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ABSTRACT

A primary concern among industrial arts tedchers has .

been the apathetié aﬁtitude of students regarding the y
electr{gity‘area;} This study Qas carried outrin an attempt
to improve atudent reaction to the learning of splected
echepts of electrlcity. \An Qperatxng automobile electrical
system was ut111zed as an audiovisual aid..

. An inyestlgation of learning psychology indicated some
agreement on a number of generalizations thgf appeared haip—.
ful fdr;deéigning audiovisual materiéls. Coﬁbgfihg-the - *!
; oapabilxtiea Qf an operating automobile engine to these

C generakizations was cong d euff;pient Juatific&tion for :f

the seleotion‘of M rating autpmobile aleotrioal syhtem.‘ SR

, as an audioviauﬂl aid.
, . Oénoapta ‘of eleomom wat an operating muto

‘ Ve

mobile elg¢trical ayatem oould teagh werq aelectad rrom thﬁ

- : ~ S

w’(ﬁamtmm‘, of Emm.en, 1969) 'A atud-m ‘mrlcbqok wag o

a ‘5 ;7 “dnnisnad tn nid @hﬂ teqnh;pg oﬁ thoae apnoopta gglqgtga‘ ”:!j; o




factor. - : : l' 9‘
4 ‘ . L4 . "‘ .
Some actjivities contained too .much research anQ to

\

little "hands on" activity with the electrical system

Activities varied‘considerably in difficulty and time
C ‘ :

required.. )
To improve the efflcieney of the instructional aid,

the wmter would suggest redueing in size a oompleft;.e é.utg

mobile cha531s with all systems Operable. vSuch‘an aid*
— . oy
could then be utilized in several areas. ‘ &
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ﬁIntroduction | ‘ -

In June of 19671@ teacher in southern Af%erta gave

his 61 grade elght §£udents a questlonnaxre concerning

,lndustrlal.arts activities (Harder and Day,_1967,,p. 10, 1).

;s he discovered‘that students, disagreed

Among other‘finh'

on their area o pref rence bitt agreed oh the least d331r—‘
| <

' @ble area.  Spch results @buld be - ekpected in most’ Junlor I

" | high sohool ‘dustrxal arts laboratories today, We expect

: cauge fo alarm,when studenta agrea ﬁhatipho lbaat deéirabla f-,l.

' A‘,»

e Lo 5 AT T

,qtricity, one might quea- _'?{,ih'

tha aurriculum.‘ HQWGVGN@ QPOn.

h
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S something out of education not neceeggrily produced

oo by .mere compulsory attendance (p. 47) . L

o TR P N Y SRR I T L e

If what is taught~ls n‘}evant, 1t is probable that the
problem 11es in the methodology of teachlngt‘ Thls w1ll be ;

thi area -of concern for thls study.

\ ' \
-
. \

"‘Methodology and the Study of lectricity -
| While many of the subje 'areae'in industrial arts.
lend themselves to learnlng thJYugh ‘the constructlon of
c:refully designed products, electricxty is one of the
except}ons, Products are not sultable in electrlclty, for

such reasons as: tlue, cost limited opportunity for .

K experxmentatlon, Eéd limlted correlat1on to obaectlveh of

i "s
." .

* o S ‘ ‘
the course (Gerrish 0968, p, 26) g';ff , B ;f;‘-

-

glternatxve to the conventlonal preject ;e Q

S teach;nq syﬁtem whmch uses' solderlees cqnnectore and pre—
R | | i

maunted comganente to»construet tem@on?;f~cgrogits. It is. fj{;fi

)\ T

- -‘A » - ‘.13 | ”. v\
th,‘ knpwn by & veriety of nemes,: eircuit board, wiring bOa}q"xj;T‘

¥

'-;f;(mex», chle;v, a;xd smuler,, a,96,,




‘for 1nd1v1dual 1nstruct10n. Inventory control 1s 31mg}1f1ed.

Vv

A teacher can confldenbly tnﬁln hlmself (Gerrleh, 1968 . }'
. 27). e ‘,-v;,‘ ’

1
. o ; \ \ N -
\
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However, such system§ also have dlsadvantages. Most

!

systems are demgn d for spec;Lflc lear;n:mg actxvxtles thq§" D

. - { .
restricting research and dqvelopment. Few systems prov1def‘§Q
x ‘

for mod1f1eat10n of exlsting components ‘with technolog1qa1

change. Many.systems are advert1sed as belng sultable for B ;

b

Junior—senlor hlgh school 1nstruct10n, ‘but such systems' ,

1

‘often are in too much detall for junlor hlgh sohool students.'
Thls ‘ig understandable as many systema,wexdﬁlnitiallyn
A‘H \

\ de31gned for use in m1lxtary, 1ndustimai 'teghnlcal, and
"trqde schools. (Iignkowsm, 1968, p. 40, 41). Furthermore,

all teo often.the
tudents. They‘oonduct the manugl q;eﬂ?i&eg‘thhout recog—

exper1ments are not mean;ngful to maﬂy
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or behavior desired (p. 595."‘ 9

\ However, Bruner's (1967, p. 31 32) observation is a

remninder of the fallacy o& this methodology. Su&p Jﬁachlng

makes it difficult for students to'relate new learning to

past and future learning. To‘create interest, learning

must be useable beyond the situation ih whioh the ~learning

occurred. Unstructured knowledge that cannot be tied

together is likelyito be forgotten. ' - L fa
Feirer (1969) reflects that: . C

InY spite of all that has been written about audio-
visual education and instructional technology, the
fact remdins that the varying techniques now

. available have made very little inroad into the
averdge industrial edusation program (py 15).

The truth of this statement is reiterated when

one surveye the Alberta Junior High §chool Curriculum

Gulde for Industrial Arte.(1969). It oontains suggestions
i 1ike the fqllowing: "Prnd'eignad and programmed laboratory

. . exercises. will_aaeiet in the degree of student under—

etandinge (p» 6) " ."Thé uee'of » whether W
1ndividud11y produoed maee-prodnoe 'or‘oe—operetively
' devoloped s oreates strong motivetien for learning the
eonoepte 1ntroduood (pe 51)." Tho ausgoatod Lnntruotinnaf\
uedie for the ele ieity ares inelude one textbook and some |
pamphlets mm f Right obtain from ooumnllins and .
mmg nttico (r. 52«58).‘ A : S
g‘w have innqyative mmmg or inatrustion found
lgpnﬁfg usAge ‘4n thg dle;;recn? PR
“ amm mss) qmmn R




Unfortunately, the development of the so called
'new media' ‘tools has always been far ahead of

. the nations' teachersa' ability to acquire and
harness them to the specific software that will
really realize the potential of the teaching
devices (p. 18). g

Wendt (1957) reasons:

. ,F -y
Busy teachers believe that it is easier to talk and>
to assigh readings in the textbook than it is to
spend time and effort selecting and using audio-
visual materials. The euse with which words can be . s N
used in teaching congtitutes sheir grdat danger to . .. _
education. ( .. . ) We forgef that they are an
artificial means of cemmunication. We forget that-
the important thing 4n-life 18 Ahe meanings that
we carry in our heads. Wa forget thgt teachers
are trying to communicate meanings and that words
v and language are only an incidental means of doing
* + .. thie. We forget that they need to have rich ex-
. beriences as wel)l as an adequate vocabulary to
', describe their experiences (p. 30).
"\
" Whatever the rs@son, teaching methodology in the study
of eretIricity ie not utilizing the innovative potential

available. Thus the significance of this study.

~

Purpose of the Sgudy

Confronted with the need to augment student interest
- in the atudy of electricity, the general purpose of this
» 8tudy was to dqgign. produce, and test tie feasifi;ity of
‘an 1natruc§1cngi aid for the study or’eleotrioxty‘at the
iuniorghish a}‘o@iDlqul. The gpogitiz purposes of the
study were: /o |
' 1, J;gtity'%he go}nétian of sn operating automobile
nl‘gqt.xiim n}nt}gn an mtm}wm gi;l"i'or' tni#hing . |
' " selecked conospte of slectricity, S ,
2. State the selscted conbepte of sledtriolty that . .

a
wd
gl . s




. , ‘ L, .
instructional uctivities would teuch,
. ' »

\
‘ 3. Design and produce instructional activities

Mmtilizing an operating automobile electrical system to teach

\

selected conlepts of electricity. *

4. Conduct a feasibility study to determine if the

instructional activities would teach selected concepts of

electricity.

The Procedure of the Study

"

The utilization of an operating automobile electrical
system as an inatructional aid was justified by comparing

‘ % i
its capabilities to the requirements of an instructional aid

as suggested by learning theory.

i Concepts of electricity to be taught were selected
LI

from the Alberta Junior High School Curriculum Guide for

W

industrial Arts. Only those concepts demonstrable by an

operating autnmob;le electrical system were selected.

| An automobile engine was mounted on a stand and made

qébraﬁle. A studEnt workbook was designed and produced. T
‘J\It ocontained 14 aotivities which utilized the operating -

automobile eleatrical system.to teach aeleoted oonoopta of

oleotrioity. ‘ . _

To determinq AL the 1natruotional aotivitiea would '

teach aale@tad oonoapte of aloctrioity, 8 small tsauibility

. +8tudy wae mnduotqd. , T -

D : - 4 *x%i
ggggggggggg S T AL |
' Dqosuse some of the terms used in this study bave a
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variety of meanings they are here defined in order to avoid

ambiguity.
Electricity--"a form of energy present when elec- AN
trons ?ove through circuits (Buban et al, 1964,
p. 437)."

Electronics--"the study of electrons and how they
move thrpugh space and through special conducting
material ?Buban et al, 1964, p. 437)."

Instructional activity--an aotivity by means of
whieh the learning process can be carried on.

Instructional aid-~"activity or illustrative mate-
riael by means of which the learning process may be
encouraged or carried on; includes audio and visual
aids ?s well as other sensory aids (Good, 1959,

p. 22)."

Concepts of electricity--abstract general notions
about eleetricity as gtated in the Alberta Junior
High School Curriculum Guidesfor Industrial Aris
Z186§5; In the student workbook (see appendix A)
these concepts are parceled into sub-concepts to
facilitate and organize teaching.. '

~
Limitations

This study was concerned with only selected congepts

' . , | - v
‘ - of electricity. Such a limitation was necessary because an
' ' N * . .

automobile electrical system utilizes electricity of a direct,

/
7
7

current nature or a puleating direct ourrent hnature, )

Nthafmor‘a. an operating automobile eleatricsl syetem like .
* moat teaching devices has inheyent restriotions. |

1

~ The mAin Purposy was to augment student interest in -y

. the study of junior WE@;@”MQ sXsotrieity, mot to ‘°°‘“'.’-" o

.| 'para the operating utomcbile eleotriasl system as an. pR
~ instiuotional ald'to ether dpvices. . Thus, the. feasibility .
| etudy 48 Wief mad wncomprehenadve. T L L 4 F

¢ . e ey

X i L . :
< LIINER S :
o ‘ SAN [ TE
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Assumptions v ' \

A

The fact that electricity is a required area of study

in the Alberta Junior High School Curricuwlum Guide for

Industrial Arts (1969) implies that pupils need knowledge

" and appreciation of this area in order to be effective

participating members of our industrial society.

If an operating automobile electrical system can be

' utilized to teach some concepts of electricity to juniér

high school students it will be useful. ; \
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. ' CHAPTER II
;’ ]

"L . REVIEW OF RELATED LITERATURE ' '

~ This chapter is divided into ‘three main divisions.
Ay \ . (4

Part one discusses the significance of elactricity as an
area of study. Portion two compr&gdﬁ a survey of research

] . . | . .

in industrial arts education. Item threée .presents a ration-
0 . ‘ ‘

“ale for the utilization of an operating automobile electrical

)

system as an instructional aid. R

ol“

The Significance of Electricity as an‘*Area of Study . ¢

The ability of electricity to serve mankind hms become

such an integral part of our modern way of life. that we

[y

. seldom realize how recently this genie has been harnessed

for serv;oe (Crow, 1967. p. 18). ,.5 T

[ l L

Y _source. Leach (1965) remigda us that,

ever since mgn made the first tools mome 400, 000 yeara ago,..
Progress of o:Lv:L;l.izat:Lon has largely depgnded upon hamaaaing
enersy and devalopihg new aournea. 4 I , |
: From muacle alavqrxﬂ man progreaaed %o;paila gnad m;nd-  1:
A;;§{ ’ milxa, wnterrmilla, gunppwdar, pnd finglly the ramily of .

heat nnginqa. Witn tne ore. ot gnat gnginag, al anhis

Uﬂinq weg qa a
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* invented the internal combustion englne nd liquid fuel
began to replace coal. Wlth the heavy drain on liquid
fuels they have 'recently been bupplemented\by natural gas.
Man's present concern is the‘eventual exhauétion of both -
'liquid fuel and natural gas re#ervee. { | |
. “Electriecity is rather a young energy source. But due
to g%crea31ngly efficient production, eagé of transport, and
extreme flexibillty, electricity is fast beocoming the energy

‘

source of the future (Leach, 1965, p. 9~16). Since the
» . ) : ‘
first electric service was inaugurated some ninety years

‘ago, the growth Q;-the utiL{t& industry in eéonomieally L

K advanced societies has doubled every ten years (Sporn, SN

1966, p. 2-3). ' ' T
Eleitriclty 18 ene of Eﬁg most important sources’ ¢f ’ I‘j
energy in the world today--it is used almost everywhere {
! (Mileaf, 1955 Pm 1).. Bprady (1963, p. 296) adequately K‘
expreeeea the mportanee aof glectrioity when he labels it | Py \ ‘

. , ;he moat &mportam agent of our modbm induetriel ayetem, - .
| B“‘b”' Sohaitt, apd Kirchner (1964 f 2-3) gugsaat o " 2
o ‘. th&t without lBOtx‘icity 1ife tow Wmﬁ be le tQ ’, ’
| y' ’ pioneer daya, 1‘9 tmr;k o | mmunieatiem ea we Jmow tmm -y .

':;QA’A
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Air, land, and sea teem with vehicles utilizing
electricity. Aided by an array of electrical devices, they

deliver' goods and services, quickly and safely, almost

I3

everywheré. . \

&he hoét of electrically operated labour saving

devices in 'the home and the world of work have now invaded

»

the agrlcultural scene. Sporn (1966) remarks tNat human
laboﬁhfor farm chores such as: grain handling, mllklng, .
stock‘Qeedlng, and watering can now be substituted by
‘electric applicatlons. Electrlclty is also util1zed in:
environmentai control for cattle, poultry, and sw1ne,
hydroponxc grasa growing; and grain gry;ng 2 Y*'
Electrio oomputers and data proeesaﬁng equipment, 3

v neceasary to the mod business world, requxfp exact
» -

fenvironqental control and eleéctric energy is the most
. -

efféotive for such control. Industry hd%lsupstitubed ;

S aleetrie power for many applioationa- formerly pawer‘ed by
/" gas and ateam. . Several. 1nduatrtal prqqeseea uniquely wse
Ty ;‘bctricity: eleotroplating, met&l r@finins, reaistanoe _Quﬂ

¥

" Welding; thg req\mticn Qof %luminum, mgneaium. ca.nd tita.nibm.

[ r
: :tpld me groduotion pf qmmcnia, ohlprﬂ.m, and o;cygen (Spom,
” u,n,;., S : 1 ]'VQ;

: LA .. \ E B ", s
. ‘; . : f~ o : VT o

"r' » ;hg mdnam m@ teemQI.osy \) "

: m QlﬂgA ''''' S# ' !
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Leach (1965, p. 40) warns of the danger of pouring
carbon dio;ide into the a%mosphere. The past century has
seen the content rise by ten bercent. This is fine for
plants but not people. Furthermdre, the‘increased concen-
tration of carbon dioxide has created a green house effect.
It stops SOme of the Earth's heat from'escaping into space
"and in tlme the warmef atmosphere will raise the temperature
of the seas with the result that plant life will. ‘inorease
and fish will hove to cooler waters. The increased tem-
perature will melt ice caps and glaciers thus raising the
sea level and fiooding large portions of now habitabie‘land.

~ Recent newspaper headllnes warn of the dangers of
pollution from internal combustion engines. During the
last week of July, 1970, & white smog blanketed the city
of Tokyo for five days. The smog‘wae fOrﬁed by'the sun's
ultrav;olet rays affectlng automoblle exhaust fumes. It
killed treee and apruba and sent 81 Q$O people. to hoep;tal
(Oka, 1970)+ . e

L3 W

' Smog {oxmed from exhaust fumes of automobiles and

)

1nduatr1a1 plante in an‘Angeles haa been aooredited with " :fi,

killins 100 aores of pondex98a pxnea. Paoifid breezee ‘ e
earmigd the emeg 80 milos to a:fect tho traes (Pgust 1§70)-.WX%§
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but are pollution free and as weéll benefit recreation, fish,
andﬂwildlife"(sto'ut, 1965, p. 28-29), Some may disagree.

' - : ) N ) :

Survey of Research
i "Teaching and leérning in the area of electricity--
eleotronicé are complexlﬁfycesses about which little is N o
understood (Baker, Fowigf; and Schuler, 1967, p. 54)." A
survey'of research in industrial arts education attest to
this.stat(—:‘r:xent. | . ‘
| The U.S. Depgrtmént'of Health, Educafion,'énd Welfare
(1957, 1961, 4962) have publisped %hree‘voiumes‘of,gv rikes
of studies in ihdustfial education. In total they s r-.
ized 4,335 studied t;onducte‘& between 1930—1961. Only 98 ‘
were in the fie%d Qfel?oﬁfici  --electronic§ ghd 6f‘this

q number some 24 were,cbncerned with developing and O0ORparing

ot
' methodology. -+

]

udies niemion ‘the use of an opg

‘Although no
) '_qtriealgf system, one sf;udy', did gae'axi‘

¢, et strategio mointe to peymit student observation’of the . ol

L operating enging, [The engine 0perated qn whé reer fhres
05 bytingson, He sonaluake Shat the ppeating angne Beid
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1953-1969 they reported 727 sfudies,in the field of indus-

trial arts aducatlop. Of the 30 studies involving eleotri- \:

i
h

hd L]

city-—electronics some 15 were concerned with develOplng
and comparing methodology._ No reported methods utlllzed p:ﬂ
operating automobile elactrical system. L \ e

Abstracts of Instructional Materlals in-Vecational -

and Technical Educatlon (AIM) from the fall of 1968 through.

to w1nter 1970 make no mention of ut11121ng an operatlng
‘automobile electrlcal eystem.J“ RS f

’wﬁ‘ 'Neither do the Abstracts of" Research and Related
Materlals in Voéatlonal and Techn1cal Educat;on (ARM) for

the .same time pgriod. Furthermone, ARM report three réviews &

of research in Industrxal Eduoa,f"gnll none mention' the aqu-
‘v " mobile. Stnexchler (1966) revzeweq‘&isserta%ions, theses,

ot “staff stud;ea, personal research, journal artxcles, year— S

books, and apeaches from 1960—1966.f He discussed 31 metho~- o

\ .
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developing 3

tioned an ah“

Houso‘Plder and Suess (1969) qu1ewed dissertat}ons,

'

A
staff stud}ns, perlodlcal articles, and reports of funded

_researqh ghom 1966~ 1968. of th@ 65 methodology studies
discussed#j12 were in the field of electrxcxty——eleotron1os——
but 'a xn,no mention of an automoblle. ' ' |

L ouseholder (1968 p. )82) attrlbuted the recent J.IL
» .
cnease in methods studies to the avallablllty of modes of o

. / ,C‘a ' o
1nstruo?¢on whloh had not tradltlonally been avallable.

i

" 'Ageanoh of the l1teyature produoed one reference con-

‘ f
cerning he utllizatlon of automoblle parts to teaeh elec~.

n

trlc;tyu\¥ﬁuiter (1969) a lecturer 1n eleotron;cs technology

\
¥

L}btmqal cirouitry- Systems a,no oolorea ror

3 ’\
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circuitry. This is quite different from utilizing an

operating automobile‘electricallé?stem to teach selected
.concepts of ‘electricity. - y o , o &

Rationale for the Utilization of dn Operating Automebile

Electrical Systeh as an Instrugtional Aid

I
ng Necessity of Aud10v1sual Materials B pe

| ~

Eduoatlon is defmned by Thornd1ke~Barnhart (1957& ‘a8

‘the " . . . science or art that deals with the pr1n01ples,

problems, etcq of teachlng and ledrnlng (p. 263)." Smith'
(1968) refleets that.

" Wé know that learning is something people do fqr-
;; themselves; and peoplé, places, and things can R
. either impede or facllitate the process. Today" g
R learner comes po*scnool-w;tw~ vast array of . S
‘ ' experiences and loosely re)lfilld facts learned - A
. . through active, dynamzc, senfory involvement: and ‘ -
B - -discovery. is is a new kind of learner and only
: ‘thréugh modern med;a can he , ntinue to learn (p. 19)
' AR .

sy
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Fundamentélly there ié a.ndea to know: -how'peopleuperce;ve
things, how they communicate, and how théy‘learn.‘ Secpndly,
reports on research studies can provide evidence df effeo—

tiveness of audiovisual materials. Th1rdly, utllIZlng the

,precedlng 1nformat10n one can then develop QbJectlves and

’
plan Rew to meet them. Thereforeh let us 1nvest1gate each

of these areas and see what they advocats.

Perception. Webster (1963) deflnes perceptlon as e

"tﬁe det {state, or faculty of . rece1v1ng knowledge of exter—ﬁ'
nal thlngs by the medium of the senses (p. 539) " This

knowlege makes co unlcation poss%ble and commun1eat1on
: |
usually results in learnlng (Kemp%,1968, p. 10). Kemp
Suggests that. o B ' a“: ;ngﬁh';¥ﬁ7
";M « o8N 1nd1vi@ual reacts to only a small part of - T
all that is taking place’ around him' q&uany one . . I
instance. He' !selects' ‘that part of-the world he ~ . . .
~ wants 10 ex ggrience, or that attracts his attention o
‘at any ofie time: - (Hence one needs 1o design mater- S YN

ials that. will attract the attentieﬁ and. hold the . .. .. .
interast of 'the. learner.) - The ‘experiece of per- L v
. ‘geptiep 1%*;nd1v1ﬂual .and unmqug. It A8 rigt. exactly ORI
alike for any. two gegpﬁep A person’ Rperceiyes’ anvau‘;mu,ﬁ
‘*eVeht 1wfterm ‘

Fgﬁ experienoe, prsaeut ' o,
eireumst anges ., o o

IR IO

*‘36) féminds;ugutngmgtthW ("

Aqu %ndﬁpreqent

. n‘“,
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'Txﬁﬁ feelxngs in a mogqd of mutuality (p. 10)." Kemp (1968,

11-12) presents a model to i1llustiate the segquences

involved in communication.
"

éﬁf A mental message originates in tp%4 brain of an
¢ 1nd1viduul‘*~ It is encoded. 1nto a traﬂsﬂ{ttlble form and

passes through a transmittep (film, print telephoné tele—
\\
. viaion) via a chaﬁhel (1ight, page, w1rﬁ, air) to a receiver

(eyes, ears, nerve endings) where the message is decoded.

h-\when there is.a responﬂa Eyvﬁ'repa%vﬁtbﬂo gsender it is
callgd ‘feedback. This Whllows. %he’edﬁdhr to correct his’

. 4

meﬁsage and assist the receiver in dqéoding. lAny distur—
bance that detqrferee with the meeeagehls classified ;e
"noise. Where‘poseible noise should be avoided, but if it
cannot-tha factor of radundancx is often used to Qvercome

its effect. )
In the design of audxoviau&l materials it is eesential

4 /

# be cognizant of where they fit within communication

rramework and.exactly how the process opeqﬁtee for effec~

-

-y

n -
- T

tive oomggnicationt , ! P20
ﬁ(196?) defines learning

A

" Paycholoj f learni

"A

as " . , .va ohange in human ‘lion or capability,

RO 1w bl
‘which can be retained and whkbq’xa not simply eacribable

to the proqass of growﬁh-(p. 5)." Kemp (1$%i’ptntea:

Since & mAajOr purpose for preps ,;axz, visual
v mhrul- s to Qﬁmt behavig ‘e objeo~
- tiwes, it in appropriate. o | AR Peyohology
| of learning for mm nelp g ol

¥ : ' ~s that would guide the plmz: , '
| vipual Sateriale. Untqnm 1
40 L3 Md: et xxmrlem, ,

R 5 3 EANRI 3 R
P R
S [ [ - B AR 2
d k] i PR Y 2 RIS .
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%ittlo directly to the design of such materials
p. 12).

. Gagne'(1970) éomments that it is necessary " . . . to recog-
nize that.learning theory as it exists today 1s‘u highly
inelegunt and unfinished ebﬁ}ty (p- 51)." However, they
both agree that learning theory does provide a number of
useful- gengralizations. Therefore we shall now take a
brief look at a number of learning theories, report their
areas of emphasis and agreement as related to the design of
audiovisual materials, and present a rationale for the
utllizatlon of an operating autOmobile electrical system to

teach Selected concepts of electricity.

Learning Theories

Gagne (1970, p. 52-56) presents an overview of four
learning theorists——Miller, Skinner, Gagne, and Ausubel~-
whose ideas are importaft to designing inetruction.

Miller suggests four ﬁrinciplea for effective
inatructions motivation, oue, reaponae, and reward. To
.be motivated the learnar must want somathing. A Que in-

. volves notiocing nomathing. In response the'learnar must
do aomething. Aa a reward the, learner must get somdthing
ha desires,

£ Skinner is in egreement with Miller's principles but

ftanda to be more abooit;a ‘qonoerning the impgrfunce of tﬁ;, o

ouo in Jearning. Skinner oblls it stimulue control and -

1mpsrta three turthir prinniplq;: ahaping, sucoesalve

L approxxmatxon, snd chginins. Shaping npp}ion tg l.arnina




goo tor néaponse remntorcement

\ FAR
f¢ response to be more and more

reupondﬂgg correctly even as the prompts progressively fade.
Ch&ining involves proceeding in a atep-by-step fashion such
that each step is connected with the others which precede
it.
s 'y /o :

Gagne presents two principles of learning. Initially
he emphasizeg eight different kinds of learning,each of
which occurs under a different set of conditions (Gagne),
1967, p. 33-57).

1. Slgnal learning. An involuntary behavior acquires
a connection with some sort of signal. |

2. Stimulus-response learning. A specific stimulus
produces & voluntary precise response.

3. Chaining. The connecting in a sequence two or
more previoualy learned stimulus-response motor learninga.
«~ 4. Verbal agsooiation. A new learning is coded to
one or mcre-pravioualy learned verbal atimui@awnaaponaea.
5., Multiple discrimination. One takes a peries of
_ stidulua rgapohap laarnings and rendera'the stimuli roﬁ
,bagg a8 highly dxatinotive A8 poaaible to faoilitate
. ddedrimination,

)
6. CQoncept 1enrning. an 1oarna ta rcapond to ntimmli

4 taxna of abgtrngtqd prqpqrtiss-—aolor, nunbcr, poaition :
anﬂ ahapog ‘ ’
,ﬂ 7.’ ?rinoipl: 1chn;as ?ho chnininglqt twa or,nnrn.'

¢+ ' -~ [
2 . . . , .
K . .. LR P

¥, i

) . g N N ' ey
. s - + : * : v, L. ° ¥ kol P
: { ' s me b L 4 LB I ;A: . . " . v L) L . I "\Tif{if& N :
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concepts.

8. Problem solving. "Thinking out" of new principles
using previously learned principles.

Gughe1s secondvprinciple is that new learning builds
upon prior learning and each new learning requires a minimal
prerequisite. Related to his eight conditions of learning
this means each condiﬁion d;pends on the conditions
sequentially preceding. |

Ausubel proposes four principles of learning.

1.« Subsumption. New learning must be‘subsumed into
a meaningful structure of already existing knowledge.

2. Progressive differentiafion. Content should be
presentéd from general ideas to more specifi¢ ones.

3. Comsolidation. Ongoing lessons must be mastered
before procéding to new material.

4. .Integrative reconciliation., New ideds must be

1}

related to old ﬁﬁaaa. .

. Theories Related to the Design of Audiovisual
M&m‘é&}.&

Upon reviewing\theaq four theoriea of 1earning Gagns” .
(1970, p. 59~60.propqsaa what would appear tc’ be the moat
important evente of inatrngtiéhfin the leérn;ng of prin~
oiplea, taota, ganaralizmtiona, and rnlea. }

Y. % Indtially attention mugt be attracted and’ mam- |
tiin;h. It has’ bnun xnown tor some - ﬁima thnt Qttqnﬁian 9&5

bf gtxraatea hy aush thinsa as ahanga, nnv,'

* v ) : P B .. ;
U e A B : ,.;7-1,‘
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to dominant interests. However, somewhat less is known
about the maintenanoe'of dttention. It is presumed that
attention can be malpt&ined by achlevxng a set goal Wthh
relates to one or more 1ndiv1dual goals. ; ’

2. Before undertaking new learning a léarner must
keep in mind or be reminded of what he already knows which
is applicable to the new l;arping. |

3. Ledrning is guided by verbal or pictorial instruc¥
ﬁions that suggest new principles without actually stating
;hem. |

4. The iearne? must receive feedback. If the
instructional dBjectives are cleafly defined, the learner
will be aware when he has accomplished each apecific goal.

R 5. Conditions must be established for remembnring and
transfer of learning. Rememberlng requires review. Trans~
fer requires that the newly learned principle, f&ct,
generalization, and/or rule he abpliedfto carefully designed
problema, | ‘ '

6. Qutcomes must be assessed fréqﬁently. Spacifica

" need to be aaaesaed more §o than Laarning of the genara11*

ties. ‘ . : . ' |
| Kemp (1968. Pe . 12-19) citoa cgrpanter and‘nala as

' additiqnal writers who foar prsoticgl 1nterprntatiqna ot

' ,lemins thmrua. Althom they nqur a greater munber er

. 3 *’f‘imporxam nvgm.'J ez’ mvmmn they rﬂl&ta mll ‘89 tM ~
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Carpenter (1957) states:

. e e prov1ded the stlmulus materials are adequate,
i.e., have stimulus values which fall abova thres-
holds of perception and cognition of perc ing and
understanding, then the amount and k of learning
is predominately determined by the capacities an
motivational processes of the individual learner
rather than the stimulus situations. Therefore,

it would seem that the most important and persis-
tently basic task of teaching is to release,
instigate, and increase such motivational processes
and forces as interest, the need, desire or wish

to learn (p. 363).

Ruiter (1969) suggests we: "Capitalize on studen%
interest in automdbiles to give meaniné to basic eiectrical
formulas (p. 64)." Akers (1954) odnoiﬁded that an operating
automobile engine held the studént's interest and attention ..

. and Btimulated'learnihg{/ "
| 2. Personal relevanoe eonoept. Oarﬁénter (1957)
reflects that: ‘
Facta and prlnoiplaa, systema of knowledge and
values,. patterns of perception andymotor skills
all become alive and Bignificant .ohly within the

‘context of individuals and the relevant parts of - “
their 'life space' (p. 364). | . N

The awfomobile is certainly relevant tq many 88 most of us'.

accept it as a way o§~lif9,(4;bepta yqﬁqrist3 Summer 1971,
LB 4 | | S T
3,. Indivtdual Diffarence. Gagn@ (1970 stateas' “Thé
gite of laqrning ie the individuAl'g eaﬂﬁrgl nervous’ ayatam.;’f{
ror thia fundamantal an& unap;@fﬁle raaaqn, iqgsrang 19 : ‘lif;
) . -d?‘
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Certainly there is a Yefinite trend toward indiv- .
idualization and self-instruction. But haven't
industrial arts teachers always subscribed to.the
philosophy of individualized instruction? :
Teachers have always moved from student-to-

student in the shop, observing and giving help

when it was needed Zp. 18). .-

‘ \
In clarification, Wolfson (1966) maintains:

Merely permitting different rates of speed will
N not provide for individual differences. Essen-
tially, individualizing instruction requires the
teacher to encourage individudl interests, allow
for individual styles, and respond to individual
"needs (p. 32). ,

-,
. L4

Carpenter (1957) reflects:

The question of how to achieve desirable common
educational standards, while at the same time
managing the problem of great individual varia-
bility, is a persisting problem for all educators
including the professionals in the audio-visual
field: . % . In this complex area, as yet reachlng
decisions as to how and when ‘to use different
~ audio-visual materials and methods is perhaps mﬁfq
" i 'of an art than a science (p. 366). - A
Baker (1968) proposes that this means fogyindustrial',

fQ' [ . f

arts;: - : ~

' If it is generally recognized that all stugents are
different, it would almo seem lagical that no
single type of industrial arts irogram‘will be suf-
fiaient to meet the needs of all. TLogically then,
 the desirable indusirial arte program will inglude
‘ many methods, & yaried interest; a flexible.system’
-of preseniations afd a contin sglf-evaluatidn -
T T TR

v progess<(p. 13). . 0 C e o
RO A Need for opéﬁﬁizatighﬁ Cazpenter (1957) [asserts;
| L T R T e T T e

Red materisls,s
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and aintegrating it into a ‘life frame' is that of
the B8tudent. Getting students to accept the
responsibility for their own learning, including

.organization, interpretation, and application of _ \
what they learn, is a major task of teaching
(p 367).

Baker et al (1967, p. 72), in summarizing findings of
j2 researthstudies-ooncerniﬁéIelectricity—electronics,
found no meth6d~of‘taaching was clearly superior. They
conélude thaf the organizatién of the course and its con-

. tent may be more 1mportant than the: method employed.

5. Partieipation andlgraetlee. Carpenter (1957, .

P- 367-368)‘dec1ares: Audio-visual ﬁaterlals and methods
have received widespread criticism for an alleged reduction
of participation and overt practice, This criticism springs
from the lack of knowledge concerning the aétions inherently
.inggi;2§~in learning. Perception is aéfivity. Hearing,

| aeeing, thlnking are actxvztles. Abstrécting; using

" symbols, deducing, generallzing, xnferring, and conclud1ng
are all activities. In faot, the need in learning far:
aatiﬁe'interest, peraqnal'involvement,:'aharing‘, qoopeiaa

tive affort and goal directed work, may not be satxafzed

*+

by enly overt actmon. : o LT
&

Whitehead (1952. p.'166) feels that tha inactiweneaa
‘ ”and p&baivanaga rqquirgd of studenta Ln meat educational

27.'presr¢ma relatea fo our 1neffgqtiwaneaae“~4< Wl "x~'; ﬂ"rlﬁ”‘
| ”;;:{argnsr (19§Qa P 73) allages; our gnaancq.ﬂ;.;antion
s AT » o i :

o gignxnd cul'.¢gﬁasng toe mugh pga'fvity gnd

LaRN



Sdpport for partisipation and praétice is found in
several surveys of researc¢h cited by Kemp. Hoban and Van
" Ormen (1950) surveyed experi%ents and studies conducted
from 1918-1950 concerning the instructional value of motionf_
pictures. Of their25 findings, one relatéd to "hands on"
learning. * They found tha%ﬂlearn;ng increases if the
learner practices a skill while it«is preéented on the
screen providing the film speed is slow or the film stops
to allow for practice.
Mag‘f‘an‘ Lumsdaine (1958). report on a series of
. expeiimeﬂtal studies between 1946 and 1954 conducted by the
Yale Motion Picture Research Project. They also reported
the value of participaiion by the learner,

Travéré (1967) reviewed ‘studies from 1950 to 1964
‘relating to the transm1591on ;} 1nformat10n tnrough the
a;nses. Among his findings he too found that partlcipatlon—-

~overt or oovgrt-—resulta in increasing learning.

6 Repetmtlon and variation of stimuli. . Carpenter -
(1957, p- 368) alleges that nothing absolutely new can be
learned qffectmvely with one eXxposura.. Repetitiop T e
fraxnforoes and extenda 1earning- Varlationa austain :

:‘attention, inst;gate 1ntereat and broaden the pattern of -

.JQH 11@%Fning,; Repetition w1th V&rxatioqa provides time for. |

: 3 4 Inarning and time tar learning ia ﬂaaential ,‘n:
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1969) and an operating engine retains tﬁeir attention (Akers,
1964). Thérefore, an’operating automobile electrical sysfem
would appear to be a good motiVatlonal device.

Because automoblles are so numerous and so many people
depend upon them, an Operathg automobile electric system
should be relevant.

Learning,fhowavér, is an individuél matter and the
value of an operating automobile eléctrical syétem‘as an
instructional aid will vary among students. The instrue- ’
tional activities can be organized in a meaningful manner.
Students will participate in’héaring, seeing, thinking as
well as dping. Repetition and variation can be built into

the 1nstructhnal act1vit1es.'

Thua an operating autpmobile electrical system should

be useful as an instructional aid. _ '
o Summary = .

Although eleetrlqlty has been servxng mankind but a
- short time its oqntrlbutxon has been extenaive. Eff;clent
',production, easa of tranaport, and flexibilxty have elevated |

!'eleotrieity to the most impprtant agent in qur madern

‘n‘

»t"

vinduatrial syqtem. From farm tQ. faotony, homa to dffioe,

it 13 utilized 19 varioug applieations. ;m',@,b” ',,‘ _”'“ R
A% & time Wh@n pOllution 15 a k@g cqncern, it ia aigw |
nificpxm }that elggtricmy em bg a olem aouma gf engrsy- D

“_,:.‘«;Ji@tﬂgn‘tmﬁqiy:ﬁ;tg;.Q.i*}‘a!mt, the mgm pffmam metma Qf
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revealed littléraBout'teaching and learning in the area of
electricity. Methodplogy studies are in the minority and
few of thedse deal with electricity. In reviewing 5441
‘studies in industrial educatlon spannlng the years 1930—1970%
no mention was found of ut11121ng an operat1ng automoblle
electrical syAtem to teach sqlected concepts of electrlclty.

Only two studies

lated to an automoblle,but.both were

dif’ferent from this| study.

»
Ny

Because today's leérner comes to school with a variety
of experiences from involvement énd discovery, it is gen-
erally agreed that gudioviéual materials‘gre'needed to
further-his school learning. fThe de81gn of audiovisual
materlals must take heed of three main areas* how people
receive. knowledge how they share ideas and feelings, and - '
how they retaln changes in their dispos;txons or capablll-
ties. . .

From a revxew of varlous learp;ng theor;es the e
appear 1o be & consensus on several events. Atteg;zon must .
- Q‘. be attraeted and ma;ntained. New 1earn1ng muat be related to

| prev;oua learning. wlnhout stating them, new pr;nczples can
A"‘f " be gpggested by verbal or p;ctqrzal instruptlons‘ Review R

SN
R

and application of new learning is required. Agsgﬁsment og

D
o

ey | v

°‘“°°‘”95 mist ve fraguent, .,y L
- An QBepgﬁins automqbilg elgotriaal ﬂyﬁﬂpm ahguld be ;¢1~‘\4
“ g man;r gtg@ema,t ‘-atgg‘g;iqa‘ ‘w_u;g he -

‘f"i N 9")

0, Amvit; 8 can" ba. rapsate
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. ComAPTER I - .
| - i PROCEDURE OF 'THE STUDY - |
The purpose of this study as previously outlined in
Chapter I, was to design, roduce, and t&st the feasibility
‘of an 1nstrucqlonal aid for the study of eléotrlclty at the
juniof high sqnool level. This chépter will disquss the
design and préduotion-of'tﬁe~}nstruofional'aid. The - feasi~

bility study will be dealt with.in Chapter IV.

Design for the Utilization of an Operating

Co Athmobile Eiec?rical Systé@

"as an'Instructional Aid

Tpe selection oﬁ an 0perating\automob11e eleetrlcal
system as an instructxonal aid came about for two réggons. .
Brlmarlly, confronted with the need to augment student “’. i
1nterest in the gtudy of electr;e;ty,';t appaared plausible ;

that suon a aystem might be lntereating to many students.

A‘, \‘c

Saeondly the{study ppesgnﬁed an 1nforma¢ive‘;hg1;enge to
the \'\rx‘i't:er.».| ' :' '

i KR
; -
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[N
Rationale for the Utilization of ah Operating Automgbile
Electrical System as eneIgstructiohal Aid |}

.

"A'review of research in'industrial ‘erts education '  . )
revealed but two mentlons of the automoblle 1n teachlng.v
Akers (1954) stated “that. aﬁ~operet1ng automoblle retalned
student attentidn.f-Ruiter (]969) observed that many students"
are intereeted in automebiles._ o
Upon reviewlng various learnlng theories there
appearea to be a consensus on several events necessary for
'»  learnlng.‘ The event of attractlng and malntalnlngmattentlon
could perhaps be acoqmpllehed by an operating automoblle
-electrical system. Other events-—new Iearning related to .
prevlous 1earn1ng, suggestlng pr;nelples by verbal or
/p;ctorlal 1nstruet10ns, reviewing and applylng new learﬁ;ngg
frequenk aseessment of outcomee--couia be prov1ded for 1n %“iin ‘ff

the proﬂuet1on of the 1netructional aQtiVltleB. mhus iﬁ ) o

s appeared an eperatlng eutqmobxle eleotr;oal system eould he

y a ngful lnstructlonal a;d ;'A"ggx‘_“;;;"‘~ R e

. v ) . . : . o - R e, "
Loyt . ‘ \ PR ': O R . N . CEa e T T coets e
B . N N (“ ] 5 R R . s SN
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"gontaine the sﬁggested course content for electricity.

4

An operating automobile eleetrical'syStem.like .most o

tpachlng dev1ces vas unable to teach a com,lete electricity fu

m,

course. - Naturally only those concepts de

bnstrable by such

< a system were selected. v )

, Following is the curriculum guide's reCOmmgnded topics
: and related concepts.  The asterisk denotes those‘concepts,‘ .

. "selected} L | ﬂl 3 | o . ’ | _
A; Uses of Eleetricigy . ‘ " '  g i
The cenversien, application and control of energy.is

' baslc to the development and perpetuatlon of a teohnologlcal
| soolety. . ,l . L v - o g
g 1, Heating® ) N o . - o |
ST 2. Ligntings PR - S
U N Motor‘(megnefic‘ind;etion)*g B g |';f;
S B ge._f_eﬁx B S T AUy A

f“‘ Safe attltudes and kpowledge of prope§ prooedure nwd{ AR
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1. Frlctidn ¢ )
. ‘ A GeAerutor" ¢
3. Crydtal Curtridge
. 4. Solar cell
p Thermécouple\ \
i' 6. Bautteries"® X
7. Thermo-Electric Gene;ator ‘
| ‘ 8. Fuel cdlls
‘ o
\ D. Controlling Electric Energy
H{ Eleotron movement can be oontrdlled and manipulated.
! 1. Circuit-—-switches*, breakers®, rélays*, fuses™,
photo cells, resistors®~-rheostat®, capacitors®, coils*,
X , transformers® | L | N
\ 2. Seriaa circuitsn | . :
3. Parallel cirquits® .
i 4. Tel.ephone circuit
, : I o
5, Telegraph cirouit : .
6. " Teletyps airouit .
» . ) :
P;;;‘; ; SRR i S ) > L
‘. . . -Upon seleoting the electriohl conaepte the subsequent

“.m %o QQM and, wpite, s uwdam “workbogk to. taea.limto
unl of thon comcpta (no Appouta A)., The @

pea »
. v
B} '?’c{,,&~.; [
# : .
LY ¢ i g . ;

* . * W . . P
N E : " :




33

portion‘of the workbook consisted of 14 activities cach
concorned with one or more related concepts.
Activities were organized as follows:

A. Dources of blectricity

1. Storuge Buttery-~Discharging
2. Storage Buttery--Charging
. 3+ Generator

}
B. Controlling Klectricity.

4. The klectric Circuif
5. Circuit Loads and Paths
6. Protective Devices
T« Relay
8. ‘Solenoid
; 9. Rheostaﬁ
10. Step-up Transtrgbr
1. Capacitor{(oon&bhaer) p
- 12. Ohm's Law |
C. . Utilization

13. Lighting
14. Motion
Such gg orsanization &roups aimilar activitiaa and logically

leads atunenta through conoepts of: production, oontrpl,

and uttliaation. Howavar, the aotivitiea are wrrtten such

that they can be uaed anp&rately or retcrrod to when they

ral&ta joa bgrtioular tcacher 8 $wn outline of atu@y, |

. Studqnts partaeipato in henrins, nncing.'thinkinQ,
woll ll doins, conocpts are. gensrnllx {’ﬁaatad ang

LY .

»

. B - )
- N . 2 rl ) . \'
’ [ . i
a Ca ’
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varied to provide for different learning rates. Students
can stop when tﬁoy hch learned a concept, but should they
require udditionul practice they can work through varied
gections of the activity which deal with the same concept
untillmhoy lunrg the concept. |

The inclusion of a pre-teat allows thone students
who alreudy know the concept simply to receive credit for
their knowledge. Othér studeniu who know purt of a concept
may be able to work on part of un uctivity and receive
credit for the pur£ they know.

In addition to a bibliography sheet of suitable
refarenog texts, the workbook alsa contains an Engine
Operation Safety shect and information sheets for measuring

4
current, voltage, and resistance.

' A separate manual was written for tié teacher (see
Appendig‘B). Tt descriles fh;‘phyaical getup of the
operatinp autojobile alectricél system utilized by this
study. ha well as outlining.a procedure for the uaé of the
workbook,‘a‘suggested aafety program is pbovided.
A*photograph was taken %o aid the redqér in compre-
nending the physical setup of @he operating automobile .
eleatrical system (see Appendix C). o : .
The feasibility study is desoribed in the following o
‘ohapter. - ; | . R ﬂ




| pa;tu, the gnstna
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\ . chAAPTR IV
FEASTBILI2Y STUDY

Flanning
The termlngtlng step of the study wus to conduct a
bim}le feasibility study. It wag dssuMed that 11 junior
high sbhool students could work through the activities and
lelrn spme concepts of electr1c1ty, then the instructional

-

uid would be useful.

Constchtion of Hardware -

When\the topic of“the study was initially selected,
it becane ivperative to obtéin an‘automobile'engine. Upon
making the need known to the students, a complete but col-
lision damagéd 1957 Chevrolet came forth the first w&ek.

The engaee wag removed and mounted on a matal stand,

Before attempting to operate it, the engine waa partially
dismantled and‘¥heoked, The oylinder head, pistons, staqter,
' 5an¢rator, carh e;or and fuel pump were removed. Jtarter ‘- ,;~

. brushes were replaced. An exhaust vglve wes atuck and had

oaused thres rockdr agm aupporta ta break. Théae ware.vl

ahﬂ%tonod tp ipoludh
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manifold. With the uddition'of a radiator, battery, and
crall fuel tank, tho engine wus operable.

In the eurly stuges of the study, the instructionul
activities hud bLeen d001gned and tested, for the most purt;
on crude makeshift hardware. To facilitate student involve-
ment much of the hardware had to be modiffed or re-built.

~ An instrumeht panel was attached to the side of the
support;ng f‘lﬁ - It included: the épeedometer; temperature,
fuel unf ammetef:gauges; generator, Qil, and directional
indicator lamps; lighting, ignition, andhdoor jiﬁb switches;
" horn buttoni fuse panel; voltage regulator; and choke. and
throttlelcontrols. Instrument panel lumps were mounted in
the temperature and fuel gauges and speedometer housing.
In rendering&%he components operable, often separated
connections were color coded to facilitate re-connection.
The heater.bircuit,‘horn ¢dreuit, and brake circuit
were mounted on movable ﬁpright panels with appropriate .
A leads to jaxn them’to\the engine.eleotrical syatém., cirduit
'validiﬁy was maintained while attampting to eimplify oirouit
,identification. » ' |
Mounta wer(‘deaigned for head md tail la.mpa. In .

/ordoi 1:9 ai,mplify the headlamp oircuit, ons lamp r@.ra m.gkh
‘ham, the other & low besm. . . A e

!l‘he "fuel, tmk ‘unit was moumed ;Ln b 6utaway woadgn
bcm é.hwt the. s:b.se of & ama.ll, nein 3
A :Ln oxxa ad.de ot m tmk nni V houaix;s, e.uomd g'

o:‘ &h& mgaut.
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~velection of Students
The sample for the feusibility study comprised gome
52 boys from ten industrial .arts classes at St. Brendan
Junior High School, Edmonton. -
Because ugfe of Ll.c activities required two partiti-
* pants ;t was decided thgt all students would work in pairs.
Initially, four studentbk were randomly selected from each
clags¢ Students were told that their participation wabv ,
entlrely voluntary and five chose not to be involved. Aﬁ'
the end of the fxrst week, ten activities had been studifd.
However, random selec{}on seemed‘unfalr‘to some students
who were working in other areas and the comprehensiveness
of the feasibility study did noi‘fequire it. Thus the
‘remainder of the study was compléted by asking for volun-
teer® among grade seven and grade nine students who were

presently working in ele¢iricity and electronics..

u

Control ¢ of Activ1t1es

.

/
Thera was no partinular order 1n which the activities

‘were oarried out. Aetivitiea were dmapatohed %0 studenta

when the necessary hardware waa mada oparabla;;g

% strugtnxe was an attempt to have a variety of grade lav&la

Bl

| ? parformins A ﬂPﬂﬂifi° “°“1”1ty' . | 'h' o

mnchvad a Iooga ;ear ngtebcok oontain;ngx ggggmg
_f aheet; iufaxmatign ahaata tc# meaeurivfg
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, were to,pérform.

| The writer pointed out to the studen%a the ¢oncept(s)
and dub~-concept(s). Their objective was noted and the, pur~
pose of thq pre-test explained. They were‘encouragedfto
answer as much of ‘the pre~test as possibﬁ; and to;d.they
would receive credit for their knowledge; ‘ ; ’

| All activities were carried:out duriné‘regular indus~
trigl arts classes. The writer was in the 1aboratory
teaching the remainder of. the class. Partmclpants in the
feasibility study received the same aﬁteption as ‘their
classmates. N o

Data Collacted1 IR . ( I;

- [
\ R i

4
. qtudents recordad on their actavxty sheet their names,

time started and time flnished¢ .Upon completing the n .
activity they were asked to write a comment compamng the * {v,'f
e

activ;ty 10 other activities in elect;m.city. ‘Those witn no

I

experience in elactriclty were aaked to @ompare it to any N

.“n o ,"

mduﬁtrial arts a.at;Lv:Lty. ' ; '+" ;

v While the atudenta worked,#‘the wwﬁrter xﬁade periodiq N

R "obawmion@ a.ud reaorded a nofn,ment 8 to how they approa.ched
SR thaig;;;baa)& *amx how tha,y carried it ﬁuf, Ll T

O JUP““ 09‘“93'9’51“& the activmy, the, azmmra '
Ta.nd dianusaad mn the a&ﬁwta, ,.'L'hg rpamtg




39
TABLE I

SUMMARY TABLE OF STUDENT PERFORMANCE

!
{

\

.

Instructional . Grade of  Time taken Possible Actual
activity gtudent pairs in minutes grade grade

70 7 5/

65 | 13 13/13

‘ 73 13 8/13
50 12 2/12

# 4 © %8 . 60 92 31/317
| ' T 90 - 92 31/59
' o #5, - 9 | 80 28 7/10
S T - 80 28 26/28
P #6 B T R " 80 27 17/27

#
2

O WO O 3

‘ 7 .. 80 27 . 17/217
# 1 *7 50 13 . 9/13
| 9 100 13 7/13
| - 9 S - © 13 11/13
#8 8 « 50 9 9/
oo 9 . 40 9 6/9
#9 . w10 33 20/33
o0 “ 0 20 0 8 68 .
L9 v 3 R 7
M . 85 CT ST
A A WETRTNY 1* T AT
gt g, %g o 9p % .40 L 20/25 T

R A SR ERR - S S
e R PR oo O Y S
“‘4/10'i ¢sﬂf1
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summary
The' terminating atep of the study was to condgct a
simple feusibility study to determine if the instructional
activitie#, that had becn designed and produced, could
teach selected concepts of glectricity.

‘ An'automobile enginé &as obtained and mounted on a
stand. Necessafy repairs and cleaning were carried out,
and the engine made operable. Hardware was modified or
re-built to faéilitate student involvement. |

Fifty-two boys fhom t;; industrial arts classes at
St. Brendan Junior High School, Edmonton, comprised the
sample for the study. Four students yh each class were

‘random}y selected. At the end of one week random éeleotion
was éb@ndoned as it seemed unfair to some studenté.“The
study was completed by asking for volunteefs among the
grade seven and grade nine studSnts who were presently

working in electricity and eigc Lpnica. A summary gf--

student performapce appears in table I.

f
’
TN

N



CHAPTER V | -
SUNMMARY, CONCLUSIONS, AND IMPLICATIONS

Although electricity is a significant area of study,
many students are apatheficAin their inquiry. The general
. purpose of thls study was'¥3*3381gn, produce, and test the
feasibility of an operatlng automoblle electrical system as
an 1nstruétional ald‘for the study_of selected concepts of
electricigy at the junior high school‘.evel, |
It was surmised that‘aﬁ operating automobile elect~
rical system could be justified as an appropriate 1netru0—
tloqgl aid if it complled with cerﬁaln requirements. Such
requirements, it was conjectured, could be derived frgm
learning .theories, e N “f“\\
. 'vh A review of learnlng psychology indicated an absenqa
‘ | of real pr;nclplea put it aid propeaa 8 number of useful
. : generalizationa to guide the planning of effeotive |
| instruetional materials. ’ ,‘; L e L .

b \ PR}

i :“

sparse deductxona aongerning the augomobxle, omuanf

3 a8 x renhed 48
o thq,iit@éature, But 1t appeared that o @ﬁera%ing auto-
f‘g'ﬂLfg mabile qlac :ieal ayatam may poaaeas snme qf tne requimen**~'3lgg
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" the aid. | | 0

Bearing the requirements in mind, a student workbook
of 14 activities was designed and produced. Concepts of
electricity to be studied were selected from the Alberta

Junior High School Curriculum Guide for Industrigl Arts.

The instructional. activities were evaluated in a

short feasibility study. f

Conclusions

. -

_Purposes of the study

.

The'speciﬂq$§num6563‘of this study, as outlined in
Chapfer one, were Aecompllghed. An operating automobfle
electrlcal system meets some of the requirements of an
instructional aid for teaching selected concepts.qf
electricity ' Althoﬁgh‘the eurriouium guide listed a
nunbexr of concepts, 1t was poasible to state several that
llnetructional activities cculd teach. ‘Inamructional
activities utila,zing an operat;.ng automobna ¢lectmeal

‘ayatem 1o teaoh aeleeted congepts of eleotrlclty were |
deaigned .and producad "he fea.aibility study mdlcated
“that the ;Lnstruqtional Aquv;ues woum taach 9electad

. comspts.of edestrioity. . .. T




operating;automobile electrieel'system'was.a relevanf
instructional aid: for mahy students. Some students inter-
preted the activities to be learning about the electrical
parts of an autoédbile rathef‘then seiected concepts of
electr101ty. HdWever as the parts they mentioned--storage
: battery, -horn relay, solen01d capaoitor——all(demonetrate
concepts of electricity, thie\aas‘no; mieleadiﬁg; ‘

Nogt students approached the insﬁrubtioeel aotiviﬁies BN
with eome degree of keeness. Thetvariation in degree related.
more to,fhe students'involved fhen to the activity. |

¥ive students chose not to cooperate and in each instance

y
LS

“ ¥
.

other students v unteered’ to teke their.plaée. o

' -

In some cesev‘ éspecially grede‘nine mptivatlpn
decelerated when students encquntered questioﬁe whlch
requlred thelr parsonal research.' For the most pdrt the
grade eeven and grade emght etudente maintamned their f
';nmtxal level of motlvetzon, RS . /.i" vv:f

Only tWQ ‘studeq‘t}a, both in grade BQV'{__‘ ”l.,

eompMete a pre-test sat;sfactorily. qut studanﬁe could not

correctiy anewer any PortiOn of Pre-teﬁtg ‘f‘,e~1-: ‘*{W”55<-
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‘ﬁf contdined %00 much research aﬂ&\too

Some actlyl
\

| : \
.little "handg\pn" a thmty w1th the electrical system.
Act1v1t1es varied eon51derably in dlfflculty and in time:

required for performanqe. Some circults,,although

simpiified, were'difficult to trace. The'fact5that elec—- nA:';Wg

-~

;tricity involvgs a number qf arduQus eoncepis does ﬂpt aiq
its temchability. . . o o
The Workbook'ofligstruetiondl activities is by‘nd'
meang a panacea to the problem of teachlng conqepts Qf

'électricity, but it wa&\;:t;}@stlng and educatlonal to many

b people, esPeclally the whiter.' \\
‘E o . : Impllcationa' ‘
e Stie e il 7
The results of this study sh d in cate that we IR

. t‘ hava a wealth of 1n¢xpensive and rel \wwant syﬁtems around us
. . that should be explored as 1nstruetio£§1 a;gs.‘ It ;s hoped

stage and rigldly

g\stems\ " 5 “ fjx c¥1
‘ Posaibly we h@.vg been sg eonoerned wnibuymg the ;.
f’flﬁf = "l%teﬁt Sysbém“ o solVe our prohlems that we hawe ¢b 'Ifkﬂff'ﬂ
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Ig to ma;afaln in a leakage free oondltlon.

45
Reduce a small automoblle ohassms to half 1ts length
%“'

and, a width of about 54 inches. A number of 1ndustr1al arts

laboratories have a 6Q‘inch side door. Thus one'could‘movq
vy \ \ .
the automoblle outside for Operatlon or move it to.other

\

\A.‘

sohools.‘ Becauue the exhaust output of an automoblle 1s ' o
“too much for the exhaust fan system found in many Junlor |
hmgh schools out81de operathn beoomes convenlent.' Further*'ﬁﬂ

\

more, exhaust systems on older automoblles are dlffloultiM

-

If all the automoblle systems were made operable,, S
' A\ S SR
thh approprlate sections cut away, the 8id’ could also ‘be

ut;liﬁed for the. study of power and power transmlsﬁxon,o‘ag ,

self propqiled automobmle WOuld also be most realxst;o and S

probably add further motlvatlon. ‘] "ﬁlj‘f: - m;

'\\ : + I M
oo . TR R

«Softwane. Two actlvities-ln partioular requlre‘v

-

apeogal mentsﬁn' Aot1v1ty number four 1s qulte lengthy




otudent pairs completing ‘just one activity.

W

~ .
saved 1! studentis wurvkuurc wecustomed to uninyg, metera.

further rescurch.  All ol thae studenta i1nvolved 1n

the feasability study were gomoewhat accus tomed “to following
ingtructions prepared by the writer. Defare adopting the

utudent workbook on a lurge ucale, one should teut the \

-
"

Teadability and content of cach uctivity with u ldrg; sumple

of studonts under rigid testing cordditions.
.

It may be benoficial to coumpuare the results of student
pairs working through ull 14 activities with the results of
Upon analyzing the rasuliu in Table I 1t is eviaent
that further research should invgstigate the optimum length
T
of activities. In this case those activities with a possible
E o

?

grade of more than 33} were not completed.

) '
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To the Student

N\

This is a workbook of actlvities which requlres you

. to work with an operating automobile eleotrlcal system. It
is designed to help you learn some selected concepts of
electricity.

' Dhe activities afe orgaﬂized;in’;ike faéhion. They
begin with the -atatement of‘one or more ooncept..aﬁd sub-
‘concepts conoernlpg electricity, The objective of each
activity is stated in such a' manner that upon completion of
the activity you will know if you aceomplished the objec-
tive. Your responses on a pré-test will determine your -
Iknowledge of the concept(s) and sub—coﬁéept(s) involved in
an aotivity.‘ You will receive credit for your knowledge, so,
work carefuliy through eéch pre—test.‘l | . |

The last page of this workbook contains a 1ist of

approprlate referenoe texts. will aid you in ans%ering

the quealpons asked throug fthe actlvitiee.

In eaoh activity you are requested periodically to.
check with your tegohgr.' These. oheoka are esgential! They
are necessary fori your safety, thé safety of equipment,.
and revieW'or qlérification of ﬂomé'1earning'expérxgnoe.

If you have to.wait for our #egcher, make good use
, of your times-Tead ahead and underathnd, pq:aotly wha.t will |

. : b¢ szqcted qf you, _:: ',\ ‘.~ o 'f‘.

. S
L. A . . ) . . i
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) Engine Ogerafion Safety '
Nameg-.
Date operated and Date-
'activitiés undertaken ' Teacher- //
! '
/
‘A- Before operating engine: Consequences:
1; éheck yourself for 1,.'Dangling apparel may,
dangling apparel. _ T qétchuin fan or generator.
. It gy also hinder your view
‘ | when working on some part.
I2. vCheok oil lgxel.i , 2. An englne w1ll start and
i operate for a tlme w1thout . -ﬁ}
sufficient ‘0il, but if it
should seize it will be
IR C expensive -to repair. \;
3+ Check fuel leyel} . 3. Sﬁdpping to replenish the
. L . fuel supply is ineonvenient;”.'. L

4. If fuel tank requires . 4. ~Gasoline, ‘when expoaad to

. eefilling,'ao 5°‘in $he . the . air, readily evaporates
- f  absence of ‘'sparks ar flaqgg! and form$ a oombuatxble m;x- .,_fﬁ
h WlPe “P any. fuel Y°u might " ture” which oould eas;ly ,i'f'g
. ﬂpill.ﬂq:;Ai,i;; ,“1nﬁf‘ :'§; ;gn&te in the preaqgfe of f{;,;}
o RS apark or flame, ! . " :- j- Lo

o SRR ‘G"\hﬁ | i ‘rh?f .




~ \‘ /

.SH‘ Check level of electro-

) N
,flwte‘in the battery;,.If
N

1¢vel is below the top of

Pl I
«.tﬁe.battery plates, check
" th your teacher.

}ﬂ& - 'Wash hands thoroughly
1‘ o ,
{g a%ter handling’battery
BN ' !

4_/'"\ o) l !

f {screw caps.

0! :'J "‘

Connect the exhaust

oy d ‘\ ' ’
A Lpe to the exhaust fan

‘“”'N

qu'qnd switch fan to "on" .

’

While operating engine:

Wear a éafaty'shield

r safety glasses.

\

57

5. A certain amount of water

\

is necessary in the electro-

% lyte'because oxygen Ufrom

the water) is reQuired in
the charging proééss;
6. The electrolyte also

contains sulfuric acid

(Hy80,) -

7. Exhaust gases contain
carboﬁ monoxide, an qdorless
and deadly gas. One should

not operate any engine in an

enclosed area. . .

Oon_qgénnces'

-8. They will protect your

eyes shguld somethlng fly
off a rotatmng part euoh as
the: generator pulley or fan-
Safety glassea are. 8 good
preqaution anytime you are ‘
around an‘operatlng eng@ne,l:t

9. Severe burns can result
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, 10. ‘Keep fingers 'away from 10. If finéers con%actna
moving pértsjsuch as the © moving part:sﬁch‘as fhe fan
fan. ; | ‘ they will be severely in- |
. jured.
11.. Take care not to shock 11; A persoﬁ with a weak
yourself or others with the heart could be seriously
yqltage.pfoduéed by the ': \injuredu.
ignition coil L L ‘ e , e
‘ 12. Only operate the engine 12. An gnginelnot under )
ﬁ“" | gt the R.P.M. specified by load can éaéiiy'bebﬁaméged
o .an activity sheet. o by hijgh‘ R.P.M. T
. ; 13. Téke care not to cause 13. ‘A chargipg Bafte;y“
s ~ sparks close to a battery. producés.highly exp;osiﬁe.
e " . nydrogen gas. |
D C. After oper@ting_enéing: S Consequences- ]
‘,; i . .Remove the‘igp;tion'ke& 141 If 1gn1t10n key is yfft
. and give it ?oypur};pgqhef. ."on" the battery Wlll dlhm‘)
vﬁéd' T | :_\".r.vkiff ’ : dharge, w | - |
L 15 ‘l‘urn e:chaust ;t‘em to © 15, Removal of unsafq_\eonv .,‘
N l noff“.,“ D;scqnnect and store dlt:.qns preventa pg.g%lble
:j{‘f. : A exhaust hoae. < q1e‘a.r’; up o O - )“‘
e drzppﬁﬂgSA,g;p)aggafu;" o ~f%f‘.l§’ '
I,
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Information Sheet '
- © Conway and Automotive

Measurlng Current AN

In order to use electrical energy to do some kind '
- of work, the electrlclty must be set in.'mqotion'. .

This is done when an electric current is produced.

.T§§s electric current is developed when many free ‘
elégtrons’ in a wire are moved in the same direc— ‘ .
tiod (Mileaf, 1966, p. 1-45). =

If 6,280,000, OOO 000,000,000 e}ectrons pass a
glven p01nt 1n a perlod of one second, the move-

"~ ment of electrons is referred to as an ampere.
The -ampere is the unit of measurement of current
flow (M1ller and Culpepper, 1966, p. 3)m

»“ -An aq@eter 1s a current measurlng dev;oe (Mlller and
Culpepper, 1966, p. 26) . v, g '

_E?Eating OonwaxﬁDlrect Current‘(D C.) Ammeter y
Note-~this ammeter wlll measure up 10 a. maximum Of y
ten amperes. . - S | | , AR

L]

e An«ammetér muét~5e placed in series in a circuit.
Switch the power supply.of the cireuit t&™off" and
separate the c1rcu1t at some poxnt.

- ammeter and dllp the other end tp the‘Flde of the
Yo ciréu;t 501ng to th negatlve terminal of the power
- supply. , | b Y
"L m3s Clip. & red lead to the gide. qf the cmreult goxng to"

£, the posltlve termlnal of ‘the power $upply o

~'§“?“*;” 4.: Read the proeedure in. gteps 6 7”8~-do not cagry out

n




e,

8. Simultancously touch the free end ot the red lead Lo
the __ post and note the novoemunt of tho poxntor. Iy
1t moves past the top end of the scule or moves to
the left of zoro,.immodlutely release contuct with
the _ post. 11 1t moveu to the lef't ot =ero chock
with your teacher. If the-gointer remnani on the
scale, maintain contyct with-the __ post and tuke’a

reading. The following chart will pid you.

get corrected

Touch _  post
' reading:

1

CCCCOC-=>vuvC

CO—-\n
-_— N\

3. The ogxreoted reading indicates the amount of current
in amperes flowing in the circuit.

a
a

Operating Automotive Ammeter
Note~—this ammeter will measure up tQ a maximum of

sixty umperes. # ’
1. An amneier must be placed in series in & circuit.
.Switch the pdwer supply of the circuit to "off" and
separate the &ircuit at some point. .
2. .Attach a black lead to the negative terminal of the
ammete? and olip the other end to the side of the
“Bircuit going to the negatjve terminal of the power

.

B , nup?ly.
3.. Atthch & red lead to the positive terminal of the
N  ammeter and 0lip the other end to the side of ghe .
| ~ oirouit going to the gositive terminal of the §ower
. supply. . - .
' __A. 7Turn the cirouit switoh to "on".
5, The soale reading indicates the mmount of current
~ flowing in the.oirouit. B h

j

R

K



Information Sheet

Conway und Cuanoex

Meusuring Vol tnge

The force which moveus . . .”cloctronn i exerteoed
betweent the ends of the conductors The force iu
usually a difference in the number of celoctrona at
one end of the conductor and the number at the
other end. The excess electrons are constuntiP
trying to move to the end where there are fewer
electronu—-in- order to balance the nunber of
electrons at each end. 'This difference in elecc—
trons 18 referred to us potential difference or

. voltage (Miller and Culpepper, 1966, p. 2).

Operating Direct Current (D.C.) Voltmecter

-S5etl the range switch higher than the voliuge to lLe

measured. The use of a range switch allows a single
volimeter to measure voltages ranging {rom one volt to
one thousand volts. When the range switch is sBt at

. one, the voltmeter will measure up to one volt. VWhen

the range switcR is set at five, the voltmeter will
measure up to five volis, When the range switch is
set at one thousand, the voltmeter will measure' up to
one thousand volts.

Decide which scale you must read and what you will do
with the reading. The following chart will aid you.

When range switch ‘

set at: Read - msocale To get correat
: LT readipg:
1 0-10 410
2.5 0-25 3 +10
5" 0~5 x1
10 0-10. x1 .
,@5 0-25 . x1
0 - 0=5 R - 10 v
Y90 . 0=10, . x10
250 025} *'i Loy x10
‘%00 - . -5 = - x10Q *
"\ ¢ . | * .’; y
* : ' 4 »

—



3. Plug a black lead into the negative or black poat ol
the volimeter and u red lead into the pouitive dr red

pout of the voltmeter.

To measure a source ol voltuage
, »
4. Clip the free end of the bluck lead to the nugative

terminul of tho source of voltuge to be meusured.

5. Simultaneously touch the free end of the red leud 1o
the positive terminal of the vollage to be meusured and
note the movement of the pointer. 1f 1t moves pust the
top end of the gcule or moves to tha laft of zero,
1mmed1utely reloase contact. Nxth the positive termlnul

‘vh\‘and check with your teacher. If the pdigter remains
“on the scale, maintain contact with the ﬁosxtxvc \
terminal and record the reading.

To measure Rhe voltage drop,across a load in a circuit .

4. Clip the free end of the black lead to the negative side
of the load. ) "

5.. Simultaneously touch the free end of the red lead 10
the positive side of the load and note the movement of
the pointer, If it moves past the top end of the scale
or moves to the left of zero, immediately release con-
tact with the.poaitive side of the load and check with
your teacher, If the pointer remains on the scale,

"maintain contact with the positive gide of the load and
record the reading. . i

.
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Information Sheat

Conway

5
6.
T

Meusuring Resistuance

When there is movement, there is friction (except
in a perfect vacuum). The movement ot electronu
through a conductor meets with some opposition. »
This opposition is called resistance.

‘Resistunce is measured in ohma.

An ohm i8 the amount of resistance when one
volt is needed to force one ampere through the
material (Miller and Culpepper, 1966, p. 3).

Resistanceﬂ}l measured by an ohmmeter.

Cperating the Conway Chmmetcr

Ensure that any power source in the circuit is switched'
"off".

Clip ohmmeter leads to the terminals of the resistance
to be measured. \

Rotate selector switch until pointer defiects to the
right half of the scale.

Zero adjust the ohmmeter. To do this, unclip a lead
from a resistance terminal and clip or touch other ohm-
meter lead. Rotate the "Q Adj." knob until the pointer
ia set at zero.

Reclip lead to the resistance terminal as in st;% one.
Record the.ohmmeter reading. '

To determine the resistance, multiply this reading by

.the number the selector switch indicates.  For example:

If the pointer reads 1.3 and the selector switch indi-
oates R x 100K:
R x 100K = "x" ohms
1.3 x 100K = “"x" ohme '
1,3"x 100,000 = 130,000 ohms ‘
Phe réeiatmce meagured in this exmple would be
130, ooo ohms. |

.

3
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Cheokihg_Continuity with a Conway Ohmmeter

A continuity test determines if a circuit or a part
of a circuit provides g complete path for the flow of
electrons (Buban et al, 1964, p. 436). ,

1. Rotate selector switch to R x 1.

2. Clip ohmmeter leads to the ends of circuit or

part of circuit tovbe tééted for continuity.

3. If the pointer does not move there is an open

circuit. .
" 4. If the pointef deflects to zero there i; a

closed or continugus circuit.

L3

el



" Activity No. 1.

Storage Battéry~--Discharging

Conc*
B OO energy egn neither be created nor deatroyed

but can be changed in form.
2. Varmébles governing electron movement can be -
detected and/or measured (Department of Education,

1969, p. 54)./

5ub—concgpt ’

A discharging stérage battery coverts chemical ,energy
into electrical energy'$Mileaf, 1966, p. 6-23).

Objective ‘ ' .
Given an operating automobile electrical system,
approprlate references, voltmeter and leads, student will:
1. "demonstrate that electrical energy can be obtained
I from a storage battery
2. define electrical energy
3. « measure and define.voltage

*

Pre—test "'
Select the statement which best explalns each term.
1. Electrical energy:
a) produces light by moving rapidly in solids,
liquids, or gases
b) produces heat whep its speed is inreaged
c) produces magnetism by induction
d) is the ability to do werk poaseaaed by a
flow of electrons
2, Voltage is;
' — a) the electrical pressure or foree whloh
causes. the flow of eleotrons ,
—. b),.the elﬁﬁtxical pressure or force that an
eleatron prgduoas : - :
e) a mesaure gf the alectrioal power of an
electron .

———

1
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-

a flow

d) a measure of the electrioal'power of
of electrons ' '
Check with your teacher.

Activities

i_q’l -

(12.
3.

o,

Review Engine Operation Safety.

Check with your teacher.

The 1nstrument panel of the automoblle englne contains
several switches and dials. Select any switch and
test Tach of its operating positions.
happéns and plaée switch in “off" position.
thls procedure for each switch on the instrument- panel.

Observe what
Repeat

.Remove the cables attached to the terminals of "the

storage battery.

Return to the instrument panel and again test each
switch in all of its operatiﬁg positions. Note the
change. In step three each time you operated a switch
you got a reaction--lamps glowed or flashed, fan motor -

hummed, horn honked, the engine crapked oVer‘and

st?ed ete. Now you removed one item, the storage
vadftery, and nothing operates. The energy that caused

all the reacpion in step three is called electrical
energy. ‘ ' .
Consult appropriate referencea and gefine electrical .
energy. ‘ '

I

See information sheet Mgaggf@p” Voltage. Set range
switch at 25 and measure the voltage of the storage .
pattery. Storage battery __ volts. |

“Oonsult appropriate referenoes and define voltage.

A .

Check with your teapher. - T
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Activity No. 2.
Storage Battery——Charging

Nota——Due to the nature of the activities involving an
oparating automoblle electrical system, the storage
battery will often become too low in charge to start
the engine. When this occurs the folléwxng act1v1ty'

can be cgarried out.

[

Concept

" . . . energy can meither be created nor destroyed
but can be changed in form (Department of Education, 1963,
p. 54)."

Sub-conckpts
1. When a storage battery is charged electrical
¢ energy is converted to ehemlcal energy .

2. A storage battery does not produce eledtrlcal
energy but it can’'store electrical energy because
it oonvérts it to chemical energy. When dis-
charging'it re—converts the‘bﬁemical energy into
electrical energy (Mileaf,}ﬁ9&6, p. 6-23).

Objective

Gjven a trickle. charger, appropr1ate references, and
an operasding autom0b1le electrical system with & lead—acld
storage| battery too 'low in chaﬂgé ta start the 'engine, ‘the
atude”t will: - v
"1, . charge the storage battery sufficiently to start

.'the engine - o
2. compare the basic parts, of g oharged lead-acid
' storage battery te the basic parts of a carbon-
@gng dry cell ~ . = -
3e Vexplain in aimple terms how a lead-@gid etorage
batterx ohargea and diachargea
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13

Pre—test
1. .Compare the'basic parts of a charged lead-acid storage
battery to the basic parts of a carbon-zinc dry cell.

-
2. Explain)ih‘simple terms how a lead-acid storage battery
" charges and discharges. /
S ‘ @ ,
| |
[13. . Check with your teacher, . .

Activities ‘

T Review Engine Operation Safety.

[]2. .Chegi with your teacher. '

3. Turn ;gggtion key to "start". Note the'engine will
nqt crenk over fast enough to start.

4. Turn ignition key to "off".

5. 'Remgve kables from both terminals of the storagg
bagﬁery.

6. CAUTION Highly explosive’ hydrogen gas may be preaent
' around & atorage battery--especially during charging.
 To. prevent possible sparks one should connect tha ’

trickle charger to the atorage battery then’ plug the
grlek;e charger into a 110 volt outlet. Reverse the
N prooedure to disconnect. (Gerrish, 1964, p. 25).

Te Connect the oharger to the storage battery. Clip the
ped 1ead to. the positive terminal, Cl:.p the blaok
Qlaad to the nega.tive terminal, . ,

8, ?mug c)u}rger inte ﬂo volt wall outlet. Lo

*
Ke b . s K
,‘* . e ; e ) vy




v

9. Place the'trickle~cﬁarger up to your ear. A hum
indicates correct operation. If it clipké or bangs,
‘unplug from wall outlet and check with youf teacher.

10. While the trickle charger is operating refer to

« : ~ appropriate references and: '
a) compare the basic parts of a charged lead-acid
‘storagd battery to the basic parts‘pf a carbon-

zinc dry cell. _ A

W

"
b) explain in simple terms how a lead-acid storage
battery charges and discharges. "
. : ’ ) ) a
- ‘ \ ) \

j’ 11. After the storage battery has been chqgging for about
+ an hour, unplug the trickle charger f%m the wall

o outlet. ‘

12, Disoonnect trickle charger from the storage battery,

wrap up the leads and put unit in atorage. -

KewconnGOt the storage battery to the athmthve

‘ -,eleetrlqal system, - i ¢
~ [Da. Check with your tgagher,‘_'
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Activity No. 3.

Generator

 Concepts -
1. " . . . energy can negther be created nor des~-

troyed but cgn be chénged in form. : 3 B
2. Variables ‘governing electron movement can be
detected~and/orﬂmaquped(Department of Education,

1983, p. 54)."
Sub~concept | o ‘
A generatdf is a device which converts mechanical
energy imto electrical energy (Mileaf, 1966, p. 6-~61).
Objective

Given appropriate references, an operating automobile

v

- electrical system, cutéway generator, B.C. voltmeter, auto-
motive ammeter, and leads, student wills
| - 1. demonstrate the purpose of a generator
2.  with the aid of a cutawdy geheratdr, explain the
principles of operation of & generator

Pre-test , . ' ’ o ' 0
::;T—féxplain the principle of operation of a generaqorﬁﬁ"

oy,

\ S ' s Wﬁ 6:

8 S [, Cheo; With ygur teaeher..‘ .
Activities . | S g
v 1.' See informatlon.sheet MeaSﬁrlng,Voltagﬂ. “You w1ll RN
'ﬂ':; s umeasurg the voltagg produéed 'by the generator.~ S -
L ‘_Fgg"rSet range: gyitoh of D.Q. voltmeter %o 25.° [ . . .«
‘”.‘”_9_;3;'7Th¢ "A" terminal of the generator is poeitive,~the . 7
. qg'gomqb;le ;t‘rgme ar the gmeramr hm-lﬂin& ZLS ‘negam R : j .

‘f&'~. t}vea Voltaaa OutP”«t of &hn@rﬂt°’ y°1t°’ "4“'””;1;'fi




(5.
__6.
-

__10.
.

12.

o 13.

_14.

15,

. 16.
7.
8.

C oy R
o . L . ,f.' " Coar ) v X
o [119.°Check #§th'your teacher. . . .
A T

R | '
. ".“ T v"

S At e

"the . generator.

Review Englne Qperatlon Safety.

Check with your te?cher.

Start the engine and set throttle.at 500 R.P.M.

Voltage output. of generator at 500 R.P.M. is —_—
volts. |

Observe the voltmeter as engine speed is 1ncreased to
1500 R. P M. Voltage output of generator at 1500.R.P. M.
s volts. . a
Decrease qulne speed to idle and turn 1gnit10n ﬁey
to "off".

Disconnect D.C. voltmeter and put unit in storage.
See information sheet Measuring Current. Using the
automotive ammeter you will measure the current pro-
duced by the gemerator. Ry
Disconnect the wire attaohed to the AN termlnal of
Copnect the ammeter- ‘

Start the enginé and set the throttle at 500 R.P.M.
Gurrent produced at 500 R.P.M. is ___ amperes.
Observe the ammeter ds engine speed is increased to
1500 R.P.M; Current produced at 1500 R.P.M. is

— amperes. : ' ® '
Decrease engine speed to idle and turn 1gnit10n key
to "off".: . - - '
Disconnect automotlve ammeter and. put unit in storage.
Reconnect wire to "A" terminal of generator.

Consult aggpropriate re¢ ferences and explain the prin-,

lele of - operat;on of a generator.

',.'.‘ . B o . i . B ‘
: ,
wL . . K s ‘ T
N : ' .
.

v ' o oL w S ]



Activity No. 4.

. The Electric Circuit ° '
' Concept . , | A - |
"Electron movement can be controlled and maM1pulated
Department of Education, 1969, 'p. 56)." - : v
Sub-concepf ‘

The electric circuit is the physical means by which
electrlclty performs some work or functlon (Mileaf, 1966,
po 2"1) . o ‘ }

‘Y Objective ‘ , ' |
n ' *

Given an operating automobile electrical system and

appropriate references, student will:

‘ ' 1. sketch and explain in tegms of: source, control,
L ‘path, and load any three series circuits and any .
T “k ‘ two parallel circuits '

A

. define an’'electric clrcult and.explaln its purpose o
. t

‘?re—test
__1. SKetch and label a simple series circuit.

S )

__?. .Sketch and lakel a simple parallel circuit,

N " L4 0 R
. +

-




N | Actiyities C |
. Ta T ‘ ' [ 4
-Horn Circuit. . -,
__1.¢ Press and release horn button, ,
__2. Trace the circuit. . \\‘) S >
3. Sketch and label: source, ‘control, path, and load.
\ .. '.
S o " - ®
__4. Disconnect a wire from the horn relay. '
__5. Press and release horn button.
__6. "Explainthe result. |
' . ' ’ .., , ‘ & ) . ' ' '
, _7. Re—copnect the wire to the horn relayL . , Ky
[(]8. Check with your teacher. . o S
‘ : : -
' Heater Circuit | - ‘ a o ‘
1. Flip heater fan switch to "hlgh" "medium", then “low".
2. 'Drace the c:chult. F;ip sw1tch L SUEER g ‘“
-_3.' Slcetf ‘label. source, control path and load.
' Mm [} L
Y \ ) ‘. ' ‘ )
; . _ . ‘ Lo
e S ’ o i
I !‘._4," ‘Dise nneet tpe wire go:.ng to the fan motop. e .
L ,-....5" -F1ip hea,tex;’ fan avu.teh to "high", "medium“ ""low", and ‘.
. ‘» N .' ’V back 1:0 "dff" ,'; ‘ \ . e ' '1. | " L
g;;pla«m the result. R I R I
S o o _"




E . | : T4
S 7. Re-connect the wire going to the fun notor.

J8. Check with your teacher.

*

A . 011 1ndacator lipht circuat
! __1. ReView Bngine Uperation Safety. 1 v . i
. L]E. Check with your teucher. [ A , ]
o 3. Tugn ignition key to "on". Note o0il 1indicator luamp.
A glows. -
) ' _;4. - Sturt the engine and set throttlé at %00 R.P.NM. Note

01l . andacator lamp gpés off.

9. Turn ignitien key to "off". Téace the circuit.
;_6. Sketcn and label: source, ceontrol, path, and load.
i ' IP t
i’ . ! ’
} __T. Separnte the connector between ihe ‘1gnition keﬂknnd
b . the o1l inhdieator lamp. s =
' ¢ ..8. Turn ignition key to “on". Observe ©11 indicator lamp
\ and start engine. .
| 9. Bat ‘throttle at 500 R.P.M, allow to run tﬁ’ five
seconds then turn ignitioni to “off", S
1o, Explain tha rnault of step h
[ * )
) - 3
e , . I
. ‘ . . - - ' R
= [ ] - . ! r'
. ' L ] . *
, ~. Ro—comnot thc irira to the oil mdicator lamp.
AR 1 25 ,Ohaok thh your tmhar, . Lt
: o 1 'ﬁ T, .
* . g N - ‘
K —l® Nogo tho )ou.tlon of ‘t J mcl mc nudln. NN |

x | ‘f q_?a M‘niﬂttmn key to "mcd‘p@ry o L - R
&m ;,__3. W mntg the tlnm.on ﬂu tank wm m mm
RO LI the fuel, gauge nesdle.
“‘“ ,;,,,4. mwo s qu&ui@.:

%4 T ‘ L
e e . L s,‘ : l’t ' '.“\* : ?%fs'! .
T g g . ,‘, & o e #




P

%« Sketch and label: wsource, control, path, and loud.
A

6. Diusconnect the ocable attached to the positive ter-
minal of the storage battery.

7. Manually opera‘e‘tﬁe float and observe the: fuel gauge
needle.

8. prlain the result.

9. Turn ignition key to "off".
“h 10. Re~connect the battery cable.
[ ]11. Check with your teacher. ,

Courtesy light circuit
1. Release left ﬂoor Jamb switch. Observe the result.
__2. Release right door jamb awitch. Observe ghe result.
' 3., Trace the circuit. X , ¢
4. Sketgh and label: mource, g¢ontrel, path, and load.

]

-1

3o - Dapron and look hft a;:

i

" 6: Explain the result. ' - SN e
. . R . En . a . Ll t ' .
O e (e o, 1' /
. ' T Disconnect tm osble Atw w tha negative tomhnl
‘e gf‘a; th: qtorngo bntg’ry. e R "I , a
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__ 8. prluﬁn the result. ' | \
| .
: ' )
_ 9. e—connaect the buttery cable. o
o 10. Depress the lock right door jumb switch
[J11. Check with\your teacher.
A n
Tail light circuit
_ 1. ﬁull lighting switch out to the first notch. Tail
lamps #hould glow.
_ 2. Trace circuit. ' ! ,
—3+ Sketch and label! source, coOntrol, path,.and ldad.
4. Remove a tail lamp bulb. a =
) __5. Explain the, result,  ~ v
. 6. Replace the tail lamp bulb. -
7. Disconnect. the tail lamp w1re from the lfﬁhting aw§tch¢
__5. Explain the.result. | ‘_: . - 4
' S ” )

, . ‘ . ' . , ., . . ‘ ,
9. Ro—-oormoct tail lsqp wire 10 the lightins anitah. :
.10, Pash lighting switoh ‘to "offv, , .

(. Cheok with ‘your nmhor. , 4 o )
e h . o | i Voo
i hm&o pedal., stop lmpa ahould glou. L E
brﬁ:o PRl and trace nimuit.. ot

."u



A Tl
'3+ Sketch and label: source, control, path, and load.
‘i:)’
_A. Remove a stop lamp bulb.
5. Depress and release brake pe .
_ 6. Explain the result.
) ' \
___T- Replace thé bulb. | , '
__8. Separate thé connector between stop light switch and
8 the sto ;ampa.
9. Depresstlnd release brake pedal.
104 gxplain the result. i »
_ﬂ11. Re-connect the connector between atbp 1ight switch ¢ h ;
and the atop laqps. ‘ )
[]12. Check. vfth your teacher.. ' ' \
S x - '
‘ gaadliggt gircuig
te Pull lightins awitch out tully. 'Heaﬂlampa ahOuld
. &low, | : “ _ |
—2. Trace oirewit.: | o I A N
3+ Push lighting dwjton to "ou" s
A .Bkhoh ufa'.\.qbelz eourco. oontro).. puth. emd Ioac}. . ‘
' 4 - " oY N
" . : . T;; ’ !
‘r .. - : .
o - ;53‘_ ‘! .
' L - ;‘,’ - x"
‘ 32. w = ;
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5. Disconxct a sealed beam unit.

— 6. Pull likhting switch out fully. |
1«  Explain the[result. ' .o
. ) I
8. Re-connect the seuled beam unjt. ro,
x®

9. Disconnect headlamp wire from lighting switch.
10. Explaim the result.

—11. Push lighting switch to Moff".
—_12. Re-cdénnect headlamp wire to lighting switch.
(]13. Check with your teacher.. o
. Answer the following questians then consult appro-~
priate r2§%rences to check your requnaea.
—.1- Define an, electric circuit.

a ' b .
. N Ad N .
Y .
. . ot

»

2, Explain the purpose of an electrie circuit. . "

.
1 —— ’
\

B - A .
- ) , » , .
: ' a
' 0 o . ] . . [
¥ . -
N +
.
Al

' o
‘3. The hom,’ heafer, oil 1nd1¢ator, fuel jauge, and

" % . _oourtesy Wight circuita are olaaaified%s peries

L '0 . Sircuits.’ Formulate a geneml atatems:at useful - qu" ‘

Voo diat.tnguiahing nries cimuiu. . Loy :
S , ) e ' ! ‘e T 4
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9
The tail, stop, and headlight circuits are classified
as parallel circuits. Formulate a general statement
useful for distinguishing parallel circuits.

Check with your teacher.



Activity No. 5 . ‘ -

Circuit Loads and Paths

Goncept .

¢ “glectron movement can be qon%rolled and manipulated
(Department of Education, 1969, p. H6)."" N
Sub-concepts
“ 1. “The type of loud used determlﬁes the amount of

energy Jfaken from the power source (Mileaf, 1966,
's P 2-4)."
2. "The resistunce of a wire determines how much

» +  current will flow through the wire.when it is-
connected across‘a“voltagé source (Mileaf, 1966,
p. 2-19)." , ' .

3. "The greater the eroas—aectlonal area of a w1re,
the lower-its r351stance.(Mlleaf, 1966 p. 2=~12)."

!

Objective '

.Given an operat; automobxle electrical system,
appropriate referencea; ay ?mmeter, leads, an@_wtre |
gauge, student will: . - : ' ,.~ Ch s

1a demohatrate that the citouit 1oad detErmlnea

~ aurrent flow v .
‘2.. axplain how and why the aircuit load determinﬁa ‘ "
: v gurrent flow ~ + : |
4. 3, demonstrate that the circuit loaﬁ determinaa the

R oranisw@c'cienal area of the path‘" T
D f‘n .., o ‘ ‘ ; ',_', Lo, ,1 ":
1. Bxplaxn now gnd f”: C 1pouit Toad 30!
oo ourram ﬂ.om
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Activities ' ”

__1. Press and release horn button. |

__2. Trace the circuit. -

_3. Sketch and labed: source, control, path, and load.

4. Sge information sheet Measuring Current. .
5. Separate the connector in the wire between horn relay
and "B"  terminal of fhe voltage regulator. Connect
R " the Conway ampeter.
+ [16. Check with your teacher before pressing horn button.
7. Press horn but?on«and observe ammeter scale, '
*8.* Release horn button® |
9. Ameter indicates a cdrrgnt flow of aﬁferes.
__jO.'Ramove ammeter from the horn eircuit.
_nJ Re-connect connector in wire between horn relay and
.~ Bw tegminal of the voltage regulator, ,
__}2& Pull lighting switch out tq firat noteh. Tail lamps
' s ' ghould glow. - ' ‘ -

’

®i

13, Trabe cirouit. - . e N R
C 14, Sketch and label. seurce, control, path, anﬁ{load} .

. oy . .
., i, ‘ i
{ \ ' g ‘

ihi &'sgytna aw thh fg "Off":* ?
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19 Pull lighting switch out to first notch and observe
ammeter scale.

__20. Ammeter indicates a current flow of  amperes.

| 21. Push lighting switch to "off".

22. Remove ammeter from the tail light circuit.

__23. Re-connect tail lamp wire to.the‘lighting’switoh.

__24. Consult appropriate references and explain how and

why ?he circuit load determines current flow.

" ! .
\\\;\‘ L RN
L) ‘

_#. Uge‘ﬁtWire gauge to measure the gauge of the wire im,,

[y

the horn circuit and tail light circuit.
-.horn circuit - , gauge' gadge \
- tail light circuit -~ _T gauge

£

__26. Consult appropriate references and explain why the

" wire gauges differ in the two circuits measured,:

\ L] , ' - ‘i ,
- Lo '.‘Q:.,
[127. Chegk with your teacher. - "

- .
¢ . S e



‘&pproprlate referenoes, aﬁd g 12 gauge lead, student will: . &

Activity No. 6. ) ‘ ' IR

Protective Devices

Concept ‘ .

, "Electron movement can be eontrolled and manlpulated
(Department of’Education, 1969, p- 56) . Y

Sub—-concept ,
"Fuses and other circuit breakers are the major means

of protecting against the dangers of short cxrcults (Mileaf,

1966, p. 2- 68) , - o | ‘
- . v - , ' E

Obgeotlve : - .

Given an operating automoblye eléctrical syotem, , \

»

1. demonstrate purpose of & fuse and circuit breaker

2. explain why /short circuits are dangerous K .
h
_ 3. explain operation of a one~time cartfidge fuse by,
‘ and a bimetallic circuit breaker ¢ "
Pre-test ’ ‘ j I‘{‘
i ‘ . : ! Y
__1- Explain why short circuits are dangerous. # . \:%;y”
: e ' .o P ’
’ N :‘

v
‘

RS

P R

h - ‘ﬂ : »' f 188 . :
, Bull 3 ’sﬁti‘nﬁ “Mweh~. us,

1W‘

43 alm,l



"

. __3. Sketch and label: source, contrel, fuse, path, and

‘ load.
* .‘ " "
__4. quove a tail lamp bulb. | S
J’ ' __5. Have B partner ohserve the fuse whlle you 1n5ert a

. screwdriyer in the tail lamp socket and ground the.
power supplying lead. o
’ 6., 3xplain‘the-result. Consult appfopriate references

if necessmry.

' . . -

t - i ! )
N . 1 _ i
o __7.1 Repla&e the Qéil lamp bulb. ; : o .
8. Push lighting switch to "off", - ,' - S :
9. Consult approprlate'referenoes and eXplaln why short
‘ \ 'clroults are dangerous. | - A
e ) o . *. ’ n‘) s .
» . @‘
R K " .
- ) i ‘ o ‘ -~ 2 . ol
; [110. Cheek with yeur teaol}em ar’.aek for & new one-tlme |
e cartrigge fuae. o o v

. n o, ' PR \ - R .
. s ‘
P . .

Metaﬂic clrcuit breakez' AR ‘
b ,1. Pl l;gh*t&ang awitoh ou”a fully, Headlmp? ahould
o o 2, Traq¢ gipguit, 'the a bgmggglliﬁ gircuit bregken
Lol joins the bgtte ¥ temina.l ’of mﬂ 4

1.;
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) e . . ‘

4, Rote’two terminals of the lighting switch are’ conrected

. .£0 the circuit breaker regardless of the position of
.+ the switch. Cllp one eqd of a 12 gange lead to either

.  of these termlnals. ) '
5. Ground the free end of the lead to the adtomobiie’
frame. When the headlamps go off, release the énd of

~ the lead touchlng the automob1le frame. t
Press the circuit breaker 0pen with a pen01l . Do not
use - ypur flnger, the bimetalllc strip- Wlll be hot
Note_%he result. o 'p. ‘
Push lighting switch to "off". R - o
Consult apperrlate rgferenoes and explaln the :
boperatlon of a himetallic 01r¢u1t breaker.|

e . v . ' ) | . ‘ .
. Lod . o

! »’ ' N . N
N )
) ' . .
' . ' ) .
! . 0 N
: N . N . .
. s ‘ .
[ . . . ‘
i ¢ ’ . ‘ ‘ IPY

“[]9. Check with your teacher. , o

..

~~y ' ' _ - , ﬂ f_ |



~

‘ approprlate references, phmueter, and 1eads; student wxll

Activity No. 7 R .

‘Relay

Concept o '

"Llectron movement can be controllgd and manlpulated
(Department of Educatlon, 1969, p. 56).'

‘Sub-concepts

1. A relay is a device’which utilizes a low voltage,

-

low current circuit. to contrql a large flow of

' vcurrent (Gerrish, 1964, p. 62). PR ‘;’;//,/
A 2. A relay converts electrlcal energy to mechanlcal
energy. ‘ - ' S e v

*
" &
* KN [ »Y

»

\'Obgectlve ‘ o - e

. Giveén an operating automoblle electnlchl systém

1. -demonstrate hoy the horn relay coptrols the har
circuit, . L

,. 2. explain hgw a\rela& operates .,

© 3. state at least two advantages Qf,a*ﬁelay"w .

Y

' ' . , B T i .
| . ' 7 -

.P_I‘Q_':ig_iﬁ < ’ S A
1.]7ikpla1n,how a relay qper#tee.f R e

h | . T . . DR r‘v 1
! . . ) j . ol . .
Lo ' » L ‘e ! . ‘L ‘
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4. See 1nformat:.on sheet I eaouring Res'istar;ce. Use an. '.
ohmmeter as a continuity tester to determne the rela—-
) tionship of the three termlna‘}s of, the horn relay. )
5. Sketch a 014~cu1t dlagram to il‘lustrate how thé horn _
relay operates the horn. ‘ ; A' | - L 2N
" ) ’ o
. ‘ P ‘\ L
: o }
' ;v X ]
)\ ) 4 . '
. 6. .Consult appropmate references to check\ your cmroumt o
4
- - - diagrau and state at least two adv&mtgges of . :elay. &
~— . . b - i
) »” ' ﬂ'; - . | o v “” ; ' | . . . ".ﬂ‘f‘ )
-t { : _ i ' : Ly e
Lo L]7+ <Check with, yeur-teacher. . _ : "
» 1,\. , s v . . r. LA ) . \ ot . . . Ny ‘ "I ls
o ) ‘ . ' ' ‘ ! ' .
* ’ . <, . . re J ) ‘ ' \@"
.\ ol L L] ’ 1] A ' II *
. : L] " v "“ \ . ¢ ' . / 4



"Activity No. 8.

- . . - -
Solenoid M
Congept
*"Eleotrbn movement can be controlled and manipulated
(Department of Education, 1969, p. 56).¢ .
~ - \

a

Sub-concept . - ‘ \P
1« "A solenoid is an electrbmagnet with & movable
soft iron core (Glenn, 1967, p. 88).»
2. A solenoid converts elactrical eﬁergy to mechanical
' energdy (Purvis, 1960, p. 297). ' «

Objective

Given an operating automobxle electrloal system,
cutaway 12 volt starter and solénoid, battery booster cable,
lamp socket with 12 volt bulb, leade, and appropriate
‘references, student will: B %
1. demonstrate the purpose of E_solenoidf‘ :

2. explain the dperation of a aoleﬂoid

3, describe at least three common applications of a
solenoid - . | .

P;g;tgat ' » o
—1» Helept the mtatement which best explaana the operation
of a.aolen 3d. :

b) The magnetic field around a magnetic moft iron
- core moving into & tightly compressed -goil inducga
* an eleotric current in the ocail.
@) A owrrent panoing through a tishtly aﬁm@raaae@
‘ool pwoduces a ntrong mnanotin £ield which draws
. s sofy iran, m:«aa the oodl, L
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R 44
2. Describe at least three common applications of a

8018 i\d. ) . ‘

.
. Al
-
~ ‘

- i . N
.[13n check with your teacher.
Activities .

d _7_1. Review Engine Operation Safety. : . !

[]2. .Check with your teacher.

3. -Remove the cable attached to the positlve terminal of
the storage bathery. . - .

4, Diaconnect all-~three wires conndtcted to the solenoid
and, foldlowing their color coding, re-connect them to
the ¢utaway starter and solenoid.

>« Use the battery boosﬁpr cable to ground the cutaway
'atarter and sQlenoid to the aytomobile frame.

6. Re-connect battery cable to the positive terminal of

the starage battery.’ N _

[]J7. Check with your teaéher. ® - o o a

~

_ﬁﬁ. While observing the cutaway atartar and aolenoid turn R

the ignitian key to "ign}tion" for two aeconda,,phan
‘0 "start"{for two seconds, and then to "off",
f. 8) Deseribe what happened when the key was turned
to "igﬁition“ ' ; . ,

.

o .

— N . .
. \ \ ' * . '

> | b) Deaorxbg what happened when the key waa turned N
A ko Matertd, 2 ’

L . t '_':
r ' ‘ _ ‘ .‘e» ' kY . C . ' . '

’ . ". ‘- ' ' : . . N
\' s . ' . v ‘ ) ; v
A, .

L7 .10, Remove the mxgﬁh oopnw amﬁ Mm“mﬁ *”u@l*
U m nodd'to the stATter.’ : e A0
Lid ‘a.....‘n, Use on' uampwmn ;m te emm 'y 12 m,t mw to— T

y g i&aﬂmﬁqnaaﬁ‘?[; Al e

g
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__14. Consult appropriate referenoes and:

,hla ‘ B ' . ' R ) . . . 90
wﬁg‘ Ground the 12 volt lamp: socket to the starter housing.
3. Turn 1gn1tion key to “1gn1t10n"\for two seconds, then
' “to "start" for two seconds. Repeat two or three
-times and then turn to "off", /

)

a) explaxn‘the operation of‘a solenoid

h

b) describe. at.least thrae common appl;catione of
' a solenoid

i

15, Remnve tﬂe cable attac&qd 1o the bosijive,terminal-of '

~the storage battery.
__16. /Diaconneot the wires conneoted to the outaWay starter
and svlenoid,and re~conneqt them, following their
color oodqﬁ 40’ the sutomobile starter and solsnoid. -
__17. Return battery boostar eAble and qutaway atarter and
solenqid to atorage, . - ~
.18, Re~conneat battory cable %o the panitive terminal of
: the atorage. bgttery, -
[]19- Gheok with &qur tmpher.

.
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. o ] ‘ ’ --' ‘ ) ] P N e
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Activity No. 9. ‘ ' e e v
T ' Rheostat . S '
. | R o ) .
Jﬂaoncept . N O . .
' “Electron muvement can be eontrolled and manlpulayed .\
., (Department of Lducation, 1969, p. 56)." C <)
Sub-concept l ‘L : “ : B R

A rheostat : 1s a device which controls eleotroﬂ’}low ‘
in a“circuit (Buban, et al, 1964, p. 134)
. Objective S A | . F""x -
C Given an operablng automobile electrioal System,
appropriate ;eférenoas, qhmmeten, and leads, student wmll.

1. demonatrate the funotion of a rheostat. - '
’ 2. explaip hoy a rheostat cont%gls eleotron flow
in & oircuit. R ' - N
Pr e—test o ‘. - ) ‘. " . h B
___1. Explain how a rhqcstaﬁ oontrolq elae;ron f&ow i.n a R
cedroudt. o Lo o ’ . B
R A L R et
v A R A n
- ‘. l\ 4 .\." R " Lt ) Y N
) \/ DO O , . 4 "
L) LY ' 4 a ;. . O
i : ot LR /.' , .3 :
[]2. Chaok with youn ‘°$9h0r§ ) g~ N T o
., . . ~£ 4- (\ : . oy

Pull ugmémm Qu o mgq‘:. Wnotam, f:{otg
thq imtrwnmt;’ 8 eupe. 519#.5 A ;
Wix Noﬁq $he uiraugund riaiatq:*in
4 ‘- “ LI

D 1‘
A' ‘,

f, qs, gmtrn

3
‘wm;




%2

4~ Rotate the llghtlng Switch knob fully cloc¥w1se, N‘\e
the brightness 8f the instrument panel la ﬁs

D Continue ‘to observe the instrument panel

R
mps as you
slowly rotate the lighting sw1teh knob fuliy counter-
clockwise. :

__6. Describe the result.

1. Push the lighting switch to uoffﬁ : Pel e

— See 1nformation sheet Measuring Re81stance.. Rotate ' \'
‘selector ‘'switch to R x 10. » Zero adjust thqhohmmeter- ;
- 9. Connect one lpad of the ohmmeter to a terminal ‘of the
|  Q@rewound resistor. Connect-other lead to the movable ¥
contact which is rotated by the qpaft of the lish;;ng

) 8witch, - o
__10. Rotate lighting switoh knob and observe phmmefhrs

__11.§Explain the action of the ohmmeter. - .

"\‘\‘}“ R

"

. . .
- * i 3 v - . : .
. - L]

N f. 12 COnault appropriata referencea and xplain how & |
| rheoata% qqntrola alectpgp fxﬁw in 8 oirguig, b Voo

-
Ly . .

. A - * T E o
i P e ' . . £
. ¥ : .
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N \ ' A Y X -{ : IR 3 ' 'c’ | '“. 1 ,I‘La ‘ﬂ‘« ) ."‘; ,I. ‘\“‘
e s T \ AR " .o b .o ‘\,'_' ‘.\\_.‘ *
- L ‘ ¢ 'y . ¥ ‘ v o [ “ ' ." *~ b [ ! *
- A Dot e A ‘."‘ ooy N ]
.\ . . ) . { Co '. . ':\ ‘.‘L R N ' "‘ . " \ 93 . e \
“\ ot
Sketch fuel gguga qircuit (see TG ff1n3 196? p. 183 .
and label . source, control paxh, ana load.«. - Ve
o ! :‘s e
b . . A . v “I . - ‘v L] * “". ‘,‘4 '. ,‘d.t .‘ ) . “‘
o “,f‘ . L e, . SR R M - ( -
( | - N e . t ’ .
- '. CAN '.- ) . ; . [} .‘ . ,
o L . AR ) N I N
) v PR .o RN
' v ' c w ot =
. , : A ) .
- . s \ N
) } ‘ ~" -\" N Rl ’ /L
. \ ‘4 - [}
" ' - A‘ * ) 1)
Turn’ 1gn1t10n key to woffe, R
Digconnect tank unlt from fuel. gauge..' SRR -

_6.
1—7.

;53u53a4;; o ' "
_ ,Conngqt the tgnk un;t to Qgihgm" tgrm;nal of thé fnglﬂ,
sawtm mé;ium,a wmta |
‘n} Whon' the float’'is np the. rgglkggqgg rggisvgrs L

See informatlon sheet Measurgng Res1stance.: beate | ‘ff\$x
seléctor switch to R‘x 10. Zero adgust tha Ohmmeter. o

' Connect ohmmefer to the. iank‘unit and manually operate SRR
the flodt on the tanlk’ unit, '! o oL  1{!

PR ‘..}‘ B

Explain the ‘motiom of the ohmmeter. A
‘ (lx . ) : . O .".: ‘~A'|', 0 ' ‘\~.'

3 S T SR

v \': S B A . ."-,g'”‘

P s - " ‘ ' ,". a Voo T o T ""“". 9_!;{}"{'1“.

N O ‘ '.‘ L I S l.‘,

Nturn ignition key to "acdbssory"*~ PR “'1 A
- Use en appropriate leaﬁ o gnound the\"m" term;nal ‘V«f
of thg fuel gauge to the automebile frame. ;;,. . ‘Av

The fuel ‘gauge needle moved’from I ,;. R TP | h:
Remove the lead grounding th@ "T" terminal oﬁ the fuel ;”~;f:

float onithe tank’ umt,«.".'_.

¥

b) Whm the fl.pm is 'qu the :ugz. swsa rggiaterg.
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| p.\ﬁ —ﬁ; Aqt%vlty No., O T e o
' " "“ , . Step~up Transformer - ‘, SR

2
wi

/ Oncep}} S P S Ee

mﬁleqtron'movemept can be’. controllgd and mgnipu~ .

s RN "
Do 3‘\ : <g © lated (Debartment of Educhtion, 1969, p. 56)."
coaNe "2l "Variables governxng electron mdvenient can be ‘

, o SR deteo%ad andﬂpr measured (Department of hdqcatxan, o
B T 1969. P 54) o //7. L .
1. A stqpmup transformer inoreases the v ltage'1n~ R
e relation to the, current (Gerrlsh 1964, 1 95), o
o | 2. The ignltion coll is a step—up transfbrmer (Buban T
T ‘ et al,. 1964 P. 297-298) . SN Lo

, : ﬂ , .
. L C . . .

- Obaeetlve , . . TP .
RN ‘ﬁivén an operating autompblle eleetrnoai system,

. apprqpriate references, an 18 gauge lead; and p length off
e str;ng, studen$ wille ‘, ; gi. o ‘ R

. , 'A ‘

ESP [ demonstrate tie actxon of g, ptep~up transformen f. o
 h“,l' A 2. axplaln the #f;nciple of operation.of.a step-up '
2\ ' tmzhfomer S e [ L

u . A -

| Explain 'the prinqipla.pf Qperation of a atapwup S

ﬁmﬁmm"-. e DT




' ."" , ©\ o | I

] ' .
e f !

A 95
4. At ‘the 1gn1t10n,0011 dlsoonnect the\wxre that goesa
to: the dlstrlbutor. _ : S Lo
5. Connect to ‘the now vq‘gnt ignition coil termlnalﬂan,
18 gauge lead that will convéniently ground to the
automobile fréme.
6. Turn the 1gn1t10n kKey to "start™ and while the engine
is cranking hold the. free end of the lead close to
~ the automobile frane. L . o :
_ 1. Jhe approximate distance the 1ead haa tq be from the
“ frame to produce a spark is ___ inch. '
_ 8. Turn ignition key to "off". e .

9 Remove the 18 gauge lead and re-connect the wire from
,I

. N ) . ; ,

1stributor. .
. 10, The spark produced between the 18 gauge lead and the
,  frame was fofced by a woltage of gbout 12 volts.
> . Voltage yoq will reoell: is:

\

N \
Vo ‘.
f

11. Take the Wirq you removed in step three -and, replace .
one end lnto'the center términal of the ign1t1 Co e
e 20il. ° Seouré about sixteen 1nnhes of atriag “and tie .
= f.“ it close 1o the ether end of t wirep. | '
— 2 mm the .;.gnition kgy to "ata.rl\ and wml.g tk{@ engir\e ‘
. _ :Ls qrg,nking uge - ‘the at:pins to move ‘the friae end of~ \ _‘ ol
‘“S“’ ~ the WLre OlQQQ tQ the qngine blggk,r, Y ‘)/ l‘ o
| -CAUE‘IQNﬂKaep boidy-parts &t Lesat two inclgs from v
oL ithe: eénd .of the wire, S . ) ,J
iy __JBsTﬁ&mumat slimmee tha m;rg Qam be frpq; the Qnginﬁ
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16. ConSult appropriate referencg and explain the prln—
)
(" - ciplé pf operatloxf of a step-~up transformer.“
[}
. []17. Check with your teacher. ' \
- , . ) \\
t . t S—
‘-/.. .
a r
v ¢
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No. 11. ﬂ ' '} .
. ‘ . .
Capacitor (Conflenser) N
Ll
; \ Lo .
\ .. ' . ! '

hElectron. movement dﬁ% be controlled and. manipulated

(Department of Educatlon, 1969, P. 56) o

. Sub-concepts

v

a\applicatlon of a capdoitor is to preVent a
ar&ﬁng across the contaat of.an electric switch -
in & D.C. cirouit (Mileaf, 1966, p. 3-115).
Condépser is an o0ld name for capacitor (Gerriah,“

. L]

Given: an‘?peratlng autOmoblle electrlcal system, yﬁt
approprigte T ‘lrences, and a cutaway flxed capacltor ﬂ'
‘ student Will;’ Lo : : E :

2 .
ey

tpaper cﬁpaoitem*

in a D C, cxreuit. : R ‘. i b

explaiq,the oonstruction and operatlon of a Elqu

st

[

oy
‘ Y

P
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Remove the distributor cap: L SRS ' v
Turn the ignition key to'"start" and crank the. engine
for about five sec nds. . . e L

Observe the openipffand closing of the breaker p01nts.
Check for'an are}ng across the points when they open. o
"The breaker points act gs a switch that rapidly -
turns tne curr,nt on and off (Buban et a&l, 1964, -
p. 298).!
Turn' the 1g?itxon key to "off" gnd remove the con- - . .

‘denser froy the, dlstc&butor.h

Turn the gq1t10n key to "start" and cranx the engine e
. for about . five seconds. ‘ ’
.The arq ng is _ . (more than, 1ess than) in.
- step ve. . v : ':‘? o L ~; vﬁig
Turn 1gn1t n' key to "off"* o e e S
. Replape the conﬂenqer._v‘_m ) s ﬁ7:~”  S

.‘ . L]
.‘,_v

Seu:ve distributor eAp in plaee.

eplaee the wdre ponneeting the ennvér terminal eﬁ R
the xgnltior;. 0011 Tq,% .the mmter temmal of the -
Qistribqtqr.‘“' v . g : Y
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. - Activity No. 12 ‘ ' RS . 4 oy
— » oy AR \ .
_ Ohm's Law \
) . ; ' . ?\ ‘ : , ;
‘ “Varlables governmng electron movement can be detected .

and/or megsured (Department of Educat1on, 969, P 54) o

. .
. . \
| " .

+  Sub-concept ' ~ . : - .
"In a d-c circuit the current is directly propor-
tio l to the voltage \\ 1nyersely proportional -to the

‘resistance (wileaf, 1966, P- E Y 0 P |
\ ‘ ) , S
OBjective | DR S x

vaen an operating automobileeleéxrlcal.system with a
three speed heater ‘motor, approprlate referenoes, ammeter, ,
‘veltmeter, and leads,. student will make adequate measure—v'

. ments and caleuletlons to 1llustrate the use of Ohm‘e Law .
N B : 1 g
..a . in the three“heater motor Cirewitss, S
: »Pre—test C V.a .x,if ' f  2;-< V: SRR "e‘¢g“?i;_ m'
,“ ‘ SeleOt the beet reeponse in each gf the\fq‘f“ .“ oy
.- L] pr?blemsn .‘ . B ) ‘ ' ". ‘ ‘ ‘:‘ ! ,‘, ‘

fﬁﬁﬂiﬁtanee of 4, 7 ohme
mhe current
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a —_3 If an 1nterlor Qar warmér connected “to a 110, volt . A ;

outlet draws 3 7 wpperes, the appnoxlmate resisqance" '
. of the heater element is: . o
o e &) 3.7 ohams . “ ¢ v ‘(«.“.
%) 30 ohus ) ' . SN
;__Té)"113‘7dhm'§ o o ST
o )06 romms e
1 []4. wCheok with your teapher; - N S T

Act1v1tles ' . f e fﬂ N ; :.V .'\‘:#

: fIllustratxng Ohm's Law - \ L
\ A ‘ -« ) B . . . .
o 1. Flip hegter switéh to "high". . 1. -
— L+« Trace the circuit. . ' N 5*‘ b Lo
‘ | .;L3,‘ Sketch and label: . source, control,\Paxh,-ahd-load.' ; j,J ﬁ

\"

"\ “ o ’ \ ’ a"
‘ .‘II A ¢ ' I \ ) L)
S .5,-,F_ﬁ See inrormdﬁgon sheet

" volumster £l m%aé%‘
i —}' “*'V‘*‘l'ﬁﬁ?? ﬁ‘-‘;‘ :

w'\
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Remove the ohmmeter from the circuit.

Re-connect the connector in the wire to the motor.
Kbply your measurements to illustrefétghm's Luw.

Check with your teacher.

Calculate resistance -
Flip heater swi{ch to "medium".

Trace the circuit.
Sketch and label: source, gantrol, path, and load.

"\ )

B

See 1nformation Qheqv Meaaurigg Valtag . Use-a D.C.
yoltimeter to qpaaura the voltage drop in the oirouit.
Voltage drnp Ldﬁ____ volta. - -
F)ip heager switch o "off". -

See information sheet '
Beparate the aonnector
oonnqot she Conway snpeter.” '
Check with your toaohar %ptorp tlipping heater awitch
to "mediun". ' .

g Current.
6. wira to the motor and

!

R 1} FLip heater sfiton to ‘waedium",

-
 —
v

1. Ammatur indicaten a ourr;nt flowing of Qmparea.,
12. BAP tm;tor switoh %o worfn,
13. xmu nmﬂr rm m nmuit.

Wbt
\3 i b ST ®
R »’,,r 3 "
4wy s + EE

A
(39 'y

#
Y t
”v*'j;‘| H
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__14. Uge Ohm's Law to calculute the resistance of the
circuit..

N @

p .
: ~
—15. Seesinformation shcet Meusuring Resistance. Use ohm—
meter to measure the resistance of the circuit.
__16. Ohmmetar) indicates a resistance af ohms in tpe°“ *

| cireuit. - A A ‘ T
\ . _17. Remove the ohmmeter from, the oircult. . ) " &
. 18, Re-connect the connector 1n the_ﬁire t0 the motor._

Coe []19. Check with your teacher.

3
& Y v

o Calculating voltage
‘XE_JJ. Flip heater switch to ™low".
. V2. Trace the qércuit .

.

< 3. Sketch and label: source, control, path and load.

__4. Flip heater switoh to "off",

D+ See information sheet Measuring Lyrrent.

. __j_s. Separats the gonnecter in the wire to the motoxr' and

. conneat the Conway ammeter. . ,
SR []7. Check., with mur teacher before flipping honor wnoh “ ‘FS
| o e ‘lﬁﬂ*q‘*’ o ' _ S t ;vq
B nip ‘hoater switoh to "lowr, : o C
_,_9. Appeter indicates a nmmt flow of mporn. e

U w10 FUp heager switoh to tofen, 00
_4;1. _Remove 3he amreter from.the ¢mu1h P
UL Bee mr»ﬂon !hnt Y paintanog ’

R




13.

__14.
__15.
__16.

17T
__18.

__19.

i
‘: _‘Ai . 4 103
”Ohmmoter indﬂcltes a resistance of ohms ‘™ the -5F<
circuit. » ‘ | . '
,Remove the ohmmeter from the circuit. . N \ .

Re-connect the cgnnector in the wire to the motor. ¢ -
U%e Ohm's Law to calculgte the voltage drop aocross

. the resistors in the circuit.

a

-

»

Flip heater switch to "low".
See information shqgt Meaguring Voltage. Use g b.C.

Voltage drop is volts.

Flip heater switch to "off". ' ‘
Remove voltmeter from across the circuit. .‘ ot
A »
Check with your teacher., N ‘
‘/ ‘ \ » ‘ . \. N : “'*‘.,1
.1 + . " .
@ 8 - -
’ K , . » . ?',’.
f P 5‘ HE + .
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“Activity Ne. 13. . g - .
‘ . . Lixhting A et
* Concept | R ' e

"The oanefsxon, appllcation and control of energy

- im basxg to the deVelopment and perpetuation of a techno~

logioal society (Department of Lducatlon, 1959, P 52) "o

v ' . ks

§ub-conceg§

Rapid moleoular movement in some solids can produpe

‘jlight (Department of Educatlon, 1965, p. 52) , ‘

‘Pge-tegg Y 7 SRR Yo

-;_’;.. 1n gn Qpcratxng gutomobilé eleetr&qnl ayatem
vt i"nxplain iha 'PUTPOse qt aaon dirquit.

e

ngectlv ' . . . “, B S | o f?

. "Electriecity dn the dutomobile’ is, uaed for the opera~ - .
tion of several different kinds of ;xghtSf(Buban et al S .
1964, p« 299) .7 ' Given gn operating autbmobile eleotrlcal < e
system, appropriate referenpes, and ‘a Weston Master IV - .';
.1igh¢ meten, ptudent‘ﬁill. ¢ ' 4"€‘5“ ,;”
'{ ' 1.. liét at least 8ix types 0 lighting e;rouita ) ‘

: §’°t°m and axplaxn the P',poae or aaon c;rouit
,‘}'5. explain how light 1s produced in an inoandesqana

lmp ;‘l g . ‘» PR .',', . . q.‘ ot ' »

e f " .\-."’l‘ .\ : . . ' S . . "
. . .




! ! . M ‘.,.\‘“ , 4’:
| - T 10y
2. Explain how”l;ght is produced in an inoandeécent‘lamp:? ,
. ‘ N | : " .:‘T. K '
4 TR .
[]3. Check with your teacher.. ' . Cote e ;f r 
Activities | ' AR 5i.:: PN
__1. Use light meter to measure the relative 1ntensity of "L*‘"é
) the headlamps when on "1ow" beam and "h¢gpn beam . ;. g: ‘
o N
Operation of Weston Master IV Light Mebar R "Q o
Hold the light metdr apout 30 inches fram thﬁ eentep-yf“ .
a \.‘,‘..

of the lamp to be measured. Move alide switoh £6 ° *‘.‘
the right and the red needle registers tha intgnsity
of the llght. When it stops moving, mqve sizae " '-dfs; iﬁ

switch to the right and record fhe rea&;ng. IR AR
‘. . T .’\ ryor

"low" beam reading. ’"'\ o

"high" heam readiné7r_- ,=-‘ ';.;:1.@,;

"-2; What does the diffeneace in 1nt45;——ieq auggest aa ,~~:ﬂ

X N

their purposes? ’” : Y ".Q

. RN H 'i “-", " ) T ~'::

3 ".\wl*‘_.-, . ‘“ t x

#.' P "p‘h‘. "\q\.\ ~?;~ t

* & Ly

oy \‘““

ade Use 1ight meter %o measure .the’ relative ip&ekﬁ&ty nf .,*"j

‘& teil lapp, Atop lamp, and diraoticn@% iﬁgxa*ugp.}
‘See atep ane. o h""‘?

T el lam@ readi A
o . etep lamp rhading T

n;xtotion;l indioat E 1&@9 rggdzns
fni:tsrpaea znﬂinzsaaztig; susaﬂaq“
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,___5. 'In your study of eontrolling electricity through :
oo circuitﬁ and componentﬁ, you encountex'e\i several .

PR li\ghting oircuihs u‘cillzed by an operaming automobile
.'.‘5\, ' electrioal ays‘bem. Llst at leagt g}x types of _
“*" - lighting cirouits uti.lized by an automobile electrioal X
o % system,, ‘and exblain the purpbse of dach oircuit. .
;f)‘l' L "‘ . ,.""‘ R g .‘~‘ - X . ‘, \ ?’ - .
. e R T _ ‘ ™
. T o, -t . -\'
o (3 . E . ,\ % ' .
B A [ v . , .
0 } ‘ ! L ‘ Y : -
’ /‘/ ' S . O : J
' . ‘ . .‘ ‘ "\ .
) ! .»« ’ :;‘ii . ' N v : ) . * ‘
* ' NN S ._" ;'\ . ' " R ' o ! . “.
ooy e v Y )
~ o ,a;éf . 00nault gpl’m;siata. referencea and explain Row light ‘
. 13. ,pg'oduced in an incamleﬁﬁ@nb laxnp. . .
f‘ ot ., - :‘_ BN ‘\ o ) ’ ' Ca
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Activity No. 14.

’ ' Motion
. Concept ™ L \
"The conversion, application and control of energy is
, -basic to the development and perpetuation of a technological
ociety (Department of Education, 1969, p. 52)." |

"~ T Syb-concept: ' .

"Electron movement resulting from 1nduotion produces
meohanical energy (Department of Education, 1969, p- 53)." .

. ObJect1Ve

Y L Given arn operating automobile elgctrical aystem, .
battery booster cables, 12 gauge-lead, cutaway generator, . '
and approprlate refenences, student will: > ' \

\ , 1. deh0nstrate how a D C. electric motor convertSn e

B 'electrioal energy 1o meohanical energy : S
2. ‘explain How a Q 0. eleotrio motor converts. i
o S electrical energy to meehanioal energy
| 3. 1list ‘at least four examplea in an operating
L Y automobile electrical system whera electrieal ,
|  enarsy s’ converted to mgqhanical energy | | ke

. v ) L I

e ”\;

SR _qi Explain ‘how a D Og alﬁetrib motcx canvcrme elegtrioal Ny &??ﬁ
oo * | qnqrg to mghe.m«a.l ax;erqya U B It
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[]3.‘ Check with yourﬁteadher..

- Activitiep | | B \ .
"D.C. motgra and D.C. generators have essentially the same.

components and are very similar in’ outward appearance. They
. differ orly in the way they are used (Van' Valkeanrgh et al,

195%, . 5-44).
1. Review Engine Operation Safety..
'[]2, Check_ with/your teacher. - N ﬂ
‘ _;3. ‘Attach one end of a 12 gauge lead ::n}he “F* terminal
. \ of, the cutaway generator. - ;

i&“,Ground the free end of’the 12 gauge lead to the cut—
° . v»away generator frame. : ™
5. 011p one end of a red battery booster cable to the
: "A" terminal of the cutaway generator.f’\
« 6. _Clip the free end of the red. bﬁtxery .booster cable
o ~ " to the positive terminal of' thewptorage battery%
;_7,"Clip one end of ‘a blaock batteryubooster‘ggble {0 the
'_negativa terpinal of the storage battery. . C
8. mouph the ﬁ;Pe ‘end of the blaok battery booster cable

-

‘to the cut&way genergtor fx‘amel 'Release: montaot S

f‘«' b "attar five aeoonda. ’ A SRR ,
9.  DPesgribe the result. . = o , SR
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—15. Consult appropriate references and explain how a D.C.
electric motor converts electrical energy to mech~
anical energy-. [ |

16. In your study of controlling electricity with circuits

and components you encountered several examples of
~electrical gnergy converted ta mechanical energy..
Check over the automobile electrical system and list
‘at least four such examples. -
”» ! ’ .' Py

[117. Check with your teacher..

Q



BIBLIOGRAPHY SHEET ,

/' 4 .
BUBAN, P., SCHMITT, H. L.; KIRCHNEY, H.B. Electricity and
Eleotronics. Toronto. McGraw—HiII, 1964,

DAVIES, E.J., ATT , P.H. Power Mechanics. Toronto:

General Pu ishing, 1964 . . } . “‘.‘

DEPARTHENY OF EDUCATION. Tunior High Sohool Currioulum
. Guide for Industrial Arts. ﬁaﬁonton: i’epartment
- of Bducation, 13969. ( :

[

DUFFY, J.W. Power Prime Mover of Technol « Toronto:-
GenerEI PﬁEIlsﬁlng, 1966. ' _ —

t

. 1GERRISH, H H. Electricity and Electronig 8. Homewgod, I1l.: ,
| Goodheart-WIIIeo _1961. " B T o

cLEw, H.2.

15 k'

LA ‘m& ¥ ‘;‘ 4
by, .
AL







¢

i'!“ '
P | T Y I



A ‘ ; : To The Teacher
2 o, g ,
The operatlng automobile electrlcal system. ‘The learning a
actlvit; descrlbed herein were formulated on an actd‘. Yo
‘operati automobxlg‘eleotrmqal aystem. Whereas almost anyk
engine would work, the author “?EE&EEQ"? )257 OheerLQt six
cyllnder engine mounted on a' stand. ‘ T BT '
. The chassis w1ring was realistic but simpllfled to e
facxlitate. ite flcation and tra ing of cinouits and
.measurement'of ele trﬂcal propentlea. Often separated o
connectlons were color coded to facilitate re—conneotion. L
 \ Plymouth 1igntlng switch was used because thei*
circuit breaker was more ciearly v;sxble. In place of
using actual automobile doors to operate the door jamb
, sw1tches, 51mp1e turnbuttons Jocked | theqsw1tohea open.i" ‘
L Inptrument panel 11ghte were mounted 1n the ogen sn ‘"”.5 7
' ' that thein brightness could be mOre easily Observea.'- . %T “’
‘ “'For #ealiem the fuel A QM '
- away box about tha-size of

Y

mall enexne fuel tank ‘A f”t'gf}\ﬂ

‘“5;}. hole was cut in one aide«of the rheoetat hquaing toHQllow P%(R{g:




dourse. | o I o o
Consultatiqn the student after completion and =~ "
checking of the pre-test w1ll allow you and" the student to

decide: S . : ‘ ¢
~.a) that his or her knowledgd\of the concept(s) ‘ _ R
’ -~ involved is such that it would be a waste of tlme
» Yy

P . "to«oarry out t ‘ aotf&lty. Therefore the atudent
should reqelve credlt ‘for his or her knowledge :

-——
LY

‘ B 'and proceed to another activity. s ‘

i. ( A b) thht hia .or her knowledge of the ooncept(s) B |

; ,T o .1nvolved is such that only sub—parts of the" N {

o , aotivity he carr;ed out. - Student should receive i.‘\,
&, ‘ " ‘gredit for what he op she_knowsﬂabont the ' he

»  concepts(s). .|, LoL" l'

¥ .¢) 'studene mist do the complete aotmvxty. ﬁ{g) L,

J | | The regponsea to the*quest1ons posed throughout the Q@ﬂ:
, actlvnies have not been - supplied. Th:,s vvi;Ll allow you' ,te‘ \1.),“ N

f batter provide for 1ndzv;aual differences emong your students' \
Wﬁi and insuxe tqat you &0 through the acf;vlt;pe before %he ,‘Jy.e‘
i studqpt to_fvreaee some ot the nrohleme thsy mey enqounter;i ,ﬁ;¢“

AR
.




R

L)

‘sequences" stapled to it. You can 2 questions
- time and record date and notivity,i

-t , 115
of the‘sheet;. Observe student, if you doubt his or her
knowledge and apprediation, take whatever'action deemed
necessary. Bach time he operates engine he or she jnust

show you the Engine Operation Sheet . with his or

’X‘ the st
poorly, the complate “oonanqueneea" leumn
written out in his or het own WOrde\

This prodedure indicatea that fthe atudent is aware of
the consequences of epch step and the fact that the signed
Engine QperatLOﬂ Shee mun\ be pnpaented bqfora each activity
and the stldent must b&?pga drﬁ4u$QWTespond correctly ta any
queationa, helps to’gener&&i anA a stain an awareness of

the importance of safety. . 3 ; .

Meter safety. Eath meter should be demonstrated fo the
student, YAfter a demonstration most students will be able
to pafely use the ohmmeter and voltmeter. The ammaeter

‘héﬁevcr, cal easily be damaged and probably you should

' Tequire them %0 check with fou each time (as indicgfed in

the activity shnota) before awitching powers "on" i the

aircuit. .
| llﬁq’ |
Rt ) B h f.u - ‘,_’

A
~
.

'
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