installation of D.C. motors using different types of starters and
protective devices common to industry
(d) The connection, reversal and simple control of A4.C, fractionil horse~
power motors
(e) The further study of cable splices, lugs and connectors as applicd to
1(a), (c) and (d)
(f) An clementary study of D.C, motor speed control
2. laintenance
(a) The testing and repair of circuits used for lipht, heat and power
{b) ihc maintenance, testing and repair of metors, renerators and industrial
control equijment
(¢) 'ime testing and repair of major appiiances including clectrical heatinz

O

ERIC
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Liphting

an introductory study of lishting and 1ighting fixture:z

Industrial Siectronics

A study of the applications in industrial control of those items thosen for
study in [lementary illectronics (iee Part B, Theory and Test, 3ec.ion 10)

Optional Tonics
{a) Motor rowirding

(b) lectric heating

i+ Theory and Test

I’roblems on Lhe torics studied should be assigned in a systematic manner

to clarify and drill the principles involved.

SAFETY: %ood safaty practices should be stressed.

1,

2,

3.

ERIC

Klectro-magnetism

{a) 'The magnetic circuit: the relationships between the nagnetomotive force,
flux and reluctance; flux density; formulae; C,5.5, or M.K.3. system of
magnetic units

(L) A study of the magnetizing curves for cast iron and commercial grades of
core materials

(c) Jeries mapnetic circuits irvolving various materials and air gaps;
problems

(4) Tractical applications of electro-magnets
Insulation

Troperties of insulating materials such as rubber, varnishes, plastic com-
pounds, impregnated paper, varnished cloth, tapes, asbestos and silk

Resistors and Resistance Measurements

(3) An exanination and study of resistors-used in industrial control apparatus

(b) Yeasuring the recsistance of resistors connccted in series and in parallel
and combinations of both; methods and formulae for determining the com-
~ined resistance; problenms

(c) I[dectrical conductance; problems

(d) Kirchhoff's laws - the solution of electrical networks using Kirchhoff's
Laws

M ectrical Measurements

Note: The proper use and care of instruments should be stressed,

) The D'Arsonval galvanometer: parts, principie of operation and its
"~ application in the voltmeter, ammeter and ohmmeter

Aruitoxt provided by Eic:
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(b) ©Bridge circuits: the Wheatstone bridge and the slide wire bridre

(¢) FPower measurement: the construction and principle of operation of a
wattmeter; proper wattmeter connections; measurement of power

5. D,C. Generators

{a) The direction and marmitude of the emfs induced in corductors cutting a
magnetic field; fo-imulae, problems

{t) D.C. Generators: parts and their functions; types and connections; self

and separate excitation; factors affecting generated voltage; the building
up of a shunt penerator; commutation; armature raaction and commutating

peles

(¢) Generator characteristics: the saturation curve; the load or external
characteristics of a separately excited generator; the load or external
characteristics of a self-excited shunt generator and compound generators;
voltage rem:lation; losses in D.C, generators; efficiency

{d} Generator selection for srecific applications

(e) Parallel operation of shunt and compound generators (optional)

6. D,C. Motors

(a) Principle, types and connections; parts and their functions

(b) Counter emf., manual motor starters, methods of speed control, reversing
D.C. motory, automatic starters; dynamic braking

(c) Lload characteristic curves of shunt, series and compound motors; speed
regulation; armature reaction and interpoles

(d) Interpretation of motor control schematic diagrams; operating sequence
(e) Losses in motors and efficiency; calculations
(f) Motor selection for specifie applications

7. Alternating Current

(a) An introductory study of alternating emf. generation, the sine wave,
frequency, drawing the sine wave; average, effective and maximum values

(b) 1nductance: definition, factors affecting inductance and imductive
reactance, formulae and units; phase relationships; non-inductive windings;
inductors in series and parallel; application

¢ citance: de on; types, construction and principle of capacitors;

(¢} Capacit definiti t ti d rrinciple of itors;
factors affecting capacitance and capacitive reactance; formulae and units;
phase relationships; capacitors in series and parallel; application

(d) Simple A.C. circuits, phase relationships, Ohm's Law A.C., impedance
(e) Vector diagrams for A,C. series circuits
)
E T(j(f) Tire constants

40

e {»} rn-ninveoidal wave feorms and milses (hriefiv)
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(2) Yrinciple, conutruction, tyres and application
(b) Turns, voltare, current and impedance ratios
telays

rinciple, construction, tyres and application

Qementary iectronico

Refer to fGrade 11 lectronics. The topics selected and studied will depend
on the time and cquipment available, This section is to be deleted if the
students receive instruction in the electronics laboratory.

Srade 12

A. Installation and Maintenance

A11 electrical installations should conform to the requirements of the
Hydro-tdectric tower Conmission of Ontario and the local 5Gupply Authority.

SAFETY: JSafe practices in the use of electricity should be stressed.
1. Circuits

3.

ERI!

(a) The installation of distribution systems in non-metallic and metallic

cable, &.0ieT. and rizid conduit for light, heat ana power as used in

modern apartment buildings and small factories,

included, This study should include »lans, hills of material, estimates

and circuvit diarrams

Services should be

(b) A study of controllers and time—delay starters for D.C. motors; dynamic

braking

(c) The installation of the common types of single phase and polyphase A.C,

motors using different types of starters, control apparatus and pro-

tective devices common to industry

(d) Interpretation of motor control schematic diaprams - operating sequence

(e) The study of the mounting and connecting of transformers and other heavy

apparatus. Instruction is to be given in anchoring devices, the tools
required, and in the use of supports such as hangers and brackets,
grounding and bonding of cquipment is to be emphasized,

Maintenance

(a) Further testing and repair of circuits for lighting and power equipment,
e.p. tests for continuity, intermittent and high resistance connections,
short circuits and grounds

(b) Maintenance, testing and repair of rotating equipment, transformers,
control apparatus and other electrical devices

Industrial Electronics

l(:vstrial equirment

Aruitoxt provided by Eic:

The

The inatallation, testing and repair of electronic controls such as used in

—.
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2. Thecry and Test

Problems on the topics studied should be assigred in a systoriasic ~anner

to clarify and drill the rrinciples involved,

SATETY:

Safety precanticons should he stressed,

1. Tre 3ine lave

{2)
(b)

Definition and construction of the sine wave; cyele, frequency

Average, effective (8,1.5,) and masimu: values and the relationships
between therm; form fuctor of the sine wave

Iquation of the sinc wave, instantanecus values

2. Alternating Current Circuits

(a)

()

(c)

(d)

(e)

(f)
(g)

leview of inductance, capacitance, rcactiance and imrcdance

Application of (hkm's Law to series and paralleil alternating current
circuits

Thase relationships in A.C. series and jparallel circuitc, active and
reactive componentsz, vector diacrams

Power waves for circuits containing 1, L, or C; frequency of power vaves;
positive and nepative power; instantaneous, mavimum and averzage rower;
effect of rhase angle

Fower and power factor; definitions; neaninz of leadinz and larzing
power factor; measurement of power in non-inductive, inductive and
capacitive eingle phase circuite; determination of rover factor;
relationship between volt-amps, watts and vars; formilac and calcula-
tions of power and power facter

Fower factor correcvion by capacitoers

Series and parallel resonance: charactecistics of resonant circuits;
resonance curves

3, Polyphase Systems

(a)

()

(c)

Reasons for nolyphase systems; elementary two rhase and tliree phase
alternators; star and delta connections

Vector diagrams for balanced loads in star and delta: unity n».f. and
Jagging p.f.

Calculation and measuremert of three rhase power (balanced 1oads) by
various methods

L, Alternating Current Gencratores - Alternators

(a)
]EI{I(:E)

Aruitoxt provided by Eic:

Construction of single and polyphase alternators, factoi's affecting
voltage and frequen~

Voltage control, v~1 (ze regulators, voltage repulation for rezistive,
inductive and capacitive loads, ar-ature vecticn, wectnr 154 v
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rtional(c) aralle: ecprers.s; o .tefnilors, synchronizing by use of lamps and
H b b »

[E

stuent btetween rachlines, effect of changing field
Transformers
(a) Comstiuct. n, ::v... . s twe »itio, transformer equation, effect of

loading « v o o0 avUicieney and comrercial applications

() clapit:: oL tersinitiag and imvortance

‘c) Transforn:r - * %o series, parallel, star, delta, Gcott, open
delta, thros b+ tr sii rlase

(d) load charaster..tic-, l-:ses and efficiency
(e} Insbtiwrmant tv - - e “rin3tle and -onnections; safety precautions
(£) Transforcer wenr-rs israr (M tional)

Alternatiip Current "ot

N

(a) wplani‘iscn andl cenanotratien of the rcvolving magnetic field, synch-
ronens syt

(b) Three—riac

erciil

[

l—~4-e irduction motors: thre rrinciple, construction

and co . study of torque, slip, rotor speed and rotor
frequencyr, sttt corrent, starting torgue, power factor and the
ororating or Lol b octerlstics

{c) "hrea~ri e e Irniuction motors: the rrinciple, construction,
toraue, s17;. srasd ani rotor freauency, starting current, starting
toraque, jewer faeter. sieed control and orerating or load characteristics;
commercial uses

(d) Comyariscn o Llrs 0 r.oe and wound rotor induction motors

(e) Iinple rirase .7, ¢otorc: the yrincirle, construction and application of
cingle rhare 4000 ot rs; a sindy of srec®il starting devices, arrangement
of windings, : ento, torque and speed characteristics, pover
factor and

{(f) oynchroncus motors: the srinci-le, construction and cormercial uses of
synchronous moters incluiing a study of starting methods, speed char-
acteriztics, jower icter and power factor correction; characteristic
curves and efi.cien->

(g) liotor contrel: 1o rrincitles and tyres of starting and control devices
in covmeon tize I riuciion ant synchronous rotors

(h) ‘otor sele~tiny fov -yo-ific arplications

Instrurents

v

lote: The proier e and care of instrurents should be stressed,

The theory of cpariticr | wno i trover circuit connentions for ammeters,
voltmeters, wattretore, it = r reters, rasimun demand meters, oscilloscopes.,
@ cedance bridoec, voewe tute voltreters and insulation testers

RIC

Aruitoxt provided by Eic:
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g, Industris) Kectraonics

lote:

(&)

(c)

(4)

(e)

(£)

The followine fopicr =hould be taught in the [Dectronics Laboratory if
there is one in the uschool and it is available otherwise the instruc-
tion may be given in the Xlectrical Laboratory or islectric ..onp.

The depth of study will depend on tne time und equiprent available.

Vouer rectifiers

The construstion, theory of operation, characteristics and nrecautions
to obscrve when gfascous, selenium, silicon and contrciled solid state
rectifiers are used commercially in single and polyrhase circuits;
applications

thoto sensitive devices

Construction, principle of operation and arrlication of photo-emissive,
photo-voltaic and photo-conductive components; applications in countinz,
sorting, grading, measuvvring within limits and quality control

ilectronic tiners

The time constant principle; the thermal princiyle; industrial applica-
tions e,o, welding control

Industrial electric heating
Trincirles and application of induction, dielectric and infra-red heating
lagnetic devices

Construction, operating principles and applications of saturable reactors
and tape recorders

Computers ('dementary study) (Optional)

I'echanical and electronic forms of digital and analocue corputers;
computer lopic - binary system; block diagram of elementary digital and
analogue computers; application of cach type

ervomechanisms (Optional)

The study of synchros (selsync) as motors, generators and differential
units; a servorechanism defined as a closed loop system; servo block
diagram; analysis of a typrical industrial servo system, such as motor
speed or generator outjut control system

9, Liphting (Domestic, Industrial and Display) (Optional)

(2)

(b)
(c)
O

ERIC

Aruitoxt provided by Eic:

Adequat.e lighting requirements, minimum standards for different arplica-
tions

Lighting units and their meaning, lighting types

Lighting control and equirment
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APPLIED ELECTRONICS
Four-Year Programme Grades 11 and 12
Grade 11

SATETY: Safe practices in the handling of slectrical and electronic equipment
should be stressed,

A, Theory and Test

Symbols, bcth communications and industrial. and methods of establishing
correct operating voltages should be introduced as required.

Review Ohm's law; series and parallel circuits, Kirchhoff's laws; power
and energy.

1, VYacuvum Tulbes

(a) Introduction to electron emission - consideration of electron emitting
materials

(b} The diode: construction and testing of standard two element (diode)
vacuun tube; the effect of cathode temperature change on plate current;
the effect of plate voltage change on plate current; application of the
diode as a rectifier; effect of load resistance on output; plotting
characteristic curves ard calculation of D.C., plate resistance

{(¢c) vhe triode: the control action of a grid rlaced betwesn the cathode
and the plate; grid voltage, plate current and plate voltage; charact-
ertistic curves, The use of characteristic curves to determine
amplification factor, A.C., plate resistance, mutual conductance and
gain; operation as an amplifier and as a control device for relay
operaticn; comparison of directly and indirectly heated cathodes

(d) Multi-element tubes: reasons for develomment; interelectrode capacitance;
secondary emission

2, Electrostatics

Jeparation of electric charges, their attraction and repulsion; the electron
theory and its application to static charges; charging by induction; distri-
bution of charges on a material; stress lines between charged bodies; dis-
charge from points as compared to spheres; electrostatic screening; storage

of charge as in a capacitor

3., Semi-Conductors

Structure of matter; the Pohr atom, introduction to energy levels and their
relationsiip to conductors, insulators and semi-conductors; conduction
through solids, liquids, vacuum and gases; T and N type semi-conductor

materials

4. Alternating Current {Qualitative consideration only)

(2} Generation of alternating emf; the sine wave; cycle; frequency; harmonics;
O the frequency spectrum; amplitude; effective, average, instantaneous, reax
]EIQJ!: and peak-to~peak values; introduction to vectors
Pt
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ERIC

Aruitoxt provided by Eic:
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~
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Mactro-magnetic inductien

Th: transformer: jrinciple and constructieon; tyies and apriicati i
tuns, veltage, current and impedance ratios

Ther capacitor: tyjes, construction, operition ant umiplication; '
fa:tors affecting the capacitance; reactance chlanre with freaquecy;
1hise relationshirs for V and I; capacitors in series and rarallcd

Th2 coil: Lypes, construction, operation anl i;rlication; self ir-
du:tance; factors affecting inductarce uni recctance; rhase reiato
ships for V and I; non-inductive windinrs: inductors in series

rarallel

, L and C in series and varallel on A.C., series and jarallel rescranee,
tvned circuits; the  of L-C cirecuits; 1.°C ratio; tyrical resonance
curves

Circuit Element.

(a)

(b)

{c)

(d)

(e)

“cwer supplies: half- and full-wave rectifiers; voltage doublers; reti oo
of obtaining bias voltages from a power surrly; the bleeder resistor ani
reasons for its use; voltage dividers

Filter circuits: choke input; capacitor input; R-C filters; characteristics
o’ each type .

i“crophones: grrinciple, construction and application of carbon, crystal
and dynamic microrhones

iudio amplifiers: classes of operation; transformer, resistance and
direct-coupled amplifiers; volume contrel; D.I. Gain

R.F, amplifiers: the use of tuned-grid and tuned-plate circuits and the
pe.in obtained thereby; rrecautions necessary to avoid undesirable feedtack

Anplifier characteristics: comparison of amplifier types; frequency
resronse curves; factors affecting frequency response; choke-courled,
resistance—coupled and direct-coupled amplifiers; comparison of solid
state and vacuum tube amplifiers

(f) Tcne compensating circuits for controlling the frequency restonse of
atdio amplifiers

(g) Solid state rectifiers

(n) Detectors

(i) Control circuits: typical circuits to illustrate the application of
vacuum tubes and solid statc devices to electronic control. e.y. photo-
electric relays and time-delay relays

{3) Oscillators: requirements for oscillation; methods of feedtack; deler-
mination of oscillator frequency; L-C, R-C and crystal controlled
oscillator circuits

lagnetism

(a)

hieview of magnetic prirciples and electro-magnetism
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a7

(b) .M. or CaTuo, syoton of maactic anlits

\ . B . . . . .
(2} arlirtion nf roometic tripsieles Lo basic meter noverents

oreiilaters ol b}
in servicin-: electronic eand-monty the srinzisles of areanized tezt yrocedure
in 1nzating funits: inter retine schorutic diarrams

7 oot _wemdcment
Arcic AGT, and 00, netos noverent s, conshbriation of voltmeters, arveters,
obwrelors an’omttlr cnoera, ‘T?ﬂuAIJC of oreration of tnb2 testers, test
coentiate o anelllenesres; the use of test Instruments

' ot Course
1. lZench york (7o bte introluced as remired)
Note: The eare and v=e of hand tenlz chenld be tancht as remmired.
fhe use of tha solderins iren; chaping, cubtine and Arilli 54
tappdng; typical tz.lnj devices and ferminal strije “sei in eiectronic work,
n3 ont

ctandard orerations are to he rmastered sucl. as readin; ir 3, grinding
twist rills and stririns ana eadling wirves

nl
~
145

2. Tie Colour Code (7o bte intrawiiced as required)

Sedes for cajacitors, resictors, c¢oils uund transfomm.ers

3. Laboratosy .ooik

{a) T.e use of standari test Lustrwrents such as olrmeters, voltmeters,
rdliammeters, Vo7 Vel 's, cocilloscores and test oscillators

(r) Lavoratery Jiperireat:

1., The deteraination ¢f vacuwn Lule characteris

2. The analysio of L3S, and L,2, tire eonstant

3. The effect of tie walues of tlie cowrnnent
and frequency res;onse

Lo The deteradirnation of the characte:

5, The use of resorant circuits in the rodu c+1on of A F. and R.Fe.
nscillaticns

4, The detersination cf tt.e characteristics
three elenent trunzistors

cain

f s0lid state dicdes and

Q

(¢) Ghop frojects (7o be intesrated with the preceding laboratory experiments)

Construction and testing of the following devices:
1. Fower supply circuits

2. Audio amplifier circuits

3., Detector circuits

L. RF. amplifier circuits

5, Oscillater circuits

£, Interval timer

7. Ikotoelecetric relay

Liote 1: The testing of electronic equipment should conform to standard laboratory
rrocedure and to 1,i8.8.&, srecifications where applicatle,

]EIQJ!:( fne of the above shop projects should te nuilt on a printed circuit board
if tine permits.
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Grade 12
3AFETY: The projer handling of the picture tube and the wearing of gloves and
goggles should be stressed. An eight inch picture tube should be
substituted for the larger sizes when doing any work on television sets.
The precautions necessary to aveid high voltage shock and the care
necessary in handling chassis should be emphasized,
A, Theory and Test
1. Vacuum ubes

Further consideration of vacuum tubes:

{a) Characteristic curves of sharp cut-off and remnote cut-off tetrodes and
pentodes; applicaticn of telrodes and pentodes

(b) Review of vacuum tube theory with emphasiz on locad line, o,2rating point,
load matching, power amplification and voltage amplification

(¢) Special purpose tutes: construction and operation of dual purpose tutes,
converter tubes, beam power tubes, tuning eye and special rectifiers;
the use of vacuwn tubes in voltage regulator and veoltage multiplier
circuits

. So0lid State Devices

{a) Review of the Pobr atom with emrhasis on erergy levels in semi~conductor
raterials

(b} Conduction in ! and I type materials; P.}N., junction, forward and reverse
characteristics; Zener effect

{c¢) Diode power rectifiers and controlled rectiflers for single and polyphase
circuits

(d) ransistors: yprinciples, construction, tyres, advantages and disadvantages
in comparison with vacuun tukes; anplifier configurations; introduction to
hyorid paraneters; application eof transistors in amplifiers, voltage
regulators and other control circuits

3. <“he Superheterodyne

(a) The principle of frequency conversion; application of the beat note
principle; advantages and disadvantages of the superheterodyne as
compared to T.R.F. receivers; mixers, converters and I.F. systems

(») Special circuits: automatic volure control and g.a.v.c. circuits; ihase
inversion circuits; inverse feedback circu.ts; tuning indicatcrs;
electrcnic voltage regulators; methods of connecting a record player to

‘ a radio; vibrator jower supplios

4L+ Alternating Current Theory

gdvanced quantitative considerations

¢
]EIQJ!: Inductance: definition, calculations, inductive reactanze, inductance and
CIEEETE  rgsistance in series, phase relations, impedance, vectors
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{b) Capacitance: rcalculations of capacitor ilues, ecanicity and resistance
in series, thase relatiecns, imredance, ctors

{c) Frequency-reiactance rrirks for irmluctors and cazicitors

(d) Inductance,
caleulatiors; r

.ance in serie. and yarallel; iesonance

vty Aurerens

(e) iower factor und its sajculation; wztiwe and soaebive cormponents of the
current

(£) High frequency effects; distrituled caracity aal skin effect

(g) TIransient effects =n i, and a.l,

(h) Filters: high, low, band~rass and band rejec!ion filters; characteristics
(i) Elementary transmission line theory; impedance matching, line impedance

Ttotoelectric Effects

Review and further consideration of the tires of thotnelectric cells., The
construction, orerating rrincirles, colour sensitivity. characteristic curves
and the application of vacuim, ras filled and solid ctate photoelectric cells;
the photo multiplier tube

Test Equipment

{a) The principle and application of vasnum tube woltveters Lo alternating
current, direct current and hieh resistance rmeasurerments

(t) Thermocourle, hot wire, electrostatic, iron vane, rectifier and dynamometer
instruments

(c) The construction and operaticn of electrostatic and electro-magnetic
cathode ray tutes

(d) High voltage supplies for cathode ray ‘utes in oscilloscores; methods of
control

(e) Sweep circuits for cathede ray oscilloscores; methods of synchronizing

(£) The use of the electronic switch with a cathode ray oscillos:ope

(g) The application of the cathode ray oscilloscoje for indicating distortion,
measuring gain, timing, checking synchronization, deiermination of fre-
quency, indicating phase relations; the use of an oscilloscope as a
voltmeter and for circuit alignment

{h) Sweep generators; marker generators and other advanced test squipment

() Inductance and capacitance bridges

(j) Signal) tracing methods of analysis

ERIC

Aruitoxt provided by Eic:
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O

ERIC

Aruitoxt provided by Eic:

Uotor ard enerator ‘haracteristics

5() - L9 -

18

D,C. renerator jrincinle, D.C. molor princii’e

Doy meh T ani e, oo caamsitications, of oo toristico and o e
albernstor princs, oo
1.0 motora: alaendJicatiens, characteristy oot application,

Industrial blectronics

(c)

130G, pres’dre

Giseous diodes: charwsteristics, lonizatics, tyjes ol
and its effect on Vicine rotentingg arplic.den oo rectifives, resain
and reloxation aociliatoro

Thyratrons:
(1) irinciple of ~jeration; constriuction wnd characteristics; cor i

with a vacuun tricde, roting non-continious centrol characteri.!ic
of gasevus tricies

—~
N

Control of jonization by D.C. amplitude

.

Tne gas triode as a rectifier; controlling the outjput by varyin. *:

(4) The gas triode ac a controlled oscillator; generatin, saw tooth
wa . es

Other devices and control systems:

a
rotential on the grid and by shifting the phase of the crid voituce

N~

(1) ‘“he saturabi=- reactor and its application in light dimmdny sttt base

shift controi circuits

(2) 1he peaking transformer and its applicition

(3) 1Industrial control: regulation by raseous tules, vacuwa tubes inag
sclid state devices; motor control; welding control; ceneratcr
control; quality contrcl; counting, serting, grading and meusuring
within limits

(4) ragmetic recording devices

(5) Einary arithmetic and its use in data :rocessiny

(¢) basic ;rincijles of digital and analeyue comuters

Television and F.!i.

(a)

(b)

irinciples of television: camera tubes, types and cperating princiilers;
scanning methods; jroduction of the television sirnal; analysis «f .«
composite video signal

Television receiver: tre block diaysram; ‘he ricture tube; sweey o:cill.

o

pulse shaping circuits; the high voltage jcwer supply; T.V. tuners; wilte

4
IR A H
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Optional

11,

51 _ ..

o

tand I.F. amplifiers; sepiration of wvidec and audio inforzmation in the
intercarrier receiver; deflection systems; interlaced scanning; video

" l

atplifiers; antenna consideraticns for [I.Y. receivers

(¢) Closed circuit telsvicion used in industry, (Tlcck diagram of a comrlete
camera and monitor oy-tem)

(d) Frequency modulation: detectors; advantares of the ¥, syster; an
elementary F,M, transzitter with emphasis an mothods of modulation

Transmitters

(a) Cireuit amalysis of sirrle A.0. transmitters

(b) Transmitter alicp-ont vrocedure

(c) Transmitting anterma t:ves, radlo wave proparation

(d) Elementary transzission line theory, imredance maiching

(e) Radio broadeast studio technique (if tire perrits and facilities are

available)

Advanced Audio Consideration (high Fidelity)

Optional
12,

O

(a)

(b)
(c}

(d)
(e)
(£)
(g)

Advanced consideritlions for audio amplifiers including standard ILE,E,E,

test rrocedurc
Turntabies ani drive nechanis

thono ricku

Iy e3, characteristics and arrlications, stylus con-
struction an 3

ials, stereo pickup jrincijles

D‘m

sreakers and enclozures
Tape recording princiries

liecrophones: tigh fidelity, tures, characteristics and placement

Acoustics, tasic

ertc and rrotlems encountered in domestic and
cormmercial instal 5

~
<
~rn
PRSI

con
Iat. ;

Microwaves (Elementavy study only)

{a)

(b)

(c)
(d)

ERIC

Aruitoxt provided by Eic:

'rinciples and construction eof the klvstron, reflex klystron, the magnetron,
the travellinr wave wplifier, lighthouse and special high frequency tubes
and transistors

Resonant cavities: electrical and rmagnetic fields in resonant cavities;
attenuation; irmredince rmatching to a wave ruide; propopation of the wave
within the wave guide

Antennas: types and methods of matching them to wave guides

rinciple of tropostheric preprention
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B, Shop and Laboratory Course

Note: I+ is recommended that at least six of the fcllowing topics «f the Shop
Course be studied,

1. Constructlion of a surerbeterodyne tuner with emrhasis on the “esting ol each
.

section in accenrdance with standard I.Z.8,E, ~rocifizations
2,  nrerivent:? deterrinatien of rmalti-e’ement tube rarameters

3. hjerimental aprlication of advanced test equipment as in the alignment of
television and ¥,7, veceivers

Lo Conslrustion and analysis of transistorized amplifiers, oscillators and power supplie

5, Ixperirental determination of the characteristic curves of transistors; transistor
paraneters

5. alignment and test or an R.F. transnitter

7. FBxperimental analysis of typical industrial circuits to illustrate standard
industrial applications

(459

. IXperimeatal analysis of a television receiver

O

ERIC

Aruitoxt provided by Eic:
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AUTO FODY QTUAIL

Four-~Year I'rogramme Crades ¢, 10, 11 ond 12

frade &

:  For nost of tke practical work in thec eourse "dead” 1mit~ may bo used hut

for some exercizes cars are required,

(a) Introduction to shop and general safety rractices. T[he imrortunce of
cleanliress should he emnhasized

(b) Intreduction to the history of bady construction and reprair

{e) rarts - %xamination and stndv to obtain tbe names, locations and
rurpnses of princiral body rarts

(d) Types of body and frame construction

(e) Identificatien of automotive bedy fastenines such as bolts, nuts, washers,
metal screws, spring clips, sveed nuts and hos rings

Jafety Trecautions

3.

ERIC

Aruitoxt provided by Eic:

(aj Handling zasoline and cils

(v) Tyres of fire extingiishers and their aprlication
(¢} Carbon monoxide ras and carbon ‘etrachleridc fures
(d) Welding equipment

{e) VYaints and sclvents

(f) Jacks and car stands

Tcols and Zquiprent

.

{a) <Care and use of rand tools commor to the aute rody rerair trade. The
use of the electric drill and vibrating sander

() Demonstration cf simple pow:r equiprent, i.2. jJaclking and suprorting a
car cn car stands

ze3 and use of different types of wrenclies and scchets

L)
[

~-
(1
[

es ard use of harmers, files, dollies and syoons

—
[oR
~

5

Lizhting Units

(a) ienoving and replacing z2aled tzan units, sutemotive lanmp bulbs, Critish
and surepean Leadlumps, tail lishts, pariidng Jights, ctop lifiits, license
lamps and doe 2ights or parts of same

{?’; Aujust sealed bew: unit.

(1]
o



O

10.

11,

ERIC

Aruitoxt provided by Eic:
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Effecting Minor Repairs

(a) Metal reaction to simple bending
(b) Removing a minor deat and finishing the area - picking and filing

{(c) Demonstration of metal shrinking; checking with the hand for rippled
or dented areas

Tinning and Soldering

(a) Preparation for tinning
(b) Use of torch for soldering
(c) Tinninz

(d) Composition and application of body solder; paddles and their use,
common lubricants

(e) Finishing soldered area - filing and sanding

Cleaning the Car

(a) Washing
(b) Spot cleaning (tar oil etc.) exterior only

Care of Body Finish

(a) Types of compound (cleaner) and polish (liquid and paste)
(b) Methods of applying; polishing

Metals

{2) Types and gauges of metals used in automobiles

(b) A study of body corrosion and procedures for repairing corroded or
rusted sections

Removing, Replacing and Servicing Parts

Remove and replace wiper arms and blades, arm rests, ash trays, small chrome
strips, mouldings, name plates, step plates, kick pads, trunk linings, rear
seats, rear floor mats, inside door handles, regulator handles and bumpers

Refinishing - Enamel

(a) Types of sand papers and their proper us2

(b} Paints, primers, primer surfacers, sealers, :namels and lacquers
(c) Masking; tapes, covers, liquid masking compound

(d) Demrmonstration of spray painting

CAUTION - SPRAY PAINTING
Before undertaking spray painting an approved spray booth installatlon with
approved safety features must be provided.

I




12, Welding

Refer to the Grade 9 Yelding course and select suitable topics.

AUTQ DCDY REPAIR

“rade 10

“he course of study in this rrade should deal in greater dstail with
the names, purposes, Jocations and rmethod of assembtly of the major body parts
and shonld rrovide for simnle repair, fitting and adjustment of minor body
parts.

SAFRYY:  Jafe practices in the use of teols and equipment should be stressed
and the topics listed under safety in Crade 9 reviewed.

1. (Cleanliness
(a) Trorer resard for nersonal and shop cleanliness should be emphasized

(b) Customer's car - use of seat covers and fender covers, cleaning
steering wheel and controls

2. (a) A review of “rade 9 work
(0) GShop regulations and trade requirements
3. Tvres of Tools
{a) A study of the portable power tools used in auto body repair

(b) 3Safe operation of air and electric metal cutting equipment, disk
and vibrator sanders

L, Velding and Rrazing

{a) Refer to %rade 10 Welding course and select suitable topics on
welding and brazing

(b) Tractice in controlling warpage, forging a weld, shrinking metal and
welding auto body steel

5. Metal Repairing

{a) During this year the student should be taught the method of surveying
simple metal damage and the sequence of repair

(b) 'he procedure for straightening by bumping, picking, filing and rcheckine
with the hand

6, Corrosion and Pust Repair

(a) Cutting out damaged area
(b) Fatching - over top and underneath

Q {¢) Cleaning the metal, preparation for soldering

ERIC
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7. DSoldering
{a) Tvypes of solders and fluxes
(h) letheds of tinning
{c) letrods of arplying solder (flat rositior); solder paddles and “heir use
(@) Filding solder
(e) Finishing hy block sanding

&, lreparation for Refinishing

(2) PRemoval of waxes and silicones

{(b) <cCanding - sand rapers and their rrorver use
(c) Cleaning the metal

(d) lasking rethods and types of tapes

9, 3praying Fquipment

CAUTICN - SIRaY PATHTING

Pefore wrdertaking srray painting an a2ppreoved spray booth installation with
aprroved safety features must he rrovided.

{a) Jimple spray gun adjustrents = operation of a spray gun
(b} OSpray fun-technigues
{c) Care and cle2ning of spray zuns
1¢,  Refinishing
(a) Aapplication of primer surfacer
(b) Glazing and sanding
(¢) Applying the finish coat

12, Removing, Replacing and 3Jervicing Tarts

(a}) Remove and replace lteadlamp assembly, minor tody trim, interior and
exterior sun visors, radio antennae, inner door handles, door pads,
weatherstrips, door garnisk and other tires of mouldings

(b} Disassemble a headlarp unii, identifv the parts, replace, adiust and
focus

{c}) Tvpes of fastenings used for body trir, and escutcheon rlates

12, locks and Controls

Q (a) Types of hood latches and trunk 1id lock+- - adjustments

(b) love corpartrment and gas filler doors

.




13. Upholstery (Optional)
(a) Cleaning by vacuum cleaner
(b) Spot removing with cleaning solvents

(e¢) Shampooing

AUTO BODY REPAIR

Grade 11
Automobiles should be used for the practical work in this course.

Since welding and power equipment are to be used, safety and the
correct use of the equipmeit should be stressed at all times.

1. afety
(a) 4 review of the safety topics previously listed
(b) Cleanliness of shop
(¢) ielding
(d) Zerbustible materials
{e) Automobiles
(f) Trower equipment
(g) Fivreglass and plastics
2. Review Grades 9 and 10 where necessary as a foundation for Grade 11.

3. Welding and Brazing

A review and further study of conirolling warpage and welding and brazing
practices used in auto body repair. The weldirg of light gauge metals
should be practiced.

Irecautions regarding upholstery, wirihg, wind cords, plastics and gas
tanks should be emphasiz.d.

4. Special Tools and Equipment

Hand tools, beody jacks and attachments, hydraulic and mechanical; proper
methods of grinding, types of discs and attachments; air and electric
tools for cutting, flanging and sanding

5. NMetal Repair

ERIC

T (b) Repairing different types of damage: high crown surface bunping,

{a) A study of direct and indirect damage
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low crown or flat surface bumping, removirg dawazed arca and ’iftinc
a repair panel, patch and simple parel making - installation, welding
sheet metal panels and sills - problems of expansicn and centractien,
shrinking metal

(

<)

) Soldering: typcos of solders and soldering flwies; tinning: zinc
chloride, acid-core and brush-type soldering flux; method of "paddling"
solder (flat and vertical); finishing solder - filing and sanding

(d) Plastic repair: types of plastics and fibreglass, proper application,
finishing

Chassis

PFrame construction; types of frames; the difference betwecen the conventional

type of frame ard the unitized body and frame; types of frame and unit bedy

damage; how the conventional type of frame reacts to damage as compared te the

unitized bvody and frame; chassis parts - suspension front and rear; checking
frame damage by simple measurements and by use of a trarmmel paugc

Removal, leplacement and Jervicing of Parts

Door handles and locks, window regulators, inside controls, door glass and
vent assemblies, seat tracks and controls (not powerized), air ducts and
vent controls, bumpers, grilles, radiators, fenders, inner fender pans and
stone shields, all types of exterior mouldings

Trim

Remo;e and replace doors, quarter trim and seat covers; repair seats (metal
only

3pray Guns

Types and adjustments, pressures, spray patterns, spray techniques, troubles
and remedies, cleaning and normal maintenance

CAUTION - SPRAY PAINTING

Before undertaking spray painting an approved srray booth installation with
approved safety features must be provided.

Preraration for efinishing

Cleaning bare metal and old paint, wax removal; methods of neutralizing the
soldering fluxes; types of sandpaper and their use; methods of sanding;
masking tapes and methods of masking

Priming th: Surface

Types of primers and primer surfacers, thinnera and reducers, application of
primer or orimer surfacer, glazing

Painting

Types of paints; thinning, reducing and mixing; preparation for application
of colour coats; application of colour coats; compeunding and polishing
lacquer finishes; methods of removing masking, i.e., two tone
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AUTO BODY REPAIR

Grade 12

Attention should be given to the types of body and frame damage and
suitable projects selected that require the use of power equipment such as
jacks, pullers, air and electric tools.

Complete body refinishing should be studied and when replacing panels,
fitting should be stressed.

SAFETY: The safety measures previously outlined should be periodically reviewed.
1. A brief review of Grade 11 work

2, Welding and Brazing

A study of the welding and brazing techniques in common use in auto body
shops for repairing bodies, frames, grilles and aluminum and die-cast parts

3. Special Tools and Equipment

(4) Extension of Grade 11 studies to include. all power tools, equipment
and attachments used in auto body repair

(b) 1Introduction and practical application of portable pulling equipment
and portable frame machine

4., Metal Repair

(a) A further study of metal repair methods to include all aspects of
metal repair in common use

(b) Detailed study of the effects of heat on metals: heat distortion -
causes and correction; use of heat as a correcting factor

(c) Shrinking: methods of shrinking with and without water

(d) Aluminum: gauges, types and alloys, annealing, shrinking, metal
finishing, tinniug and soldering

5. Soldering
(a) Review soldering Grade 11
(b) Method of heating
{c¢) Expausion control
(d) Solder paddling - all positions
6. Plastics
(a) Types - fibreglass and body filler
(b) Uscs
Q (c) Proper application on steel and fibreglass

ERIC
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(d) Finishing
Chassis - Terms - Discussion only
(a) Terminology of steering, i.e., caster, camber
(b) Geometry of steering
(¢) Ackerman's Principle of steering

(d) Frame alignments - correction of minor damage

Fitting and Alignment

(a) Methods of fitting and alignment by shimming, adjusting, bending, pulling
and jacking of; hoods, trunk decks, front fender assembly, door and
windows

(b) Remove, replace and adjust various types of door locks and window
mechanisms

(¢) Elimination of water leaks

Glass

(a) Types of glass and markings - care in handling
(b) Methods of fastening
{c¢) Mecthods of removing and replacing glass

(d) Demcnstration of the removal and replacement of a vent glass and rear
window or a windshield

Trim

Types of trim; removing and replacing head lining and steering wheel; re-
pairing head lining (simple repair only), seats and back rests

Electrical - Simple Repair and Replacements

(a) Simple wiring circuit - fundamentals

(b) Minor repairs to signal lights, parking lights, tail lights and
license lamps

Spray Equipment

(a) Spray guns: types and sizes
(b) tHoses: types, colour, composition, 2iv pressure drop
(¢) Air transformers and regulators

(d) Compressors: types, minor maintenance and safety devices

(c) Infra - red dryers - Portable unit

60
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13. Paints
Primers, primer surfacers, sealers, enamels, lacquers, glazing putty
(a) Compesition of eact.
(b) A study of the methods of application of each
(¢) Preparation of spray materials
(d) Use and purpose of each

14, Spray Gun Techniques

CAUTION - SPRAY PAINTING

Before undertaking spray painting an approved spray booth installation with
approved safety features rmst be provided.

i (a) OStroking

k (b) Triggering

(c) Distance from surface
(d) Angles and patterns

15. Paint Applicetion
(a) Spotting in

(b) Painting a panel

(¢) Complete refinishing of the automobile

61
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AUIC MECHANICS

Four~Year Programme Srades 9, 10, 11 and 12

Grade 9

SAFETY: Safety precautions in regard to toxic and explosive fumes and gases,

1.

2.
3.

5e

T

1lifting equipment, hand and power tools; shop and personal cleanliness
should be emphasized,

then feasible suitahle units should be dismantled anl assembled.
Chassis

{a) Parts: examination and study to obtain the name, purpose and location
ol principal parts

(b) Specificatisns: wheel base, spring suspenslon, steering-gear ratio,
tread and road clearance

joje] Aut jve Toolu

BEngines

(a) Parts: identification of parts, dismantling and assembling piston
and valve assemblies

(5) Principles of the four-stroke cycle; fuel-air mixtures; properties
and danger of carbon monoxide gas ~ precautions

Lubrication

Purpose, simple theory, description and methods of lubricating engine and
chassis

Cooling System
Purpose, simple theory and examination of liquid and air cooling systems

Electrical System

Pundamantals of electricity and magnetism, circuits, electro-magnets,
insulators, conductors and resistors, Tracing a simple ignition circuit
and studying its oreration

Fuel System and Fuel

{a) Name and purpose of units

(b} Gasoline: use, precautions for its use, method of storing, methods
of extinguishing fires; gascline prohibited for cleanirg purposes

Fastenings

Identification of bolts, nuts, cap screws, threads, rivets, washers, cotter
pins; their use and application

62



9. Transmission Jystem

(a) Construction and operation of single-plate clutch
(b, Transmission: stiniard rositions, speed ratios; mechanical advantages
(c) Drive shaft, llotchkiss and torque tube fypes
(d) Differential, purpose
{e) Rear axles, tyres
10, DRunning Gear
(a) Front wheel susrension
(b) Steerinz, pear principle

(¢} Trakes, sirmple theory

AT FECHANICH
Grade 10

The course of study in this grade chould deal in greater detail with
the names, purposs, location, and operation of the principal parts of the modern
automobile and should provide for simple fitting and adjustment during assembly
and replacement operations, Running engines are required.

Mames and purpose of additional automotive tools such as taps, dies,
micremeters and reamers.

SAFETY: 3afety precautions in regard to toxic and explosive fumes and gases,

lifting equipment, hand and power toolsy shop and rersonal cleanliness
should be emphasized.

1, Fngines

(a) Piston assendbly: relative position of pistons in varicus cylinders,
compression ratios and compression pressuraes, detailed examination of
pistens, rings, connecting rods and bearings

{(b) Crankshaft: relation to stroke, r.p.m.
{¢) Valves: arrangement as to heads, seats, faces, springs, locking, guides,
tappets and clearances; timing valves with and without marks; valve lap,

lead and lag; relationship of stroke to degrees

(d) Horszepower: brief reference to horsepower formula as used for license
purposes

(e) 5ingle cylinder engire - two and four stroke cycle

2. Lpbrication

o {a) Study of a lubrication system for modern automobile ergines and chassis;
]EIQJ!: kinds of lubricants, lubrication charts, 3,A.E,, viscosity ratings,

effect of extreme temperatures, filters
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{b) Cperation of oil pumps and relief valves

Cooling System

Parts and function of both liquid and air types; anti«freeze solutions ard
testing

Llectrical System

Further study of automotive elec¢tricity; identification of electrical paris
for a multiple cylinder engine including ignition, renerator, cranking motor,
horn and lighting circuits; the wiring of the above-mentioned circuits

Fuel System

FPurpose, construction and operation of fuel pumps, filters and carburetors;
fuel properties and significance of octane ratings; minor carburetor adjust-
ments

Transmission System

(a) Cluich: detailed examination of a single-plate dry élutch; pedal
adjustment

(b) Transmission: path of power, relative speeds of crank and drive shafts
for different gear shift positions; mechanical advantages ard direction
of drive; synchromesh gearc

{¢) Drive shafts: examination of types; need for universal joints, kinds
of universal joints

(@) Rear axles: types; more detailed study of the differential including
variztion in speed of rear wheel to crown gear

Running Gear

{a) Front wheel suspension: types; principal parts including king pins,
steering knuckle, bearings, tie rod erds and steering linkage; steering
geometry and steering gear reduction

(b) Brakes: mechanical -~ a study of a mechanical unit; hydraulic - a study

of tae operation of a master c¢cylinder and a wheel cylinder in actuating
brake linkages '

Fastenings

Identification of machine screws, threads and sizes; identification of metal
screws

Tubing and Fittings

Brake, luel, oil and vacuwn lincs and fittings; btypes and sizes
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AUTO MECHANICS

To introduce trade work in the Grade 11 course automobiles should be
brought in to provide for such work and operations us fall within the scope
of this course. The use ol spucialized testing snd titling equipment should be
encouraered in Grade 11.

SAFETY: In addition to the cafet) precsutions previously outlined, safety
practices should be obscrved in the use of hoists, jacks, car stands
and wheel b-luncers. oshop und porsonal cleanliness and the use of
ceat and f'ender covers should be stressed. 3hop cleanliness should
include floors, banches, equipmznt and tools. JSpecial emphasis
should be pluced on the proper driving and parking of vehicles.

1. Engine
(1) Further considuration of the general construction of the mltiple-cylinder
engine; cylinder and valve arrangements; types and materials of crank-~
shaft, main bearings, pistons, pision pins, connecting-rods, valves;

valve action details; valve timing

(b) Engine lubrication; theory of lubrication; engine oil specifications;
detuilc of typical cngine lubrieating system

(c) Engine power; factors of powsr, calculating engine horsepower; piston
displacement: compression ratio

(d) Common causes of abnormal cngine noises

2. Engine Jcrvice Operstions

(a) Checking cngine cylinder compression
{(b) Xcasuring cylinder wear

(c) Checking clearance of connacting-rod bearings, piston pins and piston
rings; checking connecting-rod alignment

(d} Reconditioning enzine valves and valve seats; adjusting valve clearances

3. Automotive Electrical System

(n) General outline of the various systems involved; cranking notor,
generator, lighting and ignition; types, kinds and sizes of automotive
electrical wires, cables and terminals; wiring diagrams and symbols

(b) Storage batterys general construction and operation of automotive typ;
testing and charging a storage battery

(c) Cranking motor system: purpose of units involved; general construction
and operation of a typical cranking mctor

(d) Generator system: purpose of units involved; general construction and
operation of a typical automobile generator

@ (¢} Lighting system: purposc and location of various units involved; types,
]EIQJ!:‘ and kinds of automotive lamp bulbs; adjusting headlamps; connecting
electrica)l acressories; purpose and location of fuses
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Ignition system: purpese and location of various units involved in a
typical automobile ignition system; construction and types of spark
plugs; heat range; cleaning and adjusting spark plugs; adjusting and
setting ignition timing; installing and connecting distributor wires

System and Carburetion

(a)
(b)

(c)

Construction and operation of a typical mechanical fuel pump

Further study of the principles and operation of a carburetor including
dismantling, assembling and adjusting simple types

Cleaning fuel filters and air cleaners

5. Transmission Systems

(a)
(v)

(c)

(d)
(e)

Various units involved and their relationship to one another

Clutch: construction, dismantling, identifying and replacing defective
parts, assembling and adjusting

Transmission: construction and review of general principles of
synchronized gear engagements; dismantling, identifying and replacing
defective parts; assembling and adjusting

Simple theory of planetary gearing and overdrive

Rear axle arrangements; types and applications; construction of typical
rear axle unit; hypoid gears

é, Steering Cears, iheels and Prakes

(a)

(b}

(c)

Further study of camber, caster, king-pin inclination and toe-in; making
minor adjustments to wheel alignment; wheel balancing

Construction of popular types of steering gear; adjusting steering
gear and linkage

Erakes: operation of mechanical and hydraulic brakes; general principle

of hydraulic brake system; construction of porular types of brake units;
removing, relining, replacing and adjusting typical brake-shoe asserbly

AUTO MECHANIC.)

Grade 12

The work of fGrade 12 is t> include diagnosis and servicing of common

mechanical and electrical troubles.

SAFETY:

ERIC

Aruitoxt provided by Eic:

Jafety precautions should be stressed in regard to toxic and exnlosive
fumes and geses, the use of hoists, jacks and car stands and the
operation of power tools such as zrinders, drills and wheel halancers.
Shop and personal cleanliness in repard to the automobile should be
emphasized and the use of seat and fender covers required, Shop clean-
liness should include floors, benches, equipment and tools. Ipecial
emphasis should be placed on the proper driving and parking of vehicles,
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Engine
(a) Construction and a thorough study of a typical modern autemobile engine;
standards of accuracy and precision; service work to maintain original
standards
(b) Principle and constiuction of the diesel engine; comparison of the
diesel engine and typical gasoline engine
(¢) Identifying parts likely to require replacement; reconditioning or
adjustment to compensate for wear
(d) Diagnosing enegine mechanical defects
(i) Testing for loss of power through leaking valves, pistons and
gaskets
(ii) Testing for loose or worn pistons, pisten rings, worn cylinders,
piston vins and hearings
(1i1) Locating causes of overheating
(iv) locating causes of excessive oil consumption
(e) Reconditioning or replacing engine parts such as cylinders, pistons and

bearings (which were not studied in Grade 11)

Automotive Electrical Practice

(a)
{(b)

{c)

(d)
(e)

(1)

(g)

(n)

(1)

Use and care of automotive electrical test equipment; diagnosing
electrical troubles, systems of elimination

Testing storage battery for state of charge and battery defects; common
storage battery troubles; care of the storage battery

Cranking motors: remote-controlled cranking motor system, popular types
of cranking motor crives; identification of circuits and locatir,: .anits
in systems; testing cranking motor input current and output toiaqve, <'se
mantling and reassembling cranking motor: testing internal windir-:

Alternator: purpose, principle, construction and operation

Cenerator: outpul control methods; testing generator for output; dis-
mantling and reassembling generator; testing internal windings; testing
and adjusting geinerator controls

Ignition systems: types in common usej; common ignition system troubles:
proper procedure for diagnosing troutles; testing spark plugs, igrition
coil and condenser; spark control methods; checking automatic spark
control for accuracy; replacing and adjusting ignition points; setting
ignition timing; synchrenizing dual points

Headlamps: testing for poor headlemp illumination; headlamp glare;
aiming headlamps to meet legal requirements; headlamp control mevhods;;
protective de¢vices,fuses and current limiting relays

5ignal systems: turning signals, oil pressure, charging circuit and
fuel gauge

Power assist circuits; power operated windows, seats and tops; power
shift transmissions and differentials; brake electrical control devices
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3. Fuel Svstem

(=) Construction and operaticn of modern single and multi-throat carvuretors;
types and purposes

{p) Dismantling and reassembling carburetor {o identify the parts commonly
requiring replacement: carburetcr recondéitinning and reasscmbling: adjust-
ments; carburetor final aljustments and settings on &« running cagine

(c) Brief referance to injector snd pump syster used on diesel sigines

4. Engine Turz-up Operations

(a) Determining nechnnical condition of engine before proceeding with engine
tune-up

(b) Operations in cngine tunc-up and importance of correct sequence: battery
condition, compression test, ignitiou system, fuel system; final running
test using tachometer, vacuam gruge and engine analyser.

(¢) Therial efficiency, volumetric efficicncy, mechanical efficiency ani
load test by dynamometer

5. Transmission System

(2) Common clutch troubles; reconditioning modern cluteh; replaciag clutch
facings and benarings; aligning clutch; clutch edjusiment

{b) “onstruction and operation of popuiar form of synchronized type t:ans-

mission; tynical service jroblems und overhauling procedure
{c) Service requirements of universal joints
{d) Diignosing and correcting various rear axle troubles
(e) Principles of automatic traismissions
(f) Gear lubricants for particular requirements
6. Running Gear
(a) Types of front wheel suspension
{b) Steering gear troubles: causes and remedies; checking front wheel
alignment; steeriag geometry; adjusting steering gear and linkage on
independent wheel suspension
(c) Frinciples of power stearing
(d) Construction and operation «f hydraulic brake system® common troubles
of brake system; reconditioning brake cylinders and bleeding brake
systems
{e) Removing, replacing and adjusting a complete set of brakes
@ (f) Principles of power brakes

ERIC
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DRAFTING

Four~Year Programme Grades 9 and 10

Grade 9

The drafting course cutline for Grades 9 and 10 is general in nature
and suitable architectural and mechanical drafting projects should Le selected
to provide the pupil with experience in architectural and mechanical drafting.
Note: All work to be done according to C,S.A, Standards,

1. Development of Drafting Skills

(a) The use and care of the elementary drafting instruments

(b) The develoment of skill in single strole freehand capital lettering;
the alphabet, figures and fractions; application in notes and dimensions

(c) Recognition, through use, of the alphabet of lines; visible outline,
hidden line, centre line, dimension line, extension line, leader liae,
section line, cutting plane liae and bre:k line

(d) Technique in measuring, using tka full-size scale

(e) Cne~view drawings such & templates, gates, street and plot plan to
develop the skills required in using the instruments

N
.

Orthozraphic Prcjection (2 view to 6 view)

Freshand sketching of orthographic views rom pictorial representations and
objects to illustrate the correct placement of views and the difference
between orthographic views and picterial drawings

3. Horking Drawings

(a) Two~ and three-view working drawings, from both pictorial drawings and
models, to scale, such as full, half size or 3" = 1 foot, of rectangular
objects, angular objects which require straight lines only such as
wedges and tapers, objects with curved surfaces involving circles and
parts of circles

(b) Spacing of views for proper balance

(c) Elementary dimensioning, including the locating and dimensiening of
circles, arcs and angles

(d) Full sections and half sections; methods of indicating the section and
the miterials by cross-hatching {(common materials only)

(e) Geomeiric constructions to bte included in the classroom drafting project
as reyuired
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4. (a) Detail drawings of simple parts to illustrate conventional indications
for operations such as drilling, threading and tapping; finish marks.
In introducing threading the simplified symbol should be stressed,

(b) Drawing of ajmple assemblies of two or more parts to show the relation~

ship of the parts, the method of dimensioning the assembly and to
introduce the bill of material and parts list

5. Blueprint Reading

Examining simple drawings and blueprints of shop projects and other objects

to learn the sizes, shapes, details, materials and prccesses as specifiad

Grade 10
Tn this course suitable architectura), mechanical and electrical drafting

projects should be selected which provide the rupil with some experience in these
fields.,
Note: All work to we don2 according co C.S5,A. Jtandards,

1, Orthographic Frojection

Problems to illustrate thc principles of third angle projectiun: objects
with surfaces not parallel to one another; obliquely~cut objects such as
frustums of pyramids and conesj incomplete views and auxilisry views

2, Pictorial Drawing

The use of pictorial drawings expressed in such forms as isometric, cabinet
and oblique; introduction of pictorial drawing practice including dimensioning

3. Scction Views

Offsael,, removed, revolved, broken-out and phantom sections, assembly in
section

h Geometric_ Construction

Drafting problems involving such layouts as the hexagon, octagon and pentagon;
the aivision of circles and lines and the bisection of angles and lines, This
work should be included in classroom drafting projects.

5. Intercection of Surfaces

Plotting the lines of intersections of cylindrical and rectangular shapes
Joining at various sngles such as on machine parts

6, Davelopment of Surraces

Developing patterns for rectangular objects; parallel line develupment of
patterrs for right and oblique cut cylinders; two piece elbows and scoops;
radial line development applied to c¢onical and pyramidal shapes; extension
of parellel line development to three ard four-piece elbows, Developments
Q volving a combination of buth methods for psttern layout may be made from
ERJCaper or in the sheet metal shop if available

o
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slorking Drawings of a More Advanced Nature

Drawings of a more difficult nature involving the placement, number and
dimensioning of views; sections; simplified and regular symbols for threads;
notation; National, Unified, Acme and Square trreads in sufficlent dstail
to adequately specify and represent them on detail and assembly drawings;
bill of material and assembly drawings. The drawings should be selected
from shop projects when suitable. The making of sketch plans before start-
ing the scale drawings should be encouraged,

Blueprint Reading

For machine trades; building construction and electrical trades; reading
drawings representative of the technical work taught in the school and the
work done in local industries

Optional Topics

(a) Map or topographical drawing: drawing a land plot from field sketch
and notes; indications for topcgraphical features

(b) Tracing and reprodustion of drawings: the studen® who makez rapid
progress in drafting mey be given some inking or pencil drawing on
tracing paper
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ARCHITECTURAL DRAFTING
Four-Year Programme Grades 11 and 12
Grade_11
1. Building Construction Details

(a) Preparation of working details involving the following elements singly
or in combination

Fourdations: soil conditions; slab, stepped, offset, plain and rein-
forced footingsy post, pier, column and wall foundations; fourdation
waterproofing

Frame wall construction: elements of balloon, platform or western
and braced frames; wood coverings

Masomy wall construciion: wall thickness; facz and backing units

Wood floor construction: joist arrangement, fire-stors, bridging,
girders, trimming, floors

Carpentry and jeinery: Joints, rough and finished carpentry, trim
detnils ’

Windows: double-hung, cacements in wood and metal; muliions, caulking;
types for wood and masonry walls

Doors: construction, exterior and interior types and sizes, hardware
Fireplaces: hearth, throat and flue construction, surround and mantel
Chirneys: flue types and sizes; wall sizes and materials; cleanouts

Stairs: types; open-and closed-string constiruction, tread, riser and
hand-rail relation

Wood roof framing: wood truss construction; elements of the flat, lean-
to, hip, gable, gami.el, mansard types; dormers, coverings, cornices

Flashings: for hips, valleys, chimneys, cornices, parapets, soil pipes

(b) lLayouts and working drawings: incorporation of the foregoing details in
the working drawings for a kitchen equipment layout, summer cottag» or
similar project

(¢) Some brlef exercisés in inking and an iatroduction to the usc of lettering
devices may be given

2, Bullding Materials and Methods

hn elementary study of the materials of building construction and the local
building by-laws and practices, This study should be carried on concurrently
with the preparation of the details outlined in 1 above,

Q (a) Wood: drying, shrinksge, defects, sawing, grading, measurement; propertie:
]E]{J!: and uses of various building woods
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(b) Lime: rproperties; crushed and hydrated; mortar, plaster

(c) rertland cement: properties, use: in mortar, stucco, corcrete

(d) frick: wvarieties, uses, types of bonds, joints, mortar

(e} Stone: classifications, properties and uses of granite, limestone,
sandstone, marble, slate and shale; properties and application of ruiole,
ashlar, venee:s; bonding and waterrroofing

(f) Concrete: proportions, mixing, placing, curing, forms, uses of steel
reinforcing, pre~-stressing

(g) Cypsum products: properties of gypsum; uses in plasters, boards, blocks,
slabs; dry wall construection

(h) Masonry units: concrete, cinder-concrete, silica, clay blocks

(i) Flooring: wood, concrete, terrazzo, mastic, tile, linoleum, cork and
rubber coverings

(j) Glass: varieties, commervial standards; structural glass and olock

(k) Praints: composition and uses of taints, enamels, varnishes and stains;
vaints for wood, metal, plaslier, concrete

(1) 1letals: properties and uses of iron, steel, copper, lead, zinc, tin

(m) Insulation: types, applicaticn, vapour barrier

Structural Desizn

The objectives of this course are to teach good engineering procedures and to
familiarize the student with present day structural design methods,

(a)
(b)
(c)

(d)
(e)

Strength of materials: definition; use in structural design

Forces: compression, tension, shear, elements or a force, vectors
Stresses: mechanical properties of materials, strength, stiffness,
elasticity, ductility, malleability, deformation, elastic linit, yield
point and ultimate strength, modulus of elasticity, factor of safety,
allowatle unit stresses ‘

Equilibrium: definition, parallelogram of forces, resultants, :quilibrant

Peam design:

Types of loads: point load and uniformly distributed load; conditions
for equalibrium; principle of moments

Reactions: calculation of Rl and R2, simple beams, cantilever beams
Vertical shear, calculations - diagram

Verding mement, calculations -~ diagram
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Interral resistance - resisting ncment, horizontal shear (for timber
only)

Flexure formvlae, Determinaticn of sectior modulus. Jelection ol
beam - timber, steel

Deflection: definiticn, maximun deflection for a bean with a con-
centrated or point load at the centre; maxinum deflection for a beam
with a uniformly distributed load. Formulae for beam deflecticn

3imple protlems in team design in stecl and timber

L, Structwral 3teel Drafting (To be continued through Grade 12)

(a) Drafting: drafting room organization, personnel, procedures
(h) Conventions and symbols:
Plain material; structural steel
Method of billing and sketching structural steel shapes on shop drawings
Conventions and symbols for structural shapes
Dimensinns and weights of various structural steel sections

(¢} Use of hand-books and cther refcrence materials: American Institute of
"‘ Steel Construction Manual

(d) Design drawings: graphical analysis, framing plans and details,column
schedules

(e) Shop detail drawings: beams, lintels, columns, trusses, long span steel
joists, bills of materizl, layouts

(f) Fabrication: material handling and cutting, use of templets, layout,
punching and drilling, banding and bulldozing, fitting up, reaming,
riveting, high tensile bolts, welding, painting and markirg, inspection

(3} Erection: tra.sportation, vquipment, erection on the site, placing,
aligning, fastening, bolting and -iveting, field rainting

5. Perspective and Renderin;

(a) General principles of perspective projection; determination of station
point, picture plane, liorizon, lines of height.s and vanisiing points

(b) Problems in angular and parallel perspective applied to angular and
pyranidal solids, curved lines and cylinders

(¢) Rendering in pencil of simple forms in light nand shade; rendering cf
simple architectural instrumental perspective in pencil

( 6, Estimating {To be continued through Grade 12)
Q (a) Approximate methods of estimating building construction by the cubic

ERIC foot and square foot
‘
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(b) Consideration of the units of measurement, methods of estimating and
pricing for general items, excavation, grading, brick work, mortar,
rough and dressed stonework, concrete, concrete block, waterproofing,
rough wood framing, sheathing, siding, shingles, frames and sash,
exterior and interior doors, finish carpentry, trim, fittings, wocd
flooring, linoleum, sheet metal work, built-up roofing, lathing,
plastering, painting, glazing, floor and wall tile work, electric wiring,
heating, plumbing and insulation

(c) Application of (b) above in "taking off" quantities from blueprints. Use
the aclual blueprints of a small residence or industrial building.

Jcale liodels (Optional)
Presentation models of projects in vavious media

fiistory of Architecture and Design

(a) General outline of the history of ancient building with emphasis on the
Greek and Roman periods, particular attention being given to the use of
materials, methods of construction and to the form and preportion of
details of these periods which are still in use

(b) Freehand sketches or formal drawings of representative details of the
various periods

Grade 12

Working Drawings

(a) Residence plans: preraration of working drawings of a small residence
. at a scale of ;" = 1! - O", complete with details such as wall sections,
windows, main entrance doorway, porches, cornice, bay windows, dormers,
kitchen cupboards, staircase, mantel and interior trim

(b) Some exercise in inking

(c¢) Mechanical equipment layouts: piping diagrams for hot-water heating
¢rd water-supply systems; duct layout for the heating and ventilating
of a small building .

{d) Structural steel details: working detalls using standard shapes fer
stcel-framed flcor bay or similiar project

(e) sSurveys: drawing of a land plot from notes prepared in the field, showing
buildings, natural features, levels, linear and angular measurements;
measurement of building details

Duilding Materjals and Methods
The work of Crade 11 extended to include the follewing topics
(a) Running lines and staking out

{b) Organization of work and sequence of trade:s
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(¢} The study of plumbing installations including materials and construction
of drains, soil pipe, wastes, vents, traps, fixtures, septic tanks, hot
ard cold water supply, gas piping

(d) Heating installations; comparison of warm-air and hot-water systems,
gravity and forced circulation; gravity or forced air conditioning;
radiant heatine¢; boilers, radiators, pipe and fittings, controls;
elements of air conditioning; fuels; calculations for heat loss, radia-
tion, dust work; types of insulation, points of application

(e) [ectrical work, service entry, switches, distribution, circuit arrange-
ments; armoured cable, non-metallic cable and rigid conduit installations

(f) The study and preparation of specifications for a small residence
covering excavation, masonry, rough and finished carpentry, lathing and
plastering, sheet metai and roofing, tile work, painting and glazing,
plumbing, heating and electrical work

3., Structural Design

(a) Properties of sections: centroids, moment of inertia, moments of inertia
for rectangles, circles and triangles; section modulus

(b) Design of beams and lintels: steel sections, timber sections; types of
lintels

(c) Column design: short columns, long columns; end conditions; least radius
of gyration; slenderness ratioj column formulae pertaining to steel
columns, A.I.3.C. and C.I.5.C. Codes, locul municipal by-laws; timber
columns

(i) Timber construction: design of various structural members in timber
such as floor joists, girders, ceiling joists, built-up sections,
colwnns and rafters; uses of luminated wood

(e) Steel construction: design of steel beams and columns, use of open-web
steel joist and long span steel joist

(f) Reinforced concrete: design of a simple reinforced concrete beam, floor
slabs, methods of reinforcing

4, Perspective and Rendering

(a) Ixtension of Grade 11 work Lo include instrumental perspective of
architectural subjects in angular or parallel perspective

(b) Use of conventional architectural shades and shadows

(c¢) Problems in rendering using pencil, pen and ink, monochrome or full colour

5. Estimating

To be continued from Grade 11 as noted in item 6 Architectural Drafting for
Grade 11,

‘@ "ale Models (optional)

EiESLE;aIe m>dels of projects in various media
S - 76
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7. History of Architecture ard Design

(a)

(v)

(c)

(a)

Note:

Continvation c¢f Grade 1l work in the history of architecture with emphasis
on the mediaeval, renaissance and modern periods. Materials and methods
of construction to be stressed, Freehand or formal drawings of details

Consideration of facters in design such as proportion, balance, unity
and scale as seen in historical examples, monumental and residential or
in objects of everyday use

Influence of materials, utility and methods of fabrieation in architectural
or industrial design

Fundamental considerations of residential design and planning; financing,
building standards, lot coverage, orientation, individual area planning,
circulation and planned efficiency, the mode of life of the owner, future
environment and detail planning

Since a residence is the simplest economic and social unit through which the
teacher is able to draw on the student!'s own experience as a tackground, it
is suggested that all topics under sections 1, 2, 7(b) and 7(c) be treated

as part of one whole unit. The student sliould apply such consideraticns to

his own problem as far as possible. He should be made aware of the function

and scope of the various trades and their interrelationship as part of the
whole

8. Structural Design Drafting

To be cortimted from Grade 1l as noted in item 4 Architectural Drafting for
Grade 11

9. Surveying

(a)
(b)

(c)

(d)

Notes:

ERIC

Aruitoxt provided by Eic:

Introduction: definition of surveying, types and kinds of surveys

Linesr meisurements: description of measuring tapes {(steel and cloth)
Proper use of steel tapes employing plumb=bob, hand level and tension.
Errors in chaining - acecidental, systematie, blunders, Fleld work -
measurements over level ground and sloping ground

The level: description of the level, dumpy, wye and automatic; theory of
levelling., Field work - differential levelling, profile levelling, cross=
sections. Class work - plotting profiles and cross-sections

The transit: description of the transit; measurement of angles by repeti~
tion; traversing; angular closure; aziruth and bearing

One of the following topics is to be included in the coursz on Architectural
Drafting.

{a) Structural 3teel Drafting - Item 4 Trade 11

Where it is desired to offer instructicn in Structural Steel Drafting
this topic must be offered in both Gre'es 11 and 12,

(b) Estimating - Jtem 6 Graue 11

Eatimating may be begun in Grade 11 and continued through Grade 12 or
taught entirely in Grade 12,

(¢) Surveying - \tem £, Grade 12

If surveying is offered it is to be taught in Crade 12,
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SLECTIICAL DRAFTIIG

Four-Year Programme Srades 11 and 12
Grade 11

Al2 drafting procedures and symbols arc to be according to the standards

approved by the Canadian standards Association.

1,

3.

by

Communi cations

(a)

PR

3ignal circuits involving sipgnal Iights, annuricators and audic sigral
devices such as bells ard buzzers. Both schematic and point to point

_wiring diagrams should be used to illustrate these circuits

(b)
D,C.

Physical layout of signal circuits

Generator and Motor Controls

(a)

{(v)
(c)

(d)

Schematic diagrams and point to point wiring diagrams for D.C., generator
controls

Schematic diagrams and point to point wirine diagrams for D,C. motor contrecls

Schematic diagrams and point to roint wiring diagrams for controls of an
M, G, set

Physical installation for a reasonably large il. 5. set, including the pad,
the motor starter, metering and control panels and any olher necessary
equipment

Commercial Wiring

Note: It is suggested that the torics mentioned below should be tanght ac

(a)
(b)

(c)

(d)
{e)

(1)

related to commercial building.

Conduit Work: knowledge of conduit fittings, types of conduits, H,E.T.C.
rules governing installation

Bus erk: bus risers, calculation of cross seectional area, supporting of
bus bars, clearance requirements

Lighting Circuits: principles of illumination; calculations of randlc

vower requirements, Lighting fixtures: types, illumination characteristics,
lighting efficiency; fixture schedules; location of lighting fixtures;
lighting circuit loads, wire and conduit sizes; lighting service panel-

S2rvice Entrances
Installation of service entrance panels (switching and distribution)

Symbols
C.$.A. Standards for architectural plans, legends

-
Architectural tlueprint reading

Mechanical Aspects of Electrical Drafting

(a)

Topics such as tolergnces, fits, surface finishes, allowances, bend allewances,
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permanent and removable fasteners should be taught in conjunction with
appropriate electrical equipment drawings

(b) A general knowledge of gears and cams and how they are used in electrical
equipment

Grade 12

All drafting procedures and symbols are to be according tuv the standards

approved by the Canadian Standards Association.

1.

O

ERIC

Aruitoxt provided by Eic:

Switchgear

(a) Design of a simple metal clad switchgear assembly
(b) Physical layout of metering, controls, and signal equipment

(¢) Point to point wiring diagrams and schematic diagrams for a typical power
feeder. 1Include all metering, coutrols and signal equipment

(d) Point to point wiring diagrams and schematic diagrars showing a typical
circu’t of a transformer supplying the switchgear. 1Include all metering,
vontrols and signal equipment

2.%. Generator and Motor Controls

{a) Schematic and point to point wiringz diagrams for A.C. generator controls

(b) Schematic and point to point wiring disgrams for A.C. motor controis

Designing Electrical Equiprint

The basic concep's which must be takea into consideration when designing
electrical equipment such as electrical clearances, mechanical fits and
tolerances, strength of materials and other manufacturing problems. Example..
design of a safety switch, a meter or sone other comparable piece of
electrical equipment

Electrical Heating of Buildings

(a) Controls for electric heating circuits
(b) 1Installation of heating equipment.

(¢) Problems involving electric heating such as heat loss, thermal insulation,
calculation of the power required

Electronic Draftigg

(a) Packaging

(b) Schematic diagrams, point to point diagrams, highway diagrams and airline
diagrams

(c) Chassis layouts

{d) Printed circuits

79



o T i A St W i A i e

-179 -
MECHANCCAL DRAFTING

Four=Year Frogramme Grades 11 and 12

Grade 11

llote: A1l work to be done according t> C.5.4, Stardards,

... Detail and Assembly Divewing

(a) Machine fastenings: selecticn of and correct specifications for rachine
screws, studs, bolts, nuts, wishers, taper pins, cotter pins, re.aining
rings and other fasteners

(b} Keys and key-seats

(c) Threads: National and Unifiec; coarse, fine and extra fine threads,
multiple threads, Acme, Square and Whitworth threads, right and left
hand threads; pipe threads
Familiarization with terms: fpitch, depth of thread, majer diameter and
rinor diameter

(d) Machine fits, tolerance, C.S.i. standards
(e) Sections: revolved, removed, :roken-out and rlentom; assembly in section

(f) Drawing of machine parts from notes and sketches cbtained by measuring
actual objects

(g) Selection and use of common metals and materials

(h) Specifying and listing detailed and stock parts on the drawing and in
the bill of material

(L) Pencil drawing on transparent paper, inking and reproduction, Inki:
should be touched on only briefly.

(§) Use of lettering devices

(k) Dimensioning = Introduction to and use of complete decimal and metric
systems of dimensioning

2, Surface Finish

Machining opera*ions to include surface quality for appearance and a;plication,
C.5.A, symbols far surface roughness, waviness and lay

3. Casting Design
Elementary casting design amd loundr;r practice

L. Geometr.c Construction

Ceometric layout for an ellipse and heli‘'al, tangential, involute and cycloidal
curves

5. Cams and Linkages

Q (a) Development of cams to produce -iniform motion, harmonic motion, variable
]EIQJ!:‘ motion and quick return motion
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12,
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(b) Application of levers, cranks, linkages and cams to obtain various
motions and movements in mechanical devices

Gearing

The greater part of the time for this topic should be spent on fundamentals of
gearing, uses of various gears and foreoulae

(2) Spur gears: tooth parts; plotting tooth curves by the bzse circle method;
drafting problems iuvolving details of pinions and spur gears; working
drawings of spur gears using the conventional symbols and Jata block
instead of detailing tooth shapes

(b) Bevel gears, right angle only

Jigs and Fixtures

A study of the laycut of jigs and fixtures for performing machine operations;
design and draw a sinple jig such as a drill ,ig; application of shop mathe-
matics in determining angles, offsets and in Jdimensioning

Pictorial Drawing

The continuation of pictorial drawing as taught in Grade 10. Emphasis to be
placed on pictorial sketching, Perspective drawing and sketching may be
inrluded if time permits

Auxiliary Views

Continuation of #uxiliary views as taught in Grade 10. Imtroduction of
secondary auxiliary views and revolutions

Drawing of Fabricated Parts

Staudard structural shapes, fabrication practices and welding symbols
Forping
Design and drawing practices

Cptional Topics

(2) Standard structural shapes - introduction to the structural steel hand-
book;. simple structural steel detail drawings, rivet symbols, pitch of
rivets, dimensioiiing, gusset plates aad base plates

(b) Lap and butt joints, types of rivets, bolts and welds

(c) Bill of material, calculation of lengths for rivets and bolts; prepara-
tion of rivet and bolt lists for shop and field work; paints and surface
protection for uiructural steel

(d) A study of the methods of constructing gear trains (spur, bevel, rack
and pinion); specd-changing preblems; calculation of the horsepower
transmitted by spur znd bevel gears using the Lewis formula

(c) Architectural Drafting: problems may be taken from the osrchitectural
Drafting course of study for Grade tl

(£) Electrical Drafting: problems may be taken from the Lletrical Drafting
course of study for Grade 11
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Grade 12

Note: A1l work to ve done according to C,S.A, Standards,

1-

2-

3.

llachine Drawing and Desigzn

(a) Gathering data from catalogues, hand-books and reference books
{b) Calculations of spead and feeds and sizes of gears and pulleys

(c) ©Shafts and couplings: flange couplings, shaft collars, fluted and
splined shafts, universal joints, flexible couplings

{d) Bearings: friction znd anti-friction, methods of lubricatica; use of
manufacturer's hand-books

(e) Sketching and dimensioning machined parts
(f) Discussion of pattern making problems and moulding practice

(g) Checking detail and assembly drawings for accuracy, dimensioning, proper
drawing practice, design and function

(h) Preparing weight sheets, cost sheets and material shop orders

(i) Selection of materials: 35.A4.E,, and 4.7,3,I, steels, various motals,
rlasti~s and other materials

(j) Assembly and detail drawings; specifying and listing of detailed and
stock parts on the drawing and in the »ill of material

(k) Crawing on transparent paper, sepia inter.wdiate paper and plastic film

Gears, Cams, lLinkages and Actuators

(a) Use of formulae and prepared tables of gear data for advanced problems
in spur .nd bevel gears, worm gears, racks and pinions

(b) Drafting problems in the layout of deviec. - -vcducing mechanical movements
by means of linkages, cams and electrical, rydraulic and pnevmatic
astuacara

(c) Transrdssion problems involving gears, shafts and bearings,such as in a
gearéd winch or other geared drives or mechanisms

Dies and Die Design

(a) Types of dies, blanking, punching, bending end any other type used in the
Jocal area

(V) Parts of a die set: die shoe, die, stripper and guide plate, guide pins,
dowel pins, punch, punch holder, shank, guide-pin Lushings and stops
Die set materials

(c) Layouts and drawings for a punching and blanking die set complete with
specifications for materiala
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Sheet Metal Pattern Draftins

Problens combining several methods of development of surfaces; triangulation
and radial line rethods applied to such projects as the layout of ventilators,
transition pisces, tznered funnel-top, measuring can, cornice ond cornice
mitres, sheet mctal caps and finials; the developrent, of the sphere and hemis-
rk-re using the rsore and zone methods

Strength of Materials

Machine design and structural nprohlems involving elements of strength of
materials; simrle tension, compression, torsion, bearing, direct shear and
bending o» deflection; unit stress, unit strain, ultimate stress, elastic
1imit, safe working stress, factors of safety; use of hand-books to determine
physical properties of materials

lweights of Materials

Calculailon of weights of castings, materials, structural steel, stock and
machined parts

New Materials, Processes_and Techniques

TMupils should be made familiar with any new proczsses or techniques as they
becone accerted; such information might concern rowder metallurgy, high tenper-
ature resistant alloys, materials with a low coefficient of friction, electric
discharge machining, explosive metal Jorwning, new metals, plastics and other
materials

Drafting Cffice fouvine

Drafting office organization, filing and routing systems, division of staff
duties and responsibilities

Optional Topics

{2) JStructural steel drawing: graphical solutions for stress diagrams of
simyle frames such as derrick frares and Pratt and Fink trusses; design
of a simple Fink truss complete with calculations for the members; use of
the structural steel hand~books; the selection of standard shapes;
efficiency of riveted joints; application of mathematics for calculating
bevels and for accurate layout; bill of meterial and weight sheets; use of
letter indications and match marks for assembly; erection diagrams

(b) Piping: single line, double line and isometric; piping symbols

(¢) Architectural Drafting: problems may be taken from the Architectural
Drafting course of study, Grades 11 and 1

(d) HKectrizal Drafting: problems may be teken from the Electrical Drafting
course of study, Crades 11 and 12

(e) Intersection of surfeces: plottirg the lines of intersecticn of objects
of various shapes joining at various angles

83



- R3 -

GRAIHIC ARTS

Four-Year Programme Grades 9, 10, 11 and 12
Grade 9

Type Composition (Hand)

1. The California Job Case and Contents

Character ard purpose of the case; the lower case letters, plan and eason
for arrangement; the capitals, numerals, punctuation marks, ligatures. spaces
and quads

2, The Composing Stick

Kinds, parts and adjustment; use, care, posture for setting; pullirg a proc*
in the stick; distribution from the stizk; justification; simple flush lines

3. Type

Composition, parts, functions, irontage; characteristics of similar letters,
how identified, type and print compared; point system of measuring; point
system as applied to leads, slugs and other material

- 4. Hand Composition

h Spacing, justifying, centering, quadding; indention and justification as
applied to regular paragraph work; poetry, flush, indented, turnovers,
quotations

5., Proofreading

Correction of werk with elementary introduction ¢o the use of the principal
marke and their meanings

6. Safety precautions applicable to eguipment

7. Technical and Trade Terms
8. Careers in Printing

Letterpress Presswork
The FPlaten Presa

Development of the platen press, parts, care and oiling, inking, hand feeaing,
¢leaning form, washing-up, packing platen, regulating impression, printers!

asystem of measuremert!, setting gauge pins, gripper and sdjustment, lock--up, safeily
precauticns, technical and trade terms
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Grade 10

Type Composition {(Hand)

SAFETY: Shop rules, safety precautions and safe practices in the use of tools end
equipment and in the handling of chemicals should be stressed.

1, History of Printing (Cutenberg to Bodcai)

2, Review of Type Composition, Grade 9

3. Elementary Comprsition

Dumping and tying - methods, precautions and development of skill; pulling
proofs on the galley - advantages, procedure and standard of cleanliness
necessary; distributing from the galley; correcting in the stick and on the
galley - general classification of corrections and proper procedure, special
corrections including overrunni .g; punctuation marks and spacing - standard
practice for the spacing of the period, comma, hyphen, colon, semicolon,
exclamation mark, question mark, apostrophe, dash, prarentheses and brackets

4, The Point System

The point system of sizes and measurements; pcint system ac applied to leads,
slugs and other materials

5. Proofreading
Symbols, use of symbols in the study of a proofread mode); assigned proofreading

6, Special Composition

(a) Numbering sentences and paragraphs: alternate us~ of numbers and letters

(b} sSetting indentions: review of regular paragraph indention and extension
of study to include hanging, hzlf-diamond, squared and diagonal

(¢) sSetting numbers: three ways of expressing numbers; rules for comma, usage
and examples of correct usage ‘

(d) Tabular composition: rules for proceduire ir setting up a simple example
of tabulated form

(e} Multiple justification: advantages and procedure
(f) Leading

(g) 1Initial letters: history, purpose, extenl of use, rules for use in
compoaition

(h) Leaders and rules: examples, purpose, procedure for composition

(1) Borders: purposes, comon types, margins, procedure for making butted
rvle border and mitred border
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Comp-sing Room Equipment

Hand mitering machine, lead and slug cutter, imposing stone, furniture and
racks

Single Page Lockup
Materials, uses, positions and procedure

Newspaper and Job Work Display

Headings, subheadings, running heads and display lines

Technical and Trade Terms

Letterpress Presswork
Review of Grgde 9 Presgwprk
Hand-Fed Platens
Putting Job on the press; reading work docket, preparing press, putting form

on, precantions, positioning, elementary make-ready, checking and proofreading,
final approval

Offset Printing--Plate Preparation

Cleanliness and care in handling
Types of Plates Available

1ight sensitive, paper and metal; direct image, paper and metal

Copy Preparation

Repro proofs, tyvewritten, individuil letters, reprints, paste-ups, art work
Auto-positive Filr

Handling of light-sensitive materials, developing and fixing, time and
temperature factors ‘

Mounting and Stripping
Tools and equipment, pgsitiordng, windows, opaquing

Exposing the Plate

Methods of exposure, time and light factors; developing chemicals and their
proper use

Technical ard Trade Terms




1. Outline of the develomment of the Offset Process. Advantages over direct
lithography; 2 and 3 cylinder principles
2, Care of the Press
Lubrication and cleanliness; washup
3. Press C'emicals
Plate etch, fountain etch, plate gum, blanket wash, water, ink
4. Press Control and Adjustments
Inking system, dampening system, feeder mechanism controls and operation,
delivaery adjustments
5. Operating Adjustments
Balance of water and ink, handling of inks and chemicals, cylinder pressures
6, Tyres of Plates
Suitable chemicals and treatment on the press, proper storage and care of plates
7. Technical and Trade Terms
Grade 11
Type Composition (Yand)
SAFE1Y: BEmphasis should be placed on the development of safe practices in the
handling and use of tools, equipment, solvents and chemicals,
1. Review of Type Composition, Girade 10
2. History of Printine (Coxton to Mergenthaler)
3, Study of Materials

- 2h -

Offset Printing——Presswork

(a) Type faces: classification into basis groups—Roman, Italic, Text, Sans
Serif or Gothic, Seript or Cursive, Square Serif, Novelty; a comparative
study of available faces in the shop, identifying characteristics; Roman

subdivided into old-style, modern, transitional

(b) Recognition of type faces, type specimen book

{¢) Type sizss: application of point system, fontage, alignment, shoulder

depth
Type series

condensed, axtended; unity with variety

87

Type families: development from original face—italic, bolder, lighter,
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b.
7.
8,

9.

10.

12,

(f) Letter-spacing: examination of various faces for proper letter-spacing

{g) Rules, borders, ornaments: brass, machine, fourkiry; faces and body sizes,
fontage, purposse, use and suitability

Power Machines (Saw and Vertical Miterer)
The ludlow Typograph
Strip ¥aterial Caster

Elementary Principles of Display

Plaaning a Job

A thorough study of the steps in planning any piece of job~printine or advert=-
ising--analysis of copy, choosing important or salient points, gselection of
type faces, making sketches and a complete layout

Job Composition

A number of Jobs to be developed as above, set, proofed, read, corrscted and
revigsed, This work to consist of many types of job work, e.g., business cards,
envelopes, letterheads, tags, labels, rule forms and advertising; some may be
broken for two colours and run on the press; jobs designed in related art
classes may be set wherever possible

Lockup and Imposition
Advanced Proofreading

Technical and Trade Terms

Type Composition !Machine

Type-Setting Machines: slugcaeting (Linotype or Intertype) and Monotype. Safety
precautions

Lel.terpress Presswork
Review of Grade 10 Presswork

Hand-feeding live jobs on platen presses

Automatic Pregses

Parts, lubricatlon, feed mechanism, delivery, inking system, impression ana
packing, lock-up, suxiliary equipment

Kinds of cuts used in printing, originals and duplicates
Use of Type-High Gauges

Skeck Hand)ing
Handling of stock before and after printing, cleanliness, jJogging, drying

88
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10,
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Paper

Mechanical and chemical pulps, sources of pulp, resultant paper, paper
calculations, basic welghts and sizes

Ink

Types of ink, suitability to paper, drying, manufacture
Rollers

Types of roller=, manufacture, glue and non-glue, care and cleanliness, proper
washur solvent, setting

Make-ready

Underlays, overlays, interlays; standard marks used in marking out a make-ready
sheet; positioning :

Press Troubles and Remedies

Technical and Trade Terms

Offset Printing--Plate Preparation

Review of Grade 10 Plate Preparaticn

kL

5.
6.

(0

IText Provided by ERIC

Making a Negative (Iine Copy)

Construction of the camera; the process lens; illumination; scaling copy;
arranging the copy; positioning the lens, Mghts and ground glassj focusing
the image (same size); focusing tiv image for enlargements and reductions,
tapes, per cent or coding; handling the film; exposivg the film, time and
light factors

Cleanliness and safety precautions 70 observe when handling clemicals; avoiding
occupational dermatitis; effect of dust on f£ilm and negatives

Developing the Negative

Organization of the darkroom; preparation of chemicals for developing; effect
of time and temperature; developing to an appearance and to a fixed time;
rinsing and fixing the negative; rinsing and drying the negative

Types of Cameras

Parts and their functions; overhead, hcri-ontal, vertical and gallery

Copy Preparation

Suitable copy; working with poor copy, over and under expesing

Mounting ~nd Stripping

c-24bing lines and touching-up broken image; corrections in negatives; opaquing,

pos of opaque and advantages; positioning of several elements of copy; page
position; fold and cut marks 89
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1G,

11.

12,

2,

3.
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8,
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Making the Plate (Presensitized)

Types of plates, advantages and cost factors; use of step guide; time and light
factors; positioning flat ~-. plate; exposing plate; developing the image; wash-
ing and gumming the plate

Causes of Plate Failure

Poor plates and how to avoid them; uneven coatings, hot spots; under and over
exposure; spreauing of the image; use of long-run lacquer

Types of Exposure Frames and Sources of Light

Pressure frames and vacuum frames; incandescent, fluorescent, ar:; protection
of eyes from light sources i

Chemistry of Light-Sengitive Materials

Chemicals, t}eir compounding and application; effect of light on the coatings

Technical anc¢ Trade Terms

Offset Printing-Pressvork

Review of Grade 10; safety precautions

Application and pgrowth of 1Lithography

Servicing Dampening System

Setting dampener rollers; re-covering dampeners, molleton, paper covers; pumicing
and etching metals; names and function of parts

Servicing Inking System

Setting rollers; deglazing rolilers; cleanliness; names and function of parts

Lithographic Inks
Ingrndients, drying, additives, sultability to paper

Fapers
Finishes, grain, standard sizes and weights; care in handling and storage

Chemistry of Presswork

Ingredients of press and plate chemicals; ph., what it is and its proper control
Set-0ff Precautions

Paper handling; sprays (dry and wet), hazards and limitations
Blankets

Care in normal use; changing and rotating, proper tension

Presswork Froblems and How to Overccme Them

Scumming, tinting, blinding walking off, streaking, register, etc,

Technical and Trade Terms o 90
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Grade 12

Type Compositicn (Hand)

1. Shop Rules and cafety Precautions

2, Review of Grade 11 Composition (Hand)

3. History of Printing (Canada)

%s Princivies of Display
Major principles: balance, harmony, conicast, propertion, action and lines
Minor principles: repetition, variety, transition and unity

5. Newspaper or Magazine Advertising
Requisites of a good ad: attract attention, arouse interest and suggest action
Manner in which ads are received: layouts, mats, plates
Marking up an ad, layout and copy; ad room procedure
Settinz headings amd prices; use of borders; procedure in setting an ad

6. Various Methods of Copy Fitting

7. Practical Work
Practical work in Grade 12 should iaclude job composition and advertisements. ”
It may also include production of live jobs which will be used within the
school, Use of Work Docket.

8. The Ludlow Typograph (Advanced)

9. Lockup ard Imposition including Patent Base Systems

10, MNarbering Machines
Types, us3, lockup and care

11. Advanced Proofreading

12, Reproduction Proofs
Their use in the trade, methods, reproduction proof presses, lockup, paper, care
and cleanlinsess

13, Estimsting Costs

14, Technical and Trade Terms

Type Composition (Machine)
Review of Grade 1). work, Advanced composition on Linotype, Intertype or Monotype )

Q " ines. Care, maintenance and safety precax_xtions.

ERIC

IToxt Provided by ERI
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Letterprees Presswork.

Review of Grade 11 Presswoik

Shop Standards
Safety, cleanliness and quality contirol
Cylinde;: Presses

History of cylinder presses; types: stop cylinder, two revolution, flat bed
and vertical

Packing: hard and so’, precautions, results of over and under packing,
hangers, depth of make-ready shest

Controls: names and parts, functions of press controls, adjustnen's
Setting rollers: 1lateral and vertical setting, stripe and type high block
Positioning form: avoiding spring, planing to bed, deadline, precautions
Make-rearly: reascns for make-ready, stopping, stabbing, mark-out, patch-up,
hanging, spot-up

Cause of wrinkles and slurs

Automatic Presses

Suitability for various jobs; lubricat:ion, manufacturer's specifications; a
thorough nunderstanding of the contreols, adjustmnents and minor servicing of
the equipient in the school shop; make-ready as applied to specific presses
Paper

History, manufacturing processos, finishes and suitability for various types
of work; stock handling and storage, hvmidity and temperature problems and
control; jurchasing stock, estimating costs, spoilage allowance, grain way

Ink

Compositicn of inks, matching culours, tints, additives for inks; suitability
of inks ard driers for various papers; newer types of fast-drying inks

Special Make-veady
Scoring, creasing and die cutting; perforating, embossing

Process Colour Work

Anti Set-Off Equipment

Sprays, wel and dry; hLeat

Thermograpiy and Metallic usting
Technical and Trade Terms

Offset Prir’ing-—-F.ate Prepavation

Review of (rade 11 Plate Preparation, Safety Precsutions

Craining of Plates
Different mutals, methods, reason 92
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5.

9.

10,

12,

Plate Coatings
Chemicals used and methods of applying

Storage of Prepared Plates (Sensitized)

Time and atmospheric conditions

Making of Book Flats and Impoaition of Multiple Forms

Margins and gutters; type of folding eqauipment and limitations; work ard turn,
work and tuaoble, sheetwise

Scribing Ruled Forms

Tools and methods

Iine-Up Tables

Types, advantages, ruling, positioning multiple copies or negatives; proper
care and use of line-up equipment

Making of Combination Flats

line and halftone elements; masking for two colour work, one negative; over-
prints and surprints; plates rsquiring two flats, reasons and positioning,
register marks

Halftone Photography

Types of screens: contact, grey and magenta; giass streens and auto-screen film
Exposure computor: calibrating, measuring valuea of copy, estimating main and
flash exposures; use of ster guide; two exposure method; three exposure method
Filters to increase and decrease contrasts; handling of screens, extreme care
necessary; setting up flash lamp; how halftone dots are formed

Halftone Develuping
Necessary time, agitation and tsmporature controls; visuval inspection

Procass Colour Work (Theory)

Filters, suitable film, copy, transparencies; register marks; dot etching,
colour correction and masking

Technical and Trede Terms

Offset Printing~-Iresswork

Gafety Precauvions

Review of orade 11 Presswork - relating learning to larger equipment

Types of Offset I'resses

Setting Cylinder Pressures and Timlng of Various Press Parts

Servicing Air Jystem on the Presg

Cleaning filters and pumps; cleaning air lines; air line adJjustments
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Types of Plates

Manuiacture and preparation; advantages and disadvantages of each type

Inks

Ingredients, their function and properties

Paper

Ingredients, their purpose and properties; estimating and costing. traae
practices

Fressroom Froblems
Humidity and temperature control; register {paper distortion, packing of ;late

and blanket); scumming, tinting ink, plate image, print, sticking. streakiny
troubles

Chenistry of Presswork
Chemical ingredients and thzir purpose

Auxiliary Press Equipment

Colour Work
Sequence and problems

Careers in Offset Printing

Technical and Trade Terms

Einder Work

Machines

Paper cutter, stit.cher, perforator, peper d¢ill, folder, collator, padding press.
Safety precautions

Bindury Operations

Jogging, cutting, trirming, folding, drilling, perforating, stitching, padding,
ruling, gathering, collating, binding, looseleaf binding, mechanical binding,
varni “ing, bronzing, pebbling, stippling, embossing, wrappirg, packing,
labelling and mailing

It is not expected that-many of these operations will he purformed in a school
Printing Department, However, the student shovld be taught the work of a
Bindery so that he may know what happens %o tha work after it leaves the iress
Room, A tour of a book publishing company would enable the students to ses
many of these operations.
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INDUS TRIAL CHZITISTRY

Four-Year Programme Grades 11 and 12
Grade 11

Tre aim of the course is to produce chamical technicians who have a grounding
in basic chemical theory and who also have considerable training in technique.

The course in Industrial Chemistry rmay vary somewhat from school to school
and be influenced by the needs of local industry,

1. General Chemistry

llote 1 ‘/en pupils plan to write the Departmenta) Zxamination in Grade 13
Chemistry at the end of the Crade 12 Industrial Chemistry Course, the
teacher should ensure that all the tonics listed in the Grade 13 Course
of 3tudy are covered. In fGrade 1). nary experiments should be done by
the students to establish a firm und:rstandirg of equivalent weiglhts,
gas laws, vhpour pressure,

iiote 2 This course sheuld include weekly reading assignments and practice in
solving chemical problems.

(a) The ziom: structure, size, weicht, representation, quantum energy levels

(b) Wy atoms unite: valence, covalence

(¢) reriodicity: atomic tables

{d) Activity: developnent of activity list from experiments

(e} Ionization: conductivity expzriments, coloured loks, ionic equations

(f) TDeactions and equations: review of equations, practice in writing equations;
hydrolysis with experiments; electrolysis with experiments, Downs cell, Gibb
cell, Hall cell; experiments on equivalent weight

(¢} ietals: iron, cobalt, transition elements, principal properties of metals

(h) Oxidation - reduction: examples, electron transfer; balancing redox
equatiuns

~~
hie
S

Squilibriume: reversibility; law of mass action with experiments; dynamie
equiiibrium; Le Chatelier s principle; Haber process

(j) Ionic equilibrium: acid-base theory; common-ion effect; solubility product
and ionization constant

(k) Co-ordination: complex ions

(1) Teriodic table: alkali group; copper, silver and gold group; masnesium,
calcium, strontiws and bariw: group; zinc, cadmium and mercury group (use
in cells and electrodes); aluminum, amphoterismj carbon, silicon, tin,
lead; transition elements; alluys; compourds of inorganic ¢arbon, industrial
fuels (e.g. coke, wate: gas and coal zas}j; nitrogen and phosphorus, allote
ropes; arsenic, artimony, bismuth, traniition from non-metallic to metallic
properties; oxygen and sulphur, properiies of oxygen, aulphuric acid, hydro~
gen sulphide, thio-acids; halogena, preparation and gradations of properties
within groups and psriocds
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ualitative nalysis

Qualitalive analysis jrovides a zood review of cliemical rrineiyles and an

opportunity to worii onl equations., This toric emtiraces a study of the a~=li-
cation of mass actiorn, ionizatiasn, soluhility :veduct, co-nreci.sitation,
common-ior effect, tnifurs and pll control

ilote: Jemi-rdcro rethmis 1may be used to save tire and chemicals and to
encouraze closer observations.

{uantitative inalysis ( ravimetric)

{a) Constructicn, cire and use of halances: rrecision; sensitivity; rest
yoint

(b) Determination of: water of crystallizatien in a hyrdrated salt; bariur in
bariar chloride; chlorine in tariur chloride; iron in ferrous ammenium
sul~hate; niclel in stceli; silver and copper in a silver coin; lead and tin
in solder

Ortional: additicnal analysis of materiazls ol local interest, e.-.,
coal, steel, limestone. petroleun :roducts

Glass_Tlowing

Falure of the torch flame; egrades of latoratory zlass; mal:inc test tubes; fire-
rolishing and flare annealine; bending and joining of tubing; makinz 7 tubes and
Y tules; malin: a wash-bottle; lipring; bottoming; maling a thistle tube {ortional)
Mincraloszr
linited Lo 2 study of raw naterial sources for industry
{a) Classification
(b) :hysical rrojerties: colour, lustre, streak, hardness, density
(¢) Crystals: systems. simrle forms, lattice
{(d) Identification .rom a simple chart or tables
{e) Blow-ripe and dry reactions as-a review of chemistry
{f) Ore deposits, mining terms, prospecting
(g) Economic uses: abrasives, gems, refractories, rigments, decorative naterials,
ceranmics, radio-active materials, etc,
Grade 12

General Chemistry

Continuation and completion of Jrade 12 Chemistry

Volunetric Analysis

Comparison with gravimetric analysis in regard to accuracy, syeed and basis of
calculations (mole, molar; equivalent, normal) E){;
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(a) Accuracy of pipettes and burettes

(b) ‘liaking normal solutions: e.g., hydrochloric acid, sodium hydroxide primary
and secondary standards

{c¢} ~Ieview of pH: theory of indicators, end points, mixed indicators; titration
curves (optional)

(d) Cetermiuinz the percentage of: acetic acid in vinsgar; oxalic acid in a
cieaner; sodium bydroxide and sodiwm cartonate in commercial caustic, soda
ash, borax and boric acid

(e) Determination of the hardness of water

(f) Estimation of nitrogen in fertilizer, blcod, flour

(g) Trevaration of a standard permanganate solution and standardization apainst,
ferrous salt and sodium oxalate

(h) The principles of reduction using stannous chloride, Jones reductor axd
hydrogen

\i) Determination of the iron in iroen ore
(j) Use of standard cerium ard titanium solutions
(k) Determination of the calcium in calcium carbonate and iron in a ferric salt

(1) Treparation of ¢ standard dichromate solution and the use of an inside
indiecator

{m) DIreparation of a standard iodine solution a'~ a standard thiosvlphate
solution

(n) Determination of: chlorine in bleach; sulphur oio.-ide in a sulrhite;
ccpper by iodine titration

'6) Analysis of unsaturated cils, iodine number

(p) Preparation of a standard solution of silver nitrate; potassium ihiocyanate
and absorption indicators and their ¢vpplication by Fajans, lohr and Volhard
methods

(q) Gas analysis by absorption. Discussion of weighing devices and of the con-
tinuous flow control meters

3. Geology and Fire Assaying

(a) Theory: (i) rock classification; (4%) rock structures; (iii) geological
eras and periods ‘ith references to local rock formations and industries;
(iv) taking of samples for ore analysis; (v) preparation of samples—
crushing, grinding, Jigging, Wilfley table, sluicing, froth flotation

Bxperiments: laboratory practice hased on section 3 (a) (v); crucible assay

of gold and silver ores; scorification of matte and speiss; cupellation; part-
ing of gold-silver beads - use of assay balance; extraction by cyanidation

97
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Instrumental Analysis

A study of the principles involved and the applications in process control of
the following instruments: saccharimeter or rsfractometer, pH meter, automatic
titrator, Nessler tubes and colorimeter, photoelectrometer, fluorimeter,
nephelometsr, polarimeter, srectrorhotometer, Yarr bomb calorimeter, viscometers
of various types

Thotography

This study is to enable thy technician to preserve records of laboratory set-ups
and make miciro~-photographs and illustrations of procesces and machinery.

Mixing developer and fixer; develeping the negative; printing by contact; camera
values; film speeds; exposure meters; grades of paper; copying and enlarging;
mounting; lenses, light, depth of [ield, filters, light and shadow effects; slide
making; intensifying, reducing, dodging and special effects

Organic Chemistry

(a) The vast number of organic szmpounds and their importance
(b) Nomenclature

{:) The carbon tetrad or tetrahedron; covalent carbon

{d) Determination of percentage compesition of carbon compounds
(e) OGraphic and structural formulae; isomers; homologues

(f} The petroleum industry and its products: alkanes, alkenes, alkynes, bottled
gases, polymers; the cracking proc-ss, extraction of products

(g) Alcohols: production and industrial uses

(h) Aldehydes as oxidation derivatives

(i) Ketones

(3) Acids: final »vo'uct  of oxidation; fatty acids; unsaturated acids
(k) Esters: soap, paint, perfume

(1) Comparison of syndets and soaps; soap manufacture, glycerol and its uses
(m) Alkyl halides: ethyl bromide, methylene iodide, chloroform

(r) Ethers: dimethyl, diethyl, dioxane, ethylene oxide and cellosvlve
(0) Acid chlorides as reagents

(p) Acid anhydride and chloral

(q) Hydroxy acids: glycolic, malic, lactic, citric

(r) Dicarboxylic acids: oxalic, tartar.c, succinic

(s) #Amddes: acetamide, urea, thiocarbamide, plastics

(t) Anines: reducing agents, deoxidants, etharolamine, triethannlamines

98

(u) Cyanogen derivatives
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INDUSTRIAL PHYSICS

Four=Year Programme Grades 1l and 12
Grade 11

43 a result of the technological advances of recent years there is a demand
for employees who have a much broader understanding of the physical sciences,

The aim of this course i~ to produce industrial technicians capable of
£illing a wide variety of positions in industiry where a basic knowledge of physics
is required.

This course would provide an excellent preparation for further study lead-
ing te the Grade 2 and Grade 3 Engineering Technician Ratings of the Association
of Professional Engineers of Ontario,

The idustries in the area will determine to some extent the depth of treat-
ment of the topics outlined.

Studeats shousd be given ample opportunity to perform experiments and use
equipment,

Note: ‘'Jeekly problems should be assigned on the topic: studied to provide exper=-
jence in their solution and to clarify and drill the principles involved.

1. Accurate Measurements

Review of the Fritish and Metric units for length, volume and mass; introduction
of the ¥.K.S. system of units; the conversion from one system to another; prac-
tice in the use of vernier calipers and microreters, both metric and eritish;
how to deal with approximate numbers and significant figures

2, Motion and Forces

Forces, inertia and Newton's First law of Motion; meaning of vector and scalar
quantitiec; speed and velocity; concept of motion; uniform, variable and avercge
velocities; uniform, average and variable acceleration; graphical representations
of motion, displacement and acceleration; resolution and compusition of vector
quantities to find resultants; experimental determination of acceleration due to
gravity; derivation of varicus formulae

Mags and welight; gravitational and absolute units of measurement; #ewton's
cecond Law of Yotion with experimental il? -strations; momentum and impulse;
Mewton's Third law of Motion; the law of Universal Gravitacion

The Law of Conservation of !‘omentun, its application; centripetal and centiifugal
forces; angular motion with apylications

3, Lbnergy, VWork, !ower aidl Foiction

(a) Energy and wWork: the rieaning ani relationship between energy, (P.E, and
K.E.), work and fower; efficieny; C.G.5., M.K.,S. and F,F.S. gravitational
and absolute units for measurement; derivation of the foirmulae P.E, = mgh

Q and K.E. = lmv

]EIQJ!: Experiments involving the inclined plane and the mechanical equivalent of
heat, 99



(b) Power: the meaning of power; introduction of the watt, kilowatt and
horsepower; brake horsepower using the Prony brake

(c) Friction: static, kinetie, rolling, sliding and fluid friction; experi-
mental determination of the coefficient of friction; factors controlling
friction

(d) Lubrication

4. Mechanies of Solids
Experiments to determine the mechanrical advantages of the three classes of
lavers; the application of evers in common implements; a study of moment. of 2

force applicable to levers; centre of gravity

Zxperimental study of ideal and actual mechanical advantages of pulley systerms,
the wheel and axle and the inclined plane; practical arplications

Experimental study of the wedge, screw, toothed gear, differential pulley an?
complex machines

5. Jtrength of Materials

(a) simple Stresses: review of forces and units: vector quantities; external
and internal forces, equilibrium, action and reaction; tension and com-
pression stresses; shearing stresses; stresses in thin pipes, ¢ylinders
and welded joints; safety factor

{b) Properties of Materials: kinetic molecular thecry and crystal lattice;
stiffaess, elasticity, toughnass, ductility, hardness, malleability,
strength, endurance limit; elastic properties of metals, Hooke's law;
Young's Modulus; Toisson's Ratio; temperature stresies

(c) Beams: theory, types and comparative strength, shear diagrams, bending
moments, concentrate. and distrilrited loads; section modulus

(@) Torsion: solid and hollow shafts, transmitted horsepower, helical srrings
(e) Metals and Non-Metallic Materials: characteristics, struature and propertiss

(f) “estirg methods: a study of tensile, corpressior, bending, hardness, impact,
torsion, microscopic, saupersonic and x-ray tests

(g) Industrial Processes (Optional)

£. Magnetism and Flectricity

Note: 1 ‘whersver possible the topic of current electricity should be tauglt in
the electrical laboratory.

Note: 2 Experiments should be performed to illustrate the topics.

{a) Magnets and Magnetism: characteristics and laws of magnetism; properties
of magnetic lines of force; theory of magnetism with experiments to
illustrate it; terrestrial magretism; magnetic fi.lds aboui a cecnductor
carrying a current; Right and Left Hand Rules; electro-magnets and solenoids,
o factors affecting the strength of elactro-vagiets; hysteresis; the aprlica-
]EIQJ!: tion of the electro-magnat in bells, relays and solenoid switches

12100
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(b) Electrostatics: rpositive ard regative electric charges; the Electron
Theory; Lhe meaning of electrical potential differences; capacitors and
capacitance: a volt as one joule per coulomr; proof of a charse on the
terminals of a tattery; charging by induction; thielding; the escape
of chaize from a point; lightning rods

e o st OO A T E T e A 4 P e e e

{(¢) <Current Zlectricity: review cf the Zlectror Theory; review of voltage,
current, resistance and their units of measurement; Chm's Law; series
circuits, parallel circuits, series - rarallel circuits; wire table;
formula for tne resistance of wires; electrical power; induction coils

Tenerators: principles of A.C, and D.C. penecrators; paits and their
functicns, types and connections (schematic diagrams); effect of field
flux and speed on voltage; factors affecting alternator frequency; single
and polyphase generators; craracteristic curves; application

D.C, FMctors: principle; parts and their functions; types and connections;
counter emf, in motors; methods of starting D.C. motors; speed control;
speed characteristics; application

Alternating Current: the sine wave, cycle, frequency, maxirmm and effective
values of sine wave voltage and current; inductance in D.C, and A.C. cir-
cuits; phase velations, vectors; resistance, inductive reactance, impedance,
application of Ohm's Law to A,C. circuits; capacitance and capacitive react-
ance; the series A.C. circuit, vector diagrams: serier resonancej power,
power factor, phase angle; transformers., Three Thase: three-nhase voltage
and current; star and delta connections

A,C, Motors: a study of the prineiples, coiinections, speed characteristics
aud application of universal, three-phase induction, three-phase
synchronous, and common single phase motors

Instruments: the D*Arsonval galvanometer, the D.0, anmeter and voltmeter,
tre olumeter; the wattmeter; the A.C, ammeter and voltmeter )

(d) Clectrochemistry: elcments, compounds and mixtures; electrolytes, elec—
trolysis, electro-platirg, voltameter and annodizing; necessary parts of
a cell, electromotive series, the dry cell, storage cells and the
hydromater

Crade 12

Students should te given ample opporturity to perform experiments and use
enuipment.,

Weekly rroblems should be assigned on the topics studied to provide exper-
ience in the solution of problems and to clarify and drill the principles involv.d.

}, Jlccurate l'easurements

4 complete review of Grade 11 measurements, C.G.3.,, M,K.53, and F.P.5, systems
and treir use, specialized unit: for hardness, viscosity and hydrometry as
applied to local industries

2. Sound

The origin of sourd, nature of .ound waves, transmissior of energy by waves;

O itudinal, transverse and torsional vibrations; frequeacy, wave length and
]E[{J!:xcity; {V = NL); pitch, amplitude and quality using the oscilloscope, Savart!s
P e
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wheeX and the siren; frequency by the vibrograph; nodes and loors in
strings, plates and air colwmns; superrosition of waves to get quality
and standing waves; laws of vibrating strings, harmonics and fund-
amental frenquencies; resonance in air celunns; sound interference and
beats; Herschel's divided tube; sympathetic vibrations; the ear;
acoustics; industrial applications

3. Light

Nature of light, theories; nin 'ole cimera; shadows; velocity of light; the
Law of Inverse Squares for illuminatior; units of measurement - C.7., ft. -
candles, lumens, lamberts and foot~Yamberts; rhotometry to ~btain C.7.;
reflection from rlane mirrors; concave and convex mirrors; location and cal-
culaticns for imagzes; refraction tnrough glass vlates and prisms; Index of
Refraction; convex and concave lenses; total reflection, critical angle and
critical ray; colours of the visible spectrum; ahsorption and reflecticr of
colour; optical instruments; the srectroscore for spectroscopic analysls;
interference of livht bty soap film and air wedge; measurement of wave length
of sodium light by air wedge; the electromapnetic spectrum; the diffraction
grating and Newton's rings; ultra-violet and infra-red radiations; tlrree
dimensionsi pictures; the human eye, rersistence of vision, eye fatigue and
colour blindness; “he strobossope

L. Heat

Sources and nature of heat; expans.on of solids, liquids and gases; coefficient
of expansion of solids, liquids and gases; thermometry and pyrometry; Celsius

or Centrigrade, Fahrenheit, Reaumur and elvin scalesj maximam density of water;
the gas laws; quantily ~f heat measurement and syecific heat; changes in state,
fusion, vaporization and sublimation; refrigeration; moisture in the atmosrhere
and dew point; humidity and hygroretry; transfer of heat oy conduction, con-
vection and radiation; insulation, absorption and reflection of heat; air
corditioning; mechanical eguivalent of heat (electrical); efticiency; heat
engines and heal pumps

5. Hydraulic and ineumatics

(a) Fundamentals: concepts and definitions of fluids, solids, linuids and
gases; density, specific gravity; Lyarometry; Faume and Twaddle icales,
compressibility and elasticity

(b) Liquids at rest: pressures within liquids; rressure due to ,rivi‘y;
hydrostatic rressure; Arctimedes Irinciple, buoyancy; Tascal's iaw;
surface tension; caprillarity

(¢) Fluids in motion: fluid flou- streamlines and tubes of flow; flow
through a constriction; Perr u(li's Trinciple; eftect of friciion on
flow; viscosity; air foils; discharge from an orifice; turbines; osucsis

(d) Gas laws: air jressure; measurerent of air pressure; Boyle's Llaw,;
Charles' law; elasticity, preasure gauges and baremeters; diffusion and
vapour pressure

(e} Industrial Uses: fluid measuring instruments, fluid couplings, fluid
pumps and fluid motors; fluid power and control systems; automation
equ’ prient; hydraulic presses, hydraulic lifts and other industrial

o appiications of hydraulics

IC
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olectronics

Note: ‘Wherever possible this topic should be taught in the electronics
laboratory.

Tlectren emission, electronic tubes; half-wave and full-wave rectification,
the triode tube; the tricde as an amplifier, rectifier and oscillator; the
thyratron and its characteristics, phase shift circuits; interpretation of
schematic diagrams; magnetic amplifiers; voltage doublers, and three phase
rectifiers; high frequency induction and dielectric heating; photo-relay
circuits. Industrial applications of diodes, triodes, transistors and
thermistors

Asrodynamics (Optional)
Nuclear Physics (Cptional)

1034
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MACHINE SHOP PRACTICE

Four-Year Programme Grades 9, 10, 11 and 12
Grade 9

This course covers the theory and operation of standard machine tools, bench
work, layowt, measurement, testing, inspection and metallurgy

SAFETY: The importance of good safety habits must be recognized by all pupils,
The safety precautions that a 3ood workman observes to encure his personal
trafety and the well-being of others should be stressed

1. Hand Tcols and Bench Work

Trade {escription and proper use of the following: soft and hard-faced hammers,

chiselq, punches, files, hand hacksaws, taps and dies, vises, standard wrenches,
screw 'rivers, letter and number stamps and abrasive cloth

2, Layout‘WOrk

Prepar.ition of metal surfaces for layout with copper sulphate, chalk and layout
dye. '{o layout work from blueprints or drawings using the steel rule, combina-
tion s2at, divider, scriber, hermaphrodite caliper, surface gauge, layout punch
and centre punch

3. Measurement

The care and use of the steel rule, calipers, outside micrometers and graduated
collars

4. Machine Tools

(a) Lathe: types and sizes; the care and lubrication of lathes; identific .Liucn
of the headstock, tailstock, drive plate, centres, bed, carriage and cper.-
ting controls, To set up for and perform the following operations: 7 'al ¢l
turning, facing, turning to a shoulder, grooving, turning a taper uring .'.~
tailstock offset method, taper turning using the compound vest, kpur'i:r,
filing and polishing. The construction fratures and application of 2 :.aa %
jaw chucks and practice in their use

(b) Horizontal Milling Machine: types, sizes and the care of horizontal mill; g
machines; identification of the column, knee, saddle, table, arbor, spindle,
overarm, arbor support and operating controls; plain milling; side mil '1g

(¢) Dcill Press: types, sizes and care of drill presses; identification ¢t
th~> base, column, table, quill, spindle and operating controls; twist ¢ 11
parts. The pupil should be made familiar with the setups for the foll. ing
operations: drilling with the work held in a vise; drilling with the work
clamped to the table; drilling a blind hole; drilling a nole through the
diameter of a cylinder; countersinking; drilling with the aid of a jig

(d) TFedestal or Bench Grinder: instruction in safe operating practices - ¢ e
protection, position of work rests and guards; offhand grinding practices

O
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(e) Power Saw: types and care uf power saws; setting up and cutting work to
length; use of cutting fluids

(f) Shaper: identificatioa of the frame, column, ram, cross rail, saddle,
table, table support, tool head and operating controls; shaping a plain
sur face; shaping work surfaces at right angles

5. Hot Metal Working: operating the forge or furnace; simple forging; simple
hardening, tempering and case hardening

6. Finishing: draw filing, polishing, abrasive belt and disc grindiug, rust
proofing

Grade 10

SAFETY: The safety precautions that a good workman observes to ensure his personal
safety and the well-being of others should be stressed.

1. Hand Tools and Bench Work

Types and uses of wrenches; types and uses of hand hacksaw blades; filing -
removing burrs and sharp corners

2. Layout Work

The preparation of metal surfaces to facilitate layout. The use of additional
layout tools such as a combination set, surface plate and templates

3. Measurement

The purpose, types, construction, care and reading of micrometers, protractors
and graduated feed collarz. The use of micrometers, protractors, graduated
f2ed cotlars, plug, ring and thread gauges

4, Machine Tools

(a) Lathe: centre drilling; drilling in the lathe; cuttinz speed calculations;
setting feeds and depth of cut; srarndard tapers, characteristics and use;
taper turning attachuent, calzulations and application; short tcper and
angle turning using compound rest; tne Unified Screw Thread System, nomen-
clature and calculations; cucting a Unified Screw Thread

(b) Drill Press: iractional, letter and number drills, selection and use;
calcutating tap drill size; drill holding devices; cutting speed cal-
culations: sclection of fecds for drilling; drilling to a depth; counter-
boring, countersinking and spot facing; use of cutting €luids

(c) Shapcer:  sertin lenpth and position of stroke; study of the cross feed
mochiani sy, Jhaging o vertical sarface; scquence of operations for shaping
rectanaular work

(d) Horizovtal Milting Machine: changing an arbor; changing a cutter; sequence
of speraticgs fov milling rectangular work; sinple operaciors and calcula-
tions {1 tue use ot o dividiry head sery cutting speed calculatfions

ERIC |
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(e) Vertical !4lling Machine: types, sizes and care of wvertical milling
rnachines; comparison of horizontal ard vertical milling machines;
identification of the ¢olumn, knee, saddle, table, spindle and orerating
controls; milling a plain surface; milling worl: surfices at right arncles

(f) Predestal or Pench Grinder: further instruction in safe offhand grindin-
practice

{g) ©ourface Grinder: types, sizes and r_re of swface grinders; identilic:itlion
of the main parts such as the wheel, spindle. table, cross slides, colurn
and operating controls; the care and ~reration of marnetic chuck-~; deraz-
netizing the work; grinding ylain and parallel surfaces to civen dimensiens

(h) Contour~cutting Band 3aw: types, 5izes and care of contour-cutting bhand
saws, identification of the main parts; selection and usc of hladus;
elementary sawing oyperations; band filing

Kiementary Metallurgy: shop tests for identifying common metals; physical
characteristics and uses of ferrous and non~ferrous metals; hardening and
tempering; case-hardening

ot lietal iorking: forging, drawing and shaping

Fasteners: identification and use of fTasteninc devices, e,g. rivets, bolts and
nuts, cap screws, self-tapping screws, flat and lock washers, jam nuts, keys
and special fasteners

Repair and maintenance: type: of belts, selection, rroper operatlon and repair;

rower transmission and speed changes; becaring tyves, nrease and oil fithtings
and special lubric~tion systems ’

Grade 11

3AFETY: The importance of developing gcod safety habits should be emphasized.

l.

ERIC

Aruitoxt provided by Eic:

Hand_Tools and Pench Work

File types, sizes ard cuts and their applications; precision filin; of flat and
irregular surfaces; typ -, characteristics, care and use of hand reamers;
reaming narallel an ta,.c holes; drilling with a portable electric drill

Layout Work

A study of the vernier principle and its application to measuring tools; layout
work involving the use of the rernier protractor, the vernier height gauge, the
surface plate, the surface gauge ard precision V block

Measurement
The purpose and applicatisn of the vernier sicrometer, inside micrometer, iepth

micrometer, vernier caliper, telescoping gauges, dial indicator, thickness gauges,
profile pauges and gauge blocks; the care and storage of precision instrumente
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Machine Tools

(a)

(v}

(¢)

(d)

(e)

(1)

(g)

{n)

(1)

Lathe: the internal construction of the headstock, apron and tailstock;
cubting speeds and feeds; truing and grinding of damaged centres; aiign-
ing centres; freehand form turning to a gauge; the angles and cutting
action of lathe cutting tools; grinding lathe cutting tools; cutting right
and left hand Unified threads, calculations and applications; three-wire
method of measuring threads, calculations; taper turning and fitting to a
gauge; steady ari follower rest applications; drilling, boring and reaming;
construction and use of common types of lathe mandrels; construction, use
and care of collets; construction, types, use and care of 3-and L~jaw chucks

Drill Press: types of drill presses; clamping irregularly shaped work;

drilling, countersinking and counterboring various metals; types, char-~

acteristics and use of machine reamers; application of jigs and fixtures
to drilling operations; tapping attachments and their use

Shapsr: cutting speeds and feeds; cutting tools, materials, angles and
cutting action; principle of fast return mechanisms; machining irregular
and angular surfaces; serrating - method and applications; keyway cutting,
external and internal

Horizontal Milling Machine: speads and feeds; work holding deviccs, such
as clamps, vises and fixtures; types of milling cutters, selscticn and
application; conventional and climb milling applications; side milling,
straddle milling; sawing and slitting; milling machine attachments and
their applications; end milling; form milling with form cutters; millirg
with fly cutters; direct and plain indexing; spur gear cutting; purpose
and application of cutting fluids

Vertical Milling Machine: types, sizes and care of vertical milling
michines; milling a plain surface; milling surfaces at right angles; mill-
ing an angular surface; the use of collet chucks; the use of end mills;
milling slots and keyways; application of slotting attachment

Pedestal or Bench Grinder: grinding lathe and shaper cutting tools, grinding
drills; grinding wheel construction, characteristics and marking systems;
truing and dressing wheels, adjusting work rests

Surface Grinders: names of operative parts; construction and care of
magnetic chucks; truing and dressing a grinding wheel; demagnetizing;
precision grinding of flat, and parallel surfaces; grinding work surfaces
at right angles to each other; grinding angular surfaces

Portable Grinders: grinding lathe centres in the lathe; external and
internal grinding in the lathe; hand grinding at the bench

Contour Cutting Band Saw: iypes, sizes and care of contour cutting band
saws; identification of the main narts such as the table, upper and lower
drive wheels, upper and lower blade guides, blade tencion controis and
other operative parts; cutting speeds for ba:: | sawing; types, sizes and
selection of blades; butt welding of band saw blades; sawing of simple
and complex contours; band filing; introduction to friction sawing
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5. Metallurgy

The manufacture of irons and steels; the S.A.E. system for classifying steels;
characteristics and applicationa of alloy steels; characteristics and applica=-
tions of commorn non-ferrous metals; a study of the carbon content of steel and

its effect in the hardening process; a study of the structural changes that

occur in steel during the hardening, tempering, annedling and rormalizing processes

Grade 12
SAFETY: Safe workine procedures should be stressed at all times.

1. Harnd Tools and Bench Work

Further practice to develop skill in precision filing; types of bearings - sleeve,
babbitt and anti=friction -~ their lubrication; types of fits « running, push,
driving, force and shrink; machine fitting including the scraping of flat and
curved surfac~s; lapping; the preparation and application of abrasives, pre=-
paration of laps and testing of lapped surfaces

2. layout Work

Frecision layout involving the use of tool-makers' buttons, trigonometrical
calculations, sine bar, gauge blocks, vernier height gauge and precision planer
gauge; cam lsyout, layout for eccentrics

3. Measurement and Inspection

Use of the gear tooth vernier caliper, thraad micrometer, small hole gauges,
gauge blocks, sine bar, sine plate, standard measuring rods, vernier height
gauge, dial indicator, master square, comparator and other gauges; the measure=
ment of surface finish; the functions of measurement and inspection in quality
control

4. Machine Tools

(a) lathe: eccentric turning; cutting Acme, Square, internal and multiple
start tareads; calculations for cutting the above threads; setting up and
truing work with a dial indicator when work is held in a four jaw chuck
or on a face plate; precision location of holes with the aid of tool.-
makers' buttons; application of form turning tools; the principle of
reproducing a form on a work piece by using a tracing attachment; the
principle of relieving form cutters using a backing-off attachmant

(b) Horizontal Milling Machine: the calculations involved in differential
indexing, heli.al milling and can milling; precision hole location by use
of measuring rods and dial gauges; the milling of helical gears, bevsl
gears, worm gew.rs and cams; angular indexing; graduating flat and
cylindrical surfaces; a study of tooth construction and materials for
single and muiti-iooth milling cutters; boriig with a micromster boring
head; these operations should be precision milling operations incorporating
the use of graduated collars, di.i indicators, gauge blocks and toole
rakers'! buttons

ERIC 108




- 108 -

(¢) Vertical Milling Machine: jig boring; milling T slots and dovetails;
use of the rotary table; the principle of form duplication using a
tracing attachment; introductory die-sinking operations

(d) Radial Drill Fress: types, sizes and care of radial drilling machines;
the identification of the L se, column, arm, spindle, drilling head and
other operative parts; drilling, counterboring, countersinking and tap-
ping; setting-up, clamping irregularly shaped work to avoid strescses

(e) Cylindrical Crinder: names of operative parts, adjustments and operation;
setting speeds and feeds; parallel external and internal grinding; grind-
ing external and internal tapers

(f) Cutter and Tool Jrinder: names of operative parts, accessories, adjust-
ments and operation; types and shapes of grinding wheels and applications;
sharpening the foliowing cutters - straight and helical tootl.ed plain
milling cutters, side facing cutters, end mills, reamers and form cutters

(g) Surface Grinder: types and selection of grinding wheels for various
materials and applications; the application of the sine chuck, V block,
magnetic V block and magnetic parallels; an introduction to foirm and
cruch dressing of grinding wheel.s; the application of cutting fluids to
surface grinding

5. netallurgy

A study of the principle and application of the thermocouple and pyrometer;
an advanced study by experiment of the granular structure of heat-treated
steels; further experiments in hardening, tempering, queiching, carburizing,
annealing and noimalizing; water, oil and air hardening of steels, their uses
and heat-treatment; hardness testing methods such as Erinell, Rockwell and
3cleroscope; experiments in tensile, compression and shear testing of samples
and standard manufactured products

.o Carbide and Ceramic Tools

A study of the composition, purpose and application of carbide and ceramic
cutting tools

Y« Tool laaking

The types of work done by the general tool-maker, jig and fixture maker, mould-
maker, special machine builder; types of dies, moulds, jigs and fixtures; con=
struction of punches and dies, jigs and fixtures and moulds

€. Hydraulics

4 study of the principles involved in the hydraulic control of machine movements
such as pumping mechanisms, valve mechanisms, hydraulic cylinders and hydraulic
motors

4. A study of the principle and applicaiion of recent developinents in the machine
industry such as: electrical discharge machining, electro-c-emical machining,

Q nunerical control of machine tools, powder metallurgy

ERIC
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TLUMBING
Four-Year Frogramme Grades 9, 10, 11 and 12

Grade 9

ZAFETY: 3afe practices in the use of tools and equipment should be stressed.

1.

Threaded Fipe

(1) Ceneral: weights, materials, types, nominal sizes and uses of black and
galvanized pipe

(b) Cutting: types of cutters and cutting procedures
(c) Reaming: types of fﬁﬁmers, reasons for reaming and reaming procedures

(d) Threading: pipe threed principles, the American standard pipe thread,
pipe stock and die theory, types of stocks and dies, cutting oils

(e) MNeasuring: ‘thread engagerent, fitting allowance, standard measuring

rractices; pipe project using 4" and 3" pipe

(f) Fittines: types, and uses of elbows, tees, bushings, unions and nipples,
strairht and eccentric courlings

(g) Assembling: tyre: of vises: types of wrenches; pirpe joint cements and dry
jointing raterials

(r) vValves: uses, operating principles and construction of the plug valse,
the compression stop and the compression stop and waste

Coprer Tirpe
(a) GCeneral: weights and types used in water piping
(b} Fittings: cast and wrought fittings

(c) Cutting and Reaming: tubing cutters and the hacksaw; cutting to measure-
ment; allowance for fittings; methcds of reaming .

(d) Assembly: oxidation; abrasive materials; cleaning the end of the tubing

and the fitting; types of soldéring fluxes and application; types of
solders; soldering procedures; capillarity

Cast Iron Pipe
{a) General: weights, sizes, types and uses
(b} Fittings: types and uses of bends, offsets and branch fittings

(¢) Asserbling: packisg, pouring and caulking a vertical joint; safety pre-
cautions; caulkiing'tools and their use

(d) soldering: tinning a soldering copper; oxidation; soldering fluxes for
various retals; composition and relting points ¢f soft s>lders; soldering
lap seams on galvanized iron
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Trade Theory

(a) General: types of measuring rules and their use, calculating a 45°
offset, transfer of heat; types of firepots and torches; fuels; safety
precautions

(b) Water Supply: water pipe layout; small pipe hangers; valve locations on a
residential water supply system; range boilers and Hydro tanks; estimating
material on a water pipe layout

(¢) Maintenance: repairing and adjusting compression type valvas and faucets

Grade 10

SAFETY: Safe working practices should be stressed,

l.

Threaded Pipe

(a) General: layouts for roughing-in and finishing a water supply system;
structural problems: cutting, notching, drilling joists and stuas; grading
and alignment of pipe, supports and hangers

(b) valves: uses, operating principles and construction of gate and check
valves

Copper_ Pine

Weights and types of pipe; types of fittings used in drainage work; water piping
installations; supports and hangers; protection from damage

Cast Iron Pipe

(a) Cutting: hamier and chisel method; safety precautions

(b) Assembling: packing, nouring and caulking a horizortal joint; use of a
running rope; safety precautions .

(¢) Fittings: use and description of the Y, TY, tapped T (Single and Double),
reducers and cleanouts

Lead york

Tinning and using the soldering iron, preparing and making lap and butt joines
jn sheet lead

Trade Theory

{a) General: safe working practices concerning ladders, rope ani knots,
chemicals and gases; m:thods of operating propane and gasoline firepota
and torches; safety precautions, Using a roughing-in book; calculating
a two pipe 45° offset; estimating material

{») Drainage: soil and waste stack layout; stack footings; hangers, rests
and clamps; Plumbing Code Regulations; definition, purpose and types of
plurbing traps; terminology
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(c) Venting: reasons for venting; trap seal loss by syphonaze and back
pressure; types of back vents; grading vert lines; Plumbing Code
Regulations; terminology

(d) ‘later Supply: municipal supply systems; the water service; domestic
antomatic water heaters; meters and bhy-passes; termdnology

(e) Valves: water closet float and flush valves, lever actions

{f) laintenance: repairing and adjusting pgate and globe valves and water
closet tank valves

Grade 11

SAFETY: JSafe working practices should be stressed,

1-
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Thre ded Pire

Review of work in Grades 9 and 10; threaded drainage fittings, threaded railing
fittings, brass pipe; waste and vent project using threaded pipe

Copper Pipe

Review of work in Grades 9 and 10; waste, vent and water pipe project using
copper pire

Cast Iron lipe

Review of work in Grades 9 and 10; cast iron stack project; building trap and
fresh air inlet project; .11 projects must be subject to proper tests

Lead .Jork

Soldering a water closet flange; wiping a " round joint

‘rade Theory

(a) General: the Apprenticeship Act; basic plumbing principles; plumbing and
public health; prepeirties of water; the British Thermal Unit; atrosrheric
pressure; basic pump principles; areas and volumes; isometric piping
diagrams; estimating quantities and costs of the larger projects; hard
solders

(b) Drainage: rmunicipal sewage systems, properties of vitreous tile, asbestos-
cement and bituminous fibre pipe; drain supports; trenching; prohibited
fittings; locating cleanouts; drawing ani use of drain plans; weeping tile
installation; simple floor drains; building traps; rainwater leaders; test-
ing and inspection .procedures; fixture units and hydraulic loads; :@lumbing
Code Regulations; grading waste lines

(¢) Ventang: general venting practice; stack and wet venting; dual vents;
trap scal loss; flashings; roof terminals; stack and vent system elevations;
trap and vent si-es; }umbing Code Regulations

(d) ater Jupply: rrivate water supply systems: centrifugal and reciprocating
Juryo; cormercial hot water storage tanks, location of valves on water
supply systens; testing and inspection precedures; !lumbing Cod> dermlatien:

(e) Maintenance: causes and prevention of choked wastes and fixtures; diynos-
ing and locating stoprages; methods of clearing
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Grade 12

SAFETY: Gafe working practices should be stressed.

l.

3.

e

54

O

Threaded Pipe

Hleview of nrevious work

Copper Pipe

Review of previous work, principles and methods of bending copper tubing;
roughing=-in ronper stack, wastes, vents and water pipes

Cast Iron Pipe
Review of previous work; installing a combined sanitary and storm drain
Finishinpg

Roughing-in measurements for all common fixtures; layout of fixtures; handling
and setting fixtures; installing chrome fittings and trim

Lead iork
Wiping a 1" round joint and 3" upright joint; bending lead pipe

Trade Theory

(a) GCeneral: electrical, trenching and scaffolding hazards - safe working
prz.ctices; the Trench fixcavators Frotection Act; Workmen's Compensation
Act; bench marks and the datum line; ventilation of washrooms; sewer
gases; pressures and heads; lice ses and permits; gas fitting practices;
expansion of pipe lines; plastic pipe

(b) Drainage: drain designs; methods of grading drains; supporting drains on
filled ground; fixture floor drains; pumps and ejectors; grease traps and
0il interceptors; blow-down tanks; back flooding; private disnosal systems;
indirect wastes; industrial waste lines; Plumbing Code Regulations; soil
and waste stack elevations

{c) Venting: loop and circuit vents; reasons for yoke venting and methods of
installing; ccmbining trunk vents; Plumbing Code Regulations; vent stac’c
elevations

(d) Water Supply: pressure systews, shallow and deep well pumps; causes and
cures of water harmer; sizing hot water tanks and heating units; temper-
ature and pressure relier valves; circulating lines; tempering valves;
hard and soft water; theory of water softersrs; installation of water
softeners; cross connections: *":ir hazards and prevention; wacer
supplies in high buildings; Plumbing Code Regulations

(e) Maintenance: adjusting and repairing flushometer valves

ERIC
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SHEET METAL PRACTICE

Four~Year Trogramme Grades 9, 10, 11 and 12
Grade 9

SAFETY: Stress safe practices in the handling of materials and the use of tools
and equipment,

1, VMaterials (Base Metals, Alloys and Coated lletals)

(a) Common sheet metals -~ (e.g. galvanized iron, tin prlate, cold rolled steel,
aluminum, copper, brass and stainless steel)

Description and uses
Advantages and disadvantages of each
Standard sheet sizes and gauges for ferrous and non-ferrous metals

{c)} Soft solders: compositions, melting temperatures, uses

(¢} 3Soldering fluxes ~ (e.g. muriatic acid, zinc chloride, rosin, sal ammoniac,
soldering paste and phosihoric acid) = corrosive and non-corrosive fluxes;
composition of fluxes; preparation of gzinc chloride; purposes and uses of
fluxes and dip solution; methods and reason for defluxing after soldering;
handliag of acids

(d) Metal fasteners

Tinners' rivets: weights and sizes
Sheet metal screws

(e) Wire

Coatings
Gauges and uses

2, NMeasurement and Lavout

(a) Use of squaring, measuring and marking tools

(b) Types of lines and cowmmon angles

(c) Scale drawings of patterns

(d) Plane surfaces, e.g., circles and regular polygons
(e) laying out from a working edge and a centre line
(f) Templates and their uses

(g) Working drawings (orthographic projection)

{h) lotches and their uses

(1) Seam and reinforcement edge allowances
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Hard Processes (Tools and Operations)

(a)

(b)
(c)

(d)
(e)
(£)

(e)
(h)

Cutting and notching: use of straight, aviation and combination snips;
use of side cubting pliers and wire cutters

Bench stakes: descriptions, names and uses

Forming and folding over bench stakes; use of the mallet and setting
hammer

Wiring: wired edge allowances; preparatory folds; forming wire; completion
of wired edge

Grooving: grooved seam allowances; use and selection of hand gioovers;
completion of grocved seam; button punching

Soldering: weights, sizes and purpose of soldering coppers; conductivity
of copper; oxidation and capillary action; tinning a soldering iron;
svldering a lapped seam

Riveting: spacing, punching or drilling rivet holes; use of a rivet set

Hand lever punch: main parts; capacity; changing punches and dies, uses

Machine Processes (Machines and Operations)

(a)

(b)

(c)

(d)
(e)

(£)

Foot operated squaring shear: main parts; capacity; safety precautions;
use of side, back and front gauges, Securing a working edge; cutting on
a line

Adjustable bar folder: main parts; capacity; setting and locking gauge;
use of stops for various angles; types of folds, e.g. single hem, open,
full and double closed folds

Standard hand brake: main parts; capacity; straight bending; forming a
Pittsburgh lock

Box and pan brake: main parts; capacity, adjustment of fingers

Slip roll forming machine: main parts; capacity; breaking in materiai;
feeding material between rollers; adjusting tension of rollers and
forming cylindrical objects

Drill press: procedure for operations
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Grade 10

SAFETY: Safe practices in the handling of materials and in the use, care and
maintenance of all tools and equipment should be emphasized,

1. therials

(& ) Commoi sheet metals ~ (e.g. galvanized iron, tin plate, cold rolled steel,
hot rolled steel, aluminum, copper, brass and stainless steel}

Common properties - e.gs tenacity,; malleability, conductivity, ductility,
specific gravity, metallic lustre, fusibility, resistance to corrosion
tlethods of manufacture

Approximate unit costs

(>) Fluxes

Types
Special applications
rreparation of fluxes for various metals

2, l}easurement and Layout

(a) FPlane figures: circle and its parts, ellipse, pentagon
(b) Bi ection of arcs and angles

(¢) Dividing lines and circles into equal parts

(d) Pattern developmert

Princirles of parallel line development; cylindrical pipes; elbows;
roof flanges; scoop; tee joints,4f¢ and 90°, equal and unequal
diameters

Principles of radial line development; right cones; frustums; pyramids
(square and hexagonal) rectengalar pitched cover

3imple duct layout; elbows, uffsets and branches

(e) laying out

Transferring dimensions from a blucprint or drawing to the sheet meta.
in preparation for cutting

Use of indentations for locating tending lines

Mrocedures for de*ermining circumferences of circles mathematically;
step—off and circumference rule methods

Perimeters; areas

Adding seam allowances for double seams, grooved seam and Pittsburgh
lock

Drive and "S'" cleats

3, Hand Proces.cs (Tools and Operations)
(a) Cutting
Use of aviation, seroll, straight and cuived snips
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(b) Folding and forming: wuse and reocognition of bench stakes and improvised
stakes in forming cylindrical and conical-shaped articles

(¢} Riveting

Blind riveting
Pop riveting, use of cranked pliers
Method of rewoving rivets

{d) Soldering

Selection of soldering iron

Tinning a soldering iron for overhead use

Selection of proper fluxes

Study of melting points of various solder alloys

Tinning metals in preparation for soldering

Proper application of solder to varicus types of seams: sweating;
soldering dissimilar metals; soldering vertical seamns

(e) Double and bottom seaming
Metal allowance required
Preparatory fclds
Method of turning seam with mallet
Drawing metal back from folds
3quaring and tightening seams in bhoth rectangular and c¢ylindrical
objects
(f) Drive cleats and "3" cleats
Uses, methods of forming

4. Machine Processes (Machines and Operations)

(a) Continued use of squaring shears, bar folder, hand brake, box and pan
brake for fu-cher fabrication

{b) Slip roll former: cylinders and conical articles; wire; wired edges

{c) Wiring machine: capacity, completing wired edges on flat and cylindrical
objects

(d) Tuiring machine: capacity, turning edges on flat and cylindrical work;
Y g
preparation for wired edges

(e) Easy edger: capacity, burring edges on flat curved surfaces
(f) Lockformer: capacity, attachments; forming Pittsburgh lock and flarge
(1) Wire bending machine: capacity, uses

(h) Spot welder: capacity, operation and adjustments

ERIC
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Grade 11

SAFETY: Safc practices in the use, care and maintenance of tools and equirment
should be stressed.

1, JSheet Metal I'rotlems

Linear, angular, surfase and capacity measurements; formulae for sgaarcs,
rectangles, triangles, pariallelogroms, trapezoids, circles, regular hexagons
and ellipses; estimating material costs; ratic and prebortion; pewers and
square root; sexm and edge allowances

2, Pattern Development

Scale drawings should be completed of all developments, dAll pattierns
develoned are to be regular trade size and fabricated in metal.

(a) Geometric problems: erection of perpendiculars, bisection, construction
of regular polygons, tangents. construction of the ellipse

(b) Farallel line method: Jevelopments such as thiee- and four-piece round
elbows; square clbouws; ordinary tees and Y branches; trouch and coping
mitres {inside, outside, face); conductor heads and finials; recister
boxes; chirney cap or ventilator head; flashings (chimney and walls)

{c) BRadial line method: developments such as funnels, rervlar and flat one
side; flaring pan and pitched covers; tarering pails and measures;
reducers

(d) Triangulation method: principles; developments such as forge and exhaust
hoods, rectangular to round fittings (symretrical and non-syrmetrical),
square to square transitions, rectangular reversibles, reducers, furnace
boots

3. Duct Construction

Low velocity systems: blucprint symbols for ventilating and air conditioning
systems; gauges anc types of metals and materials; cross and longitudinal
sezms; hangers and supports; elbows, tapers and offsets; streamliued branches
and tee connections

L. Jeams and Seaming Allowances

Seams: standing, double, grooved, Pittsburgh lock, riveted, lined and rein-
forced; fire door seams; amount of material required; common uses and advininiges
in fabrication and installation

5, Machine Processes

{a) Adjustable bar folder: adjustment for tension on various paugos of metal,
radius folds

N

(b) FPrakes: hand, box and pan types, tension adjustrecnt and bending various
rauges of metal, use of moulds, srecial finzers fer radius bends

Q {c) Slip roll former: foring wired articles, flaring articles

ERIC
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(d) Beading and crimping: ornamenting, reinforcing and reducing cylindrical
and conical shaped objects
(e) ilbow edging machine: forming edges for rour. elbows
(f) Unishear, ring and circle shear: cutting patterns
() Dar and tube bender: setting up and forming wire, rod and bar stock
(h) Jpotwelder: setting up and changing tips for various jobs, controls and
their functicns, care and adjustment
(i) Continued use of squaring shears, brakes, wiring machine, turning machine,
easy edger and lockformer for further fabrication
(j} Fower machines: It is desirable that students obtain some familiarity
with power-operated equipment,
6, Hand Processes
(a) ©Soldering: forging soldering irons for various applications; soldering
vertical and ove:head seams; soldering various metals such as stainless
stecel, copper, lead and zinc
(b} Cutting: use of double cutting snips, care and sharpening of cutting
blades
(c) Riveting: use of alwnminum, brass and pop rivets
7. Air Conditioning
If a special shop for Air Conditioning and Refrigeration is available, Air
Conditioning may be given as a rela’ed shop, if not Air Conditioning may be
included in Sheet letal Course, Refer to the Air Conditioning and Refrig-
eration Course and select suitable topics,
Grade 12
SAFETY: Safe practices in the use of tools and equipment should be observed at
all tines.,
1. Tattern Development

O

ERIC
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Scale drawings should be completed of all developments, Al patterns
develored are to be regular trade size and fabricated in metal.

(a)

(b)

()

Parallel line method: developments such as coping and flashing, inter-
sections on irregular surfaces, elbows and branches, round and rectangular

pipe and duct fittings, louvres

Radial line method: developments such as round and rectangular eccentric
tapers, stack heads, tapered elbows, cyclone separator

Triangulation rethod: developrments such as eccentric transition fittings,
machine and forge hoods, Y branches from round pipes of equal and unequal
angles and diareters, rectangular Y branches with different areas for
ventilation systems, regilar and compound offsets, transition elbows
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2, Duct Construction

Low velocity systems: dampers, access doors and fire doors, louvres and
seresns, exhaust hoods and fume hoods, goosenecks, belt guards, flexible
connectiong and acoustical treatment, casings and housings

3. Seams and Joluis

{a) Blower and ventilation systems: all seams involved in the fabrication
and assembling of ducts and pipes such as riveted, slip double seam,
hammered lock, drive cleat, S-cleat, standing seam and slip lock

(b) Roofing and ceiling: cross and longitudinal joints for flat lock,
standing seam .:d batten roofing; expansion Jjoints; box gutters; tyves
of joints used and methods of manufacture for metallic ceiling, roofing
and siding

4e Hollow Metal Work

Blueprint reading; metal thicknesses; bend allowances for sharp angle, and radius
bends; forming procedure; methods of joining and seaming such as spot welding,
riveting and welding (arc and acetylene)

5., Oxy-Acetylene Welding (Optional but recommended)

Note: Welding should be taken in the welding shop if one is available.

History of oxy-acetylene welding; safety precautions; glossary of terms -
welding and cutting; care and use of equipment - tanks, gauges, torch tips.
valves; setting up and turning off equipment; pressures; tip sizes and
material thicknesses; chemistry of flame (neutral, oxidizing and carbonizing
flames); corner, butt, lap and fillet welds; welding and brazing light sheet
metal and small structural shapes

6. QQxy-Acetylene Cutting (Optional tut recommended)

Principles of oxy-acetylene cutting; setting up equipment; pressures, cutting
tips; cutting along a given straight line freehand and with a guide bar; cutting
a circular hole in light gauge sheet metal

7. Arc Welding (Optional but recommended)

Fundamentals of arc welding; arc welding equipment; welding methods; safety
precautions; electric mo*or driven arc welding machine, welding gneratec: -
current control; polarity (straight and reversed); electrode holders; types
of electrodes; colour identification of electrcdes; numerical classification;
develorment of skill in striking and holding an arc; welding symbols; prin-
ciples of carbon arc welding

g, Machine Operations

{a) Hand brake and box and pan brake: use of moulds for forming cornices and
copings, use of special forming attachments

(b) PRotary machines: wider use of the elbow edging, wiring, turning and easy
edger machines in the fabrication of pipe amd duct fittings; ad justing
[:l{j}:‘ heads for end-play; correct position for various gauges of metal used
rorecrosieio enc) 1}30
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{c) Foot squaring shears: replacing, lining up and adjusting blades for
shearing light and heavy metals

(d) Pittsburgh lock former: adjusting for various gauges, special attachments

{e) rower machines: It is desirable that students obtzin some familiarity
with power-operated equipment.

Sheet letal Problems

Stretchout lengths for elbows, offsets and pipe lengths; calculating diameters,
lengths and areas for transition and Y fittings; estimating material and labour
costs

Zthaust, Blower and Ventilation Systems

(a) Prirciples of air flow

(b) Adr flow characteristics of blowing and exhausting
(¢) Pressure drop through duct work

(d) layout of system from blueprints

(e) Study of materials used in such systems

(£) Capture and carrying velocitizs

{g) Sizing of lines

(h) Cyclones and dust separators

(1) Fan types, sizes and application

(3) A study of the testing and balancing of dust collection and conveying
systems; test instruments

(k) Inspection and maintenance procedures

Air Conditioning

If a special shop for Air Conditioning and Refrigeration is available, Air
Conditioning may be given as a related shop, if not Air Conditioning may be
included in Sheet Metal Course. Refer to the Air Conditioning and Refrig-
eration Courses and select suitable topics.
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WELDING

Four-Year Programme

Rectric Arc /elding

Oxy~Acetylene \lelding

Some schools in Ontario have separate shops for electric
arc welding and oxy-acetylene welding and this course outline is
set out in two separate units. For the teacher who has the
combined shop the required information should be taken from each
unit.,

122
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UELDING - FLECTRIC ARG

Four-Yvar frogramme Grades %, 10, M1 «ni 12
frade 4
Note: If the pupils have not previcusly beon losicri.lod fa Lo safle oferation
of the aceivlene equipment as outlined iu the Crade ¥ Qoy-Ascbylene

course, thorcugh dnstruction should Lo g7

SARSTY: ine pu it olend be nade fardliar with the shop roubtine and the safe

A
-

orerations of all the equipment,
Introduction <
. < I .
befinition and history of arc iwrelding

welding &quinuent

(1) Hoods: rethod of inserling clear and coloured Jass; shade of lemns,
com;osition of helmets

(v) Cables: ground and clectrode connections und method of securing
(c) HMHolders: different types and sizes

mner;y upply

Jimplified explanation of current and voltage and their relation to good
welding; simple welding circuit; method of obtaining current settings on

different welders

Fundarentals of velding

(a) striking an arc by scratching and tajping

(L) Zlec*rode angle, sound of arc, sjeed of travel, for.ation of ¢rater,
frozen electrode, arc length

(c) Tyjes of weave nmotions, uniformity and aprearance
ilectrodes

‘he use of BA012 or 6013 electrodes; colour, identification, power supply

FRACTICAL iORK

veldins Orerations

+

liote: .trezs Lke use of the welder's chippine harmer and wire brush to
clean all dejosits, .

{a) et up rower source ready for operation; check main power switch,
secure pround ani electrode connections, adjust current setting

(1) Insert clear ana coloured glass in helmets in proper locations
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Strike an arc and run parallel stringef beads on mild steel plate
using 1/8" E(012 and EA013 electrodes (Point out the need fo:
penetration and fusion)

Running parallel beads using crescent weave motions with 1/8" E4012 and
E6013 electrodes on mild steel plate

Use of machinist's hammer, centre punch, seribers, dividers and square

laying out straight lines and circles on mild steel plate with the use
of soapstone

2+ Cutting Exercises
Note: If it is necessary for the pupils to cut their plates for practice
exsrcises, by means of the hand cutting torch, all the safety pre-
cautions should be thoroughly reviewed, For the practical cutting
exercises consult the Grade 9 Oxy-Acstylene course of the Four-
Year Programme, If .achine gas cutting methods are desired then
refer to the Grade 10 course of the Four-Year Programme.
Grade 10
SAFETY: Review the safety precautions pieviousiy Tublined,
‘1, A review of essential topics of Grade 9 Electric Arc VWelding
2, Formation of Beads
(a) Effect of arc length, current setting, speed of travel and angle cf
electrode
(b) Study of penetration, fusion, overlap, undercut, porosity, reinforce-
ment
(c) Technique of joining beads: sturting position of elect: >de, change in
angle and height for joining, defects in joining
3. Rlectrodes
(a) Types: shielded and unshielded, characteristics and applications,
advantages of heavily shielded electrodes
{b) Classification of electrodes: colour mark and power supply, different
diameters
(c) Operational characteristics of straight and reverse polarity electrodes
(d) Alternating current voltage curve for welding
4. Basic Joint Design
Types of butt, lap, corner, edge and toe joints; methods of preparing the
edges for welding; application of each group of basic joints
5.

Manufacture of Iror and Stesl

Note: Refer to Grade 10 Oxy-Acetylene course Four-Tear Programme
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6. Flllet Welds

Definition of a fillet weld; parts, types and defects; procedures for making
good welds, different angles, speed nf travel, proper size of fillet

7. Maltiple Pass Welding

Multiple pass welds in groove, lap and tee joints; location of the different
passes; strengthening fillet welds by multiple pass welding

PRACTICAL WORK
1, Welding Operations

(a) Running stringer passes and crescent weave beads of 1/8" and 5/32"
straight and reverse polarity electrodes

(b) Running parallel beads of 1/8" and 5/32" iron powder electrodes

(c) Joining beads with 1/8" and 5/32" electrodes by making breaks in bead
welds

(d) Preparing and welding a closed edge joint on #" mild steel plaie using
1/8" E6012 or EAO13 electrodes

(e) Preparing and welding a full open corner joint of 120° using 1" mild
steel plate and 1/8" straight and reverse polarity electrodes; test
completed weld

(f) Assembling and welding a flush tee joint of 4" mild steel plate using
5/32" E6012 or E6013 electrodes; repeat using 5/32" E40LL, electrodes

(g) FPreparing and welding a lap joint on " mild steel plate using 5/32"
E6012 or E6013 electrodes

Grade 11

SAFLTY: Discuss safety precautions previously outlined,
1, A review of the practical exercises and essen %al topics of Grade 10 course

2, Comparison of Electrodes

Standard iron powder, low hydrogen and low alloy electrodes; composition of
fluxes on different electrodes; comparison of their operational characteristics

3, Eleuente:y Expansion and Contraction

Effects o1 heating and cooling, means of preventing distortion; pre-heating
and post-heating; hea% crayons

4, Circular ilelding

Locaticn of tack welds; angle of electrode, and eize of fillet according to
thickness of pipe and plate; difficulties erncountered in this type of weid-
O ing; proper procedures for completing weld and method of testing for leaks
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5. Preparation of Specimens for Guided-Bend Test

Preparation of the plates; procedures for running the beads; method of
removing samples from welded plate for testing; testing the specimens

6. Types of Steel
(a) Low, medium and high carbon steels
{(b) S.A.E, classification system

{c) Effect on steel of thzs addition of carbon, manganese, phosphorus,
sulphur

7. Study of Padding

Application in industry; proper procedures for padding of plates, shafts,
or any worn area

8, Theory of Arc Welding

(a) The five separate forces responsible for the transfer of filler metal
to the base metal :

(b) The formation of the electric arc} ionization and method of globular
transfer

(¢) A.C. sine curve; D.C, strajght and reverse polarity
(d) Arc blow and methods to counteract it

9. Testing Welds

Method of testing for tensile strength, ductility, fatigue; impact, nick-
break, hardness and etch tests

10, Measuring Stock for Bending

See Grade 10 Oxy-Acetylene course, Four-Year Progranme

11, Study of Horizontal Welding

Proper manipulation of electrode, multirle pass welds in groove, lap and Lee
Soints

12, HWelding and Cutting on Containers For Flammable Substances .

(a) Thorough cleaning by steam and caustic soda

(t) Filling container with water to roint of welding (CAUTION - Provide a
vent opering)

(¢) Use of carbon dioxide and nitrogen instead of water

13. Heat Treatment of letals

Q ee CGrade 10 Oxy-Acetylene course, Four-Year Frograrme
ERIC
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14,

Veldin: Svribols

keason for symbols; method of applying symbols to the different basic joints;
application on blueprinte

Urinl:le Bending

Definition of wrinkle-bending; advantages of wrinkle-berding over other methods;
procedures for wrinllle-hending a pipe

PRACTICAL WORK

Jelding Upcrations

(a)

t)
()

(@)

()

(i)

(i)
(k)

M

Preparing and weldiag a tee joint using 2 passes on %" mild steel platce
with E6014 or LGO24, 5/32" electrodes., Welding a lap joint with 2
passcs using the same electrodes on 3/8" mild steel plate

Repeat the ahove operations but use 3-pass welds instead of 2 passes

Preparing & square groove joint using a backing strip of 3/8" mild steel
plate. Ucld toaether using 5/32" standard and reverse polarity elec-
trodes or iron pouder type, Test by guided-bend method

Preparing a siaglc V groove joint on 3/8" mild steel plate with and with-
out = backing strip, Ueld together using 5/32" reverse polarity clectrodes.
Repeat the above exercise without the backing strip. MHave 4 samplces
renoved for teostine by means of zuided bend test

Uelding & cirvcular pipe of 1%" in diamcter or over and having a wall
thickness ef ot least 3/16", to » %" mild steel plate. Use 5/32" iron
pouder electrodes

Pad a picce of nild steel plate " u 6 x 6" using 1/8" or 5/32" standard
clectroles

Pad a mild cteel sheft of 14" in diameter or larger using the sane
electrodes

Runninz parallel heads on a piece of %" mild steel plate in the horizon-
tal position, Use loth 1/8" and 5/32" straight and reverse polarity
clectrodes

Preparing and welding a horizontal lap joint using 1/8" reverse polarity
clectrodes

Preparing and welding a horizontal tec joint using above electrodes
Preparing and sielding a horizontal single V butt joirt with and without
a backing strip using 1/8" reverse polarity clectrodes, Test by guided-

bend method

Ureparing and welding the above juints tzithout a backing strip but using
5/32" reverse polarity clectrodes
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Grade 12

SAFETY: Review the safety precautions previously outlined.

1.

2,

3.

4

5

7a

g.

9.

A review of the more difficult vractical exerciges in Grade 11

Types of wWelding Machines
A comparison o)" the sizes, construction, characteristics, advantages amd

disadvantages of A.C. transformer, D.C, notor generator, D.C, selenium
rectifier and 4.C., - D.C. transformer - rectifier units

Vertical delding (Upward and Downward)

Angle of electrode, current setting, spsed of travel, typical weave motions

Welding of High Carbon Steels

Types of high carbon steels, types of clectrcdes, procedures in welding high
carbon steels, defects encountered in welding these steels

Welding of Cast. Iron

(a} A review of composition of cast iron

(b) Selection of electrodes for cast iron welding - ferrous and non-ferrous
electrodes

(c) Preparation of cesting - chipping, drilling and studding
(d) Pre-heating and post-heating procedures
(e) Welding technique

Carvon Arc Welding

Explanation of carbon arc method -~ graphite and carbon electrodes; electrodes -
sizes and current values; use of backing strips; operational characteristics

Overhead Welding

Safety pre.autions; angle of electrodej current values; position of the
operator; types of weave motions; location of the individual passes

Hard Surfacing

Types of hard surfacing electrodes and their uses; preparation of surface by
removal of outside skin; method of depositing beads

Pipe Welding

{a) Types of pipe = refer to Crade 12 Oxy-Acetylene Welding course, Four-Year
Frogramme

(b) HElectredes: types and sizes

(¢} Use of backing rings end inserts
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(d) Welding procedures

(e) Method of testing weided specimens

Alurinum Welding

Aluminum and its alloys, metallic arc welding of alwninum, type and com=
position of electrude, preparation of plates, welding procedures, flux
removal

Advanced Expansion_and Contraction

Effects of expansion and contraction on welded frames, wheels and gears

Elementary Metallurgy of Iron and Steel

Refer to Grade 12 OXy-Acetylene course of study, Four-Year Programme

Tungsten Inert Cas wWelding - A.C, and D.C. Current

(a) Inert gases: argon, helium, neon, krypton, zenon and their uses in
shielding

(b) Description of T,I,G. process
(c) Diagram of the T.I,G. torch
(d) Size of tungsten electrodes and corresponding colletts and ceramic cuys

{e) Description of high frequency equipment, solenoid gas valves and flow-
meters

(f) Metals that can be T,I.0, welded

Estimating Electric Welding Costs

Method of calculating number of pournds of electrodes per fcot of weld, cost
of electrical energy; labour costs and allowance for overhead expenses and
depreciation

Structural Steel Welding

Study of structural stesl shapes, angle iron, channel iron, I-beams, H-heams;

sizes and weights of ctructural steel shapes; welded joints used in structural

steel welding; layout and ypraeparation of simple Joints; use of gusset plates
in fabricating structural steel shapes

Downhand Welding

Angle of electrode; proyer current and speed of travel; advantages and dis-
advantages of downhand welding

Special Welding Applications

Note: If the following equipment is ..ot available the different types of
machines and the method of operation shculd be discussed,

Sutmergad arc welding; semf-automatic and automatic welding of aluminum,
stainless steel and coprer; carbon dioxide process; inert arc spot welding
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PRACTICAL WORK

Vertical Welding

(a) with #" mild steel plate in a welding jig, the running of parallel
beads using 1/8" and 5/32" reverse polarity electrodes

{b) Preparing and welding a vertical lap joint and a vertical tee joint
with same electrodes and using the same material as in (a) above

(c) FPreparing and welding a single V butt joint on 3/8" mild steel plate
with and then without a backing strip and 1/8" reverse polarity
electrodes. Test by guided bend method

(d) Repeat the above exercises using 5/32" reverse polarity electrodes

Overhead Welding

The overhead welding operations t» be performed are the same as in 1 above
but with the plates in the overheid position

Pipe welding

Welding a 4" or 6" diameter pipe with heavy wall thickness using reverse
polarity electrodes, Pipe may be rotated for welding. Cut out samples
for testing by the guided bend method, Repeat the above exercise but have
the pipe permanently fixed for an all position weld

Downhand Welding

Making a vertical downhand weld on light gauge plate using 1/8" and 5/32
diameter electrodes

Cast Iron Welding

Preparing a tutt Joint on a 2" to 2/8" casting using ferrous and non-ferrous
electrodes

T I_I » G! Welding

(a) Connecting the speciallzed equipment to the existing source for T,I.G,
welding

(b) Running lines of fusion on 25 or 35 aluminum using different sizes of
tungsten

(c) Preparing and welding a corner, lap, tee and butt joint on the same
material as above, using the proper size of tungsten for each operation

{(d) 1If stainless steel is available repeat the above procedures

Structural Steel Welding

{a) lay out and weld one angle iron frame using mitred corner Joints

(b) Reinforce an angle iron or l-beam welded Joint by praparing gusset
piates and then welding in place
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WELDING - OXY-ACETYLENE
Four-Year Programze (rades 9, 10, 11 and 12
Grade 9

SAFETY: The oxygen and acetylene gas used in this type of welding may be

1.

3.

b

supplied by 2 manifold system cr a tank system, The pupils should
be made familiar with the shop routine and safe operation of each
type of equipment.

The Developument of Qiy-AceLylene Welding

The definition and history of oxy-acetylene welding; the introduction of
the first acetylene welding torch; the importance of oxygen and acetylene
gas in the flams; properties and methods of manufacturing oxygen and
acetylene; the proper ratio of axygen and acetylene to produce good com-
bustion

uipment

(a) Discussion of colour standards, fittings and threads, protactive
clothing, goggles, tools

(b) Cylinders: construction of commercial cylinders; modern use of
liquid oxygen; safety features and method of testing for leaks in
cyliniers and manifold

(¢) Pressure regulators: types, function (tracing path of gases from
cylinders through the regulators to lines); creeping regulator;
diaphragm, adjusting screw, tension spring, pressure gauges; safety
devices - colour, nuts, threads; rules for avoiding damage to
regulator

(d) Welding torches: different types; mixing head and interchangeable
tip system; care of terch and tips; function
Types of Flames

(a) Cerbwrizing, neutral and oxidizing; temperatures and their effect on
Lhe metsl

(b) Comparison between flashback and backfire; causes and remedies, safety
rules

Basic Joints

(a) Types, proper alignment, method of tacking, selection of proper tip
for Joint being welded, mothod of testing welded joints

(b) Common welding defects: unercut, adhesion, poor penetration, lack
of fusion, porosity

Filler Rods

Selection of types and sizes for m'ld steel only
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6. Introduction to Oxy-icetylene Cutting Process

Elementary explanation of oxy-acetylene cutting; brief desecription of the
cutting torch; method used for cutting a straight line on mild steel plate,
using the freehand technique

FRACTICAL WORK

1. Welding Operations

(a) Proper use of machinist's hammer, centre punch, seribers, dividers,
square

{b) Laying out straight lines and the use of soapstone for marking steel
plate

(c) Assembling equipment - hose lines, regulators, torch
(d) Opening and closing down oxy-acetylene equipment

(e) Obtaining the three types of flames and showing their effect on mild
steel plate

(f) Position and torch movements when running lines of fusion on thin gauge
steel (Discuso the relation of penetration and fusion for good welding
proceduvies)

(g) Runring 1ines of fusion on mild stee. plate without and with fiiler rod

(k) Running weave motions on mild steel plate with filler rod

(i) Preparing and making a corner weld without and with filler rod

2, Cutting Onefations

Hand cut straight lines on " mild steel plate; use of soapstone, ruler and
centre punch

Grade 10
SAFETY: Review the safety precautions previously outlined,
1. Review essential topics of Grade § Acetylene Welding course
2, Mamnual Gas Cutting

Safety prycautions; theory of cutting steel; the cutting torch, fnternal
structure and function; chart for selecting tips, sizes and gas pressures;
cutting attachment for combination cutting and welding torch; cirecle cut~
ting attachment for hand cutting torch; circle cutting and piercing holes
in heavy plate; straight and bevel cutting using a guide ber; common
cutting faults

3. Machine Gas Cutting

@ ‘tructure and function of machine and its use in industry; chart for
lzl<ll~mlectins tips, gas pressures and speed of travel; changes in procedures
Sk ?Mbudcmumam-amswumg 132
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Ferrous and Non-Ferrous Metals

Identification: spark test for low carbon steel, hizh carbon steel and cast
iron; fracture test for grain structure; colour; ¢hip test, characteristics
of the chips; colour test of coprper, bronze and Lrass; rhysical propertics
of metals such as elasticity, toughness, hardness, brittleness and malle-
aoility

Elementary Principles of Expansion and Contraction

Expansion in sheet metal, distortion and warping of edges; upsetting; effect
of heating in localized areas; effect of expansion and contraction on welded
joints

Manufacture of Iron and Steel

(a) The principle and operation of blast furnace, cupula, open hearth
furnace, Bessemer converter and electric furnace

(b} Mamufacture of: wrought iron; gray, white and malleable cast iron
(c) Classification of steels by S.A,E. system

Fillet ilelding

Definition, parts of a fillel weld; types of fillet welds -~ convex. concave,
defects in fillet welds

Measuring Stock for Bending

llethod used to calculate material required for a given circle, right angled
frame and a chain link

Zlementary Heat Treatment of lMetals

Annealing, normalizing, hardening and tempering; heat treatment of small
tools by air and oil hardening

PRACTICAL WORK

velding Operations

Hote: A review of the more cifficult exercises of the firade ¢ Oxy-Acetylene
course.

{a) Running lines of fusion with a 1/8" filler rod on A1l gauge nild steel
plate

(b) Treraring and welding a square butt joint with the same filler rod as
above and on the same material. Hammer test comrleted weld

(c) ‘reparing and welding a lap joinL and a flush tee joint on #l1 gauge
mild steel plate using 1/e" filler rod. Hammer test completed weld

(d) Freparing a double V butt joint on a small diameter shaft and welding,
uaing 3/32" or 1/8" filler rod
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(e) Building up a small mnild steel shaft wich 1/8" mild steel filler rod

2. Hand Cutting Operations

(a) Cutting straight lines and 30° or 45° bevels using freehurd method
(b) laying out and cutting a cirele using the freehand method

(c) Hand cutting a circle using a radius bar

{d) Making a bevel cut using an angle har

(e) Tiercing holes in heavy plate

3. Machine Gas Cutting

(a) Straight line cutting and bevel cutting

(b) Circle cutting using gas cutting machine with radius rod

Crade 11
SAFETY: Discuss safety precautions previously outlined,

1, Review practical exercises and essential topics of COrade 10 Oxy-Acetylene
Welding course

2., Operation and Maintenance of Manifold Syvstem

Safety features of a manifold swvstem, hydraulic backpressure valves, check
valves, type of piping, bursting discs and flashback arresters, cons'ruc-
tion of manifold rooms for acetylene and oxygen

3. Acetylene Generaters

Low pressure and high pressure

L. ‘elding Equipment

Construction of high pressure welding torches, cutting torches, cembination
type torch and regulators

5, 3imple Rerairs to Oxy-Acetylene Equipment

(a) Replacing: valve seats and ruptured regulator diaph:ragms; "o" rines
in welding torches, Re-seating needle valve sea%s ard replacing hall
seats
(b) Re-conditioning velding and cutting tips; use of tip ¢rills and reamers
(¢c) Glyerine or glycerine base lubricants

(d) Testing for gas leaks

6. Tyres and Uses of Filler Rods

Q
]EIQJ!: Ferrous rods, composition and uses of high test and nickel stezl
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Advanced Principles of Expansion and Contraction

Causes of distortion, means of preventing distortion by Jigs, tacking,
clamping, preheating and postheating

Fusion Welding of Heavy Plate

A review of the preparation of edges; forehand and beckhand method; wash
welding :

fusion Welding eof Cast Iron

Review of tyres of cast iron; preparing a casting for welding; strengthening
cast iron by using studding technique; composition of flux used for welding
cast iron; preheat and postheat procedures; visual and destructive testiig
of completed welds; analysis and sizes of cast iron filler rods

Bronze Welding

Definition and principles of tronze welding, uses of brnnze welding, advan-
ta~es - disadvantages, bronze welding rods, uses, sizes, melting points,
preparation of parts to be brorze welded, technique of bronze welding -
flames, fluxing, tinning; methods to be used to determine correct temper-

atures; building-up with bronze filler rods; uses of carbon rods, paste and
asbestos

Silver Brazing

(a) Definition ard aprlication of silver brazing; metals that can be
brazed; uses in industry

(b) Types, compositions and charactoristics of silver brazing alloys

(¢) ireparation of parts before brazing; types of torches; procedures

PRACTICAL WORK

welding Operations ~ Welding in the Down Hand Position

(a) Freparing and welding a full open corner joint and a single V butt
joint on ! mild steel plate using 1/5" or 3/16" filler rod and

~

forehand method
(b) Repeat using a backhand technique

(¢) Welding double lap joint on 1" mild steel plate using the same filler
red

Vertical Welding

Note: The following vertical welds should bte dcne on #l1 gauge mfld steel
plate using 1/32" or 1/8" filler rod as specified

{a) FKunning paralle) stringer beads from bottom of plate to top without
and with filler rod

{b} Preparing and welding a full open corner joint without and with filler
rod, Hammer teal
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(c) Preparing and welding a single fillet lap and tee joint. Kammer test
(d) Preparing and welding a square butt joint, Hammer test

welding Heavy Plate in Vertical Position

Preparing and welding a lap, tee and single V butt joint using #" inild steel
plate and 1/8" filler rod

I'ronze ‘Welding

Note: The following exercises should be done in the flat position on l/e"
mild steel plate unless otherwise specified,

(2) Running parallel beads using 3/32" bronze filler rod

(b) Running a single pass fille* lap and tee weld using 1/8" bronze filler
rod

(¢} Preparing and welding a square butt joint using 1/8" bronze filler rod
(slightly bevel the edges)

(d) Bronze welding a broken grey iron casting
(e) Bronze weld a single V butt joint on mild steel plate

fusion Welding Cast Iron

Note: [xercises on cast iron should he performed on prepared cast iron flats.

Qutting PFxerzises on Cast Iron

Practical cuttiny exercises on cast iron to familiarize the pupils with this
type of work

Silver frazing Exercises

5ilver braze lap joints on mild steel, copper and stainless stesl

Grade 12

Hote: Review the more difficult practical exercises of Grade 1.

1.

ERIC

Piping

{a) Types of pipe: standard mild steel, heavy duty, extra heavy, tubing,
seamless pipe, welded pipe, cast iron, copper and brass

(b) Methcds used to Join pipe. pipe threads, flange fittings, welded
fittings, advantages and disadvantages of the above methods

{¢c) ©Small ard large diameter piping: industrial uses, dimensions of
standard pipes and tubing

{d) Methods of cutting pipe: mechanical and oxy-acetylene cutting (hand and
) machine)
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{e) Preparation of pipe for welding: beveling; smacing and tack welding;
clamping, vee blocks, rollers; use of lead and brass sheeting to
prevent surface pitting; use of backing strips

(f) Filler rods ased for oxy-acetylene welding of pipe: tyres and sizes

(g) FExpansion and contraction of pips: linear expansion; methods used tc
counteract expansion and contraction; expansion bends; expansion
Joints

2, DMpe Joints

Butt joint, straight; 2 piece, 90 degrees; 3 piece, 90 degrees; 2 niece, 45
degrees; tee joints, lateral Y and true Y; layout and use of templates;
contour marker; wrinkle bending

3., Aluminum Welding and Brazing

Troduction of common aluminum alleys; cast and drawn aluminum; heat treat-
ment, annealing and normalizing; filler rods for cast and drawn aluminum;
brazing rods; welding and brazing fluxes; flame adjustment; rreparation,
cleaning and methods of supporting; welding technique; temperature
indicators, salt, oil, pine-wood stick; necessity for removal of flux after
welding

L. thite ietal

Uses, advantages and disadvantages; alloys of white metal; cleaning and
preparation, filing, grinding, supporting; flame adjustment and controi;
use of spatula; filler rods, sizes and composition

5. Hard Surfacing

Definition and applications, types of rods and hard surfacing inserts,
building un cutiing tools with hard facing rods, preparation of surface,
flame adjustment, technique of applying hard surfacing rod, use of silver
brazing for applying hard face inserts

4, Elementary Fetalluregy of Iron and Steel

(a) Pure iron: allotropic forms, critical points and struatures of pure
iron

(b) Structure of metals: atomic structure, crystallization. space lattice,
process of solidification of a metal. crystals and grains, effect of
cooling rate

{c¢) Structure of steels: eutectoid steel, hypc-eutectoid steel, hypereutec-
toid steel

(d) TFroperties of non-ferrous metals: brass, bronze. copper

{e) Stuinless steels: ferritic, martensitic, austenitic

© 7. 3pecial Applications
ERICT =i

rorecrosieio enc) Arc-air cutting, oxyger i1ance cutting, powder flame cutting



.

2.

3.

he

"137- 2..

BEstimating Cosis

Methods of determining costs in welding: deterwnining pounds of rod per

foot of 'veld; gas consumption; labonr costsj; overhead expenses
PRACTIC.A). JORK

lelding Jperations

(a) Gas weld butt joint on 2" pipe (Pipe may be rotated)

(b) 3ar: exercise as above except the pipe is tc oe placed in a fixed
position for an ali position weld

(c) laks: a layovt of a 2 piece 90 degres elbow on 2" pipe; prepare and
wel i

(d) Gas weld a 3 piece 50 degree elixw on the same material

(e) Make a layout of a straight tes point on 2" pipe and weld together
(f) Prepare and weld a lateral Y of 2" pipe

(g) Prepare and weld a true Y of 2" pipe

(h) Bronze weld a galvanized pipe in all positions

Aluninum _velding

{a) Run lines of fusion on 1/8" 25 or 35 aluminrum using 1/8" aluminum rod
(b) Ma%a a butt joint of the same material and weld together

(¢) Prepare and weld a corner joint of aluminum

(d)} Presare and weld a lap joint of aluminum

(e) Alwinum braze a tee joint on 1/3" 23 alwninum using a 1/8" aluminun
brasing rod and flux

white He:al Welding

Prepare .nd weld a butt joint on a whif.e metal casting

Hard Suriacing

(a) Build up a woar-resistant surface using air-hardening filler rods
{b) Repiir cutting tcol edges with haid surfacing materials

(c) Silver braze hard face inserts
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WOODWORKING

Four-Year Programme Grades ¢ and 10
Grade 9

This course is general in nature and provides an introduction ito Jurther
study in Lhe areas of Building Constructisn, Cabinet-Making and Millwork or Pattern
and Casting Processes.,

Brphasize in project study the interpretation of drawings, design, bill of
material, order of operations, layout and joint construction.

SAFETY: Good safety practices in the use of hand and power tools should be
emphasized. The ugse of push sticks, adequato equipment guards and safety
zlasses and the wearing of proper clothing should be stressed,

1. Materials

{(a) Lumber: classification of lumber = soft-and hardwoods, gencral purpose
and miscellaneous woods; defects; stock sizes; units of measarement

(b) Adhesives: source, characteristics, application

(¢) Hardware: various types of nails, wood screws, hinges and catches

(d) Finishing: elementary supplies (stain, shellac, paint and enamel)
A dicussion of the methods used in jmdustry for applying finishing

materials

2, Hand Tecols and Operations

{a} laying out: use éf try-square, marking gnuge, marking knife and dividers
{b) Sawing: rip and cross~cul

(¢) Planing: surfaces, angles, chamfers, rounds

(d) Chiselling: chamfers, rounis, paring, cutting a mortise; use of mallet
(e) "“aping: use of coping saw, spokeshave

(£) Boring: use of various boring bits, brace, drill

{g)} Fastening: wuse of nails, wcod screws, fastencrs; use of various types of
holding devices

{h) Sanding: use of coated abrasives, flint and garnet
(i) Sharpening: whetting plane ircns and chisels

3, Machire Tools and Cperations

Every machine must be properly guarded and all safety precautions should be
taken when operating ~oodworking machines.

)
]E i(:‘ (a) Safety: streis use of push sticks, protective devices, adjustments and
,ml3\~ - correct method of operation

IToxt Provided by ERI
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(b) Band Saw: cutting regular and irregular shapes
(¢) Drill Press: boring, countersinkiiig, counterboring
(d) Jig Saw: sawing simple curves, interior, exterior
(e) Jointer: face and edge cuts

(f) lathe: rough and finish turning, shoulder and taper turning, beads, curves,
various chisels, face~-plate turning, use of calipers, Lemplates, patterns

{g) Mortiser: vertical mortising

(h) Planer: thickness, surfacing

(1} Portable Router: shaping simple moulds with a aet fonce
(3) PRadial Saw: cutting to length

(k) Sanders: sanding flat and curved areas

(1) Variety Saw: parallel ripping

4, Finiyhing Procecses

(a) Freparaticn of the project for and the application of stain, shellac, varnish,
brushing lacquor and wax, paint and enamei: care of brushes

(b) Application of finished hardwaie

Grade 10

This is a basic course in Woodwocking and additional topics should be selected
from the Grade 10 course outlines in Building Construction, Cabinet-Mal.ing and Mill.
work and/or Pattern and Casting Processes to meet the iieeds of the local commmunity.

In all projects further emphasis shculd be placed on the interpretation of
drawings, - design, accurate layout, estimating materials, the order of ‘operations
and join) construction.

SAFEIY: Good safety practices in the use of hand and power tools should be emphasized,
The use of push sticks, adequate equipment puards and the wearing of safety
glasses and proper clothing should be stressed,

1. Materials

~~

a) Llumber: kinds, classification, grades, plywoods and composition boards,
methods of sawing and seasoning, unit calcula‘ions and prices, conservati:n
of natural roesources, chemical composition of woods, elsmentary physical
and mechanical properties of wood

(b) Abrasives: types, grades, classification, manufacture

(¢) Adhesives: comparison and characteristics of various kinds

(d) Finishing: natural and synthetic types
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2, Hand fool Operations

(s) The «xtension of and improvement in the use of hand tools as ocutlined for
Grade 9

{b) Use of special planes, e.g. block, rabbet, wouter

(¢) Orinding snd whetting

(d) Use of layout tools, e.g. framing < vare, trammel points
(e} Clarping and gluing prcceduves

3. Machine Tools, Operation ard Technoloxvy

The proper care, operatic. and guarding of all machines must be stressed.

(a) safety: protective devices and precautions

(b) Rand Saw: economical use of wocd to avoid waste by overlap layoat method,
use of Jjigs

(¢) Boring: stationary and rortable types of machiney
(d) Orinder:s grinding edge tools, angles for cutting ama turning tools
(e) Jointer: truing face side and face edge, sizing

(£) lathe: spindle, face and chuck turning; turnirg to a template, sanding,
polishing

(g) Mortiser: hollow chisel or chain type

(h} Planer: dressing to thickness, squaring, tapering, surfacing thin stock
(1) Portable Routnr: the use of a fence and pilot cutters

(j) Portable Sabre Saw: making various cuts

(k) Radial Saw: cutting lengths, angles and ‘adoes

(1) Sanders: drm, disc, spindle, oscillating and belt

(m) Variety Saw: identification of various blades; cutting to width and length,
special cuts - iaper, tenon ana dadoes

4, Finishirg Frocer:.es

(a) Water, oil and non-grain raising stains

{b) Resin, natural and synthetic typea of stains
(c) Fillers for open grain woods

(d) Shellacking, varnishing, water and oil rubbing
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WOODWORKING — BUILDING CONSTRUCTION

Four-Year Programme Grades 10, 11 and 12
Grade 10

‘i0 ensure adequate coverage of the subject, additional topics should be
selecteq from the Grade 10 Woodworking course.

Where possible a suitable structure of adeqrate size to illustrate
building principles and orection procedure should be built to provide student
participation and practical application.

SAVETY: Safe practices in the use of tools and equipment should be stressed.
J.. Planning

{a) Blueprint reading: an elementary knowledge of interpretation as applied
to plot plan layout, symbols, plans, elevations and sections

(b) Scheduling as applied to the various sub-contractors and recognition of
acceptable building standards

(c) Materials: concrete and ccncrete biocks; structural wood members (sizes
and chara:teristics); clay, stone and concrete products

(d) Types of construction: {rame, brick, solid masonry

2. Practical Application for Frame Construction

Cood najling prastices; fastening devices; box sill construction; beams,
colurns, joists, bridging; sub-flooring - conventional and plywood; wall
covering - sheathings and siding; ceiling joists and spans, types and sizes;
roof framing - simple gable, collar ties, roof terminology; sornice con-
stiuction (simple); roof covering, shealhings and shingles; doors and windows -
types and framing details ‘

3, Construction Tools

(a) Loyout: steel tapes, lines, levels, plumb-bobs, straight edges, squares
(b) Framing square: graduations and tables as applied to common rafter
(c) Portable saws: safety and application

(d) Hand tools and machines: refer to fracie 10 courre in Yocuworking whersa
applicable
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Grade 11

This outline sets forth the practices ~nd technioues essential in
house building. Carpentry is recommended as the basis of instruction.

In the advanced study of building :orstruction, increased emphasis is hLo
be placed on the theoretical aspect, although some tonics may well be stressed
through practical npplication in shop work, A full size building project should
be constructed if possible,

SAFETY: Stress safe practices in the use of tools and power equipment.

1. Interpreting Plans and Specifications

(a) An advanced study of blueprint reading

(b) Estimating quantities and mnterial

{c) Loeal building codes: by-laws; restrictions
(d) C.M.H.C. standards: National Building Code

2. Construction Fundamentals and Procrduce

(1) Layout of site: loi lines and batter~-board; stakes; sizes and squ-ring
{t) Evcavation: soil conditions: prade lines

(c) Conerete formss footings; wills

(d) Foundation materials: concrete mixes; blocks; anchors

{e) Vaterproofing and drainagc

(f) Framing

Floor constructiont sill plates; girders; joists; hangers; headers;
bridging; stair openings (wells); sub={1looring

Wall construction: platform, balloon, bracing, plates, studs; girths;
headers; trimmers; crioples

Sizes of rough openings for doors and windows

Prefabrication

Exterior wull coverings, finish and trim: sheathings and copposition
beards, vapour barriers; cornice and roof overhang; types of sidings;
types of doors and windows

Roof construction: terminology; framing squsre; gable, hip, valley,
sheathing, shingles; flashings; chimney saddles

O
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(a)

(b)
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Tnterior wall finishing and covering: insulation and ventilation;
lath and plaster {expanded metal, gyproc); dry wall construction
(plywood, composition); trim (casings and baseboards)

Stair building: <ctraight flisght: open and housed stringers; handrails
Fixtules: built-ins; cupbuards

Finished floorine: hardwood; tile; ceramic

Correlation and co-operation with sub-trades: masonry. electrical,
plumbing, heating, communications, painting and decorating

Scheduling and supervision = acceptabls standards

Grade 12

This course is designed to give a broad coverage of the building con-

struction f'ield. #While a practical building project should be part of the cours.
of instruction, emphasis should be placed or the theoretical aspect of the work.
This will serve to challenge the amoitious pupil who mav be interested in enter-
ing tha ureas of supervision and manspement.

SAFETY &

Instruction in safe pructices should be an integral part of this ccurse.

1. Gommunity Planning

kElementary discussion of such tonics as: types of construction

for residentisl, industrial, coamercial and church buildings; ioads
and services; financing.

A study of the regulations pertaining Lo municipal developments.

2. Construction Dctails snd Technioues

(a)

ERIC

Aruitoxt provided by Eic:

Laycut, of sitet wuse of instruments, survey stakes; batter-boards, ofi'ret
lines, bench marks

txcavationss so0il testing, lond bearing conditions
Concrete forms: piers, columns, beams, slabs, stairs, openings

Reinforcements and unchors: purpose, plncing

Concrete: proportions and aggregates; testing sand nnalveis: pouring
methods, curing; principles of pre-stressing
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(f) structural framine
Beams: laminated, steel, conerete; alternate floor supports
Floors: panels, sectionals; prov.sions for sub-trades

Exterior walls: solid masonry, veneers, panel constrv tion (various
kinds), fire blocks, cuts and stops

Interior walls: masonry, metal, composition, sandwich construction,
acoustic treatment (various types)

Doors and windows: frames, types, manufacture and setting for both
wood and metal

Insulation and ventilation: comparison of various kinds, installation
methods, louvres and roof ventilators

Roof vonstruction: mathematical calculation of lengths and sizes of
members, calculution of areas uand quantities; dormers, cornices, com-
pound roof's; trusses and laminated beam construction; flat and built-up
roofing

Prefabrication and Packnged Units

(n) Door and window units

{b) Floor and wall sections

(c) Roof trusses and laminated shapes

(d) Kitchen, bath-room and room-divider units

{(e) Built-in fixtures and stornge cabinets

Completion {Millwurk)

() Trim: members, materials, machining, designs and sizes

{b) Stair-building: terminologv, layout; housed and cut stringers; machining
and assembling; advanced work on handratls, ballustrades and bullnose
treads ‘

(¢) Cnse goods: cabinets and storage fecilities

(d) Hardware: locks, overhead 1nd sliding door hardwvare

Allicd Topices

A study of the scheduling and installation precedures s'ollowed by sub-
contractors who must comply with local by-laws

(a) Heating and «ir conlitioning: types and installa-ion
(b) Sanitation: plumbing and drainage systeas

(c) E.ectrical: fixtures and convenience outlets
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(d) Communications: intercom, tulephone and signal systcms
(c) Painting and decorsting: Lypes and methods

(t) Finished tlooring: various kinds of coverinygs

(g) Exterior completion: walks, driveways, sodding, grading

6. Industrial Sufety

(a) Gencral maintenance and proper oparation of portable tools and machines
(b) Scaffolds: safe erection procedure
{c) Protective devices: safety apparel; gantrys and safety rails

(d) Safety codes and rules as recommended by the Industrial Accident
Prevention Associntion; saflety regulations for various trages

7. Testing and Analysis

A sludy of the choracteristics of various types of building materisls and
their suitability for specific applications

(a) Wood: technology; cellulsar ronstruction

(b) Adhesives: relative strenpths and qualities

{c) Insulation: comparison of various types

(d) Acoustics: transmission of sound; sbsorption qualities
{e) Concrete: as outlined in Sccticr 2(e)

() Frasteners: nails, bolts, connectors

146

ERIC

Aruitoxt provided by Eic:



- 146 -
WOODWORKING — CABINETMAEING AND MILLWORK

Four-Year Programme Grades 10, 11 and 12

Grade 10

The topics listed in Grade 10 Woodworking should be studied to ensure
adequate coverage of the subject,

Design, sketching and iayout, the interpretation of drawings, the order
of operations and bill of material should be emphasized.

SAFETY: Emphasize safe practices in the use of hand and power tools. Stress
the use of push sticks, adequate equipment guards and the wearing of
proper clothing and safety glasses or masks.

1, Materials

(a) Veneers: types and uses, methods of cutting, types of cauls and
presses

(b} Cabinet hardware: hasps, hinges and catches
(c) Plastic laminates: manufactwre and uses

2. Production Planning

(a) Material estimation: bill of material and cutting list, quality, units
of measurement, cost

(b) stendardization of parts - assembly line procedure
(¢} Machine and assembly jigs: value, design and construction

3, Production Procedurs

(a) Unit construction: material glue-up, sizing, unit assemdbly

(b) Hand tool operaticns: use of special bits and cutters, use of various-
types of scrapers, application of plastic laminates, sharpening of
scraping tools, application of simple veneers, use of cauls and presses

(c) Machine operations: rabteting, tapering, beveling and chamfering on

the jointer; the operation of a stroke sander, the use of pads and
lubricants
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Grade 11

This course provides 8 study in full size layout and the projects
selected should develop an appreciation of good and creative cesign. Having
used machines and tools previously the pupils should be interested in the
development of hand skills and an appreciation of the difference between a
machine operator and a skilled craftsman. The course should include an in-
troduction to the history of design.

SAFETY: Safe practices in the use of hand and machine tools should be emphasized.

SPRAY PAINTING

Note: In order to do spray painting proper facilities are necessary for safe
and satisfactory operation. If this type of finishing is to be under-

taken an approved spray booth installation must be provided.

1. Kitchen Cabinets

A study of the construction and installation of kitchen cabinets should
form an important part of this course.

(a) Design (custom and production): proportions, drawings, layout rod,
facings

{b) Frames: gables, solid, drum panels, rail; face; undertop and bearing
(c) Doors: 1lip, flush, overlay (solid and hollow cored)
(d) Dravers: 1lip, flush and overlay; drawer formula; fitting

{e) Accessories: Lazy Susan, breadboard, chop block, towel rack and sink
vents

2. Materials

(a) Lumber: further study of forest products, defects, characteristics,
grades, choice of species o

(b) Veneers: history, manufacturing technolegy
(c) Rubbing abrasives: source, uses

(d) Adhesives: chemistry, extenders, dielectric setting, contact iypes,
mechanlcal spreaders

(e) Finishingt standard industrial procedures; comparison and composition
of finishing materials; solvents; repairing and refinishing; idtro-
duction to spray finishes

(f) Hardware: further study and classification of specialized hardware,
specifications (e.g. standard units of packaging, sizes, etc.).

3. Hand and Machine Operations
(a) Laying out: scribing to regular and irregular surfaces

Q (b) Saws:t radiasl arm, variety and bandsaw, operation snd maintenance of

B ‘ each; installation and adjustment of blades; jigs, d 5
heads and knives  Jigs, dado heads, shaper
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(=) Jointer: jigs nnd stops: edge and end rabteting; veneer edge jointing;
chamfering, tapering and bevellng

(d) Planer: majntenance; planing thin stock, tapering

(c) Shaper: portable and spindle types; maiitenance: jigs, pins, collars
and guidec

() Grinder: the composition, shapes and sizes of grinding wheels; grind-
ing h=nd tools; mrintenance of grinders

(g) sanders: disc, drum, belt ard vad types

(h) Lathe: history and development: duplicate, taper and offret turning;
fitting ferrules

Upholstering (Optional)

(a) Materials: modern and conventionsl

(b} Tools and machines: types and uses

(cy Fasteners: tacks, thread, cord, stanles and oiher fasteners

(d) Application: various fabrics, mnterials and fasteners; use of' tools
and machines

{(e) Construction of sremes: species and grades of lumber used; joinery and

mechanicsl hardware
Grade 12

ETY: dmphasize safe pructices in the use of hand tools and uchines
The following tonics sbould be appronriately integrated in the course

The Industrinl Accident Prevention Association

Native and foreign woods; mathods of grading lumber; veneer technology

Layout and design

Contemporary furniture and furniture of the different periods

Production and procedure in industry

Materials

(2) An introduction to the botanical classification of trees

(b) An introduction to wood technologys physical structure and properties‘
of wood; density and specific gravity of wood; variations within wood;

classification and utilization of wood waste

(c) An intensive study of new products: plastic laminates, fibre board,
mouldings, finishing materials, hardware
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Hand 700l Operations and Construction

(a) lurniture ard fittings: Joinery tiechniques; production and economy in
frame construction {gables, undertcps and bearing); assembly of frames;
gequence of assembly for various types of furniture and fittings

(b) Drawers: multiple production

{c) Veneer press: fundamentals of curvaed plywood form construction; sawing
curved plywood form material; assembly of plywood ferms; gluing and
clamping veneer in a curved form; layout and trimming of plywcod curves

(d) Clamping: clamping of irregular and curved surfaces

(e) Fitting: scribing furniture, fitting to irregular surfaces, coping
nouldings and irregular surfaces

() Fastening and trimming: fastening farniture and fittings to fixed
structures; levelling furniture and fittings; hardware choice and
installation

(g) Carving: carving tcols and their care, carving simnple designs in wood,
paring simple curves and bevels

Machjne Operations

(a) A study of machine potentfalities and limitations; the classification and
methcds of measuring most woodworking machinery; recent advances in
machine construction

(b} Machinu maintenance schedules

(c¢) Machine set-up procedure and precautions

(d) Complex sawing and shaping coperatiors

(a} S3tair construction: stair layout, stair dimensions (headroom, max. rise
and tread sizes), string layout (cut out, housed and cpen}, winder layout,
balusters, handrails, shaping irregular mouldings for risers with a
radius, veneering laminated risers, newel post construction, handrail
fasterers

(b) wWindow frames: brick venzer, frame sznd solid masonry construction; check
rail; casement; mullion; sliding sath

(¢) window sash: check rail, casement erd storm (plus vents)
(e) Door frames: inside and outside
(f) Roof vents and louvres

Conditioning of Equipment {Sharpening)

(a) Boring bits and drills

(b) Joinle:r and planer knives

Y0150
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(c) Router bits
(d) Mortising chisels (hollow)
(e) Carbide tool sharpening

(f) Circular saws: rip, eross-cut, combination and safety; shapes of teeth;
swaging, tensioning, setting, Jjointing end filing blades and cutters

(g) Dado heads and special cutters

(h) Lathe tools (grinding and whetting)

(1)} Scrapers: straight and irregular
6. Finishing (Sprzy and Hand Processes)

Note: In ordes to do spray finishing proper facilities are necessary for
safe and satisfactory operation., If this type of finishing is to bea
undortaken an approved spray booth installation must be provided.

(a) Preparing a finish for spraying

(b) A study of spray techniques

(¢} Cleaning and care of spray equipment

(d) Preparing and applying stain, filler, highlighting materials, rubbing
compounds

7. Upholstering (Optional)

After being invroduced to upholstering in Grade 11 students should apply
their skills toward a projsct of a more daifficult nature.

8, Study and Discussion Topiecs
(a) Ontario Apprenticeship System
(b) National Employment Service
(¢) Worlkmen's Compensation Act
(d) -Labour Kelations and Industrial Stanlards
(e) Factory, Shop and Office Building Act
(£) Hours of Work and Vacation With Pay Aci
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WOODWORKING = PATTERN AND CASTING PROCESSES

Four-Year Programme Grades 10, 11 and 12
Grade 0

This course is designed to give the student a comprechensive knowledge

of the pattern and casting processes,

To accomplish this,pattern projects and facilities fer foundry practice

should be used,

To ensure adequate coverage of the subject, additional topics should be

selected from the Grade 10 Woodworking course outline,

SAFETY: GStress safe practices in the use of hand and power tools.

1,
2,

L.

5.

E lillc«course

IToxt Provided by ERI

History of Pattern Making and Foundry Practice

Study of Materials

(a) Fattern lumber: pine, mahogany, cherry; characteristics, identification
(b) Fillets: types, identification

(c) Pattern coatings: pigments, shellac, lacquer

(d) Dowels: wood and metal

Ilanning

(a) Machine allowance: signs and normal pattern allowances

{b) Draft: normal allowances on general pattern constructions; its application
to simple patterns

(c) Contraction: purpose, allowances for cast metals

(d) Core pi*ints, core boxes and cores: application of green sand, vertical
and horizontal dry sand cor-: tu design

(e) Colour code

(f) Simple pattern layout
(g) Simple template layoui
lland Tools

Pattern iaking hand tcols for cutting, measuring, fastening and assemhling;
use and care of tools; tool technique and sharpening

Machine Operation3s

The use of the necessary -achines listed under the general Crade 10 Weodworking
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6. lethods of Construction

(a)
(b)

(c)
(d)
(e)

3imple bench pattern construction incorporating green and dry sand cores

Turned solid and split patterns with vertical and horizontal core
prints

Segnmental construction for simple patterns
Combination of simple lathe and bench work with and without cores

Half and full core boxes, core box proportions

7. Foundrv Fguipment and Materials

(a)
(v)
(c)

Composition of moulding and core sands
Hand tools: types and uses

Moulding flasks: solid and snap

8. Moulding Operationg

(a)
(b)
(c)

Types of mculds
Sand preparation: cutting and tempering
Making a two-part mould: with green and dry sarnd cores; ramming; simple

venting, pattern removal, runners, gates, finishing and preparation of
mould for pouring

9. Casti erations

(a)
(b}
(c)
(d)
(e)

Safety precautiens

Furnace operation

Pouring

Cleaning castings: shake out and gate removal

Checking for visual defects

10, Apprenticeships and Careers in the Pattern Making and Foundry Fields
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Grade 1%

SAFETV: Safe practices in the use of tools and equipment should be stressed nand
reviewed periodically.

1. Study of Materials
(1) Pattern lumber: celection, defeets, seasoning and mrading

{b) Special pattera reouisites: rapping plates, metal dowels, pattern
letters and drawine straps

2. Planning

{#1) Determination of mouldings procedure: parting line, type of core;
pattern design for foundry produstion, number of castings

(b) Pattern layout: layout board; indicaticn of core, machine and construction
allowaneces

(¢) Pattern draft: determination of dralt allowances in reiation to the
casting design, draft as it affects the machining of castings

3. Hand Tools
Extension of tool technique; use of core box, planes, bent shank chisels and
gouges; use of preecision measuring and checking tools such as surface and
depth gauges

4. hachine Tools

(a) Safety rules; lubrication, sharpening, selting and =djusting cutters and
blades; use of jigs and holding devices

(b) Extension of machine tool techniaues
(¢) Lathe: face plate turning and rechucking

5 Methods of Constructiion

(a) Patterns with horizontal cores, core print. mllowances for clearance, core
box proportions

(b) Patterns reouiring tail prints and core boxes

(¢) rombination of bench and lathe construction

(d) Simpler type frame nnd box construction in patiern and core boxes
(-) S-gmental construction: for shell and wheel type ratterns

(1) Stave construclion for patterns

6. Foundry Equipment and Materials

(a) Moulding and core sand mixes for specific metals

[:I{j}:«b) Moulding flasks: three part flasks; use of cheeks and bars
i o 1554'
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(c) FPoundry requisites:  yapgers, nails, chaplets, chills and strainers

7. loulding Operations

{a) TIrregular partings: coping out, follew board, sand match

(b) Three part mould

(¢) Core making: sand proparation; use of simple dump, frame and parted core
hoxes; reinfcorcernent; senting; baking; pasting; maling of standard stock

sizes of cores Ly rucnine

&, .ttern and Foundry Technolos

{(a) Tlattern lesign as related to production: materials and types of patterns
(b) iypes of sand mnulds: green sand, dry sand and pit

(e) Termanent movld casting

(d) Die casting

{e) Casting defects: causes and remedies, methods of detection, "magnaflux"
and X-ray

{f) Dry sand cores: definitien and applidation of suspended, hala~ced and
tail cores

(2) Trocessing castings: hea!, treatment, for stress relief

Grade 12
SAFETY: Stress safe practices in the use of hand tools and power equipment.

1. sStudy of liaterials

Special pattern materials: plaster of Faris; plastics, wax, metals for metal
patterns

2, anning
(a) OCpecial pattern making such as stop-~offs, fillets and loose pieces

(b) Adjustments in design of pat*erns for machining castings such as addition
of lugs and bosses

{¢) storing and recording patterns
(¢) Calculation of size and location of gates ard runners
(e) Determination of weights of castings from patterns and drawings

3. Hand Tools

Further extension of tool technique as outlined in Grade 1lj mention to be made
of srecial metal pattern making hand tools such as scrapers, chisels and height

gauges 155 .
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L. Machine Tools
{(a) Machine and cutting speeds for lathe and drill press
(b) Special cuts and jigs for machine work
(c) A study of pattern milling wachines and duplicator machines

5. Methods of Construction

(a) Box and frame construction: shell types built on forms

(b) ratterns and core boxes incorporating loose pieces and means of attaching

(¢) FPatterns and core boxes of built-up construction; further use of segmental
construction; wheel construction presenting use of tonque joints; turned

core box cavitf.ies

(d) Formed patterns with irregular parting line; loose flarte application with
slab core such as offset pipe work

(e) Sweeps and templates for plaster of Paris patterns
(f) Master patterns: contractions, finish, metal patterns and working patterns
{(g) Match plates: wood, metal, cast plates; attaching patterns to plates,
forming and disposition of gates and runners; layout for one-sided plates,
double~sided plates, irregular parting-line plates
{h) Repairing wood patterns
6. Foundry Equipment and Materia s
(a) Special flasks: slip flasks and jackets, match plate, shaped
(b) Moulding machines
7. VMoulding Operations
(a) Making moulds with balanced, suspended and slab cores
{b) Moulding with a match plate
(¢) Making a mould to produce a cast match plate
(d) - Simple floor moulding
8, Metal Patterns
(a) Their place in industry
(b) Metals and alloys used for patterns
{c) Producing the metal patternj; special allowances
Q@ (d) Cleaning and finishing metal patterns: methods, tools and machines

ERIC
156



B o ot e

- 156 -
(e) Mounting of metal patterns on match plates, cope and drag boards
(f) Repairing metal patterns

9, FHlastics, Moulding and Forming

(a) Their place in modern industry
(b) Thermosetting and thermoplastic types
{c} Processes for moulding plastics: compression and transfer moulding
(d) Laminated plastic construction
(e) Plastics: use for cores and core boxes
{f) Repairing with plastics: epoxy resins and their physical properties
10, Fattern and Foundry Technology
. (a) Theory of gating, runners and risers
(b) Casting design
(c) Centrifugal and investment castings; lost wax process
(d) Precduction planning
(e) Foundry mechanization and plant layout, types of machines for production ‘
(f) Metals cast in the foundry

(g) Carbon dioxide process for cores
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RELATED TECHITICAT, CGURGES

In Grade 11 pupils are required to elect a major Technizal Subject in which
to specialize. Instruction in the elected Technical Tubject is to be sunplemented
by instruction in related Technical Subjects, The purpose of the related Technical
Subjects is to give the mupil a peneral technical background for his sreasialized
subject and to impress on him the interrelationship of the diffcrent trades, Tre
technological content of the subject should be emphasized and the rumil made to
realize that the techniques of onc trade are dependent on these of anuther.

Owing to the limited time available for related subjects, stamiard operations
might replace projects as media of instruction, 3Such operations shonld bhe diractly
applicable to the pupils! major subject and the rresentation of instruction shevld
be arranged to include the necessary related information at the time it is required,
Close co-Oheration between tho instructors of specialiced and related subjects in
essential,

Courses of instruction in both major and related subjects should direct the
pupils to the use of catalogues ard other reference materials for specific informa-
tion,

ART

Related Instruction for
Mupils Specializing in Printing

Grades 11 and 12

1., Printing History

The origin and development of letters. Individual rrojects, such as

(a) (1) notes and sketches on the origin and development of letters
(2) study and sketches of classic and modern manuseripts

(b) constfuction and illustration of a booklet containing research, sketches,
and clippings; applying the principles of cover design, layout, marrins,
title page, etc,

(¢) creation of classroom display cards on early writing and prinlins; early
rrinters; historical printing equipment., !ioking cut-outs of early and
modern type faces

2, Lettering

tyres styles: old style, transitional, modern

Classification and characteristics: Roman, Cothic, Ita]ic, scrirt and text
Construction: !oman prroportion, condensed and extended letterinp, sinsle~
stroke lettering, representing tyre faces, selecting and ccmbining tynes,
(13sht, mediun and bLold)

3, Laxoﬂt

Use and rurpose
Coliection of sample layouts

ERIC - 158
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Units of layout: headings, sub-headings, body matter, rules, ornaments,

illustration, colowr areas, trade-marks

Construction: a detailed study of the design principles and of the basic
forms on which layouts are constructed, balance, proportion, simplicity,

beauty, tone, contrast, nanels, diagonals, margins

l}c CQLOQI'

Fasic colour principles: hue, value, chroma, complementaries

Giatherin; and classifying colour areas

Colour theories: irang, Munsell, Ostwald

Colour in printing rarers and inks

Cotour schares: tints, shades, seasonal colours, advahcing and receding colours
GCathering samples of colour conbinations from printed matter

5. liethods of Reproduction

Gtudy of autographic blocks: lino, weodecuts, wood-engraving, colour blocks
Designing, cutting and printing blocks for school printed matter

53ilk=-screen methods

Art requirements and limitations of reproduction

A brief study of modern printing methods, particularly the relation to colour
illustration and laycut

Advertising methods in use to-day

DRAFTIKG

flelated Instruction For
Pupils 3pecializing in Applied Electricity

Crade 11

This part is to be regarded as a basic unit for all pupils choosing the
electrical option (electronics =veopted), regardless of any future specialization,

The pupil!s work nay be acceptec .n the various forms, neat free-hand sketches or
instrumental drawings,

The drafting room should contain illustrative equipment sufficient for all
the basic symbols introduced and a close co-ordination should exist between studies
in this course and those of the major electrical course which the pupil is following.,

The course should include

1, Eectrical symbels as required

2, Residence cireuits from architect's plans

3. HWiring diagram for domestic electric range

4. Control circuits as for furnaces, water heating and refrigeration equipment,
farm water supply, etc,

5. Installation and control vircuits for D.C. motors and generators including
starting and field control rheostats, undervoltage and no field protection

6. Construction of circuit diagicms closely related to the pupil's studies in the
major course

159
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Option:

In schools where a department of applied electronics has been established the course
in related drafting may vary from the foregoing course and should be designed to
correlate more closely with studies in electronics.

Grade 12
The course in electrical drafting for Grade 12 should include

1. Interpretation {(blueprint reading) of installation circuits and equipment
2, Construction of drawings involving the basic principles of mechanical drafting
as applied t¢ mechanical equipment used in the electrical trade

A selection of work should be made from such topics as

1. HMotor and generator winding and connection diagrams

2, Installation equipment, diagrams and specifications

3. Switchboard wiring and mountings

4. Transformer connections and lighting and power circuits

5. Industrial control devices and installations

6. Meter connections and location in circuits

7. Radio circuits and general electronic control devices and installations
8. Develoment of sine waves for current, voltage and power

DRAFTING

Related Instruction For
Pupils Specializing in Auto Mechanics

Grades 11 and 12
1. Blueprint Reading (Mechanical and Electrical)

Using automotive manuals, charts and suitable current automotive literature,
instruction material should be selected which is closely related to the major
shop course in mechanics and which will give the pupils training in the
following: )

(a) Identification of materials and parts by drawing attention to the
symbols employed

(b) Determination from the drawings of the devices and order of procedure
for assembly and dismantling

(c) Observation of devices and means used to reduce wear, vibration, etc.;
to obtain desired linkages and movement contral; to obtain desired
mechanical security under normal working conditions {(locking devices etc,)

(d) A study of the drafting principles used in a drawing: symbols; selection
of views; use of sections, isometric o1 oblique projections, other pro-
Jections; materials employed in fabrication; interpretation of exploded
views

(e) Use of catalogues and handbooks sh: wing "outiine" or "dimensional"
drawings of tools and parts 160
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() Simple blueprint reading tests on Seneral orthographic layout

2, liechanical Drafting

Using autonotive parts, (some aeronautical parts may be included), a series of
projects should be planned to develop and maintain a working knowledge of the
basic principles of mechanical drafting through drawing construction, The
pupils’ drawings may he accepted in the form of good working sketches in pencil
or instrumental drawings

Principles: drawing of cams; principles of gearing as applied to automobiles;
transmissions; differcntials

J. ELlectrical Drafting
Using electrical equipment common to the automotive trade, prejects should be
planned to give instruction in the basic principles of electrical drafting
through draving construction, The pupils' drawings may be accepted in the
forms referred to under section 2 above
Principles: interpretation and represcntation of symbols as required for the
prejects selected; construction of circuits in sequence of difficulty

DRAFTIIIG

Related Instruction For
Pupils Specializing in Building Construction

Grade 11

theu practicable, drawiug of structure or sections that are to be built ia
the woodwork shop.

Spec’al emphasis to be placed on layout, specifications, dimensions and
notes, sketching.

I, Scctions

Dctails of foundation, s{ll, :ornice, beam condtruction, Interior partitions,
bearing and non-beariag partitions

2. Yorking Drawings of Basement Plan
Shouinn walls and footings, piers, beams, uindows, doors, stairs, chimney,
furnace and heating layout, fuel storage, drainaze, electrical layout (switches
and outlets)

3. ‘lorking Drawings of I 'rst Floor Plan

Showing walls (exterior and interfor); position of joists, windows, dcors, stairs,
living roon, diniaz reoonm, kitchen, bathroon, bedroon, electrical layout, heatirg
le,0ut, plunbing layout

4. Elevations

Q Front, rear, risht anl leit views

o181
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5. JSections of Building

Floor levels, grade line, roof pitch
6. Details

Footings, walls, roof, cornice, chimney, windovs, doors, steps, ctairs, built-
in cabinets

7. DBlueprint Readinp

A studv of blueprints obtained from the construction field
“here cabinev—making is taken as part of the ccurse, the related drafting
should include prajects to give practice in maling a bill of material, pro-
jection, dimensioting, pattern drawing, cutting diagrams as applied to the
cabinet-making trade

Grade 12

fmphasis to be placed on the building code {legal and application forms,
permits and feces), sketching, estimating, constructions,

1, [Ilot flan_
Street line, sewer and water, excavating

2., Framing Derawings

Door opening, wincow opening, arch opening, floor framing plan, roof framing
plan, wall frame '

3, Standard designs of mouldings and their use

4. Yorking drawing ard full size sections, double hung frane (check rail), case=~
ment frame, exterior and interior door frames

5, Drawing and detailing small timber truss (Teco connector), laminated truss

6. A study of blueprints obtained from the construstion field

DRAFTING

Related Instruction For
Pupils Specializing in Cabinet-Making and Millwork

Crades 11 and 12

Pictorial and working drawings for various pieces of furniture
Detail drawings for standard parts, drawers, doors, turnings
Full scale layouts, rods, templates for pieces of furniture and also parts
Bills of material
Stock sizes of lumber, now they affect cost and lesign
@ Teometric constructions which apply to cabinet-miking, regular polygons,
EE l(jllipses, curved parts

. 162
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iwulds, the use of scrolls, cusves, straight lines and quirks in moulds for
above and beneath eye level
‘The study or weod joints and their relation’ to desizn and strength
& study of furniture sises, table and chair heights, etc.
Jjimple architectural blueprinl reading and a study of detail drawings of built-
in furniture, cabirets and sindlar fixture:
4 lindted study cf
(s} Historical considerations affecting furniture desizn

(v) Furniture styles ard periods

AAFTING

lelated Instruction For
fupils Specializing in Machire Shop Tractice

Crades 11 and 12

This courge should include freeliand sketchinz, sectional layouts of details
and asseibly, pictorial layout drawing, pipe and structural fabrication, mechanical
rovement, elementary tool design and the use of handbooks and cataloguese.

*rojects suck as a turnbuckle or some adjusting Jdevice involving the use of
threads; a machine part in which two or moi'e unlike metals are held togetrer,
and must be shown in sectionj a lubricator, in section, intreducing pipe
threads

vetail and assembly drawing of a simple mezhanicel mechanism, invilving the

use of threads to secure and to adjust, tynes of fasteners, and use of tolerances
and fits, e.g., a milling ma.hine vice, a simple drill jig or fixture

The conventicenal drawing of a gear; names of pear and tooth parts; development
of an involute curve

A series of wneel hubs to show Lthe use of different keys

A ratchet and arm actuated from an eccentric; caleulating motion

A fabricated stecl part to show the use of welding symbols

Thre drawing of a small gear box. The use of tlie handbook for data on gears,
cams, shaft and bearing sizes

The meaning of design terms such as factor of safety, slress, strain, centre
of gravity, torque, shear, elastic limit

The assembly and detail of a progressive piercing and blanking die, a precision
nump, an air drill or a similar tool

dectrical syrbols and layouts commonly found on electronic mechanical machines

DRAFTING

Related Instruction For
Pupils Specializing in 3Shest lietal Practice

Grade 11
ilotet The drafting room should be supplied with models and stretch outs,

1., Parallel line Development

@ Two-pieced 45° round pipe elbow, four-pieced 90° round pipe elbow, ordinary
E l(jtee-pipe (same diameters), inclined branch (same diameters), tee-branch

18¢
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{branch smaller), eavetroush mitre 6C° outside, eavetrourh mitrg 90° inside,
eavetrough ritre other angle, eavetrough outlet, rectangular 7C° elbow, flat
rectansular 9C° elbow, double register bo., single recister box

2. Daiia)l Line Development

Ordinary funnel with collar, roof jacket witl flashing, tapered reasure V}th
flaring lirn, simple roof ventilator, fruit scoop, tayered pipe [lat one side

3. rianmlation Develonrent
lestangular pitched covers. square to rectangle taper on centre. rectunmlar
reversible, round tarer concentric, round tajer cceentric, square to round taper,
rectangle to round tarer off centre, roof chinney siddle, oval to rectanzle off
centre :

4. Blueprint Reading and dstimating

Yote: Al) patterns to be developed in the manner emrloyed in good trade practice.

frade 12

1. ‘arall

Line Txvelopment

Five-pieced 90° elbow side seanm, elbow intersecting round pire elbow inter-
secting square pipe. collar intersecting an elbow, inclined branch offset:
comrlete ventilator, offset square ~ire, corround offset square rire

2. adial Line Development

und pire on taper, round pire tapered elbow, cyclone separator
3. Trianzulation Development

Rond to ellipse, square to rcund roof fitting, round to round tapered elbow,
square to round tapered elbow, .cctanzle reversible elbow, unequal Y, two-way
bull-head Y, oval to round Y with elbows. two-/ay Y flat one side, oval to
round 90° elbow, double rectangular elbow, three-way Y in line

4. Blueprint Keadiny and Estimati.g

ELECTRICITY

Related Instruction For
Tupils 5pecializing in Auto Mechanics

Grades 11 and 12
A laboratory Course in [ectrical Theory and Testing

1. An experimental review of conductors, non-conductors, simple series and
parallel circuits, resistance, current and voltage measurement, Ohm's law,
electro-ragnetic effeits as related to the automotive field
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2, Induced lurrents

Produciion of induced currents, including the elementary laws of induction
relating to the direction and value of induced pressure with special reference
to (1) the antomotive ignition coil, (2) marnets, (3) D.C. generator and metor

3. wotora-e Battery

Construction, theory of cperation and behaviour characteristics during charge
and disciarge; .are and maintenance with special precautions in hardling

4o Dyl Teneratour and liotor

Construction, theo:y of operation and characteristics or automotive generators
and starting motors and laborat~ry methods of locating faults; study of
characteristics of fan and other auxiliary motors

5. Condensers

A study of the function of capacity in circuits with special reference to the
condéenser across the breaker points

6, Auxiliary Automotive Tlectrical Apparatus

3tudy of constructior and theory of operation of electrical pauges, meters,
heat indicators, etc,

7. Yoltare and Current nerulators

Constructicn, purpose and theory of orperation; laboratory adjustments and methods
of by~passing

€. Cptiousal

Short laloratory course in radio mechanics leading to principles involved in
radio installation and minor repairs

@lectronic control of automotive equipment such as headlights and doors

UACHINE SHOP TRACTICE

itclated Instruction For
Tupils Specializing in Auto liechanics

Crades 11 and 12

Tories should be introduced as required and as the course progresses.
Teachers should plan activities in order to make certain that the pupils have a
good working knowledge of the following topics: 1lubrication of nachinesj cutting
lubricants; cutting speeds; thread forms and standards; lead and pitch of screws;
letter and nusber sizes of drills; tap drills; tolerances; marking materials-—blue
vitriol, prussian blue, soapstone, chalks, etc,; metals—~nature and use of irons,
steels, brasses, babbitt, alloysj S.A.L. markings of steels; spark test of metals
at the prinder; constructicn and use of hand tools—files, stock and dies, hack-

saws and simdlar tosls.
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GRADE 11

Standard Operations

Benchwork: use of layout tools; characteristics and uses of hand tools, as

1.
file, hack-saw, ctc.

2. Lathe: aligning lathe centres; mounting and turning work on an arbour; setting
up work in four-jaw independent chuck; squaring a shoulder; parallel turning
using micrometers; cutting external threads

3. Drill Press: drilling specds and feeds for carbon and high-speed drills; drilling
jigs and set-ups; drilling to an accurate layout

4, Milling Machine: simple indexing for polygon shapes and spur gear teeth

5. OGrinder: sharpening tools such as chisels, scribers, centre punches; adjusting
work rest, hood and obscrving safety practices

Grade 12

1. Benchwork: filing parts to a size andfor to a {it; scraping bearings or flat
surfaces; the use of gauges svch as screw pitch, thickness, depth, centre;
measuring with the vernier caliper and the inside mic rometers

2. Layout Operations: using layout equipment .-parallel bars, combination set, Vee
blocks, hook rule, test dial iundicator

3. Heat Treating; hardening and tempering steels; annealing copper tubing

4., Lathe: advanced operations such as turning and {itting a taper to a gauge;
drilling, boring and reaming in the lathe

5. Drill Press: more advanced operations involving drilling sct-ups and the use of
Jigs and fixtures

6. !Milling Macliine: operations to involve special feeds and set-ups such as side
nilling, cutting keyseats, etc,

7. Grinder: the surface, tool and cutter and cylindrical grinders; pcrpose of
cach; names of operative parts; safety precautions; setting up work; selection
of grinding whecls; truing wheels; some simple grinding operations

MACHINE SHOP PRACTICE
Related Instruction For
Pupils Specializing in Electricity

Grade 11

Operations

1. Bench: layout tools; the selection and proper use of the hand tools common to
the clectrical trade such as files, chisels, tsps and dies, sfize of tap drills
for various mctals, the hand hack-saw, the clectric hand drill

O
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2, Lathe: parallel and taper turning; using compound rest and steady rest;
selecting feeds for turning and thread cutting; cutting and chasing threads;
turning soft metals such as coppar

~

3., OCrinder (pedestal): sharpening twist drills, chisels, lathe tools

Grade 12

1. Bench: improvement in technique and accuracy in benchwork; filing, scraping
and fitting bearings or mating parts

2, Lathe: taper turning using the taper attachment; finish turning in brass or
bronze; turning running zand press fits; drilling, boring and reaming; special
screw cutting; truing shafts

3, OGrinder {pedestal): sharpeniig star drill, rawl drill, masonry drill, carbide-
tipped drill, teps

4, Milling Machine:r milling a flat on 2 shaft; cutting a keyway
5. Technological information: types of bearinas; checkinz shafts with dial in-

dicator, types and uses of machine keys; classes of machine fits; tolerancer:z
and limits, jubricants; ferrous and non-fcrrous metals; hardeniny aid cenpering

steel
MACHINE SHOP PRACTICE
Related Instruction For
Pupils Specializing in llechanical Drafting
Grade 11
Operations

1, Bench: wuse of layout instruments, bench hand tools; working to layout lines or
to gauges

2, Drill Press: the uze of Jins and fixtures in drilliag flat and cylindrical work
in various metals

3., Lathe: wuse of three and four jav chucks; special turning operations; drilling,
boring and reaming, tapping--using the three-jauv chuck} screw-thread cutting

4, Shaper: vertical and au-sular chaping; use of clamps for special set-ups

5, Hilling Machire: slab milling--horizontal surfares, cxternal and internal
surfaces, vith side or {arse cutter; milling rectansular or hexagonal chaped
pieces; straddle nilling

Grade 12
Operations

1, Bench: layout, using che suriace plate; nore dilficult filing operatio te
clozer standards of rcuirracy on contour worl
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Drill Press: drilling to a layout, drawing centres; reaming; boring; tapping;
use of jigs

Lathe: turning to close limits; use of the dial indicator; cutting external and

internal threads; use of the taper attachment

- Hilling Hachiné; milling a keyway, grooving, gear cutting, ucing the vertical
‘milling head ‘ ‘ B

}thallurgy, the theory and practmce of terminology; hardness standards; S.A.E,
ratlngs"metal alloys '

T .77 MACHINE SHOF PRACTICE

"Related Instruction For ‘
Pupils Specializing in Pattern and Casting Processes

Grade 11

Technological information: composition and characteristics of metals and alloys
used in castings and metalpatternmﬂklng,.meltlng points of metals; normalizing
and annealing; hardness testlng the effect of blow holes, cold shot, shrinkage,
cracks in castings

Benchwork: the use of layout tools and materials; layout, filing, drilling,
tapping on different metals; file and scrape a split metal pattern and insert
dowel pins; layout of a simple casting involving different machine operations
to check machine allowance, shrinkage and work

" Machine Work: simple operations on the lathe, shaper, drill press and willing

machine, These operations shouid cover a study of feeds, speeds, cutting tools

and depth of cut; machining cored holes, advantages and disadvantages of coring

a hole, effect of too little metal for machining and hard castings; coolants for
metal cutting; machine lubrication; safety precautions

Special-Hachines:' the pap lathe for large diameters; the pedestal grinder--
grits, grades and bond of grinding wheels

Heating Operations: sweating pattern halves together for machining; hardening
tcol steel

Grade 12

Metallurgy: heat recording devices--ithe thermocouple and pyrometer; seger cones;
study of different grades of cast iron after machining to show the granular struc-
ture and its corresponding physical characteristics; observation and discussion

of parts of machine tools and the reasons for the selection of the materials used
in construction; scasoning of castings to overcome warp and wind; methods employed;
chilled surfaces on castings, uses, procedure; use of handbooks to determine the
physical properties of metals

Machine Parts: an examination of some common machine parts to study their nowen-
clature, location and function--base, bracket, boss, apron, rocker arm, bearing

cap, braces, bushing, cam, counterweight, cover plate collar, cylinder, eccentric,
flange, gidb, housing, link, lug, quadrant, quil., rail, saddle, tongue piece; the
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use of the following as an aid to c¢: sting or machining--fitting strips, fillet,
ridbs, boss, hub, spigot, cast-slotted holes, taper and parallel gibs, good
grade metal for surface subject to wear

3. Benchwork: wuses of more advanced layout tools; layout and methods of attaching
patterns on metal plates; checking castings for size and defects preparatory to
layout; bridges used in cored holeg as assists in machining} repair methods to
remedy casting defects--plugs, brazing, welding

4., Machine Operations: sequence of operations in machining a casting which requires
a variety of machine operations; aids required in castings to facilitate machining
--lugs, bosses, etc,; proper draft in cored holes to obviate excessive machining}
difficulties encountered vhere cored hole has shifted or is out of proper align-
ment; clamping to avoid stresses or distortion; securing work in faceplates,
chucks, vises, angle-plates, jigs or fizitures; machining allowances; trimming
metal patterns--uses of portable grinder

PATTERN AND CASTING PROCESSES
Related Instruction For
Pupils Specializing in Mechanical Drafting or
Machine Shop Practice
Crades 11 and 12

Note:s Suitable projects or operatfons on projects should be selected to give
pupils the practical applications of the course.

1, The purpose of patterns and the interrelationship of patternmaking, foundry and
machine shop operatfions, What the machine designer should know about these
operations,

A
<

2. The historical background of patternmaking

3. FPlanning: sketching and full sfzed layout; specizl machining allowances {or
different metals; the theexy of contraction and shrinkage in castings; the shrink
rules; draft allowances in relation to casting design and the effect in the
machining of castings

4, Pattern materials: qualfties--white pine, mahogany, walnut, cherry, metal, plaster
of paris, clay; uses and applications

5. Types of patterns: one pfece; two-part; split; turned; segmental

6., Fillets: purpose; types

7. Pattern finishing (shellac) and fdentificaticn

8, Assembly of parts: gluing and nailing, the use of dowel pins in split patterns
9, Core prints and core boxes

10, Branches of mou.ding: green sand; dry sand; loam; metal

11, Gating moulds: purpose of gates in moulds; types of gates for various matals;
Q skewing gates and risers; pouring basin
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13.

14,

{atal patterns: the need for and use of these; how they differ from regular
patterns; metzls and alloys used in patterns

Die castings: comparison of die and sand castings; advantages and disadvantages,
typical articles which may be die cast; alloys used in the casting

Power tools: special uses and operations on power tools such as lathe and cisc
sander which are peculiar to patternmaking

CHEET METAL

Related Instruction For
'nplls Specializing in Air Conditioning and Refrigeration

Grade 11

SAFETY: Safety is essential and the use, care and maintenance of all tools and

1,

3.

L

5e

equipment. should be stressed.
Sheet_Metal Problems

(a) Linear, angular, surface and capacity measurements

{b) Estimating material costs

Pattern Development

(a) Parallel line method: three and four piece round elbows; square elbows;
ordinary tees and Y branches; register boxes; chimney cap or ventilator
head; flashings

(b) Triangulation method: principles of triangulation; forge and exhaust
hoods; rectangular to round fittings (symmetrical and non-symmetrical);
square to square transitions; rectangular reversibles; reducers and
furnace boots

(c) Radial line method: funnels, regular and flat on one side; flaring pan
and pitched covers; tapering pails and measures; reducers

Duct Construction

Low velocity systems: blueprint symbols for veatilating and air conditioning
systems; gauges and types of metals and matericlj cross and longitudinal seams;
hangers and supports; elbows, tapers and offsets; streamliner branches and tee
connections

Seams and Seaming Allowances

Seams: standing, double, grooved, Pittsburgh lock, riveted, lined and rein-
forced seams; amount of material required for eachj common uses and advantages
of each in fabrication and installation

Machine Processes

(a) Easy edgert turning edges on flat patterns

(b) Elbow edging machine: forming edges for round elbows

(c) Unishear, ring ~nd circle sheart cutting patterns

(d) Bar and tube béendert setting up and forming wire, rod and bar stock

]:[{\!: e) Spotwelder: setting up and changing tips for various ’obs; controls and

wll Toxt Provided by ERIC

their functions; cars and safety precautions
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(f) Fower machines: 3t 4is desirable that students obtain some familiarity
with power-operated equirment

Crade 12

SAFETY: Safety is essential and the use, care and maintenance of all tools and

1.

2,

4

O

E119

equipment should be stressed.

Pattern Development

(a) rarallel line method: intersections on irregular surfaces, elbows and
branches, round and rectangular pipe and duct fittings, louvres

(b) Radial line method: round and rectangular eccentric shapes, stack
heads and tapered elbows

{¢) Triangulation: eccentric transition fittings, symmetrical and non-
symmetrical Y branches from round pipas of equal and unequa}l diameters,
rectangular Y branches with different areas for ventilation systems;
regular and compound offsets; transition elbows

Duct Construction

Dampers, access doors and firedoors; louvres and screens; exhaust hoods and
fume hoods; goosenecks; belt guards; flexible connections and acoustical
treatment; casings and housings

Seams and Joints

Blower and ventilation systems: all the seams and Jjoints involved in the
fabrication and assembly of ducts and pipes such as riveted, hammered lock,
drive cleat, "S" cleat, standing and slip lock seams

Hollow lMetal Vork

Blueprint reading; metal thicknesses; bend allowances, sharp angle bends,
radius bends; forming procedures; methods of joining and seaming, spot
welding, riveting, arc and acetylene welding

Machine Operations

(a) Rotary machines: wider use of the elbow edging and turning machines in
the fabrication of pipe and duct fittings; adjusting heads for end-play,
correct position for various gauges of metal used

(b) Pittsburgh lockformer: adjusting for various gauges; specjal attachments

Sheet Metal I'roblems

Stretch-out lengths for elbows, offsets and pipe lengths; calculating diameters,
lengths and areas for transition and Y fittings; estimating labour costs

(xy-Acetylene Welding (Nptional)

Note: Welding should be taken in the welding shop if one is available,

History of oxy-acetylene welding; safety precautions; glossary of terms,
welding and cutting; care and use of squipment (tanke, gauges, torch tips

and valves); setting up and turning off equipsent; pressures, tip sizes

and material thicknesses; chemistry of “flane (neutral flsme, oxidizing



- 175 -

flame, carbonizing flame); corner weld, butt weld, lap weld and fillet weld;
welding and brazing light sheet steel and small structural shapes

8., ~Acetylene Cutting (Optional)
Principles of oxy-acetylene cutting, setting up equipment, pressures, cutting
tips; to cut a given straight line free-hand and using a guide bar; to cut a
c¢ircular hole in light gauge metal
SMAL] ENGINES
Related Instruction For
Pupils Specializing in Auto Mechanics
Grade 11
Refer also to the courses in Small Engines in the Two-Year Programme.
SAFETY
(a) The safety precautions speciried in the manufar’ irer's manual regarding the
driving mechanisms and the driven units
(b) The necessary precautions to prevent accident.. starting
(c) ©5afe practices in regard to toxic and explosive fumes and in the use of tools
and equipment
1. Tne Internal Combustion Engine
(a) A review of the two ard four stroke cycle of engine operation
(b) The tyres and parts of small engines and the functions of the parts
(¢) Construction details such as light weight, materials, valve types,
cylinder design and governor mechanisms
{(d) A study of engine designs such as single and multi-cylinder two and four
stroke cycle engines with horizontal and vertical shafts
{e) Typical engine applications such as lawnmowers, outboard motors, chain-
saws, portable pumps and portable generator units
2, lubrication
A review of the lubrication of four-strcke cycle engines; the lubrication of
two-stroke cycle engines including the mixing of gasoline with the proper type
and grade of ol and in the correct proportions
3. Cooling
(a) A 3tudy of the air coolang system
O
]EIQJ!:‘ (b) Maintenance of cooling systems
P oo
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Fuels and Fuel Systems
(a) Inspection and testing of fuel pumps ’ .
(b) Examination and service of fuel filters

(¢) Pressurized tank construction

Carburetion and Fuei Induction

{(a) Small engine carburetors - assembly and installation

(b) Carburetion troubles

(c) Gasoline deterioration and effects of lead in fuels

{d) Two stroke cycle induction and crankcase compression
Ignition

(a) A review of the fundamentals of electricity and magnetism
(b) Electro-magnetic induction

(¢) Construction and operation of the magneto

(d) The selecting, testing and servicing of spark plugs

(e) Wiring of the ignition circuit

Alternators and Rectifiers

The principles, types and operation of alternators and rectifiers; installation
and service

Starting Mechanisms

The princirle, assembly and installation of electric and manual types

Engine Operation

Safety checks before atarting; carburetor ddjustment; testing brake horse-
power using fluid, electric or Prony brake methods

Service Work

Operation and repair of related units such as lower transmission units,
electric shifts, clutches, couplings and controls; practical work should be

performed on different types of small engine powered machines
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WELDING

Related Instructions for Pupils 3pecializing in
Aircraft Mechanics, Auto Mechanics, Machine Shop Fractice,
Sheet Metal Practice and Plumbing

Note: The emphasis of the course for pupils specializing in Mechanical Drafting

should be to teach these pupils how welding techniques and practices can
be used in machine design.

Acetylene Welding
Grade 11

Note: Suitable projects or operations on projects shall be selected to give pupils

the practical applications of the course,

General instructions on the purpose of the course, the care of the equipment,

safety precautions, the use of instruction sheets, work assignments.

1.

5.

6.

History and principles of oxy-acetylene welding and cutting; first commercial
tcrch; method of producing calcium carbide; disccvery of oxygen

Scope of oxy-acetylenc process, growth of industry, different processes

suxiliary equipment and supplies: torches; glasses; cutting machiin; filler
reds (Hercules, cast iron, bronze, etc.); squares; clamps; plier :; elc.

Using the equipment: connecting the apparatus; care of c¢ylinder valves; assemb=
Jing hose lines regulators and blowpipes; shutting down the equi;-.cat; closing
the blowpipe needle valve; releasing gas from lines and regulators; table of gas
pressure

Care of regulators: need for releasing adjusting screws; tightcning of regulator
nuts; fibre washers

Types of flames and their temperatures: carburizing; neutral; oxidizing; their
approximate temperatures

The gifferent flames in welding: carburizing; neutral; oxidizing (. wi.ngs of
each

The principles of good welding: fusion; bronze welding; brazing; ra*lo of gases

Tha velocities of flame: increase of each gas to change veloci'y of flame; neea
for changing tip size when maxirum output of gas is reached

Explosive gas mixtures: flashback; backfire; safety precautions; c¢.isus

Characteristics of beads: penetration and fusion; proper aligii-e: . «pjrarance
A

The materials used and procodure in running beads without filler

Svtection of walding rod and fluxes: Pproper selection; ferrous r«- . non-ferrous
rods; fluxes

174



O

14,

15.

16,

17.

18,

19,

20.

1,

2,

3.

9.
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Importance of oxygen gas: combustion; properties; manufacture; pressure; care
of cylinders
Acetylene gas: manufacture; properties; construction of cylinders

How to test welds: purpose; method; resultsj method of finding per cent of
elongation

To butt weld on sheet steel: material; preparation of plates; procedure;
results; test

Theory of cutting steel: principles involved; formation of oxides; table of
gas pressures

Types of fillst welds: definition; types; convex welds; concave welds; proper
leg length

How to run beads without and with filler metal, make a corner weld without and

with rod, butt weld on sheet metal, hand-cut straight line cuts, lap weld on
steel plates. Testing the above welds

Grade 12

Construction of acetylene torches; purpose of the torch; mixing chamber; types
of torches

Construction of acetylene cutting torches; purpose; type of metals that can be
cut; types of torches; oxygen-lance type; powder cutting

Construction of regulators: working parts, working mechanism, types of
regulators, safety

Reconditioning tips: method of straightening tips: cleaning plugged orifices;
d1il1ling of orifices

Guided-bend t.est: appearance of weided specimens; precautions against slag;
procedure for cutting plates; method of bending samnles; results

Welding and cutting on cortainers, tanks and vessels; rules to be adhered to
before welding; methed of cleaning; precautions to te taken during welding

Multiple welds--pass welding, on groove welds; lap welds; tee welds in flat,
vertical overhead positions

Principles of joiat design: btutt welds; lap joints; tee joints; corner joints;
edge joints

Types of steel: 1low, medium, high; effects during welding
How to circle cut and pierce holes, make a fillet tee weld, butt weld a vee
groove, make multipie pass lap and tee welds, run a bead of bronze filler on

nild steel, braze weld a butt Joint, braze weld cast iron, run vertical beads,
Testing the above welds
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Electric Welding
Crade 11

General instructions: care of equipment; safety nreautions in using machines;
the operation of machines on high voltage, prevention of fires; safety precantions
for the operator

To sit up AC. and D.C. units: main supply equipment; ground cable; voltage
control; amperage control; volarity of switch

Listory and scope of welding: discovery of electric arc in the first part of
the 19th century; important part played by welding during World War II; presente-
day welding vrocedures

Proper tecinique fer striking an arc: tapping method; scratching method; arc
length; crater; characteristics of beads

Definitions of carbon arc welding, metallic arc welding, inert gas welding, inert
spot welding, automatic inert ras welding

Tecknique of arc welding: unshielded arc; shielded arc; arc length; penetration
due to srpeei of travel and current setting

Joining of beads: the importance of filline in the crater; the proper procedure
of striking the arc; running beads in the orposite direction

Slementary electricity: comparisen of D.C. current to a water system; 4.0,
current

Weavinrg cf electrodes: tyres, use, limitations, arzles, heat control

Zlementary classification of electrodes: color band; type and current setting;
where used; characteristics

Study of penetration, fusion, undercut, overlap, reinforcement
Construction of hand-cutting torches: plan, types, lance, powder
The technique of making fillet welds: preparatior of plates
How to run stringer beads; join stringer beads, run beads using a weaving
technique, run an edge weld on steel plate, hand-cut straight line cuts, make
a fillet lap weld. Tests on the above welds

Grade 12

Theory of arc welding; how arc is formed; reason for light and dark flashes
during welding; jonization of coated electrodes

Study of beading and tuilding up; padding of worn surfaces; shaft-building

Comparison between bare rod and coated electrode: oxjdation; lightly coated
electrodes; functions of heavy coatings

The study of multiple~nass beads on groove walds, lap welds, tee welds in flat,
O tical and overhead position

RIC
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5. Classification of electrodes; A.W.S. numbering system

6. Principles of joint: butt joints, lap joints, tee joints, corner joints, edge
joints .

7. The proper technique for preparing and testing plates for root-bend and the root-
face testing operation

8. Welding and cutting on container tanks and vessels, method of cleaning, precautions

9. How to weld in horizontal position: angle of electrodes; current used; speed of
travel; overlap precautions

10, Types of steel: low, medium and high carbon; effects during welding and after
welding; elimination of crackirng

11. Effects of common elements on weldability of steel: manganese; nickel; sulphur;
phosphorus

12, Advanced electricity: A.C. transformers; selenium rectifiers

13, How to make a fillet tee weld; pad a mild steel plate; pad a mild steel shaft;
make a miltiple pass weld on a lap and tee joint; weld a single V butt joint;
preparation on mild steel using a backing strip; run beads in horizontal »osition;
make a horizontal lap weld; make a horizontal butt joint with and without backing
strip. Testing the above joints

177
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SCIENCE, T=CHNOLOGY .AND TRADES BRANCH

Five-Year Programme

The Five-Year irogranme in this Branch leads to a Secondary School Honour
Craduation Diploma. This programme as well as leading to Grade 13 standing pro-
vides pupils with an opportunity to study Technical Subjects and obtain technical
knowledge and skill as a bashground for future education or as an aid to employment,

Facility in comminicating ideas clearly and concisely either orally, graphic-
ally or in the written form should be an objective of all programmes of the Science,
Technology and Trades Branch.

In all Technical Subjects emphasis should be placed on accurate measurement,
together with the function, basic principle and proper use of vasious instruments
and the interpretation of the data obtained. The plotting of the information and
the interpretation of graphs should be an integral part of these courses.

Report writing should be part of the work in all Technical Subjects, The
writing of reports on experimental work and the preparation of essays on technical
torics train the pupil in accurate observation and clarity of expression and broaden
his knowledge through the use of reference materials,

Generally in Grades 9 and 10 the pupils will receive instruction in several
Technical Subjects, In Grade 11 the pupil is required to seiect two Technical
subjects from the list below. One of these is cnnsidered a major subject and is
continued into Grade 12; the other, a related subject, is completed in Grade 1ll. In
Grade 12 he is reguired to select a second related subject.

Note: Course outlines have not been included for Grades 9 and 10 of the Technical
Subjects, Teachers are referred to the course outlines for these grades in
the Four-Year Programme and are expected to make suitable adaptations of
such courses keeping in mind the time available and the technological nature
of the courses in the Five-Year Programme,

Coui'se outlines are included for Grades 11 and 12 of the Terl.nical Subjects
which may be included in this programme.

Major and related Technical Subjects are to be chosen from the following
list:

Drafting, Architectural
Drafting, Mechanical
Electricity
Klectronics

Industrial Chemistry
Industrial Fhysies
Machine Shop

Note l: The courses offerad shall be technological in nature, lhere possible
problems should be introduced that require numerical calculations,

Note 2: Yith the prior approval of the Minister, alternative Technical Subjects
may be taken in schools unable to offer one or more of the Technical

Q Subjects listed above.

ERIC
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ARCHITECTURAL DRAFTING

Five~Year Prograrme Grades 11 and 12

Grade 11

Building Construction Details

(a)

(b)

(c)

Preparation of working details involving the following eles its singly
or in combination

Foundations: soil conditions; slab, stepped, offset, plain and rein-
forced [ootings; post, pier, column and wall foundations; foundation
waterproofing

Frame wall construction: szlements of balloon and braced frames; wood

coverings
Masonry wall construction: wall thickness; face and backing units

Wood fleor construction: joint arrangement, fire-stops, bridging,
girders, trirming, floors

Carpentry and joinery: Joints, rough and finished carpentry, trim
details

Windows: double-hung, casements in wood and metal; mullions, caulking;
types for wood and masonry walls

Doors: construction, exterior and interior types and sizes, hardware
Fireplaces: hearth, throat and flus coastruction; surround and mantel
Chimneys: flue types and sizes; wall sizes and materials; cleanouts

Stairs: types; opem-and closed-string sonstruction; tread, riser and
hand-rail relation

Wood roof framing: wood truss coanstruction; clements of the flat, lean-
to, nip, gable, gambrel, mansard types; do.xers, coverings, cornices

Flashings: for hips, valleys, chimneys, cornices, parapets, soil pipes
layouts and working drawings: incorporation of the foregoing details in
the working drawings for a kitchen eguipmont layout, sunmer cottage or
similar project

Some brief asxercise in inking should be given

Building Materials and Methods

An elementary otudy of the materials of building construction and the local
building by-laws and practices. This study should ve carried on concurrently

" with the preparation of the details outlined in 1 above.

(a)

Wood: drying, shrinkage, defects, sawing, grading, measurement; properties
and uses of various dbuilding woods

O
l{J}:‘(b) Lime: properties; crushed and hydrated; mortar, plaster
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(c),

(a)
(e)

- (8)

(h)
(i)
(3
{k)

(1)
(m)

Portland cement: properties, uses in mortar, stucco, concrete
Brick: varieties, uses, types of bonds, joints, mortar

Stone: c¢lassifications, properties and uses of granite, limestone,
sandstone, marble, slate and shale; properties and application of rubble,
ashlar, venz2ers; bonding and waterproofing

Concrete: propurtions, mixing, placing, curing, forms, uses of steel
reinforcing, pre-stressing

Gypsum products: properties of gypsum; use in plasters, boards, blocks,
slabs; dry wall construction

lasonry units: concrste, cinder-concrete, silica, clay blocks

Flooring: wood, concrete, terrazzo, mastic, tile, linoleum, cork,
rubber coverings

Glase: varieties. cormercial standards; structural glass and block

Faint: composition and uses of painis, enamels, veornishes, stains; paints
for wood, metal, plaster, concrete

Metals: properties and uses of iron, steel, coprer, lead, zinc, tin

Insulation: types, application and vapour barrier

History of Architecture and Design

(a)

()

General outline of the history of ancient building with emrhasis on the
Greek and Roman periods, particular attention being given to the use

of materials, methods of construction and Lo the form and proportion of
detaile of these reériods which are still in use

Freehand sketches or formal drawings of representative details of the
various periods

Grade 12

working Drawings

(a)

(b)
(e)

(o)

Residence plans: preparation of working drawings of a small residence
at a scale of £" = 1' - O", complete with details such as wail secticns,
windows, main entrance doorway, porches, cornlce, “ay windows, dormers,
kitchen cupboards, staircase, mantel and interior trim

Some exercise in inking

Mechanical equipment layouts: piping diagrams for hot water heating and
water-supply systerms; duct layout for the heating amd ventilating of &
amall building

Structura) steel details: working details using standard chajpes fer
stesl-framed hLay or similar project

Surveys: drawing of a land plet from notas prepared in tha field showing
buildings, natural features, levels, linear and angular measurameris;
measursment of tuallding details .1
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2. Buildinr Materials and Methods

The work of Grade 11 extended to inelude:
{a) Running lines and stoking out
{b) Organization of work nnd seauence of trades

{c) A study of plumbing installations ineluding materinls and construction
of 4rains, soil pipe, wastrz, vents, traps, fixtures, septic tanks, hot
and cold water supply, ga3 piping

(d) Heating installations: comparison of warm-air and hot-water systems,
gravity and forced circulntion; gravity or forced air conditioning,
radiant heating; boilers, radiators, pipe and fittings, controls;
elements of air conditioning; fuels: calculations for heal loss, radia-
tion, duct work; insulation types, points or application

(e) Electrical work, servicc entry, switches, distribution, circuit arrange-
ments, armoured cable, non-metallic cable and rigid conduit installetions

(f) The study and preparation of specifications for a small residence covering
excavation, masonry, rough and finished carpentry, lathing and plastering,
sheet metal and roofing, tile work, painting and glazing, plumbing, heat-
ing and electrical work

3, Structural Design

The objectives of this course are to teach good engineering procedure and to
familiarize the students with present day structural design methods

(a) Strength of materials: definition of strength of materials; use of
strength of materials in structural design

{b) Forees: compression, tension, shear, elements of a force, vectors

(c) Stressest mecheanical properties of materials, atrength, stiffness,
elgsticity, ductility, malleability, deformation, elastir limit, yield
point and ultimate strength, modulus of elasticity, fictor of safety,
allowable unit stresses

(d) Equilibrium: definition, psrallelogram of forces, resultants, equilibrant

(¢) Beam Design:

Types of loads: point load and uniformly distiibuted load; conditions
for equilibrium: principle of moments

Reactions® calculation of R1 and R2, simple beams, cantilever beams
Vertical shear, calculations - diagram
Bending moment, calculations - diagram

Internal resistance - resisting moment, horizontal shear (for timber
only)}

Q Flexure Formulee. Determination of section modulus. Selection of
E lC bnam - timber, steel
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Deflection: definition, maximum deflection for a beam with a con-
centrated or point load at the centre; maximum deflection for a
beam with a uniformly distributed le-d, formmlae for beam deflection

Simple problems in beam design in steel and timber

Properties of sections: centroids, moment of inertia, momen% of inertia
for rectangles, circles and triangles, section modulus

Design of beams and lintels: steel soctions, timber sections, types of
lintels

Colurn design: short columns, long columns; end conditions; least radius
of gyration; slenderness ratio; column formulae pertaining to steel
columns, A,I.5.C. and C,I.5.C, Codes, local nunicipal by-laws; timher
columns

Timber construction: design of various structural members in timber such
as floor joists, girders, ceiling joists, built-up sections, columns and
rafters; uses of laminated wood

Steel construction: design of steel beams and columns; use of open-veb
steel jolsts and lonz-span steel joists

Reinforced concrete: design of a simple reinforced concrete beam, floor
slabs, methods of reinforcing
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MECHANICAL DRAFTING
Five-Year Programmeé Grades 11 and 12

Grade 11
Note: All work to be done according to C.S5.A. Standards,

1. Detail and Assenbly Drawinys

(a) Machine fastenings; selection of and correct gvecifications for machine
screws, studs, bolts, nuts, washers, taper pins, cotter pins, retaining
rings and other fastensrs

{b) Keys and key -seats

(c) Threads: National, Unified, Whitworth, Acme and Square; corase, fine
and extra fine threads, multiple threads, right and lefl hand threads,
pipe threads; thread terrinology

(d) Machine fits, tolerance, C.3.A. siandards

(e) Further sectioning; introducing Lroken-out, offset and phantom sections;
an assembly in section

(f) Drawing of machine parts from notes and sketches cobtained by measuring
: actual objects

(g) Selection and use of common metals and materials

(h) Specifring and listing detailed and stock parts on the drawing and in the
bill of material

(i) Pencil drawing on transparent paper, inking and reproduction (Inking
should be touched on only briefly.)

() Use of lettering devices

(k) Dimensioning: introduction to the complete decimal and metric systems
of dimensioning

2. Surface Finish

Specifying the surface quality for appearance and application using C.35.A.
symbols for surface roughness, waviness and lay

3. Geometrical Construction
Geometrical construction for tangential, elliptical, involute ard cycloidal curves

4., Welghts of Materials

Calculation of the weights of castings, structur.l stesl, stock £rd machined
parts and other materisls

5. Gearing

The greater part of the time for this topic should be spent on fundamentals of
gearing, uses of various gears and formulae. Spur gears: tooth partsj plotting
O tooth curves by the base circle method; drafting problems involving details of
l{J}:‘pinions and spur gears; working drawings of spur gears using conventional symbols
"~ and data block instead of tooth shapes
183
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6. Fictorial Urawing and 3ketching
The continuation of pictorial drawing as taught in Grade 10. BEmphasis to be
placed on pictorial sketching. FPerspective drawing and sketching may be
included if time permits

7. Auxiliary Views

iore advanced problems on auxiliary views; introduction of secondary auxiliary
views and revolutions

€. Development of Surfaces

Triangulation method of development for objects such as transition pieces and
irregular conical shapes

%, Blueprint xeading

Grade 12
" Note: All work to be done according to C.5.A. 3tandards.

1, lachine Drawing and Design

(a) Gathering data from catalogues, hand-books and reference books

(b) Shafts and couplings: flange couplings, shaft collars, fluted and
splined shafts, universal joints, flexible couplings. Drawing tine
should be limited

(¢) Eearings: friction and anti-friction; use of manufacturers! hand-bocks

(d) Sketching maching parts to determine approximate dimensions; making
layout ‘n pencil

{e) Selection of materials - S;A.E. and A.I1.S.I. steels, various metals,
plastics and other materials

2. GCearing and Actuators

{a) Gearing problems: use of formulae and prepared tables of gear data for
advanced protlems in spur and bevel gears, worm gears

(t) Drafting problems in tihe layout of devices producing mechanical movererts
by means of linkages, cams and electrical, hydraulic and rneumatic actuators

3, Strength of Materials

Design problems iuvolving elements of strength of materials; simple tension,
compression, torsion, bearing, direct shear and vending or deflection; unit
stress, unit strain, ultimate stress, elastic limit, safe working stress,
factors of safety, use of hand-books to determine physical -roperties of
raterials ’

4. DNew~ llaterials, Frocesses and Techniques

Mupils should become familiar with any new industrial processes or technigues
as the process or technique becomes accepted, Juch inforration micht concern
O  wder metallurgy, high temperature resistant alloys, materials with a low
[E [(:efficient of frictien, electric discharge machining, explosive metal formin:,
e v netals, plastics and other materials
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ELECTRICITY
Five-Year Programue Grades 11 and 12

Grade 11

SAFEYY: Safe practices should be stressed,

Froblems on the topics studied should be assigned in a systematic manner

to clarify and 4rill the principles involved.

1.

2,

3.

Le

i ectro~-magnetism

{a) The magnetic circuit; the relationships between the magnetomotive force,
flux and reluctance; flux density; formulae; C.S.5. or M.K.S5. system of
magnetic units

(b} A study of the magnetizing curves for cast iron and comaercial grades of
core materials

(c) Series magnetic circuits involving various materials and air gaps; problems
Insulation

Properties of insulating materials such as rubber, varnishes, plastic compounds,
impregnated paper, varnished cloth, tapes, asbestos and silk

Resistor and Resistance keasurements

(a) Measuring the resistance of resistors connected in series and in parallel
and combinations of both; methods and formulae for determining the com-
bined resistance; problems

(b} Electrical conductance; problems

(c) Kirchhoff's Laws - the solution of network carcuits using Kirchhoff's laws

Electrical lMeasurements

llote: The proper use and care of instruments should be stressed.

(a) The D!'Arsonval Galvanometer: parts, principle of operation and its
application in the voltmeter, ammeter and ohmmeter

(b) Bridge Circuits: the wheatstone Bridge, the slide wire bridge

(c) Power Measurement: the constructicn and principle of operation of a
wattmeter; proper wattmeter connections; measurement of power

D.C, Generators

(2) The direction and magnitude of the emfs induced in conductors cutting a
magnetic field; formmlae, problems

{b} D.C, Generators: parts and their functions; types and connections; self
and separate excitation; factors affecting generated voltage; the building
up of a shunt generator; commmtation; armature reaction and commlating
poles '
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(¢} Gernerator characteristics: the saturation curve; the load or external
characteristics of shunt and compound generators; regulation; losses
in D.C. generators; efficiency

(d) Generator applications

6. D.C. Motors

{a) Principle; types and connections; parts and their functions

(b) Counf.er Bnf., manual motor starters; methods of speed control; reversing
D.C. motors; automatic starters; dynmamic braking

(¢) Lload characteristic curves of shunt, series and compound motors; per
cent speed regulation; armature reaction and interpoles

(d) Less:s and efficiency
(e) Motor applications

7. Alteraating Currert

(a) An introductory study of alternating emf. generation; the sine wave,
frequency, average, effective and maximum values

(b) Indvctance: definitior, factors affecting inductance and inductive
reactance, formulae and units; phase relations; non-inductive windings;
indvctors in series and parallel; application

(c) Capecitance: defipition, types, construction and operation of capacitors;
factors affecting capacitance and capacitive reactance; formulae and
units; phase relations; capacitors in series and parallel; application

(d) 3imple A.C. circuits, phase relationships, Chia's Law A.C., impedance

(e) Vector diagrams for A.C, series circuits

€. Transformers

(a) Principle, construction, types and applicaticn

(b) Voltage and current ratios

9. Elementary Electronics

Refer to Grade 11 Electronics, The topics selected and studied will depend
on the time and equipment available, This section is to be deleted if the
students receive instruction in electronics in the electronics laboratory.

EKTC 186
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Grade 12
SATETY: Safety precautions should be stressed.
1. The_Sine Wave
(a) Definition and construction of a sine wave; cycle, frequency

(b) Review of average, effective (R.},3.) and maximum values and the
relationships between them; ©:im factor of the sine wave

(c¢) Equation of the sine wave, instantaneous values

2, Alternating Current Circuits

(a) Heview of inductance, capacitance, reactance and impedance
(b) appiication of Chm's Law to alternating current circuits

(c¢) Phase relationships in A.C. series and parallel circuits; vector diagrams;
) series and parallel resonancej characteristics of resonant circuits;
resonance curves

(d) Power waves for A.C, circuits containing R, L, or C, frequency of power
waves, positive and negative power, instantaneous, maximum and average
power, effect of phase angle

- Power and power factor: definiticns, meaning of leading and lagging
power factor; measurement of power in non-inductive, inductive and
capacitive single phase circuits; the determination of power factor; the
relationship between volt-amps, watts and vars; formulae and calculations
of power and power factor

Caah )
T
~

(f) Power factor correction by capacitors

3. Polyphase Systems

(a) Reasons for polyphase systems, elementary two phase and three phase
alternators, star and delta connections

(b) Vector diagrams for balanced loads in star and delti, unity p.f.
(¢) Calculation and measurement of three phase power {balanced loads)
4. Alternators

(a) Construction of single and polyphase alternators, factors affecting
voltage and frequency

(b) Voltage control, armature reaction, per cent voltage regulation
{c)} Farallel operation of alternators {Optional): synchrenizing by use of

lanps and voltmeters, load adjustment between machines, effect of
changing field excitation, hunting

5. Transformers

o 1)} Construction, principle, voltage ratio, transformer equation, effect of
]El{Jf: loadsng a transformer, efficiency, commercial applications

o 187
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(b) Polarity: definition, impovtance and determination
{c) Transformer connections: series, parallel, star, delta, open della
(d) load characteristics, losses and efficiency

Alternating Current Motors

{a) fxplanation and demonstration of the revolving magnetic field, synchronous
speed

(b) Three Phace Squirrel Cage Induction Motors: the principle, construction
and commercial uses; a study of torque, slip, rotor speed and frequency
starting curreni, starting torque, porar facter and the >perating or
load characteristics

(c) Three Fhase Wound Rotor Induction Motors: the principle, constructiorn
torque, slip, rotor speed and frequency, starting current, starting
torque, power factor, speed control. and operating or load characteristics;
commercial uses

(d) Single ‘hase Induction Motors: the principles, construction and commercial
uses of single phase irduction motors; a study of special starting devices,
arrangement cf windings, starting currents, torque and speed character-
istics, power factor and efficiency

(e) Synchronous Motors: the principle, construction and commercial uses of
synchronous motors; a study of starting methods, motor speed, power factor
and power factor correction; characteristic curves

(f) lotor Control: the principles, types and construction of starting and
control devices in common use for induction and synchronous motors

Instruzents
Note: The proper use and care of instruments should te stressed,

The theory of operation; use and circuit connections for ammeters, voltrmeters,
wattmeters, oscilloscopes, vacuum tube voltmeters and insulation testers

Tower Rectitiers

The construction, theory of operation, characteristics and precautions to
observe when selenium, silicon, controlled solid state and gaseous rectifiers
are used commercially in single and polyphase circuits. Applications

Industrial Electronic Circuits

Refer %o Grade 12 Industrial Electronics., The topics selected and studied
will depend on the tirme and equipment available, This section 1s t5 be
deleted if the students receive instruction in the Electronics Laboratory.
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ELECTRONICS
Five-Year Programme Grades 11 and 12
Grade 11

SAFETY: Safe practices in the handling of electrical and electronic equipment
should be stressed,

This course material to be expanded or modified as time permits. It is
assumed that the students have a background in electrical principles. If this is
not the case, the course should be modified te include the principles required.
1., Vacuum Tubes

(a} Types of emission with emphasis on thermionic emission
(b) Types of cathodes
(c¢) Physical construction of diodes and triodes

(d) Characteristics of diode and triode iubes

Laboratory Work

Experimental determination of tube parameters

2., A.C. and Magnetism

(a) Principles of magnetism and electro-magnetic induction with reference to
the generation of A.C.

(b) MNomenclature of A,C., characteristics and values

{c) Introduction to vectors

{(d) Introduction to cajpacitance

(e} Introduction to inductance

(f) Analysis of L.C,R, circuits

Laboratory Work

{a) Use of oscilloscope and other instruments in analysis and measurement
{b) Colour codes for resistors and capacitors

(¢} Experimerntal analysis of L.C.R. circuits

(d)} Analysis of various meter movements

3. Diode Applications

(a) Fower supplies
O  (v) Detectors 189
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Laooratory Work

(a) Waveform and voltage analysis of half-wave and full-wave power supplies
(b) Experimental study of filter circuits

(¢) BExperimental study of regulation as determined by the type of filter
circuit and load cornditions

{d) Exrerimental study of an L-C circuit used with a diode detector

4. Triode Apjlications

Arplifier: biasing methods; classes of operation; methods of coupling;
circuit analysis of audic and radio frequency amplifiers

Laboratrry werk
{(a) Producztion of tias voltage by various experimental methods

(b) Experimental analysis of voltage amplifiers, phase inverters and push -
pull circuits

(¢) The appiication of the triode as an oscillator
(d) The application of the triode as a detsctor

5. 3o0lid Stale Devices

{a) Review of th: Bohr atom with emphasis on energy levels in sami-conductor
materials

(b) The P-N junction

(¢) Transistors: principles, construction, types, advantages and dis-
advantages in comparison with vacuum tubes; anplifier configurations;
irtroduction to hybrid parameters

lavoratory Vork

Experimental study of typical simple transistorized devices

“rade 12

SAFETY: Tre precautions necessary to avoid high voltage shock and the care
necessary in handling chassis and picture tubes should be emphasized,

This course material to bz expanded or modified as time permits. It is
assurmed that the Grade 11 Electronics Co:rse has been completed,

1, JSuperheterodyne Heceiver

(2) Block diagram of receiver
.n; Review of power supplies

)

Y _{c) RHeview of sudio amplifiers

ERIC
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(2) Circuits vsed for frequency conversion
(f) Study of I.F. amplifier
(g) Study of diode detector

Laboratory Work

Construction of a superheterodyne receiver by stages as follows: (Experiments
should be conducted following the completion of each stage)

(a) Power supply including filament circuit
(b) Audio system
(¢) 1I.F. amplifier and detector
(d) Converter
(e) Complete alignment of receiver
2, Fault Analysis
{a) Classroom demonstrations of various fault finding techniques
(b) Voltage and resistance analysis of the receiver
3. Special Circuits
The following topics to be presented as lecture demonstrations if time permits
(a) Electronic voltage regulation
(b) Circuit protection
(¢) Volume control and tone control circuits
(d) Factors influencing freguency response
(e) Methods of connecting a record player to a radio
\f) Tuning indicators
(g) A.v,C. and D,A.V.C. circuits
(k) Squelch and noise limiter circuits
L. Gaseous Tubes

The study of gas diodes and triodes and the application of these tutes as
rectifiers, regulators and control devicas

5., Industrial Control

O rerimental study of typical circuits to illustrate the application of vacuum
[EIQ\L(:bea and solid state devices for electronic control such as photo-electric
e 1ays and time-delay relays 1
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6, Television

A basic understanding of the operation of a television receiver; an arpreciation
of the function and adjustment of the controls

Laboratory Work
Adjustment of a T.V., set

192
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INDUSTRIAL CHEMISTRY

Five-Year Programmc Grades 11 and 12

Grade 11

General Chemistry

When pupils plan to write the Departmental Examinatior. in Grade 13 Chemistry at
the end of the Grade 12 Industrial Chemistry Course, the teacher should ensure
that all topics 1listed in the Grade 13 Course of Studies are covered. 1In Grade
11 many experiments should be done by the student to establish a firm under-
standing of equivalent weights, gas laws and vapour pressure.

(a)
(%)
(c)

(d)

(e)
()

(g)

(h)
(1)

S}

(k)

The atom: structure, size, weight, representation, quantum energy levels
Why atoms unite: valence, covalence

Periodicity: atomic table

Activity: development of activity list from experiments

Ionization: conductivity experiments, coloured ions, ionic equations
Reactions and equations: review of equations, practice in writing equations;
hydrolysis with experiments; electrolysis with experiments, Downs cell, Hall
cell, Gibb cell; experiments on eguivalent weight

Me.alss iron, cobalt, transition elements, principal properties of metals
Oxidation - reduction: examples, tests in terms of electron transfer

Equilibrium: reversibility; law of mass action with experiments; dynanic
equilibrium; Le Chatelier's principle; Kaber process

Ionic equilibrium¢: acid-base theory; common-ion effect; solubility product
and fonization constant

Co-ordination: complex ions

Qualitative Analysis

Qualitative analysis provides a good review of chemical principles and an
opportunity to work out equations. This topic embraces a study of the applica-
tion of mass a~tion, ionization, solubility product, co-precipitation, common-
{fon effect, buffers and gH control

Note:

Semi-micro methods may be used to save tiwe and chemicals and to encourage
closer observations.

Gravimetric Analysis

(e)

(v)

The construction, care and use of balances: precision; sensitivity; rest
point

Determination oft water of ¢rystalllization in a hyd:ated salt; bsrium in
barium chloride; chlorine in barium chloride; 4ron in ferrous amaonium
sulphate; nickel in steel
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Grade 12

1. Zeneral Chemistry

Continuation and completion of Grade 13 Cherdstry

2. Jolumetric Analysis

Comparison with gravimetric analysis with regard to accuracy, speed and basis of
calculations (mole, molar; equivalent, normal)

(a) accuracy of pipettes and burettes

(b) Faking normal solutions: e.g., hydrochloric acid, sodium hydroxide; primary
and secondary standards

(c) Review of ph, theory of indicators, end roints, mixed indicators; titration
curves (optional)

(d) Determining the percentage of: acetic acid in vinegar; oxalic acid in a
cleaner; sodium hydroxide and sodium carbonate in commercial caustic, soda
ash, borax and boric acid

{e) “reyaration of a standard permanganate solution and standardization against
a ferrous salt and sodium oxalate

(f) The principles of reduction using stannous chloride, Jones reductor and
hydrogen
(¢) Determination of tke iron in a ferric salt

&

{(h) ‘trejaration of a standard icdine solution and a standard thiosulphate
solution; deterrdnation of copper

(i) Deterrdnation of chlorine in bleach

3, Instrunental Analysis

A -tudy of the princirles involved and tte arplications in process control of
the following instrurents: saccharimeter or refractometer, rH meter, automatic
titrator, liessler tubes and colorimeter, rhotoelectrometer. fluorimeter,
nephelometer, polarimeter, cpectrophotometer, Farr bomb calorireter, viscometers

4. lhotograrhy {Optional)

This study is to enable the technician to preserve records of laboratory set-ups,
ard make micro-rhotographs and illustrations of processes and machinery.

Mixing developer ard fixer; developing the negative; printing by contact; camera
values; film speeds; exposure meters; grades of paper; copying and enlarging;
mounting; lenses; light; depth of field; filters; light and shadow effects; slide
raking; intensifying; reducing; dodging and special effects

sr
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5. Organic Chemistry
{a) The large number of organic compounds and their importance
(b) Nomenclature
(c) The carbon tetrad or tetrahedron; covalent carbon
(d) Determination of percentage composition of carbon compounds
(e} GCraphic and structural formulae; isomers, homologues

(f) The petroleum industry and its products: alkanes, alkenes, alkymes,
botted gases, polymers; the cracking process, extraction of products

(g) Alcohols: production and industrial uses

(h) Aldehydes as oxidation derivatives

(i) Ketones

(j) Acids: final product of oxidation; fatty acids; unsaturated acids

(k) Esters: soap, paint, perfume

(1) Comparison of syndet:s and soaps; soap manufacture; glycerol and its uses
{m) Alkyl halides: ethyl broxide, methylene iodide, chloroform

(n) Sthers: dimethyl, diethyl, diuxane, ethylene oxice and cellosolve

(o) acid chlorides as reagents

(p) Acid anhydride and chloral

(q) Hydroxy acids: glycolic, malie, lactic

(r) Dicarboxylic acids: oxalic, tartarie, succinic

{s) Amides: acetamide, urea, thiocarbamide, plastics

() Amines: reducing agents, deoxidants, ethanolamine and triethanolamine

(u) Cyanogen derivatives

ERIC 195

s J



- 195 -

INDUSTRIAL PHYSICS

Five-Year Programme Grades 1l and 12
Grade 11

It is understood that the regular Departmental course in Science for

Grade 11 will be studied in addition to the topics outlined below.

Students should be given ample opportunity to perform experiments and use

equipment,

Weekly problems should be assigned on the topics studied to provide exper-

ience in their solution and to clarify and dril) the principles involved.

ll

2,

Energy, Work and Fowsr

(a) Fnergy and Work: the meaning and relationship between energy, (P.E. and
K.E.}, work and power; efficiency; €,G.S., ¥,K.S. and F.P.S. gravitational
and absolute units for measurement; derivation of the formulae, F.E. = mgh
and K.E, = imv2

Experiments involving the inclined plane and the mechanical equivalent of
heat

(b) FPower: the meaning of power; introduction of the watt, kilowatt and
horsepower; brakz horsepower using the Prony brake

Friction

(a) static, kinetic, rolling and fluid friction; experimental determination of
the coefficient of friction, factors controlling friction

{b) Lubrication

Magnetism and Electricity

Note: 1 Wherever possible the topic of current electricity should be taught in
the electrical laboratory.

Note: 2 Experiments should be performed or demonstrated to illustrate the
topics,

(a) Magnets and Magnetismt characteristics and laws of magnetism; properties
of magnetic lines of force, theory of magnetism with experirments to
illustrate; terrestrial magnetism; magnetic fields about a conductor
carrying a current, Right and Left Hand Rules; electro-magnets and solenoids;
factors affecting tl.e strength of electro-magnets; hvsteresis; the applica..
tion of ithe electro-magnet in tells, relays and solenoid switches :

(b) Ele:ztrostatics: positive and negative electric charges; the Electron
Theory; the neaning of electrical potential difference; capacitors and
capacitance; a volt as cne jJoule per coulorb; proof of & charge on the
terminale of a battery; charging by induction; shielding; the escape of
a charge from a peint; lightning reis

(c) Current Elect=icity: review ot the Zlsctron Theory; review of voltage,
cwrent, resistance and their units of measurement, Ohm's Law; series

O
FRJ( ¢ircuits, parallel circults, series - parallel circuits; wire tarle;

Aruitoxt provided by Eic:

formula for the resistance of wires; electrical power; induction coils :153[;
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“enerators: principles of A,C, and D,C. generators; parts and their
functiens, types and connections {schematic diagrams); effect of field
flux and speed on voltage; factors affecting alternator frequency;
single and polyphase generators; characteristic curves; application

?.C. tiotors: principle; parts and their functions; types and connect-
lons; motor counter emf; methods of starting n %ors; speed coatrel;
sreed characteristics; application

Alternating Current: the sine wave, cycle, frequency, maximum and
effective values of sine wave voltage and current; inductance in D,C.
and A.C, circuits; phase relations, vectors; resistance, inductive
reactance, impedance, arprlication of Chm's Law to A.C. circuits; cap-
acitance and capacitative reactance; the series A.C. circuit, vector
diagrams; series resonance; nower, power factor, phase angie; trans-
formers, Three 'hase: three-phasc voltage and current; star and delta
connections

A.C, Motors: a study of the principles, connections, speed character-
istics and applica‘ion of universal, three-phase induction, three-rhase
synchronous, and common single vhase motors

Instruments: the D'irsonval galvanometer, the D,C, ammeter and volt-
meter, thre ohmmeter and the wattmeter; A.C, ammeters and voltmeters

L., Strength of Materials

() 3imple Stresses: review of forces and units; vector quantities; external
and internal forces, equilibrium, action and reaction; tension ana com-
rression stresses; shearing stresses; stresses in thin pipes, cylinders
and welded joints; safety factor

{b) troperties of Materials: kinetic rolecular theory and crystal lattice;
stiffness, elasticity, toughness, ductility, hardness, rmallezbility,
strength, end.rance limit; elastic properties of metals, looke's law;
Young's lodulus; lcoisson's Ratio; {emperature stresses

{c) Peanms: thleory, tvpes and comparative strength, shear diagrams, bending
moments, concentrated ard distributed leads; section medulas

(d) Torsion: solid and hollow shafts, transmitted horscpower, helical springs

(e) 1letals and lon-Metallic Materials: characteristics, struclure and
rroperties

(f)} Testing methods: a study of tensile, compression, bending, hardness,
inmract, torsion, microscopic, supersonic and x-ray tests

(c) Irdustrial "rocesses {Optional)

frade 12

Ttuderts should te riven ample oprortunity to rerform experirents and use
enquijrent.

weekly jrodlems should be assigrned on the topics studied te provide
Q wrerience in tteir solution arnd to clarify and drill the princirles invelved,

ERIC -
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Accurate Measurements

4 complete review of Grade 11 measurements, C.G.S., M.!.3. and F.P.S. systems
and their use, speciaiized units for hardness, viscosity and hydrometry as
applied to local industries

Sound

Superposition of waves to get quality and standing waves; laws of vibrating
strings; harmonics and fundamental Irequencies; resonance in air columns;
sound interference and beiuts; Herschel's divided Lube; sympathetic vibrations;
the ear; accusties; industrial applicatiors

Light

Units of measurement - C.’,, ft, candles, lumeis, lamberts and foot-lamberts.
Fhotometry to obtain C.P.; optical instruments; the spectroscope for spectro-
scoplc analysis; interference of light by soap film and air wedge; measurement
of the wave length of sodium light by air wedge; the electro-magnetic spectrum;
the diffraction grating and Newton's rings; ultra-violet and infra red radia-
tions, three dimensional pictures; the human eye, persistence of vision, eye
fatigue and colour blindnnss

Hydraulics and Pneumatics

{a) Mindamentals: concepts and definitions of fluids, selids, liquids and
gases; density, specific gravity; hydrometry; Baumg and Twaddle Scales;
corpressibility and elasticity

(b) Fluids in motion: fluid flow, stream)ines and tukes of flow; flow through
a constriction; Bernoulli's Principle; effect of friction on tlow; visce=-
sity, air foils; discharge from an orifice; turbines; osmosis

(¢) Gas Laws: air pressure; measurement of air pressure; Boyle's Law;
Charles' law; elasticity, pressure gauges and barometers; diffusion and
vapour pressurec

(d) Industrial Uses: f£luid couplings, fluid measuring instruments, fluid
puwnps, fluid motors, fluid power and control systema; automation equip-
rent; hydraulic presses, hydrauliec 1lifts and other industrial applica-
tions of hydraulics

Electronics

Note: Wherever possible this topic snould be taught in the electronics
laboratory.

Electron emission, electronic tubes; half-wave and full-wave rectifization;
the triode tube; the triode as an amplifier, rectificsr and oscillator; the
thyratron and 3ts characteristics, phase shift circuits; interpratation of
schematic diagrams; magnetic amplifiers; voltage doublers and three phasa
rectifiers; high frequency induction and dielectric heating; photo relay
circuits. Industrial applications of diodes, triodes, transistors and

thermistors

Nuclear thysics (Optional)
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HACHINE SHOF PRACTICE

Five-Year ‘rogramme Grades 1l and 12
Grade 11

In view of the limited time allotment and the aims and objectives of this

programr, demonstrations, exercises and assignments should replace the usual
project method of instruction. The course is intended to emphasize the technology
of machining practices and the capabilities of the machines and tools involved.,

SAFVETY: Froper safety measures in the use of tools and equipment rmust be observed.

1.

3.

ERIC
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Measurment

A study of the vernier principle and its applization to measuring tools., The
purpese and application of the verniel' mierometer, inside micrometer, depth
micrometer. vernier caliper, telescoping gauges, dial indicator, thickness
gauges, rrofile gavges and gauge blocks. The three-wire method of measuring

. threads. The importahce of cleanliness in precision measurement. The care

and storage of precision instruments

Hand Tocls and Beneh Jork

Types, characteristics, care and use of hand reamers. Reaning parallel and
tapered holes, precautions and allowances

Layout iork

Layout work involving the use of the vernier protractor, the vernier height
gauge, the surface plate, the surface gauge and precision V block

Fachine Tools

{a) 1lathe: the internal construction of the headstock, apron and tailstock;
cutting speeds and feeds; aligning centres; applications and methods of
form turning; a study of the angles and cutting action of lathe cutting
tools; hamd grinding of latha cutting teools; cutting right and left hand
Unified threads, calculations and applications; taper turning and fitting
to a rauge; steady and follower rest applications; drilling, boring and
reaming; a study of work-holding devices such as lathe mandrels, face
plates, collets and 3-and 4-jav chucks; pulley and gear ratios as applied
to speed aud fewo chargea, back gears and thread calculations

(b) Drill iress: tyjes of drill preases; drilling, countersinking and counter-
boring various rmetals; types, characteristics and use of machine reamers;
a study of work holding devices such as <lamps, jigs and fixtures; pro-
duction drilling techniques

(c¢) Shaper: cutting speeds and feeds; shaper cutting tools, angles, materials
and cutting actionj principles of the operating mechanicms (speeds, feeds,
fast return);j a study of shaper operations such as extern:l ard internal
keyway cutting, serrating, machining irregular and angular surfaces

(d) Horizontal !41liing Machine: speeis and feeds; a study of work holding
devices, such as clamis, visea and fixtures; tyre of milling cutters,
selection and application; conventionil and ¢lirb rilling applications;
a study of wmilling oreratiors such 1s side milling, straddle milling,
sawing, slitting, end milling, form milling and fly cutting; milling
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machine attachments and their applications; direct and plain indexing,
swur gear cutting; purpose and application of cutting fluids

(e) Vertical Milling Machine: a study of veitical milling machines and their
application; relationship of speed and feed rates, depth of cut and cutter
diameter for various materials; a study of vertical milling attachmwents
and operations

(£) Pedestal or Bench Grinde*: grinding lathe and shaper cutting tools;
principles of drill grinding; grinding drills; truing and dressins wheels,
adjusting work rests

(g) Surtace Orinders: a study of surface grinders, types and applications;
names of operative parts; a study of the construction an.i use of magnetic
chucks and demagnetizers; grinding wheel construction, characteristics
and marking systems; truing, dressing and balancing a grinding wheel;
grinding of flal, square, parallel and angula: surfaces

(h) Portable Grinders: types and application of portable grinders for lathe
and bench work

(i) Contour Cutting Band 3aw: types, sizes and care of contour cutting band
saws; identification of the main parts and operating controls; a study
of the interrelation of spead, feed, material and type of blade; contour
sawing, band filing and friction sawing operations

tletallurgy

“he manufacture of irons and steels; the S.,A,E. system for classifying steels;

a study of the composition, characteristics and application of ferrous and
non-fersous metals; a study of the charvacteristics of steel in relation to its
carbon content (hardenability, tensile strength and ductility); an experimental
study of the purpose and resultant effects on steel of vne following heat treat..
ment operationss hardening, tempering, annealing and normalizing

Grade 12

SAFETY: The development of good safety habits should be emphasized.

1.

2,

3.

Measurement and Inspection Procedures

Use of the gear tooth vernier caliper, threai micrometer, small hole gauges,
gauge blocks, sine bar, sine plate, standard measuring rods, vernier height
gauge, dial indicator, master square, comparator and other gauges

Surface anclysis

Terperature and dust control in precision measurement

Hand Tools and Bench_Work

Purpose and urocedure in precision finishing mvthods such as filing, scrapi,:
and lapping. Theory, application and lubrication of bearings such as sleeve.
babbit and anti-friction, Theory and application of machine fits such as
running, push, 4riving, force and shrink

Layout Work

Precision layout and locating by mean3 of tool-ikers! buttons, trigonometrica.
calcwlations, sine tar, gauge blocks, vernier height pauge, and precision
planer gruge Q. 2

Cam layouts S



4

5

ERIC

Aruitoxt provided by Eic:

201 - 0-

Machine Tools

(a) lathe: investigation, application and calculations for the feollowing
threads; icme, Square, internal and multiple start threads; precision
alignment and loceting with the dial indicator; theory a'd application
of form turning tools; the principle and application of the tracing
attachment, backing-off attachment, turret tool post and other attach=-
ments that widen the range and increase the productivity of the lathe;
the principle of relieving form cutters using a backing-off attaclment

(b) Hor:zontal Milling Machine: the calculations involved in differential
indexing, helical milling and cam milling; a study of cam types, motion,
layout and application; production of helical, bevel and worn gears and
their application; a study of tooth construction and materials for simple
and multi-tooth milling cutters; boring with a rly cutter and micrometer
boring head
where operations are performed they should be precision milling operations
incorporating the use of graduated collars, dial indicanors, gausge blocks
and tocl-makers' buttons

(¢) Vertical Milling Machine; the vertical mill as a jig borer and the
principle of precision locating with gauge blocks, dial indicators,
measuring rods or optical gauges, edge finder, cznter fi-der and
locating microscope; the rotary table and its application; diesinking
nperations and the principle of duplication with tracer control

(d) Grinding: a study of grinding wheels; cutting action, types, selections
and application; interrelation between speed, feeds, wheel characteristics,
and nature of operation in internal and external cylindrical grinding, cutter
grinding, and surface grinding; a study of heat control in grinding; the
crineiples of crush dressing and form grinding; a study of grinding prob-
lems, causes, effects and remedies; comparison of production grinding
and tool room grinding

Metallurge

A study of the principle and application of the thermocouple and pyrometer;
an advanced study by experiment of the¢ granular structure of heat treated
steels; further experirents in havdening, tempering, quenching, carburizing,
annealing and normalizing; a study of the properties of alloy steels, their
uses and heat treatment; hardness testing methods such as Brinell, Rockwell
and Scleroscope; experiments in tensile, compression and shear testing of
samples and standard manufactured products

b study of the composition, purpose and application of carbide and ceramic
cutting tools

Tool Making

Types of work done by the diemaker, jig and fixture-maker, mouldmsker and
special machine builder; types and applications of dies, moulds, Jigs and
fixtures; constrvetion of punches and dies, moulds, Jigs and fixtures

Hydraulics

A study of the principles involved in the hydraulic cortrol of machine move-
zents such as pumping mechanisms, valve mechanisms, hydraulic cylinders and
hydraulic motors

A study of the principle and applicatior of recent developments in the
machine industry such as electrical dische-~ge machining, electro-chemical
machining, numerical control of machine tools and powder metallurgy
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SCIENCE, TECHNOLOGY, AND [RADES BRANCH

Pupils at least fourteen Years of age who have been promoted to a secondary
schocl and who declare with their parents concurrence that they plan to leave school
foer enployment in two years (age 14) may take, where it can be made available, a
sp2cial Two-Year Frogramme, o

Technical Subjects of practical value in obtaining employment after two
vears in a sccorndary school are to receive approximately forty per cent of the
instructional time in the first year and fifty per cent in the second year. During
the first year, the pipils receive instruction in a group of Technical Subjects
ineluding Drafting., In the second year it is expected that the pupils will select
one practical subject as a major subject, this and a related technical subject or
subjects accounting for fifty per cent of the pupils! time,

The related Technical 3ubjects should be such as to complement the work of
-the major Technical Jubject selected.

An ouiline of a course in Drafting is included and this may be taken as a
related Technical Jubject if desired. It is expected that teachers <11 develop
other courses for related subjects in the Two-Year Frogramme,

A pupil who has completed the work of either one ¢r two years of a Two-
Year Irogranme and had demonstrated superior ability may be transferred to the
Four-Year Programme of the Branch concerned subject if necessary to repeating all
or a portion of a year's work in the latter programme,

Pupils who conform to the requirements of the Two-Year Frogramme and com-
plete the courses successfully may be granted, on the recommendation of the Principal,
a Departmental Certificate of Standing.

Successful completion of any course of study in the Two-Year Programme does
not necessarily qualify the pupil as an apprentice under the apprenticeship act,
Persons intending to become apprentices in any trade must comply with the require-
ments of that trade.

Course outlines are conlained herein for the following practical subjects.
Practical Subjects

Carrcucy

Drat ing

Dry Cleaning

Electrical Construction
Craphic Arts

Machine Shop Practice
Masonry

Painting and Decorating
Service Station (pera%ion
Sheet Metal

Small Engines

Welding

ERIC 202
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CARCENTRY
Two=Year Irojramne Grades 9 ard 10

This course is designed to stress the practical agpplications of carpentry
and to develop manipulative skills urd a vride of workmanship.

The aim of this course may be accomplished through the introduction of
practical projects which illustrate the variety of work done by the carpenter
and which should provide a stimulus %o the pupil to proceed into an area where
he will have acquired salable skills,

SAFETY: BPaphasize safe practices in the use of hand and power tools and the
develapment of a proper regard for personal safety and the safuoty of
others,

1, Materials

(a) Woed structure: sawing, seasoning; classification, hard and soft,
board measure; defects in lumber, stock sizes, measurements

(b} Wood fasteners: nails, screws, bolts

(¢) Wood adhesives: types, characteristics, application

(d) ‘Wood finishes: practical kinds and their uses '
2. Hand Tools

As applicable to the industry (saws, planes, etc.); sharpening keen edged
tools, safe handling and care; sanding, use of coatzd abrasives

3., lachine Tools

Safety instruction} operation of saws: radial, circular, jig ani band;
surfacerst jointer, planer; boring: drill press and mortiser

4. Fortable Tools
(a) Safety instruction, cords, grounding
(b) Sanders: belt and vibrator
(¢) Saws: sabre
(¢) Drills: boring tools
5. Bench Work
{a) Commen Joints: names, uses
(b) Assezhly: use of helding devices (clamps)
6. House Framing (Corner Secticn to scals)
JE[{J!:‘ (a) FKouse parts: names, purposes
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(b) Blueprint reading: architectural drawings

(¢) PBox sill construction: plates, headers

{d) Joists: headers, trimmers, bridging

(e) GSuh-flooring: materials and methods of installstion

(f) wall fram'ng: plates, sole, top, layout; corner post construction;
studs: sizes, spacing; girths, braces, strengthening; openings: door
and window sizes, headers, cripple studs; intersecting partitions,
methcis of construction

(g) Ceiling joist: sizes and spacing

(h}) Roof framing: common rafter, open cornice

(i) oGable ends: framing methods

Grade 10

In keeping with the trend of current building practices, it is recommended
that in this course, information and operations together with project planning
should provide the student with ample opportunity to attain necessary erperience
which will contribute to his proficiency and skill.

If possible a suitable structure of adequate size to illustrate building
principles and erection procedure should be built to nrovide studernt participe-
¢jon and rractical arylication,

SAFETY: Stress safe practices in the use and care of hand tools and power
equipment .

1. Construction Materials

(a) Lumber: framing and dimension stock; plywoods and composite boards;
grades and terms

(b) Concrete blocks and $ills: types and csizes
(¢) Brick and clay products
(d) Sheet and corrugated sections: iransite and other materials
(e} Types of roof coverings
(f) Builder's hardware
2, uipment
(a) Hand tools as applied to the industry
(b) rortable machines: saws, drills and other portable power tools

(¢) Scaffolding: types and safety precautions
O
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Excaveting and erection machinery

Production machines

House Construction Details

(a) Tlot plans and restrictions

(b) Footings and foundations

(c) 5ills, anchor bolts, beams and girders

(d) Joists: spans, openings, headers, trimmers

{e) Eridging and sub-flooring

{f) wall sections: exterior and interior, tyres of framing; partiticns;
rlates, studs, girths, bracing; cpenings, headers, trimmers, cripple
studs; door and window frames and sizes

(g) Ceiling joist and cornice construction

(h) Roof framing: common, hip and jack rafters

(1) Gable ends: framing and finishing

(3} Roof covering: sheathing and shingles

{k) FExterior sheathing and siding: types of materials

(1) Interior finishes: partitions; drywall, latt and plaster, insulation;
frames and doors; trim and casings

¥1lwork

(a) Simple window frames and sash

(b) Straight stair construction

{c¢) Cabinets: kitchen and storage

Concrete Form Work

Types of forms, steel and wood; prefabricated forms; typical instaliations
of forms as used for wall footings, walls and straight stairs

200
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DRAFTING
Two-Year Programme Grades 9 and 10
Grade 9

The aims of this course are to teach the furdamentals of drafting and to

give instruction in good drafting practices.

The drafting problems selected should be closely related to the technical

work in which the pupils receive instruction in the shops,

Note: All work to be done according to C.S.A. Standards.

1. Development of Drafting Skills

(a)
(b)

{c)

(4)
(e)

The use and care of the elementary drafting instrurents

The development of skill in single stroke freehand capital lettering;
alphabets, figures and fractions. Application in notes ard dimensions

Recognition through use of the alrhaket of lines = visible sutline,
hidden line, centre line, dimension line, extension line, leader Jiae,
section line, cutting plane line and break line

Technique in measuring using the full size scale

One-view drawings such as templates, gates, street plan and plot Plan to
develop the skills required in using the instruments

2, Orthographic Projection (2 view to 6 view)

Freehand sketching of orthographic views from pittorial reypresentation and
objects to illustrate the correct placement of views on working drawings and
the differences between orthographic views and pictorial drawings

3. korking Drawings and Freehand Sketchlag

(a)

(v)
(c)

(d)
(e}
O
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Two and three view sketches and working drawings to scale such as {ull
size, half size and 3" := 1 foot of rectangular objects, angular oblects
which require straight lines only such as wedges ard tapers, objects
with curved surfaces involving-circles amd arcs

Spacing views for proper balance

illementary dimensioning including the locating and dimensiocuning of
circles, arcs and angles

Full sections and half sections; methods of indicating the section and
the materials by cross-hatching, common materials enly

Geometrical constructions to be included in the classrooa drafting
projects as required
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4, Detail und Assembly Drawings

(a) Detail drawings of simple parts to illustrate conventional indications
for operations such as drilling, threading and tapping; finish marks,
In introducing threading the simpiified symbol should be stressed

{b) sSimple assembly drawings of two or more parts to show the relationship
of the parts, the method of dimensioning tiie assembly and to introduce
the bill of material and parts list

5, Blueprint Reading

Considerable time should be spent in the study of blueprint reading of shop
projects and other objects to learn the sizes, shapes, details, materials
and processes as specified
Grade 10
Note: Al) work to be done according to C.S.A. Standa:ds.

1, Orthographi: Projection

Problems to illustrate the principles of third argle projection: objects
with surfaces not parallel to one another; auxiliary views

2, Pictorial Drawing

The use of prctorial drawings expressed in such forms as isometric and oblique.
Istroduction of modern pictorial drawing practice including dimensioning

3. Machine larts

(a) Yachine fastenings: selection of and correct specifications for machino
screws, studs, bolts, nuts, washe:s, taper pins, cotter pins and
retaining :ings

{b) Key and Key-seats

{c) Threads: National and Unified; coarse, fine and extra fine threads,
multiple threads, Acine and Square threads, right and left hand thieads,
pipe threads

{d) Tolerance

(e) GSection Views: removed, revolved, phantom, broken out and assembly in
seztlon

(f) Drawing of simple machine parts; drawing of nachine parts from nctes
ard shetches obtained by measuring actual objects

{¢) oJelection and use of commen metals and materials

(t) Iaking, pencil drawing or iransparent papér and reproductionj use of
lettering devices

Q. (1) Increduction to the corplete decimal system uf dizmensioning
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8.

E

Geonetric Construction

Drafting problems involving layouts such as the hexajgon, octagor ard pentagon;
the aivision of circles ard lines and the bisection of angles and lines (This
york should be inecluded in classroom projects)

Development ¢f Surfaces

Developing patterns for rectangular objects; parallal line development of
patterns for right and oblique <1l cylinders, two piece elbows and sccops.
Racial line development applied 0 conical and pyramidal shapes; extension
of parallel line dev-.liopment tc¢ “hree-and four-piece elbows, Developments
involving a combination of both netheds for pattern layout may be made from
paper or in the sheet netal shop,if 2vailable

Vorking Drawings

Vorking drawings of a mere advanced nature invelving placemen and cimensioning
of views, sections, symbols of meterials and bill of material. The drawings
shyuld be selected rrom shop projects when suitabie, The making of sketch plans
tefore starting the scale drawings should be encouraged.

Blueprint Reading

plueprint rezding ror machine traies, buildinpg construction and electrical
trides, izading drawings represeitative of the shop work taught in the school
ani *he vork dene in 1ncal industcies

Ortioral Torics

(a) Puilding Construction: simple floor plan, wall sections for frarme and
masonry

(v) Tracing and Reproducticn of Mrawinpes: the student who rakes rapid progress
in drafting should be given some practice in inking or pencil drawing on
tracing paper

208
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DRY CLLANING
Two-Year Prograw.: Grades 9 end 10
Grade 9
Introduction

Aims and purgose; chop and safnety rules; historicnl developmeat; present sy
dovelopments; glossary

Plant Typas
Plant size, services offered, solvents used, basic equiyp it
fecriving Goods

Courtesy; customers! wauts, reactions; appsarance, speech, nttitude, store
and shop nppeurance; invoicing, prieing, identification; scrviceable and

. uaserviccable garments, trimmings, simple classifying

10.

11.
O
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dhipping
Verifying orders; quality control; points of inspection; finishes; scheduling -

policy and delivery dates; pricing and invoicing: packaging - bags, boxes,
folding articles

D:livery

Customer relations; courtesy; customers' needs; appearance, spcech,
attitude

Dry Cleaning

Principles of dry cleaning; prepsring loads; prespoiting and formulae; poundage
reports; dry cleaning problems

Filtration

Principles of [iltration: simple and pressure
Distillation

Atmospheric distillation

Drying tycles

Principles of drying

 Spotting

Equipment; use of equipvent; spctting chemicals; spottirg formulae; spotting
techriques; assessment of garments and assessment oi stains; spotting methods

Febrics

Identification and construction oi fabrinre

209



12,

13.

14.

- 209 ~

Heavy Finishing

Equipment and maintenance: utility presses; steaners; pulTers, vacuum units

Finishing Heavy Garments

long and short coats; trousers and skirts

Flant Maintenance

Care of building; housekeeping: working cohditions

Grade 10

SAFETY: Safe cperatine procedurcs in the dry clesning industry shouid be

1'

emphasized.
Review of Grade 9 course

Dolivery

Serviceability of fabrics; cervices available; company policies; sales
techniques; vehicle management; Highway Act

Solvents

Perchlorethylene spucifications; Stoddard sSolvent specifications; testing;
solvent analysis; humidity control; dry cleaning soaps

Filtration

Types of filters, filtcr ailds, filter hookups, precoating, filler problims and
their solutin

Filter Pumps

Centrifugal, rotary suction and pusitive displacement types; <olvent coolers,

. solvent heaters, solvcnt temperature control

3.

O

Sulvent Tanks
Synthetic, petroleum

Distillation

Vacuum distillation, cookers and sniffers, cleaning cycles, rinsing cyeier

Drying Cycles

Hot urits, cold units, reclaiming th solvoat ad olveat vajowis. fi=c
regulations

Extract.rs

Types, speeds, problems
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Cleaning Unserviceabie Garments

Spotting

Zguipment, use of equipment, spotting chemicals, spotting formulae, spotting
techniques, assessm.nt of garments and assessrent of stoins, spotting methods

Fabrics

Tdentification and construction o fabrics; dye typas, fibre types, sizings,
shower proofing, flame proofing

det Cleaning

Equipment, tools, maiutenancs; fabric serviceability, fabric identification
and construction, msthod of processing - water, soaps, bleaches, dligestors;
techniques of wet cleaning garments; water analysis; soaps and detergents;
bleaches; digestors

Heavv Finishing

Equipment, and majzitenance, utility presses; steamers, puffers, vacuam units

Finishing Heavy Garments

Serviceability of garients, temperatures, types of material, finishing
standards

511k Finishing Equipment and Mainlanance

~leeve.s, puifers, finishing boards ard steau irons, vacuwa units
Silk Findshing
Ilain, fancy and bias cvt dresses; hand finishing; special finishes

Types of Material

Styles, tem;sratures, lays and techniques te¢ finish dresses, finishing
stanjdards

Garmont Storage

vault comstruction (refrigeratad s:d dry vaultse;, vault and storage man?gement
Furs

Identification, cleaning, ¢leaning fur trirmusd garments

Leather

Identification, cleaning, finishing

lats

a—
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Tailcring and Garment Repair

Button installation, machine operation, turn cuffs on trousers, install 3
or full pocket, install zipper, a2lt:r collar, alter sleeve, alter waist,
alter garuent length, general repairs

Operation of 3team “lant

Principle of boilers, types of boilers, boiler assembly, boiler hookup and
return, insulation, water treatment, boiler inspection and insurance

Management

Daily cash control, banking, accounts payable, accounts receivable, period
statements, financial statemerts, profit and loss, services, public relations,
production standsrd and quality

Sales lianagement

Daily sales and control, weekly sale.; and control, period sales statement,
sales trainirg, sales analysis

Advertising and r'romotion

Personnel
Selestion, training and relations
Flant,

layout and Jocation
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ELBECTRICAL CON3TRUCTION

Two-Year Programme Grades 9 and 10

Grade 9

Note: 1In this course there should be less stress on the theoretical aspects of
tle topics listed below and a greater emphasis placed on the practical
applications of the principles involved.

SAFETY: 3afe practices in the use cof electrical devices should be stressed.
l. Signal Viring
(a) The study and construction of series and parallel circuits using lamps,
bells and buzzers, DCry cells and a transformer to be used as sources
of supply., Lrawing schematic diagrams using standard syubols to
represent the electrical circuits; tracing and checking the wiring
agaiast the schematic diagrams before operating

{(b) One or more of the above circuits o be constructed using a multi-~
corductor cable

2. Electrical Connections

{a) Making & rat-tail, tee and western union joints

‘b) Tinning a soldering iron; soldering fluxes; soldering
(¢) Taping and weathercroofing

{d) Solderless connectors

3. Conductors and Insulators

An experimental study of common metals and non-metals as a basis for
classification into conductors and insulators

4. Magnetism

(a) The study of the rroperties of magnets and of linss of force using
filings, compasses and typical magne’ic and non-magnetic macerials

(b) The law of attraction and repulsion; a theory of magnetism
(¢) The earth as a magnet

{d) Cormon types of magnets and their application

(e) Mathods of magnetizing and demagnetizing

£, Llectrical !Inits

(a) cimple experiments should be performed o provide an understanding of
the meaning of voltage, current and resistance and .he units for eachj
reading electrical instrurents
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(b) Meaning ard units of power and energy; calculations
(¢) Reading a Kilowatt-hour meter and calculating a simple energy bill

6, Electro-magnetism

(a) Plotting fields of force about conductors carrying current to de.elop
the hand rule

(b} winding an electro-magnet to specifications
(c) The factors affecting the strength of an electro-magnet

(d) A study of electro-magnetism as applied in electric beils, chimes,
relays, circuit breakers and lifting magnets

7. 2offects of Hlectricity

Thermal, chemical, electro-magnetic and electrodynamic effects; electrical
shock

&, Circuit Protection

(a) Turpose, operation and rating of plug and cartridge fuses
(t) The protnctive value of a fuse and application to circuits in the home

9. Suggested Topics

(a) The disassembling and assembling of electrical devices
(b) Cleaning and reconditioning siall electrical devices
{¢) Writing reports
(d) Organizing ard classifying wiring supplies
(e) Taking an inventory
{f) A study of the types and uses of wood screws, michine screw and nuts,
machine bolts and other fastening devices used ir. electrical work
Grade 10
Note: In this course there shcild te less stress on the tlesce'ical aspeste of
the topics listed and a greater emptasis on the practical avplications
of the jrinciples involved.
SAFETY: Flectrical hazards ard Lhe precautions te le taie. -ian..: ¢ streseed,
A1 eleetrical work should confor: to the remil:iicis «f !lLa lydro-

Electric ’ower Cormission of Ontario and Jocal fujpl- tuticrity.

1. DJplices and Juints

(a) Troper construction c¢{ joints used in lighting circuits

(b) A further study of solderless connectors
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(c) Soldering, teping and weatherproofing.
2. lMaterials

(a) The recognition of commion wires and cables according to size, insulation
and use

(L) The identification by size and description of other common trade materials
(c) Conduit - cutting and threading
{d) Rods of various imaterials - cutting and threading

(e) Various metals e.g., steel, brass, copper and aluminum - drilling and

tapping
3. Circuits

(a) FPurther study of signal systems to include the anmunciator, the apartment
door lock system, return call system, burgular alarm systems, master
control systems and a simple telephone circuit, Drawing schematic dia-~
grams using standard symbols; tracing and checking the wiring against the
schematic diagram before vperating

(b) iring of one or more of th: above circuits using a multi-conductor cable

(e) 4 study of typical circuits as used in an average-sized residence; planning
and installing circuits in non-metallic sheathed catle; using architectural
plans and symbols; drawing schewatic diagrems

(d) Installing typical circuit in arrowred cable and in condiit

(e) The testing of circuits by means of a voltage tester and a voltmeter; the
repair of electrical faults should he irtroduced as required

4, Circuit Frotection

Construction, purpose and rating of special fuses; application of circuit breakers
5. Instruments

{2} Ammetei- and voltmeters: circuit connect’ons and precautions for their
use; accuiate scale reading

(b) Using an ohmmeter
6., Ohm's law
(a) A review of the meaning and units of voltage, current and resietance
{b) Ohm's law, experimental study
(¢} 5imple problems involving Ohm's Law

7. Condvctors and Non-Conductors

Q {a) A more advanced study and experimental detemmination of the ability of
E le metals, non-metals and solutions to conduct current

Aruitoxt provided by Eic:
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(b) 4n elementary study of the structure of the atom; elementary electrostatics
€, 4Llectro-masnetism
(a) Plotting the fields of force about a helix carrying current to develop
the hand rule; the effect of increasing the number of turns; increasing

the current through the coil; the presence or absence of a magnetic
core

(b) Electro-magnetism as applied to annunciaters, door locks, relays and
telephor.e receivers

(¢) 4 study of an elementary transformer, its windings, construction and the
basic principle of operation

9. Types of Electric Current

The meaning of D.C. and A.C. and the common uses of each

10, Kl.ementary (lesting and Repair

The testing of simple domestic electrical anpliances and devices using a test
lamp and an ohmmeter; making minor repairs; checking for adequete insulation
by means of a "megger" or equivalent testing instrument after the repair has
been made and before returning the device to service

11, Resistors, Resistance lieasurement, Circular !4l Measure

{(a) A study of common resistance materials used in electrical devices such
as lamps and heaters

(b) Resistors: construction; ohmic and power »-'ings, application
(c) The American wire gauge; a brief study of the wire table

12, Analysis of Hlectric C.--uits

Determination of current, voltage and resistance characteristics of typical
series and parallel circuits

13. Voltage Drop

Measurement of voltage drop in electrical eircuits; problems

14, 3Sugpested Topics

(a) Ihysical examination of electronic components e.g., resistors, capacitors,
~ inductors, electronic tubes and Lransistors

(b) The colour codes for resistors
(¢) 5ir, e diode experimerts to demonstrate emission and rectification
(d) Cfonstruction of a half-wave rectifier

{(e) A study ol the construction, care ard maintenance of storage batteries
O
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The elementary study and practice of preventive maintenance for electric
circuits and equipment

The principle of electroplating

The study of a typical automotive electric system

The layout, forming and punching of chassis

Sorting, labelling and classifying stores; keeping inventory records

Repair o table and floor lamps
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GRAPHIC ARTS

Two-Year Crogramme Crades 9 and 10
Grade 9

e Composition {Hand)

1, The California Job Case and Contents

Character and purpose of the case; the lower case letters, plan and reason for
arrangement; the capitals, numerals, punctuation marks, ligatures, spaces and
quads

2., The Composing 3tick

Kinis, parts and adjustment; use, care, posture for setting; pulling a proof
in the stick; distribution from the stick; Jjustification; simple flush lines

3.. Lype
Composition, parts, functions, fontage; characteristics of similar letters,

how identified, type and print compared; point system of measuring; point
system as applied to Jeads, slugs and other material

4, Hand Composition

Spacing, justifying, centering, quadding; indention and justification as applied
to regular paragraph work

5., [Iroofreading
Introduction to the use of the principal marks and their meanings

6, Safety p-ecautions applicable to equipment

7. Technical and Trade Terms

8. Caveers in Printing

Letterprass Presswork

The Flaten Press

Developmen: of the platen press, parts, care and oiling, inking, hand feeding,
¢leaning form, washing-up, packing platen, regulating impression, setting gauge
pins, gripper and adjustment, lock-up, etafety precautions, technical and trade

terms
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Grade 10

SAFETY: Bmnphasize safe practices in the use of tools and equipmert and in the
handling of chemicals.

tote: It is suggested that the student would be betier prepared to enter industry
if he were to concentrate on either letterpi-ezs printing or offset lithc-
graphy in this course.

Type Composition (Hand)

1. History of Printing (Gutenberg to Bodoni)

2, Review of Tyre Composition, CGrade 9

3. Hlementary Composition

(a) Dumping and tying: methods, precautions ard development of skill

{b) Pulling proofs on the galley: advantages, procodure znd standard of
nleanliness necessary

(c) Distributing from the galley

(d} Correcting in the stick and in the 7alley: gereral classifications of
corrections and proper procedure; special correctiovns including over-
running

(¢) Punctuation marks and spacing: standard practi.ce for the spacing of the

period, corma, hyrhen, colon, semicolon, exclamation mark, question mark,
apostrophe, dash, parenthesass and bLrackets

4. Proofreading
Reading and correcting assignments

5. Special Composition

(a) Setting indentions: hanging, half-diamond, squared, diagonal, flush left
ard right

(b) Tabular composition: rules for procedure in setting up a simple example
of tatulated form

(c) Lleading

: (d) Initial letters: history, purpose, extent of use, rules for use in
composition

(e) Leaders and rules: examples, purpose, procedure for composition

; (f) Dorders: purposes, common types, margins, procedure for making butted
; rule border axd mitered border

6, Comrosing Room Equipment

Yand itering machine, ‘ead and slug cutter, imposing stone, furniture and racks

‘ 7. Saw_and Vertical Miterer 219
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8., The Ludlow Typograph

9. Single Page Iockup

Materials; uses, positions and procedure

Type_ Coiposition (Hand) Advanced

1. Study of Materials

(a) Type faces: classification into basic groups--Roman, Italic, Text, 3ans
Serif or Gothic, Script or Cursive, Square Serif, Novelty; a comparative
study of available faces ir the shop, identifying characteristics; Roman
subdivided ir%to old-style, modern, transitional

(b} FEecognition of tjpe faces, Lype specimen book

(c) Type sizes: application of point system, fcrtage, alignment, shoulder
depth

(d) Type series

(e) Type families: development from original face—italic, bolder, lighter,
condensed, extended; unity with variety

(f) Letter-spacing: examination of various faces for proper letter-spacing

; (g) Rules, borders and ornaments: brass, machine, foundry; faces ard body
sizes, fontage, purpose, use, suitability

2., Elementary frinciples of Display

3. DPlapaing a Job

steps in planning any piece of jobe-printing or advertising--analysis of copy,
choosing impsrtant or salient points, selection of type faces and making
sketches

4., Job Comrosition

A nuber of joba from layouts or reprint copy to be sst, proofed, read, corrected,
and revised. This work to consis of many types of Job work, e.g., business
cards, envelopes, letterheads, tais, labels, rule forms and advertising; some may
be broken for two colours aid run on the press

Letterprass Presswork

SAFETY: Dangers and precautions as applicable to the equipment.,

1. Review of Grade 9 Frasswork
2. Hand-Fed Platens

Putt U5 & Job on the press: 1reading work docket, preparing press, putting form
Q on, precautions, rositioning, elenontary make-ready, checking and proofreading

FRIC  "tinad OK¥, hand feeding
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Automatic Presses

varts, lvbrication, feed mechanism, delivery, inking system, impression and -
packing, lock-up, auwxiliary equipment .

Kinds of cuts used in printing (originals and duplicates)

Use of Type~High Gauges

Stock Handling

Handling of stock before and after printing; cleanliness, jogging, drying
Paper

Mechanical and chemical pulps, sources of pulp, resultant paper, paper cale
culations, basic weights and sizes

Ink
Types of ink, suitability to paper, drying, manufacture
Rollers

Types of rollers; ranufacture; glue and non-glue; car2 and cleanliness, proper
wash-up solvent, setting

Make-ready

Underlays, overlays, interlays; stoandard marks used in marking out a make-ready
sheet; positioning, Special make-ready, 3coring, zreasing, etec.

Press Troubles and Remedies

Technical and Trade Terms

Offset Printing-~Plate Preparation

Cleanliness and Care in Handling. 3afety_ Precautions

Types of Platas Available
Light sensitive, paper and metal- direct image, paper and metal

Copy Preparation

Repro proofs, typewritten, individual letters, reprints, paste-ups, art work
Auto-positive Film

RHandling of light-sensitive materials, developing and fixing, time end temper-
ature factors

Mounting and Stripping
Tools and equirment, positioning, windowr, opaquing

Exposing the Plate
Method ~f exposuire, time ard 1light factors; developing chemicals and their

proper .Je 221



3.
4.
5.
é.
8,
9.
10,
11.
O
ERIC

- 221 -

Offset 'rinting—-Tlate Preparation Advanced

Making a Negative-—Line Copy

Construction of the camera; the process lens; illumination; scaling copy;
arranging the cony; pOoltlonlng the lens, lnghts and ground glass; focusing
the image (same size); fucusing the image for enlargements and reductions,
tapes, per cent or coling; handling the film; exposing the film, time and
light factors

Cleanliness and Jafety Factors in Handling Chemicais
Avciding nccupational dermatitis; effect of dust on film and negatives

Develcering the Negative

Orgnization of the darkroom; preparation of chenicals for developing; effect
of time and temperaturz; developing to an appearance and to a fixed time;
rin ing and fixing the negative; rinsing and drying the negative

Types «f Cameras

Part:: and their functicn; overhead, horizontal, vertical, gallej

Copy frerar:tion

Suitable copy; ‘.« ~kiig with poor com’; over and under exposing

Mounting and /.. _pping

scribing lines and touching-up broken image; corrections in negatives; opaquing,
types of opaque ard advantages; positioning of several elements of copy; page
imposition; fold and cut marks

Making the Flate (Iresensitized)

Types of plates, advantages and cost Iactors; use of ctep guide; time and light
factors; positioning flat on plate; exposing plate; develcping the image; wash-
ing ahd guming thre rlate

Causes of Plate Failure

foor plates and hav to avoid them; uneven coatings, hot spets under and over
exposure; srreading of the image; use of long-run lacquer

Types of Exposure Frames and Sources of lLight

Pressure frames and vacuum frames; incandesceat, fluorescent and arc; pro-
testion of eyes from light sources,

Chemdstry of Light-densitive Materials

Chemicils, their compounding and applicatica; effect of light on the coatings

Technical gnd Trade Terms
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Offset Printing--Tresswork

Outline of the development of the Offset Process, advantages over direct
lithography; 2 and 3 cylinder principles

Care of the Press

Lubrication and cleanliness; wash=-up

Safety Precautions

Press Chemicals

I'late etch, fountain etch, jlate gum, blanket wash, water. ink

Fress Controls and Adjustments

Inking system, dampening system, feeder mechanism contrals and operation,
delivery adjustments

Operating Adjustments

Ralance of wa.er and ink, handling of inks and chemicals, cylinder pressures

Iypes of llates

Suitable chemicals and treatment on the press, proper storage and care of plates

Offset Printing--Presswork _Adwvanned

Arplication and Growth of Iithography

servicing Dampening System

Setting dampener rcliers; recovering dampeners with molleton or paper covers;
pandciug and etching metels; names and function of parts

Servicing Inking System

Setting rollers; deglazing ro_lers; cleanlinessj names and functions of parts
iithographic Inks

Ingredients, drying additives, suitability to raper

rapers

Finishes, grain, standard sizes, weights; care in handling and storage
Chemistry of Iresswork

Ingredients of press and plate chemicals; ph what it is and its proper control

Set-off Precautions

Paper handlirg; hazards and limitations in the use of dry and wet sprays

Blankets

Care in normal use; changing and rotating, proper tenslon

Presswork Problema and Hew to Overcome Them

A Jcumrdng, tinting, walking off, slreaking, register, ete, 223
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MACHINE SHOP PRACTICE

Two-Year Programme Grades 7 and 10
Grade 9

SAFETY: Stress safe workinm procedures and safe prociices in the use of Lools
an] equipment

1, land Tools and Brnch iorl:

Description of and proper use of Lthe followin:: soft and hard-faced harmers,
chisels, puaches, ilcn, hand hacksaws, taps and dies, vises, standard
vrenches, s:rew drivers, letter ard number stanps, and abrasive cloth

2, Layout York

To prcpare metal surfaces for layoul: with ropper sulphate, chalk aad layout
dye; to layout work from hlueprints or drawvings using the steel rule, com-
bination sct, divider, .~riber, hernaphrodite .aliper, surface gausze, lasout
punch and centre punch

3. lecasurcment

To measurc with a stcel rule and outside ralipers; recadin3 of outside
nicrometers ¢ ° graduated collars :

4, Machine Tools

(a) Lathe: types and sires; the zare and lubricotion of lathes; identiii~
cation c¢f the lieadstock, tailstocl, drive plate, -entres, bed, carriage
and operatinn controlc, To set up for and perform the following opera-
tions: parallel turniny, facing, turaing to a rhoulder, grooving,
turning a taper using compoind rest and tailstock offset methods;
knurling, filinz and polishins, The coastruction fcature: and applica-
tions and 3 aad 4 jaw chucks and practirc in their use

(b) Horizontal milling machines: trpes, sires and care of horizoutal milling
machines; identification of the colunn, knee, saddle, table, arbor,
spindle overarm, arbor support and opcrating controls; plain milling;
side milling

() Vortical millins machines: types, sirves and cave of vertical milling
machines; camparison of hori:iontal and vertical millinz machines;
identification of the column, hnec, caddle, spindle and operatiny :ontrols;
czilline a plain surface, nilling vork surfaces at right angles

(d) Drill press: types, sizes and care of drill presses; identification of
chie basre, colunn, table, cuill, spindle and operating controls; twist
drill parts, ‘The pupil should te made familiar with the setups for the
foiloviug operations: drilling with the work held {ir a vise; drilling
with the worl ¢lamped to the table; drilling 5 blind hole, drilling a
hole; dzilling A hole threoush the diamcter of a cylinder; countersinkirg;
drillin; wuith the aid of a jig

ERIC 294
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{e) Pedestal or bench grinder: didentification of the column, spirdle,
guards, rests; instruction in safe operating practices; eye pro-
tection, position of work rests and guards; offhand grinding practicas

(f) Power saw: types and care of power saws; setting up and cutting work
to length; cutting fluids

(g) Shaper: identification of the frame, column, ram, cross rail, saddle,
table, table support, tool head and operating controls; shaping a
plain surface; shaping a rectangular block

Hot Metal Working

Operating a forge or furnace; simple forging; simple hardening, tempering
and case hardening

Finishing
Praw filing, polishing, rust proofing, abrasive belt and disc grinding

Grade 10

SAFETY: Proper safety meanures should be observed at all times,

1.

3.

4,

Hand Tools and Bench Work

Threading with taps and dies; types of scrapers and their application; hard
reaming; types and use of hand hacksaw blades; filing to size with the ob-
ject of producing flat and parallel surfaces

layout Work

Preparing metal surfaces for layout; the use of additional iayout tools such
as a combination set, V-block, steel parallels, surface »late and templates
for laying out work from blueprrints or drawings

Measwur ement

The construction, care, reading and use of micrometers, vernier calipers,
protractors, graduated feed collars and dial indicators; the use of rlug,
ring, thread and snap gauges

Machine Tools, Constructlon and Operation

{a) Lathe: constructicn of headstock, carriage and tailstockj centre
drilling, drilling in the lathe, cutting speed calculationsj mschining
time calculations; standard tapers, characteristic and usa; taper turn-
ing attachment, calculations and applicaiion; short taper and angle
turning using the compound rest; the Unified Sorew Thread syster and
calculations; cutting screw threads; boring in the lathej reaming in
the lathe; the use of lathe mandrels; lathe chuck and face plate work;
asteady and follower rest applications

(b) Drill press: fractional, letter snd rumber si:» drills, selection srd
use; dril) holding devicesj work holding devices; cutiing spex' calcula~-
tions; selection of feeds for drilling; drilling to & depth, reaming;
}:ouuixterboring, countersinking aid spot facing; types and use of cutting

luids *
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(c) Shaper: the internal mechaniem of a shaper; setting the length and
position of the stroke; the cross feced mechanism; shaping vertical and
angular surfaces; sequence of operations for shaping rectangular work;
serrating

(d) Horizontal milling machine: changing an arbor and cutter; types of
cutters, selection and use; speeds and feeds, simple operations and
calculations for the use of the dividing head set; spur gear calcula-
tions, depth of cnt and selection of cutter; cutting a spur gear

(e) Vertical milling machine: types, sizes and rare of vertical milling
machines; comparison of horizontal and vertical milling machines;
identification of the column, knee, saddle, table, spindle and operating
controls; milling a plain surface, milling work surfaces at right angles,
milling angular surfaces; the use of collet chucks; selection and use of
end mills

(f) Pedestal or bench grinder: grinding of cutting tools; changing, truing
and dressing wheels

(g) Surface grinder: types, sizes and care of surface grinders; identifi-
cation of the main parts such as the wheel spindle, table, croas alide,
column and operating controls; safety precautions; grinding wheel
components, construction and characteristics; the grinding wheel marking
system; grinding whcel types and uses; changing a8 grinding wheel; truing
and dressing a grinding wheel; the care and operation of magnetic chucka
2nd demagnetizing; grinding plain and parallel surf~ces to given dimen-
sions

(h) Contour cutting band saw: types, sizes and care of contour m.tal
cutting band saws; identification of the main parts such as the table,
upper and lower drive wheels, upper and lower blade guides, blade
tension and operating controls; safety precautions; selection and use
of blades; elementary sawing operatious; welding tand saw blades

Elementary Metallurgy

The S.A.E. system of classifying steels; stop testa for identifying common
cetala; physical characteristics and uses of ferrous and non-ferivous metals;
hardening and tempering; case hardening methods; normalizing, annealing

Hot Metal Work

Forging, drawvirg and shaping

Pasteners

The {dentification and use of fasteners such aa rivets, bolts and nuts, cap

acreus, aset screws, self-tapping screws, flat and lock waahers and jam nuts;
the fdentfi~ation and uae of flat, feather, woodruff and gib head keya

Repair and Maintenance

Belta: typea, aelection, proper operation and repair; power transmisaion,
apeed changea; lubrication - bearing typ2s, grecae and ofl fittings, special
lubrication aystems
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HASONRY
Two-Year Programme (rades 9 and 10

Grade 9

SAFETY: 35afe practices and the pr. © Jse of tools and equipment should be
strassed,

1. Introduction
Natiopal Building Code and Jocal by-laws

Usze of masonry in construction; bearing and non-bearing walls; properties
of mrasonry materials; advantages and disadvantages of masonry construction

2, Materials Used in lMasonry and Concrete Construction

Bricks, blocks, natural and artificial stone, poured and pre-cast concrate

3. Manufacture of Bricks

Materials used, dimensions of bricks, clay terminology, present day methods
of brid: manufacture

4, Classification of Pricks

Types and their uses; d:finition of terms e.g. stretcher, header, soldier:
nomenclature; quality; coring and frogs

5. Mortar Ingredients
(a) Portland cement: propertics, manuf' cture and storing

{b) 1ime: tyres, properties, manufacture, storing and handling

CAUTION: Unslaked or lump lime is dangerous if not properly handied
and is not recormended for student use,

(c) sSand: quality, surface texture, storage
(d; water: clean and fi'ce from foreign matter

6, Mixing Mortar

Ingredienta, proportions, water content, fatnese amd shortness, usable time
7. Brick Work
(a) Bomds: common, English and Flemish bonds and with variations

(b) Brick cowrses: meaning, dimensions of horizontal and vertica) cuursing;
stretcher, heador, soldier and rowlock courses

8, Brick Laying Skills

“oaking lime, screering sand, mixing rortar; stringing mo.tar; laying bricks
l:l{\!:.o a line, laying between leads; plumbing a stopped end
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9. Concrete Blocks

Manufacture: materials used, dimensions and types of concrete blo~ks;
characteristics and application; laying couerete blocks

Grade 10

Note: Reference should be made to the Netionsl Building Code and to local
building by-laws.

SAFETY: The proper use and care of tools; the necessary precautions for lifting
and carrying materials, and using scaffolds, hoists and equioment
should be emphasized and reviewed periodically.

1. Mortar

(a) Properties of hardening; the meaning of cohesion and sdhesion; additives;
protection from weather

{b) Cement mortar and lime mortar ingredients; properties and application
2. Mortar Joists

Characteristics and application of flush, struck, rodded, Vee, raked, beaded,
drape and veathered Joints

3. Brick Luying

Layout of brick courses for different bonds; stringing mortar; laying brick
courses; the racking of a corner; supporting and setting an arch; laying a
rowlock sill; setting out and laying a corbil; planning and laying decorative
panels and spandrels

4e Brick Congtruction
{a) ¥alls: bonds and coursing; bearing and non-bearing

{(b) Arches: types and constructicu
(c) Piers: bonding and construction of small and large piers

(d) Chimneys: s3izes and application of chimnay flue tiles and cleanouts;
construstion of a typical chimney

{e) Fireplaces: plaha and details; materials used in fireplace construction;
construction of a typical r'ireplace

5. Masonry Blocks

The manufacture and application of various types of masonry blocks; layout
of block courses; bonds and decorative boand werk; back-up masonry blocks;
relationship between brick and block coursing; damp proof courses; parging
and waterproofing

6. Stonework

Q (a) Stone: types, characteristics, sirength, ease of cutting, water
]EIQJ!:‘ absorption, wcathering and erosion, manufacture of artificial stone
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(b) Tools: identification and use of stone mason's common tools

{e) ©5kills: laying out, preparing, setting and pointing of stonework

(d) Bornds: types for rubble and ashlar

(e) Finishes: e,g. hammered, tooled, sawn, polished

Concrete

(a) Tortland cement: properties, uses in concrete, handling and storing

(b) Aggregate: types, particle size and shape, handling and storing

(c) Proportions for various strengths: quantities of cement, water and
aggresate; factors affecting the strength of concrete

{(d) Mixing: hand and mechanical mixing, ready-mixed

(e) Placing: form preparation; placing and vibrating concrete

(f) Removing forms: strength requirements of concrete before removal of
forms; patching and finishing; curing and hardening

(g) Adaditives: e.g, colours, accelerators, retarders

(h) Protection from weather and damage; maintaining proper conditjons for
curing and hardening

(i) Reinforced concreve and concrete for special purposes
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PAINTING AND DECORATING

Two-Year Programme Grades 9 and 10

Grade 9

SAFETY: Safe practices in the handling of paints and solvents and the use of

1.

3.

5.

6.

7.

ladders and equipment should be emphasized.
Introduction

History of painting and decorating; the painter's place in the building
traces; qualifications of a good painter

Brushes

Types, material, construction and manufacture; bristles; sources {natural
and synthetic)

Care and Maintenance of Brushes

Breaking :n, storage, cleaning, brush suitable for the job, brushing
techniques

Glossary of Terms
A study of common terminology of materials and techniques used in the trade
Value and Uses of Paint

Preservat’on; decoration and appearance, sanitation; illuminaticn - a modern
approach; special uces such as fireproofing

Composition and Properties of Paint

Pignents and their sources; vehicles - types, sources and substitutes; driers -
types, sources and uses; thinners - types, sources cnd substitutes

Paint Pigments

Natural, chemical and synthetic; sources of white and coloured pigments;
purpose and use of extender pigments

Vehicle

Linseed 0il: manufactured, raw and boiled; uses; other vegetable oils such
as tung and nut oil; suitability of mineral, animal and fish oils

Driers

Types and sources reviewed, dangers of misuse, oxidation vs. evaporation
(correlate with Science)

Solvents

True and synthetic; usss and purposes
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11. Priming Coats

Importance of proper foundation; purpose and value of priming coat; com-
position ¢f primer; proper mixing of the prime coat; application - special
preparation of wall surfaces - neutralization

12. Undercoat

Purpose and value of a good undercoat; composition and mixture; proper
preparation and application - putty and its uses; kinds and types

13. Finish Coat

Kinds and types; the proper finish for the purpose; composition and mixiure;
importance of proper application

14, Light and Colour

Definition, the spectrum - origin of true colour; refraction, reflection,
absorption

15, The Chromatic Wheel

Value and use; primary, secondary and f.ertiary colours

16, Complements and Their Use

True, split, double, triads, mutual, split mutuals; analogy ¢f colours
17. Colour Values

Hues, tints, shades, tones; colour designing; colour harmony and colour
association

18. Freehand Drawing
Hizhlight, shadow, simple motifs

Crade 10

3AFETY: Safety precautions previously outlined and the use of scaffol's should
be stressed and periodically reviewed.

1., Review the Grade 9 course

2, Stiins

Sources, natural and synthetic; mixed; proper mixing; purposes and uses;
proper appiication

3. Shellac
Sources, manufacture, solvents; mixtures and cuts -~ white and orangej purposes

and uses; proper application; shellac finishes « ifrench polishes} culoured
shellacs
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11,

ERIC

Aruitoxt provided by Eic:

varnish

Cemposition: gums, solvents, driers, Gums: sources, relining, by-products.
fosin and turpentine: kinds, purposes, uses. Importance of proper application:
=033, f1at. and rubbed {inishes, Exterior and interior uses

Vesipning, cutting, a,plication, proper use; decorative value, types
donds ..l Veneers

Identification of common woods; grain and fibtre of hard and soft woods; uses
in floovs, turaiture, trim and constriclion; veneers and plywoods; origin,
conposition and use of fillers; preparation for finishing; finishes

wall Uoverings

viisin s wanuficture; a tour of wall paper manufacturing plant; types and
pattesns istrai-l. an! drop); wallpaper, cotton, burlap, silk, wood veneers,
lincrust «, ¢avosased

Hanging wall Coverings

Preparation of different wall surfaceu; measuring and cutting paper; trimming,
use of t.irswrs; folding of paper., Fasting: types, mixtures and composition
of adhes.ve, Hanging: use of chalk .ines and other methods used to hang
first strip; projer starting place of first strip; techniques of proper
applicat.onj use of special tools

1 -1 YR
Laandiy

interint.: flase, putty, brals; toole; replacing broken lights of glass;
jrerarat cn of new and old surfaces, jrover application

U4 wivi oact ol wpagmont auch as laljers, jacks, drop sheets, blow torch,
stear. ma-chines, sanders; and spray equipment

Designing and tuinling Stage Sets (Optional)

peasndie te Lt purpuse; tailding, painting, finishing

-
- s
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SERVICE STATION OPERATION

Two-Year Frogramme Grades 9 and 10
Jvrade

Pupils taking this course should, where poasible, be given Business

Practice as a related suhject in both years.

Yopics from the Grade 9 Auto Mechanics Course may be used to supplement

the following if time permits.

1.

7.

8,

9.

10,

Introduction to shop: safety precautions in regard to toxic and explosive
fumes, gases or liquids, lifting equipment, power tools; shop and personal
cleanliness; the use of seai and fender covers

Names and purposes of common tools used in a Service station

Lubrication: chassis, types of fittings, threads; methods of applying
lubricants, practice in lubricating automobiles; common types of ¢ngine oils,
gear oils and greases, S,A.E, specifications, detergents in lubricants;
changing oil and grease and checking levels

Fuels: gasoline, grades and pirposes; location of riller cap; diesel fuel,
care in handling; action Lo be taken in case of emergency such as spilling,
collision of a vehicle with a fuel pump, etc.; if possible, practice in
serving fuels and cleaning windshields, etc., should be given

Fastenings: identification of bolts, nuts, cap screws, threads, rivets,
washers, cotter pins; their use and application

Tires: construction, types, sizes, types of cord, types of rubber, snow
tires; practical work in changing, patching and servicing tires

Batteries: testing, filling, charging batteries; grades of batteries and
reason for price variations; przctical work in charging and servicing
batteries

Washing and polishing: mathods of washing, detergents and cleaning compourds;
polishee, types, methods of application; practice in washing and polishing

Cooling system: 1liquids used in cooling systems; testing anti-freeze;
replacing hose connections and fan belt; practical work in servielig cooling
systens

Public relations: merchandising, inventories
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Grade 10

Topics selected trom the Grade 10 Auto Mechanics course may ke waed to

supplement the following topics if time permits.

1.

3.

L.

5.

9o
10.

11.

12,

ERIC

Aruitoxt provided by Eic:

Safety: review of safety precautions in regard to toxic ani wxplosive
fumes, gases, liquids, lifting equipment, power tools, eic.; stress the
importance of personal cleanliness and good housekeeping in the shop and
the use of seat and fender cbvers

Chassis units: names and location of units; purpose of major units and
their special lubrication

Tcols: names, purposes and care of special tools used in service station
work; maintenance and repair; instruction ¢n some power equipment

Lubrication: detais of checking and lubracating various types of power
units ca modern cers; details of S.A.E, lubricants and additives used by
the ranufacturer and those sold by other than oil companies; lubricating
and adjusting front vheels

Fuels: further precautions in handling; storage problems; insurance under-
writers vafely requiraments

Electrical system: names of units; the wiring connections and wire sizes
used in lighting and ignition c¢ircuits; lamps and sealed beam units; fuses
end relays; spark plug sizes, heat range, cleaning, spacing and testing;
changing batteries and cables

Fastening: fauiliarization with more threaded parts such as machine and
metal fcrews

Running Cear

(a) Front wlec) susjension systems - enough theory to erable rnurils o
recognize faults or worn parts

(b) whe2l argles - the names of the wheel angles, checking toe-in

(c) Wheel balancing

(d) Crusling trake iining and master cylinder level

Body woil.: seplacing chroue trim, touch up paint jobs, types ¢f paint,
types of rubbing compounds, the use of iibre glass and plastics in smali
repairs

Ccoling system: cleaniie compounds, precauticns, flushing the cooling
system, replacing expansion plugs, installing block reaters; pressure

systems anl jressure caps; diagnosing miror troubles, lecating leslks

Corrsction of ethaust system troubles, e.g. replacement of defectiva units,
gaskets and trackets, alignment of exhaust systeam

Pusther work on public relations, wmerchandiising, inventories, estimating,
making oul invnices, receipts, ete,
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SHEET METAL

wo-Year Fiogramme Grades 9 and 10
Grade 9

SAFETI: Safe practices should be emphasized rsgarding the handling of materials

1.

2.

and the use, cars and maintenanca of all tools and equipment.
Materials

{a) Common sheet metals - (e,g. galvanized iron, tin plate, cold rolled
steel, aluminur)

Description and uses
Advantages and disadvantages of each
Standard sheet sizes and gauges for ferrous and ron-ferrous metals
Methods of manufacture
(b} Soft solders: compositions; melting temperatures; uses
(c¢) Soldering fluxes - (e.g. muriatic acid, zinc chloride, sal ammoniac,
rosin, soldering paste and phosphoric acid): composition of fluxes;
corrosive and non-corrosive types; purposes and uses of fluxes and dip
solution; methods and reasons for defluxing after soldering; handling
of acids
(d) Motal fasteners

Tinners! rivets: weights and sizes
Sheet metal screws (sizes and drill sizes)

(e) Wre

Coatings
Gauges and uses

Measurement and layout

{a) Use of squaring, measurdng and marking tools

(b) Types of lines and common angles

(¢) Scale drawings of paiterns

(d) Plano surfaces, =,g. circles and regular polygons
(e) Llaying out from a working edge and a centre line
(f) Tusplates and their use

(g) Working drawings {orthographic preiection)

(h) Notches and their uses

(1) Seam and reinforcement edge allowances
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3. Machine Processes {Machines and Operations)
(a) Adjustable bar folder: main parts, capacity, safety precautions; setting
and lorking gauge; use of stops for various angles; types of folds, e.g.

single hem, open and double c¢losed folds

(b} Dox and pan brake: main parts; capacity, safely precautions; adjustments
of fingers

(¢) Foot operated squaring shear: main parts, capacity, safety precautions;
use nf gauges (sid~, back and front); securing a working edge; cutting
on a line

(d) Slip roll forming machine: main parts, capacity, safety precautions:
braaking in material; feeding material betwezn rollers; adjusting
tension of rollers; forming cylindrical objects

(e) Standard hand brake: main parts, capacity, safety precautions; straight
bending; forming a Pittsburgh lock

(f) brill press: operating procedure
4. Hand Processes (Tools and Operations)
{a) Bench stakes: description, name and uses

(b) Cutting and notching: wuse of straight, curved, aviation and combination
snips; use of side-cuiting pliers and wirecutters

(c) Hand lever punch: main parts, capacity, changing punches and dies, uses
(d) Soldering: weights, sizes and purpose of soldering coppers; conductivity
of copper; oxidation; capillary action; tinning a soldering iron; solder-

ing a lap seam

(e) Grooving: grooved seam allowances; use and selection of hand groovers;
completion of grooved seam; button punching

(f) Riveting: spacing, punching or drilling rivet holes; use of rivet set

(g) Wiring: wired edge allowsnces; preparatory folds; forming wire; completion
of wired cdges

ERIC 236
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Grade 10

SAFETY: Safe practices should be emphasized regarding the handling of materials

2,

3.

L.

and the use, care and raintenznce of all tools and equipmeat.,

Materials

(a) Ccormon sheet metals: common properties - tenacity, malleability, con-
ductivity, ductility, specific gravity, metallic lustre and fusibility
of such metals as galvanized iron, tin plate, cold rolled steel, alumjnum
and copper; methods of manufacture; approximate costs

(b) Fluxes: types, applications, preparation of fiuxes for various metals

(e¢) Metal fasteners: tinner's, pop and aluminum rivets; sheet metal screws;
machine bolts and nuts; hinges, catches, hasps and staples

Yeasurement and Layout

(a) GCeometric problems: erection of perpendiculars, bisection of angles and
arcs, construction of regular polygons

(b) Mechanical Drafting: working frawings (orthographic projection) free-
hand sketching of Jsometric and cblique pictorial views

(¢) layirg out: transferring dimensions from a drawing to the sheet metal;
use of irdentations for locating hending lines; procedures for deter-
mining circumferences of circles matbematically; step-off method and
circumference rule; perimeters, arcas; adding seam allowances for double,
grooved, riveted, soldered and Pittsburgh lock seams; drive and "S" cleats

Pattern Development

Note: Scale drawings should be made of all articles; all patterns developed
should be regular trade size and fabricated in metal,

(a) Parallel line method: tha principles of parallel line development;
developaents such as two and three piece round elbows, square elbows,
rectangular offsets, 90° and 45° T Joints (equal and unequal diameters);
trough mitres

(b) Radial 1ine method: the principles of radial line develorment; develop-
ments such as right cones (frustums and truncated cones), square and
hexagonal pyramids (frustums and truncated pyramids); funnels, rain
curtaina, pitched covers, measures and tapered pafls

{(c) Triangulation method: the principles of triangulation; developments such
as pitched covers, rectangular tapers and hoods, round tapers, square to
round transitions (symmetrical)

Hand Process (Tools and Operations)

(a) Cuttingt use of aviation, scroll, straight and curved snips

(b) Folding and forming: use and recognition of bench stakes and improvised
stekes in forming cylindrical and conical-shaped articles
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(c) nRiveting: blir: riveting; pop riveting; use of cranked pliers; use of
aluminum, brass »nd steel rivets

(d) 3oldering: selection of soldering iron, selection of proper flux,
tinning metals in preparation for soldering; soidering dissimilar metals;
proper application of solder to various types of seams e.g, overhead,
vertical, riveted and grooved

(e) Double and bottom seaming: metal allowances required, preparatory folds,
methrd of turning seam with mallet; drawing metal back from folds;
squaring and tightening seam in both rectangular and cylindrical objects

(f) orive and "S" cleats: wuses and method of forming

5. Machine Pro:esses (Machines ani Operations)

(«) Continued use of squaring shears, bar folder, hand brake, box and pan
brake for further fabrication

(b) Slip roll forner: cylinders and conical shaped articles; wire; wired
edges

(c) Loeckformer: capacity; attachments; forming Pittsburgh lock and flange
(d) Bar and tube bender: setting up and forming heavy wire, bar and rod
{e) cCircle shears: cutting discs and straight slitting

” (f) Unishear: cutting patterns

(g) Rotary machines: basic operations involved with the turning, edging,
wiring, crimping, beading and e=asy edger machines

(h) Spot welder: care and safety precautions, types and capacity of machines,
setting up and chcnging tips, controls and their finctions, practice in
operation

6. Shop Maintenance

Care of hand tools, sharpenirg; oiling; painting and maintenance of bench
and floor machines

7. Air Conditioning

History of heating; basic elements of a heating system; furnace accessories
(blowers, humidifiers, filters); registers, grilles, diffusers: choice of
fuels; fuel burners; types of warm air hsating systems; maximum econcmy of
fuele; determining the heating load; balancing warm air systems; summer air
conrditioning
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(¢) Pumps: impeller and rotor types
(d) Forced air system
(e) Trouble provention and maintenance
8, Fuels and Fuel Systems
{a) Handling and storing fuels; precautions
(b) Gravity system

(¢) Pressure differential and how obtained in the two-and four-stroke cycle
engine

(d) Pumps: types and operation

(e) Fuel induction: two-and four-stroke cycle engines

(f) Basic principles of carburetion

(g) Tsuk construction

(h) Carbon monoxide gas: dangers and precautions

(i) Ar cleanera: types and purposes
9. Ignition Systems

{a) Fundamentals of electricity

{b) Current flow - Ohm's law

(c) Magnetism and electro-magnetism

(d) Eectro-magnetic induction

(e) Spark plugs: heat range, selection and service

(f) Application of the above in battery ignition systems and in magnetos
10, Use and selection of hand tools

11, The dismantling and asseabling of an engine to become familiar with the
relationship of the various units
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Grade 10

SAFETY: Review of safety precautions ouclined in Grade 9.

1.

2.

ERIC -

Aruitoxt provided by Eic:

tngine trouble diagnosis

Engine: repair and maintenance including the full use of manufacturer's
manuals

(a) Proper dis-assembly instructions to include handling, cleaning and
marking mating parts

(b) Measurement of parts to determine wear
(c) Fits and clearances - necessity for accuracy

(15 Corrective imeasures to meet the manufacturer's standards as specified
in manuals

(e) Assembly according to manufacturer's standards, e.g. proper torques
and lubrication of parts and seals. This will require instruction in
tle use ard care of special tools and equipment

(f) 0il seals and gasket installations

(g) Governor: operation and adjustment

(h) Manual starting equipment and installation

(i) Testing for overall speed range, operation and power, including use of
test equipment

Lubrication
Properties, identification, selection and application of lubricants
Cooling

Diagnosis and study of overheating and underheating problems; corrective
measures, 2.g. pump rebuilding; study of corrosion, causes and prevention

Fuel Systcms

(a) Properties of engine fuels and the conversion of fuel to mechanical
energy; vapourization to achieve combustien; combustion and its by-
products; simple carburetion to include gasoline-air ratios, venturi
action and carburetor circuits; modern carburetion including gasoline
filters; carburetor dis-assembly, proper cleaning and examination of
parts and their relation to each other; carburetor assembly; carburator
installation and adjustment; air cleaoers, service and installation

(b) Fuel pumps: diegnosis of troubles; corrective measures including
complete rebuilding of pump

(c) Tank operation and construction

Batteries: constructioa, selection, care and testing
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7. Ignition
(a) A review of magnetism and eloctromagnetism
(b) The production of high voltage by induction
(c) The principle, construction and operation of magnetos
(d) Operation and construction details of battery coil ignition units
(e) Adjustments, e.g. point adjustment
(r) Ignitioh timing including the use of special equijment
8, Charging systems: their operation and circuits
9, Starting systems: types, operation and installation
10, Starting the engine: safe procedures should be stressed
11, Engine Tune-up
(a) Special tools and equijment
(b) Procedure
(¢) Practical application
(d) Trouble shooting: correct procedure and application

12, Special drives, gear trains, simple transmission and lower units; operation,
assambly anc service

13, Parts

(a8) Reporting on the parts required by the description, part number and
cost

(b) BExplanation of parts warranty

14, Storage

Storege precautions, e,g. right way up, drainage, use of inhibitor oils; out
of season storage, carrying out of manufacturers' recommendations
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WELDING - ELECTRIC ARC

Two~Year Programme Grades 9 and 1U
Grade 9

Note: If tha pupils have not been previously instructed on the safety pre-

cautions and opsration of oxy-acetylene equipment tiiorough instruction
should be given.

SAFETY: The pupils should be made familiar with the shop routine and the safe

1,

2,

3.

L.

5

1,

operation of all the equipment,

Introduction

Definition and history of arc welding; inspestion of arc welding machines
in school shop; demonstration of are welding

Welding Equipment,

(a) Hoods: method of inserting clear and coloured glass; shades of lenses;
waterials used for helmots

(b) Cables: ground and electrode connections and methods of securing
(¢) Holders: different types and sizes

Erargy Supply

Types of arc wslding machines; simplified explanation of current, voltage,
and their relation to good welding; simple welding circuit

F:ndamentals of Woalding

Striking an arc by scratching and tapping; elecircde angle, sound of arc,
speed of travel, formation of the crater, frozen electrode, arc length;
magnetic arc blow; types of weave motions and need for uniformity and
appearance

Electrodes

A etudy of E60)2, EZO13 and E6QLY electrodes; colour identification; power
supply

PRACTICAL WORX
Wel ations

Note: Stress the use of the welder's chipping hammer and wire brush to
clean all deposite

{a) Inserting clear and coloured glass in helmets in proper locations

\b) Securing ground and elect-ode counections; adjusting current of welding
machine; checking main power switch
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5

e ¢ e TR & PRI KA1 it et e e

- 23 -

(c) striking arc and running parallel stringer beads on mild steel plate
from left to right, Use 1/8" and 5/32" straight polarity electrodes
(Point out need for penetration and fusion) Repeat from right to left

(d) Repest the axercises using 1/8" and 5/32" reverse polarity electrodes

{e) Running parallel beads using crescent weave motions on uild steel plate
Use both types and diameters of electrodes in (d) above

(f) Running beads with 1/8" and 5/32" diamster iron powder electrodes
(g) Joining beads of straight and reverse polarity electrodes

(h) The use of machinist's hammer, centre punch, scribers, dividers and
square

(i) Have students lay out straight lines and circles on mild steel plate
with the use of soapstone

Cutting Exercises

Note: If it is necessary for the students to cut their plates for their
practice exercises by means of the hand cutting torch, all safety
precautions should be reviewed.

Grade 10

A review of safety precautions and basic fundamentals of ths Grade 9
programme

Technique for Joining Beads

Starting position of the electrode; change in angle and height of the
electrode when Joining previous beads, defects caused by poor joining
procedures

Comparison Between Shielded and Unshielded Electrodes

Characteristics of bare, thinly and heavily coated electrodes (standard
types); iron powder electrodes; A.W,S. classification system;-method of
selecting proper electrodes

Elemsntary Expansion_and Contraction

Common effects of weld contracticn} methods used to counteract distortion;
applications of pre-heating, post-heating and stress relieving

Fillet Welding

Definition of a fillet weld, parts of a fillet weld, convex and concave
welds, defscts in the welds; method of determining the size of a fillet
weld by the use of s 2auge

Identification of Ferrous apd Non-Ferrous Metals

Spark test for low carbon steel, high carbon steel and cast iron; fracture
test, grain structure; colour test) chip test, characteristice of the chips;

colour test of copper, bronze gnq braes
B 243
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7. Basic Jolrt Desigmn for Ar: Welding

Types of butt, lap, corner, edge and tee joints; application of welded Joints;
use of fillet welds

8. VUsing Oxy-Acetylene Cutting Equipment in Are wWelding
(a) Use of the cutting torch for beveling edges
(b) Fercing holes and circle cutting
(c) Layout of shapes using templets

9. Machine uas Cutting

Note: Refer to item 3 Oxy-~Acetylene YWelding course, Grade 10 of the Four-
Year Progiamme

t

10, Manufacture of Iron and Steel

Note: Refer to item é Oxy-Acetylene Welding course, Grade 10 of the Four-
Year Programme

11. Arc 4elding Machines

Direct current welding generators; A.C. welding transforr-r * ~-mbination
4¢:Ce ~ D.C, transformer - rectifier units; methods of adj r¢ welding
machines

12, Cutting Metals with the Hlectric Arc

Carbon arc cutting; use of metallic electrodes for cutting: picceing holes;
cutting cast iron with the electric are

13, Cast Iron

Types of cast iren; techniques when arc welding cast iron; ele roles for
cast iron arc welding

14. Horizontal, Vertical, Up and Down and Overhead Arc Weldir.

Preparation and positioning of plates; manipulation of el 'r 3} location
of the beads

PRACTICAL WORK

1, ¥elding Operations

(a) Preparing ani welding an odge joint on 4" mild steel plate with 1/8"
standard electrodes

(b) Freparing and welding a lap joint and a flush tee jc¢ 1t on the same
size of plate 28 in ?a) above using 5/32' dlameter EAOL) electrodes

(¢} Making a two and a three pass fillet tee weld on £ plate using 5/32n
elactrodes

{d) Join a circular pipe to a flat 51;%.9 with 5/32" ES0)), electrodes
(



(e)

(£)
(g)
(n)

(1)
(5
(k)
(1)

(m)
{(n)
(o)
(p)
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Pad a plate running at least two layers of weld metal using standard
electrodes

Puild up a worn shaft by applying padding procedures
Practice good tacking and intermittent welds on tee joints

Preparing and welding a square butt joint on 3/8" mild steel plate
using a backing strip and 5/32" reverse polarity electrodes

Preparing and welding a single V butt joint with and then without a
backing strip, Same size plate and electrodes as in (h) above

Running downhand vertical beads using 11 gaugs mild steel and 1/8"
electrodes

Running parallel beads on 4" nild steel plate in the horizontal position
using 1/8" electrodes

Preparing and welding a iap, tee and a butt joint in the horizontal
position

Running beads in the vertical up and down positions
Cutting cast iron by means of the electric arc
Welding cast iron using ferrous and non-ferrous elactrodes

Select soue type of project that h-.s to be assembled and welded by
electric arc welding
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WEI.DING - OXY-ACETYLENE

Two-Year Prograzme Grades 9 and 10

Grade 9

SAFETY: The oxygen and acetylene gases used in this type of Welding may be
supplied by a manifold or cylinder system. The student shou.d be
made familiar with shop routine and safe operation of each type of
equipment,

1, The Development of Oxy-Acetylene Welding

Definition and history of oxy-acetylene welding; the introduction of the
first acetylene welding torch; the importance of oxygen and acetylene gas
in the flame; properties and methods of manufacturing oxygen and acetylene;
the proper ratio of oxygen and acetylene to produce good combustion

2, Equipment
{a) Introduction of the pupil to oxy-acetylene equipment in the schoocl shop

(b) Discussion of colour standards, fittings and threads, safety rules per-
taining to tne handling of gas equipment, eye protection, protective
clothing, to.ls

{¢) Cylinders: construction of commercial cylinders, moderr use of liquid
oxygen; safety features and methodas of testing for leaks in oxygen and
acetylene cylimders, hose and torsh connections

{d) Pressure regulators: types, function (tracing path of gases from
cylinders through the regulators to lines); the function of the dia-
phragm, adjusting screw, tension spring, pressure gaugej causes of a
creeping regulator; safety devices - colour, nuts, threads; rules fou
avoiding damage to regulator

(e) Welding torches: types, function, mixing head and interchangeable tip
system, care of torch and tins, safety in handling torches

3. Types of Welding Fiames

(a) Carburizing, neutral - oxidizing; temperatures and their effect on
metal

{b) Flashback and backfire: comparison of flashbtack end backfire; causes
and remedy; safety rules

th Ba!lg Joints
Types, proper alignment, method of tacking, selection of tip for type of
Joint being welded, shop methods of testing joints, the cause of common
wolding defects such as undercut, adhesion, poor penetration, lack of fusion,
poroeity

5., Filler Rods

Selection of types and sizes for mild steel only
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Introduction to Oxy-Acetylene Cutting Process

Elementary explanation of oxy-acetylene cutting; brief description of the
cutting torch; method used for cutting a straight line on mild steel plate
using the freehand technique '

PRACTICAL WORK

Welding Operations

‘a)
{v)
(e)

{d)

(e}
(f)

n

(g}

{h)

(k)

Use of proper wrenches on welding fittings
Assembling oxy-acetylene equipment: hose-lines, regulator, tcrch
Opening up and closing down oxy-acetylene equipment

lighting the torch; producing the three types of flames and observing
their effect on mild steel plate .

The use of machinist's hammer, centre punch, scribers, dividers, square
ilethod of laying out straight lines using scapstone

Running lines of fusion oa mild steel plate vithout filler rod and with
filler rod

Running weave motions on mild steel plate with filler rod
Preparing and welding a corner joint without and then with filler rod

‘reparing and welding a plain open butt joint using 3/32" diameter
filler rod

Preparing and welding an open corner joint on 11 ga. sheet stee) plate

ractical Cutting Operations

Hand cutting straight lines on £" steel plate; use of soapstone, ruler aid
centre punch to obtain more accurate cuts

SAFETY:

-
4.

ERIC

Aruitoxt provided by Eic:

Grade 10

Review the safety precautions previously outlined,

A review of the essential topics and practical exercises of the Grade 9
course

ay-Acetyiene Cutting

Thecry of cutting; the oxy-acetylene cutting blow-torch, interrl structure
an' function of the parts; selection of cutting tip sizes and gae pres:iures,
cutiing attachment for combination cutting and welding torch; using tt»
radius bar for hand cutting; piercing holes and circle cutting; swraight line
on bevel cutuing; common cutting faults
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Machine Gas Cutting

Structure and function of a cutting machine; use of a chart to select cutting
tips and gas pressures; procedures when tevel cutting and radius cutting with
portable entting machine

Steal

Production of steel; low carboi, medium carbon and high carbon steels; allcy
steel; stainless steels; effects of carbon when welding steel

Sheet Metal Welding

Sheet metal gauge, United States Standard; tack welding, size, spacing and
strength of tack welds

Fusion Welding of Heavy Gauge 3teel Plate

Preparation of edges when welding heavy steel plate; forehand and backhand
method of welding; wash welds

Expansion and Contracticgn

Effects of expansion and contraction in welded joints; controlling the effects
of expansion and contraction; pre-heating and post-heating when making welded
Joints; linear expansion per foot of common metals

Fusion Welding of Cast Iron

Production of cast iron; types of cast iron; malleable castings; preparation
of cast iron for oxy-acetylene welding; pre-heating and post-heating; welding
techniques; use of fluxj cast iron welding rods, composition and sizes

Bronze Helding or Brazing

Theory of bronze welding ~ development from Speltzer brazing; applications
of bronzs welding; technique of bronze welding, necessity for proper clean-
ing, proper heating, good tinning and tha use of flux when bronze welding;
bronze welding rods and their uses, melting points and sizea; brazing steel;
brazing cast iron; galvanized iron - effect of galvanized coatings, prepar-
ing galvanized parts for brazing; building up missing parts with bronze, use
of carbon rods or blocks and carbon paste

Silver Brazing
Appiication of silver brazing; silver brazing materialsj colour, melting
points and uses; preparation of parts fnr silver btrazing; use of flux when

silver brazing; techniquea for making silver brazed joints; use of air -~
acetylene torches and propans gas blow-torches

General Application of Oxy-Acetylene Welding {Optional)

Machine, automotive (body and fender) and farm equirment repairs
Note: The instructor imay selsct from Section 11, activities related to the

local commmunity. For example, in a farming area, the applications
might apply to farm machinery.
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PRACTICAL WORK

Welding Operations

(a) Preparing and welding a butt joint on 11 ga. sheet iron with 1/2¢
filler rod

(b) Preparing and welding a lap joint and a tee joint on 11 ga. sheet iron
using 2/32" diameter mild steel {iller rod

(¢) Preparing ard welding single Vee butt joint on 4" plate using forehand
technique - flat position, Repeat using backhand technique

(d) Vertical welding butt, corner and Tee joints on 11 ga, sheet iron witn
1/8" filler rod

(e) Prazing: making a butt and lap joint in the flat position using 1/16"
materiai; welding a butt joint in the flat and vertical position on 1/8"%
steel plate; making a lap joint in the vertical position using 1/8" steel
plate; welding a butt joint in the horizontal position using 1/8" steel
plate; bronze welding of cast iron using 1/8" filler rod

Cutting

Making straight line cut- and bevel cuts using a guide bar; straight line
and bevel cutting using gas cutting machine; cutting circles to a given

diameter

Optional

{(a) Brazing stainless steel - butt, lap and corner joints
(b) Welding stainless steel - butt, lap and corner Joints
{¢) Developing projects for welded fabrication
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MATHEMATICS
Four-Year [rogramme

The :eience, Technolory,and Trades Branch

General Opservations

1'

3'

L.

Suggested outlines of the work to be followed in the various grades are
provided below, but these may be changed or supplemented where necessary
to meet local recuirexsents,

The courses are based on five periods of forty minutes duration per week.
To perrit scme selection, more topics have been included than can normally
be covered in this time,

It is expected that the ilems designated in the courses as "optional' will
be included in the work taken with avove-average classes, or in the assign-
ments given to the better students within a class group of varying ability.

In planning the courses for Grades 11 and 12, concideration hes been given
to the fact that mwost of the pupils from the Technical Course go directly
to industry, liowever, some pupils do proceed with advanced technological
training and therefore some consideration has been given to the needs of
these pupils. In wnost cases, the practical applications of theo.elical
topics have Leen shown, although it is believed that some mathematics may
be taught for the develoyment of mathematical skill alone. Some topics
should provide for necessary drill while others are included to supply
practice in methodical arrangement of work which will lead to logical
reasoning.

Aims of the Courszes

1.
2.

3.

ERIC
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To give a good tasic training to those pupils who leave school at the end
of Crade 10 or Grade 12 resrectively as well as those who will continue
their formil oducation,

To stress Lhe furelam=ntals of Mitleratics so thit the student will be

atle to solve neral satlrrtatical joeotlexs arising in the shops or in a
practical & edci ol vori,

To rotivate the otdent iy correlating the content of the course with
ralulel suttects bare (oenilbie ani also by correlating related phases of

Mattematllcs,

To jrowide L ing do o eitize,shiy, osne of the important rhases of educa-
tion, by drielsping hatits of thourkt such as sound reascning, clear
fRinkine, usc of Jutoaont, jewers of concentration, and by developing
work habits wucl aa aestness, accuric,, jnitiative, jerseverence, self-

reiianze.
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Grade 10

1., Mensurstion and Arithmetic

The necessity for repeated drills in fundamental operaticns, if those
skills are to be maintained and improved, is recognized, It is felt that
mental or mechanical drill in Arithmetic might be taken in some periods.
As far as possible, topics should be revieved or taught through shop
proolems., The puplls should receive mucl. diill in the use of the decimal
equivalent tables,

Arithmetic

Addition, subtraction, multiplication, and division of fractions through
shop problems; practice in such operations as 47 . 3 _ 1_and similar
examples; nearest ruler fractioa oL 4

Addition, subtraction, mwltiplication, and division of decimals; conver-
sion of decimals to fractions and fractions to decimals; use of the tabie
of decimal equivalenty particularly with reference to the &4ith scale;
significant digits and the correct rounding off of decimals

Use of the micrometer; mathematics of the scale, reading the scale, making
of settings

Use of the Vernier: 100Cth scale

Per cent and per cent error

Circular mil calculations
Measurement of Length

Calculation of perimeters of: square (43); rectangle 2(1 + w); triangle
(a + b+ ¢) circle (md or 2yr); the value forw to be in accordance with
the degree of accuracy required; cutting and su.face speeds, feed of
laths and drills

Measurement of Area

Formulae to be developed or illustrated where possible. Efforts should be
made to use practical shop problems in this work.

Area of the square (32); formal method of square root in rinding the side
of a square from the area; the right-angled triangle and the relationship
between the sides, Area of a rectangle (lw) extended to areas of . rious
rectangular surfaces, use of square root in finding the length of uiagonals;
area of the parallelogram and the rhombus; area of the triangle; areas of
triaggular surfaces such as floors, fields, lots; use of the forzulae:

A = 4bh

A=\ea (s -a) (s-b) (s -c);
Area of the equilateral triangls, A = .b3352;

ERIC
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Applications Lo the altitude of sharp V thread and the hexagon; area of
the trapezium; areas of figures combining arsas of a triangle and a
rectangle or a triangle and a trapeszium such as gables, templates; area

of a circle, A =wr2 or .7854D2, axtended %o capacity of pipes; pressure
in cylinders; use of the formila g2 = D¢ + D§ + DZ to find the diameter of
a pips equal in capacity Lo several pipes; areas of combined figures

Optional Topies

drea of the surface of rectungular objects; lateral area = phj area of
walls, lateral area of buildings

Area of the surface of a cylinder (ch); finding the number of square
feet of metal in c¢ylindrical tanks, pipes, and cans

Volume

N

ERIC
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The table of cubic measure {common units)

The volune of rectangular amd triangular forms and structures with uniform
cross-section throughout; such as, tanks, reservoirs, and excavations

The volume of cylinders (Tr2h or .7854 D?h): finding capacity of cylindrical
tanks

Board measure: meaning of, unite of measurements, calculations

Geonetry

Toints and lines: reviev Grade 9 work; practice in measuring, estimating,
and constructing lines uaing knglish and metric units

Angles: review Grade 9 work; practice in measuring, estimating, constructing
angles; relationships belween units; changing 3.5° to 3°30¢, etc,

lypes of angles: acute, right, obtuse, straight, reflex. comziementary,
supplementary

Uses in some of the following: latitude, longitude, standard time, rotation,
direction, mariner's compass, (32 pointss, bearings, surveyor's measure, gear
teeth, tarer, motor-timing, and threads

Experimental determination of the relationships between vertically opposite
angles, the sum of the angles in a trisngle, exterior and interior, non-
adjacent angles

Numerical applications

Triangles: conatruction and comparison of triangles to show congruency in
the four cascs--thres sides, two sides and contained angle, two angles and
corresponding side, hypoten.ss and ons silde; classificalion according to
sides and angles; special study of the properties of isosceles and equilat-
eral triangles; study of two isosceles triangles on opposite sides of a
common base to lead up to accurate construction

Accurate Constructions; review and extension of the work of Crade 9
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The following :oustructions: Bisecting a given line; constructing right
bisector; illustration by measurement—1line joining mid-points of sides
of a triangle = % base; right bisector of a straight line is the locus
of centres of circles passing through the ends of the straight line;
family of circles through two given points; circumcentre and circumcircle
in acute, obtuse, and right-angled triangles; medians; centroid divides
median in ratio of 1:2; illustration of centre of gravity by cut-out
triangle in cardboard, sheet metal, or plastic

Bisecting a given angle: constructing bisectors of several angles of
increasing size to develop method of drawing a perpendicular from a point
inside a line; constructing special angles by bisections from 90° and 60°;
bisecting the three angles of a triangle to show that the bisectors are
concurrent

Constructing a perpendicular from a point oulside a line: distance from
a point to a line; altitude of a triangle; the orthocentre; any point of
the bisector of an angle is equidistant from the arms of the angle; con-
structing a family of circles to touch the arms of an angle; inscribing

circles in all types of triangles; escribed circles

Constructing an angle equal to a given angle using ruler and compasses
only; constructing equiangular triangles and quadrilaterals

tarallel lines: the relationships of angles formed by a transversal;
parallelograms and related facts by measurement; rhombus—diagonals bisect
each other at right angles; dividing a line into equal parts and in given
ratio

Regular polygons: construction of equilateral triangle, square, hexagon
(cirele method), octagon by 45° angle at centre of ecirele and from a square
{half diagonal method), any polygon by use of angle at centre; sum of
angles of polygon; the angles of a regular polygon

Circle: locating centre of circle by bisecting chords; equal chords;
angle in segment and in semi-circle; tangent properties; belts and pulleys

The right-angled triangle: the Fythagorean law by measurement of squares;
calculation of sides of right-angled triangles; whether given sides form
a right-angled triarcle

3. 3datio and !roportion

& study of simple ratios between measures, such as weights, volumes,
distances, etc.

‘cale drawing: similar triangles; ratios of corresponding sides; numerical
ot ems; discovery, by measurement and calculation, that the ratio of
iairs of sides in right-angled triangles is constant for a given angle

4, Alpebra

heview ¢f algetraic netation ard of ths four fundamental operations

ERIC
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Review of solutions of equations of the first degree in one unknown.
Fxamples with integral, fractional, and decimal coefficients; graded
problems requiring the solution of these equations

Review and extension of factoring to include the following types:
polynomials in which a common factor is obtained hy inspection or by
grouping of terms; trinomials with binowmial factors; perfect squarej
difference of squares; yolynomials which reduce to the difference of
squares on completing a square

Algebra spplied to formulae from the shops: tapers; threads; pulleys

and simple gear trains; rear calculations (using given formulae);
resistances in series and parallel

Trigonometry (optiona])

An introduction

Crade 11

Index laws

Extension to include fractional, zero and negative indices; use of standard
form to express very large or very small numbers to required degree of
approximation; operations with standard numbers

logarithms

Definition of a logarithm; use of logarithmic tables; use of logarithms
for multiplication, division, powers, and roots; probleas, mensuiration,
formulae, etc.; use of logarithmic calculation to facilitate solving
these problems

5lide Rule
{a) Simple operations of multiplication, division, powers, roots

(b) Combined operations: use of slide rule for computations involved
in solutions of problems of mensuration, ratio, proportion, ete.

Mensuration

Developument and algebraic manipulation of formulae along with the practical
use of formulae, Facility in the use of the slide rule can bte developed
by using it tc check answers in this section

Surface Measurement

Review perimeters and 2reas of rectilinear, triangalar and eirculsr figures
through practical problems and the manijulation of formulse; review the
right triangle

Areas: tne circular aector; the circular ring; the segment of & circle;
the curved surface of a cylinder
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lateral and total surface area of a conej lateral area of a frustun of
a cone; the surface area of a sphere; perimeter ard area of an e'lipsei
areas of regular polygons, finding the side of a regular polygol;
laterai surface area of a pyramid and the frustum of a pyramid

B. Measurement of Volume

Review of underlying principles and calculation of volume of prisms and
cylinders

Solution of practical problems based on prisms such as tanks, cylinders,
castings, foundation walls, etc.} use of tables of density to determine
weights; expressing volumes in various unif.s of capacity; volume of
cones, spheres, pyramids, castings; the solving of formulae for any one
measurement,; content of a partly-filled tark; volume of a frustum of a
cone; problems on areas and volumes

5. Trigonometry

Introduction: practical use in mathematics of navigation, surveying,
machine design, and other fields

The Right-Angled Triangle

The functions of the angles: sine, cosine, tangent; practice in writing
the ratios for right-angled triangles of given dimensions; construction
of right triangles to determine ratios for given angles and to determine
angles having a given ratio; use of simplified tables; use of the unit
circle to show variation in values from O° to 90° for the different
functions; simple problems involving the calculation of unknown distances

or angles
6. MAlgebra
A, Review

Fundamental operations including the laws of signs and exponents; simple
equations with decimals and fractions involving transposition, cross
multiplication and clearing of decimals and fractions; applications to
Pythagorean theorem and practical problems

B. Simultaneous Linear Eguztions

Graphical solution; elimination by substitution; elimination by addition
or subtraction; applications to practical problews with two unknowns

C. Multiplication ard Facioring
Multiplication and squaring of binomials extended to include trinomials;
type products; factoring; %conunn factor) grouping, a perfect square, thre

difference of two squares, trinomials, incomplete squares, factor theorea,
sum and difference of cubes

D, Ratio ard Proportion
Direct and Joint variation

ERIC 3
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7. Synthetic Geometry (optional)

Note: Some work on formal proofs might be done at this stage
A, The Circle

Definition and meaning of the teims related to the circle: sector,
segment, arc, semi-circle, tangent, secant, concentric circle, the locus

To draw a cirele through three points; to find the centre of a circle,
given an are; to circumscribe a eircle about a triangle, and vice versa;
to inseribe a cirele in a trisngle, and vice versa; to compare angles
in a ecirecle; to inscribe a circle inside or outside of a regular poiygon;
to draw a diract common tangent, and a transverse common tangent to two
given cireles; to draw circles tangent to lines and circles
The application of the above to practical problems

B, Areas of Similar Figures
To construct: a parallelogram equal in area {o a triangle; a triangle

equal in area to a trapezium, pentagon, etc.; a square equal in area to
the sum of three squares; to divide geometric figures into any number

of equal parts
The application of the above in designs of mosaics, crests, posters, etc,

Grade 12

The selection and the order of the topies should be chosen to suit
the local requirements,

1., Algebra
A, Review of Grade 11 Algebra; operations with fractions; fractional equations
E, Simple Surds

Mixed and entirs; addition of like surds; multiplication and division;
tables of approximate values; rationalizing the denominator

C. Quadratic Equations

Solving by: graphic methodj factoring method; completing the square;
quadratic formula; theory of quadratice

Applications to Pythagorsan theorem and problems relating to machine shop
and tool and die design, involving the right triangle

D, Quadratic Equations in two unknowns; surd equations
E, Series

Arithmetic and gecmetiic series (optional)
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Trigonometry
The Right-Angled Triangle
Review simple trigonometry (Grade 11)

Reciprocal ratios: cotangent; secant and cosecant; use of tables; ratios
of common angles e,g, 30°, hsé, and 60°, complementary ratios; limit ratios;
simple basic formulae: e.g. tan x0 = sin x°

cos x°
Ceneral review: practical problems involving the right triangle pertaining
to gauges; V-blocks, dovetail secticns; die sections and die punches, etc.

Angles greater than a right angle

Quadrants and co-ordinates

Definitions; changes in the signs of the functions for the quadrants; simple
rules for finding the ratios of argles betwen 90 and 360°; drawing the
graphs of sin x° and cos x© for values of x° from 0° to 360°; alternating
currents; finding an angle when a function is given; graphs of curves of
trigonometric functions

Logarithms

Logarithms of trigonometric functions; use of log tables in trigonometric
calculations

The Cblique Triangle
The law of sines, the cases, soluticn of the oblique triangle; the law of
cosines, the cases, solution of the oblique triangle; cotangent formula for

heights; applications to problems on distances, navigzation, framework,
surveying

Areas

Triangles, two sides and included angle, one side and two angles, three
sides; parallelogram, two sides and included angle

Half-Angle Formulae and Tangents

Radii of inscribed and circumscribed circle, half-angle forrulae, law of
tangents; solution of triangles and practical problems

Business Mathematics (optional)

Some of the practical applications of per cents, income tax, profit and loss,
trade discount, simple interest, instalment buying, property insurance and
taxes

Statics

Force, moments, centre of gravity, friction
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Vectors, gravity, Newton's law of gravitation, weight; the lever, resultant
of two parallel forces; calculation of centre of gravity of varicus solids;
laws of friction, coefficients of starting and sliding friction, ..dvantages
and disadvantages; normal reaction and total reaction of surfaces

Machines

Velocity ratio, and mechanical advantage, the six mechanical powers, levers
of three classes, the pulley, tnr inclined plane, the screw, the wheel and
axle, tie wedge, and trains of gears

Conditions of equilibrium of forces (coplanar)

Action and reaction, Newton's third law, reduction of "N" coplanar forces
to a simple set, equilibrium of three coplanar forces

Specialized Mathematics

When conditions permit their introduction, specialized courses in mathematics
related to Electricity, Machine Shop, Woodworking and Industrial Science can
be stimulating to the students of these options.

Theoretical Geometry (optional)

A knowledge of geometric methods and logical reasoning as aprlied to this
subject with some practice in the solution of deductions

The following propositions are suggested:

Book I--Propositions 1, 2, 3, 4, 11, 16, 17, 19, and 20
Book II—Propositions 1, 2, 3, 4, 8, and 14

Book I1l—Propositions 8, 9, 11, and 15

as found in A Modern Geometry for High Schools (Maemillan)
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SCIENCE
Four-Year Programme

The Science, Technolegy,and Trades Pranch

Objectives

(2) To arouse curiosity regarding natural objects and phenomena, in order
to develop an understanding of the elementary facts of nature

(b) To teach pupils to observe accurately, to draw locgical conclusions from
their observations, and to state them clearly and concisely

(c) To develop the ability of the pupil to organize and correlate facts
(d) To interpret correctly the printed page

(e) To develop a better understanding of the fundamental principles of science
as applied to materials, machines, and processes with which pupils core in
contact

To realize these objectives laboratory instruction should be organized
to permit pupils to work individually or in small groups. The number of rupils
working together will depend, to some extent, on the size of the class, on the
equipment available and on the topics studied. For certain topics, where the
>rder in which the experiments are taken is not fixed, the experiments may be
carried on simultaneously.

Teachers may find it necessary to set up certain pleces of apparatus
as permanent equipment to be in readiness for frequent use. Whenever poscible,
other equipment used shculd be assembled by the pupils.

Some teachers may wish to make greater use of the "unit", or "topical",
plan, Such a plan of study follows ths growing interests of the pupils and,
where the organization of the instruction permits, teachers should not hestitate
to rearrange the content of tho courses to suit this unit plan.

In employing ths unit plan the teacher will organise the greater part
of the course of study under & number of units, projects, or problems, which
will reqiirs for their solution investigation, experimentation, close obser-
vation, and reporting by the students working in groups. Usus.iy groups are
working on different projects {or for variation of the plan, on separated
aspects of the same general project) at any one time since groups will vary
in their ratess of working and since the amount of equipment available may be
somewhat limited,

The course of study may not be fully covered merely by the complation
of a roquired number of units, The scientific method will have been set up,
howsver, and the interest of the students so aroused as to permit effective
ase bty the teacher of leseon presentations of the well-known formal type,
together with pupil centred discussions and reviews. Units chosen to imple-
ment thie plan should take in to account the age grads of the pupils, equip-
pent available, eise of class, and other pertinent factors, Units might be

Q@ i1t around such topics as, Heating Our Home3, Water Systems for Our Homes,
ERJCast and Corrosion.
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The unit plan, ¢f course, cannot be operated successfully without
complete advance planning and preparation by the teacher, There must be
available to the pupils sufficient instruction aids, and illustrative and
resource materials organized in an orderly environment, to enable them to
profit from this plan.

The time alloted to the s'udy of General Science in the Science,
Technology,and Trades Branch may not be sufficient to complete all the topies
cutlined, Teachers should select from thise sourses the content best suited
t> the raeds of the pupils, Approved methods of teaching should not be
sacrificed to cover every detall of the course, Where classes are large,
they should be divided for at least one double period per week to permit the
puplls to de experimental work,

Suitable text-books, as well as books of reference, should be pro-
vided in laboratories and in classrooms where science is studied. Illustrative
material, such as pamphlets, charts, process diagrams, and sample products
should also be procured and filed for rsady reference, FPupils should be
encouraged to use these books and materials to secure additional information
on the topics studied, and to understand the practical application of sclientific
principles and to realize their value.

Note: Each school has the privilege of changing the order of presentation of
the topics to suit its convenience.

Grade 9

The course of study for Grade 9 is that outlined in Cwrriculum 1,1{e)
Science Intermediate Division, Where a local curriculum committee has modified
this course to suit the needs of the community, the modified course may be
followed,

Grade 10

Note: Sir.:a some of the topics of this course have been introduced in the
ear..ier grades, some review or teaching of these topics may be
necessary,

The principles involved in this course should be developed through
experiments, and these, as far as possible, should be performed bty the pupils,

In each case. practical applications should bp considered and discussed 'n
their relation to industry, and suitable problems should be used exicnsively,

The teacher should obssrve extreme caution when dangerous chemicals
and highly volatile liquids are used,

1. Heat

The calorie: measuring calor.es; heat lost or gained; the large calorie;
the energy value in foods; the Eritish Thermal Unit; the use of the B,T.U.

Specific heat; comparison of some specific heats; the use of water as
related to its high specific heat

260



- 261 -

Heat transfer: conduction; convection currents; transfer of radiant
energy

2, Change of State

Review fusion and solidification; change of volume, latent heat of fusion;
latent heat of vaporization; conversion of water to steam; expansion of
water when frozen

3. Force, Energy and Power

Types of force: tensionj compression; shear, reac"ing forces; measure-
ment of force; Hooke's law

Pressure: Pascal's law
Molecular force: surface tension; adhesion; cohesion; capillary action
Force and motion: Newton's first law; Newton's third law

Energy: potential and kinetic; conversion of chemical energy into heat;
conversion of one form of energy into another

Power: the units of work; the lever as a machine; relation between effort
and load; the meaning of power; the watt; the horsepower

Lo Combustion and Slow Oxidation

The rusting of iron filings or steel wool; slow oxidation of linseed oil;
spontaneous combustion

The composition of air; liquid air as a source of commercial oxygen,
nitrogen and neon; the gases, argon, neon, krypton, xenon, radon; the
commercial uses of these gaues

Oxygen: physical properties; the combustion of charcoal, sulphur, magnesiun
and iron in air, and in oxygen; the physical and chemical properties of the
products

Hydrogen: preparation and properties; the presence of hydrogen in fuels

Carbon dioxide: prorerties and uses; properties of carbon monoxide; the
jrocuction of carbon mynoxide in combustion of fuels; rarbor monoxide
poisoning

Combustion of candle wax, alcohol, and coal to discover the products of
combustion; complete and ince plete combustion; the explosive nature of
fumes and dust

Corrosion: atmospheric oxidation of metals; methods used to comtat

corrosion; protection from corrosicn such as surface coating, galvanizing,

and plating; preparation of metals for soldesing and welding; fluxes
Optional Topics

Word equations and symbol equations for some of the changes discussed. The
peaning of element and compound k 261
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Fire Fightin

Starting fires: kindling temperature: the high and low kindling temper-
atures of fuels

Mutting out fires: the reduction of temperature below the kindling
temperature; the need of oxygen for combustion; the use of smothering
gases; methods of putting out gasoline and other liquid fires; fire
extinguishers

¥ethods of fireproofing paper, cloth, and wood
Solutions
Review the use of water as a solvent

The composition and characteristics of anti-freeze solutions, and of
storage battery electrolyte; experiments, (i) to determine the density

of these solutions by means of an hydrometer, and (ii) to show the
capacity of an electrolyte to conduct a current of electricity; applica=-
tion of the information obtained from the density readings; a brief
discussion of the industrial use, as solvents, of water, alcohol, acetone,
and lacquer solvents

Lubrication and Lubricants

Friction: how it is produced; the effect of friction; the need for and
action of ludricants; types of lubricaits; viscosity and 5.A.E, ratings;
the effect of temperature changes on viscesity; flash point

The deterioration of a lubricant by dilution, dust, and sludge formation;
the effect of the oil filter

A comparison of suspensions and solutions

Metals and Alloys

The composition, characteristics and use of cast iron, wrought iron,
carbon steel, nlumber'!s fins solier, wiping solder, braring solder, low
melting point alloys, metals for bearings, and stainless steel

The production of a simple alloy, such as soldsr. Comparison of the
zmelting point of the alloy with those of the metals used

The Corposition and Clarsification of Foods (optional)

Water in Foods: experiments to show that foods cortain water, and how the
percentage of water may be determinod in such foods as fresh vegetaties,
fresh fruits, cersals, butter

Carbohydrates: an axperiment to dotect the presence of starch in flour,
potatoes, etc, An axperimwnt to contrast sugar with starch in respect to
solubility snd tasts, An experiment to show the presencs in starch of (i)
carbon, (ii) hydrogen and oxygen (as shown by the condensstion of water),
An experiment to show the converaion of starch to sugar (1) by the action
of saliva, or (11) by boiling with dilute hydrochloric soid, (Note change
in appearance, action on hot Fehling's solution or Bendict's solution)
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Fats: experiments to show that fats (i) are insoluble in water, (ii)
are soluble in carbon tetrachloride, (1ii) produce a persistent greasy
translucent spot on paper. An experiment to detect the presence of
fat in butter, nuts, cheese, whole milk, etc.

Proteins: the composition and occurance; experiments to shew (1) that
protains are characterized by a disagreeable odour when bein:. charred,
(ii) the spot test with nitric acid and ammonium hydroxide

Mineral Salts: an experiment to show the rresence of ash or mineral
matter in such foods as rolled oats and potatoes, ly gently turning
until combustion is complete

The Combustion of Common Foods: a discussion of the role of carbohydrates,
proteins, fats, mineral salts, and water in the diet, and the relative
proportions of the food constituents listed above in such cormor foods as
flour, rice, beans, honey, butter, lard, salad oil, peanut butter, meat,
eggs, fish, cheess, IXperiments to show that miil contains (i) water, (ii)
sugar, (iii) fat, (iv) casein and albumen, (v) mineral matter; the value

of milk as a food

A brief discussion of the Carbon Cycle: recall rhotosyntiiesis, stressing
the absorption of energy in a reaction which is the reverse of the oxida-
tion of carbon-containing substances

10, Elementary Mineralogy (opticnal)

Physical Mineralogy
Fhysical properties of minerals (omit hardness}
Scale of hardness as used in the identification of minerals

Identification of quartz--massive, jasper, flint; identification of
feldspars; comparison of orthoclase ard plagioclase feldspars.

Native minerals——identification of gold, silver, copper, sulphur, graphite,
coal

Sulphides and arsenides—identification of iron pyrites, copper pyrites,
galena, molybdenite, smaltite, zincblende

Chlorides, fluorides, and carbonates—identification of halite, fluorite,
calcite, dolomite, magnesite, malachite, azurite

S5ilicates~-identification of hormblends, augite, garnet, olivene, epidote,
tonrmaline, mica, chleiite, serpentine, kaolin

Thosphates and sulphiites—ajatite, tarite, celestite, gypsum, wolfrazite,

scheelite
Rocks:
1 Cammon rock-forming minerals
]E[{I(:Dofiniticn of a rock; classificatior of rocks
oo o
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Igneous rocks—formation; identification of granite, syenite, diorite,
gabbro, diabase basalt, fine-grained, even-textured rocks such as felsite
and basalt, very fine-grained glassy rocks such as porphyry

Sedimentary rocks—formation; identification of conglomerate, breccia,
sandstone, shale

Metamorphic rocks—formation; identification of gneiss, schist, quartzite,
slate

Chemical Mineralogy:

The use of the blow-pipe; reduction and oxidation of litharge in the blow-
pipe flame

Identification of arsenic, antirony, bismuth, copper, iron, lead, silver,
and sulphur, by means of chemical tests

11, Fotany - see Curriculum I 1(e), fGrade 10

O

ERIC

Aruitoxt provided by Eic:

A brief treatment of flowering plants: general structure; pollination;
fertilization; seeds, fruits. A brief treatment of non-flowering plants:
fungus plants; bacteria; viruses

urades 11 and 12

These Courses of Study are based upon the scientific requireme ts of
the Shop Work Courses for Sclience, Technology and Trades Rranch,

While every effort should be made to have pupils follow an experimental
course, or treat the topics as pupil-research topics, the presentation of many
of the topics requires discussion by the class. The pupil should be encouraged,
therefore, to acquire knowledge and understanding through his own individyal
efforts, and to make use of suitable reference and illustrative materials, which
should be available in a properly indexed form.

The core topics are listed, and those parts indicated with an asterisk
are suggested as enrichment topics, to be used as circumstances warrant, If
time permits, it may be desirable to include topics which apply to local
industriec, 1In the Chemistry course, some teachers may wish to stress such
toplcs as agricultural chemistry, metals, polymers, and plastics,

Note: These topics need not be taken in the same order as listed here.

Grade 11
Fhysics

1, Accurate Measurements

Review of units of linear measure (English and Metric); practice in the

use of ths steel rule and calipers; construction and use of vsrnier calipers
and micrometer; problems involving volume of regular solids using vernier
calipers, tolerances, significant sigures; measurement of masses of the
foregoing solids and determination of buoyancy
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Fine measurement of volumes and masses may be best combined with experi-
rnental work on density and specific gravity. See topic 2

Mechanics of Fluids

Experiments to determine the density of liquids by using the specific
gravity bottle and the hydrometer; the specific gravity of heavy solids;
solids lighter than water; fluids by means of the hydrometer. A dis-
cussion of the various scales in use

Problems on density and specific gravity

Machines

Review of Grade 10 work. An experimental study of the three classes of
levers to determine the mechanical advantage of eich. The tlassification
and use of such levers as are found in the shops

A study of the class, mechanical advantage and application of the pulley,
toothed gear, wheel end axle, inclined plane. Study and clagsification of
the wedge, the screw, the differential pully and complex machine parts

A study of the mechanical advantage anc efiiciency of some simple wachines
which use these principles

Rules for calculations and problems
Force
Review the meaning and kinds of force

The units for measuring force: pound, gram; the meaning of H.P.; a
demonstration of B.H.P.

Experiments to determine: the equilibrant and resultant of parallel
forces; equilibrant and resultant of two €irces acting at an aggle;
verification of the law of the parallelogram of forces

A discussion of the moment of force; the application of the moments of
force to the lever and the wheel and axle

Study of: friction coefficient of; laws of motion--helicopters, jets;
projectiles; Bernoulli's principle--speed indicators, pitot tube

Mechanics of motion: {impulse and momentum; acceleracion due vo gravity

and in machines ''g" factor

Electrficity

Review current electricity, and the meaning of work, energy and power with
emphasis on gravitational potential energy

A study of electromotive force and factors controlling electric current

flow; magnetic effects of eclectric current; applications of electro-
magnetism; D'Arsonval galvanomet:r; the ammeter and voltmeter
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An experiment to determine the resistance of a conductor using the
voltmeter-ammeter methol. Simple problems involving Ohn's Law

Experiments to show induced currents--principle of the induction coil
Simple experiments to illustrate the fundamental principles of the A.C.
and D.C. transformer, motor and generator (structural details are not

required)

Heating and lighting effects of an electric current, fuses, and circuit
breakers

Industrial uses of electric current: (1) welding, (2) electric furnace,
(3) electric lamps (incandescent, mercury vapcur, {2ldium vapour, neon,
fluorescent})

rmocouple to measure temperature, (A.C. and D.C. currents); induction;
.1ansformer; radio-tube electronics; transistors; photo-electric cells

6. Light Energy
A discussion of light as radiant energy--two concepts
Experiments to show: the composite nature of white light; the solours of
the solar spectrum; reflection from plane surfaces; images in plare mirrors,

and curved mirrors; refraction of light; the uses of lenses

Applications of curved mirrors--headlight, rear vision; lenses--eye, carera,
movies, stereo pictures, projection

The physical nature of colour; Newton's experiment; the colour of objects
in white light

The structure of the human eye, and methods of correcting defects with
glasses

*Colour blindness; colour mixing; Kodachrome; 3D colour prozess; 3D movies

7. Lighting for Vision

A study of the accepted standards of illuminatior used 1w modern lighting
for home, school, factory, display, flood lighting; the law of inverse
squares; the incandescent lamp measurements; the principle involved in and
use of a light meter

*Thie meaning of plane-polarized light. Simple experiments to show the
nafure and cffects of polarized light, using a pair of polarized disks;
the application of polaroid to automobile driving as glare prevention with
sun plasses

8., HNcat

Review or study of heat units, and heat capacity. An experimental study
~f{: specific hieat of water; specific heat of metals; heat of fusion of

~o3 heat of vaporization of water; heat of vaporization of other liquids;
* ¢ vffect of increased and decreased pressure on the boiling point of

Q tiquids

ERIC
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Review of hydrometry, The principle of air conditioning, particularly in
respect of moisture content

The Lead Storage Cell

An experiment to show: electroplating with copper sulphate solution; the
preparation of the electrolyte

Review of the use of the hydrometer and discussion of the use of the density-
concentration tables

An experiment to "form" a storage cell, using lead plates, with a reference
to the composition of the plates before and after forming. "Discharging"
the cell and the alteration of potential as shown by the voltmeter; degree
of discharge

A discussion of the charging of the cell with special reference to the
transformation of electrical energy to chemical potential energy; and the
discharging of the cell in terms of the reverse transformation of energy

The efficiency of the commercial storage battery; a comparison of the out-
put of electrical energy with the input of electrical energy; reference to
the dissipation of some energy in heating the cell and decomposing the
electrolyte

¥etallurgy

A discussion of the kinds and sources of iron ores, such as sulphides, oxides,
carbonates. Separation from the rock, concentration and extraction, Flotatien,
roasting, and reduction

The construction of the iron blast furnace, and reference to the heat exchange
in a stove

4 demonstration of carben monoxide as a reducing agent, Recall ths dangerous
properties of carbon moroxide

An examination of the constituents of the blast furnace charge, and the
purpose of each substance, in the operation of the blast furnace

The construction and use of the iron cupola

The composition and characteristics of cast iron, carbon steei and wrought
iron

A brief study of the manufacture of stesl by (1) the acid Bessemer process,
(2) the basic open-hearth process

The heat treatment of steel; methods and purpose of asnnealing, hardening,
tempering; surface hardening by (1) case hardening, (2) nitriding. This
should be coordinated with projects in heat treatment in the machine shop

The composition and characteristics of types of steel: tool, nickel,
tungsten, manganese, stainless, silicon
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11, Alloy Steels and Alloying letals

The mesning and purpose of slloys

Review of prorerties of metals and chemical reactions serving us tests
Some cormon alloys and their industrial applications

The replacement series of metals

A discussion on corrosion and its prevention

Grade 12
Chemistry

1, The Meaniug and Purpose of Chemistry as Compared with Physics

Review of the states of matter. 7The uue of the physical oroperties of
a pure sutstance in its identificaticn

2, Chemical Change

Pxperiments io show chemical change in contrast with physical charge aid
methods for distinguishing between thew, Heating mercuric oxide; electrolysis
of water; light on silver halide, cetalytic acticn of manganese dioxide, How
new substances are forued, energy change

3, Mixtures

The meaning of mixtures, and the difference between 2 mixturc and a pure
substance

Experiments on separating mixtures: magnetic; filtering; settling; starch
filtering; flotation; solvent extractien; distillation; freezing; crystel-
lizaticn

A study of the applization of thase types of separation in industry

4, Elements and Componida

An experiment con the decomposition of a compounu
A conparison of mixtures and compounds

The meaning of &n elemsnt and a compound: definition; method of naming;
trs structure ct ihe atorn; simple chemical reactionsy reacting weights
and atomic woights; oynabola, fermulse, equations, valency

The ¢as laws; meavurenant of gases; changing the volume, pressure or
Semperature of a fas. (roblems on the applicaticn of the gas laws

Qo Ths molerule snt detersination of solecular weights

ERIC
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Qygen

Heview the composition of air

Fxperimental review of oxygen - preparation, properties, test, uses (e.g.
oxy-acetylenc welding, oxygen masks, oxygen tents)

Hydrogenp

Experimental review and extension of work on hydrogen preparation from
water and from acids, properties, test, uses (e.g. oxy-hydrogen tcrch,
weather balloons, constituent of gaseous fuels, hydrogenation of iuels)

Solutions

Review and extend work on solutions to include:

Compariscns of characteristics of solutions with those of mechanical mixtures
Exarples of solutions. These should be varied enough to show the existence
of solutions in different physical states: e.g. air, including water vapour;
low-melting alloys; gold and copper alloys; oil or grease in carbon tetra-.
chloride; DDT in kerosene; carbonated beverag:s

Meaning of terms: solvent, solute, solubility (relative and qpantitative);
saturated, unsaturated, and super-saturated solutions; solubility curvs: (to
illustrate change of solubility with temperature)}. Factors which affect

the rate of solution

Acids, Bages, and Salts

Experiments to show the combustjon in oxygea of carbon, sulphur, and red
phosphorus; the reaction of these oxides with water, and the effect of
their solutions on litmus

Acidic oxides--acid anhydrides: hydrochlorie, nitric and sulphuric acids
An experiment to show the combustion of magnesivm in oxygen

A demonstration of the combustion of sodium in oxygen

The reaction of these metallic oxidas with water, and the effect of their
solutions on litmus, BRasic oxides-—basic anhydrides

Discovery of furthesr properties of acids {dilute) using (1) other indicators,
(2) action on carbonates, (3) action on anitable metals (magnesium), (4)
taste as shown by soda water, vinegar, sour anllk, etc,

Discovery of the effe:t of basea on the indicators used for acids
Experiments to show the reaction between acids and bases; the products of

the reaction (neutralization), water, and a salt which is loft as a residuo
upon evaporation of the water
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A brief discassion of the commerciai recovery and industrial importance
of cormon salt (sodium chloride); a study of its properties; a study of
the preparation and properties of hydrogen chloride and of hydrochloric
acid

9. The Theory of the Ionization of Acids, Bases, and Salts

A demonstration of the electrolysis of cupric chloride solution, with an
explanation in terms of rharged particles

A discussion of the dissociation of cupric bromide, hydrogen chloride, when
dissolved in water giving rise to elsctrically charged particles, called
ions

A discussion of the hydrogen ion as the characteristic ion of acids; of
the properties of acids (taste, effect on litmus and other indicators,
action on metals, etc.) as being due to hydrogen ions in the solutions

A discussion of the dissociation of sodium hydroxide in solution

A discussion of the hydroxyl ion as the characteristic iom of bases; the
properties of bases (taste, effect on litmus and other indicatore, caustic
action on animal and vigetable matter, e.g., textiles (mercerization of
cotton), as being dus to hydroxyl iens in tha solutions

A discussion of neutrslization as a quantitative reaction depending upon
the removal cf hydrogen ions and hydroxyl ions to form water

A brief discussion of the measurement of acidity in terms of hydrogen ion
concentration

#ow an atom kecomes an ion
#The meaning and .measurement of pH-—the effect of pH on 1life and growth

10, Miscellaneous Topics

Titration in control laboratories and ionization. Equilibdrium and mass
action—reversible and complete hydrolysis, illustrated by copper bromide

An experiment to show coimercial electiroplating

The electrolysis of a sodium chloride solution and the recognition of the
products

Refining of copper, silver and gold; production of chlorates and hydrogen
peroxide

Electric iwurnaces for graphite, silicon, carborundum, carbide, alundum,
phosphorus, carbon disulphide

11, Combustion and Fuels

Expariments to show that certain mixtures of gasoline or acetylene and
air give complete combustion, and that others give incomplete combustion

)
E T(:‘ A discussion of complste and incomplete combustion of hydrocarbons

2170
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Feview the formation of carbon monoxide in the automobile engine, and
during the combustion of coal or coke

Experiments to illustrate the complete and incomplete combustion of
acetylene

The use of the oxy-acetylene flame for welding, with special reference to
the correct mixture of oxygen and acetylene

Repeat the experiment to show the burning of Zron in oxygen

The use of the oxy-acetylene flame for cutting, with special reference to
the correct mixture of oxygen and acstylene

Review of the structure of the Punsen burner and its flame

A discussion of the complete and incomplete combustion of natural gas or
coal gas

A review of explosive mixtures with special reference to the '"strikiug-
back" of the flame of the Bunsen burner

A study of the oxidizing and the reducing zones of the gas flame

A discussion of the world locations of petroleum oil, and the metheds and
channels of distributisn, with specific reference to the requircrents of
the British Commorwealth

B-periments to illustrate (1) the distillation of water, and (2) the
fractional of a water-alcoho) solution

A discussion of the principles of fractional distillation and cracking in
petroleum refining

4 brief discussion of types and grades of mctor fuels; octane numbers
A recall of lubrication and lubricants, Grade 10

An examination of other petroleum products, ‘with a brief outline of their
uses

A brief discussion of other fuels such as coal, industrial gasss

Limestone

LThe composition, properties and uses of limectone

in experimental study of the preparation ani properties of quickiime; the
kinds of quicklime

An experimental study of the prepara®ion and properties of slaked (hydrated)
line; the action of carbon dioxide on slaked lime

An <xperiment {0 show the preparation of lime-sand mortar, its init{al set,
and fina)l hardening. Other uses of slaked lime 271
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Gypsum
The composition, preperties and uses of gypsum
Experiments to show:

(a) the action of heat on hydrate such as blue vitriol, and the action
of water on the anhydrous residue

(b} the conversion of &ypsum into plaster of paris

(c) the effect of the addition of water to plaster of paris

A discussion of other gypsum products such as waliboard, gypsum blocks,
and acoustic materials

Cement and Concrete

A study of the composition, properties and mamifacture of cement
An experiment to study the initial set and final hardening of cement

A study of the composition and function of the comporients of concrete,
effect of impurities, moisture, temperature, mixing, and the strength of
the mix

A comparison of the setting of concrete with that of lime-sand mortar
How to determine quantities for concrete, The vses of concretes

Recall the expansion of water on freezing, and its application to the
disintegration of concrete

Re:all ths action of carbonic acid on limestone, and discuss the similar
disintegrating action on the calcium salts in concrete

¥-od

———

A brief discussion of the chemical composition of wood
Experiments to show:

(e) the effect of heat on wood at various temperatures; the weaning of
kindling temperaturs; wood as a fire hazard

(b} the protection of wcod against fire by covering the wood with fire-
proof coatings as sodium silizate, Other protective coatings: plaster,
asbestos, fire-resistant paints, impregnation of the wood with chemicals
such as ammonjum phosphate, ammonlum sulphate, or borax, The function
of these ncn-cozbustible cheamicals in diluting the comtustile gases
given off by the hot wood

(c) the open-tanl: process and the Kyanizing process for the preservative

treatment of wood; methods employed for impregnating wood with pre-
soervatives
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Brief discussion on:

(a) iungus decay of wood and the conditicns necessary for the development
of fungi in wood

(b) kiln drying for the preservation and seasoning of wood
{c) the application of paint, varnish and lacquer to the preservation of

wood; an axperiment to compare the effect of air on a thin film of
iinseed o0il and of mineral oil

Metals

A brief study of the properties and industrial application of metals such
as aluminum, magnesium, lead, tin, zinc, copper, nickel, beryllium, cadmium
#¥rganic Chemlstry

A brief study of straight-chain and ring-structure, alecohols, acids, esters,
acetone, solvents, formaldehyde, ether

The Halogens

A brief study of the halogens to show that all chemical elements can be
arranged in f:mily groups, the members of whic¢h are c¢losely related, This
can be combined with a study of the Periodic Table

For Students of Etectronics

*A discussion on radis-active metals and materials leading up to nuclear
fission
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