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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

) )

Aruitoxt provided by Eic:



E

- 23 -

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

Aruitoxt provided by Eic:



-3 -

€. 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:



44 .

- 43 -

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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k]
~
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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

Aruitoxt provided by Eic:



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 secti