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ABSTRACT

Because of the continuing expansion and acceleration
of technology related to the electronics/electrical field, it is
necessary to periodically review and revise electronics/electrical
curricula to reflect the state of the art. This curriculuam guide is
the result of such reviev and revision. Contained are suggested
curricula by guarters, course descriptions, job descriptioms, job
competencies (performance levels compatible with "pictionary of
Occupational Titles" job categories and competencies for selected
entry/exit puints within the curriculum), course outlines with
objectives, and instructional equipment lists. It is noted that, in
some cases, the texts suggested will need additional supplementary
information. The electronics/electrical curriculum is designed with a
common core of courses for the first four quarters, with
specialization occurring during subsequent quarters. Areas of
specialization include electromechanical technology, electrical
technology, instrumentation technology, and electronics technology.
The electronics technology curriculum is designed so that a student
-may specialize in different areas within this curriculum, according
to local needs. This manual is available as an aid for institutioms
wishing to update or to implement an electronics/electrical
curriculum. (JDS) '
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FOREWORD

The Department of Community Colleges encohrages institutions to
review and update éontinua]]y curriculums to prepare students to work
with current technology in their fields. The Electronics/Elecirical
Technology Curriculum Manual represents an effort coordinated by
the Department to update and improve curriculums in the electronics/
-electrical cluster. Most of the institutions offering electronically -
or electrically based technology curriculums have had input into
this work. We feel it represents some of the best thinking of instruc-
tors involved in these curriculums and we recommend your consideration
of its impiementation at your institution. o

Staff of the Program Development Séﬁiion and members of the

Electronics Curriculum Committee are, available to discuss specific

concepts of the curriculum with you.

Roger G. Worthington, Director
Program Development

/.? . -l ~;¢. . -
(j(,&n\_ Y. é"(‘-‘t Q’dily’{.

Ben E. Fountain, Jr.
President




e PREFACE

The E]ectrgn?c Iﬁstructor's group at their winter meeting in
1973 set an electronics curriculum committee to update the electronics/
electrical curriculums. This committee thoroughly reviewed the
existing curriculums as well as the competencies needed for entry into
the job market today.
This manual is largely the 6utgrowth of the work of this committee
and of Mr. Frank Gourley, Jr. of the Department of Community Colleges.
The Electronics Curriculum Committee arrived at the curriculum
presented in this manual by considering prima}i]y the needs of the
students in our time of ever accelerating and expanding use of more
highly sophisticated electronic_gear in e;érything from our everyday
Tiving to interplanetary travel and worldwide TV. To ggt employment
today, the technician must primarily havewéigood andrthorough background
of basics in electricity, e]ectronics; mathematics and physics that:
will enable him/her to absorb very quickly the more specialized know-
ledge in the e]eEt}bnics/electrica] fields Just what constitutes -
this basic background is in itself a con ..satly changing and expanding
thing that requires that electronic cur*...;ums also be in a continual “
state of flux. To keep abreast of this field it is essential to continually
evaluate the electronic curriculums. B | |
The electronics/electrical techno]oéy curriculums now offered
in the system differ primarily only in their options or field of
specialization in the last few quarters of the curriculum. The local

needs and job opportunities necessitate this specialization at the
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institution. This need to have curriculums that provide for local
differences led directly to the development of the broad cluster
concept that is presented here.

By appropriate arrangemeht of the course content, it is possible
to provide marketable skills to those who find it necessary to seek
employment before completion of the program.

It is intended that the curriculums presented herein be considered
by each institution's advisory committee and through their counsel
and advice make adjustments and additions to conform to local job
opportunities. This manual should serve as a model for institutions
to develop a quantity curriculum that provides for local needs.

I strongly recommend that consideration be given to trying
the ideas and approaches presented herein as it is based upon the
experience, insight, ;dvice and work of a g;eat manyv individuals.

It is hdped that this manual will assist those that may be considering
initiating one of these programs or altering an existing curriculum

with the intent of improving, vitalizing or modernizing it.

Roy Guli, Chairman
Electronics Curriculum Committee
January, 1977
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INTRODUCTION

Electronics and electrical curriculums have been~offéfed?by North
Carolina technical institutes and community colleges since their
nstablishment as industrial education centers in 1958, These
curriculums have been offered to heét a growing need in the State for
pgrsonne] trained in the electronics/electrical fields.

Electronics technology was first offered in 1958, with‘electrical
technology initiated in 1962. Other technology curriculums in this fie]d ,
include instrumentation technology and e]ec‘.romechanical technology
established in 1967. Other electronicaliy/electrically oriented
curriculums include e]ectrOnicé servicing, electrical installation and
maintenanée, marine electronics, electronic product servicing, electrical
appliance repair, vending ﬁ;cﬁine maintenance, and industrial e]ecﬁrbnic
servicing. ) - C

In 1965-1966 the eleétronics and electrical teéhnoiogies were
revised. At that time the curriculum comm1ttee revising these programs
saw fit to coordinate courses ir the two curricu]ums to the extent that
the first three quarters of each curriculum were the same. As the .
instrumentation, electromechanical and marine electronics curricu]ums." S e
were developed, this same format was foTldwed. This}fbrmat ﬁas’pfdééd

| workable administrative]y and instructionally. _ ‘ ‘

Due to the rapid'and significant changes in the field of electrpnicé
and the subsequent revisions in,these'curriculums in local institutions,
in§tructors in é]ectronics/e]ectrical curriculums felt it necessary to

review the curriculums-to determine changés that might be desirable, |
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Other concerns expressed, in addition to that of updating the
curriculum, included that of structuring for flexibility in curriculum
emphasis among institutions, providing positive alternatives to enhance
the success of the under-prepared student, improving the retention
rate of students, providing opportunities for multi-exit, developing
employable skills early in the program, and defining job performance
objectives and educational competencies.

As a resuit of these concerns the E]ectronics Curriculum Committee
was established. This committee inc]uded instructors in electronics/
‘electrical curriculums from technical institutes and community cdi]eges.
across the State. Curriculums represented included electronics, instru-
mentation, e]ectromechanica] and e]ectronic servicing The committee
proposed that it review the existing state curricu]um guide, recommend

- . modifications to update the technical content of the guide, identify
V core concepts in the curriculum, definewpertormance levels within the ]
curriculum, determine the concepts needed to support each parformance
level, propose possible early skills deve]opment approaches, define
admission criteria, explore the commona]ity of . servicing and technology

curriculums, propose possible advanced technology programs for graduates,

_obtain responses to the curriculum from indu«tria] advisory personne]

and present recommendations to e]ectronics/e]ectrica] instructors for

review, critique and approva] s
The committee s activities resulted in updated e]ectronics/e]ectrica]

curriculums that 1nc1ude 1. Instruction in recent deve]opments such

as digita] electronics, integrated circuits and microprocessor fundamen-g.'

tals; 2. Electrical and electronic fundamentals courses organized
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using the systems approach to provide a qualitative (How) overview
of systems which then proceeds to a study of components, after which
a quantitative study of compohents progresses back to a study of the
systems; 3. Optional emphases within the electronics technology
curriculum to provide 1nstitution$] flexibility to the curricuium;
4. Content rearranged to provide employable shills early in the
curriculum and to provide hands-on skills to motivate students;

5. Performance levels compatable with Diztionary of Occupational

Titles {0.0.T.) job categories and competencies for selected
entry/exit points within the curriculum; 6. Suggested course schedules
for six quarter and seven quarter progkams; 7. Performance objectives
and course content for the total curriculum; 8. Suggested lab
experiences and instructional resources for the instructor ;'9. Course
scheduling that provides for the development of mathematical skills
prior to their use {n science and technical courses; 10. A "1ight"
first quarter to allow for student adjustment and the inclusion of
devefopmenta] skills ccur:.e: such as math laboratory and reading
skills improvement where necessany;”and 11. Revised curriculum |
guides and course outlines tor the Electronics, Electrical, Eiectro-
mechanical and Instrumentation technology. curriculums.

Plans exist to exp]ore”the,feasibi]ity of adapting other electronics/
electrical curriculums to provide for further integration and options

to the career cluster established hy~this project.

This manual provides information developed to support institutions

wishing to implement the revised curriculums. Emphasis of the manual




IS on the software needed to implement the revisions, In addition
to curriculum guides, course outlines and equipment lists, the
manual includes job descriptions, job competencies, and performance
objectives for electronics, electrical, electromechanical, and
instrumentation curriculums.

Performance objectives and Jjob competency statements can bé
used to determine advanced Placement of students with pPrior experience
or education in the field of electronics and the employable skills of
early leavers. Job competency statements and performance objggtiVes
can be used in helping focus the instructional acfivities of the
curriculum. These statements were developed by the Electronics
Curriculum Comittee, with the help of D.0.T. job descriptions and based
on their teaching experiences and their experiences in. placing éar]y
leavers and graduates in e]ectron1cs/e]ectr1ca1 fields.

The e]ectron1cs curr1cu1um has been reviewed and d1scussed in

,xwo.d4fferent statewide meetings of electronics 1nstructors with

favorabie concensus at both meetings. The‘electrical, electromechan1cal
and 1nstrunentat1on curr1cu1ums were updated and reviewed by the

institutions offer1ng_each curr1cu1um. The concensus'of their comments

- are included in this manual.
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Institutions implementing a curriculum in this cluster are- encouraged
to adopt the curriculum, as presented in this manual. These curriculums -
are designed to provide persons in the electronics/electrical fields
with the inherent flexibi1ity required to adapt to rapidly ‘changing
technology. Instructional materfals are available to help outline the
concepts to be taught and the order of teaching them. Texts and
references have been suggesf.ed that are organized in a hanmr consistent o
with the proposed course structure or have content compatiblie to the .
teaching of these concepts. Obj'dctives and competency . statements
have been pro\}ided to assist in defining th§ suggested oducli:ional‘
outcomes of the courses and the curriculum. In some cases material should.
be consolidated from several sources to provide the appropriate content
for the course. Additional t,exts“should' be reviewed to dctcmyuc"thc.
appropriateness of each to the couru‘boing ﬁughf.. o

Equipment for the curriculums is identified in Equipment List .
No. G1 Electronics, No. 60 Electrical, No. 190 Electromechanical and
No. 101 Instrumentation. These equipment 11sts provids Ia 1ist of
equipment that may be selected for use in the technical s,pucfa‘lt.y |

.

777 "Tiuboratories. ' The Electronics equipment 113t supports the Electro-
' mechanical and Instrumentation curriculums also. Esti‘mtodvcosts for
equipment can be determined by reviewing thhvlppropriltc equipment
1ists. (See the section titled Equipment Lists.)

14




The basic equipment found in most institutions offering electronics/
electrical curriculums provides the core support for the curriculums.
Additional equipment may be necessary to orient the instructional
program to new technology in electronics, depending on the extent
to which the institution has kept up to date with the field and the
particular option being chosen for emphasis by the institution.

The curriculums included in this manual supersede earlier
curriculums by the same numbers and titles. No official action is
necessary at the State level ;or the institution choosing to modify
its existing curriculum to the new format unless the curriculum is
being extended from six to seven quarters. In the final quarters of
the Electronics Technology (T-045) curriculum the institution may.
wish to emphasize communication, computers, or automatic controls R
(or a combination of the three) based on the recommendations of the
local advisory committee for the curriculum. Institutions wishing to
add a new curriculum in the cluster must submit a curriculum application

through the normal channels for approval by the State Board of Education.
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CURRICULUM DESIGN =

The Electronics/Electrical curriculum clusteris designed with a
common core of courses for the first four quarters. 'Eath of the four R
curriculums shown is designed as a separate curriculum and-fs assigned ... .-
a separate curriculum-code. An institution may wish to:implement. e
one or a combination of the curriculums included;: however,-éach - R
curriculum offered must be approved by the State Board of .Educatjon. . . =
Other curriculums may be developed to branch off.or to 'feed into'the.- .
matrix as the need arises.. The Electronics Technology hds-specialized . .
electives the last two quarters. - This allows an-area of concentration . =~ .
to serve Tocal needs if the institution so cliooses. For additfonal -~
- information see the Electronics curriculum:guide. . e i e

Seventh Seventh| = |Seventh| : |Seyenth| |Seventh|: ' {seventh|
| Quarter arter| - |Quarter arter| [Quar Ouarter|
[Stxth Sixth | - ISixth § [Sixth -] iSxth -} .- [Sixth
| Quarter. - |Quarcter| |Quarter] -|Quarter] |Quarter|: ‘-|Quarte
Fifth [Fitth | -
Quarter , Quarter|. 2
.Electromechanical Electrical Instrumentation Electronfes: ., v
Technology Technology Technology.. ... -~ TechWology :*
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. * Levels of erformance. have been identified using Job»pqul"?’;?'eﬁcy
., and :erformancz objective statements to help 1n;evaluqtingystu§cnt

entry and exit points, These entry level job categories are the
subject of the following section .
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. JOB DESCRIPTIONS/JOB COMPETENCIES ™ - - .

Suggested job descriptions and Jjob competencies have been identified

for the electronics engineering technician, electrical engineering
technician, electromechanical technician and “instrumentation technician.
These general statements can be used to assist in describing: the types
of educational experiences recommended for students prior .to graduation
from the particular curriculum. It is recommended that these -~
statements be reviewed and refined by the local advisory comittee To
assist the institution in meeting local manpower. needs.  Further '
assistance might be provided by the local advisory committee by -

reviewing course objective statements provided in the course outlines

and identifying additional specific instructional activities in support

of the overall curriculum objectives. o : R

Job descriptions and job competencies are also provided for several -

‘Job categories at levels intermediate to the completion.of. the . .

technology curriculum. - Job titles for these:intermediate levels are .
electrical tester, electronic tester, and: electronic:technician.. This e
information is included preceeding the Electronics ‘Enginéering Technician - - -
information, but it has relationship to the other technologles as well. . =
The following chart suggests typical job categories. that could be filled

by individuals proceeding through the Electron1Cs-Tgthno]ogygcunricu]um;[;

r ALt |
Seventh ‘Electronic :
Quarter -Engineering )
e Jechnician
Sixth ‘
Quarter ——
— _ / Electronic ‘
FIFED b o N YEChRICdAD )
Quarter — :
[Fourth
Quarter
e ] -
Quarter o -
Electronic
Tester

= ‘ Electrical
First | Tester
Iggarter



Electrical Tester =~ B ) %%

Job Description

Tests electrical devices using instruments such as bridges 931vano--’z'f‘"*

-meters, oscilloscopes and variable vo]tage power supplfies. ~‘May -

measure resistance, current, voltage or other-electrical: characteris-- o
tics to determine conformance to written specifications. May keep

~~a,“inspection records and write procedure reports. o

Job Competencies..

Electrical Testers may:.

(1) Inspect and/or replace wires," cab]es and connectionh L
(2) Verify ca]ibraticns of instruments and meters viaj
. standards . : _ ‘
3) Verify device control operations o f o
4) Follow basic -electrical and electromechanica] specificatjons
és Interpret wiring diagrams. - B :
(6)  Use basic-hand tools- and devices common to e ec

lation and testing: s
§7; .Record electrical perfonmance data
8) Read inspection checklists' '
- tions i o BT
(9) Test installed systems to detenmine conformance t0_sp
. catfons . .- . - :
- (10) . Demonstrate operating procedure“”for insta]ied electrica]
‘ system(s) , o y

'tl"E]ectronicﬁiesteﬁ?iizf )

Job Description o

,,-f‘Tests complete . electronic systems. constru ts est cir,
- test’data with specifications and record : 3

.... to_evaluate: performance.. .Usesueiectnondc-testing«equ flinbda

£3
systems,  trace defective circuits,” ‘repla mdefectivefw
to return systems to production ‘and: perforin-function

solderifg iron, test manuals, and: schematics-and wiring‘GQagtams.fﬂMay
work as a systems tester, test: technician, quaiity control technician
or trouble shooter.

.123’.
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Job Competencies

Possible tasks that may be performed as an electronics tester (in addition
to those performed by the electrical tester) include:

(1) Test complete electronics systems in terms of {input/output
specifications using electronics testing equipment ‘
(2) Record and plot test data in terms of conformance to test
specifications o T S
§3; Calibrate systems to obtain specific characteristics. - e
T 4) Isolate system malfunctions which can be corrected by replace--
: ment of modules or plug-in assemblies or units e o
(5) Dem:ns%r;teoperating procedures for installed electronic
system(s) R e o C
(6) Use basicfhand*tools‘andfdevices‘commonlto electronics fnstal-
- lation and testing™ ° j - T
(7) Use installation wiring diagrams to insure proper operation

Elecfronic Technician

Job Descriptioh

Repairs etectronic equipment, such as computers, industrial controls,

radar systems, telemetering and missile control systems, transmitters, .
antennas, and.servomechanisms,'fol}owing?blueprjnts;andfmanufhc;urersF,;
specifications, and using,handtoo1s;ah43testi1n§trqments;;LIests?fhulgy :
equipment and applies knowledge of functional operation of electronic™

units and. systems to diagnose cause. of ‘malfunction. Tests ‘electronic

components and circuits to locate defects, using-instruments, suéh”

as oscilloscopes, signal generatars; ammeters, and ‘voltmeters. . Replaces
defective components and wiring and adjusts mechanical parts, usfng

handtools and soldering fron. ‘Alines, adjusts, and calibratés equipment. -
according to specifications. Calibrates. testing instruments.Maintang -
Fécords of repairs, calfbrations, and tests. 3 SR B '

Job Competencies ~

The electronics technician is priﬁqriﬂy respdnsibie for the trouble- : )
shooting and repair of electronic apparatus and is capable of .performing . ...
‘the following tasks in"addition to those of the electronics tester:

(1) Test and repair modules and subassemb] {es which are a part
of a system ' '

(2) Assemble electronic apparatus using blueprints and assembly
procedures '

(3) Select and use appropriate electronic test equipment and
procedures commensurate to the task

n

,.}._ o e et e a e eee s eae . e S e e e emme e ieie e e e saene
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(4) Interpret schematic diagrams for troubleshooting of electron-
ics apparatus

(5) Calibrate and align electronic test equipment to specifica-
tions

(6) Organize and maintain technical literature pertinent to
troubleshooting and servicing electronic equipment

Electronic Engineering Technician

Job Description

. Applies electronic theory, principles of electrical circuits, electrical

testing procedures, engineering mathematics, physics, and related subjects.
Builds, tests, troubleshoots, repairs, and modifies developmental and _
production electronic equipment, such as computers, missile-control °
instrumentation, and machine-tool numerical controls. Discusses layout
and assembly problems with electronic engineers and draws sketches

to clarify design details and functional criteria of electronic units.
Assembles experimental circuitry (breadboard) or complete prototype

model according to engineering instructions, technical manuals, and
knowledge of electronic systems and components and their functions.
Recommends changes in circuitry or installation specifications to simplify
assembly and maintenance. Sets up standard test apparatus or contrives
test equipment and circuitry, and conducts functional, operational,-
environmental, and 1ife tests to evaluate performance and.reliability

of prototype or production model. Analyzes and interprets: test data.
Adjusts, caiibrates, alines, and modifies.circuitry and components -

and records effects on unit performance. Writes technical reports

. and developed charts, graphs, and schematics to describe and illustrate

systems operating characteristics, malfunctions, deviations from

design specifications, and functional limitations for consideration

by professional engineering personnel in broader determinations affecting
systems design and laboratory procedures. May check out: newly installed
equipment to evaluate system performance under actual operating conditions.

N L v Rin < S 4. gt i ot g B

Job Competencies _—

" The electronics engineering technician is. primarily responsible for

providing technical assistance to the engineer. After appropriate
orientation to specific projects and with normal supervision, he should
be able to perform the following tasks in addition to those identified
for the etectronics technician:

Verify engineering designs
Collect and analyze data
Assemble and test prototype units
Modify current designs
Write technical reports
; Provide liaison between the engineer and other departments
Serve as customer contact for the purposes of sales and service

N OTE W N -
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- layout drawings, andﬁengineering;spg¢1f1¢gtjohshf5t¥$i§;

Electrical Engineering Teéhnician

Job Description

Applies electrical theory and related subJects;to,test;_jnstqll-and _
modify electrical machinery and-electrical control. equipment and . -
circuitry in. industrial or cdmmerciat;g ants and:1aboratories.
and tests motor-control devices, swite -panels; transformers;: gene
windings.’solenoids.,and,other%elggtrica>=equ1pmght”qhQ§§j;jfnenﬁsgfl.
according. to engineering datavand:knOWIedgegbf.électrica];pmipgjplgs;

Modifies electrical prpto;ypes1tda;oﬁreqtgfbhttiona];dé?lhtj'hs"qnqépﬁpi

direction of electrical engineers. - Diagroses cause of electiric

mechanical malfunction orhfiilurqqor“operqtjoqglfg§q1g@§@§hi
forms. preventative and corrective-maintenance.” Déevelop

| , Cacions. for systan or: equipment " -
modifications or expansion and‘directs~gehSOnnelfpeﬁtpﬁm“ng’fjh
isntallation and maintenance duties. ¥ ans, ‘directs, and record

eords: ;
perfodic electrical testing and recommends or ‘{nitiates inodification .

or replacement of equipment which fails to meet ‘acceptable operating ..
standards. . : B i St RIS
Job Competencies

Upon successful completion of the.electricaljengfneering,technoloby‘j o
curriculum the student should be employable_as.qn,e]egtrj;aljpngﬂﬁayﬁing ;
technician, After appropriate orientation to specifjcﬁgfbdgct;ﬁand_~; o
witz normal supervision, he should be able to perform t ¢ following =
tasks: . : I e
(1) Design, modify, {install or maintain electrical machinery -
 or equipment : P A

(2) Diagnose and correct malfunctioning of electrical machinery, o
equipment, and controls. SR R S SO
uw(a)w-Plan;;set”upr"and/br”édﬁdﬁét”tests on electrical components:
or units ' ' ' S
(4) Interpret test results and prepare technical reports for
. use of engineers S e
25; Select and specify equipment to be purchased’ o
6) Support engineers by making drawings and sketches of experi-
mental equipment e .
7) Interpret wiring diagrams for electrical systems
8) Install electrical control equiprent-and systems e
9) Assist engineers in the design of power distributfon-systéms
and 11ghting systems in industrial and commercial buildings
(10) Design the electrical and 11ghting layouts for residentiai
. systems. S
(11)  Take off materials prior to bidding on a contracting job
(12) Organize and maintain technical- 11terature pertinent to
- the troubleshooting and servicing of electrical-equipment
13
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With additional -experience and under normal supervision the electrical
engineering technician should be able to perform the following tasks:

(1) Supervise the installation of electrical control equipment
and systems

(2) Estimate electrical contracting jobs for control, 1ighting,
and power systems f

(3) Design and layout power and control systems -

. (4) Serve as 1iaison person between the engineer and production

personnel , f ‘ o

(5) Test breadboards of new and exnerimental equipment or processes

(6) Work in a consulting capacity in the desigh of systems

(7) Serv: as a customer contact for the purposes of sales.and
service - '

Electromechanical Technician

Job Description

Helps design, fabricate, install, and test devices which utilize the
interaction of etectric impulses and mechanical controls to produce -
products, control functions in the manufacturing process. May L
troubleshoot, repair and maintain specialized electromechanical.systems.
Uses an analytical approach and the basic principles of electricity,
electronics and mechanisms as the foundation cf work with automated
electromechanical systems. “May work in industry or business as an
engineering aide, maintenance and .troubleshooting technician, field
service technician, manufacturing and automated process technician,
or research and development technician.

Job Competencies

The electromechanical technician is primarily responsible for -providing ,

" ‘technical assistance to the engineer. “ATfer appropriate orientatfon — ~
to specific projects and with normal supervision he should be able
to perform the following tasks: oo LT

(1) Maintain machines of production, using electrical, electronic,
mechanical, hydraulic and pneumatic mediums for power and
control ' o ‘

(2) Maintain test equipment and instrumentation associated with
the above mediums

$3g Isolate and repair machine malfunctions

4) Isolate and repair test equipment and instrumentation
malfunctions

(5) Calibrate test equipment and instrumentation

. 22
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e 6) Install new equipment and machines' ' a )
‘ 7) Adjust, interpret, and calibrate relatively complex equipment
(8) Test completed sub-assemblies, asseﬁblies, and systems
(9) Repair specialized control devices’that electrically or
electronically sense temperature, thickness, color, pressure,
_Fflow.rate or other characteristics of a material or process
and automatically maintain the continuing manufacture within -
_acceptable tolerances : ' -
(10) "Brnderstand engineering language so that principles originated
by the engineer can be translated into functional products
(11) Operate systems that require an understanding of complex
operational procedures where an under:tanding of the desired
results and their purpose is essential to the quality of
the final product - S

After additional company training and under normal supervision:.

1) Develop specifications for materiils and met'ods of production
2) Devise tests to insure operation, reliabiliiv. or quality .. -
control of products L S o

3) -Act as liaison tetweon engineering and production
4) Install new equipment, instrumentation, and machfnes
5) Troubleshoot and repair equipment.‘iigtrumentation. and
machine malfunctions e
; Serve as 1iaison f>rson for customer-company relations
Conduct experiments and test on new functions where the.
principles involved are already understood
) Set up, calibrate, and operate instruments in support of
engineers developing new concepts, equipment, processes,
etc. '
(9) Fabricate and test breadboards of new or experimental equip-
ment or processes .
(10) Support engineers by making drawings and sketches of °
experimental equipment, or processes

{7
(8

 Instrifentation Technicfan =~ ¢ oo e

Job Description

Selects, installs, calibrates, checks out and maintains sensing,
telemetering, and recording instrumentation and circuitry. Other
functions include devising, setting up, and operating instrumentation
equipment invalved in testing mechanical, structural, or electrical
equipment. May work as an instrumentation technician, engineering
aid or associate, service specialist, laboratory technician, or
instrument field service technician.

23
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Job .Competencies

Upon successful completion of the instrumentation-curriculum the
student should be employable as an instrumentation technician.
After appropriate orientation to specific projects and with normal
supervision he should be able to perform the following tasks:

(1) Troubleshoot and align electronic and pneumatic controllers
.(2) Adjust control systems .
"(3) Align and calibrate recorders and controllers
(4) Stroke control valves
(5) Troubleshoot and maintain control valves
(6) Troubleshoot and maintain test equipment
7) Check test equipment against accepted standards
! 8) Interface varicus instrumentation systems at different
pressure or current levels .. . IR -
) Calibrate and maintain linearity of -interfaced systems
) Work with instrumentation engineers and management in_designing
and installing instrumentation equipment and systems: , -
) Pravide liaison between engineers and operating personnel
) Communicate with all levels of plant personnel regarding
instrumentation of the plant processes =
) Work with systems in hazardous areas
14) Make cable and tubing runs and properly orient instrumentation

equipment
(15) Collect and analyze data :
(16) * Write technical reports ‘

24
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CURRICULUM GUIDES/COURSE OUTLINES/EQUIPMENT LISTS

The Ffollowing sections of the manual include the curriculum guides,
course outlines, and equipment 1ists for Electronics (T-045), Electrical
(T-044), Electromechanical (T-039), and Instrumentation (T-048) tecnnolo-
gies.

~ Curriculum guides inciude purpose of the curriculum, career 6pportuni-
ties, acknowledgements, suggested seven and six quarter curriculum
schedules and course descriptions.

Course outlines include the course description, instructional objeétives. |
outline of instruction, and suggested texts and references. They

are organized according to subject matter area as identified in the
contents. ,

Equipment lists are included for the specialized electronics/e]ectrica]
laboratories. These lists are No. 61 Electronics, No. 58 Electrical,
No. 190 Electrcmechanical, and No. 101 Instrumentation. Other equip-
ment lists supporiing these curriculums but not included here because
of space limitations are No. 52 Drafting and Design. No. 140 Physics- -
Technical and No. 147 Physics-Vocational." :

a8
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ENGINEERING TECHNOLOGY

ELECTRONICS
INTRODUCTION

Purpose of Curriculum

The Electronics curriculum provides a tastic background n practical
applications of electronics and in electronics related theory. Courses
are designed to present content in an order that will provida the stu-
dent with progressive levels of job related skills and lmnh:u. The
curriculum is designed so that completion should prepare an individual
to work as an assistant to engineers, or as 11aison between the engineer
and the skilled craftsman. -

Career Opportunities

The electronics technician may start in one or more of-the following
areas: research, design, development, production, maintenince, or
sales. He may begin as an electronics engineering technician, electron-
1cs tachnician, engimeering aide, laboratory technicfan, supervisor,

" or equipment specfalist.




AVNWRNLLUQAMCNID

The Department of Community Colleges recognizes the valuable con-
tributions of the following persons who served as members of the Electroni
Curriculum Committee:

Roy Gull, Catawba Valley Technical Institute, Chairman
Janaki Potukuchi, Central Carolina Technical Institute
Bob Reaves, Durham Technical Institute

John Jamison, Fayetteville Technical Institute

Stewart Reed, Forsyth Technical Institute

Arthur Dunn, Lenoir Community College

David Taylor, Lenoir Community College

Peter Resta, Nash Technical Institute

Larkin Walker, Roanoke-Chowan Technical Institute

Guy Tolbert, Surry Community College

John Wiles, Wilkes Community College

Frank Gourley, Jr., Department of Community Colleges

The Department also acknowledges with appreciation the review and
constructive comments of individuals attending the Electronics Instruc-..

tor's Winter Workshop December, 1974, and the Electronics Sassions at
the 1975 Community College Conference.

28

T-045 2 3/76




ADDITIONAL INFORMATION
ON THE ELECTRONICS CURRICULUM .

NOTE TO INSTITUTIONS

The Electronics Engineering Technology curriculum has been updated,
modified, and broadened. Institutions adopting this curriculum have
several options not previously structured in the curriculum. These are: 1.
choice of a six (6) or seven (7) quarter program; 2. choice of curricu-
lum specialties in the last two quarters to meet local industry needs,
institutional capabilities, and the interests of students (an insti-
tution would normally offer only ome specialty or may offer a general
electronics curriculum by combining specialty courses); 3. op?ortunities
for more flexible entry and exit levels for students; and 4. lighter
course loads for students in the first quarter to improve retention

of students in the curriculum.

GENERAL CONSIDERATIONS

The Electronics curriculum is designed to be taught at the engineering
technology level. It is structured to provide specific Jjob skills at
several points within the two-year program. Content has been arranged
in the two-year program to provide experiences appropriate for entry
to these jobs. Possible job opportunities corresponding with the
.curriculum sequence include: first quarter, electrical tester; second
quarter, electronics tester; fifth quarter, electronics technician; and
seventh quarter, electronics engineering technician. Course sequences -
are generally structured to proceed from a qualitative study of systems
to components then to shift to a quantitative study of components and
progress back to systems. -

. -
Three courses in math are recommended with two more courses available'
as institutional electives. One or both of these elective courses may
be offered if the institution and local industry feel it important for
the student to be exposed to advanced mathematical concepts or if the
number of students expecting to transfer from the institution to pro-
grams at the baccalaureate technology level is sufficient for a class.

Two courses in specialized electronics systems are suggested during

the last two quarters. This allows each institution to develop an area
of concentration if it desires. Areas proposed are communications,
computers, and automatic control. Other specialized areas might be
developed depending on local needs. The institutions would normally
choose only one area of specialization. Supporting electives are
suggested if the institution wishes to provide students with additional
background in one of the designated specialty areas.

T-045 3 3/76
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ELECTRONICS CURRICULUM

E]ectronic Engineering Technician : >
Electronic Technician. : ‘ '

Electronic Tester —q

Electrical Tester

QUARTER

ELECTRICAL ELC 112 ELC 11F ELC 114
5-0—5- 3a0:6-8 3-2:0-4]

ELECTRONICS gtnzéznttgfilég gi.in,]za ELQ, 218ln 219 JELN 206]
40 ENS-0: 67 [3:4:0-53:4-0-5 [5-4-0-5 -6-0-3|

ELECTRONIC - R S < 77
SYSTEMS R ELN ,241 ELN( )ELN( B

(SPECIALIZED) . |4 3-0-6-5 _5-4-0-7 - ‘__»-4-2-]\\'

ELECTIVES . | * |

Cwm | wT 0w
RN % < [

ENGLISH -,ens’"‘.fm 2} EN
B | 3-0-0-3 3-0-0-3-

00 . SOCIAL SCIENCE

B 173l
|2-0-6-4

- JomALs  |13:0-6 446 Ni6=2-6 fi1- 5-6'.
- gl.-Lab.-Shop-Cr, | =15 - ] =18 ] <19: | 167 -2}

* Institution or student may choose an 1nst1tution
student needs or 1nterests

Nective to satisfy

. Qual‘ltative - How 1t uorks /App]1ed/Conceptua]/Overv1ew
Proceeding general]y from a study of systems to components.

Quantitative*wwhy it works /Ana]ytical/Mathemtica?/Detailed.
\ Proceeding genera] ly from a study of components, to systems




JOB SKILLS

Students successfully completing specified phases of the program should
be qualified with certain job skills that will enable them to perform
typical tasks associated with a generally recognized job title. Upon
successful completion of the first quarter of the curriculum, the stue
dent should be employable in positions requiring skill in electrical
testing and inspecting. Some of the possible tasks that may be per-
formed on such a job include:

1. Inspecting and/or replacing wires, cables and connections

2. Verifying calibrations of instruments and meters via working
standards :

Verifying device control operations

3
4, Following basic electrical and e]ectromechanfcal specifications
5. Interpreting wiring diagrams

6

. Using basic hand tools and devices common to electrical instal-
lation and testing .

7. Recording electrical performance data

8. Rﬁading inspection checklists and work orders to conduct inspec-
tions :

9, 'Testing installed systems to determine conformance to specifi-
- cations

10. Demonstrating operating procedures for installed electrical
system(s) .

Upon successful completion of the second quarter of the curriculum, the
student should be employable in positions requiring skill in electronics
testing. Possible tasks that may be performed as an electronics tester
(in addition to those of the electrical tester) include: ‘

1. Testing complete electronics systems in terms of input/output
specifications using electronics testing equipment _

2. Recording and plotting test data in terms of conformance to
test specifications

3. Calibrating systems to obtain ‘specific charqctéristics

4. Isolating system malfunctions which'can be corrected by replace-
ment of modules or plug-in assemblies or units '

5. 'DemOnstratihg'operating»procedures for installed electronic
system(s) . . ; . - -

T-045 5 - ~3/76
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6. Using basic hand tools and devices common to electronics instal-
lation and testing

7. Using installation wiring diagrams to insure proper operation

Upon successful completion of the fifth quarter of the curriculum, the
student should be employable in positions requiring skill as an electron-
ics technician. The electronics technician is primarily responsible for
the troubleshooting and repair of electronic apparatus and is capable

of performing the following tasks in addition to those of the electronics
tester:

1. Testing and repairing modules and subassemblies which are a
part of a system

2. Assembling electronic apparatus using b]ueprints‘and assembly
procedures

3. Selecting and using appropriate electronic tesf equipment
and procedures commensurate to the task ‘

4. Interpreting schematic diagrams for troubleshooting of electron-
ics apparatus

5. Calibrating and aligning electronic test equipment to specifi-
cations -

6. Organizing and maintaining technical literature pertinent to
troubleshooting and servicing electronic equipment

Upon successful completion of the entire curriculum, the student should
be employable as an electronics engineering technician. The electronics
engineering technician is primarily responsible for providing technical
assistance to the engineer. After appropriate orientation.xo“spg;ific
projectsiand with normal supervision, he should be able to perform the
fo];o:i?g tasks in addition to those identified for the electronics .
technician: o o :

a—
*

Verifying engineering designs
Collecting and analyzing data
Assembling and testiné prototype units
Modifying current designs |

Writing technical reports

Providing 1iaison betwegﬁ the engineer and other departments

~N O o s W ™

Serving as customer contact for the purposes of sales andvservice

T-045 6 3/76
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ENGINEERING TECHNOLOGY

Electronics

SUGGESTED SEVEN QUARTER CURRICULUM

Course Title Hours Per Week Quarter
© Hours = ¢

FIRST QUARTER Class Lab. Credit »
. Grammar 3 3T

T-MAT 101 Technical Mathematics
T-ELC 112 Electrical Fundamentals I

0
5 0 5
5 R - 7
3 6 T5

SECOND QUARTER » e e e i
T-ENG iOZ Composition _ ‘ .

T-MAT 102 Technical Mathematics
T-ELC 113 Electrical Fundamentals II
T-ELN 121 Electronics I

3 0 3

5 0 5

3 6 5

3 4 5
11 oo 1B

THIRD QUARTER .
‘ eport Writing

T-MAT 103 Technical Mathematics
T-ELC 114 Electrical Fundamentals III
T-ELN 122 Electronics 11

Iqmwmw
Iaﬁimwoo
|q\|4:-mw

FOURTH gUARTER
-ENG Oral Communication

T-PHY 101 Physics: Properties of Matter
T-DFT 113 Electronic Drafting '
T-ELN 123 Electronics III

”Ri-hmmo
”qmaaw




_ ) Hours Per Week Quarter
o , Hours
FIFTH QUARTER ' , Class Lab. Credit
Social Science Elective* 3 .
T-PAY TOZ Physics: Work, Energy, Power
T-ELN 241 Electronic Systems I
T-ELN 218 Pulse, Logic & Digital Circuits

0 3
3 2 4
3 6 5
3 4 5

= Y I

SIXTH QUARTER ’
ocial Science Elective*

T-PHY T04 Physics: Light & Sound

T-ELN ___ Electronic Systems II: (Special-
ized Elective)

T-ELN 219 Digital Fundamentals

SEVENTH g%ARTER '
- ectronics Design Project 0
T-ELN Electronic Systems ‘III: 5
— (Specialized Elective) R
Elective o . "
- o : 5

Tota] Quarter Hours in Courses
. ‘ ) E]ectjves
e , ; -.'j;- Total

', *Refer to electives suggested in this guide.




ENGINEERING TECHNOLOGY

(ALTERNATE LENGTH CURRICULUM)
Electronics

SUGGESTED SIX QUARTER CURRICULUM

Course Title - Hours Per Week Quarter
Hours
FIRST QUARTER - Class Lab. Credit
-EN rammar 3 0 3
T-MAT 101 Technical Mathematics 5 0 5
T-DFT 113 -Electronic Drafting 2 6 4
T-ELC 112 Electrical Fundamentals I 5 6 7
' ~ T 1 T8
SECOND ?UARTER
T-ENG Composition 3 0 3
T-MAT 102 Technical Mathematics 5 0 . 5
T-ELC 113 Electrical Fundamentals II 3 6 )
T-ELN 121- Electronics I 3 4 5
L o 18
THIRD QUARTER
-ENG Report Writing 3 0 3
T-MAT 103 Technical Mathematics 5 0% 5
- T-ELC 114 Electrical Fundamenta]s Il 3 2 4
T-ELN 122 Electronics II 5 6 7
FOURTH g%ARTER
- ral Communication 3 0 3
T-PHY 101 Physics: Properties of Matter 3 2 4
T-ELN 241 -Electronic Systems I 3 6 5
T-ELN 123 Electronics 111 3 4 5
- 2 1T




Hours Per Week Quarter =~ -~

Hours
FIFTH QUARTER Class Lab. Credit
— — Social Science Elective* 3 0 3
T-PHY 102 Physics: Work, Energy, Power 3 2 4
T-ELN ___ Electronic Systems II: (Spe- 5 4 7
cialized Elective)
T-ELN 218 Pulse, Logic & Digital Circuits 3 4 5
71T T
SIXTH QUARTER
___ Social Science Elective* 3 0 3
T-PHY 104 Physics: Light & Sound 3 2 4
T-ELN 219 Digital Fundameatals 3 4 5
T-ELN 246 Electronics Design Project 0 6 3
Elective 1
: 39 ZZ T
Total Quarter Hours in Courses : 100
: Electives 8
Total [

‘*Refer to electives suggested in this guide.
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 ENGINEERING ‘TECHNOLOGY

ELECTRONICS
- COURSE_DESCRIPTIONS BY QUARTERS

| Hours Per Week  Quarter
: _ ; . -, Hours
FIRST QUARTER . Class  Lab. " ‘Credit

T-ENG 101 _Grammar : 3 - 0 3
esigned to aid the student in the improvement of self-expression
through writing. Emphasis is on grammar, diction, sentence:structure,
punctuation, and spelling. It is intended “to stimulate stidents in -
applying the basic principles of English grammar in their day-to-day
situations in industry and social 1ife. -
Prerequisite: None. -

T-MAT 101 Technical Mathematics 5 « 0. §

e real number systems is developed as an extension of natural numbers.
Number systems of various bases are introduced. ~Fundamental algebraic
operations;, the rectangular coordinate system, as well as:fundamental
trigonometric concepts and operations are introduced. The application

- of these principles to practical problems is stressed. - S ,
Prerequisite: Sati sfaci::tory"evidenc_é; that -admission requirements have
o __._-mn_m . Lo . e : .

T-ELC_ 112 Electrical Fundamentals T -5 6 7
qualitative study of units o measurement, electrical quantities,
simple circuits, electromotive forces, current,. power , -Taws, basic

. electrical instruments  and measurements, resistance,: 1mpedance and. basic

circuit components. - Concepts taught are generally.limited

mentals with very 1ittle emphasis placed on quanti tative aspe
atory work ‘will teach the proper use and -care-of basic ;hand. toc
- the basic manual skills.used in working with electricity. ‘Measur
- techniques and safety practices will be stressed throughout; .
Prerequisite: . None. : S I
_SECOND QUARTER | _
T-ENG 102 Composition - | 3. 04 3
Engl1ish composition is designed to aid the student in impravement of
self-expression by means of practical appl jcation 1in business and
technical writing. Emphasis is on writing sentences, ‘paragraphs.
and compositions. ''Prerequisite: T-ENG101. R
. THAT 102" Technical Mathematics . 5 S I - |
- K continuation of TMAT TOT. Advanced-algebraic and trigorométric -
g quadratics,: logarfthms,: determinants, progressions,
Xpansion, ‘complex - numbers, :solution of “oblique :tri

. trigonametric functions are ‘studied 1n.depth,--
.. -HATqulQ; S I I -
S At

n :{v‘.  1. ;;i  .;}ij :§/j5V£1f,'j-  “

angles = - -



T-ELC 113 Electrical Fundamentals II 3 6 5
Additional electrical concepts and circuit analysis procedures as applied
to more complex two terminal and simple two port networks are introduced.
Laboratory work will include additional measurement techniques with
emphasis on verification of theoretical concepts.

Prerequisites: T-ELC 112 (or equivalent), T-MAT 101.

T-ELN 121 Electronics I 3 4 5
Presents qualitative electronics concepts beginning with systems and
networks and proceeding to devices. Typical networks such as power
supplies, amplifiers, oscillators, and feedback circuits are introducéd.
Solid state devices and vacuum tubes are introduced as idealized devices.
Experience is provided in basic troubleshooting techniques. Instruments
are introduced as needed for simple testing and measurements.
Corequisite: T-ELC 113.

THIRD QUARTER

T-ENG 103 Report Writing 3 0 - 3

The fundamentals of English are utilized as a background for the organi-
zation and techniques of modern report writing. Exercises in developing
typical reports, using writing techniques and graphic devices are
completed by the students. Practical application in the preparation of
a full-length report is required of each student at the end of the

term. -The report must relate to the student's spe¢ifi¢ curriculum.
Prerequisite: T-ENG 102.

T-MAT 103 Technical Mathematics -5 0 5

The fundamental concepts of analytical geometry, differential and

integral calculus are introduced. Topics included are graphing techniques,
geometric and algebraic interpretation of the derivative, differentials,
rate of change, the integral and basic integration techniques. Appli-
cations of these concepts to practical situations are stressed.
Prerequisite: T-MAT 102.

T-ELC 114 Electrical Fundamentals III 3 ? 4
Advanced circuit analysis techniques as applied to two port passive
networks are introduced with emphasis on analysis and mathematical
computations. Laboratory experiences are used to support analysis
activities. _

Prerequisites: T-ELC 113, T-MAT 102.

T-ELN 122 Electronics ]I 5 6 7

A quantitive study beginning with active control devices and proceeding
to networks. A variety of equivalent circuit models are used to evaluate
device and system parameters and predict circuit performance. Instru-
ments are used in the laboratory to collect data, verify math predictions,
and troubleshoot. :

Prerequisite: T-ELN 121.

38

T-045 12 3/76



FOURTH QUARTER ‘

T-ENG 204 Oral Communication 3 0 3

The principles, techniques, and practical app11cat1ons of commun1cat1ng
the thoughts and personality through the voice and visible action of
the individual to one or more persons for the purpose of achieving

a previously determined response. Areas covered vary according to
class needs, but, in general, include: basic concepts, nonverbal

and verbal language, vocal usage, speech preparation (ana]yzing audience
and occasion, determining purpose, selecting and narrowing subject,
gathering and organizing material, wording, and practicing aloud),

and effective 1istening.

Prerequisite: None.

T-PHY 101 Physics: Properties of Matter 3 2 4

A fundamental course covering several basic principles of physics.
The divisions included are solids and their characteristics, liquics
at rest and in motion, gas laws and applications. Laboratocry experi-
ments and specia]ized problems dealing with these topics are part of
this course.

Prerequisite: None.

T-DFT 113 Electronic Lrafting 2 6 4

The fundamentais of dratting are presented with an emphasis on applica-
tions in the elactronics field. Basic skills and technigues are
included such #s the use of drafting instruments, types of drawings,
construction of drawings both with instruments and freehand, lettering
and dimensioning, aud how to read prints. In addition to basic skills,
specialized experience will be included which directly relates to the
electronics industry, such as types of drawings common to electronics,
special symhols used, schematic diagrams, and layout diagrams with

an emphasis < prianted circuit work.

Prerequisite: None.

T-ELN 123 Electronics III . 3 4 5
Continues the study of active networks. Emphasis is on the analysis
and design of both networks and active circuits. In addition fundamen-
tals, design techniques, and typical applications of linear integrated
circuits are introduced.

Prerequisites: T-ELN 122, T-MAT 103.

FIFTH QUARTER

T-PHY 102 Physics: Work, Energy, Power 3 2 4

Major areas covered in this course are work, energy, and power. Instruc-
tion includes such topics as statics, forces, center of gravity and
dynamics. Units of measurement and their applications are a vital part
of this course. A practical approach is used in teaching students the
use of essential mathematical formulas.

Prerequisites: T-MAT 101, T-PHY 101.

T-ELN 241 Electronic Systems I 3 6 5

A general survey of electronic systems with emphasis on their descript1on
in block diagram format. Systems to be studied are those used in
communications, computing, measurement, automatic control, and others

of a specialized nature as appropriate.

Prerequisite: T-ELN 123.

T o5 13 3/76




T-ELN 218 Pulse, Logic and Digital Cir- 3 4 5

cuits ’
Emphasizes the study of wave shaping and-non-sinusoidal wave generating
circuits using discrete and integrated components. Wave shaping topics
include simple passive wave shaping circuits and more complicated
wave shaping circuits using active devices. Topics covered under non-
sinusoidal wave generating circuits include multivibrators, sweep
generators, and other types of special purpose circuits using discrete
and integrated components. An introduction to Boolean algebra and its
applications for the simplification of logic circuits is also included.
Prerequisite: T~ELN 123.

SIXTH QUARTER

T-PHY 104 Physics: Light & Sound 3 2 4

A survey of the concepts involving wave motion leads to a study of
sound, its generation, transmission and detection. The principles of
wave motion also serve as an introduction to a study of light, illumi-
nation and the principles involved in optical instruments. Application
is stressed throughout. f

Prerequisites: T-MAT 101, T-PHY 101.

5 4 7

(Chcose appropriate title and course description from elective section.)

"T-ELN 219 Digital Fundamentals 3 4 5
Emphasizes the study ot combinational and sequential logic circuits
using discrete and integrated components. Topics include: binary
arithmetic, numbering systems, Boolean algebra, storing, timing, gating,
and counting. Typical applications in industry will be presented.

Prerequisite: T-ELN 123.
SEVENTH QUARTER

T-ELN 246 Electronics Design Project 0 6 3

A lanratory class emphasing independent research and design work by
the studentu The student will select a project in consultation with
the instructor; perform the required research; compile data; formulate
a theoretical model; and construct, test, and evaluate a working model

of the selected project.
Prerequisite: T-ELN 241,

T-ELN (243/248/250) Electronic.Systems III: 5 ... . 4 ... 7 .
Options:™ ' T _Computers, or (3) Autdmatic
Control

(Choose appropriate title and course description from elective section.)

40
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ELECTIVES

The following is a 1ist of electives for this curriculum from which the
institution may select courses to complete the program of study. The
institution has the prerogative to develop new courses for the electives
or modify courses from the suggested 19st €o fulfill local objectives.
It is suggested, however, that technical courses be related to the
major area of study. The

or objectives program nor create a false impression of pro-
ficiency in an area either related or foreign to the major. |

Elective courses selected must be associate degree courses or new courses
should be developed at a comparable level. The institution may elect

t? r:?uire certain electives or may let the student select an appropriate
elective.

ELECTRONICS

T-ELN 242 Electronic Systems II: 5 4 7
Lommunications '

Introduction to fundamental aspects of electronic communication systems
with special emphasis on need for modulation, types of modulation,
frequency zpectra and bandwidth re?uimnents. Qualitative study of
the principles of AM, SSB, and FM including the generation and .
detection of signals and their frequency spectra. Transmission and
propagaticn of radio si?nals will be studied. R
Prerequisite: T-ELN 241. T

T-ELN 243 Electronic Systems III: 5 4 7
omnunications

Study of specialized electronic communication systems such as TV,
microwave, radar, and optical communication systems. Discussion of
sampling and pulse systems including techniques of multiplexing such
us PAM, PDM, PCM, . and PPM.

Prerequisite: T-ELN 242,

T-ELN 247 E ni I1: 5 4 7

r .
The course consists of a functional block diagram analysis of a number
of dig:tal computer systems. Emphasis is placed on the mini/micro
computer variety currently being used in industry. The 1ab will provide
practice in manipulating the hardware and software associated with
such computers. ‘
Prerequisite: T-ELN %’l .
Corequisite: T-ELN 217,

)
o
"

T-ELN 248 Electronic Systems III: 5 4 7
This course gmj: g%h the detailed theory of the computer systems pre-
1-045 15 3/76
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viously covered followed by troubleshooting and maintenance procedures.
The 1ab consists of digital measurements in support of operation theory
followed by actual troubleshooting practice, dealing with systems
analysis and diagnostic procedures.

Prerequisite: T-ELN 247,

T-ELN 249 Electronic Systems II: 5 4 7
Automatic Control
Aut ic control concents in i and

standards are introduced. Laboratory exercises are provided on simulated
or generalized measurement and control systems that include indicators,
recorders, and controllers. Emphasis is placed on process or system
stability using various types of controllers. Final control elements

and their characteristics are studied. Graphical analyses and solutions
of process control systems are included.

Prerequisite: T-ELN 241,

T-ELN 250 Electronic Systems III: 5 4 7

Automatic Control ,
A study of automatic control theory and processes including the character-
istics and mathematical models of linear systems. Practice is provided
in specifying and selecting process or automatic control parameters
and equipment. Electronic and mechanical controls are introduced as
well as the use of the minicomputer in the control loop. Practical analysis
and evaluation on actual or simulated processes or systems is covered in
the laboratory. 4 .
Prerequisite: T-ELN 249,

SUPPORTING TECHNICAL ELECTIVES

T-MAT 201 Technical Mathematics 5 0 5

A continuation of T-MAT 103. More advanced concepts of differentiation
and integration are considered. Included are graphs and derivatives

of the trigonometric functions, exponential and logarithmic differenti-
ation and integration, advanced integration techniques, polar equations,
parametric equations and Fourier series.

Prerequisite: T-MAT 103,

T-ELN 225 Transmission and Propagation 3 ' 0 3

An Tntroduction to the electromagnetic radiation, principles of

antenna, radiation patterns and field strength. The characteristics

and use of transmission lines in radio frequency application. Factors
involved in proEagation, ground waves, réflections, sky waves, atmospheric
effects, ionosphere, fading, noise, static, wire radiators, directive
gain, effect of ground, impedence, antenna systems and arrays.
Prerequisite: T-ELN 105.

Corequisite: T-ELN 205.

T-ELN 227 UHF and Microwave Systems 5 4 7
K~study of UHF and VAF components, circuits, and measurement techniques.
The use of distributed constant elements, waveguides and coaxial cables,
microwave links, high frequency oscillators, magnetrons, klystrons,

T-045 16 | 3/76
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traveling wave tubes. An introduction to the use of the Smith Chart.
Prerequisite: T-ELN 225.

T-MAT 208 Calculus and Laplacé Transforms 5 0 5

. for tlectronics
An investigation of the methods of calculus which are the most direct
use in the study of electronic circuits. Introduction to selected %
topics from differential equations and laplace transforms and applica-
tions of these methods to the solution of electronic circuit problems.
Prerequisite: T-MAT 201-.
Corequisite: T-ELN 218 or T-ELN 214,

T-ELN 233 F.C.C. First and Second Class 4 0 4
License o

To provide a knowledge of transmitter electronics to the level required

of an examinee for the F.C.C. Radiotelephone Operator 1st and 2nd Class

License.
Prerequisite: Instructor's approval.
T-EGR 106 Fortran with Engineering 3 0 3

Applications
Deals with the method in which computers are used to solve engineering
problems. A scientific programming language (FORTRAN) is used to
solve practical examples of engineering problems.
Prerequisite: Instructor's approval.

T-ELN 240 Digital Computers 3 0 3
An expToration Tnto-the methodology of counting and computing. Various.

computer techniques will be investigated inciuding: non-sinusodial
waveforms, binary and decade counters, industrial counters, readout
devices, logic circuits, arithmetic circuits, storage devices, input-
output devices, computer control, analog and digital converters.
Prerequisite: T-ELN 218 or T-ELN 214.

T-MEC 110 Fundamental Mechanisms 2 4 4

A study of the purpose and actions of cams, cables, gear trains, differ-
entials, screws, belts, pulleys, shafts, levers, and other mechanical
devices used to transmit or control signals.

Prerequisite: T-PHY 102. .

T-ELN 235 Industrial Instrumentation 4 6 7

Broad Introduction to use of industrial electromechanical and elect
circuits and equipment. Provides an understanding of the methods,
techniques, and skills required for installation, service and operation
of a variety of industrial control systems. Analysis of sensing devices
for detecting changes in pressure, temperature, humidity, sound, Tight,
ﬁlectricity, the associated circuitry and indicating and recording
evices.

Prerequisites: T-ELN 205, T-PHY 104.

T-MEC 235 Hydraulics and Pneumatics 3 3 4

The basic theorfes of hydraulic and pneumatic systems. Combinations

T-045 17 3/76
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of systems in various circuits. Basic designs and functions of circuits
and motors, controls, electrohydraulic servomechanisms, plumbing, filtra-
tion, accumulators and reseryoi rs. ) ~

Prerequisite: T-PHY 102.

T-PHY 231 Fluid Mechanics _ , 3 0 3
uncamental laws of flu low and applications of these laws to the
sizing of hot and copd water piping, steam piping, refrigerant piping,
air ducts, pumps, and fans. Particular emphasis will be directed to

calculations_of c i1 y

== S neuu TCH
fans; to comparison of the several methods of piping and air duct
sizing; and to methods of fluid flow measurement.
Prerequisites: T-MAT 103, T-PHY 102,

T-MEC 240 Measuring Principles ‘ 1 3 2
study of the more common sens ng elements and components which are
generally classified as_mecharfical instruments. The devices studied
are those which are employed for measurement of temperature, pressure,
flow and related .phenomena. Emphasis 1s placed upon the few basic
principles which are used in a wide variety of instruments avaijlable
for process control. ‘
Prerequisites: T-MAT 103, T-PHY 101.

T-PHY 209 Thermodynamics 3 0 3
A basic course to famiTiarize the student with the principles of thermo-

dynamics. Topics include heat, temperature, work and the first and
second laws of thermodynamics, with basic applications.  Gases, vapor
cycles, combustion and the internal combustion engine are studied..
Corequisite: T-PHY 102, e e e e -~

L
s o = < v .
e s

T-MAT 225 Numerical Analysis 5 0 s
A deveTopment of the maghematical principles upon which many computing

- methods are based. “Topics introduced -include theory of errors, numerical

integration and d1fferent1at1qn, summation procedures, numerical solution
of equations, and approximations of various types. - .
Prerequisite:  T-MAT 201.

T-ELN 208 Industrial Electronics 5 3 6
ectronics as applied to a production system, rectification; electroni-
cally controlled rectifiers, servomechanisms, motors; magnetic amplifiers;
ultrasonic cleaning; and variable strobe 1ight.

Prerequisite: T-ELN 121 or T-ELN 105.

T-EGR 105 Computer Techniques 3 2 4
Fundamenta¥ concepts and operational principles of the computer are
introduced. Various computer subsystems will be investigated including
input-output devices, arithmetic units, storage systems, and computer
control, Typical applications in industry will be presented.

Prerequisite: None.
T-ELN 230 Television Systems 4 6 7
study of the principTes o elevision including the television system,
camera tubes, scanning and synchronization, composite video signal,
T-045 g 18 3/76
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receiver circuits, transmitting equipment, color'telev1s1on,-and closed-
loop systems.
Corequisite: T-ELN 218, T-ELN 214.

T-ELN 236 Color Television 5 6 7
rinciples of colorimetry and the physics of color as they relate to
the NTSC Standard Color Television System are introduced.. The color

camera, chrominance section, matrixing sections and synchronization )

circuits are studied from schematics. Specialized color testing and
alignment equipment are studied and used in the laboratory. :
Prerequisite: T-ELN 230.

T-ELN 226 Control Systems Analysis 3 6 5
A study of the response of systems to instrument control based upon
consideration of the systems components. Negative and positive :
feedback along with the implications of closed-loop control are covered.
Sequence of operation to include ladder diagrams and interiocks, legic
diagrams, and relay circuits.

Prerequisite: T-ELN 101.

T-CHM 104 Industrial Chemistr 3 3 4

Study of fundamental principTes of chemistry including structures,

chemical bonding, the periodic system, chemical reactions, and

solution chemistry. De:~riptive chemistry i1lustrating various indus-

- trial applications. Des:igned to develop a background for further
studies in metallurgy and other engineering materials. -

Prerequisite: None. SR R

T-ELC 210 Rotating Devices ' 2 2 3
Introduction to e1ecfr§ca1 machinery. AC and DC motor and generator

pringiples, synchros and servomechanisms, alternators and dynamotors,
Ward-Leonard and amplidyne control systems will be analyzed. A general
knowledge of the theory, operation, and maintenance of these devices
and systems will be stressed.

Prerequisites: T-ELC 114 or T-ELC 102, T-PHY 102.

T-ELN 244 Feedback Control Systems 3 2 4

An Tntroduction to the theory and application of feedback control
principles, including the characteristics of 1inear feedback

- systems, transfer functions, open and closed-loop networks, first and
second order damping circuits, complex-plane analysis, the root locus,
flow diagrams, gain-phase relationships, and systems design utilizing

Bode and Nichols charts.
Prerequ1sites; T-ELN 122, T-MAT 102.

T-MAT 211 Basic Statistics 3 0 3

An introduction to basic concepts of statistics including point and
interval estimates; dh1-sguare; frequency distribution; ratios, rates

and percentages. Normal distribution, mean and standard deviation, -
interval estimates, t-distribution, and coefficient of variation

gre cov$r$d. N
rerequisite: None.

45
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SOCIAL SCIENCE ELECTIVES

i

}-ssc 201 ’Social Science . towe 30 0 3
n integrated course in the social sciences drawing from the fields

of anthropology, psychology, history, and sociology.

~ Prerequisite: None.

T-SSC_ 202 Social Science 3 0 3
urther study of social sciences with em it

CaT"SCTENCE, and social problems as they relate to the individual,
Prerequisite: T-SSC 201, S :

T-PSY 206 Applied Psycholo 3 -0 3

R study of the pr?ncip‘es of psychology that will be of assistance

in the understanding of inter-personal relations on the job. - Motiva-
tion, feelings, and emotions are considered with particular reference
to on-the-job problems.” Other topics investigated are: emplGyee
selection, supervision, job satisfaction, and industrial-confiicts,
Attention is also-given to personal and group dynamics so that the *---
student ‘may learn to apply the principles of mental hygiene te his
adjustment problems as a worker and a member of the general community.

~ Prerequisite: None.

T-8SC_205. American Institutions o 3 0 3
study of the effect of rican social, economic, and political

institutions upon the individual as a citizen and as a worker. The .

course dwells upon current local, national, and global problems. .viewed

in the 11ght of our political and economic heritage. . . . . .. .. - . ___
~Prevequisite: “Nome. |

T-POL 201 United States Government 3 o .3 .
study of government with emphasis on basic concepts, structure, powers,
procedures and problems, - Ce '

Prerequisite: None.

T-S0C 207 Rural Society | , .3 0 3
study of selected elements of rural sociology with emphasis on
current social changes. ‘The course provides a sociological background
for the understanding of rural social changes. Areas of study include -
rural culture, group relationships, social classes, rural and. suburban
communities, farm organizations, the communication of agricultural

techno]og:. rural social problems, agricultural adjustment and popu- -
lation change. ~ ‘
Prerequisite: None,

T-ECO 108 Consumer Economics 3 0 3
signed to help student use his resources of time, energy, and

money to get the most out of 11fe, It gives the student an opportunity

to build useful skills in buying, managing his finances, increasing his
resources, and to understand better the economy in which he 1ives.
Prerequisite: None. ,

T-045 20 3/76
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~. ENGINEERING TECHNOLOGY
ELECTRICAL = . .

SUGGESTED SEVEN QUARTER CURRICULUM

Course Title Hours Per Week - Quarter

T FIRST Q%ARTER
o -ENG Grammar -
20 T-MAT 101 Technical Mathematics
: T-ELC 112 Electrical Fundamentals I

 SECOND ?UARTER ‘
- T-E 02° Composition ‘
T-MAT 102 Technical Mathematics

T-ELC 113 Electrical Fundamentals 11
T-ELN 121 Electronics 1

THIRD Q¥ARTER
eport Writing

T:MAT 103 Technical Mathematics
T-ELC 114 Electrical Fundamentals III
T-ELN 122 Electronics II

FOURTH gUARTER .
ral Communication

T-PHY - 101 Physics: Properties of Mutter
T-DFT 113 Electronic Drafting
T-ELN 123 Electronics 111

3 0 3
3 2 4
C 6 4
3 4 5
AR S [

-t




- ' Hours Per Week agaglg;mtwm~vfﬂvm

FIFTH QUARTER ' , Class Lab. ‘Credit
— Socfal Scierce Electlve* 0 3
TPAY 102 Physics: Work, Energy, Power
T-ELC 211 Electrical Machines I -
T-ELC 221 Electromagnetic Controls
T-ELC 204 Electrical Circuits

ol
Il—dwwwm

— '
Hmowaa

SIXTH ggARTER
ocial Science Elective*

- T-PHY TﬁI Physics: - Light & Sound
T-ELC 212 Electrical Machines 11
T-ELC 222 Solid State Controls

Elective

———

“q @ o w w
1
”ﬂ wwrno
”qmaaow

SEVENTH QUARTER | R
T-ELN Egg TIndustrial Instrumentatlon ‘
T-ELC 235 Planning Electrlcal Installations

. Elective.

 e—
\

lf
1R =
o

we Total Quarter Hours in Courses “ e .
. | ' Electives . _ 8 o
- . - Total - L ' - T

A

*Refer to electives suggested in this guide.
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T ENGINEERING TECHNOLOGY

(ALTERNATE LENGTH CURRICULUM)

ELECTRICAL

SUGGESTED SIX QUARTER CURRICULUM

Course Tit]e

FIRST QUARTER

T-ENG 101 Grammar

T-MAT 101 Technical Mathematics
T-DFT 113 Electronic Drafting

T-ELC 112 Electrical Fundamentals I

SECOND ?UARTER

T-ENG 102  Composition

T-MAT 102 Technical Mathematics .
T-ELC 113 Electrical Fundamentals II

T-ELN 121 Electronics I

THIRD QUARTER
T-ENG 103 Report Writing

T-MAT 103 Technical Mathematics
T-ELC 114 Electrical Fundamentals III
T-ELN 122 Electronics II

FOURTH gUARTER _
ral Communication

T-PHY 101 Physics: Properties of Matter
T-ELC 211 Electrical Machines I
T-ELN 123 Electronics II1I

Hours. Par Week—Quarter—
Hours
Class Lab. Credit
3 0 3
5 0 5
2 6 4
5 6 7
15 2- 1o
3 0 3
5 0 5
3 6 5
3 4 5
AL - T8
3 0 3
5 0 5
3 2 4
5 6. 1
- Te” 8 T
3 0 3
3 2 4
3 "3 4
3 4 5
1 9 T
10/76
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Hours Per Week Quarter

*Refer to electives suggested in this guide.

T-044

* 52
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: , Hours '
FIFTH QUARTER Class Lab., Credit
Social Science Elective* 3 0
T-PAY 102 Physics: Work, Energy, Power 3 2 4
T-ELC 204 Electrical Circuits 3 3 4
T-ELC 221 Electromagnetic Controls 2 3 3
, T-ELC 212 Electrical Machines I1I 3 3 4
‘ R (=
SIXTH QUARTER
. Social Science Elective* 3 0 3
T-ELC 222 Solid State Contiols 3 3 4
T-ELN 237 Industrial Instrumentation 3 3 4
T-ELC 235 Planning Electrical Installations 3 6 5
] ___ Elective 1
1Z_ 2 17
Total Quarter Hours in Courses 107
Electives ]
Total T8

10/76
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ENGINEERING TECHNOLOGY

ELECTRICAL
COURSE DESCRIPTIONS BY QUARTERS
Yours Per Week Quarter
: - . Hours -
FIRST QUARTER _ . L1265~ ——leitby

T-ENG 101  Grammar ‘ 3 0 3
. Designed to ald the student 1n the -improvement of~se1f-expressjon
through writing. Emphasis {s on grammar, diction, sentence structure,
. punctuation’, “and spelling. It 1s {intended to stimulate students in
applying the basic princ ples of English grammar in their day-to-day
situations 1n industry and socfal 1ife.

Prerequisite: None.

T-MAT 101 Technical Mathematics 5 .0 5

e real number systems 1s deve oped as an extension of natural numbers .
Number systems of varfous bases are introduced. Fundamental algebraic
operations, the rectangular coordinate system, as well as fundamental
trigonometric concepts and operations are introduced. The application
of these principles to practical problems is stressed.
Prerequisite: gatisfactony evidence that admission requirements have

een met. _

T-ELC 112 Electrical Fundamentals I 5 6 7
qualitative study of units of measurement, electrical quantities,
simple circuits, electromotive forces, current, power, laws, basic
electrical instruments and measurements, resistance, impedance and
basic circuit components. Concepts taught are generally 1imited to
fundamentals with very 1ittle emphasis placed on quantitative aspects.

~ ment techniques and safety practices will be stressed throughout.
Prerequisite: None.

SECOND QUARTER

T-ENG 102 Composition 3 0 3
EngTish composigion Ts designed to aid the student in improvement of
self-expression by means of practical application 1n business and
technical writing. Emphasis s on writing sentences, paragraphs

and compositions.

Prerequisite: T-ENG 101.

T-MAT 102 _Technical Mathematics 5 0 5

continuation of 1- ] vanced algebraic and trigomsmetric
topics including quadratics, logarithms, determinants, rogressions,
the binominal expansion, complex numbers, solution of ovlique triangles
-and-graphs of the trigonometric functions are studied in depth.
Prerequisite: T-MAT 101. '

T-044 7 ' 10/76
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T-ELC 113 Electrical Fundamentals Il 3 6 5
Additional electrical concepts and circuit analysis procedures as applied
to more complex two terminal and simple two port networks are introduced.
Laboratory work will include additional measurement techniques with
emphasis on verification of theoretical concepts.

Prerequisites: T-ELC 112 (or equivalent), T-MAT 101.

T-ELN 121 Electronics I 3 4 5
__Presents qualitative electronics concepis L. .nning with systems and

network$ and proceeding to devices. Typical networks Such as power
supplies, amplifiers, oscillators, and feedback circuits are¢ introduced.
Solid state devices and vacuum tubes are introduced as idealized devices.
Experience is provided in basic troubleshooting techniques. Instruments
are introduced as needed for simple testing and measurements.
Corequisite: T-ELC 113.

THIRD QUARTER

N

T-ENG 103 Report Writing 3 0 3
‘The fundamentals of English are utilized as a background for the organi-
zation and techniques of modern report writing. Exercises in developing
typical reports, using writing techniques and graphic devices are
completed by the students. Practical application in the preparation

of a full-length report is required of each student at the end of the
term. The report must relate to the student's specific curriculum.
Prerequisite: T-ENG 102.

T-MAT 103 Technical Mathematics 5 0 5
The fundamental concepts of analytical geometry, differential and
integral calculus are introduced. Topics included are graphing
techniques, geometric and algebraic interpretation of the derivative,
differentials, rate of change, the intergral and basic integration
techniques. Applications of these concepts to practical situations
are stressed.

Prerequisite: T-MAT 102.

T-ELC 114 Electrical Fundamentals III 3 2 4
Advanced circuit analysis techniques as applied to two port passive
networks are introduced with emphasis on analysis and mathematical
computations. Laboratory experiences are used *o support analysis

activities. ,
Prerequisites: T-ELC 113, T-MAT 102.
T-ELN 122 Electronics II 5 6 7

A quantitive study beginning with active control devices and proceeding
to networks. A variety of equivalent circuit models are used to

- evaluate device and system parameters and predict circuit performance.
Instruments are used in the laboratory to collect data, verify math
predictions, and troubleshoot.
Prerequisite: T-ELN 121.

54
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FOURTH QUARTER

T-ENG 204 Oral Communication 3 0 3

The principles, techniques, and practical applications of communicating
the thoughts and. personality through the voice and visible action of
the individual to one or more persons for the purpose of achieving

a previously determined response. Areas covered vary according to
class needs, but, in general, include: basic concepts, nonverbal

and verbal language, vocal usage, speech preparation (analy:ing
audience and occasion, determining purpose, selecting and narrowing . .
subject, gathering and organizing material, wording, and practicing
aloud), and effective 1istening. .
Prerequisite: None.

T-PHY 101 Physics: Properties of Matter 3 2 4
A fundamental course covering several basic principles of physics.

The divisions included are solids and their characteristics, 1iquids

at rest and in motion, gas laws and applications. Laboratory experi-

ments and specialized problems dealing with these topics are part of
‘this course. : ' .
Prerequisite: None.

T-DFT 113 Electronic Drafting 2 6 4

The fundamentals of drafting are presented with an emphasis on applica-
tions in the electronics field. Basic skills and techniques are
included such as the use of drafting instruments, types of drawings,
construction of drawings both with instruments and freehand, lettering
and dimensioning, and how to read prints. In addition to basic skills,
specialized experience will be included which directly relates to the
electronics industry, such as types of drawings common to electronics,
special symbols used, schematic diagrams, and layout diagrams with

an emphasis on printed circuit work.

Prerequisite: None.

T-ELN 123 Electronics III 3 4 5
Continues the study of active networks. Emphasis is on the analysis

and design of both networks and active circuits. In addition, fundamen-
tals, design techniques, and typical applications of linear integrated
circuits are introduced. .
Prerequisites: T-ELN 122, T-MAT 103.

FIFTH QUARTER

T-PHY 102 Physics: Work, Energy, Power 3 2 4

Major areas covered Tn this course are work, energy, and power. Instruc-
tion includes such topics as statics, forces, center of gravity and.
dynamics. Units of measurement and their applications are a vital part
of this course. A practical approach is used in teaching students the
use of essential mathematical formulas..

Prerequisites: T-MAT 101, T-PHY 101.
55
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T-ELC 211 Electrical Machines I 3 3 4
Principles, construction, characteristics, applications and control of
direct current generators and motors. Advanced alternating current
circuit analysis in polyphase systems is covered. Includes a survey
of induction motors, transformers, alternators, and generators.
Experience provided in specifying and wiring machines.

Prerequisite: T-ELC 114.

T-ELC- 204- Electrical Circuits - 3 -3 4 ' Co
Advanced alternating current circuit analysis, network equations and

theorems, polyphase circuits, balanced and unbalanced three-phase

circuits, polyphase rectifiers and measuring power in polyphase systems

are covered.

Prerequisite: T-ELC 114,

T-ELC 221 Electromagnetic Comtrols . = .. .. 2 3 .3 e
R study of control components anc schematic motor control wiring

diagrams. —Motor starters, master controllers, protective devices,

rotating and magnetic amplifiers ind regulators are introduced.

Prerequisite: T-ELC 114. '

SIXTH QUARTER

T-PHY 104 Physics: -Light & Sound 3 2 4

A survey of the concepts involving wave motion leads to a study of
sound, its generation, transmission and detection. The principles of
wave motion also serve as an introduction to a study of 1ight, illumi-
nation and the principles involved in optical instruments. Application
is stressed throughout. ' .

Prerequisites: T-MAT 101, T-PHY 101.

T-ELC 212 Electrical Machines II 3 -3 4
Principles, construction, operation, application, and control of single-
phase and polyphase power converters, and motors and generators,. special- -
‘zed motors. Single-phase and polyphase transformers, auto transformers :

and parallel operation of alternators are covered.
Prerequisite: T-ELC 211. :

T-ELC 222 Solid State Controls _ 3 34

" "“Introduction to static switching circuits and controls, Boolean algebra,
static switching applications involving logic components, and design
of control circuits. Dynamic controls -involving solid state devices
such as the transistor, integrated circuit, and digital readout. Mini-
computers and their relationship to the control of machines and manu-
facturing processes will be studied.
Prerequisite: T-ELC 211.

56
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SEVENTH QUARTER

T-ELN 237 Industrial Instrumentation 3 3 4

study of basic principles and instruments for the measurement and
control of industrial processes. Laboratory experiments in the use
and application of electronic, pneumatic, and hydraulic measurement
devices to measure temperature, pressure, flow, 1ight, and pH.
Prerequisite: T-ELN 122, T-ELC 21V.

T-ELC. 235 Planning Electrical .Installations- 3 - ... 6 -
amtliarization with the National ETectrical Code; the power require-

ments and typical design of industriai and commercial installations.

Design and calculation of illumination and electrical cooling and

heating.

Prerequisite: T-ELC 114.

ELECTIVES

The following is a 1ist of electfves for this curriculum from which the:
institution may select courses to complete the program of study. The
institution has the prerogative to develop new courses for the electives
or modify courses from the suggested 1ist to fulfill local objectives.
‘It is suggested, however, that technical courses be related to the
major area of study. These courses should not change or alter the major
objectives of the program nor create a false impression of proficiency
in an area. either related or foreign to the major.

Elective courses selected must be associate degree courses or new courses
should be developed at a comparable level. The institution may elect

to re?uire certain electives or may let the student select an appropriate
elective. :

ELECTRICAL

T-ELC 23§ Powgr Di;tribution 3 3

3 4 —
gn of~electrical distribution systems for power, 1ighting and heating,
including services, switchboards, control and power panels, motor control
centers, unit substations, low and high voltage switchgear and underground
systems.
Prerequisites: T-ELC 211, T-ELC 221.

T-ELC_ 245 I11umination 2 3 3
tudy o umination principles, 1ight sources, luminaries, illumina-
tion levels, interior lighting layouts, store and office 1ighting,
;ndgstrial and architectural lighting, and roadway and floodlighting
esign. .
Prerequisite: T-ELC 114. _ ‘ ‘
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T-ELN 208 Industrial Electronics 5 3 6
Electronics as applied to a production system; rectification; electroni-
cally controlled rectifiers, servomechanisms, and motors; magnetic
amplifiers; ultrasonic cleaning; and variable strobe 1ight.
Prerequisites: T-ELN 121 or T-ELN 105. '

T-ELC 124 Commercial Wiring and Distribution 3 6 5

Layout, planning and installation of wiring systems in commercial and
industrial buildings. Emphasis on blueprint reading, electrical symbols,
and the National Electrical Code. Application of fundamentals to conduit
preparation, wiring, and installation of complete electrical systems.
Prerequisite: T-ELC 112. :

T-ELC 240 Electrical Analysis and 3 3 4
Maintenance

An introduction to troubleshooting techniques of the common problems .

of direct current and alternating current machines, transformers, circuit

breakers and regulaters. Emphasis will be on scheduling of maintenance,

lubrication; and principles of plant maintenance.

Prerequisites: T-ELC 225, T-ELN 208.

T-MEC 110 Fundamental Mechanisms 2 4 a4

A study of the purpose and actions of cams, cables, gear trains, differ-
entials, screws, belts, pulleys, shafts, levers, and other mechanical
devices used to transmit or control signals.

Prerequisite: T-PHY 102.

T-ELC 220 Electrical Instrumentation -3 4 5

Electrical meters and their movements: 1indicating, integrating, recording;
‘instrument transformers; and special metering applications. Care, operation,
calibration and maintenance of electrical meters and instruments.
Prerequisite: T-ELN 101. C

- T-ELC 250 Illumination and Estimating 3 3 4

Study of 1ight sources, luminaries, illumination levels, interior
Tighting layouts, roadway 1ighting and floodlighting design. Analysis
of plans and specifications for the preparation of electrical estimates
covering industrial, commercial and residential wiring installations.

_ Prerequisites: T-PHY 104, T-ELC 102. ..
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SOCIAL SCIENCE ELECTIVES

'7-85C 201 Social Science | 3 0

3
- An ‘Integrated course In the social science drawing from the fields

of anthropology, psychology, history, and -sociology.

" Prerequisite: None.

; tign,.feejing§,_apd;gmo;ionszgreecgnsidened:mﬂ&h;pactieulanereienence@;swW@d-.;»‘ o

r e————

T-SSC 202 Social Science 3 0 3

cal science, and social problems as they relate to the individual.
Prerequisite: T-SSC 201.

T-PSY 206 Applied Psychology 3 0 3
A study of the principles o psychology that will be of assistance
in. the understanding of inter-personal relations on the job. - Motiva-

- by

""" "to ‘on-the-job problems. Other topics investigated are: employee

selection, supervision, job satisfaction, and industrial conflicts.

- Attention is also given to personal and group dynamics so that the

Student may learn to apply the principles of mental hygience to his
adjustment problems as a worker and a member of the general community.
Prerequisite: None. - '

 T-SSC 205 American Institutions 3 0 3

A study of the effect of American social, economic, and_ political
institutions upon the individual as a citizen and as a worker. The
course dwells upon current local, national, and global problems viewed
in the 1ight of our political and economic heritage.

Prerequisite: None. ‘

T-POL 201 United States Government 3 0 3

A study of government with emphasis on basic concepts, structure, powers, e

“procedures and problems.
Prerequisite: None.--— . . .. -~

T-SOC " 207 Rural Society 3 s0 3
A study of selected elements of rural sociology with emphasis on

- current social changes. The course provides a sociological -background

R

! Designed to he p the student use his resources of time, energy, ard

- for the understanding of rural social changes. . Areas of:study:-include

-~

S—

- K further_study of social.sciencesmwith-emphasisuonmeconomics,»politi---~ e

o

~rurat-cutture; group-relationships; soctal etasses; ruraland sSuburbai-

communities, farm organizations, the communication of agricultural
technology, rural social problems, agricultural adjustment and population
change.

Prerequisite: None.

T-ECO 108 €onsumer Economics 3 0 3

. money to get the most out of 1ife. It gives the student an opportunity

~.~ Prerequisite: . None.

resources, and to:understand better t

to build useful -skills in buying, man:ging his finances, increasing his

economy in which he lives.

L - - B9 |
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£ . ENGINEERING TECHNOLOGY

; ELECTROMECHANICAL
INTRODUCT ION

Purpose of Curriculum

Advances in both manufacturing and maintenance techniques over the past
decade have made it necessary to bridge the gap between electronics and
mechanics with a technician versed in both disciplines. The multi-
discipline approach of the electromechanical technology presents overall
system functions as well as in depth study of subject areas to effect
repairs and make design changes or operational changes that would
© normally require the services of two or three single discipline technicians.
w22 This-curriculum provides-courses:to-givesthe :student-a-background--tn-...._ oo
electricity-electronics, in mechanical operations and functions, and -
in electromechanical systems covering such devices as computers, servo-
mechanisms, and numerical control systems. . '

 Career Opportuniti;;(

An electromechanical technician may find employment in many areas of
industry. He may help design, fabricate, install, and test devices which
utilize the interaction of electric impulses and mechanical controls to
produce products; control temperature,.pressure, and flow rate; or '
perform quality control functions in the manufacturing.process. The
technician may- troubleshoot, repair, and maintain specialized electro-
mechanical systems. He will be required.to use.an anmalytical approach
and the basic principles of electricity, electronics and &echanisms

" as the foundation of his work with automated:electromechanical systems.- g
A graduate of this curriculum is prepared to enter employment in industry :
and business as an engineering aide, maintenance and troubleshooting - ;
technician, field service technician, manufacturing andautomated process B
technician, or reséarch and development ‘technician. . R 5
\
S T-039 | | - 10/76
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ENGINEERING TECHNOLOGY

ELECTROMECHANICAL
SUGGESTED SEVEN QUARTER CURRICULUM

Course Title Hours Per Week Quarter
Hours
FIRST QUARTER , o ‘Class . Lab. ' Credit.
T-ENG 101 Grammar 3 0 3
T-MAT 101 Technical Mathematics 5 0 5
T-ELC 112 Electrical Fundamentals I 5 6 7
Lk 5 AL
: SECOND QUARTER
T-E 02 Composition 3 0 3
T-MAT 102 Technical Mathematics. 5 0 5
T-ELC 113 Electrical Fundamentals II 3 6 5
T-ELN 121 Electronics I 3 4 5
13 10 T8
THIRD QUARTER
T-E 03 Report Writing 3 0 3
T-MAT 103 Technical Mathematics 5 0 5
T-ELC 114 Electrical: Fundamenta]s III 3 2 4
T-ELN 122 Electronics II ' 5 6 i
[ - 18
FOURTH ggARTER ' A
' 0 ral Communication - 3 0 3 '
- = T-PHY 101 - Physics: Properties of Matter 3 2 4
— “;I:QEI~“lJ3,JE]ectrnnic_nnaftjng - 2 -6 S
: T-ELN 123 Electronics III 3 4 5
T-MEC 100 Machine Practices 2 3 3
. IOE I
T-039 “ 3 10/76
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Kuurs Fer Heek Quarter

Hours
FIFTH QUARTER Class Lab. Credit
ocial Science Elective* 3 0 3
T-MEC TO7 Applied Mechanics - § 0 5
T-ELM 211 Electromechanical Devices 3 4 5
T-MEC - 110 Fundamental Mechanisms 2 T4 4
: | 3 I
SIXTH QUARTER ot
- hysics: Light and Sound 3 2 4
T-ELN 219 Digital Fundamentals - ; 3 - 4 5
‘) . T-ELM 212 Control System Technology I 3 4 5 L o
:%waf:"-vT-MEC%%235“nydrau11csﬂahﬁfPhéﬁﬁdticiﬁ**"' G T S e R B
| Z T E
SEVENTH QUARTER
Social Science Elective* 3 0 3
T-ELN 228 Computer and Microprocessor 3 4 5
Fundamentals
T-ELM 213 Control System Technology II 3 4 5
Elective . 3
- 2 T T
R Total Quarter Hours in Courses 115
: Electives 3
. Total R IR
63
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o -T-MAT-..103 -Technical Mathematics

ENGINEERING TECHNOLOGY ' o _
(ALTERNATE LENGTH CURRICULUM)
ELECTROMECHANICAL

SUGGESTED SIX QUARTER CURRICULUM

Course Title

Hours Per Week

CFIRST QuaRTER T - Class
T-ENG 10T Grammar —3

T-MAT 101 Technical Mathematics
T-DFT 111 Electronics Drafting
T<ELC 112 E]ectrica] Fundamenta]s

SECOND'?UARTER o
omposition

T-MAT 102 Technical Mathematics
T-ELC 113 Electrical Fundamenta]s Il
| T-ELN 121 Electronics I =

5 :
: -
:llﬁ%oxoxc: o
i o I‘r:

_Qbaoq

THIRD OUﬁRTER ‘
f-ENG ‘103 Report Writing

T-ELC' 114 Electrical Fundamenta]s III
T-ELN 122 E]ectronics Il

4@&90

FOURTH UARTER 3 - : }
_T-ERG. -.Oral: COmmunication e -
T-PHY 7101 Physics: -Properties of Matter
. T-MEC 110 Fundamental Mechanisms -
T-ELN. 123 Electronics III
T-MEC 100 Machine Practices

[71 )]
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Hours Per Week  Quarter
-] . . Hours
. Credit

(o]
pr
-]
w
(7]

FIFTH QUARTER

: Social Science Elective*
T-MEC “107 Applied Mechanics :
T-ELM. 211 Electromechanical Cevices .
T-ELN 219 Digital Fundamentals

'lqumml

SIXTH QUARTER
ocial Science Elective

- T-PAY Y04 Physics: Light and-Sound
S T-ELM 212 Control. System Technology I .
s Electjve N I

o . L — B S A I

W W -

_ ““* |

t
{

0 3

2 4

¢ b
_-é;;--:-“":?h:“ﬁ_,g.?‘;;&»w

Total Quarter Hours 1n Courses

Electi log
ectives , 3
Total -~ - T08°

* Refer to electives suggeSted in this‘guide.
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T-MAT 101 Technical MathematicsHHL_Mww_ﬁm“”wfmbuxx:;M_Q;:@;:x
o the-real “numbersystems~¥s deveToped as an extension of natural

- simple circuits,“electrOmot{veﬁfprg55“QUrreng;;poNE(,fJaws,/basic_..

JPrerequisitg:' None. =
< SEOND QUARTER
T-ENG 102 Composition - . -
w~"se}f%expréssfbnfhy‘mééhsrofipractiCETTaﬁﬁlﬁéﬁtTﬁﬁan-busingss;and,.f
~~ technical writing. - Emphdsis is on writing sentences, paragraphs
and compositions. SR R P
“Prerequisite: T-ENG 104

RN 53]

ELECTROMECHANICAL ,
COURSE DESCRIPTIONS BY QUARTERS

Hours Per Week Quarter
~-- . -Hours.

FIRST QUARTER ' Class Lab. Credit
T-ENG 101 Grammar 3 0 3

N DQ%iQEQQMEQHQidMthemstudent”in.thenimprovement.Ofwse]f-expressionww -

through writing. Emphasis is on grammar, diction, sentence structure,
punctuation, and spelling. It is intended to stimulate students in
applying the basic principles of English grammar in their day-to-day
situations in industry and social 1ife. '

Prerequisite: None. = - '

L
‘numbers. -
Number systems of various bases are introduced. Fundamental algebraic '
operations, the rectangular coordinate system, as well as fundamental
trigonometric concepts and operations are introduced. The application
of these principles to practical problems is stressed. ~* - e )
Prerequisite: Satisfactory evidenteithat.admissidﬁ'reqUirements'haVe_,-

’ been met. - T C '

o an

T-ELC 112 Electrical Fundamentals ) ER 5 . 6 7

qualitative study of units of measurement, electrical quantities; .

electrical instruments ahdrmégsuremen;sgjﬁesistancﬁgiimnéqanéé'andﬁ, :

" Concepts taught are generally. 1inited to -

basic: circuit-components. A re:general .
fundamentals wjth“venyflittle;emphhﬁiSiplaééd?bngguanti:“hvve;aspggts,_
Laboratory work w111~teach}the'propér}usezahdjcgrg:qfébasic and “to
and;the’basic‘manual'sk11T§'used"ih?workihg;thhTéle't'f'

ment techniques'and;safety{bractices”wjll}be';trésser

| e 30T Qg
ng’ish compostion 1s designed to aid ‘the student in improvement of A

T-MAT 102 ' Technical Mathematics - o 5 0 - 5
continuation of T- - Advanced algebraic and trigonometric -
topics including: quadratics, logarithms, determinants, progressions,
theobinominal?expansion.‘complex,numbers,’solutﬁonlof oblique triangles
and graphs of the trigonometric functions are studied in depth.
Prerequisite: T-MAT 101. . ~ ‘ ' -
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T-ELC 113 Electrical Fundamentals II 3 6 5
Additional electrical concepts and circuit analysis procedures as applied
to more complex two terminal and simple two port networks are introduced.
l.aboratory work will include additional measurement techniques with
emphasis on verification of theoretical concepts.

Prerequisites: T-ELC 112 (or equivalent), T-MAT 101.

T-ELN 121 Electronics I 3 4 5

Presents qualitative electronics concepts beginning with systems and
networks and proceeding to devices. Typical networks such as power
supplies, amplifiers, osciilators, and feedback circuits are introduced.
Solid state devices and vacuum tubes are introduced as jdealized devices.
Experience is provided in basic troubleshooting techniques. Instruments
are introduced as needed for simple testing and measurements.
Corequisite: T-ELC 113.

THIRD QUARTER

T-ENG 103 Report Writing 3 0 3

The fundamentals of English are utilized as a background for the organi-
zation and techniques of modern report writing. Exercises in developing
typical reports, using writing techniques and graphic devices are
completed by the students. Practical application in the preparation of
a full-length report is required of each student at the end of the

term. The report must rolate to the student's specific curriculum.
Prerequisite: T-ENG 102

T-MAT 103 Technical Mathematics 5 0 5

" The fundamental concepts of analytical geometry, differential and .
integral calculus are introduced. Topics included are graphing techniques,
geometric and algebraic interpretation of the derivative, differentials,
rate of change, the integral and basic integration techniques. Appli-
cations of these concepts to practical situations are stressed. :
Prerequisite: T-MAT 102. ‘

T-ELC 114 Electrical Fundamentals III 3 2 4
Advanced circuit analysis techniques as applied to two port passive
networks are introduced with emphasis on anaiysis and mathematical
com?utations. Laboratory experiences are used to suppert analysis
activities.. _ L _

Prerequisites: ‘T-tfémf13.'T¥MAf‘i02}

T-ELN_ 122 Electronics II 5 6 7

A quantitive study beginning with active control devices and proceeding
to networks. A variety of equivalent circuit modals are used %o '
evaluate device and system parameters and predict circuit performance.
Instruments are used in the laboratory to collect data, verify math
predictions, and troubleshoot.

Prerequisite: T-ELN 121.

T-039 3 10,76 '




FOURTH QUARTER

T-ENG_ 204 Oral Communication 3 0 3

The principles, techniques, and practical applications of communicating
the thoughts and personality through the voice and visible action of
the individual to on~ or more persocns for the purpose of achieving a
previously determined response. Areas covered vary according to class
needs, but, in general, include: basic concepts, nenverbal and

verbal language, vocal usage, speech preparation (analyzing audience
and occasion, determining purpose, selecting and narrowing subject,
gathering and orgarizing material, wording, and practicing aloud), -
and effective listening.

Prerequisite: None.

T-PHY 101 Physics: Properties of Matter 3 2 4

A fundamental course covering several basic principles of physics.
The divisions included are solids and their characteristics, liquids
at rest and in motion, gas laws and applications. Laboratory experi-
ments and specialized problems dealing with these topics are part of
this course.

Prerequisite: None.

T-DFT_ 113 Electronic Drafting 2 6 4

The fundamentals of drafting are presented with an emphasis on applica-.
tions in the electronics field. Basic skills and techniques are
included such as the use of drafting instruments, types of drawings,
construction of drawings both with instruments and freehand, lettering
and dimensioning, and how to read prints. In addition to basic skills,
specialized exnerience will be included which directly relates to the
electronics industry, such as types of drawings common to electornics,
special symbols used, schematic diagrams, and layout diagrams with

an emphasis on printed circuit work.

Prerequisite: None.

T-ELN 123 Electronics III 3 4 5
Continues the study of active networks. Emphasis ds on the analysis
and deisgn of hoth networks and active circuits. In addition fundamen-
tals, design techniques, and typical applications of linear integrated
circuits are introduced.

Prerequisites: T-ELN 122, T-MAT 103. v

T-MEC_ 100 Machine Practices o C 2 3 73

A course designed to familiarize the student with the machine shop and
machine processes. Although not an in-depth study of machine shop
practice, it covers a wide variety of techniques, machines, and proce-
dures while giving enough shop practice to enable the student to "get
the feel" of most of the machines.

Prerequisite: None.
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E FIFTH QUARTER

T-MEC . 107 Applied Mechanics - 5 0 . 5.
Concepts and applications of statics and dynamics. Force: systems. .
‘moments and couples, equilibrium, trusses, friction, centroids, center. -

of  gravity, moments of inertfa, motion, work, -energy, momentum, and.: .. .
impulse are covered. Applications relating to the particuiar technology*vg.hg

are {ntroduced.

Prerequisite: T MAT 102. R ..2A‘-'[
- T-ELM.. 211 Electromechanical Devices B 3 4. _
E y of t ~devices. used 1n electromechanical tech_ 1o ogy. -
Devices such as electrical.motors; generators, transformers. relays L
_.and. transducers will be investigated. Concepts of work; ‘energy.,.power, -
‘time constants, and efficiency as related to electromechanical dev1ces

will be stressed. Study of - the: {nstrumentation. required to perform :

the investigation of electromechanical devices will” form an integral

part of ‘the course. ‘

. Prerequisites. T-ELC 114, T-PHY 101.

T-MEC 110 Fundamental _Mechanisms 2 4 4

A study of the purpose and actions of cams, cables, gear trains, differ-
_entials, screws, belts, pulleys, shafts, levers, and other mechanicaI
'devices used, to transmit or control signals. ' . e

: Prerequisite. T-Pl-iY 102

SIXTH QUARTER

T-PHY 104 Physics: Light and Sound 3 2 4

R survey of the concepts 1nvolving wave motion leads to a study of
sound, 1ts generation, transmission and detection. The principles of
wave motion also serve as an introduction to a study of 1ight, 11lumi-

nggion and the principles involved in optical instruments. Applicotion

stressed throughout.
Prerequisites.._T-MAT 101, T- PHY 101

T-ELN. 219 Digital Fundamentals 3 4 5 -
EmphasTzes the study of combinational and sequential logic circuits

using discrete and integrated components. Topics include binary.
arithmetic, numbering systems, Boolean algebra, storing, timing, gating.
and counting. Typical applications in industry will be presented.---~ S i
Prerequisite: T-ELN 12 , , Y

. T=ELM. 212 Control S stem. Technolo I - 4 B
A study o¥ control system fecﬁno1ogy Basic cgncepts and terminology
are investigated. Methods used to evaluate opén-loop, closed-1oop,
regulator, follow-up, process, servomechanism, sequential, numerical.
analog and digital control systems are introduced. - Methods of -

descr ibing control system components are investigated. for electricai,
1iquid, gas, thermal and mechanical systems. Characterisitcs of processes,
measuring means, and controllers are covered

Prerequisite' T-ELM 211. 6 9
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T-MEC 235 Hydraulics and Pneumatics 3 3 4

The basic theories of hydraulic and pneumatic systems. Combinatfons of
systems in various circuits. Basic designs and functions of circuits

and motors, controls, electrohydraulic servomechanicms, plumbing, filtra-

tion, accumulators and reservoirs.
Prerequisite: T-PHY 102.

SEVENTH QUARTER

T-ELN 224 Computer and Microprocessor 3 4 5
Fundamentals

An in-depth study of computing principles. Subjects covered include

analog and digital computers, memory devices, input-output devices,

analog to digital converters, and digital to analog converters.

Laboratory work using integrated circuits as computer building blocks

will reinforce the classroom material.

Prerequisite: T-ELN 219.

T-ELM 213 Control System Technology II 3 4 5
Control system transducers, final control elements, and performance are
covered. Transducer topics include position, displacement, velocity,
acceleration, force, temperature, flow rate, pressure, and 1iquid

level measurement. Control element topics include control valves,
armature controlled DC motors, two-phase AC motors, and amplifiers.
Topics include frequency response analysis and testing, Bode dfagrams,
closed-loop response, stability, and controller adjustment. ‘
Prerequisite: T-ELM 212.
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ELECTIVES

The following is a 1ist of electives for this curriculum from which the o
institution may select courses to complete the program of study. The .
. Institution has the prerogative to develop new courses for the electives o
or modify courses from the suggested 1ist to fulfi1l local objectives. -x

It is suggested, however, that technical courses be related to the . | _;%é
...-major area of study. These courses-should not change or alter the , 7
major objectives of the program nor create a false impression of pro- i

ficiency in an area either relatgd or’fore1gn to the major.

Elective courses selected must be associate degree courses or new courses
Should be developed at a comparable Tevel. The institution may elect
t? re?u1re certain electives or may let the student select an appropriate

ELECTROMECHANICAL

T-ELC 214 Industrial Electrical Control 3 4 5 oo
Systems _ B

A study of industrial electrical control systems. Emphasis is placed

on practical circuit analysis as it pertains to starting, rapid

stopping, reversing, speed control, and circuit protection for electri-

cal motors. Travel 1imits for control of mechanical systems are investi-

gated as is timing of multimotor drive . Control building blocks

such as switches, relays, contractors, transformer, rectifiers, brakes,

protective units and power amplifiers form an integral part of the course.

Prerequisite: T-ELM 211. .

T-ELN 218 Pulse, Logic, and Digital 3 4 5
Clircults =4

Emphasizes the study of wave shaping and non-sinusoidal wave generating
circuits using discrete and inteqrated components. Wave shaping topics
include simple passive wave shap ng circuits and more complicated

wave shaping circuits using active devices. Topics covered under non-
sinusoidal wave generating circuits include multivibrators, sweep
generators, and other types of special purpose circuits using discrete
and integrated components. An introduction to Boolean algebra and its
applications for the simplification of lTogic circuits s also included.
Prerequisite: T-ELN 123.

T-DFT 101 _Technical Drafting 0 6 2

The field of drafting is Introduced as the student begins study of
drawing principles and practices for print reading and describing

objects in the graphic language. Basic skills and techniques of

drafting included are: use of drafting equipment, lettering, freehand
orthographic and pictorial sketch1n?, ?eometr1c construction, ortho-
graphic instrument drawing of princ pal views, and standards and practices
of dimensioning. The principles of isometric, oblique, and perspective
are introduced. Coe

Prerequisite: None. 71
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T-DFT 102 Technical Drafting 0 6 2

The application of orthographic projection principles to the more complex
drafting problems, primary and sec.riry auxilliary views, simple and
successive revolutions, and sections and conventions will be studied.-
Most important is the introduction of the graphical analysis of space
probiems. Problems of practical design elements involving points, lines,
planes, and a combination of these elements shall be studied. Dimension-
ing practices, approved by the American Standards Association will

also be included. Introduction is given to intersections and develop-
ments of various types of geometrical objects.

Prerequisite: T-DFT 101.

T-ELN 246 Electronics Design Project 0 6 3

A laboratory class emphasing independent research and design work by
the student. The student will select a project in consultation with
the instructor; perform the required research; compile data; formulate
a theoretical model; and construct, test, and evaluate a working model
of the selected project.

Prerequisite: T-ELN 241.

T-EGR 101 Introduction to Engineering 0 3 1
Technology

An overview of the field of engineering technology, with a discussion

of the work of the technician, and his role in the engineering and

industrial organizations. The "conceptual approach” will give the

student an idea of the whole engineering technology spectrum. This

1s followed by discussions of the various aspects of engineering

technology; design calculation, material selection, production

techniques, etc. Practice in engineering methodology will be stressed,

including development of carefulness and orderliness, use of curves

and tables, calculations, experimental laboratory procedures, etc.

Field trips give the student an opportunity to see the engineering

technician in action. Permanent placement and summer work opportunities

will be discussed.

Prerequisite: None.

T-EGR 102 Programming of Engineering 0 2 1

Problems
A course in the development of skill of computer programming of engineer-
ing and scientific problems. Special emphasis on repetitive and progres-
sive calculation situations. Ski1l with the available computer terminal
equipment will be subordinate to the skill of writing programs in the
appropriate high-level computer language.
Prerequisite: None.

T-EGR 107 Technigues of Problem Solving 0 3 1
s course presents a1 introduction to a variety of problem solving
tools including the hand-held calculator, the programmable desk-top
calculator, and the minicomputer. The purpose is to equip the student
to use these available tools in solving complex mathematical problems.
Prerequisite: None.
72




T-MAT 201 Technica' Mathematics 5 0 5
continuation of T- . re advanced concepts of differentiation

and integration are considered. Included are graphs and derivatives

of the trigonometric functions, exponential and logarithmic differenti-

ation and integration, advanced integration techniques, polar equations,

parametric equations and Fourier series.

Prerequisite: T-MAT 103.
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SOCIAL SCIENCE ELECTIVES

T-SSC 201 Social Science 3 0 3

An integrated course in the socfal sciences drawing. from the fields
of anthropology, psychology, history, and sociology.

Prerequisite: None.

T-SSC 202 Social Science 3 0 3

_ A further study of socTal sciences with emphasis on economics, politi-
cal science, and social problems as they relate to the individual.
Prerequisite: T-SSC 201. ’

T-PSY 206 Applied Psycholo 3 0 3

A study of the princip‘es of psychology that will be of assistance

in the understanding of inter-personal relations on the job. Motiva-
tion, feelings, and emotions are ¢onsidered with particular reference
to on-the-job problems. Other topics investigated are: employee
selection, supervision, job satisfaction, and industrial conflicts.
Attention s also given to personal and group dynamics so that the
student may learn to apply the principles of mental hygience to his
adjustment problems as a worker and a member of the general community.
Prerequisite: None.

T-SSC 205 American Institutions 3 0 3

study of the effect o rican social.. economic, and political
institutions upon the individual as a c¢i:tren and as a worker. The
course dwells upon current local, natfon::. .«d 3loba problems viewed
in the 1ight of our political and economic neritage, .
Prerequisite: None.

T-POL 201 United States Government . 3 C 3

study of government with emphasis ¢ basic c¢oncepts, structure, powers,
procedures and problems.
Prerequisite: None.

T-SOC 207 Rural Societ 3 0 3

A study of selected elements of rural sJciolocy with emphasis on
current social changes. The course provides a sociologica: nazkgreund
for the understanding of rural social changes. Areas of stidy ir-Juds
rural culture, group relationsaips, social classes, rural &nd saourban
conmunities, farm organizations, the communication of agricultural
technology, rural social problems, agricultural adjust-ent and popu-
lation change.

Prerequisite: None.

T-ECO 108 Ccnsumer Economics 3 Y 3
De*Tgned to help the student use his resources of time, energy, and
money to get the most out of 1ife. It gives the student an opportunity
to build useful skills in buying, managing his fi:ances, increasing his
resnurces, and to understand better the economy 1r which he 1{ves.
Precequisite: None. 74
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ENGINEERING TECHNOLOGY

INSTRUMENTATION
IN'EODUCTION

Purpose of Curriculum : AN

Ce e e e s . : N
"\

The Instrumentation Technology curriculum provides a program of .. -
Study to develop knowledge of n.asuring and controlling devices and to .
develop the technical skills involved in the application.of instrument .
control to processes, ‘Systems, and operaticne of modern industry.. The-: \
Instrumentation technician is involved in boti production and process =\ - -
control and must deal with variables that affect manufacturing: processes,
such as temperature, pressure, flow, lev:l, humidity, density, viscosity,
etc. Instrumentation men are key personnel in keeping a manufacturing,
firm running. Should a major pisce of equipment: break:down, the instru- -
mentation man is usually th= per:nn to wmake repairs to the equipment:so. - ..
that production may be resumec. Mis vi.owledge of mechanics, eléctronics, -
and manufacturing processes are key fectors in maintaining an efficient
plant operation. C e

. Career Opportunities

The instrumentation technician in most manufacturing plants works with o
or assists engineers ir their work. He selects, installs, calibrates, o
checks out and maintairs sensing, telemetering, and recording instru- i
mentation and circuitry. Other functions include devising, setting up, .
and operating instrumertation equipment-involved in testing mechanical, - g
stvuctural, or electrical equipment. He may work as an instrumentation ‘
technician, engineering aid or associate, service specialist, laboratory
technician, or instrument field service technician.

T LI
R it
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ENGINEERING TECHNOLOGY

INSTRUMENTATION - = .,
SUGGESTED ‘SEVEN QUARTER CURRICULUM

Course Title

FIRST“ggARTER S
rammar '

T-MAT ‘101 Technical Mathematics
T-ELC 112 Electrical Fundamentals I

SECOND QUARTER o
T-ENG 102 Composition S
T-MAT 102 Technical Mathematics

T-ELC 113 Electrical Fundamentals II
T-ELN 121 Electronics I

THIRD QUARTER |
T-EN 3 Report Writing

T-MAT 103 Technical Mathematics
T-ELC 114 Electrical Fundamentals III
T-ELN 122 Electronics 11

FOURTH'gUARTER
. ral Communication

T-PHY 101‘ Physics: Properties of Matter
T-DFT 113 Electronic Drafting
T-ELN 123 Electronics 111

77
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. Hours Péﬁlwéékf 3

| S

AS .
d, ~

R TSR AN

‘Class_ -'Lab, -
- 0.
5 6_
o
3 0
5 - -0
3 6
3. 4 . /
AL IR :
3 0 3
5 0 5 et
3 2 4 5
5 6 w7
T 37 1 ;
3 0 3
3 2 4
2 6 - 4
3 4 5
T = T
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Hours Per Hegk Quarter

: Hours - 1;
FIFTH QUARTER . o=:- N Class Lab. Credit 5
, Social Science E]ective* 3 0 3 - ;
T-PHY T02- Physics: Work, Energy, Power 3 2 4 i
T-ELN 203 Measurement and Control I 3 6 5 i
T-ELN 218 Pulse, Logic and Digital Circuits 3 4 5 3
T 1 I
SIXTH QUARTER ‘ : -
ocial Science Elective* 3 0 3 i
T-PHY 104 Physics: Light’'and Sound 3 2 4 .
T-ELN 213 Measurement and Control II 3 6 5 5
T-ELN 219 Digital Fundamentals 3 4 5 4
o T T I
SEVENTH QUARTER |
easurement and Control III 3 9 6 E
T-CHM 117 Instrumentation Ghemistrv 5 3 6 :
Elective 4 0 4 b
22 T T ;
Total Quarter Hours in Courses 116 f
Electives 4 5
. Total 120 ;
* Refer to electives suggested in this guide. "
78
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COURSE OUTLINE

¥ e T-ELC 114 ELECTRICAL FUNDAMENTALS I1I

COURSE DESCRIPTION:

Advanced circuit analysis techniques as applied to two port bassive
networks are introduced with emphasis on analysis and mathematical
computations. Laboratory experiences are used to support analysis
activities. o

COURSE HOURS PER WEEK: Class, 3; Laboratory, 2.

QUARTER HOURS CREDIT: 4.

PREREQUISITE: T-ELC 113, T-MAT 102.

OBJECTIVES:

Either during or upon cbmp]etion of this course, the student should
pass with a proficiency determined by the institution, oral and/or

written examinations covering the material in the outline of instruc- -

tion. As a minimum a student shall:

(1) Solve complex electrical circuit problems for two
terminal, two port passive netwirks involving:

series circuits
parallel circuits

. rcombinational circuits
resistance

capacitance

inductance

-h A oY

with various repetitive and non-repetitive driving
functions applied to the network,

(2) Use equivalent circuits in the solution of complex
network problems.

(3) Solve complex problems involving coupled circuits
with various loads.

(4) Solve various transformer problems involving

resistive and reactive loads, efficiency, transformation
ratios, impedance notching, core sizes, core materials

and voltage regulation.

(5) Predict transformer performance from the open circuit

and short circuit transformer tests.

79




(6) Solve problems involving resonance and coupled im-
pedances encountered in tuned transformers.

(7) Solve problems involving voltage, current and power
for three phase circuits that are both Y connected
and Aconnected and combinations -of the above.

(8) set up, test, trbub]eshoot, and repair the troubles
encountered in commonly used passive electrical
networks.

(9) Properly use all commonly encountered laboratory
electrical test instruments.

CONDUCT OF COURSE:

Electrical Fundamentals III is a quantitative course with the emphasis
shifting from components to systems. Advanced circuit analysis tech-
niques, involved with more complex passive networks, will be solved.
Analysis techniques will be compared one with another.

Laboratory experiences, involved with more complex passive networks,
will be used to support and reinforce the analysis activities of the
course.

Additional electrical instruments will be introduced throughout the
course as needed.

OUTLINE OF INSTRUCTION:
I. Electrical Fundamentals (quantitative approach)

A. Driving functions

1. Nonrepetitive
a. Step
b. Square wave
c. Saw tooth
d. Pulse

2. Repetitive

a. Sinusoidal

b. Step
c. Exponential
d. Pulse

B. Passive newtork characteristics

1. Resonant (series and parallel)
2. Filter
3. Integrator/differentiator
4, Attenuator
a. Types 80
b. Uses

2
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C. Passive network analysis

Equivalent circuit theorems

Resistive networks

Reactive networks

Resonant circuits

Coupled circuits and tuned transformers
Power

Harmonics

Integrators/differentiators

O NON L WN —
L] L] . . [ . . L]

II. Transducers

I1I. Measurements and Instruments Not Previously Covered

SUGGESTED TEXTS:

Boylestad, Robert L. Introductory Circuit Analysis; Second Edition.
Columbus, OH: CharTes E. Merr*ll PubTshing Co., 1972.

Jackson, Herbert W. Introduction to Electric Circuits; Third Edition.
Englewood C1iffs, NJ: Prentice-Hall Inc., 1970.

B Malvino, Albert Paul. Resistive and Reactive Circuits. New York:
- McGraw-Hil1 Book Co., 1974. .

Opperheimer, S. L. and Ness, F. R. Direct and Alteérnating Current.
New York: McGraw-Hi11 Book Co., .

Romanek, Richard J. Introduction to Electronic Technology. Englewood
Cliffs, NJ: Prentice-Hall Inc., 1975.
SUGGESTED REFERENCES:
Boylestad, Robert L. Eerriments in Circuit Analysis. Columbus, OH:
Charles E. Merrill Publishing Co., .

Cox, Cyrus, W. and Reuter, William L. Circuits, Signals, and Networks.
New York: Macmillan Publishing Co., 1969.

Cutler, Phillip. A.C. Circuit Analysis (with iliustrative problems).
McGraw-Hi11 Book Co., .

Cutler, Philiip. Outlire for D. C. Circuit Analysis (with illustrative
problems). New Yor.: McGraw- Book Co., iQBE.

Edminster, Juseph A. ‘Electri¢c Circuits - Theory and Problems. New
York: McGraw-Hill Book Co., 1967.

Gillie, A. C. Electrical Principles of Electronics. New York:
McGraw-Hi11 Book Co., 1969. :

1




Grod, Bernard. Basic Electronics; Third Edition. New York: McGraw-
, Hi1l Book Co. '

Romanowitz, A. H. Introduc¢tion to Electric Circuits. New York:
John Wiley and Sons Inc., 1970.
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COURSE OUTLINE
T-ELN 121 ELECTRONICS I

COURSE DESCRIPTION:

Presents qualitative electronic concepts beginning with systems and
networks and proceeding to devices. Typical networks such as power
suppldes, amplifiers, oscillators, and feedback circuits are introduced.
Solid state devices and vacuum tubes are introduced as idealized de-
vices. Experience is provided in basic troubleshooting techniques.
Instruments are introduced as needed for simple testing and measurements.

COURSE HOURS PER WEEK: Ciass, 3; Laboratory, 4.
QUARTER HOURS CREDIT: 5.

COREQUISITE: T-ELC 113.

OBJECTIVES: |

Either during or upon completion of this course, the student should

pass with a proficiency determined by the institution, oral and/or
written examinations covering the material in the outline of instruction.
As a minimum a student shall:

(1) Draw the block diagram of a power supply and explain
the function of the transformer, rectifier, filter,
and regulator.

(2) Connect voltmeters and ammeters to measure and evaluate
voltage, current, ripple content, and regulation of a
power supply. ' .

(3) Define the properties of an amplifier suc. as gain,
bandwidth, impedances, distortion and power o tput.

(4) Measure the voltage gain, input and output impedances,
" frequency response, distortion, and power output when
given an amplifier and appropriate test equipment.

(5) Define the properties of an oscillator in terms of
frequency, stab$lity, and waveform.

(6) Measure the output frequency and waveform, and deter-
mine the factors:which contribute to frequency in-
stability such a$ temperature, power supply variation,
and loading, when given an oscillator and appropriate
test equipment. ,

(7) Draw the schematic diagrams of both vacuum tube and
semiconductor diodes and explain forward and reverse

biasing.
. 84



(8)

(9)

(10)

(M)
(12)
(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)
(21)

(22)

(23)

Be able to 1ist the most important diode ratings
and interpret them through the use of reference
material.

Perform simple diode testing procedures using ohmmeter,
curve tracer, or in-circuit testers.

Draw and identify schematic diagrams, for CE, CB, & CC
transistor amplifier configurations and explain the
characteristics of each.

Explain bipolar transistor ratings such as breakdown
voltage, collector dissipation, maximum currents, etc.

Perform simple bipolar transistor testing procedures

using ol.meter, curve tracer, or in-circuit testers.

Draw and identify schematic diagrams for some basic
bipolar transistor amplifiers and oscillators.

Accurately connect the circuit in breadboard fashion
and perform all tests as outlined in jtem four or
item six above when given a schematic diagram of a
simple vipolar transistor oscillator/amplifier and
appropriate hardware.

Draw and identify schematic diagrams for field
effect transistors (FET) and explain their ratings.

Perform simnle FET test procedures and explain special
handling precautions.

Draw schematic diagram of amplifiers and oscillators
which use FETs.

Draw and identify the schematic symbols of other
semiconductor devices such as UJT, DIAC, SCR, TRIAC,
etc.

Be able to 1ist a number of basic applications for
the semiconductors in item 18. .

Draw and identify vacuum tube type symbols.

Draw and identify vacuum tube schematic diagrams of
basic amplifiers and oscillators.

Isolate basic or subsystea %:1functions using appro-
priate test equipment and 1  ...res to determine a
defective module or plug-in.

Utilize appropriate test equipment and procedures to
identify system malfunctions in terms of input/output
data.
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CONDUCI ©F COURSE:

Functional concepts beginning with systems and networks and proceeding
to devices will be presented. The treatment of these networks at this
-time should be of a qualitative nature only, the objective being the
development. of the learner's knowiedge of what these networks do and
not how they do it. This knowledge will be directed towar: trouble-
shooting electroni. systems by signal tracing through functional blocks.
Ordinary systems will be used to provide exposure to troubleshooting
techniques and input/output analysis. Progression through the three
electronics courses, Electronics I, II, and III, is graphed below.
Electronics I begins with a qualitative (what) investigation of elec-
tronic systems, then proceeds into various systems for a 1ook at the
function of circuits that contribute indivi~Jally to the systems overall
performance. These circuits are then reduced to the devices or components
with which they are constructed and a quali*ative investigation 1is
completed with the smallest electronic component in the system.

SYSTEMS COMPONENTS - SYSTEMS
ELECTRONICS 1 7771 ELECTRONICS II ELECTRONICS 111
QALITATIVE (what) QUANTITATIVE (how)

Instruments and measuring techniques will be introduced as needed.

-Upon completion of this cuurse the student is ready to begin a quanti-
tative (how) study of electronics beginning with components and expanding
into systeas.

OUTLINE OF INSTRUCTION:
I. D.C. Power Supplies

A. Circuits
1. Transformer
2. Rectifier
3. Filter .
4. Regulator
B. Output characteristics
1. Voltage
2. Current
3. Ripple
4. Regulation
C. Types
1. D.C. >
2. Constant voltage
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3. Constant current '
D. Faults :

1. Ripple

2. Regulation

II. Amplifiers

A. Properties

Gain

Input impedance
Output impedance
Frequer» response
Distorti:
Pouer outtit.. -

Vo1tage ampi .’
Curventi anpli‘*e“
Power amplifi:r
C. Faults

1. Low gain

2. Distortion, oic.

_lll. Oscillators

uN—‘-‘C‘U’lwa—‘
L L L] - - L] ] ]

? A. Properties
1. frequency
2. Stability, etc.
B. Types
1. Zinusoidal
. 2. Nonsinusoidal
C. Faults
1. Grif:
2. Amplitu¢: stabilization
3. Mnistortion

I¥  Diodes

A. Types
1. - Semiconductor
2. Vacuum tube
B. Device ratings
C. Basic zircuit applicatiuns
1. Rectiffers
. 2. Reguiators
' : 3. Oscillators
i D. Testing
= ‘ 1;' Ohameter:
o Lurye tracer
R i 3;' Dynanﬂc testing

y. Bipolar Junction Trans1stors _
A Circuit.configurations and characte*?stfcs |




w N —
(=]
[+

cC
B. Device ratirgs
C. Basic circuit applications
1. Amplifiers
2. Oscillators
D. Testing
1. Ohmmeter
2. Transistor tester
3. Curve Tracer

VI. Field Effect Transistors (FET)

A. Types
1. J FFT
2. Mos FET

Device rating

Input characteristics

Circuit applications

1. Amplifiers

2. Oscillators

E. Testing and handling preczutions

oo™

VII.- Other Semiconductor Devices

Unijunction transistr: (UJT,
A.C. trigger diode (LIAC)
Shockley diode

SCR

TRIAC

LN

. Photo transistors

OMMOC o>

VIII. Vacuum tubes

A. Types
B. Applications

IX. Siggested Laboratory Exercises

A. Power supply
1. Testing components for a 12 volt D.C. power supp’y
(full wave rectifier with a filter)
2. Practice in soldering :
3 Fabr}cating, assembling, and testing 12 volt D.C. power
supply
4. Analyzing power supply characteristics (input-output
relationships onlys
5. Inserting zener diode at output and evaluating the
regulation effects ,
6. Determining diode characteristics - one component of power
supply in detail :




7. Determining characteristics of a zener diode
B. Simple two transistor radio
Identifying components and performing simple test pro-
cedures '
2. Assembling radio
3. ‘Testing radio
4. Drawing the schematic and measuring and marking voltages at
important test points
5. Checking amplifier characteristics in terms of input-
6
S
1
2

a—
.

output

. Determining characteristics of transistors

imple SCR speed control :
Fabricating, assembling, and testing SCR speed controls
Determining SCR characteristics :

SUGGESTED TEXTS:

Boylestad, Robert L. and Nashelsky, Louis. Electronic Devices and
Circuit Theory. Englewood C1iffs, NJ: Prentice-Hall, Inc., 1972.

Malvino, Albert Paul. Electronic Principles. New York: McGraw-Hill
Book Co., 1975,

SUGGESTED REFERENCES:

Bell, David A. Fundamentals of Electronic Devices. Reston, VA:
Reston Publishing Co., 1975.

Churchman, Lee H. Survey of E]ectrdhits. New York: Holt, Rinehart,
and Winston, Inc., 1977.

Crystal, Delbert G. and Alvarez, Charles E. Electron Devices
Laboratory Manual. New York: McGraw-Hill Book Co., 1971.

Herrick, Clyde N. Survey of Electronics. New York: Macmillan Publish-
ing Co., Inc., T973. _

Matthews, John I. Experiments in Solid-State Electronics. New York:
McGraw-Hill Book Co., 1972.

Matthews, John I. Solid-State Electronic Concepts. New York:
McGraw-Hi1l Book Co., 1972. o

Villanucci, Autgis, and Megow. Electrenic Techriques: Shop Practices
and Construction. Englewood CTiffs, NJ: Prentice-Hall, Inc., 1974.

SUPPORTING EQUIPMENT:

Oscilloscope
Voltmeter A.C. . 89




Multimeter, VOM

Signal generator, audio

Standard passive and acti:: components for projects to include:
resistors,-capacitors, transfa.mers, diodes, transistors,
variable capicators, variable indicators, silicone controlled
rectifiers, switches, clips, and assorted hardware and
sheet metal for assembly.
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COURSE DESCRIPT

A quantitative
to networks. A
evaluate device

COURSE OUTLINE
T-ELN 122 ELECTRONICS II

ION:

study beginning with active control devices and proceeding

variety of equivalent circuit models are used to
and system parameters and predict circuit performance.

Instruments are used in the laboratory to collect data, verify math

predictions, an
COURSE HOURS PE
QUARTER HOURS C
PREREQUISITE:
OBJECTIVES:

d troubleshoot.

R WEEK: Class, 5; Laboratory, 6.
REDIT: 7.

T-ELN 121.

Eithe; during or upon completion of this course, the student should
Pass with a proficiency determined by the institution, oral and/or

written examina
As a minimum a

(M

(2)

-(3)

(4)

(5)

(6)

(7)

(8)

tions covering the material in the outline of instruction.
student sha]_]_:

Explain the crystal structures of semiconduciors in
terms of free-electrons, holes, doping, P and N type
semiconductor materials.

Explain.the PN junction theory in terms of barrier
potential, forward and reverse bias, depletion and re-.
combination. _ -

Explain the circuit theory of diode rectification, .
clipper action and limiter action.

Produce the volt-ampere characteristics of any diode
using point-by-psint technique or the curve tracer. .

Do a load line analysis when given a volt-ampere
characteristic of a diode.

Specify component values, breadboard a prototype, and
evaluate the performance using appropriate test
procedures and equipment when given the specification
for a rectifier circuit.

Explain transistor amplifier actic tnr 23, CE, and
CC configurations.

Produce a volt-ampere characteristic curve of a tran-
sistor as in item 4.

" 92
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- (9) Draw an appropriate load line, determine the optimum
operating point, determine all voltage and current
distributions, make all calculations necessary for
correct component values, breadboard the circuit, and
evaluate against predicted performance when given a
volt-ampere characteristic of a bipolar transistor and
a set of operating specifications for an amplifier.

(10) Approximate input and output current, voltage gain,
and bandwidth for either bipdlar or FET transistors
when given a schematic diagram of a transistor ampli-
fier.

(11) Calculate all component values, breadboard the proto-
type and evaluate the performance against the speci-
fications when given a set of specifications for
either bipolar or FET transistor amplifiers.

(12) Specify and use appropriate test equipment and proce-
dures to isolate defective components in an amplifier,
oscillator, or power supply system.

CONDUCT OF COURSE:

Electronics II begins the quantitative study of electronic devices and
networks. Note that the order of presentation is the reverse of that

for Electronics I preceeding from active devices to active networks.

This arrangement provides a smooth transition from the qualitative

(what) approach to the quantitative (how) approach. The "how" approach
dictates that the learner use mathematics to indicate circuit parameters
and predict circuit performance. Techniques of troubleshooting and

data collection are developed along with the use of instruments to verify
mathematical pradictions.

SYSTEMS COMPONENTS - SYSTEMS
I
l \,/ 77 7 7/ A
ELECYRONICS 1 ", ELECTRONICS II ~, ELECTRONICS 111
. |

. e
e ¢
I——“”

QUALITATIVE (what) QUANTITATIVE (how)

.----------------—-----u-----n----—------------------------------umn----..--

OUTLINE oF INSTRUCTION:

I. Semiconductor Physics

~ A. Germanium and silicon atoms
B. Germanium and silicon crystals

2
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C. Doped semiconductors
D. Conduction in semiconductors
E. The hole concept

II. The PN Junction

A. Recombination

B. Depletion

C. Barrier potential

D. Biasing the PN junction

I11. Semiconductor Diodes

A. I-V Characteristic curves
Forward characteristic
Reverse characteristic
Zener effect
. Avalanche effect
iode equivalent circuits
The ideal diode
a. Half-wave rectifier :
b. Clipper circuits (negative and positive)
Cc. Diode limiter
2. The practical diode
a. Half-wave rectifier
b. Clipper circuits
¢. Diode limiter
d. Load line analysis
3. Diode parameters
a. Power rating
b. Peak inverse voltage
c. A.C. resistance
d. Junction capacitance and resistance
4. Special purpose diodes

- O BN et

a. Rectifier

b. Zener diodes

€. Variactor diodes

d. Tunnel diodes

e. Varicap

f. Led '

5. Diode applications

a. The D.C. regulated power supply

b. Tunnel diode oscillator
- c. Frequency control diode

d. ~Frequency multiplier

e. Display

1V. Bipelar Junction Transistors

~A. Types
1. NPN
2. PNP

B. Currents in the BJT

94




1. Alpha current
.. Beta current
C. Static characteristics
1. Common base
2. Common emitter
3. Common collector
D. Biasing
1. Load line analysis
a. Calculation of the operating point
b. Gain ,
c. Input/output impedance
2. Stability factor (25
E. Equivalent circuit models
1. Low frequency
2. High-frequency
f. Junction transistor applications
1. D.C. regulited power supply
2.  Small signal
3. Large signal
4. Oscillators

V. The Field Effect Transistor

A. The junction FET
1, Biasing the J-<FET
2. Load line analysis
B. Mos FET . .
1. Depletion mode
2. Enhancement mode
3. Biasing the mos FET
4. Load line analysis
5. Equivalent circuit model
FET applications '
1. Amplifiers
2. Oscillators

VI. Suggested Laboratory Exercises:

A. Laboratory exercises for Electronics- II my follow a similar
format to those for Electronics I. More emphasis ‘should be i
directed to component characteristics and analysis. Exercises
may be focused on the following systems: T .

1. Integrated circuit or transistor regulated power supply
2. Feedback amplifiers and oscillators '
3. Phase shift control of SCR speed control
B. Additional exercises may be included as necessary to cover
other concepts presented in the course. : :

- SUGGESTED TEXTS: _ . -
- Boylestad, Robert L. agg_r_lgshelsky’,' Louis. Eléctrgiic Davices ‘and
‘ Circuit Theory. Englewood T11ffs;"NJ: Prentice~Hall; Inc., 2.

P
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'Malvino, Albert Paul. Electronic Principles. New York: McGraw-Hill
Book Co., 1975. -

SUGGESTED REFERENCES:

Alvarez, E.C. and Fleckles, David E. Intrdddction to E1eétrdn.Devfces;
Second Edition., New York: McGraw- ook Co., .

Cutler, Phillip. Linear Electronic Circuits (with illustrative problems).
New York: McGraw-Hi11 Book 0., .

Faber, Rodney B. Introduction to Electronic Amplifiers. Columbus, OH:
_ Charles E. MerriTT PubTishing Co., 1977.
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COURSE QUTLINE
T-ELN 123 ELECTRONICS III

COURSE DESCRIPTION:

Continues the study of active networks. Emphasis is on the analysis
and design of both networks and active circuits. In addition funda-
mentals, design techniques, and typical applications of linear in-
tegrated circuits are introduced.

COURSE HOURS PERN»EEK: Class» 3; Laboratory, 4
QUARTER HOURS CREDIT: 5,

PREREQUISITE: T-ELN 122, T-MAT 103.

' OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by .the institution, aral and/or
written examinations covering the material in the .outiine of instruc-

tion. As a minimum a studen;t shall:

(1) Match one amplifier stage :to another using either
RC transformer or direct couwpiing methods, and
compute the gain and frequency respanse .of ‘the coup-
1ing network. '

(2) Predict overall gain of,a.mlfisuge amplifier.

(3) Predict overall frequency response of a mul tistage .
- amplifier.

(4) Design the required amplifier ‘.system..‘specigying
all components, assembling a ;breadbgard prototype
and testing performance .against specifications .when
given an audio signal source with.a set of :speci-
fications and a specific ‘load. ‘ -

(5) Design appropriate feedback circuits -for amplifiers
to satisfy gain, bandpass, and Ampedance .requirements.

(6) DeSj gn feedback, bias,-and frequency 'de_.tf.mini,,ng‘
' ‘networks for all.standard :sinusois.] oscitlators -
such as ‘Armstrong, -Hartley," Colpitts o Wi en-bridge,

Phase-shift, -and crystal-types. '

(7) Select the test equipment and specify the test. pro-
~ cedures neéded. :;ggdihginbséz;ﬁahd‘ ‘troubleshoot .problems
in.-amp]1ffer;:§p¢§ossci1?]gtpr systems. ' S




(8) Draw the schematic diagram, design and specify all
component values, assemble a breadboard prototype
and test performance against the specifications,
such as output voltage, output current, regulation
and ripple factor when given a set of specifications
for a conventional power ‘supply and filter system.

(9) Design and specify all component values, assemble
a prototype and test performance againrst the speci-
fications when given a diagram for a given electroni-
cally regulated power supply.

(10) Select the test equipment and specify the test
procedures needed to diagnose and troubleshoot

problems in power supply systems.

(11) Test and evaluate a variety of the more common linear
IC devices such as, op amps, diff-amps, wideband amps,
and regulators. Representative tests may include
device dissipation, input/output impedances, input/
output offsets, bandpass, gain, and distortion.

(12) Specify and design external bias networks for linear
IC amplifiers.

(13) Specify and design feedback networks to control
gain and bandpass characteristics in 1inear IC ampli-
fiers. o '

(14) Specify and design oscillator feedback networks for
linear IC amplifiers. o ‘

(15) Select the test equipment and specify the test pro-
cedures for evaluating performance and diagnosing
problems in systems using linear IC amplifiers.

(16) Remove, test, and replace iC amplifier packages by - -
unsoldering and soldering.

CONDUCT OF COURSE:

The student at this point is ready to apply the theoretical and mathe-
matical skills acquired to the design of electronic circuits. An
understanding of fundamental design principles and the developiment of
sound design practices should be stressed. - The material should be
presented as a design-oriented semiconductor electronics course:
prepared around networks and circuits previously studied.
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OUTLINE OF INSTRUCTION:
I. Amplifiers

RC coupled
Transformer
Multistage

Feedback

Operational (op amps)

II. Sinusoidal Oscillators

A. LC
B. RC

mMOOw>>

III. D.C. Power Supply

A. Half-wave
B. Full-wave
C. Regulated

IV. Active Filters

A. Low pass
B. High pass
C. Band pass
D. Band eliminator

* V. Linear Integrated Circuit Fundamentals
A. Terminology
B. Fabrication
C. Equivalent circuits

VI. Linear Integrated Circuit Applications

A. Amplifiers
B. Power supplies
C. Oscillators
D. Others
100
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VII. Suggested Laboratory Exercises \

Operating amplifier gain control

Frequenc¥ response control

RC oscillators using op amps

LC oscillators using op amps

Crystal oscillators using op amps

Active low-pass filters - fabricate

Active high-pass filters - fabricate

Active band-pass filters - fabricate

Active band eliminator filters - fabricate

Swept frequency technique for determining the frequency
response of any network ‘

Swept frequency technique for obtaining the characteristics
of filters and amplifiers

Regulated D.C. power supplies

r -~ Cor+TOHOTITMOODD

SUGGESTED TEXTS:

Boylestad, Robert L. and Nashelsky, Louis: E]ectronic Devices.and :
Circuit Theory. Englewood Cliffs, -NJ: “Prentice-HaTl »7Inc., 1725~ o

Malvino, Albert Pau]."E]ectrdniéiPrinéfbfe§; New York: McGraw-Hill -
Book Co., 1975, - : . \

SUGGESTED REFERENLES:

Deboo, Gordon J. and Burrows, C]ifford>N . Inte.rated Circuits and Semi— ' .;:
conductor Devices: - Theory and App]icatio - TTork: T 3 7.

Manera, Anthony S. "Solid Stite Eléctronié’ c1rcutts~ J-'or Enﬂnéering_

Technology. New York: ﬂEGraw-H111 556& Co s 1§73

- RCA Corporation. So]idéState‘Power“CirCuits'; RCA Desi-ners Handbook-
Technical Seriec SP-52. Somerville, NJ: RC. orporation; |

SUPPORTING EQUIPMENT:

Oscilloscopes
Meters
Power Supplies
Operatfonal amplifiery
F: equency counters -
Passive components
Sweep osciltators
X-Y recorder or scope with camera
Junction boxes with rectifiers
Filter boxes
. Cable connections

LR R e .‘ . o T b
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COURSE OUTLINE
T-ELN 218 PULSE, LOGIC AND DIGITAL CIRCUITS

COURSE DESCRIPTION:

Emphasizes the study of wave shaping and non-sinusoidal wave generating
circuits using discrete and integrated components. ' Wave shaping topics
include simple passive wave shaping circuits and more complicated

wave shaping circuits using active devices. Topics covered under non-
sinusoidal wave generating circuits include multivibrators, sweep

generators, and other types of special purpose circuits using discrete
and integrated components. An introduction to Boolean algebra and its
applications for the simplification of logic circuits is also included.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 4.
QUARTER HOURS CREDIT: 5.

PREREQUISITES: T-ELN 123, MAT 103.

OBJECTIVES: |

Either during or upon completion of this course, the student should

pass with a proficiency determined by the institution, ofal and/or
written examinations covering the.material in the outline of ihstruction.
As a minimum a student shall: ‘ .

(1) Differentiate between ideal and practical square

~ waves and pulses and identify the impgrtant character-
istics such as rise timc, over and undér shoots and
sag of practical square waves. :

(2) Use an oscilloscope to measure the abové parameters
of any given square wave or a pulse sighal.

(3) Predict the outputs of R-C and R-L differéntiating
and integrating circuits for given input conditions.

(4) Discuss the dependence of the output oh the time
constant of the circuit and the fréquénicy of the ifput
signal and select the correct time constaht of the
circgit to achieve proper differentiatioh and irte-
gration. '

(5) Analyze and predict the outputs of simp]é-ciaﬁpihg;
clipping and slicing circuits using L, C, or R components
and diodes for a given set of input conditions.

(6) Select from the above circuits, an appfopriate wave
shaping circuit for a given set of inpit ahd output
conditions, perform necessary measurements and be.
able to discuss and compare the results with specifi-
cations. ' ' o o

N R ot Dard o T LIRS R PR BER NPT 5 S
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(7) Recognize important qractica] applications of the
above circuits as well as their limitations.

(8) Recognize important advantages of using active devicas
such as transistors and IC op amps in wave shaping
circuits.

.(9) Using active devices, recognize appropriate wave
“ shaping circuits and predict their output for a set
of input conditions.

(10) Recognize the differences between astable, monostable,
and bistable multivibrators and suggest practical
applications for each of thase circuits. '

(11) Select appropriate IC's and design astab]e,'mbnostable,
and bistable multivibrators and a Schmitt trigger for
given specifications. .

(12) Draw a simple schematic of a sawtooth generator using =
an IC op amp and discuss the dependence of the output
characterisitcs on the components used in the circuit.

(13) Identify the svmbolic representation for digital
gates such as AND, OR, NOT, EX-OR, NAND, NOR, etc.
and write the Boolean expressions for their outputs.

(14) Prepare the truth tables for the above logic gates.

(15) Distinguish between different logic families (TTL,
~ ECL, CMOS, Schotkky, etc.) and some important advan-
tages and limitations of each class. .

(16) List simple Boolean theories (such as A+ K=1, A*A=0,
Ae 1=A, A+1=A, etc.)

(17) List the two De Morgan's laws and be able to apply

these law simglication of simple expressions.
(such as \-B.C, A+B+C, etc.)

(18; Use the simple Boolean theorems and De Morgan's laws
to simpiify given logic expressions and implement
logic expressions using logic gates.

(19) Demonstrate in the laboratory, the ability to fabricate
the designed circuits and make necessary tests to check
conformity with specifications.

OUTLINE OF INSTRUCTION:
I. Waveform Analysis
e e " 2 '




A. Ideal and practical rectargular pulses

B. Periodic waveforms a

C. Frequency spectrum analysis

D. Bandwidth requirements of pulse amplifiers

I1. RC Circuit

A. Charging and discharging of capacitors "
B. Time constants ",

C. Charging and discharging equations

D. RC differentiating and integrating circuits

III. RL and RLC Circuits

A. Time constant of RL circuits

B.““RL differentiating and integrating circuits
C. Transient response of series RLC circuit

D. Transient response of parallel RLC circuits

IV. - Introduction to Pulse Transformers and Delay Lines

A. ldeal and practical pulse transformers
B. Delay Jines-general discussicn

C. Lumped parameier delay lines

0. Distributed parameter delay lines

V. The Diode Switch S

A. Ideal and practical diode characteristics
- B. Diode clamping and clipping circuits '
C. Other waveshaping circuits using diodes

" V1. The Transistor Switch

Basic transistor operation -
Rpproximate analysis of transistor circuits
Loading effects S

Transient operation of transistors
Transistor as an inverter

moom>»

- VII. Introduction to Non-sinusoidal Signal Generating Circuits Using
Discrete Components :

Bistable multivibrators
Monostable multivibrators
Astable multivibrators
. Schmitt trigger circuits
Sweep wayeform generators

mbnsz:>

VIII. Introduction to Logic Gates and Boolean Algebra
A. Properties and symbolic_fébresentatioh of AND. OR, NOT, NAND,

and NOR logic gates ’ :
| 105 x




Boolean expressions and truth tahles for the above gates
Boolean algebra, ‘theorems and simplication of logic expressions
using the Boolean theorems

D. Types of digital integrated circuits and their important
characteristics -

1. ran-in and fan-out considerations

2. Noise margins

O

IX. Applications of Digital and Linear IC for the Generation of
Non-sinusoidal Wave Forms -

A. Flip-flops of different types, and fheir characteristics
B. Monostable multivibrators and Schmitt trigger circuits
C. Astable multivibrators .

D. Sweep generators .

E. Other wave generation and shaping circuits

L 00 S D G0 D D U0 R 08 S5 F D D A5 S5 5 S Y0 G0 S NP SD Gp G0 U5 GD G0 S A6 w5 Gp AP G5 S U0 ee b S ge B B = W =

SUGGESTED TEXTS:

Oppenheimer, Samuel. Semiconductor Logic and Switching Circuits;
Second Edition. CoTumbus OH: Cﬁaries E. MerriTT PubTishing fo.,

© 1973,

Mitchell, Brinton B. Semiconductor Pulseé Circuits with Experiments.
New York: Holt, Rinehart and Winston, inc., .

S

SUGGESTED REFERENCES:

Tocci, Ronald J. Fundanientals of Pulse ‘and Digital Circuits.
Columbus, OH: TharTes E. Merri1T Publishing Co., .

Yeatsh, Henry C."Puléé'éh&'éﬁftéﬁfhé Cirtuit.Aﬁf{éﬁ. .New York:
McGraw-Hi11 Book Co., T97T. '

Yeatch, Henry C. Pulse and Switching Circuit Measurements. New York:
McGraw-Hi11 Bool Co., T97/T. -
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COURSE QUTLINE
T-ELN 219 DIGITAL FUNDAMENTALS

COURSE DESCRIPTION:

Emphasizes the study of combinational and sequential logic circuits

~using discrete and integrated camponents. Topics include: binanx_ o
arithmetic, numbering systems, Boolean algebra, storing, timing, cating,

and counting. "Typical applications in industry will be presented.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 4.
QUARTER HOURS CREDIT: 5,

PREREQUISITE: T-ELN 218,

OBJECTIVES:

Either during or upon completion of this course, the student should

pass with a proficiency determined by the institution, oral and/or

written examinations covering the material in the outline of instruction. °
As a minimum a student shall:

(1) Perform conversion from one numbering system to another,
specifically binary, octal, and decimg]. .

~ (2) Calculate_problems of addition, subtraction, multipli-
cation, and division in binary. )

(3) Draw and identify Togic symbols for AND, OR, NAND,
NOR, and NOT gating circuits.

(4) Prepare and explain truth tables for‘all standard
gates, latches, and flip-flops.

(5) Explain and draw circuit element differences among
- each of the logic families such as RTL, DTL, TTL,
ECL and MOS. '

(6) Write Bdolean expressions for combinational logic.

(7) Imglement Boolean expressions using combinational logic
gates.

(8) Perform NAND conversions for all standard logic gates,
using only NAND gates to achieve all other gating
functions." '

(9) Perform NOR conversions for all standard logic gétes,

using only NOR gates to achieve ‘a1l other gating
functions. : ' =

. ) . ‘ '
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(10) Prg:e De Morgan's theorem using logic gates and truth
tables.

(11) Minimize a logic expressfon using Karnaugh mapping.

(12) Draw the 10gic diagrams of counters guch as asynchronous,
synchronous, ring, mobfus and modulo-N.

(13) Draw timing diagrams for each of the counters 1{sted.

(14) Explain the se?uentiai operational events for each of
the counters 1{sted.

(15) * Draw and explain basic digital encodfng and decoding
systems.

(16) Draw and explain a basic parallel data transmission
system.

(17) Draw and explain a basic serial data transmission
system,

(18) Prepare truth tables for adders and subtractors.

(19) Draw and {identify logic symbols for adders and
subtractors.

(20) lmﬁiemant adders and subtractors using standard gates.

(21) Implement and test gating‘dovicos and systems {ncluded
in the course when provided with appropriate and '
sufficient hardware.

Lo .

OUTLINE.OF INSTRUCTION: )
I. Review of Numbering Systems

A, Basse 10
B. Base 8
C. Base 2
D. Binary to octal and octal to binary conversions
E. Binary to decimal and decimal to b nary conversions
F. Binary arithmetic
1, Addition

2. Subtraction

3. Multiplication

4, Division
G. Binary co.ed decimal
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I1.

111,

Iv.

v,

VI,

VII,

VIII,

MmMOOm>>»

Review of Logic Gates, Truth Tables and Written Expressions

A. AND

B. OR

C. NOT

D. NAND

E. NOR

F. Boolean algebra

Types of Logic

. RTL
. OTL
. TIL
. ECL
. MOS

Combining Logic Gates, Truth ;l'ablu and Output Expressions
A -

C. Additional examples increasing in difficulty

NAND Convers{ons

A. AND - NAND with {nverts
8. OR - negated {nput NAND
C. NOR - negated fnput NAND with inverter

NOR Conversions

A. AND - nagated fnput NOR
B. OR - NOR with inverter
C. NAND - negated input NOR with inverter

Conversion from Written Expressions to Gates (Implementatfon of

Expression)

A ExunBlo ) - |
1. Draw schématic for expression X - ®B + C
2, Solution: e Py, ¥

B. Provide additional examples gradually increasing in dif-
ficulty

Designing with NAND Logic

A. Start with logic expression and draw schematic diagram of

original expression
B. Replace each gate with its equivalent NAND conversion

3
14n
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C. Remove double insertions and redraw schematic diagram
D. Provide several examples gradually increasing in difficulty

IX. Boolean Algebra

A. Correlate logic gates and Boolean algebra
B. De Morgan's theorem

1. Prove using gates and truth tables

2, Provide several examples for students to work
C. Karnaugh mapping

1. Three~variable map

2, Four-variable map

3. Factoring

X. Exclusive OR

A. Schematic
B. Truth table
C. Implementation with NAND gates

XI. Other Gates

A. Exclusive NOR

B. Wired AND wired OR
C. Expanders

D. Buffers

XII. Flip-Flops

A. Latches
1. NAND
2. NOR
3. Invertors
B. Gated latch applications
¢ C. RS flip-flop
D. D type flip-flop
E. T type flip-flop
F. JK type flip-flop

XIII. Counters and Registers
A. Asynchronqﬁs counters (ripple, up and down)

B. Synchronous counters (up and down)

C. Ring countérs
D, Moblus counters

E. Modulo=N counters
F. Shift registers
X1V. Parallel Data Transmission

XY. Sertal Data Transmission .
XV1. Codes and Necodes 111

4 ’




8421

. 2821 -

Excess - 3 I
Gray code

Mobius decode

Manchester code

XVII. Arithmetic Operations

A. Half-adder

B. Full-adder

C. Half-subtractor
D. Full-subtractor
E. Parallel-adder
F. Serial-adder

MTMOOm>

XVIII. Read-out Devices and Decode Drivers

A. Nixie

B. Seven-segment
1. Tube
2, LD

XIX. Converters

A. Analog to digital
B. Digital to analog

XX. Matrices

SUGGESTED TEXTS:

Malvino, Albert Paul and Leach. Donald P. Diﬁit&l Eri?ciglgs EQQ |
gglication i Second Edition. New York: caraw 0., 1975,

 SUGGESTED REFERENCES:
Baron, Robert C. and Picciri1l{, ATbert 7. 01?1% ng' 1953 d
Computer Ogerations. New York° McGraw

Bartee, Thomas C. Digftal C r Fu dgggn;! g, Third Editfon.
New’York McGrau:ﬁH'l BB'gE l!o ’ 159

Levine, Morris E. Digital mear’aa Aperiméntation Using 16 Cir-
‘¢uits. Englewoo '

Texas Instruments Inc;
New York: McGraw=H{1l




SUGGESTED EQUIPMENT:

Digital trainer and

/or logic equipment with laboratory built
additions (see Elec b )

tronics equipment 1ist for suggested equipment)
Training manuals for the above equipment |
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COURSE OUTLINE
T-ELN 237 [INDUSTRIAL INSTRUMENTATION

COURSE DESCRIPTION:

A study of basic principles and instruments for the measurement and

control of industrial processes. Laboratory experiments in the

use and application of electronmic, pneumatic, and hydraulic measure-
ment devices to measure temperature, pressure, flow, 11ght, and pH.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 3.

QUARTER HOURS CREDIT: 4.

PREREQUISITE: T-ELN 122, T-ELC 211.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by the institution, oral and/or
.written examinations covering the material in the outline of instruc-
tion. As a minimum a student shall:

(1) Specify appropriate input transducers to be used
in industrial control systems to measure temperature,
pressure, flow, level, 11ght and pH.

(2) Specify appropriate output transducers and/or
devices for indicating, recording, displaying or
controlling industrial process parameters.

(3) Integrate input and output transdiucers or devices
with electronic process control systems.

115
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COURSE OUTLINE
T-ELN 241 ELECTRONIC SYSTEMS I

COURSE DESCRIPTION: _ o
A generalv survey of electronics systems with’ emphasi,s, on their descrip-
tion in block diagram format. Systems to be studied. are-those used 1n
communications, computing, measurement, and automatic control and others
of a specialized nature as appropriate. .
COURSE HOURS PER WEEK: Class, 3; Laboratory, 6.
QUARTER HOURS CREDIT: . . , g -

PREREQUISITES: T-ELN 123.
OBJECTIVES: |
Either during or upon completion of this course, -the student: should pass

with a proficiency determined by the institution oral and/or written -
examinations covering the material in.the outline of: .1‘p§.trq_t_;tjqp;-'- As 2

o m‘lnimum a student shall:

(1) Understard the ‘terin_is used to describe electronic and/or
_electromgchanicgl systems. L

(2) Understand the block diagram fm'mat forona]y;is vbf elec-
tronic systﬁem\s. e PR E PR

(3) Synthesize overall systunsopgratipnfrm theknnwladge -

of characteristics of exch functional:block-of the-system: -

(4) Analyze and understand the contribution of each functional
block to overall system ,opet!!?jidn:,':‘. T

(5) Ccalculate overall. systmwrfoﬁﬁﬁce "'b:a‘”spiq upon vmrs.t-.cas_e

o ~_ performance of functional blocks.

(6) Use test 1ns£rumerits to analyze an .a,s,s.-imﬂ ..S.V.s,m in the
laboratory. A

(7) I'dentify' functional blocks of the '_&,.s_sfijgne;;j systqn
(8) Measure and document operating charpctardstics of gach

funct'ional block of the assigned :sy_atm.

(9) Analyze the assigned system to identify areas of possible
error and simulate such errors where plausibie.
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(10) Analyze an assigned problem.

......

(11) Design, in block diagram format, the system required to
accomplish the desired objective.

(12) Establish operating characteristiés and specifications L
for each functional block of the system. o

(13) Construct and verify operation of the system to the
extent feasible. .

CONDUCT OF COURSE: ' - .

During this course thJ study emphasis should be on electronic systems from N
a functional point of view. Each system is then examined or explored by i
dividing 1t into appropriate functional blocks or units. L

The types of systems to be studied should be selected to offer the student i
the broadest background possible. ‘ i

OUTLINE OF INSTRUCTION:
I. Introduction to'Electronic Systems

A. Definitions and terminology

B. Block diagramming concepts
1. Signal considerations 1ist representive of the various types
2. Interfacing techniques

I1. Communicat{pn Systems

A. Purpose of communication systems
B. Typical communication systems

1. Amplitude modulated

2. Frequency modulated

3. Single-sideband

4. Television

5. Microwave 1inks

I11. Measurement Systems

A. Purpose of measurement systems
B. Typical measurement systems
1. Metering
a. Non-electronic
g. Electronic
ounters
Analyzers 118

W N

T CIL TS S

s
Q A




a. Distortion
b. Frequency
c. Spectrum
4. Generators
a. Audio frequency
b. Radio frequency
D
a
b
c

5. Displays
a. CRT
Digital

Printer
IV. Computing Systems

A. Purpose of computing systems
- B. Computer types (a classification, basic)
1. Digital
2. Analog
C. Typical computers (a classification by size;
Full size
Mini
Micro

wl\,-l

V. Control Systems

A. Purpose of control systems
B. Typical control systems
1. Analog types
a. Servo-mechanisms
b. Electromechanical (relays)
2. Digital types
a. HNumerical
b. Others
3. Electro-optic

VI. Other Systems " . ' . _ ”E

(These are to be chosen as considered appropriate student and
1nstructiona1 needs)

SUGGESTED SYSTEMS:

Navigational systems

Radar systems

Telemetry systems
Ultrasonic and sonar systems
Data systems
Instrumentation systems

SUGGESTED TEXTS AND REFERENCES:

Adam, Stephen F. Microwave Theory and Applications. New Jersey:
. Prentice Hall Inc. [Latest Edition.

3
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Angerbauer, George J. Electronics for Modern Communications.
Englewood C1iffs, NJ: Prentice Hall Inc., 1974,

Balakrishman, A. V. Communication Theory. New York: McGraw-Hill
Book Co., 1968. :

Bannister, B.R. Fundamentals of Digital Systems. New York: McGraw-
Hi11 Book Co., 19/3.

Belove, Charles and Drossman, Melvyn ﬁ. Systems and Circuits for
Electrical Engineering Technology. New York: McGraw-Hi11 Book Co.

Bennett, William R. Introduction to Signal Transmission. New York:
McGraw-Hill Book Co., 19/0.

Blukis, Juris & Mark. Practical Digital Electronics. New Jersey:
Hewlett Packard Inc., Latest Edit{on.

Bu]}, Gordon M. Time Sharing Systems. New York: McGraw-Hill Book Co.,
972.

Chute, George M. and Chute, Robert D. Electronics in Industry:
Fourth Edition. New York: McGraw-HTTT Book Co,
Ciarke. Kenneth K. and Hess, Donald T. Communication Circuits:

Analysis and Design. Massachusetts: AddTson-WesTey Fu511sﬁ1ng Co.,

Cooper, William D. Electronic Instrumentation and Measurement Techniques.
New Jersey: Prentice Hall inc., 1970.

Dearholt, Donald W. and McSpadden, William R. Electromagnetic Wave
Propagation. New York: McGraw-Hill Book Co., 1973.

DeRossi, Claude J. Exploring the World of Data Processing. Virginia:
Reston Publishing Co., 19/5.

Dorf, Richard C. Modern Control Systems; Second Edition. Massachusetts:
Addison-Wesley Publishing Co., 1974.

Doyle, John M. Pulse and Digital Circuits; Second Editfon. New Jersey:
Prentice Hall, Inc. '

Eaton, J. R. _Electric Power Transmission Systems. New Jersey; Prentice
Hall, Inc. 1971 '

Elgerd, Olle I. Electric Energy Systems Theory: An Introduction.
New York: McGraw-HTTT Book Co., 19/77. .
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COURSE OUTLINE
T-ELN 242 ELECTRONIC SYSTEMS 11: COMMUNICATIONS

COURSE DESCRIPTION:

Introduction to fundamental aspects of electronic communication systems
with specal emphasis on need for modulation, types of modulation,
frequency spectra and bandwidth requirements. Qualitative study of

the principles of AM, SSB, and FM including the generation and detection
of signals and their frequency spectra. Transmission and propagation
of radio signals will be studied..

COURSE HOURS PER WEEK: Class, 5; Laboratory, 4.
QUARTER HOURS CREDIT: 7.

PREREQUISITE: T-ELN 241.

OBJECTIVES:

Either during or upon cempletion of this course, the student should
. pass with a proficiency detergined by the institution oral and/or
- written examinations covering material in the outline of instruction.
. As a-minfmum a student shall: ' »

: (1) Explain how RF energy propagates along a tnnsnission
. , 1ine and compute re ection coefficients and VSHRs
- for given loads and characteristic Wedmg. co

(2) Distinguish between Hertiian and Marconi antennas with
respect to such parameters as polarization, character-
istic impedance, best employment, radiation patterns,
directivity and gain. '

(3) Recognize and explain the construction, advantages,
and disadvantages of the more common types of antenna

arrays.

(4) Demonstrate cempetence in the use of the Smith Chart
to include wpliving for VSWR; location of nulls, loads,
iuhorts and opens; and placement and length of- stub

uners .

(5) 1ldentify the type tuned circuits used in receiver,
input circuits, transmitter output circuits, and
other electronic applications.
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S (6) Identify from comparisons and schematics the various
types of oscillator used in communications, e.g. Hartley,
Colpitts, Pierce, and crystal. :

(7) Explain the theory behind biasing and neutralizing
methods, why and where used, and in detail, how
amplifiers work in communication circuitry. With proper
supervision in accordance with FCC Rules and Regulations,
the student should be able to demonstrate in the
laboratory that he can: :

a. Loa? ? sgknsaission 1ine to obtain a flat response,
orl: . )

b. Design and erect a simple dipole that will resonate
on a given frequency within-‘an acceptable VSWR.

C. Solve transmission 1ine problems with the use of
the Smith Chart in an expeditious and accurate

d. "Develop sound troubleshooting procedures using
both signal injection and signal substitution
methods, static testing, dynamic testing and, as a
minimum, {identify simple malfunctions in amplifier
and oscillator circuits used at radio frequencies.

e. Utilize properly those instruments commonly used
in communication engineering technology e.g. SWR
bridge, grid dip oscillator (or tunnel dipper),
antenna current meter and other RF recording
instruments, transmatchers. . ' o

f. Tune a recefver to a CW,AM, and SSB signal-so
that each can be heard and understood easily
and categorized using standard RST reporting
procedure.

OUTLINE OF INSTRUCTION:

1. Amplitude Modulation

Principles

Mathematical description.of waveform

Percent modulation

‘Power content in carrier and in sidebands
Components of the AM transmitter

Modulation amplification .

Classes of modulation

Early types of receivers ;,

_The superheterodyne receiver . _
Recefver performance; sensiti vity, selectivity, stability
Reception of CN; the BFO s -
Frequency conversion.and bandpass
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1. Frequency Modulation

Principles of angle modulation
Mathematical description of waveform

Noise and the AM signal

Frequency deviation and noise :

Direct and indirect methods of generating FM signals
Reactance modutation '

Multiplying and heterodynin?‘ .
Limiters; detector; the ratio detector; the gated-beam
Preemphasis and deemphasis; squelch ctrcuits :

I11. RF Phenomena
A. Fields of energ&
The Poynting vector
. Propagation of RF energy
D. The TEM mode

IV. The Transmission Line

:—-::m-nm,onw>

Purpose :
Characteristic impedance
Lumped constants:
Impedance matching

COm>

V. Antennas

A. Elementany_:ybes”” :

B. Radiation,re§1§t4nge;§ndhpower L
- C. ‘Gain and directivity. o

D. Impedancgvmatchfng;:pqlarization

E. Antenna arrays e

o+ e 2o

VI. Propagation of RF Energy

A. Sky, space; and ground waves
B. Atmospheric effects, general
C. .The fonosphere. ... - .

D. Predictions '

VII. The Smith Chart

A. The reactance chart

B. Advantages of the Smith Chart
C. Plotting X, Y, and VSWR

D. Radial scales

E. Stub tuning -
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VIII. Tuned Circuits

A. Series circuits
B. Parallel circuits
C. RF coupi_ing

IX. RF Amplifi'ers-rand Osciilators. .

Feedback - '
Types- of amplifiers and oscillators
Biasing '
Neutral ization

Crystals

meoePr

SUGGESTED TEXT:

Temes, L. Conlmnication Electronics for Technicians New .York:'
McGraw-H 0.5 o

SUGGESTED REFERENCES

. Kennedy, G. Electronic Conmunic‘ation S, stems; New 'York: - iiceraw-

HiN Book 0.5

American Radio Relay League. | Radiov Amateur S Handbook Conn. 1976.

Shrader, R Eiectronic Connunications New York" McGraw-Hill
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COURSE QUTLINE
T-ELN 243 ELECTRONIC SYSTEMS III: COMMUNICATIONS

COURSE DESCRIPTION:

Study of specialized electronic communication systems such as TV,
microwave, radar, and optical communication systems. Discussion of
sampling and pulse systems including techniques of multiplexing such
as PAM, PDM, PCM, and PPM.

COURSE HOURS PER WEEK: Class, 5; Laboratory, 4.

QUARTER HOURS CREDIT: 7.

PREREQUISITE: T-ELN 242,

OBJECTIVES:

Either during or upon completion of this course, the student should

pass with a proficiency determined by the institution oral and/or D
- written examinations covering the material in the outline of instruction.

'  “ As a minimum a student shall:

(1) Recognize, through the use of instrumentation such
as the oscilloscope, typical AM, SSB, and FM waveforms.

(2) Develop the basic equations involved with AM, and
" §SB, to show the relationships existing -between
carrier and sidebands in these types ofqmodu19tion.

(3) Solve problems dealing,kithvpercent of_ﬁody]gtign.
frequency deviation, frequency swing, and similar
parameters important to AM, SSB and FM signals.

(4) Understand the theory behind tﬁe various types of
pulse modulation and multiplexing, particularly
with respect to PCM and TDM. -

(5) Distinguish between the requirements—for the trans-

~ mission of analog and digital data and display a
knowledge of interfacing the UART .chip .with such
devices as the teletype, CRT and modems.

In institutions emphasizing broadcast communication the student should,
in addition to the above, be able to: : .

(6) Describe in detail the components of the typcial
broadcast station. R
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(7) Develop a program distribution plan that utilizes
to advantage a typical master control room, remoting
of broadcasting transmitters, and telephone company
facilities.

(8) Identify 1ikely causes of trouble in the audio and
RF circuitry of the broadcast t-snsmitter.

(9) Discuss the advantages and disadvantages in using
AM or fM at the broadcast station, to include modulation,
1imiting and compression circuits.

(10) Compare the various types of equipment found at the
typical broadcast station; e.g. microphones, recorders,
stereo and multichannel facilities.

In institutions emphasizing TV communication the student should, in
gddi;{on to the qualifications stated in paragraphs 1 through 5 above,
e able to: ‘

~ (11) Identify the major components of the monochrome and
the color receiver.

(12) Describe completely the operation of the iconoscope
and the image orthicon tubes.

(13) Describe the composition of the TV frequency channel
in complete detail.

(14) " Demonstrate a working knowledge of composite video,
synchronization pulses and vertical_synchrononization.

(15) Discuss-the additiona) requirements of the color TV -
set to include hue, color, luminosity, Y signal, and
chrominance signals. , :

(16) Describe in détail the miltiplexing of I and Y
s:gna}s_into the Y signal and the composite video
signal. _

In institutions emphasizing microwave comunications, the student
should be able to, in addition to the qualifications enumerated in
paragraphs 1 through 5 above:

(17) Explain the reasons for the development of the klystron

tube, the problem with density modulation, and how the klystron exploits. . .
the theory of velocity modulation.
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(18) Discuss the basic theory.involved in the use of such
typical microwave hardware as the slotted line,
waveguides, various tees, isolators, circulators,
crossed field amplifiers and 1inear beam amplifiers
or oscillators.

(19) Explain exactly how, in what modes, RF energy is
propagated at microwave frequencies.

(20) 1dentify the type losses and attenuation encountered
at microwave frequencies, how to measure them, and -
the extent to which they affect routine measurements.

(21) Discuss the advantages and disadvantages of the various
solid state devices and generators existing today
in the microwave engineering technology area. '

In institutions emphasizing the telemetry communications, the student
should, in addition to the qualifications 1isted in paragraphs 1 through
5 above, be able to:

(22) Explain the general requirements for transmitting
and receiving telemetry to include types of sensors
and signal conditioning.

(23) Distinguish between and discuss the advantages/
disadvantages of FDM and TDM to include demodulation
techniques, specific applications and relative.

_importance of each to modern communications.

(24) Describe fully existing display techniques and systems
used in modern telemetry.

In institutions emphasizing radar communications the student should,
in addition to the qualifications enumerated in paragraphs 1 through
5 above, be able to:

(25) Discuss the components of the basic radar system.

(26) Identify the major properties or characteristics of
typica] radar targets.

(27) Describe in detail the capabi]ities and limitations
of both pulse and CW radar in terms of range, PRF,
scanning speed, bandwidth, power, clutter, information
rate, and effectiveness against stationary as well
as moving targets.
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(28) Discuss the various methods by which radar data is
presented e.9. azimuth. height, range, speed.

(29) Explain how radar is useful in such areas as navigation
on land, sea, and air, plotting, control and relaying
of information. _

OUTLINE OF INSTRUCTION:
I. Pulse Modulation and Multiplexing

A. PAM, PTM, PPM

B. Advantages and disadvantages of PCM
C. Multiplexing, general

D. FDM, TDM '

E. FSK; ASCII and Baudot coding

II. Microprocessors in Communications

Parallel data transmission

Serial data transmission

Asynchronous serial data transmission
Use of the UART

Interfacing techniques

III. Single Sideband

moOOW >
[ ] L . . [ ]

A. Princinles

B. Methods of generation

C. The balanced modulator.

D. Advantages and disadvantages

.IV. Specialized Systems

Broadcasting
Television
Microwave
Telemetry
Radar

mooOo>»
[ ] . [ ] ] [ ]

V. Broadcasting Option

1. The Broadcast System

Program origination facilities

Physical layout of broadcast (3C) studio
.~ Types of consoles

Complete control room

Attenuation and VU meters

131
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2. Program Distribution
' a. Master control room
b. Remote broadcasting. :
= ~ Telephone company facilities
S 3. Transmitter Plant
a. Audio facilities
-b. RF facilities
4. Fidelity '
a. Measure of qual w
b. Limitations of s,ystm
C. Advantages of FM-
d E:"i:e?t m::lation ;
e. miting a compression LT ey
5. BC Microphones o . e
- a. Carbon, crystatl,. aat cemic
b. -Velocity and dynamic R ,
c. . Condensor o
d I:nreelbasic directive patterns: polar,. cyrdtod, bidtrec-
onal - ' :
:. :ola; re:po?se m T~ o 3
roadcast microphomes: 1lavalian, vibbon, shotqun '
Studio Techniques ‘ Py St
a. Microphone placmnt
b. Studio acoustics - -
C. Measuring audia Tevgls
d. BC audio standard:
e. Attenuators-
Program Recording
a. Disc plqybaek equ {pment
b. Program recording
- €. Tape recordeps
. 'd. Stereo and witichgmpl recording
8. Audfo Signal Pmess

a. Studio and trsnsp gqp lg;gtigq
b. Line equalizers

c. Volume compressiop a imt
d. Frequency and modylat] 1
9. BC Tra:gmitter ; % gp "

a. AM

b. FM

c. . Power supplies

d. Control system

e. Protective circuits and coeling

a. amera, e R rmm
b. Scanning and im mm;ly s

c. Video s a’l waysfom

d. :Camera chains-a g ¢

- e. /Transmission and’ receptien of colar

" Video' pairs. mngn &ow,_.i_.

*
L]
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Encoding and cameras

Film equipment

Video switching, distribution systems, tape and recorders
Color %ransmitter operation, test equipment and remote
control. :

. =t IO

VI. Television Option

1. Monochrome

Receiving picture tube

Picture format, scanning, standards
The iconoscope

The image orthicon-

... Composite video

Synchronization pulse

Vertical synchronization
Composition of TV frequency chanre}
The receiver

Jhe transmitter ,

.~ The-antenna system

olor - S
Hue, primary colors, saturation, luminosity.

oo
« o o .

o = D -4

N

The Y signal

Chrominance signals . .

Forming the video color : S
Transmissi,on':of-"chrominance._,s,i'gha'ls‘
Multiplexing I and-Q signals into.Y o
Lomposite video system I
Receiving; demodulation

The picture tube- - - - -~ - - -

“TO -4t OO0 O O
. * [ ] . . . . . .

VII. Microwave Option o

1. The Klystron L e L
a. Density versus velbqity:modulationu S T
b. Development of the kTystron .= T
c. Multicavity:and reflex klystrons .. .
d. - Capabilities and limitations. . -
2. The Slotted Line .~ .7 o
a. Purpose and usefulness
b. - Basic-theory -~ - - S
‘¢, Importance in microwave measurements
3. The Waveguide o ‘
a. Transmission 1ine, general o
b. Review of the TEM mode - )
c. TEand TMmodes. . . ... .. 3
d. Propagatfon of ‘energy through rectangular waveguide at
S microwaye frequencies : R E
e 4. Waveguide Components
S a. E and H plane tees

et bRl S




VIII.

b. Hybrid junction; hybrid ring
" Crossed field tee
5. Attenuation
"~ a. Types =
b. Measurement
Uirectional coupler :
6. "Antennas‘ , :
Methods of propogation B
: b. The dipole; ‘the horn and the parabol ic refleci'.dr .
_Measuring power ahd voltage patterns
d; Radiation plotting; RFT
7. Microwave devices ‘and generators
Ferrite isolators
b T3 BWC - ,
¢. Magnetrons =
d. Parametric amplifiers
8. Solid State Devices ~
a. Schottky barrier diode mixers and detectOrs ,
b. PIN diodes - '
c. IMPATT-TRAPATT, devices
d. GUNN and ISA devices
e. BARITT devices
f.  Step recovery diodes
g.  YIG tuned oscillators
h Masers and lasers

nelemetry Option

- 1. General

a. Types of sensors -
b. ' Signal conditioning

2. .FDM S
‘ General
-b. V€O :
¢. Data degradation L P
3. Frequency Division Demultiplexing
a. Filters

b. Pulse-averaging detection
c. The- PLL . S
d. Output filter a .
%DM Discriminant specifications
a.-.Fixed time ard demand multiplex
b, . Sampling rate
c. Base #lectron mnltiplbxing circuii:
d.-. -Anal4 'digital converter .
e. Da i
f
g.




Mwb. Synchronization

Time Division Demultiplexing
a. Decommutation

~ Bit timing and DC levels
d. Distribution of data/analog and digital ,
Display Techniques o
a. Basic displays: electroluminescence, laser 1ight, electron
‘beam, mechanica]’deflection, electric _ S
b. Systems: Eidophor ofl filter, GE thermoplastic filter, .-
" and~Packel electro-optics - o
c. Considerations: data rate and response time, quantity of oy
data visibi‘ity, quality : B

IX. Radar Option , ' o S i_w'é

1.
2.
3

: ~ Type v L

' b “Majo operational requirements' EH, PPI for. earch.

.o PRILfor. control height finding, homing. preti“sion "f
. tracking i ,
Calibration

"b “IFF:

.- Propertir. of radar targets

"-hm an oo
[ ] [ ]

L
.a. g
bi Bandwidth“'
¢

(

&

f

' b Aid to:plotting and control
. _Radar Beacon

f'd Statistical tonsiderations

Components of radar system
The radar equation

Cross-section .

. Rayleigh scattering

Corner: reflection

Target shaping

. ?omplicatedbtargets -

Ground painting. by airborne radar
imitaticns of pulse,radar

.Range; PKF, :and : scan’ speed

_ -power. and infbrmation rate .
Pulse and: C . S

Employment of Radar Data.
- Aid to navigation -

- Relay: of . radar displays
S stem '
“Coding




-SUGGESTED TEXT:

Temes. L. Communication Electronics for Technicians New Yorkﬁ
McGraw-H .s .

Lance, Al. Intrgg!gtion tg Microwave Theorv and Measurements.
New York: raw o..

‘SUGGESTED REFERENCES:

~ Mandl, M, Princiﬁles of Electronic Communications. Englewood‘Cfiffs.
NJ: Prentice Ha nc.,

Cnaf{;;. R.J. Microwave-Semiconductor Devices "John Hiley & Sons Inc. o
3 .

Kraus, J. D. and Carver. K. R. Elect gnetic - New York McGraw-Hill - -
~Book Co., 1973.

Angerbauer, G.J. Electronics for Modern Communication Englewood
Cliffs, NJ: Prentice Hall Inc., 1972
Anal?g Devices. Analog Digital Conversion Handbook Norwood MA.

DeFrance, JJ. Communication Electronics Circuits New York: Holt.
Rinehart & Winston nc., o

Adams, S.F. Microwave Theorz and Apglications Englewood Cliffs, NJ:‘
Prentice HalT Inc., s .'_' o
Rideghour,qky. Radar System Engineering. New York McGrawéﬂill Book B
0Oy ] : o




T-ELN 246

COURSE OUTLINE

T-ELN 246 'ELECTRONICS DESIGN PROJECT

February, 1976

Developed by:

Larkin Walker, Roanoke-Chowan Technical Institute
Dr. Janaki Potukuchi, Central Carolina Technical Institute

ELECTRONICS CURRICULUM COMMITTEE

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES
' RALEIGH, NORTH CAROLINA

o 137




COURSE OUTLINE
T-ELN 246 ELECTRONICS DESIGN PROJECT

COURSE DESCRIPTION:

L ent Tesearc n Tk b‘ - |

g‘le :tugentt The i:ude»: b:m s$ e:t a project in ﬁnsgigﬂém ’f S
e instructor; perform required resegr )

2 theoretica) model; and’ constys ct. test,,and evmatg a’wﬁr‘kiﬁg %‘modcl
of the selected project.
CURSE HOURS PER WEEK: Class, 0 Laboratory, 6.
QUARTER HOURS CREDIT: 3, R
PREREQUISITE: T-ELN 241,
- OBJECTIVES:

Having chosen a project and when presenting it for 1nstructor‘s approval .
the student should be able to: S

(1) Explain the reasons fpr choosing_ such a project.

I

(2) Explain the operation and spegiﬁcqtio_‘gg pf the. project.
(3) Estimate the approximate cost of the project.

(4) Estimate the amount of time 1t would tqkez t.‘o‘eompiete
the projqct. ' ‘

(5) Identify any spectal nents needed, their c }ete
spgcifi;a%ions :nd a 2&% fmnunt’gg tw canog“g :
procure '

After getting instructors approval, the student should: wtthin a I‘
reasonable perfod of time be able to: ‘

(6)  Complete design of gi,.t‘tgén all or those stac s of, thy
ProJect that are, y,qimtn*gpg gggmgf; w pa' *

(7). Explain. the oparation of; the projec
with technicqtl s%qgi‘f'lmijw; - oaghi's

(8) Pres t, throu rel v tsh ‘ 1. d m 5
- Ant oa"r:ution re?& A m,uygﬁtﬂi?ﬁc% )‘% 9
- assemply procedunes,. atc:
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After aﬁﬁrova] of his plan;, the student should be able to:

(9) Complete the project on a breadboard model and i
verify the operation of the complete unit. -

(10) If the unit does not work, troubleshoot and test the B
project systematically and be able to make any :
adjustments or corrections that are necessary and
make the unit operative.

(1) Assemble the unit in final form for presentation,
after confirming that the project performs according
to specifications.

(12) Perform final tests on the project and evaluate its rf?
complete performance. '

(13) Write a technical report that includes all drawings,z
results of tests performed, the technical specifi- : i
cations and other relevant material. A

(14) As a final step, the student may present his work
to the class and satisfactorily answer any questions
that might come up during the discussion.

OUTLINE OF INSTRUCTION:
I. Selection of Individual Projects
A. General information

" 1. Requirements of advisor L
2. Time and cost 1imitations o

‘ ki

B. Individual student selection oy

C. Advisor's approval ;ﬁ

II. Project Development E
A. Research into background material o 'ié

B. Compiling preliminary data o

C. Submitting preliminary report to advisor s

1. Specifications .o
2. Functional descriptions

3. Block diagrams

Construction of working model ({if feasible)
Compiling final data

Submit project and final comprehensive report to advisor ¥
for evaluation '

Tmo
. . L]
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. Handbooks
. Manuals. ©
» Periodicals:

-Marufacturers spacification sheets '
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COURSE OUTLINE
T-ELN 247 ELECTRONIC SYSTEMS II: COMPUTERS

COURSE DESCRIPTION:

of digital computer systems. Emphasis {s placed on the mini/micro
computer varfety currently being used in industry. The lab will provide
practice in manipulating the hardware and software associated with such
computers, '

COURSE HOURS PER WEEK: Class, 5; Laboratory, 4.

QUARTER HOURS CREDIT: 7.

PREREQUISITE: T-ELN 241,

COREQUISITE: T-ELN 217,

0BJECTIVES:

Efther during or upon completion of this course, the student should
pass with a proficiency determined by the institution, oral and/or

written examinations covering the materfal in the outline of instruction.

As a minimum a student shall:

(1) Explain the function of each instruction associated
with a given computer.

(2) Explain the functfon and demonstrate the use of each
opera:igpal control or switch assoctiated with a given
computer,

(3) Draw the block diagram and explain the function of
each block or subsystem of a given computer.

(4) Explain the function and demonstrate the use of each
piece of peripheral hardware for a given computer.

(5) Write a program using the instructions available for
a given computer when given a flow chart of & progran.

(6) Develop flow charts for computer proyrlms:

(7) Write programs utilizing all instructions associated
with a given computer. :

(8) Store and run any program written for a given computer.

(9) Debug programs utilizing any special instructions and
procedures available for a given computer,

. A

4
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CONDUCT OF COURSE:

The course is designed to provide instruction and practice in‘writing
programs utilizing a computer's instructional repertoire and then
inplementing the programs, through the full input/output capabliity of
the machine. In addition the functional aspects of the various subsystem
blocks of the computer will be covered to the extent that the student

can understand how an instructfon fs executed. An investigation of

other associated peripheral hardware may be included.

OUTLINE OF INSTRUCTION:
I. Introduction to the General Characteristics of the Computer.

A. Physical layout
B. Memory capability.
C. . Peripheral capability

II. Internal Organization

A. Displays and registers
B. Control section

C. Arithmetic section

L. Memory section

E. Input/output section

III. Operating Controls

A. - Manual controls discussion
Automatic controls

IV. Instruction Definition

. Operation code

. Operand address

Format for programming sheet

V. Program Development

A. Flow charting basics

B. Menomic codes

C. Interpretation of an instruction description

D. Practice solving simple problems through flow charting
VI. Programming the Basic Arithmetic Instructions

A. Clear and add

B. Add
C. Subtract

1A



VII. Operating Instructions for the Teletype-Brint-Octal Function

A. Print answers to arithwetic problems
B. Print out contents in memory

VIII, Operating Instructions for the Paper Tape Punch Mechanism
A aper—t ‘

Making-octat-format-paper—tapes—
B. Making alpha format paper tapes
'IX.>'Operating Instructfons for the Paper Tape Reader

"A.” Reading an octal format tape
B. Reading an alpha'format tape

X. Programming Alpha Format Instructions

A. ASC II code
B. Writing programs with alpha data

XI. Programming Advanced Arithmetic Instructions

A. Multiply
B. Shift right and left

C. Divide
D. Octal to alpha conversion/alpha to octal conversion

XII.  Prcgramming the Indexing Instructions

A. Index and add
B. Index and subtract

XIII. Programming Decision Making Instructions
A. Branch on zero
B. Branch on negative.
C. Branch on overflow
XIV. Programming the Subroutine Instruction

A. Subroutine format ) )
B. Kinds and examples of subroutines

XY. Methods to Debug a Program
A. One-step analysis
B Disp1a¥ instruction
Break Tnstruction

XVI.': ﬁna;i is of Steps Within the Execution of an Instruction by the
achine

A. Phase counter

s . 144
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B. Function register
. Fetch and exout parts of an instruction

XVII. Memory Section
A. Simplified core theory

1. Half and full select currents, I and Y lines
2. Inhibit and sense lines

C. Memory register function

-SUGGESTED TEXTS: |
| Manuals supplied with computer system.

}
SUGGESTED REFERENCES:

Baron, Robert C. and Piccirilli, Albert T. j
Operations. New York: Mcﬁvaw-HiII Book 0.,

Bartee, Thomas C.. Di jtal Computer Fundament&]s. Third Edition.
New York: McGraw=-RiTI BooE Co.. |§72 .

Deam, Nuchow and Zeppa. DigitaI CQgQuters, Latest Edition.
~ Reston VA: Reston Publis ing Co.

Dickey, Larry W. ‘Introduétion to’ Co"uter Conce ts. Hardware '
~and_Software. Englewood S, - a11 !nc.. 1974

) Robinson. Vester, Basic Princi les of uigital Comguters. Reston VAi
"~ Reston Puinshing Co., 1575

SUGGESTED EQUIPMENT:
~ Training type computer of the minicemputer tyre with te1etype-v
writer unit interVaced with the compurir. The tnlet"pe unit should
be complete with a paper tape punch :nd roq! o lcae Electronics
equipment 1ist for suggested computer traij: :: ;
Operators manuals for the above harcuar.

Paper supplies for the teletype unit
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~ COURSE OUTLINE

T-ELN 248 ELECTRONIC SYSTEMS III: COMPUTERS

~ COURSE DESCRIPTION:

This course deals with the detailed theory of the compu‘er S tems pre-

Ihe lab consists of digital measurements in su pport -of ogeration thedry
ollowed by actual troubleshooting practice. dealfng wit systems
analysis and diagnostic procedures.

COURSE HOURS PER WEEK: Class, 5; Laboratory, 4.

QUARTER HOURS CREDIT: 7.

PREREQUISITE: T-ELN 247,

OBJECTlvzs- A

Either during or upon. completion .of this.course, the- studentwshﬁuld—-~‘«~~~~r~~-44

pass with a proficiency determined by the institution, oral:and/or
written examinations covering the material in the’ outline of {hétrUction.
As & minimum a student shall~'- .

(1) Trace. logfc signa] paths on the schematic diagram of
a given computer.

(2) Explain the operation of each section of the computer
from a bit-hy—bit logic analysis. .

(5) Identify any logic stgnal on the schemaﬂic d!igrdm
and Tocate the actualgtest point in the cémauﬁer.;fﬁ. .l
(4) Establish a timing displqy on & multtcﬁdnﬂéfﬁ'#cf1ioscope
for a:{ dynamic operat1oh of any sub:ystdm wf‘ In tﬁé
computer. |

(5) Proficiently use a multichannel triggﬁféﬂ osei?ldscopé
for establishing timing display measuremtnfs

(6) Demonstrate the use of logic probes tn dﬁﬁd?mfﬁfng
logic levels at any circutt pofnt fn thé’ d&Mﬁutt?.

(7) Extract, examine and replace circuft ¢ar¢ﬁ
(8) Explain and demonstrate the use of diagnostfc programs,

(9) Develop diagnostic programs’ peculiar to ﬁﬁtcfffc test
routines.

(10) Given a problem in some specific part of the computer,
he can by the use of diagnostic procedures, isolate




the probable cause tc a defective gate, connection,
or switch. L ‘
Tt A e s s e N B et avim s+ it crisnaernis oy .

(11) As a means of analyzing the problem, write a detailed
diagnostic report, which should include a diagnostic- ‘
program which he has developed, a systematic testing proce-
dure, and a speculation as to the probable cause of the
malfunction. ‘ oL

(12) Demonstrate the operation and application of any
specialized digital computer testing instrume

OUTLINE OF INSTRUCTION:

I. General Sy§tem Schematic Diagrams

A. Coordinate system
B. Logic signal index

I1. Access to Logic Test Points in the Computer

A. Cross-reference from schematic to the front panel
B. Rear panel connections

IT11. Logic Probe Opération

A. Static display . o
B. Pulse display .

IV. Dual-trace Oscilloscope Operation

A. Synchronization to a reference signal
B. Pulse timing from one signal source to another

SO ST N
L PR IR

V. Analysis of the Control Section Z

Clock

Clock counter

« Clock counter decodes
Phase counter

Phase counter decodes
Shift counter

TIMmMOOD>
" o e

VI. Analysis of the Memory Section. | |

Coincident current
Clear/write cycle
Read/restore cycle

. Sense and {nhibit windings
X and Y selection matrices
Address register

Mmoo >

L e ey e
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P e g, Mémory register
G , H.. Memory cycle. timing
I. Hemory cycle logic end timing uaveforms

VII. Analysis of the Aritnmetic Section

A. Accumulator

B. B register -

C. Adder

U, Adder con’EroTse‘tT'on‘va
E. Adder timing -

F. Adder. timing unveforms

VIII. Analysis of the Input/Output Section

Computer keyboard
‘Programming . controls »
Teletype control section

. Tape reader control section
Card reader control section | . Do e
I/O timing wavefonms ‘ . B O e

Mmoo >
. ® . o o

IX. .Instruction Timing Ana1ysis

‘Example 1nstructions should be annlyzed in detoiI as’ they ere '
carried out step-hy-step . , S Coen

x."Diagnostic Program Hriting

A. ‘Special diegnostic instructions'
B. Diagnostic printout procedures

AL Troubleshooting COntroi

A. Special halt conditions
B. Repeat. 1nstruction controi

X11, Troubleshooting Practice o N . f,ji :f@fL] ;'- -vp %;;

e NOTE: If the computer is equipped with troubie switches. the student

i should 1ist the symptoms of each problem, write an appropriote

oo diagnéstic program, .determine .a systematic step-by-step ' . o
Brocedure. .analyze the test. dete and specuiete os toﬂt“' pro- :

able cause of the probIem.x.

SUGGESTED TEXTS:'

Manuais‘supplied with camputer system.

o e ————-
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SUGGEST ED REFERENCES.

Baron, Robert.C. and Picctrilli Albert 'l‘ Di"{tal I.o'fe and_ ,
Cosputer wnttgs. HNew. Yor HcGraw—rl_._v,L_‘,, ..Book Lo, , 1967,

Bartee, Thms C.’ Di 'I f Cter andmm-a]s' 'l‘hird Edition
New York: "CGI‘&N_ 111:800K L0,," . .

Jeam, Nuchow and’ Ze:'

Ll L T IPVOP

Dickey. Larry H
~ and Software.

. Robinson, Vester. Basié ethet m"of m ‘1tal c
: Reston Publishing oL, TR T

- SUGGESTED equxmem

Sam computer as used for T-ELN 247

Theory and maintenance manuals. for above computer
Dual-trace oscilloscope

Logic probe (see Electronic Equipment List)

1560
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COURSE OUTLINE |
T-ELN 249 ELECTRONIC SYSTEMS II: AUTOMATIC CONTROL

<
R i .

COURSE DESCRIPTION:

Automatic control concepts including ‘calibration, measarement and

T TStaNdards ave introduced. " Laboratory exercises are provided.
simuldted or generalized measurement and control “systens that -1
indicators, recorders, and controllers. Emphasis 1s. pldcdd on prociss
or System stability using virigus types of cdntrcners. ‘Fifal control
elements and their characteristics are studied. Graphical-analyses and
“srlutfons of process control systems are included.
Prerequisite. T=ELN 241.

T - ...‘ AR by o et

'W"""“couass HOURS PER WEEK: Class, 5; Laboratory, 4.
QUARTER HOURS CREDIT: 7.
- PREREQUISITES: T-ELN 241.
OBJECTIVES: |
Eithér during or upon completion of th'l s course, the .»tudent should
pass with a proficiency detérmined by the institution, oral and/or

written examinations covering the naterial 1n the outline of instruc-
tion. As a minimum a stident shall

(1) Define the technical meaning of:

a. Tems ?eculiar to measuremént of control variables.
control agents, and controll'lng means

b. Measuring mametéfs '

c. Process charactéeristics

d. Terms peculiar to autanatic control techno‘logy

of coﬂtrollers based on open- Oop an& closed-loop

types

system response.

(3) Know When and how to am the o130 Ay types of
" controllers for systém stabﬂity did ‘St im co

a. On<off (tuo Msfﬁéﬁ)
b. P‘t‘oPo fonal

c. ropdréwm plus 'autmtic g

d. - Proportisnal phfs duatomitic me‘é ﬁus Mte
e. Cascade .conmtrot _

f. ;Computer control |

(4) Demonstrate a knowl‘e_dge of_c_:ontroﬂprs in the o
- laboratory by adjustin -gnd'-(eulibr"'tt ‘to spec
- accuracy;: sehsf vﬁy id ENY

- electronic, preumati
. that modulate fin




(5) Show that the need for operating procedures is to
maintain the variable at a desired set point.

(6) Describe the characteristics of the various types
of control valves and their selection for optimum
systems response to maintain the variable at a
set point.

(7) Analyze system characteristics by transient or
- frequency response and by graphical plots of -~ B
system equations. _

OUTLINE OF INSTRUCTION:
I. Measurement and Control

A. Definition of terms
B. Characteristics of measuring” function
C. System characteristics‘. _

II. Automatic Control ' N

A. Control elements :
1. Primary measuring element (the process variable)
2. Measuring function (transmission methods)
3. Controlling function (transmission methods) =
4. Final control elements . N : #
B. "Characteristics of automatic control '
1. Reset (on/off or floating)
a. Manual reset o
b. "Automatic reset (integral)
2. Proportional (position and time)
a. Proportional band (gain)
b. “Proportional plus reset
3. Rate (derivative)
a. Plus reset . o . L
. b. Plus proportional. . . . .. . e e T
4. Proportional plus reset plus rate :
C. System control of process -
1. Types of automatic controllers:
2. Final control elements
3. Cascade control
4. Computer control

IIT. System Stabi]jty

A. System characteristics reviewed
B. Selection of the system controller

2
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C. Adjustment of controller for optimum response and system
stability
1. Transient response due to step input
2. Evaluate variable response of system

IV. Experiences with Types of Controllers

A. Electronic controllers
" B. Pneumatic controllers

C. Hydraulic controllers

D. Final control elements

V. Characteristics of Final Control Elements

Vi. System Ana]ysis by Graphica] So]utions
Svstem characteristics reviewed
Transient response to step input
(the time constant method

Frequency response

(the Bode plot)

Controller forms

Process and controller combined
(the closed-1oop system - feedback)
System disturbances

Control system design

oM mo o o >

SUGGESTED TEXT AND REFERENCES:
Kirk, Frankie W. and Rimboi, Nicholas R. Instrumentation; Second
Edition. Chicago, I11: American Technical Society, 1336.

Tyson, Forest C. Jr. Industrial Instrumentation. Englewood C]iffs,
NJ: Prentice-HaH. Inc., 1961.

Foss, L”M“”Eha”BEiSEboke. B.C. .Theory and Applications of
Industrial Process Control. A15any. NY: Delmar Publishers, Inc.

Nixon, Fioyd E. Principles of Automatic Controls. Englewood Cliffs,
NJ: Prentice-Hal] Inc.
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A Studi of utdnitic_cantrol.thecey aid Seichass. $1cijd

COURSE OUTLINE
T-ELN 250 ELECTRONIC SYSTEMS III: AUTOMATIC CONTROL

COURSE DESCRIPTION:

characteristics and m&théﬁ@tich}”mddels'fwllﬂsﬂngf‘ e ;
‘ ;§§Vy. r‘—g

fs provided in specifying and selecting.prigsss,or ditomatic: c
paraneters and equipnent, Eléctronic.and.mechanical controls.ar
Intréduced as. well as the use of, the minicomputer. in, the control
lgop,}heractiqal:gnalysis,aﬁdﬁbvilu§§10n¢9n;§¢t0;1 or simulated

X0

- processes or systems is covered {n the laboratory.

QUARTER HOURS CREDIT: 7. ‘

PREREQUISITES: T-ELN 249.

O0BJECTIVES:

Efther during or upon completion.of this coiirse, the. stdent should

pass with a proficiency determined by.the institutign, .oral and/or. .
wfitfén?éxamjnqt!pps_covgxgng the material in the outlineé of fnstruc-
tion. As a minimum 'a student shall:

(1) Describe examples of automatic contral ijstens.
(2) Know the application of mitheRatics & _
and the solutions of various 1{inear differential
equations. - . '

PR N S T LN T SIS SR, % '33 ek Sl i
(3) Know.block diagram ;elmnxs‘,g;p'ﬁi;wfﬁ hei v,
mathematical transfer fynctign.and be able to

approximate the transfent response. _
z Sii G Ced m e : ;j,’kl:‘*‘szﬁ"‘ j,."‘:; 5 i\):' ; ﬁ‘;‘ .‘ t.ﬁj. “(._:'._';(;:,:
(4) Sketch block diagrams depicting. 6 At b o

‘rwf\(l i : iy R
.qontrol ;systems

transfer function or equation
varfous. typ ofsdﬁsj,rmus tas

o0 posttion) control lac.. She. Srofpitidaml aapr
né proportional. plus aitomatic.resetiacontralle
and, ;gue;‘,groﬁortibna’l' ﬁ?ﬂ§ dutomatic reset at

controller.

(5)  Undsitand. the Nigiatst criterion. sbiss.
apply. it to automatic control problens
system characteristics. e

(6) By ploteing systen llstrans o
paper,. correctly. apalyze: the. syst
loopv'lith sxnacig%il tg"s Land.frequengy. ...
response (emphasis, willibe. placedon: first-order.
systems, second-order systems, Nyqutst'plots and

B,




the Bode plot).

(7) Describe first-order and second-order systems and
know how to apply cascaded lag or lead compensation
or feedback compensation to obtain optimum system
response. -

(8) Know the effect of noise upon system performance
and know the types and use of filters to minimize
output disturbances. .

(9) Correlate control functions to mathematic equations
and graphically plot the functions in order to
analyze, evaluate, and improve system performance
by proper on-line adjustments of the controller for
optimum response. '

(10) Analyze systems by_observing .transient response -data. - - -

(11) Perform laborétory work with electronic controllers,
pneumatic controllers, and electro-pneumatic con- - - .
trollers.. : .

(12) Use the mini/micro computer in the control loop.

OUTLINE OF INSTRUCTION:
I. Automatic Control Systems

Type

Applications
Examples -
Physical viewpoint
Analytical viewpoint

Mmoo

II. Applications of Mathematics to Control Systems
e - . Ao Mathematical .applications - - oo e o T——
Characteristics of a linear continuous syst ‘
Classical solutions of RC, RL, and RLC networks
LaPlace transform solutions of RC, RL, and RLC networks
Block diagram transformations

MOoOODI>

III. Block Diagrams

Diagram elements (transfer function)
Single loop diagrams

Multiple loop diagrams

Block diagrams of control systems

2
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N

e

Iv.

. A. Characteristic equations

VI.

VII.

VIII.

Anaiysis of System. Response

A. Transient response istep input function)
B. Frequency response

Systems with Feedback

sinusoidai input function)y:m» L

~Nyquist-criterton——— -~ -
C. Bode plots :

How to Analyze an Automatic Controi System

.

3. Root locus plots
Improving System Performance

A. Types of compensation
1. Cascade lead and cascade iag
2. Feedback
3. Combine cascade and feedback
B. Nofse and disturbances to output
1. Filters
2. Selection of filters
3. Appiications ‘

1

Analysis and Evaluation of Electronic. Pneumatic. and Electro- T

Pneumatic Systems

A. Intuitive reasoning from data
B. Equation fitting of data -

- C. "Least square method on data
D. Slope method

'Sampie Data Acquisition System

A. Non-continuous systems R
B. Appiication of computer in controi of automatic systems

- SUGGESTED TEXT AND REFERENCES: v oo

Kirk. Frankie W, and Rimbof, Nicholas f.! Instrumsitations Second
Edition.. Chicago. Iii. American Tecnnica,>c_ Tety,

% "7{1}55i;aSE3§@;;£'im;%?.;"1m-:e;iiﬁin o

A. Stabiiity of open-loop systems ‘ Y
B. First-order system ' _
el c' second-order system LTI i T LA LT a.'._'_':'.:.-;:.'.;;'.:.: e TR IR T T IS RIS
~ D. Other methods
1. Log
2. Dectibel




Tyson, Forest C. Jr. Industrial Instrumentatio. Englewood C1iffs,
NJ: Prentice-Hall, Inc., 1961.

..Foss, L.M. and Delahooke, B.C. Theory and Applications of
Industrial Process Control. “ATbany, NY: Deimar Publishers, Inc.

Nixon, Floyd E. Principles of Automatic Controls. Englewood Cliffs,
NJ: Prentice-Hall; Inc. .
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COURE= OUTLINE
T-ELC 204 ELECTRICAL CIRCUITS

COURSE DESCRIPTION:
Advanced a]ternating current circuit analysis, network equations and T
~ - ‘theorems, polyphase-circuits, balanced and-unbalanced--three-phase - -~
circuits, polyphase rectifiers and measuring power in polyphase systems ;
are covered. : '
COURSE HOURS PER WEEK: Class, 3; Laboratory, 3.
. QUARTER HOURS CREDIT: 4.
PREREQUISITE: T-ELC 114.
OBJECTIVES:
Either during or upon completion of this course, ‘the s%ﬂdent;shodid‘

+ pass with a proficiency determined by, the institution, oral and/or . :
written examinations covering the material in the outline of instruction.
As a minimum a student shall: o - ‘ BT

(1) Detérmine series and parallel equivaient circuits
using Kirchoff's law. : o T

(2) simplify electrical circuits to Thevem's or Norton's
equivalent. | E L e

(3) Determine maximun power transfer usihgigraﬁhi651; f':
analysis. O ST

(4) Ca]éu]ate é]ectr1ca] prbpérfies‘of{hetWOfkitﬁfcﬁ{tsi -
", using superposition, mesh-and nodal analysis. . -

(5) Perform delté-wye transformations. o o ' [;‘»%

N

N et et vt a2 e S e e et b 2 5 cany

(6) Discuss applications of resonant circuits.

(7) Determine the advantages of polyphase systems. ,
(8) Describe the charaéteristics of polyphase rectifiers.
(9) Measure power in a three phéséyéystem. '

(10) Use Iaboratbny equipment to experimentally prove
mathematical analysis of circuit parameters.
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COURSE OUTLINE
'T-ELC 211 ELECTRICAL MACHINES I

COURSE DESCRIPTION: | -
Principles, construction, characteristics, applications and control D
-+ - of-direct current generators-and-motors: Advanced-alternating current - - B
circuit analysis in polyphase systems is covered. Includes a survey o
of induction motors, transformers, alternators, and generators.
Experience provided in specifying ard wiring machines.
COURSE HOURS PER WEEK: Class, 3; Laboratory, 3.
" QUARTER HOURS CREDIT; 4. =~ 7
PREREQUISITE: T-ELC 114.
OBJECTIVES:

Either during or upon completion of. this course, the student should
pass with'a proficiency de“ermined by the-institution, oral and/or
written examinations coverinc the material in the outline of instruction
As a minimum a student shall: ~ N RO .

(1) Describe the relationships of flux, motion, torque, , o
and voltages in DC generators-and motors e

(2) Explain the construction of DC dynamos
(3) Describe the types of armature windings.

(4) Draw wiring diagrams illustrating complete armature
windings. .

(5} Use formulas to calculate parallel circuits, slot,
' conmutator pitch, dead elements and equalizing con-_
e S TO S

.

(6) Desc'r.ibe DC motor and generator cha"ac-teristlcs

(7) Calculate electrical and physical qvantities for
DC machines, transformers, alternators and inducf'ion
motors. o

(8) Determine efficiencies, ratings and applications
-of dynamos, generators, and motors.
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(9)
(10)
()

(12)

. (13)

Analyze AC circuits used with motors and generators.
Explain the principles and operation of transformers.

Explain the principles and operation of induction
motors.

Explain the princip]es and’ operation of a]ternators .

and generators.

LI

Select and wire e]ectrica] machines in the laboratory.
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OBJECTIVES:

Efther durin
pass with a

writtéen exam
As a minimum

COURSE DESCRIPTION:

Principles, construction.'operation.
single-phase and polyphase power conv
specieiized motors. ¢
transfbf@grs‘and parall
COURSE HOURS PER WEEK: Class, 3; Laboratory, 3.
QUARTER HOURS CREDIT: 4.

PREREQUISITE:

COURSE QUTLINE
T-ELC 212 ELECTRICAL MACHINES II

application; and control of
erters, and motors an
e-phase and polyphase tra

d generators,
operation of alternators ;

nsformers, auto
are coyered,

T-ELC 211.

the student should

g or upon completion of this course,
proficiency determined by
Tnatfons covering the ma'te
a student shall:

the institution, oral and/or
rial in the outline of. {nstruction.

(1) Analyze phase relationships,

(2)
(3)
(4)
(5)

(6)

(7)
(8)

L)

vector diagrams, and
Toads in AC circufts.,

Use volta

ge and current relationships and the
equivalen

t circuit of a transformer.

Determine th

& regulation, efficiency,
operation a

nd power applications of the transformer.
Describe the prihgipi.s,
field poles, winding,
paraliel operation of

Describe the o
of po1yphaso

construction, frequency,
regulation, efficiency and
glternators.

pofating principles
induction motors.

Describe the characteristics of wou
double squirrel polyphase 1

Explain dynamic braking and reversing methods.
Identify types of starters and explain their use.

e Feator

and characteristics

nd-rocor and
ﬂ¢“¢ﬁ19ﬂwﬂpﬁﬁl’;' :

'Discuss the construction,
starting, efficiency,
of single

principles,.
speed, torque, a
phase motors.



(10)

(n)

(12)

Discuss the types and apnlicatidns of rectifiers.and
converters.

Calculate electrical and physical quantities for
synchronous motors, specialized transformers and
motors, and three-phase motors and transformers.

Select and wire electricai machines ahd control

circuits in the laboratory.
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COURSE OUTLINE
T-ELC 214 INDUSTRIAL ELECTRICAL CONTROL SYSTEMS

COURSE DESCRIPTION:

A study of industrial electrical control systems. Emphasis is placed

on practical circuit analysis as 1t pertains to starting, rapid
stopping, reversing, speed control, and circuit protection for electri-
cal motors. Travel 1imits for control of mechanical systems are
investigated as is timing of multimotor drives. Control building blocks
such as switches, relays, contractors, transformer, rectifiers, brakes,

protective units and power amplifiers form an integral part of the
course.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 4.

QUARTER HOURS CREDIT: 5.

PREREQUISITE: T-ELM 211.

OBJECTIVES: ~~—  — 77

Either during or upon completion of this course, the student should

pass with a proficiency determined by the institution oral and/or
written examonations covering the material in the outline of instruction.
As a minimum a student shall:

(1) Determine, select and evaluate overload and short
circuit protective devices for optimum motor protection.

(2) Design, select, compare performance and evaluate AC
and DC motor control circuits including starting,
reversing, jogging, plugging, speed control,
regulating, braking, static and dynamic switching.

(3) Determine and evaluate voltage/current levels and
waveforms in triggering the power circuits of solid
state motor controllers.

(4) Describe the selection and application of solid state
motor controller components.

(5) Assemble, wire, operationally test and evaluate the
performance of mofor control circuits.

(6) Describe the characteristics and uses of DC and AC
motor controls and starters.
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(7) Describe the operation and design of the common
types of DC motor contrp]s and starters.

(8) Calculate required parameters and draw circuit
diagrams for DC control circuits. »

(9) Test, evaluate, and maintain the common types of
- A DC motor controls.

(10) Write 1ab reports on- tests performed on DC motor
controls and starters.

(11) Describe the operation and design of the common
types of AC motor controls and starters.

(12) Calculate parameters and draw circuit diagrams for
AC control circuits.

(13) Test, evaluate and maintain the commonly used types
of AC motor starters and controls. \

(14) Write reports on tests performed on AC motor starters
and controls. .

(15) Describe the operation and des:gn of the commonly used
types of regulators and regulating systems.

(16) Test, evaluate snd i+ .iafn ‘e commonly used iypes
of regulators aud reyulating systems.

(17) Describe th: speraticn and design of selected devices
such as 1imi switche: , pressure switches, brakes and
special control civeusts.

(18) Test, evaluate aid . intain selected devices and special
control circvirs,

----------------------------------------------------------------------------

OUTLINE OF INSTRUCTION:
I. DC Motor Controls

A. Manual sta, ‘ers

B. Automatic starters
C. Control circuits
D. Speed control

E. Protective devices

I1i. AC Motor Controls

A. Manual starters
B. Automatic starters 170




C. Control circuits ‘
D. Speed control
-E. Protective devices

ITI. Regulators and Regulating Systems

' ~ A, Current and voltage
o B. Speed
. C. Position
D. Operating systems _ i

W
i
RETEL
cos
sate
L
et
I
\ﬁ ]
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S

IV.  Auxiliary Devices and Speciz) Control Circuits ~a.§

A7 Limit switches
" B. Pressure and float switches |
C. Brakes !

SUGGESTED TEXT:

Siskind, Charles S. Electrice? Cortral Lystems In Industry. New York:
. i McGraw-Hi11 Book Co., 1963. :

TEIEE S T e T L
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COURSE OUTLINE

T-ELC 221 ELECTROMAGNETIC CONTROLS

December, 1976

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES
RALEIGH, NORTH CAROLINA
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COURSE OUTLINE
T-ELC 221 ELECTROMAGNETIC CONTROLS

COURSE DESCRIPTION:

A study of control components and schematic motor control wiring
diagrams. Motor starters, master controllers, protective devices,
rotating and magnetic amplifiers and regulators are introduced.
COURSE HOURS PER WEEK: Class, 2; Laboratory, 3.

QUARTER HOURS CREDIT: 3.

PREREQUISITE: T-ELC 114.
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T-ElC 22

COURSE OUTLINE

T-ELC 222 SOLID STATE CONTROLS

December, 1976 -

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES
RALEIGH, NORTH CAROLINA
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COURSE QUTLINE
- T-ELC 222 SOLID STATE CONTROLS

COURSE DESCRIPTION:

Introduction to static switching circuits and controls, Boolean algebra,
static switching applications involving logic components, and design

of control circuits. Dynamic controls involving solid state devices
such as the.transistor, integrated circuit, and digital readout. ~Mini
computers and their rclationship to the control of machines and manu-
facturing processes will be studied. .

COURSE HOURS PER WEEK: Class, 3; Laboratory, 3.
QUARTER HOURS CREDIT: 4.
PREREQUISITE: T-ELC 211.
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T-ELC 235

COURSE OUTLINE
T-ELC 235 PLANNING ELECTRICAL INSTALLATIONS

December, 1976

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES
RALEIGH, NORTH CAROLINA
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COURSE OUTLINE |
T-ELC 235 PLANNING ELECTRICAL INSTALLATIONS

N

COURSE DESCRIPTION:

A familiarization with the National Electrical Code; the power require-
ments and typical design of industrial and commercial installations.
Design and calculation of i1lumination and electrical cooling and
heating.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 6.

QUARTER HOURS CREDIT: 5.

PREREQUISITE: T-ELC 114. . '

OBJECTIVES:

" Efther during or upon completion of this course, the student should
~pass with a proficiency determined by the institution, oral and/or
written examinatior: covering the material in the outline of instruc-
tion. As a minimum a student shall: - :

(1) Use the National Electrical Code to detenmine safe
standards for planning electrical installations

(2) Be familiar with requirements for grounding. instal-
1ing fixed electrical conductors, and wiring methods
?ndimaterials. for industrial and commercial instal-

ations ,

(3) Be aware of special occupancy wiring situations and
factors detemmining the methods and materials used

(4) Calculate for and plan lighting installations
(5) Select 1ighting systems and 1ight sources.

(6) Calculate heat loss and gain for electrical. heating
and cooling systems.

(7) Prepare estimatas for 1ighting, power. heating and
- "cooling installations.

(8) Design electrical installation for a residence or
small commercial building.
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i T-tC 238
COURSE OUTLINE

T-ELC 238 POWER DISTRIBUTION

December, 1976

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES
RALEIGH, NORTH CAROLINA
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COURSE QUTLINE
 T-ELC 238 POKER DISTRIBUTION

COURSE DESCRIPTION:

Design of electrical distribution systems for power, 1ighting and
heating, including services, switchboards, control and power panels,
motor control centers, unft substations, low and high voltage
switchgear and underground systems.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 3.
QUARTER HOURS CREDIT: S.

PREREQUISITE: T-ELC 211, T-ELC 221,

0BJECTIVES:

Efther during or upon completion of this course, the student should
pass with a proficfency determined by the institution, oral and/or
written examinations covering the material in the outline of instruc-
tion. As a minimum a student shall: ) '

{1) Use basic wiring ‘concepts and conffgurations to pro-
. vide transfer of energy from source to the load.

(2) Discuss the :cdhsidera'tions for saf'ei;:” capacity,
flexibility, accessibility and reliability in
desfgning and installing electrical power systems.

(3) 1ldentify factors to include in designing overhead
and underground inter-plant distribution, high
voltage ratings, ultimate plant capacity, locations

~-for power switchgear, and motor control panels,
~and the routing of high vol tage feeders.

(4) Design branch circuits for buildings to include 1ight,
heat and power loads. .

(5) Design specfal circuits for relays, remote control
1ighting and panelboards.

(F) Determine power feeder size for motor ci.cuits.

(7) Describe factors involved in the selection of'
) _ switchgear, switchboards, and panelboards.
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"

(8)
(9)

(10)

(M)
(12)

(13)
(14)

(15)

(16)

(17)

\
|

Discuss the advantages of load center substation
design. }

Identify the uses of various stm;dard circuits
including radial, loop, and selective systems.

Compare various raceways and condhctors on factors
such as costs, protection, flexibility, and life,
andtthe features of busway, cable, and conduit
systems. : . ~

‘Determine circuit requirements for residential
-wiring. .

Calculate residential 1ighting, appliance, and
conditioning loads.

Design electric space héating systems.

Describe the application, installation, ‘'wiring, and
control of electric space heating.

Use heat charts, tables and formulas for calculating
heat loss, moisture, degree-days, R-numbers, and
cost of electric heating systems.

Identify the characteristics, class of power supply
data and wiring for signal and communications systems.

Identify factors which.determine the wiring design
of specialized. signal systems.
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T-EM 211

COURSE OUTLINE

T-ELM 211 ELECTROMECHANICAL DEVICES

July, 1976

Developed by:

Jerry Thompson, Catawba Valley Technical Institute

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COL!fG:S
RALEIGH, NORTH CAROLINA
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COURSE OQUTLINE
T-ELM 211 ELECTROMECHANICAL DEVICES

COURSE DESCRIP ION:

A study of the fundamental devices used in electromechanical technology.

Devices such as electrical motors, generators, transformers, relays,

and transducers will be investigated. Concepts of work, energy, power,

time constants, and efficiency as related to electrcmechanical devices ~-
- will be stressed. Study of the instrumentat.on required to perform the

investigation of electromechanical devices will form an integral part

of the course.

COURSE HOURS PER WEtK: Class, 3; Laboratory, 4.
QUARTER HOURS CREDIT: 5.

PREREQUISITES: T-;LC 114, T-PHY 101.
OBJECTIVES:

Either during or upon completion of this course, the student should

pass with a proficiency determined by the institution oral and/or
written examinations covering the material in the outline of instruction.
As a minimum a student shall:

(1) Demonstrate understanding of and the capability to
perform analytical calculations concerning performance
of electromechanical devices such as: direct current
generators, direct current motors, alternating current
generators, alternating current motors, transformer:
and regulators, relays, “solenoids, and transducers.

(2) Demonstrate capability of setting up, conducting,
evaluating, and reporting latoratory tests on electro-
mechanical devices such as: direct current motors,
alternating current motors, transformers, relays, and
transducers.

(3) Be able to use technical 1ibrary materials.

(4) Explain how simple AC and DC motors are constructed
and how power losses and efficiency affect their
operation. -

(5) Describe the different types of motors and how the
speed, torque, and construction differ for each type.
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(6) Describe the relationships between the primary and
secondary windings of a transformer, the different
types of transformers and how losses affect their
operation.

(7) Eaplain hc.: work i computed for mechanical and
electrical systems. Static, dynamic, kinetic, and
potential energies are oxamined for various systems.

(8) Identify relay action anc .~ iings, relay contact
arrangements, operating tii. , - atact materials, and
relay classifications.

(9) Expi: the parts of a generatc 2~ how energy
can be roduced and stored.

(*.  Explain i relays work, con.=.%t 'rrangements, relay
tir suints and exponentia. curves,

(11) Describe u2zic motor action and Seavs what motor
time constint: are and their electrical counterpart,

(12) Ilustrate hew 2 motor operates with AC or DC input
voltages and htw inductive and capacitive reactance,
impedance, and phase relationships are computed.

(13) Explain the construction and operation of transducers
for control purposes.

- e oy - .~--..--------u---------—--s---wn--h-u------------------------n

OUTLINE OF INSTR/UCT:ON:
I. Mirect Turrent Gerarators

A. Principles of operation
~ingle coil generator
Field excitation

3. Generator voltage equation
4. Magnetizatizca curve

5. Armature reaction

6. Cc.amutation

7. Interpoles
8

T

1

2

3

N =

. Motor action

ypes of DC generators
. Separately excited
. Self-excited
. Series

4. Compound
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I1.

III.

Iv.

C. Operation of DC generators
1. Voltage regulation
2. Efficiency and losses
3. Parallel oneration

DirectkCurrent Motors

A. Principles of operation
. Motor principle

2. Torque

3. Generator action

4. Equivalent circuit

5. Power

6. Armature reaction

7. Speed

Types of DC motors

1. Shunt

2. Series

3. Compound

Alternating Current Generators

A. Principles of operation
1. Construction
2. Voltage generation
B. 0perat1on
Regulation
Parallel
Hunting
Rating )
" Losses and efficiency

U’I#WN-—‘
e o o o

Alternating Current Motors

A. Polyphase induction
1. Principles of operatior
2. Construction
3. Characterisitcs
B. Synchronous machinery
1. Motors '
2. Inductors
3. Power drives
C. Single phase
1. Types
2. Operation

Transformers and Regulators
A. Princ1p1es of operation

B. Types of transformers
C. Losses and efficiency

“
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VI. Relays

A. Characteristics

1. Ratings

2. Switching

3. Powver requirements S
B. Relay types e

1. Typical magnetic relays

2. Special relay types

VII. Solenoids

A. Types
.B. Operation

VIII. Transducers

A. Position

B. Temperature

Pressure

Flow rate, strain, humidity

oo

SUGGESTED TEXT:

Robertson, Allan and Hunter. Electromechanisms/Davices. Albany, New
York: Delmar Publishing Co., Latest tion.
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T-HM 212

'COURSE QUTLINE
T-ELM 212 CONTROL SYSTEM TECHNOLOGY I

October, 1976

Developed by:
Jerry Thompson, Catawba Valley Technical Institute

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES
RALEIGH, NORTH CAROLINA -

186



COURSE OUTLINE
T-EEM 212 CONTROL SYSTEM TECHNOLOGY I

COURSE DESCRIPTION:

A study of control system technology. Basic concepts and terminology
are investigated. Methods used to evaluate open-loop, closed-loop,
requlator, follow-up, process, servomechanism, sequential, numerical,
ena]o? and digital control systems are introduced. Methoas to
describing control system components are investigated for electrical,
liquid,gas, thermal and mechanical systems. Characteristics of proces-
ses, measuring means, and controllers are covered.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 4.
QUARTER HOURS CREDIT: 5.

PREREQUISITE: T-ELM 211.

OBJECTIVES:

Either during or upon completion of this course, the student should

pass with a proficiency determined by the institution, oral and/or
written examinations covering the material in the outline of instruction.
As a minimum a student shall: '

»

(1) COnstruéf basic block diagram representation o
control systems. .

(2) Draw block diagrams and explain operating character-
isticsin open-loop control systems. Breadboard open-
Toop system and demonstrate characteristics of system.

(3) . Draw block diagrams and explain operating character-
istics in closed-loop control systems. Breadboard
" closed-loop system and demonstrate normal system
characteristics.

(4) Explain criteria used in analysis and evaluation of
control systems. Vary system damping and measure
response for over, under, and critically damped systems.
Simulate process control characteristics.

(5) Draw block diagrams and explain function of different
types of controllers such ¢s: regulator and follow-up,
process, servomechanism, sequential, numerical,
analog, and digital.
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(6) Perform analytical calculations for the basic elements
of a control system given specific formulas.

(7) Define transfer functions for simple electrical and
mechanical networks used in automatic control systems.

(8) Set up of simple control problems for solution by
analog computer.

(9) Define and perform analytical calculations for basic
process characteristics such as: integral, first-order
lag, dead time, and second-order lag.

(10) Perform analytical calculations for basic measuring
means characteristics such as: speed of response,
accuracy, and dynamic characteristics.

OUTLINE OF INSTRUCTION:
I. Basic Concerts and Terminology

A. Introduction

B. Block diagrams and traveling signals
C. Open-loop control

D. Closed-loop control

II. Evaluation of Control Systems

Benefits of automatic control
Load changes

Objectives of a control system
Damping and stability

Criteria of good control

Moo

I11. Types of Control

Introduction

Regulator and follow-up systems
. Process control

Servomechanisms

Sequential control

Numerical control

. Analog control

Digital control

IG)TH“I'IU(')W?

IV. Basic Elements of a System

"A. Introduction J
: 188
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B. Resistance -

C. Capacitance ’

D. Inertia, inertance or inductance 1
E. Dead time :

V. Introduction to_Lap]dcg Transforms

A. Input-output relationships
B. Laplace transforms..
C. Transfer functions

VI. Introduction to Analog Computers

A. Use of operational amplifiers
B. Programming of selected problems

VII. Process Characteristics

Introduction

The integral process

The first-order lag process

. The dead-time process

The second-order lag process

The first-order lag plus dead-time process

ulul=XelX--B

VIII. Measuring-Means Characteristics
A. Introduction o
B. Speed of response -

C. Accuracy
D. Dynamic characteristics

SUGGESTED TEXTS: - L

Bateson, Robert. Introduction to Control S stem Technol |
Charles E. Merrill PubTishing Co., 1973. ;-




T-ElM 213

- COURSE OUTLINE
T-ELM 213 CONTROL SYSTEM TECHNOLOGY II

October, 1976

Developed by:
Jerry Thompson, Catawba Valley Technical Institute

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES
RALEIGH, NORTH CAROLINA
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COURSE OUTLINE
T-ELM 213 CONTROL SYSTEM TECHNOLOGY II

COURSE DESCRIPTION:

Control system transducers, final control elements, and performance are
covered. Transducer topics include position, displacement, velocity,
acceleration, force, temperature, flow rate, pressure, and 1iquid

level measurement. Control element topics include control valves,
armature controiled DC motors, two-phase AC motors, and amplifiers.
Topics include frequency response analysis and testing, Bode diagrams,
closed-1oop response, stability, and controller adjustment.

COURSE HOURS PER WEEK: Class,3; Laboratory, 4.
QUARTER HOURS CREDIT: 5.

PREREQUISITE: T-ELM 212.

OBJECTIVES:

Either during or upon completion of this course, the student should pass
with a proficiency determined by the institution, oral and/or written
examinations covering the materiai in the outline of instruction.

As a minimum a student shall: -

(1) Perform analytical calculations for basic controller
characteristics such as: two-position control, floating
control, proportional control, integral control,
proportional plus integral control, derivative control,
proportional plus derivative control, and proportional

plus derivatiye plus integral control.

(2) Perform analytical calculatiuns for basic measuring
means components such as: position and displacement
measurement, velocity measurement, acceleration measure-
ment, force measurement, temperature measurement, flow-

- . rate measurement, pressure measurement, and 1iquid-level
measurement.

(3) Verify measuring means characteristicé, 6peration, and
applications. .

(4) Determine characteristics and use transfer functions for
amplifers and control elements such as: control valves,
AC/DC motors, amplifiers (AC/DC/SCR), fluid power
motors, hydraulic servo valves.
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(5) Conduct frequency response on a unit hasis for operation__
and control elements. -

(6) Determine frequency response and plot Bode diagrams for
simple open-loop and closed-1oop systems.

OUTLINE OF INSTRUCTION:
I. Controller Characteristics

Introduction

Two-position control

. Floating control

Proportional control

Integral control

Proportional plus integral control

Derivative contrel mode

Proportional plus derivative control

Proportional plus integral plus derivative control

II. Measuring Means Components
Introduction

Transducers

Position and displacement measurement
"D Velocity measurement
Accerleration measurement
Force measurement
Temperature measurement
Flow rate measurement
Pressure measurement
Liquid level measurement

III. Amplifiers and Control Elements

Control valves

AC/DC motors

Amplifiers

Fluid power motors

Electrically controlled hydraulic servomechanism (valve)

I"I'IU(')W?

IV. Analysis of Control Systems
A. Frequency response for various control systems

B. Construction of Bode, diagrams
C. Closed loop response and stability
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SUGGESTED TEXTS:

Bateson, Robert. Introduction to Control System Technology .
Charles E. Merrill Publishing Co., 1973. ‘
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COURSE OUTLINE

T-ELN 224 COMPUTER AND MICROPROCESSOR FUNDAMENTALS

‘October, 1976

Developed by:

Jerry Thompson, Catawba Valley Technical Institute
Richard Bley, Catawba Valley Technical Institute

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES
RALEIGH, NORTH CAROLINA
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» COURSE OUTLINE
T-ELN 224 COMPUTER AND MICROPROCESSOR FUNDAMENTALS

COURSE DESCRIPTION:

An in-depth study of computing principles. Subjects covered include
analog and digital computers, memory devices, input-output devices,
analog to digital converters, and digital to analog converters.

Laboratory work using integrated circuits as computer building blocks
will reinforce the classroom material.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 4.

QUARTER HOURS CREDIT: 5.

PREREQUISITE: T-ELN 219.

OBJECTIVES:

Either during or upon completion of this course, the student should pass
with a proficiency determined by the institution oral and/or written
examinations covering the material in the outline of instruction. As

a minimum a student shall:

(1) Classify computer and microprocessor systems.

(2) Execute computer programming and select instructions
and assembly languages for specific applications.

(3) Select microprocessor systems for specific applications.
(4) Use the binary, octal and hexadecimal number systems.
(5) Use ASCII coding.

(6) Describe the construction and operation of computer
memory elements to include core storage; semiconductor
storage; tape, disk and drum storage.

(7) Describe the construction and operation of input-
output devices to include tape and cards, CRT output,

JADC's and DAC's intelligent terminals and other inter-
" facing devices.

"(8) Describe and use computer organfzation to include construc-
tion of instruction word, control section operation
and minicomputer organization.
(9) Program and operate computer training systems.

(10) Explain and use elements of microprocessors and micro-
processor systems.

ERIC - e inm=




OUTLINE OF INSTRUCTION:
I. Computers

Computer operations

Programming

Number systems

Boolean algebra and gate networks
Logic Design

Arithmetic element

Memory element

Input/output devices

Computer organization and contro)

—LXOTMMOOD™

II. Microprocessors

Classification
Application

Components _—
Organization and control
Operation ’

mMooo>»

SUGGESTED TEXT:

Bartee, Thomas C. Digital Computer Fundamentals. McGraw-Hi11 Book Co..
New York: 1972 155?3 Edition, $71T.50. : _

Q - 1QR
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T-MEC 100
COURSE OUTLINE

T-MEC 100 MACHINE PRACTICES

December, 1976

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES
RALEIGH, NORTH CAROLINA
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COURSE QUTLINE
T-MEC 100 MACHINE PRACTICES

COURSE DESCRIPTION:

A course designed to familiarize the student with the machine shop
and machine processes. Although not an in-depth study of machine
shop practice, it covers a wide variety of techniques, machines, and
procedures while giving enough shop practice to enable the student
to’ "get the feel" of most of the machines. ‘

COURSE HOURS PER WEEK: Class, 2; Laboratory, 3.
QUARTER HOURS CREDIT: 3.
PREREQUISITE: None.

OBJECTIVES:

Either during or upon completion of this course, the student should
pass with a proficiency determined by the institution, oral and/or

written examinations covering the material in the outline of instruction.

As a minimum a student shall:

m

(2)
(3)
(4)

(5)

Identify, use and care for hand tools using proper
safety practices. .

Use layout and measuring tools._
Identify selected metals by external appearance.

Use and care for portable powér tools following

- proper safety practices.

Operate machine tools following proper safety
practices. : .
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T-MEC 107

- COURSE OUTLINE

T-MEC 107 APPLIED MECHANICS

s

July, 1976

Developed by:

Jerry Thompson, Catawba Valley Technical Institute

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES
RALEIGH, NORTH CAROLINA
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COURSE QUTLINE
T-MEC 107 APPLIED MECHANICS -

COURSE DESCRIPTION:

Concepts and applications of statics and dynamics. Force systems,
moments and couples, equilibrium, trusses, friction, centroids, center
of gravity, moments of inertia, motion, work, energy, momentum, and

- impulse ‘are covered. Applications relating to the particular technology
are introduced. '

$

COURSE HOURS PER WEEK: Class, 5; Laboratory, 0.
QUARTER HOURS CREDIT: 5. |
PREREQUISITES: T-MAT 102, - | -

- OBJECTIVES:

Efther during or upon completion of this course, the student should

pass with a proficiency determined by the institution oral and/or

written examinations covering the matertal in the outline of instruction.

As a minimum a student shall: - : .

(1) Demonstrate understanding and use of fundamental princi-
ples of mechanics as follows: ' ‘

a. Be able to replace biaxial anc triax#afrfdkbe.sxstéms A
bye single force. ot
b. Be able to resolve a single force into its hiaxfal
or triaxial components. = L

S c. Be able to explain moments of a force and to use
them correctly in quantitative calculations. .

d. Be able to determine the amount and'foéatibn of
the resultant of a system of parallel forces in
one plane. _ . | '

e. Be abie to determine the amount and location of .
the resultant of a system of parallel forces in

f. Be able to recognize couples and to use them
correctly in quantitative calculations.

g. Be able to replace a force by a force and a couple.
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(2) Demonstrate understanding of and ‘perform quantitative
calculations based upon a system of biaxial forces in
equilibrium,

a. Be able to draw free body diag;ama of a rigid body
or &eries of connected rigid bodies acted upon
by (1) biaxial force system in equilibrium and
(2) parallel force system in equilibrium.

b. Be able to derive the static equations, F_=0,
F.=0, from the free body diagrams and use”these
e*uations to calculate unknown forces acting on
the systems. : :

L (3) Demonstrate understanding of the functions performed
by friction and perform quantitative calculations on
systems 1n equilibrium taking into account the forces
generated by friction.

a. Be able to solve force systems acting on bodijes
on inclined planes.

b. Be able to solve force systems acting on bodies
in a biaxial plane. '

(4) Demonstrate understanding 6f—ghd perform quantitative
calculations in determining the centroid of commonly
shaped areas. -~

a. Be able to calculate the centroid of rectangles,
triangles, circles, semi~circles, and quarter-circles.

b. Be able to calculate the centfoid of areas composed
of the geometric shapes 1isted above.

: .Jding_of and perform quantitative
calculations -in determining the moment of inertia for
.commonly_shaped bodies.

(5) Demonstrate understan

a. Be able to calculate the rectanguiar moment of
inertia of rectangular, triangular, circular,
semi-circular, and quarter-circular bodies.

b. Be able to calculate the rectanirlar moment of
inertia of bodies composed of the geometric s apes
1isted above. :

c. Be able to calculate the polar moment of inertia
for rotating cylindrical bodies.
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(6) Demonstrate understanding of and perform quéntitative
calculativns in determining the motion of a rigid
body as defined by rectilinear and angular motion.

(7)

(8)

_ (9

Be able to solve problems involving 1inear motfon
of machine members including displacement, velocity,
and acceleration.

Be able to Salve problems involving angular motion
of machine members including displacement, velocity,
and acceleration. .

Demonstrate understanding of and perform quantitative
calculations in determining the motion of bodies when.
acted upon by a system of unbalanced forces taking
into account the forces and masses of the system.

Be able to solve problems involving particle motion
by constructing the free body diagram, writing
the equations of motion, and solving the equations.

Be able to solve problems involving the motion

of connected bodies by constructing the free body
diagrams, writing the equations of motion, and
solving the equations.

Demonstrate understanding of and perform quantitative
calculations in determining the work pertormed and
the energy used in selected mechanical systems.

Be able to solve problems involving the basic con-
cepts of work.

. Be able to solve problems involving the basic

concepts of kinetic and potential energy.

Be able to apply the work-enérgy method of analysis
in solving for motion of bodies.

Demonstrate understanding of and perform quanfitative
calculations in determining the motion of bodies using
the impulse and momentum method of analysis,

Be able to apply ihe impulse/momentum method in
solving for the motion of bodies.

Be able to apply the conservation of 1inear momentum
principle in solving for the motion of bodies.




OUTLINE OF INSTRUCTION: |
I.-. Fundamental Principles of Mechanics -

A. Resolution of forces = v
B. Resultants of frrce systems

C. Moments of a force .

D. Couples , i

II. Equilibrium of Biaxial Forces

~ A. Construction and use of free body diagrams
8. Derivation and solution of static-equations

1. Friction

A. Free body diagram of systems involving friction ~
B. Derivation and solution of equation

IV. Centroids

A. Single geometric shapes
B. Composite geometric shapes

V. Moments of Inertia

A. Single geometric shapes
B. Composite geometric shapes
C. Polar moment of inertfa

VI. Kinematics
A. - Linear motion S
8. Angular motior
C. - Component motion

VII. Force, Mass, Acceleration

A. Particle moti'orr
~ B._ Connected bodies

VIII. Work and Energy - I -

A. Basic concepts
B. Work-energy principles

- C.. Power.
IX. Inpulse and Momentum

A.  Inpulse-nomentum principle
B. Conservation’of momentun. ..




SUGGESTED TEXT:

Breneman, John W.

Mechanics.

New York:
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Book Company., 1960.
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COURSE OUTLINE

I=MEC 110 FUNDAMENTAL MECHANISMS

COURSE DESCRIPTION:

A study of the purpose and action of cams, cables, gear trains, differentials,
screvs, belts, pulleys, shafts, levers, and other mechanical devices used to
transmit or control signals.

OBJECTIVES: To present an overview of the purpose and actions of mechanisms
and mechanical devices used to transmit or comtrol signals.

COURSE HOURS PER WEEK: Class 2; Laboratory 4
QUARTER HOURS CREDIT: &
PREREQUISITE: T-PNY 102

OUTLINE OF INSTRUCTION: v
I. Introduction and basic concepts

A, T.m““" '
1. Mechanism ﬁ
2. Machine &
3. Complete pairs
4. Incomplete pairs
L Links .
6. Constrained motion E
7. Point pathe 3
B. Coordinate systems
1. Vectors
a. Scalar quantities
b. Vector quantities '
c. Addition and subtraction 2
C. Classification of motion
1, Plane motion
a. Translation
b. acation
2. ll.lit. & ”tt”
3. Spherical motion
D. Velocity and acceleration
1. Linear
2. Angular
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II. Motion and velocities of linkages

A. Fundamental equations
1. Motion on a straight path
2. Motion on a circular path
3. Rotation gbout a fixed axis
4. Linear velocity
5. Angular velocity
6. Relationship between linear and angular velocities
B. Instantaneous centers of velocity
1, Introduction
2, Instantaneous centers of velocity
8. Permanent centers .
b. Fixed centers
3. Kennedy's theorem
4. Poles and relatives velocities
3. Locating poles
6. Using poles
7. Force and torque ratios
8. Polodes
8. Center of curvature
a. Inflection circle
b. Hartmann's construction
C. Basic problems
1. Analytical solutions
2. Graphical solutions
3. Basic mechanisms ’
a. The rotating link
b. The yoke
(1) Motion curves
(2) Average velocity
(3) 1Inertia forces
c. The sliding block
d. Eccentric circular disc and follower
e. 8lider~crank mechanism
f. Four-bar mechanism

I11I. Transmission of motion

A. Direct contact mechanisms
1. Introduction
a. Speed ratio '
b. Velocities at pu.int of contact
c. 8liding and slide-sweep ratio
d. Translating driven body
¢. Pure rolling
f. Uniform speed ratio
8. Profile interchangeability
h. Cycloidal profiles
i. 1Involute profiles
J. Gear-tooth profiles
k. Equivalent mechanisms
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B.

C.

D.

2. Gears

b,
c.

‘a.
b.

C.

Types

(1) Spur

(2) Helical

(3) vorm

(4) Bevel

Terminology

Gear trains

(1) Single-gear pairs
(2) Single traiuns

(3) Compound trains
(4) Coaxial trains
(5) Change-gear trains

Introduction

Types of cams and followers
(1) Disc

(2) Radial

(3) Offset

(4) Flat faced

(5) Translational

(6) Cylindricel

Types of motion

(1) Straight-line or uniform motion
(2) Prrabolic motion

(3) Harmonic motion

(4) Cyclodial motion

Flexible comnectors
1. Introduction

a.
b.
C.

'Hoisting
Conveyors
Power transmissions

2. Types of flexible connectors

a.
b,

c.

dc
.
fc
‘0

Flat balts :

V=-belts

Roller chcins

Inverted tooth chains -

" Bead chains

Differentisl chain hoilt
Varigble opeed drives

Couplings
1. Types

a.
b.
C.
d.

Sleeve
Bellows
0ldham
Universal joints

Servo systems
1. Breadboarding
2. Electromechanical
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SUGGESTED TEXTS:

Berg, Winfred M., Precision Mechanical Components, Theory and Application

of, 2nd Edition. East Rockaway, N. Y.: Russell E, Sacken, 1965.
Handbook to familiarize designers, engineers, and draftsmen with
standardized precision, mechanical instrument components, provide -
basic design i ormation which will help build better systems, and
explain the design and engineering advantages and disadvantages of
a wide variety of such precise components and equipment available
in today's market.

SUGGESTED REFERENCES:

Chironis, Nicholas, Mechdnisms, Linkages, and Mechanical Controls. New
York: McGraw-Hill Book Company, Inc., 1965. Through coverage of
classical and modern mechanisms and devices giving full desctiptipnq

of their motions and functions.

Lent, Deane, Analysis and Design of Mechanisms. Englewood Cliffs:
Prentice Hall, 1961. "This book is written for wthe first year studant
in any technical school. It does not presume a knowledge of physacs,
calculus, or kinematics. It starts at the beginning and builds a
staunch foundation of basic principles and techniques. Graphical
methods are used wherever calculations are complex or laborious.

Prageman, H. I., Mechanism. Scranton, Pennsylvania: International
Textbook Company, 1947.

Tao, D. 5., Fundamentals of Applied Kinematics. Reading, Mass.: Addison-
Wesley, 1967. This text attempts to bridge the gap between theory

and day-to-day problems on the job by relating fundamental princi-
ples to familiar machines.

Winston, S. E., Mechanism. Chicago: American Technical. Society, 1961.
Fundamental theory of mechanisms. Basic Principles of the three
ordinary modes of transmission of motion are developed.
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COURSE DESCRIPTION
T-MEC 235 HYDRAULICS ‘AND PNEUMATICS

The basic theories of hydraulic and.pneumatic systems. Combinations of
systems in various circuits. Basic designs and functions of circuits
and motors, controls, electrohydraulic servomechanisms, -plumbing,:
filtration, accumulators and reservoirs.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 3.
QUARTER HOURS CREDIT: 4.
PREREQUISITE: T-PHY 102.
OUTLINE OF INSTRUCTION:
I. An Introduction to Fluid Mechanics

Objectives

A. The student should be able to define flhid mechanics and
fluids, and 1ist the two basic classes of the latter.

B. The student should be able to 1ist and define the folléwing
characteristics of fluids: -

Yolume

Weight

Mass

Specific weight (weight density)
Density (mass density)

Ot BN =

C. The student should be able to define

1. Pressure
2. Specific gravity
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I. An Introduction to Fluid Mechanics (continued) ‘ {3

Objectives (continued)

D. The student should be able to explain Pascal's law and
_pressure head. S .

E. The student should be able to work problems involving
items listed in B through D above.

Topics o ' A ‘ >Tj
A. What Is Fluid Mechanics?

Fluid mechanics is the study of the physical behavior of

fluids and fluid systems and the laws describing this ,;g
behavior. f;
B. What Is a Fluid? :  §}

A fluid is a substance which has definite mass and
volume but has no definite shape; a fluid cannot sustain
a shear stress under equilibrium conditions.

1. Liquids (and concept of "ideal 1iquid")
2. Gases

C. Some Characteristics of Fluids

1. Volume .
2. Weight
3. Mass

4. Specific weight (weight density)
5. Density (mass density)

& SN/

bi,.‘

D. What Is Pressure?

1.. Definition of pressure v ”fﬂ
2. Definition of specific gravity ' : <A

E. Pascal's Law
F. Pressure Head
II. Pressure, Head, Force

Objectives

A. The student should be able to define and use correctly the
following important terms: '
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I1. Pressure, Head, Force (continued) .

Objectiveg (cpntinued)

"3, Abg6lute Pregpure ™ " s e

tegenerative fluid power cylinders..

1. Piezometer tube
2. Gage pressure

4, Vacuum

5. Manometer

6. ‘Cylinder

7. Regenetative cylindet

The student should be able to work ptoblens involving o

piezometer tubes, mercury manometers, differential nanoﬁatarl;r'

devices whose function depends on.the application of
Pascal's Law, single-acting fluid power cylindeta. and

f

Topics

A,

B.

F.

Pressure Head and the Piezometer Tube
Absolute and Gage Pressure

1. Absolute pressure

2. Gage pressure

3. Vacuum

4. Absolute zero pressure

Pressure Head and the Manometer

1. Piezometer with a U-tube
2. Manometer (especially, the mercury manometer)

The Differential Manometer

Force Multiplication Via Pressure and Area

1. Review of Pascal's Law

2. Analogy between the fluid system using Pascal's Law
and the mechanical lever system

The Fluid Power Cylindet

1. Use of the fluid power cylinder

2. Single-acting cylinder
3. Regenerative cylinder

213
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III.

1v.

Buoyancy, Force on Submerged Surfaces

Objectives

A. The student should bé able to define and use correctly the

following important terms:

1. Static pressure

2. Pressure action

3. Head

4. Pressure distribution
5. Total pressure force
6. Center of pressure

7. Buoyant force

The student should be able to work problems involving find-

B. ,
ing the pressure at various depths in bodies of water, find-
ing the total force on submerged surfaces, and finding the -
volumes of submerged solid objects given their weights in
air and in water.

Topics

A. Hydrostatic Pressure

B. Pressure Distribution with Changing Head

C. Forces on Submerged Surfaces

D. Buoyéncy

Al

Displacement, Flow Rate, Continuity of Flow, Flow Velocity,
Horsepower

Objectives

A.

The student should be able to define and use correctly the
following important terms: '

1. Stroke ,

2. Displacement volume
3. Flow rate

4. Flow velucity .

5. Continuity of flow
6. Work 1
7. Hydraulic horsepower

The student should be able to work problems involving the

finding of cylinder dispacement volume, flow rate, flow

velocity, work done, hydraulic horsepower, and pump effi-
ciency.
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IV. Displacement, Flow Rate”—Continuity of Flow, Flow Velocity,
: Horsepower (continued)

Topics ' ' R
A. Cylinder Characteristics |

_ _ 1. The pump
v 2. The.compressor
e 3. Displacement volume (in cubic 1ncha| or cubic !aot)
4, Stroke
5. Volume rate of flow (in gallons pér minute)

LT R

B. Flow Velocity - e : .

1. Principle of continuity of flow
2. Continuity equation
3. Review of concept nf "ideal liquid"

C. Mass Flow Rate
D. Work Done in Pumping a Fluid
E. Horsepower Required to Pump Fluids ' f?

V. Conservation of Energy, Bernoulli's Equation

e RATL

Objectives %

A. The student should he able to define and use correctly | j;
the following important terms: i

1. Potential energy . ‘ i
2. Kinetic energy . R
3. Bernoulli's equation g
4., Head loss L
5. Head added o, 5

B. The student should bc able to work problems requiring the
use of Bernoulli's equation.

Topics
A. Energy Relationships in Fluid Systems
1. Potential energy .

2. Kinetic energy
3. The principle of conservation of energy
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V. Conservation of Energy, Bernoulli's Equation (continued)
Topics (continued)

B. Bernoulli's Equation

1. Derivation of Bernoulli's equation from the General
Energy Equation

2. Elevation head or static head

3. Pressure head or static pressure head

4, Velocity head

5. Elevation head and pressure head related to potential

energy of the flowing stream . 4?
6. Velocity head related to kinetic energy of the flowing a
stream . , ,

C. Ideal Flow Vérsuq Actual Flow Conditions

1. For a constant flow rate Q, wher the cross-sectional

' area of the conductor decreases from one point to
another, the flow velocity increases, and vice versa. :

2. The velocity head varies as the square of the flow o
velocity. :

3. When the flow velocity increases, there is a corre-
sponding decrease in pressure; conversely, when there
is a decrease in velocity, there is an increase in LR
pressure. '

4. Head loss

D. Fnergy Diagram ;F

VI. Flow of Fluid in Pipes

Objectives

A. The student should be able to define and use correctly the -
following important terms: s

1. Laminar flow

2. Turbulent flow hﬁ
3. Critical velocity o
4. Reynolds number '

5. Viscosity

6. Absolute viscosity

7. Relative viscosity

8. Kinematic viscosity

9. SSU, Saybolt Seconds Universal o
10. Average velocity .
11. Flow losses '
12. Darcy-Weisbach equation

13. Absolute roughness

14, Relative roughness
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VI. Flow of Fluid in Pipes (contirued)

Objectives (continued)

B. The student should be able to work problems involving the
conversion ¢f kinematic,viscosity to absolute viscosity
and vice versa; problems involving the determination of
velocity, flow rate, pressure drop or head loss, etc. of
fluid flowing in pipes.

Topics
A. Types of Flow

1. Laminar flow
2. -Turbulent flow

B. Criticai Yelocity

1. Upper critical velocity
2. Lower critical velocity

C. Reynolds Number

1. Definition of Reynolds number ,

2. Equation for determining the Reynolds number

3. Average Reynolds-nurber values of less than 2000
. indicate laminar flow for pipe flow.

4. Average Reynolds-number values of more than 3000
indicate turbulent flow for pipe flow. '

D. Viscoﬁity and Absolute Viscosity

1. Definition of viscosity and absolute viscosity

2, Three basic assumptions made in developing a picture
of the nature of viscosity.

3. Units of absolute viscosity

a. In the foot~pound-second system (lb'sec/ftz)
b. In the metric system (poise or centipoise)

4. Relative viscosity o
E. Kinematic Viscosity 3

1. Definition of kinematic viscosity
2. Units of kinematic viscosity

: a. In the foot-pound-second system (ftzlsec)
o b. 1In the metric system (stoke or centistoke)
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- F. Conversion from English to Metric Systems of Measure
G. Viscosity: Saybolt Seconds Universal
1. Relationship between viscosity and kinematic viscosity

4 a. When (SSU) t less than 100 seconds
b. When (SSU) t greater than 100 seconds

H. Average velocity

I. TFlow Losses in Pipes

1. Major Loss

a. Due to viscous-friction (shearing) effects associated
with the flow of fluid through a pipe.

2. Minor Losses

a. Due to the effects of a sudden contraction of cross _
section of the pipe. R
b. Due to a sudden expansion of cross section. S
c. Due to obstructions, such as pipe fittings, valves. etc.u
d. Due to curves and bends in pipe lines.
[FIE 1A
3. The Darcy-Heisbach equation ;
a. Relative roughness of . the surface of the conductor ‘
b. .Absolute roughness of the .surface of the conductor
c. The friction factor for laminar flow
d. The friction fdctor for turbulent flow

VII."Topics Dealing with Comptessible Fluids

Objectives

A. The student should be able to define and/or explain, and use .
correctly the following important terms or-Jews.

1. Charles' Law L
2. Boyle's Law - :
3. General Gas Law

4. Compressor

5. Pneumatic fluid power system

6. Harris formula

7. Compressio ratio

8. Standard conditions

9. Pneumatic cylinder o

y 8
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VII. Topics Dealing with Compressible Fluids (continued)

Objectives (continued)

B. The student should be able to work pnblm wtilising
Charles' Law, )ayho!.u.ndthmneulu.d
to calculate air flow losses in pipes.

Jopics | .
A. Introductios to Cempressibls Flow
1. Definitien of Fluid power
B. Gas Laws -
l. mddmo!&oemqtd.bolm
2620 pressure
2. Absolute saro Cemperature
‘c.‘durl‘l'!..
D. Boyle's Law
E. General Gas Law ;
1. Wq-otthenl.md,memtat
r. &’qtm.ou.
G. muenamm
_1. MdAMM’mzmm
2. Nefisitien of 2 pressurs vegulater
3. m:mm
H. A:lrﬂnrlcu.-hﬂ.‘p-
1. Barris fenmla

3. Use of the ¥-~factor from tabulated dats.

—
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SUGGESTED LABORATORY EXERCISES

1. Sight Gage

2. Visual Flow Box

3. Laminar and Turbulent Flow

4. Reynolds Number

5. Water Flow Nomograph

6. Pipe Pittings

7. Friction Pactor

8. Static Head and Pressure Differences

9. Static Pressure and Back Pressure
' 10. Gate Valves

11, Frictional Losses

NOTE: Detailed descriptions of the above experiments can be found
in Scott Fluid Circuit System published by Scott-Engineering -
Sciences, Pompano Beach, Florida, 1968. It is expected that
they will be performed on the Scott Fluid Circuit Systenm,
Model 9009.
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SUGGESTED TEXT

R. W. Henke, Introduction to Fluid Mechanics, lst Edition: Addison-
Wesley Publishing Co., Inc., Reading, Mass., 1966. (Excelient coverage
of material. Well illustrated.)

SUGGESTED REFERENCES

K. Brenkert, Jr., Elementary Theoretical Fluid Mechanics, lst Edition:
John Wiley & Sons, Inc., New York, 1960.

G. N, Cox and F. J. Germano, Fluid Mechanics, lst Edition, 8th printing,
1955: D. Van Nostrand Co., Inc., Princeton, N. J., 194l.

R. V. Giles, Fluid Mechanics and Hydraulics, 2nd Edition: Schaum's
Outline Series, McGraw-Hill Book Co., Inc., New York, 1962.

N. C. Harris and E. M. Hemmerling, Introductory Applied Physics, 2nd
Edition: McGraw-Hill Book Co., Inc., New York, 1963.

R. G. Hudson, The Engineers' Manual, 2nd Edition, 23rd Printing. 1967:
John Wiley & Sons, Inc., New York 1939.

H. W. King and E. F. Brater, Handbook of Hydraulics, 5th Editiom:
McGraw-Hill Book Co., Inc., New York, 1963.

L. S. McNickle, Jr., Simplified Hydraulics, lst Edition:  McGraw-Hill
Book Co., Inc., New York, 1966.

‘R. M. Olson; Esgentials of- Engineering Fluid Hechanics, 2nd Rdition:
International Textbook Co., Scranton, Pa., 1966.

F. W. 0'Neil, Editor, Compressed Air Data, 5th Edition: Ingersoll-
Rand Co., New York, 1960. , .

1. J. Pippenger and T. G. ﬂicks, Industrial szraulics, lst Edition‘
McGraw-Hill Book Co., Inc.,, New York, 1962. :

J. t:'ﬁobinson, Basic Fluid Mechanics, lst Edition: McGraw-Hill Book
Co., Inc., New York, 1963,

G. V. Shaw and A. W. Loomis, Editors, Cameron ﬂxdrau c Data, }4th
Edition, 2nd Printing, 1970: Ingersoll—Rand Co., New York, rk, 1965,

H. L. -Stewart, Hydraulic and Pneumatic Power "for Production, 2nd Edition:
Industrial Press Inc., New York, 1963. o .

L Flow of Fluids through V'alvesl Pittings. and Pige,
. (Technical Paper. No. 410) _1st Edition*: Craue Co., Chicago, 1957,

* Although Technical Paper No. 409 of the same title, dated Mey, 1942,
preceded this edition.
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SUGGESTED REFERENCES (continued)

, Hydraulic Institute Pipe Friction Manual, 3rd Edition:
Hydraulic Institute, New York, 1961.

1
.

-
4
o ‘v
L !
. i
- T
y . -"'
L =
[
X s
IWF
B
o

222

12




COURSE OUTLINE

T-ELN 203 MEASUREMENT AND CONTROL I

July, 1976

Developed by:

William H. Coleman, Cape Fear Technical Institute
Arthur W. Stroman III, Cape Fear Technical Institute

PROGRAM DEVELOPMENT
DEPARTMENT OF COMMUNITY COLLEGES
RALEIGH, NORTH CAROLINA

223

T-EN 203



COURSE OUTLINE
T-ELN 203 MEASUREMENT AND CONTROL I

COURSE DESCRIPTION: *

A study of the concepts of measurement and control, levels of accuracy,
and traceability. Also covered are the theory and calibration of
pressure gauges, vacuum gauges, and pressure switches using laboratory
standards such as the dead weight tester, manometer, precision test
,Jauges, and associated hardware. General shop practices are included.

COURSE. HOURS PER WEEK: Class, 3; Laboratory, 6.
QUARTER HOURS CREDIT: 5.

PREREQUISITE: T-MAT 101.

OBJECTIVES:

Either during or upon completion of this course, the student should

pass with a proficiency determined by the institution oral and/or

written examinations covering the material in the outline of instruction.
As a minimum a student shall: ' ' 2 Do

(1) Know what to do.in.the_evéntiofieIectricﬁlvshock. Know
the est§b11shed.1ndu§tr1a],rulesﬂcqncgrnipggjnjqrigs. :

(2) Know how to recognize unsafe conditions :that may exist
within an industrial complex. 'Know the standard. procedure .
LT T for correcting unsafe conditions. I R
~(3) Identify how materials act or react when heated, cooled, . . . . -
stretched, compressed, twisted or bent. Learn some of
the electrical characteristics of materials when altered.
L9?¥2dthat materials change dimensions when heated or

e . (4) Identify basic pressure mechanisms and configurations.
g Learn the meaning and effects of hysteresis. Learn
the applications of the common elements used in process
_ measurement. . _ C :

(5) Idehtif} various types of measuring and controlling
~instruments in the lab. }

(6) Introduce the student to the various characteristics
- of measuring and controlling instruments.
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(7)

(8)

(9)

(10)

(1)
(12)
(13)

(14)

(15)

(16)

(17)

(18)

Demonstrate the various general characteristics of instru-
ments. By monitoring voltage across precision 100 ohm
resistors on connectors cord terminal board, change in
recorder input can be detected before any change in recorder
pen takes place.

Use a manometer to measure pressure. Observe and learn
the effects of filling materials on the ser;itivity and
response of manometers - construct a "U" tube manometer.
Learn the factors in manometer accuracy.

Identify the basic principles of "Wall Manometers"
their practical considerations and applications. Learn
how to convert manometer from differential instrument
to absolute pressure instrument. Learn relationship
between "well" area and tube size.

Identify the basic principles of the inclined tube
manometer. Learn the pressure balance equation and be
able to work with it. Learn the practical considerations
and application of the Inclined Manometer.

Identify the temperature scales, i.e. (Fahrenheit, Celcius,
Kelvin and Rankine) and the various temperature measuring
devices.

Know how temperature changes are related to volume changes.
Know how bressure changes are related to temperature changes.

Identify the different classes of thermometer and -the general
temperature ranges of each class. Learn the non-electrical
methods of temperature measurements.

Study and demonstrate the conditions which alter thermal-
resistance and determine thermal time constants.

Know the basic laws of thermoelectricity used in thermocouples.
Learn the practical application of thermocouples - types

of thermocouples, calibration of thermocouples, grades of
thermocouples wire. Identify symbols and color coding for thermo-
couple wire. Use thermocouple calibration data. Describe
advantages and disadvantages of thermocouples.

Know the nomenclature of a dead-weight-tester. To learn
why a dead-weight-tester is used as a laboratory standard
for pressure gauge calibration. Learn how to maintain and
care for a dead-weight-tester.

Know how pressure measuring devices employ elastic membranes.
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(19) Know the meaning of differential pressure - and how to
set up manometers and gauges to measure differential pressure.

(20) Know how a pneumatic relay works.

(21) Know how pressures are transmitted by a pneumatic bridge-
and study the distance-pressure relationships. Study baffle
clearance vs. back-pressure. Study factors that affect
sensitivity of pneumatic bridge.

(22) Know how a differential pressure transmitter operates.
Learn how the piping must be arranged. Calibrate a differ-
ential pressure transmitter. Dissmantle and reassemble
dp cell, calibrate and place in service.

(23) Know the theories and means by which 1iquid level measure-
ments (non-electrical) are made.

OUTLINE OF INSTRUCTION:
I. Measurement Methods

A. Basic theory

Physical units

Pounds per square inch
Atmospheric pressure ,
. . Atmospheric equivalents
Density

Specific gravity

Static head

Absolute pressure

iquid column manometers
Open U tube

Closed U tube

Inclined tube

Mercury manometer

Bell manometers

DNPLWN=T ONNAANRWN -

II. Basic Pressure Mechanisms

~A. Bourdon C tube
1. Excursion standards

2. Scales, accuracy, linearity-hystersis
3. Pressure ranges
%. Bourdon tube materials
B. Helical element
1. Principle of operation
2. Pressure ranges
C. Diaphram elements
‘1. Principle of operation
2. Pressure ranges
3




CHIL

Liquid Flow Measurement
A.:

; 4.»7'._‘ ._Dead Height est."ng machines

':rimary devices
2. Analysis:of ‘effect of restriction.i

.':Orfice plate

.2 Limitations and capabilities
. Pilot tube -

1. Structure R

2. Applications -

. Vénturi tube " " -

. Bellows elements

1. Principle of operation . o
a. On conventional pressure ranges
b; As receiver bellows _‘5»-" .
-Pressure - ranges::: T
‘Absolute pr sure bellows
.;.Applications S

. Princ) operation . . . .7 -

jlsolation diaphragm

~Reynolds experiment
+a. ‘Viscous flow
,4b. Turbulent: flow

‘corner, pipe

LA Tap locations.‘ Flange, vena cont ac

S elbow
b.- Flow -

1. Specifications, flatness, polish,'sharp ed e, accuracy- -
~.ofbore, counterbore, . condensate- drainvhole,.ffg’tqt¢;.~

1. . Structure

2. Applications

Flow nozzle.

-~ T1.. .Structure
2 Applications
;Dall tube »'




BT I. Magnetic flow meters
= 1.  Structure
2. Applications
J. Liquid flow calculations
1. Formulas '
2. Calculations using Foxboro slide rule

IV. Liquid Level Measurement

- A. Liquid level -- open tanks
1. Bob and float
2. Sight glass
3. Air purge system
4. Diaphragm box
5. Differential pressure cell
6. Equipment construction
B. Liguid level -~ closed tanks =
= 1. Differential:pressure manometer.
G a. Principle of operation -
I : b; Gas . purge -
i ' - Liquid purge
d. Liquid seals
2. Equipment consturction

-

__V.m:Liquid Density Measurement f

A. Ajr. purge . '; e
~ ..B.—Temperature difference ,,fg
= C. Conductivity of“”

VI.liTemperature Measurements and- Methods ;ffiffu;ﬁﬂ

OTMOoOO® >

.iiThermocouglesn.f
. _~Thermi stors. .

VIL. Thermal Systems :'_" ,

A. Liquid filled -~ . o
1. -Capillary tubing -
2. Filling mediums.
: Class:I; liquid expansion
Class. II, ‘por_pressure '
~ Class: I, gas pressure
_ , “Class 'V, mercury. expansion
o B Vapor _pressure systems -
g . l -Evacuation-‘and fi11ing .
R ' - Ambient. temperature compensations
3 Nonlinear scales T




ERI

’_4. Ranges . : ’
o =;, - Normal and. reversed systems
IR vt Capillary tubing ' :
e (. Gas filled thermal systems
\ ‘Gas laws. . . ..
; System construction o -
. Ambient: temperature~comnensation
‘Scale ranges '
. Fully«compensated
<. Case: compénsation
: Possibleerrors.

Otm-b'wN-‘
*

t
. Bulb- immersion
. Tubing =~ .-

. DI
. . 4 TS .
p-------------------------------------------------------

T

SUGGESTED TEXTS

Kirk. Franklin. W., and. Rimboi Nichola ,R,,.Instrumentation.
Chicago IL American_Tbchnical.Society 1

0 Higgins. Patrick J.
New_iork . McGraweHi

SUGGESTED REFERENCES

.AndersOn;'Norman. Industrial”Processchntrol
Latest Edition.” O

Aruitoxt provided by Eic:



Kirk, Franklin W. and Rimboi, Nicholas R. Instrumentation. Chicago, IL:
American Technical Society., 1966.

Marcus, Abraham and Lenk, John D. Measurements for Technicians. Englewood
Cliffs, NJ: Prentice-Hall Inc., Y971 i

Ladoy, Millard H. Industrial Automatic Controls. Englewood Cl1iffs, NJ:
Prentice-Hall Inc., . .

Elonka, Stephen, and Parsons, Alonzo. Standard Instrumentation Questions
and Answers Vol. I & II. New York: ~McGraw-Hi11 Book Co., 1532.

Harvey, Glenn F. Standards and Practices For Instrumentation. Pittsburgh, PA:
Instruments SocTety o erica., 1974,

Considine, Douglas M. Handbook of Applied Instrumentation. New York:
McGraw-Hi11 Book Co., .
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COURSE QUTLINE -
T-ELN 213 MEASUREMENT AND CONTROL II

COURSE DESCRIPTION:

A study of control theory and applications with emphasis on electronic
and electric controls and mechanisms. Control 1cops and configuraticns
of electronic and pneumatics are constructed and placed in operation.
Applications of interfacing are covered along with calibration and align-
ment of constructed systems.

COURSE HOURS PER WEEK: Class, 3; Laboratory, 6.
QUARTER HOURS CREDIT: 5.

PREREQUISITES: T-ELN 203.

OBJECTIVES: |

Either during or upon completion of this course, the student should

pass with a proficiency determined by the institution oral and/or
written examinations covering the material in the outline of instruction.
As a minimum a student shall: -

(1) Know the effects of the sum of two forceé with’equal»and
unequal force levers en the resultant force. : .

(2) Knew what is meant by'raticfcoﬁtrol or the difference
between two input signal quantities. :

(3). Know how a m"’_t'bélance bridge can be used to ‘ai/jerage:-
signals and some applications. o SR

(4) Know the effects of on-off control in systems such as .
residential heating, air conditioning, ovens or any
applications in which

limits is not critical.

(5) Kndw the effects of proportional control with fespéct to
temperature controil systems and level conmtrol. S

(6) Know how proportional plus reset'act1qn_work$.

(7) Know the effects of proportional plus reset action in
an actual operating system. (Flow Loop)

(8) Know the theory of operafion of the Electronicﬁcbntroller
‘ and Controller specifications, imput circuit, amplifiers,
proportional circuits, reset circuits, power supply.

232 .
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(9) Know how a pneumatic controller functions. Also to
know how a penumatic controller mechanism, sensitivity
reductfon mechanical and sensitivity reduction pneumatic
works. .

(10) Know how to set up pneumatic controllers in system and
operate at optimum.operating conditions.

OUTLINE OF INSTRUCTION:

1.

I1.

I11.

Fundamentals of Control Theory

A.

Control response effects

1. On-off response

2. Proportional response .
3. Proportional plus reset response

4. Proportional plus wite response

5. Proportional ‘plus reset plus rate response

B. Offset

c.

Stabi11zation time

Basic Controller Mechanisms

A.
B.

Nozzle baffle theory

Controller relay

1. Leakless type - nozzle closed -

2. Leakless type - nozzle open

3. Overthrow mechanism - gravity type
4. Overthrow mechanism - spring type

Proportional Controllers

A.

c.

Pneumatic controller mechanisms
1. Sensitivity reduction - mechanical
2. Sensitivity reduction - pneumatic
3. Proportional controller with reset
4. Proportional controller with reset plus rate
Electrical controllers
1. Electrical characteristics
a. Supply voltages
b. Power supplies
1) Controller input characteristics
2) Controller output currents
Controller circutry
1. Proportional control
2. Proportional plus reset
3. Proportional plus reset plus rate response
Specialized controllers, pneumatic and electronic
1. Ratfo controller

2
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a. Direct ,
P © b, -Inverse , -
A 2. Pneumatiset controller

vl 3.1'Time schedule controllers

Iv. Transmitter Theory, Pneumatic and Electronic

A. Liquid level transmitter - _ :
g. Temperature transmitters ' - | R,

) . . R B N vr, o ,s
D. Absolute pressure transmitter » Co
E. Flow transmitters

- e D D D D D D D D D P AN D D D D D D D D D -

IRNTTEYE: iED TEXTS: B -i 't-' _': | }

Kirk, Franklin. W., and Rimboi Nicholas R.. Instrumentation° Saoond5tdf£iin
Lhicago. !L. American Technical Society. ) RPN T

. 0'Miggins, Patrick J.  Basic Ins
© New York:  McGraw-H1 50k 0"

SUGGESTED REFERE“CES

Zoss. L. M
New. York'

e Kirk. Frankl4n' W. “and Rimboi ‘Ni¢ lasnk
L. Amerjcan. Tochnioal Socioty., 1966”

Morcus. Abraham. and’ Lenk. John D” Measurements for Teclnioi;ns.
CIiffs. NJ Prantice-Hail lnc.. EVAE Sy

LaJoy. Millaru H.4 Ind strial Automatic COntrols. Englewood CIiffs. NJ.
Prentice-ﬂall Inc.,: :

Englowood‘,




Elonka, Stephen, and Parson, Alonzo. Standard Instrumentation Questions
and Answers Vol. I & II. New York: McGraw-Hil1l Book Co., 1962,

Harvey, Glenn F. Standards and Practices for Instrumentaiton. Pittsburgh, PA:
Instruments Society o erica.,

Considine, Douglas M. Handbook of Applied Instrumentation. New York:
McGraw-Hi1l Book Co., 1964,

e
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COURSE OUTLINE |
'T-ELN 223 MEASUREMENT AND CONTROL III

COURSE DESCRIPTION: | RN

T w0
LRI Qe T A

‘Troubleshooting techniques are studied and practiced using standard

- instrument maintenance test equipment. Actual loops and control systems
" —are set up and tubing and pipgng iayoufs are sfﬁaiga.- Instruments

are dismantled, reassembled, calibrated, and placed in service.

RN

AUTEC

COURSE HOURS PER WEEK: Class, 3; Laboratory, 9.
QUARTER HOURS CREDIT: 6.

PREREQUISITE: T-ELN 213.

(OBJECTIVES:

A A R

i R

< X :;: T ". LA
b s

E{ther during or upon completion of this course, the student should pass
with a proficiency determined by the institution oral and/or written
examinations covering the material in the outliné-of instruction. As

a minimum a student shall: ' '

et

4 e 5
=

oo

=

(1) Recognize and identity the various tools that are used
in instrument maintenance, and know how these tools are
used in calibration and repair of instruments.

= [ERPp

(2) Know how to identify thermocouples (color code), how to
c?eck and calibrate thermocouples, and how to run lead
wires.

(3) Know the proper lubricants to use on various key points, ,fﬁ
how to clean and check key points for wear, lubrication il
precautions, and how to keep maintenance records. =

(4) Know air supply requirements for pneumatic systems, and
the components and purpose of these components in instru-
ment air supply systems.

(5) Know how to make electrical connections, how to recognize
defects in electrical wiring, cable color-codes, and know
various insulations for different applications.

B S S Chp g L

(6) Know how to effectively troubleshoot a system to locate
the defective component instrument.

(7) Know the theory of operation, how to use, and how to main-
tain the dead-weight tester.

o Z . B

287 N
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(8) Know how to set up for calibration of all instruments
available to us - to actually perform calibrations of instru-
ments assigned.

(9) Know how to properly dismantle the 13A DP cell, reassemble,
calibrate and place in service in flow loop.

(10) Know how to. properly dismantle the 613 DM DP cell,
reassemble, calibrate and place in service.

(11) “Kknow how to dismantle, reassemble and calibrate the model
69TA-1 transducer.

(12) Know how to dismantle, reassemble and calibrate the model
66FR-2 ajr-to-current transducer. '

(13) Know how to troubleshoot the model 6400 recorder, what
key points to check for wear or binds, and how to set up
and calibrate the recorder.

(14) Know how to locate key voltage points in the model FR-316-
C-2 frequency-to-current transducer, and how to properly
set up and calibrate the FR-316.

(15) Know how to locate key voltage points, the various functions,
and how to properly calibrate the Foxboro model 62H
controliler.

(16) Know the theory of operation of the motor control system,
how to follow the wiring diagram and actually wire the
s¥s§em completely and operate, and how to properly dress
wiring.

(17) Know how to calibrate the model 40 recorder, and how to
check for wear and binds.

(18) Know how to dismantle, reassemble and calibrate the Foxboro
control valve # 25. ‘

OUTLINE OF INSTRUCTION:
I. Care and Use of Hand Tdols

A. Instrument maintenance tools
B. Shop tools

ITI. Instrument Cleaning and Lubricating

A. Visual inspection
B. Types of lubricants

o 238




I11.

nTMoO >

C. Points of lubricatien'tb:be'ednsiderguf;”2:,
Instrument Cleaning and Lubricating '

.=.Visual 1nspection ,
" Types of lubricants. =
. - Points of lubrication to be considered
.. Lubrication precautfons

‘ ?aintenance records

L) _r

.

VI.

VII.

VIII.

~ Control Signal Transmission

A.“Air supply requirements

~ B. Elements of air supply systems e ,,,3m{f'f;wea”
~C. ,Tubing ‘ R | -

Meterialﬁ” o~

- -,.z Size"

3. Connection o

4, Tubing 1nstallat10n
D. Pipe- S

1. Material o

3. Connection

4. Pipe 1nsta1lation

‘E. Electrical wiring

1. Clonnection
Protection

3. Color coding

4. Cabler -

Final Control E]ements
A. Instaliation

B. Maintenance

C. Calibration
Troubles* ating

A. 3usic steps
B. Repatrs

Preinstallation Preparation of Instruments

A. Bench check
B. Operational checks

Instrument Mounting
A. Purpose

B. Procedure
c. Intér-connection



- IX. IHstrument Parts and COmponents

A, Frequency or- inspection
B. Parts replacement -

C. ‘Methods of removal

D. Repairs to parts

X. -Thermocouple Fabrication and Installation
’ . A Fabrication
ermonn i e B. Insulation :
o C. Thermocouple. @ -
L D. Extension wire installation -
IR , E.'[Calibration procedure '

XI.Y Instrument Removal from System

A Coordination:with operation
B. Tag out N

LRI Instrument Instailation '”“ B

A, Safety ru1es o ’?jﬁv
-B. Procedures ;..
C. Final adJustments

;%;iﬂ, A. Discussion it 0 era;jngfgm‘mﬂ%*“
7 ’g. Prccess fa ‘_ ari "

'l 7]
RS
I e iy

Kirk.”Frankiin.
chicago; IL:

O'Higgins. Patrick d. . ‘Basic
New York:' ~Mc§ray:ui T

.SUGGESTED Rsrsasucss~'5

Fribance, Austin. Ind
McGraw-Hiii Boo 180y, 1302,

O'Higgins. Patricﬁ‘d.. Basic Instr
New'Yorkf' Mceraw4Hi,i, 3

AruiToxt rovi



Anderson, Norman. Industrial Process Control. Foxboro, MA: Foxboro Co.
Latest_Edjtion.

Warren, John. Control Instrument Mechanisms. Indianapolis, IN: The
Bobbs Merri1T Co., 1967. ‘

Zoss, L.M., and Delahozke, B.C., Industrial Process Control. Albany,
New York: Delmar Publishers., Latest tdition.

Kirk, Franklin W. and Rimbo{, Nicholas R. Instrumentation. Chicago, IL:
A echnic oc T

Marcus, Abraham and Lenk, John D. Measurements for Technicians. Englewdod -
Cliffs, NJ: Prentice-Hall Inc., 1971.

Ladoy, Millard H. Industrial Automatic Controls. Englewood Cliffs.'NJ:
Prentice-Hall Inc.,
Elonka, Stephen, and Parson, Alonzo. Standard Instrumentation guestions
and Answers Vol. I & II. New York: raw- ook Co.,
i Harvey, Glenn F. Standards and Practices for Instrumentation. Pittsburgh. PA: %
Instruments 'Society of America., 4, : = i
Considine, Douglas M. Handbook of Applied Instrumentation New York: %
McGraw-Hi11 Book Co., y
N
&
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| COURSE.QUTLINE = -
_ T-CHM 117 INSTRUMENTATION CHEMISTRY

. _COURSE bsscaxmon; . o e

A chenistry\coﬁrSe.désigned to déqudint'thé stﬁd¢ntﬁw1th”hﬁs1§=;@n¢e§§$ = ;
applied to.industrial chemical.prqcesqqs.3'In;tpeﬁ]gboratqnyathCSegcohCepts -
will be put“into'practiceau$1hg,thdustr1¢T.type'equipment'tofgather*the:.::"

—

" COURSE HOURS PER WEEK: Class, §; Laboratory, 3.
QUARTER HOURS CREDIT: 6.
PREREQUISITE: None.
OBJECTIVES:

Either during.or upon completion of this course, the student should pass. - --
~with a proficiency determined by the institution oral and/or written
examinations covering the material in the outline of instruction. As a
minimum a student shall: | - o

(1) Solve pfobiems>us1ng diménsional analysis to convert
data from the Metric System to the English System, .

(2) List and givé exampiés-df the forms 6fvmatter. the classes
of matter and the forms of energy.

(3) List ten of the more commonly used physical properties
of elements and compounds, - . .

(4) Identify various parts of the Perfodic Chart and be able

to name the various families of elements.

(5) Make simpie_sfiféﬁes of the atoms of thé!first twehty
elements and correctly identify the parts. .

(6) Explain how atomic Weight'is obtiinad and how it 1s used.

(7) Define fons and molecules and to 11st and define five
types of bonding. . .

(8) Write the fornula for the compounds given.

(9) H;ite the'equqtion and balance 1t for all of the'culnpies
given. : .

(10) Define and give examples of aéids and’baschand'wfiie
equations for the preparation of three diffqront-acids

and three different bases.




(11) List and give examples of the three classes of salts. 'ﬁ
A

(12) Define pH and explain how pH is used. 'f
(13) Work problems {ising the various gas law relationships. @
(14) Explain why water is used as a standard for many physical %
property determinations. R

(15) Demonstrate how to prepare solutions of the four standard ﬁ
strengths. .

(16) Differentiate between electrolytes and non-electrolytes 3%
and explain row each affects the colligative properties B

of solutions. . i

(17) List and give examples of the four basic types of ”E
recreations. . A

(18) List the factors that affect the rate of reaction. 7%
(19) Demonstrate a comprehension of redox by solving simple f§
redox equations. ' i

(20) Demonstrate a comprehension of the Electromotive Séries f%
by solving galvanic cell problems. fﬁ

(21) Explain electrolysis and electroplating. fﬁ
(22) Explain the difference between a galvanic cell and a &
storage battery. 3

(23) List seven general classifications of organic compounds. E
(24) Identify and give the use of the compounds given. j%

OUTLINE OF INSTRUCTION:

I.

I1.

ConQersion Units

A.
B.
c.
0.

Using dimensional analysis
Metric units

English units

Conversions

Matter and Energy

A.

Matter

1. Three forms

244.
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Law of ¢consé vation of}matter and energy
=,r'jPhysicg1tc ange. . . u
“E. " Chemfcal, hqhge

,.Heat of‘fusion
-~Me1t1ng point
Specific heat "~ - - .
“;:Heat -of" vaporization
-~:Vapor pressure - -
. Bo11ing’ point
erensity
:Tv1scos1ty
'Conductivity
1. “Thermal -
C R Electrical
-Hardness
Crystal. fbrm P
'Malleability and ductility

) fIVé General'Discussion of the Elements |
y V The Periodic Chart

, "ﬂ" A;'iaroups or fhmilies S
S B, fPeriods - N P
D, Atemjc: number o o RN
.. E.oAtomic weight . . s

'-'F.:aOther.data ' . . _ e e



VII.

_xc..-y::cim

%
.- Shells ~
. Subshells
Orbitals
Isotopes :
.. Electron configurations
Valence .

Ions, Moiecuies,‘Bonding

f. lons.
l.—.Lations

VI

SO A Aetds

2. Anions
3. lonic bonds
B. Molecules
1. . Like atoms :
2. Unlike: atoms
3;~.Bonds [
Covaient ,
b Coordinate covalent
--Hydrogen
d Van der- waai
- Metaiiic

Formuias and Equations

A;. How to Write a formuia
Symbois o ,,,_;,“,
.2 ‘Valehce ~ i
Radicais

. B. “HOW t° W“lte an _eqdation ‘ RIS

1. Symbols”
2 Baiancing

'Acids, Bases. Saltsf;,-‘m

0 P Definition a
R A Preparation
f3 Types L
o . Minerai_"
- Organic -

. Definition' -
Preparation ‘

C." -
| ? Definition
Measurement
D. JSaits
o '1 Types ‘
Preparation



Lodareiain w

X1.

XII

R

.

.Electrolytes and Non-Electrolytes

o c. Rate -

L. MOIES
D. pV = PRT" o .
E.- Partlal pressure Tme e

Water and Sol utl ons

A. "‘m e it -,es.o.... e s . N et
B. Solutions : L
1. The. solution process
, 2 Strength o
‘ Holar

Percent “b,v ueight

e e rr T RRESTNITTL
STRLALTI

Electrolytes

. Non-electroly tes

- Colligative properties

1. Vapor pressure depresslon

2. Melting point lowering - S
3. Boiling point elevation -

4. .Osmosis . . . _ e

Reactlons

A Types Lo
" Collision theory

Equ‘il‘lbr'lul\ |

_Redox"‘l“” -

K. What. 45
_‘ g Ha]‘f‘”req ction .

,'redox reactlon o P

TR

TR

D. Balancing
"Electrochemistry

A The. electrognotlve serles -

' B. " Electrode potentlals .
“C.. . 6al vanl_' :

lls




XVI. Organic Chemistry

“A. Introduction
B. Types of compounds - _ - . , .
| __..Hydrocarbons R U
.b " Aromatic S
Alcohols ,
Aldehydes and Ketones : o s
Refds ! I
5. Ethers ' : '
6. Halides -
7. Esters:. '
8.
u

;.

2.
3
e

.

.

Amides

C. Uses for above

SUGGESTED TEXTS

Lewis. _m%cme e Chemistry. - 9th Edftion. New York: Barnes and
. Noble publishers: R T AL SR

. -M%f‘m .
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EQUIPHENT LIST: 61 ELECTRONICS

~ Code No. Name of List
See Last Page
Cost
20

Supporting Base
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NEW LIST [} |
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. Page 1

EQUIPMENT LIST: ___r76{4_47 ELECTRO§£§S
Code No. ‘Name of List -
UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE
FIRST YEAR
I. Teaching Systems -
1 10 Basic Electronic Teaching °750.00 7,500.00
Systems
2 10 Basic Electricity 340.00 3,400.00
Teaching System .
II. Instruments
*3 12 Multi Function Meter 250.00 3,000.00
' DC, AC volts, Ohms (HP)
427A, Hewlett Packard,
or equivalent,
*4 12 Milliammeter 65.00 780.00
' Lab volt 442,
or (12-0-10ma
milliammeters) Parker
SL35, (12-0-50ma
milliammeters) Parker
SL35, or equivalent. . .
5 1 Inciréuit transistor 89.50 89.50
tester Sencore TR139, ' -
e e e S e O eq'dva,l.ent; . —— e e e e . e e et e~ s
*6 12 Multimeter VOM 150.00 1,800.00

Triplett 601 and/or
Phillips PM 2400, or
equivalent,

*Indicates the minimum items required for this list to furnish basic
austere support.

/
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61 ELECTRONICS Page 2
Code No. Name of List

UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTIO PRICE PRICE
FIRST YEAR ' , S
7 1 Tube Analyzer 470.00 470.00
Triplett 3444-A,
or equivalent.

*8 10 ‘Oscilloscope ~ 77 " 777 695,00 7 7 6,950.00
(DC-450KHZ) , Triggered
X~Y (Balanced Amplifiers)
TEK 503 or Phillips
PM 3221, or equivalent.

9 1 Oscilloscope, Storage 2,875.00 2,875.00
Dual Trace, -Time Base, - : - L e
Sampling, Four Trace
"""" - Plug ins, TEK 564B
(3A3, 383, s-1, 3A74),
or equivalent.

10 10 Radio Frequency 150.00 1,500.00
Generator, 100 KKz~
50 MHZ
x11 20 Attenuator P: er for 26.00 520.00
scopes
x]12 10 Low Capacity probes for 26 .00 260.00
scopes
13 1 Current probe for scope 110.00 110.00
14 1 Scope cart witn plug-in 140.00 140.00
carrier, TEK 201-2, or
equivalent.
i *15 .30 Resistance Decade Box . . 40.00 1,200.00
*16 10 Capacitance Decade Box 30.00 300.00
17 2 Wheatstone Bridge 200.00 400.00

253




ELECTRONICS Page 3

Eode ﬁo. ﬂame of List

UNIT ‘ TUTAL

ITEM NO. QUANTITY DESCRIPTION PRICE PRICE
FIRST YEAR
18 2 Volt-amp-watt meter 150.00 - 300.00
o S (0-3KW), Simpson, or .
equivalent.
19 1 Potentiometer leeds & 400.00 400.00
— . Northupm4258’ orequiv_ b e e e e e e e e e
' ’ ' alent. w
20 - 1 Standard Cell, for 40.00 40.00
potentiometer :
: potentiometer
III. Power Supplies -
22 10 Audio Oscillator 320.00  3,200.00
' Sine and Square Wave B
‘HP209A or equiv-
alent. ‘

23 10 Power Supply (Voltage " 235.00 2,350.00
regulated, current S
regulated) 'HP6209B
or equivalent. i

%24 10 Varisble tramsformer 26.00 260.00

’ : GRW5IM or equiv- - - BRI
alent. ! S v ; ) , L
25 10 Bent:h:,égwer Supplies 115';06 s 1,150.00
 Voltage and Current e
Regulated. HP6214A |
or equivalent. —
Bt e e .
26 10 Work Surface . 38.00 380.00
27 10 Component Base 63.00 ~ 630.00
254




6l EEQIBQ}"’;:L;‘_ Page 4
Code No. ame of lict

< . UNIT TOTAL
ITEM NO. QUANTITY DRESCRIPTION PP.CE PRICE
o FIRST YEAR .
28 10 Instrument Storage 25.00 350.00
Base : ’
29 Assorted Storage 831.00
Shelving and Storage
— L. . . IR cabine: e e e e i am o
v
30 1 Shop Desk w/Drawer 54.00 54.00
31 1 Stool, Masonite 11.40 11.40
Seat w/Back
32 20 - Stool, Masonite Seat, 6.48 129.60
24 in, ‘ :
V. Tools (may be purchased as supplies)
33 1 Electric Drill, 1/4 in. 40.00 40.00
34 1 Circle Hole Cutter 3.24 3.24
35 1 Countersink S4 S4
36 1 Steel Tape, 10 ft. 1.00 1.00
37 2 Hacksaw 3.15 . 6.30
38 1 Combination Square T o2.52 2.5
o 39 ol oo -Snips, 10 -ine Aviation 2.88 - - - - 2,88 -
40 2 Hammer, Plastic Head 1.95 ) 3.90
41 2 Scratchawl, Scriber .48 .96
255
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61 ﬁ:.mmis:- Page __5
Code No. ame of List ,

: : : UNIT TOTAL:
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE
FIRST YEAR
42 2 Hammer, Ball-Pein 1.50 3.00
8 oz. _ : :
43 2 -~ Drill Set, High Speed 3.75 7.50
1/16 in. to 1/4 in.
45 2 Wrench, Adjustable 1,77 3.54
6"
46 2 Wrench Set, Open End, 7.70 15.40
10 pcs.
47 2 Nutdriver Set . 10.00 20.00
48 ‘ 2 Electriclan's Knife 1.85 < 3.70
49 6 Chassis Punch, Round
2 ea, - 5/8 in. dia. 2,30 , 4.60
2 ea. - 3/4 in. dia. 2.30 . 4.60
50 2 Chassis Punch, Square |
1 - 1/2 in. sq. 495 4,95
1 - 1 in. Sq. v ) 7.10 ' 7q1°
51 30 Screwdriver, Staﬁdérd
10 - 4 in, .69 6.90
10 - 6 in. 091 L 9.10
10 - 8 in. , 1.10 11,00
256




ELECTRONICS . Page 6

61
"~ Code No. Name of Liast -
UNLIT - TOT
ITEM NO. QUANTITY DESCRIPLION PRICE PRI
FIRST YEAR
52 25 Screwdriver, Ph:1llips
5 - #3 1.05 5.
h 53 3 Scieﬁdrivet,'offset;vv o 1.16m-””“ | 3.
Standard )
54 3 " Screwdriver, Phillips, 1.16 3.
Offset
" 55 4  Screwdriver, Clutch-Head .77 3.
56 2 Hex-Key Wrench Set, 1.17 2.
15 pes.
57 10 Long Nose, Needle Point 3.61 -36.

Pliers w/cutter, 6 in.

58 10 Needle Point, Diagonal 3.67 36.
Cutter, 6 in. )

59 3 Pliers, Tongue - N - 3.50 10.
Gruove 10 1in, : .

60 3 Pliers, Lineman 8 1/2 in.  4.80 14..

\ -
61 5 Pliers, Slip joint .87 4.

Vise Grip 8 in.

63 10 Soldering Gun 7.15 7.!
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_Eode No. ﬂame of fiet

ITEM N,

64

65

66

67

68

69

70

71

2)

73

QUANTITY

5

74

75

Page

DESCRIPTION
FIRST YEAR

Pencil Soldering Iron -

Alignment Tool Kit
Tube Pin Sttaightener

File, Round, 10 in.
_Bastard Cut

File, Three Squate,
6 in.

'File, ‘Flat, 8 in,
" Bastard Cut

Bench Vise

Tapered Reamer,' .
1/8 in. - 1/2 in»u

Tap and 'D’iéfsét '

Ungat 7800 Hot Vac,
or equivalent._.

. Ungar 6992, or equiv-
‘ alent. o

Magnifier Lamps,._
for printed circuit
work, Luxo LFM-1,
or equivalent.

258

UNIT
PRICE

4.70

14,17

1.27

5.97
6.48
6.52

13.40

1.26

10.00

,~»~-De»soldere&tes~minia&ure-wn——15700~fw5-4ww-

1 36.00

7

TOTAL
PRICE

23.50

1417

2.54
5.97

6.48
6.52

13.40

28,04

30700~

-72.00



61 ELECTRONICS Page 8
Code No. Name of List

. . UNIT TOTAL .
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE
FIRST YEAR :
VI. Shop Equipment
76 1 Bending and forming =~ ~ °  8.98 8.98
brake (18") Little
Giant or equivalent.
N 7 1 Punch-Press-Shear 8.95 © 8.95
‘ Little Giant or
equivalent,
78 1 Drill Press with Vise 75.00 - 75.00
Bieo 790 . L1 “Bench’ Grinder 50,00 5000
SECOND YEAR
I. Teaching Systems
80 5 Industria. Flectronics 662.00 3,310.00
Teaching Sy=tems
81 1 Transistor Lecture 1,100.00 1,100.00
Demons tration Unit
82 . 1 Industrial Instrumen-~ 5,600.00 5,600.00
' tation Training Unit, ' '
#83 10 Logic Trainer, 295.00 - 2,950.00
Indfana Ins trument,
UOR~C, or equivalent.
.. T Microwave‘Laboratory—*“**“2;500700"”'”"M”21556}05‘wW
T Kit
8 1 Instrumentation 5.000.00 5,000,090

Training Unit, Philco
4003, or equivalent.

259




__61 . EF mm];? k : : " Page 9

Code No., ame of List =~ N L
R ST o . UNIT . worAL.
Ho ITEM NO. QUANTITY DESCRIPTION PRICE PRICE -
& . | SECOND YEAR S
S II. Instruments ' ‘

*86 ‘10 Oscilloscope, Dual 2,375.00 - 23,750.00 .
Trace plug-in. TEK. ' Lo
545, 1Al ‘or equiv- , ! T

——— . S alemba e e e

87 1 Set of Oscilloscope - ° 3,010.00 3,010.00 - -
plug-ins Four Trage, | | Lo

‘Operational, Strain gauge

Sampling. DPifferential.

: TEK 1A4, 0, Q, 1A5, C . o
i ©oon . 183 corequivalent. . ucsiimooogonoe soast i

88 , 1 + Oscilloscope - Dual 2,470.00
: Beam, 2 single trace -
plug~in ‘FEK 551, K
or- equivalent.

89 1 : Large scteen osc:!.llo- .. 2,420.00 -
scope _dual trace and S
time’ base plug-in
e _ probes.  HP 163A,
BT . 1405A, 1421A, '2XIOODIB
or. equ:lvalent- Solwlan

1 ’Scope cart w:l.th drawer\ ]
. -HP 11173, 10475A
_ equivalent. R

11

10 . Digital voltmeter with . 1,550.00" - -
plug-in, HP 3439A, -~ - A
34444, 345K, or S

e .Yhi‘IH'ﬁ's"Pﬁ“Z‘ﬂZl’ Tor T
equivalent._, e

*93 10 - Multifunction. meter ‘ 475.00 . 44,750,007 )
. AC Volts, DC volts & R e
- Amp, omqs HP 410C.
or Ballentine 300G
or equivalent.

[
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61 E

Code No. Name of List

ITEM NO. QUANTITY
94 1

95 1

96 1

*97 2

98 1

99 .1

*100 1

*101 1

*102 1

RO

DESCRIPTION
SECOND YEAR
Trace recording Camera
with projector and adapter
for oscilloscopes, TEK
C-12, 016-0204~00, 016~
0243-00 or equivalent.

Electrometer and
DC amplifier.General

Radio GR1230A or

equivalent,

Frequency Counter . -

0-50M H~Z time inter-
val, frequency converter
plug-in, HP 5245M,
5267A, 5253B or equiv-
alent.

Impedance Bridge

GR 1650B or equiv-
alent.

Vector impedance meter
HP 4800A or equiv-
alent,

Power Output meter
GR1840-A  or equiv-
alent,

Laboratory Standard
Decade Resistor.

GR 1434P or equiv-
alent.

Laboratory Standard
Decade Capacitor

GR 1419B or equiv-
alent.

Laboratory Standard
Decade Inductor.

GR 1491-F or equiv-
alent,

261

UNIT
PRICE

650.00

595.00

4,000.00

450,00

1,650.00

325.00

Al

137.00

270.00

715.00

Page 10

TOTAL
PRICE

650.00

595.00

4,000.00

900.00
1,650.00
325.00

137.00

270.00

715.00



61

Code No. Name of List

ITEM NO.
*103

104
*105

106

107
*108
109

110

111

112

113

QUANTITY
1

ELECTRONICS

UNIT

DESCRIPTION PRICE
SECOND YEAR

X-Y Recorder 11" x 17" 1,370.00
with time base

GR 7005B, 17108A

or equivalent.

Stroboscope, fGR 1531-AB ‘ 310.00
or equivalent,

Radio Frequency Bridge. 1,150.00
GR 1606B or equiv-
alent,

Microwave Power Meter 500.00
Distortion Analyzer. 650.00

HP 331A or equiv-
alent,

Page

Transistor Curve Tracer. 1,200.00°

TEK 575 or equiv-
alent,

Laboratory Standard. 695.00
HP 6920B or equiv-
alent.

Volt-ohm meters, low 66 .00
voltage for solid '
state work, Triplett

630L, or equivalent,

Volt-ohm meters, high 125,00
sensitivity-low reading

(200,000 ohms/v) Triplett

630 NS, 601, or equiv-

alent,

L2 T

Audio Frequency 250,00
Microvolter, GR 546C,
or equivalent,

Megohmmeter, with both 285,00
100V and 500V test

voltages, GR 1862C, or

equivalent,

262

11

TOTAL
PRICE

1,370.00
310.00
1,150.00

500.00

650.00
1,200.00
695.00

330.00

625.00

250.00

385.00
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61
Code No. Name of List
ﬁNIT ' TOTAL
ITEM NO. QUANTITY " DESCRIPTION PRICE PRICE
SECOND YEAR
II]., Power Supplies
114 1 Time Mark Generator. 760.00 760.00
TEK 184 or equiv-
alent.
%115 10 Pulse Generator 380.00 3,800.00
HP 1217C or
equivalent.
116 1 Sweep generator 3,950.00 3,950.00
HP675A or GR1025A
or equivalent,
#117 1 Radio Frequency 1,550.00 1,550.00
Signal Generator
HP606B  or equiv-
alel‘lt . /
118 7 Dual Power Supplies, 450.00 3,150.00
Hewlett-Packard Co.
#6227B, or equivalent.
119 7 Dual Power Supplies, 450,00 3,150.00
Hewlett-Packard Co.,
#62288, or equivalent.
120 6 Function Generator, 575.00 3,450.00
Hewlett-Packard Co., '
#3310A, or equivalent.
IV. Auxiliary
121 1 Calculator, basic pro- 3,000.00 3,000.00

grammable electronic.

Desktop with options

for peripheral equipment
(printer, card reader,
plotter, or special pro-
grammed functions) Hewlett
Packard model 9810A, or
equivalent.

263
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ELECTRONIC EQUIPMENT COMPANIES
REPRESENTATIVE .. STYNGH

Hewlet t-Packard Corporation Electrolab Corporation
1501 Page Mill Road 8 Kiwi Path
Palo Alto, California 94304 Liverpool, New York 13088

Tektronix Inc.
Box 500
Beaverton, Oregon 97005

Sencore, Incorporated
426 Westgate Drive
Addison, Illinois 60101

Phillips Electronic Instruments
750 S. Fulton Avenue
Mount Vernon, New York 10550

Triplett Electrical Instruments Company
286 Harmon Road
Bluffton, Ohio 45817

““General Radio Company
22 Baker Avenue
West Concord, Massachusetts 01781

Simpson Electric Company
5218 W, Kinzie Street
Chicago, Illinois 60644

Philco Ford Corporation _
815 Connecticut Avenue, N.W.
Washington, D. C. 20026

LabVolt Educational Systems,
Division of Buck Engineering Company

P.0. Box 686
Farmingdale, New Jersey 07727

" Parker Instruments
200 Harvard Avenue ‘
Stanford, Connecticut 06902

Indisna Instruments

i P.0. Box 8368 ,
8t, Petersburg, Florida 33738

%This is not & complete listing of all such companies; neither does inclusion
"imply special approval, nor does omission imply disapproval of a company.

Q- 2064




—61 _Electronics Page __ 13
Code No. Name of List
COST OF

ITEM NO. QUANTITY DESCRIPTION ITEM TOTAL

122 1 Printer, alpha-numeric, 675.00 675.00
for calculator above.

123 1 Function Block, plug~in  485.00 485. 00
print complete alpha for '
above calculator.

124 1 Function Block, plug-in  485.00 485.00
mathematics model for
above calculator.

125 1 Function Block, plug-in  485.00 485,00
statistics model for
above calculator.

126 1 Reader, Card for above 850.00 850.00
calculator.

127 1 Plotter, for above 2,675.00 2,675.00
calculator. HP Model
9862A, or equivalent.

128 1 RF Field Strength Meter, 425.00 425.00
Jerrold Model 720B, or
equivalent.

129 2 Word Generator, Two 1,200.00 2,400.00
Channel, 32 Bit, 2 to
16 Bit Words, Bit Rate
10 HZ to 10 M HZ.
H-PB006A, or equivalent.

130 2 Pocket Calculator, 395.00 790.00
engineering, logarithmic,
trigonometric, math func-
tions. 35 key, 10 decimal
digits, 4 registers.
Hewlett-Packard, 35 HP, or
equiv.

131 2 Security Cradle for pocket 25.00 50.00

calculator, HP Model 82007A,
or equivalent.
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61 - Electronics Page 14

f3 Code No. Name of List
. COST OF

I[TEM. NO. QUANTITY DESCRIPTION ITEM ° TOTAL

132 1 Battery(s), wiﬁh Battery 18.00 18.00
Pack, Model No. 82004A,
or equivalent,

133 1 Logic Analyzer, HP5000A, 1,900.00 1,900.00
or equivalent.

134 1 Logic State Analyzer, 2,650.00 2,u50.0C
HP1601L, or equivalent.

135 4 Operational Amplifier, 225.00  900.00
TEKAM501, or equivalent.

e - - “Cabinets-Storage Wood 356.00  356.00
137 1 Benches, Crafts, Wood 532.00 532.00
138 s e Mapke -« Sense/Punched 5,000.00 5,000.00

Card Reader to be compatable .
with above calculator (#121)
139 | 1 VHF FM transceiver 144 to 148  320.00 320.00

megohertz, with a minimun of ton
watts output. power. Drake
72 or equivalent

140 1 MF Transceiver CW and SSE with €cc.00 606.00
a minimuninput power of 1:". watis
PEP. Drake TR-4C or equivizient

141 1 Digital computer trainer with 6,3°,00 6,895.00
accessible circuit boards ond tax’ :
points. Selectable circuir
"troubles” for service traici. .
Eight bit word. Single step or
continuous operation capability.
Digiac model 3060 or equivalent

142 1 Teletype unit for use with 1,600.00 1,600.00
' digital computer trainer above. typewriter
or paper tape cap.bility.  Model
ASR-33 (Digiac 3061) or equivalent.

#Indicates the winimum items required for the 1list L. furnish b..:ic austere

support., 266




Addendum

ELECTRONICS TECHNOLOGY

61 EQUIPMENT LIST ~ 61 Page 15
Code No. — | Name of List
ITEM ' UNIT TOTAL
NUMGI R QUANTITY DESCRIPTION PRICE PRICE
143 1 AM-FM Stereo Generstor $ 595.00 $ 595.00

and Analyzer

<>

144 1 Power Monitor Meter
: AC Voltage, Curr«nt,
Wattage Meter

75.00 $ 75.00

145 1 Spectrum Analyzer $6,200.00 $6,200.09
1500 MHZ with ’
Variable Pers?:,t, nce
Display

146 30 Transistor Bread:rp $ 9.50 $ 285.00
Sockets to Accommo.latc
Minimum 4 - 14 Pin DIP":

147 12 Linear Intepgrated Circu’'t $ 99.95 $1,199.40
Breadboarding System
For OP-AMP's

148 1 Circuit Demcnsrrutor $3,995.00 $3,995.00

Magnetic Chalkboard
Breadboardiny systenm
149 5 Logic Troubl :shooting Kit $ 250.00 $1,250.00
Including (1) Logic Probe

(2) Logic Pulser (3) Logic Clip

150 8 Digital Intcgrated Circuitry $ 99.95 § 759,60
Breadbeniding System

To Handle TO-5 and
DIP Package Confipuration

$199,809.00

NEW IUiI[ Cﬁgl

APPROVED: February, 1976
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ADDENDUM:

61 * ELEQIB?NiQS _ | _Page_ 16
Code No. Name of List - : B :
, : ‘ - - COST OF K
ITEM NO. QUANTITY ‘DESCRIPTION - ITEM TOTAL

151. 1 High Grain Antenna Tower  $234.00  "$234.00

ﬁ200’043.00

APPROVED: August, 1976

5 268




SQUIPMENT LIST: 58  ELECTRICAI
Code No. . Name of *iat

'$120,576.45
“Cost

15
Bupporting DBase

THIS EQUIPMENT LIST SHOULD BE REVIEWED WITHIN TWO YEARS
AFTER 1T8 EFFECTIVE DATE.

SUPERCEDES LIST(8)

hectrical Technology dated _December, 1965 PLEASE DESTROY
dated PLEASE DESTROY

DEPARTMENT OF COMMUNITY COLLEGES
Date: December, 1969 DIVISION OF OCCUPATIONAL EDUCATION
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COMMI TTEE -
“ Runald €, Gyles (.entra.l Pledmont Community College P
Norman Lackey | h Catawba anlcy l‘echnical lnstitute‘ |
Raymond A, Fulirer ’ (xaston (,ollcgc
tmald E, Johnson ' ’ D.widson (.ounty (.ommunity (.ollege o
Kincheon H. Hafley : . W, W. liolding Teclmicql lnstitutn
Frank A, Gaurley, Jr. , ‘ Depart.ment of eoununity Colleges

270




S8  +  BLECTRICAL - Page 2
de No.- Name of List

i ' UNIT TOTAL
NO.  QUANTITY DESCRIPTION PRICE PRICE
Fractional Horsepower 5,000.U0

Motors, and 'nfntors.

and Accesdoried including:
Bases, Mot r-Generator;

8plit rhase Motor, 1/3 h.p.;
Capacitor Start Motor 1 ¢ 1/3
h.p.; Induction Motor, 3 U;
Wound Rotor Motor 3¥; LC Motor,
compound wound; DC Generator,
compound wound; Syn. Alternator,
ig; synchmnous ‘Alternator 1 §¢;
Resistance Load Unit; Resis-
tance Reactance Load Unit;
Speacd Control Rcctificn and

Prony Brake.
|
Instruments

2 Taghometer, Stewart ' 8.50 17.00
Warner THT 757

7 Multimeter, VUM, 49.00 343.00
w/breaker, Simpson 260,
or equivalent.

7 Wattmeter, Simpson. 390, -55.00 385.00
or equivalent.

7 AC Ammeter, lLabVolt 461, 62.70 438.90
.1 to 10 amp .

2 Lovlangc Ohmmeter, 25.00 50.00
Simpsonn 363, or equiv~
alent,

4 DC Ammeter, labvolt 442, 62.70 250.80
or equivalent,

2 . Voltmeter, Ammoter, 53.00 106 .00
Snaparound, Amprobe R2-3,
or equivalent.,

1 Wheatstone Bridge, 193.00 193.00

Industrial Inutruments
RN~2, or equivalent.
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SQUIPMENT LIST: 58 E: SCTULCAL
ode No. ‘*ﬂéme o
LTS CI
RIH]
é ﬁ' -
' ' : , UNIT ' TOTAL
ITEM NO.  QUANTITY DESCRIPTION PRICE  PRICL
I. Teaching Systems
1 1 Electtlcll Phenonnna. 462.00 - 462.00
- © - Crow 500 G
2 | Vurlable Condonser. : 54.00 54.00
Crow 512 : )
3 : | itigh Inductance Lull. 51.00 51.00
Crow 515 :
4 1 * Auto~Transformer Assembly, 32.00 32.00
Crow 517 .
) 3 Meter, lcctui'c. Crow 39.00 117.00
507 N
6 7 Basic mecmcuy Teachihg’ “I40.060 2,380.00
- System tnaferiupa s
7 4 "Inddstrial!Bleétrdrté 88000 1$,100.00
Teaching System qua 8L ox .
8 2 ‘Bdieatonal Tratdpyed +348008; do . 25000.00
' Thy-mo~t rol; YMitor1e (Lo ““"qm « .
Control Unit SR ELRR ‘
9 RENEE Motor Conekot Pralnéd, - 37000750 1,000.00
'l‘hy-m-trol Lanalae tup‘; AR
10 1 '‘Moblle Transfommers " ."3;9284050  3.925.00

'cnm‘nu 1“‘“‘. p”u!fu A ,‘l T }] qufuﬂ)
Jﬂu“,uh]t)w % ' '
1 1 Solid State Logic u-umh\n.752-00 3,752.00
A _ -1’.““‘&‘&_.“‘9' comple‘tc" Hoapetagn. ! 1
with Mobile :blemeh - !=n! inlyronbe!
T T T )
*Indicates the minimum ftems required for this 1ist to fumish basic
austere support,

Q. 272




58 ELECTRICAL L Page 3

Code No. Name of List
- UNIT ‘TUTAL
1TEM NO.  QUANTITY DESCRIPTION PRICE PRICE
21 1 Wattmeter, Simpson - 44,00 44.00
391, or equ” alent.
22 1 Wattmeter, Simpson’ 44,00 44.00
392, ¢ equlvalent.
23 1 Capacltor Analyzer, 130.00 130.00
tomell bubilier
BF 71A, or equivalent.
24 1 Armature Test Growler 45,00 . 45,00
25 8 Wheatstone Bridge, 11.00 88.00
Slide Wire ’
! 26 : 8 Galvanometer Labvolt 57.00 456 .00
4518, or equivalent.
27 2 Kilowat t-Hour Meter,  40.00 80.00
220V - 3 Wire
28 ! Kilowatt-Hour doter, 55.00 55.00
2 1/2 Flement 220V
29 l Kilowatt-Hour Meter, 72,00 72.00
3 Element, 220V :
30 1 Demand Meter w/KWH, 125.00 125.00
Type H-W2 '
31 1 Megger, Insulation 305.00 305.00
Tester, Biddle 7679 '
32 4 Vicuum Tube Voltmeters, 150 .00 6f:i .00
FET Norelco PM 2400
or Triplette o01, or
equivalent,
13a 4 Eagle Signal "f{mer 75.00 300.00
34 12 A-C Amme ters Ringes 55.25 663.00

0-5/10, 0-25/50, Type
AP-9, CGeneral Electrie,
or equivalent,
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58 ELECTRICAL : . Pase 4
Ccede No. Name of List :

. UNIT TOTAL
ITEM NO. QUANTITY DESCRIPT LON PRICE PRICE

15 9 A-C Voltmeters Ranges 53.00 477.00
0-15/75, 0- ,0/300, Type
AP-9, Gu.eral Electric,
: or equiva’ nt,

36 9 Wattmeters Type AP-9, 100.25 902.25
A-C, 1 1/2/3 KW, Double :
Current 10/20 Amps &
Double ‘Voltage 150/300
Volts, General Electric,
or equivalent.

37 b Ameter, D-C, 3-Amp. G.E. 54,00 Seh 00
Type DP-9, or equivalent,

38 3 Ammeter, D-C, 7.5-Amp. 54,00 162,00
: G.E, Type UP-9, or equiv-
alent,

19 3 Ameter, D-C, 30-Amp. 54.00 162.00
G.E., 1ype DP-9, or equiv-
alent.

40 3 Ammeter, D-C, 50-Amp. 54,00 162.00
G.E., Type DP-9, or equiv-
alent. )

41 j] Voltmeter D-C, 15/75 Volt 68.00 204.00
G.E. Type DP-9, or equiv-
alent.

42 ' 3 Voltmeter D-C, 150/300 Volt 68.00 204.00
G.E., Type DP-Y, or equiv- :
u.l.t‘n t.

43 3 Strobotsc, General 400 .00 1,200.00
Raaio Type 631-Bl, or
cquivalent,

ah 1 Phase sequence meter 29,00 2500
Golic Catalog #an2X6.

45 3 ILigntmeter with Filter, 21.00 63.00
Foutcandle
deter with case weston
portable
Multi=Purpose Cat, #1014,
or ¢quivalent,




-~

58 ELECTRICAL . ... ..o . . Page 5
Code No, Name of List

N UNIT TUTAL
ITEM NO. QUANTITY DBSCRIPiIJN PRICE PRLCE

a0 ] AC Clamp, Velt-\mmeter, 142.00 142.00
Westor 633, .r equive
alent,

47 2 Uscilloscope, Tektronic 900.00 1,800.00
503, with Leads

48 1 Stroboscope, Ueneral 343,00 343.00
: Radio 1531A, or équiv-
alent.

Industrial Circuit 177.00 354.00
Tester, w/Steel Case

and Test beads, Weston

785, or equivalent.

&~
-
| 23

S } Therin=o0~-meter Complete 63.00 63.00
w/One Priobe, Simpson,
399-3L, ot equivalent.

1%

] Thermistor Leads for 5.00 10.00
e : Model 389-3L, Above, .
Simpsdn 0010, ot ‘equiv-
alent. :
52 1 XY, Recorder . 1,800.00 1,800.00
Hewtett=Packard, Moded
1357, or equivalent,

% M Decade Resistiance Boxes 40 .00 160,00
L. Power Sapplics and Auxt Hary Egadpment

54 ! . Laboratory Distribution 22,000.00 22,000.00
: Board, 6 Section,
w/following cquipment:

1 - ¢rill poor

o) - #l0 Cords

6 = %6 Cords - 4

2 - Cord Rack ,.

3 - Mobite Transfordet ‘Bench,
1 to 3 KVA cach




58 ELECTRI CAL . Page 6
Code No. Name of List -

UNIT TuTal
ITEM NO. QUANTITY DESCRIPi1ION PRICE PRICE

I - Set Core: fr Above

16 - =1 O ts -- & wire

1 - B-2 vutlet

- H=" 0 .let

- -3 Gang Box

- X=4 (Qutlet

- X-95 Emergency Station

I = X-6 Qut let

54 - Cords #14-4"

32 - Cords #16-4'

- Cords #14-8"

- REM-1 M-(i Scts

- H-TAD Pancls .

- Sets Cords: 22 ea. Set

- H=-As-1 AC Starter Panel

- H-SR-1 Stip Ring Panel

- H-DS-1 U Starter Panel
H-SP-1 Motor Panel

- l=SM=1 Mctor Panel

- H=-1lR-1 Induction Reg. Panel
- H=-SRC Rotarv Converter Panel
- H-WW-1 Worm Wheel Assembly
= H=R1l Mobilce bollies O
- Sets Panel Cords: 25/set

1 - Storage Rack _

20 - Gells, Nickel Cadmium Battery
1 - Battery Rack

1 « 3 Unit M-L Set

1 - Switeh and Muagnetic Starter
1l - Dynamometer

1 = HD=-34T Tachumeter

10 - Sets Instruction Manuals

1 - Set, Drawings

ttampden, or equivalent,

£ s b po

RNRNNMNRENNMNNNNNREESRS WD
[}

5% 2 Audio Generators, 270.00 540.00
llewlett=Fackard, 204C,

6 10 Battery Eliminator 50.00 150.00
laow voltage variable

supply
'Y 2 Single Phase, Spllt : 42.50 95.00

Phase, 1/2 WP, 115 Volt
AC Motor
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Ky ELECTRICAL _ Page 7

“ade No. Name of List
UNIT TOTAL
1Tk NO. QUANTITY DESCRIP. 19N PRICE PRICE -
) 1 Repulsion Store, 85.00 85.00
Inductdon k ., 1 HP,
115 Volt AC Motor
S 8 Magnetic Starter 32.00 32.00
Shoe |
n) 1 Motor Starter Manual, 28.00 28.00
Size |l
wi 2 Split Phase, Induction 50.00 100.00
Motor 1/2 HP, 120_-240
Volt, AC
0.2 2 Capacitor Start, 50.00 100.00
Induction Motors
1/2 up, 120-240 Volt,
AC
03 2 Current Transformers, 9.00 18.00
50/5 amps, Through
Type
v 2 Current Transformers, 9.00 18.00
100/5 amps, Through
Type
05 4 Powerstats, Single Phase, 24.00 96 .00
Manual, Superior 116, or
equivalent.
b0 1 . Powerstat, Three Phase, 62.00 62.00
Manual, Superior 116
V=3, or equivalent.
67 4 Timing Relays, Pneumatic, 60.00 240.00
Square D Type AL, or
cquivalent.
%] 2 Timing Relays, Electronic, 78.00 156 .00

Square U Type EG

/e
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58 ELECTRICAL

Page 8
Code No. Name of List
UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE
] l AC Reversir M ynetic
Starter, Sy.are D, or
equivalent,
1 ¢a. - Single Phase 80.00 80.00
l ¢, - .11‘ ree l'ha.\i(.' 100-00 100-00
0 , 1 * AC Combination Magnet- - 100.00 100.00
Starter, Square D
71 3 AC Magnetic Contactors, 33.00 99.00
Single Phasc, Square D,
or equivalent,
72 2 AC Magnetic Contactors, 31.00 62.00
Three Phase, Syuare D,
or equivalent.
73 3 AC Manuul Staricrs, Single
Phase, Square D, or equiv-
alenc,
2 ea. ~ Non-reversing 25.00 50.00
! ea. ~ Reversing 75.00 75.00
74 1 AC Manual Starter, 32.00 32.00
Lint Tight, Square D,
or equivalent,
75 3 AC Manual, Drum Switches, 11.00 32,00
: Reversing, Square D, or
equivalent, )
76 2 UC Magnetic Relays, Squave 25,00 _50.00
, or equivalent, ' :
. 77 I bC Contactor and Starter, 75.00 ' 75.00
Square D, or cquivalent,
78 . 8 AC Magnetic Relay, Square 30.00 240.00
D, or equivalent, '
19 12 Standard Duty Control 7.50 90.00

Stations, Assorted,
Square U, or cquivalent,
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“Code No. Name of List

UNIT TOTAL
CITEM NO.  QUANTITY DESCRIPTION PRICE PRLCE

) 6 Alr-Circuit 're.akers, 116.0 6692.00
with Red Piiot Light
ot and Enclosure, 30/50
amp.=" Po.c, 230 Volt,
15,000 1.C. Mrulcad
Case

5l 1 A-C Motor Startar. 1,200.00 1,20 A
Size #2, Reduced
Voltage, 3-Phase,
60 Cycle, 220 Volt
Auto-Transf. Magnetic
Type. SQ "D" with
Overloads for 5-H.¥.

82 1 Motor Starter, Primary 350.00 350.060
Resistance, Size #2
3-Phase, 220 Volt,
Magnetic SQ "D" type
DG-2 with Overloads
for 5-H.P.

83 2 - Motor Starter, Across- 84.00 168.00
the-line :ype, Size #2
Motor, 3=-Fhase, 220 Volt, g
Magnetic, with Overloads
for S-H.P., for 3-Phase,
220--Volt., SQ "D" DG-1,
or cqrivalent.

84 3 Motor Starter, Magnetic 44.00 132.00
Across=the-line, Size #1
suitable for 220 volt
60 Cycle, 3=Phase, A~C
Motor similar to S "p"
Co. Cat, #CG=3, or cquiv-
alent,

H5 9 Momentary Push Button 7.5 67.50
Station in gencral purpose -

enclosures, start-stop

similar to SQ "D" Cat,

#8-30, or cquivalent.
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53 ELECTRICAL Page 10
Code No. Name of Liat

: , UNIT TOTAL
ITEM NO.  QUANTITY DESCRIPTIO!. PRICE PRICE

8o 3 Pilot Lights & Enclosures 14.00 42.00
) for 220 V(.ts. Similar
\ to SQ "v" Cat, #B-49

87 2 Zero Speed Switch Allen- 103.00 206 .00
Bradley Co., Cat., #808EIL, .
ur equivalent,

58 2 Motor-Generator Set, 1,150.00 2.300.00

: Driving A:-C Motor
3-H.P., 220 Volt, A-C,
3~Phase, 1750 RPM.
Generator 3 K.w., 120
Volts, D=-C having both
shunt and series fields,
Mounted on common base,
G.E. Co. Motor SK 213A6201
and Generator $(7%21AE124
and with suitable P age-
type Field Rheostat

49 2 Motor-Gener -or Se. har~ 1,300.00 2,600.00
ing a 3-H.P. 120 Volt
D=C 1750 RPM Moior
driving another 3-HP,
120 volt D-C Moto> mount—
ed on a common base
similar to G.7. Co.
SCD 216E124 with two
sulitable Placetype Field
Rheostats

rS

) Motor-Generator Set hav- 1,850.00 3,79.00
ing a 5-KVA, 4-Kw-1800
RPM, 3-Phase, 60 Cycle,
120/240 volt A-C,
Synchronous Altcrnator
Model SJ256 and a Com-
pound D-C Generator

4 1/2 K., 1750 RPM,
125 Volt, D-C, 36 Amps.
on a common base with
two suitable ficld

Rheostats., G.E. H2304A
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58 : ELECTR1CAL Page 11
Code No. Name of List

UNIT TOTAL
ITEM NO. QUANTITY DESCRIPIiOL PRICE PRICE

Instruction Book,
Outline Dra .ng
7627B46~ & H94A95
Diagram of Connections,
G. ¥, company, or
equivalent,

91 1 Voltage Regulator 3,500.00 3,500.00
7 1/2 KVA, 3-Phase,
104 Amp. 120/208
Volt Circuit vith
20X Raise and 20%
Lower from Normal
Incoming Line Voltage.
Motor driven G.E.
Co. Catalog #31h5180M,
or equivalent.

922 2 Reversing Motor Starter, 96 .00 192.90
v Size #1 Suitable for
5-H.P., 3 Phase, 220
Volt A-C Induction Motor
similar to SQ "" Co.
type DG-1 with Over-
load Prcte .tion

93 2 Direct Current Magnetic 300.00 600.00
Motor Starter with Push : '
Button suitable for a ’ . o
3-H.P., 120 Volt, D~C, '
1750, 24 Amps Compound
Motor. With enclosure
similar to G.E. Co. Cat.
# with Momentary Push -
Station

94 2 -~ Direct Current Magnetic 450.00 900 .00

Motor Starter with Push

Button suitdble for a

5-H.P., 120 Volt, -C,

1750, 24 Amps Compound

Motor. With Enclosure

similar to G.E. Cat #

with momentary Push Station
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58 ELLCIRICAL
Code No. Name of List
UNIT
1TEM NO.  QUANTITY DESCRIPT iON PRICE
9% 3 Wire Control Panel, 155.20
individual ¢ aponents
as described In
Klectric Motor Control
Lab Ma:.ual by Walter
N. Alerich, bDelmar.
90 3 Relay and Lighting Panel, 142.90
as déscribed in Electric
Motor Control Lab Manual.
97 3 Jog Control Panel, 111.20
as described in Electric
Motor Control Lab Manual
98 3 Forward-Reversing Panel, 163.40
' as described in Electric
Motor Control Lab Manual
99 2 Drum Switch Panel, as 145.05
described in Electric
Motor Control Lab Manual
100 2 Speed Control Panel, 138.80
as described in Electric’
Motor Control Lab Manual
101 2 Mobile Power Consoles 6,065.00
102 1 AC Controller 2,002.00
10 3. 1 = AC Motor, 3 horsepowe" 78.00
104 1 AC Motor, 3 hors.power 406 .00
105 1 DC Controller 2,277.00
106 1 DC Motor, compound 741.00
wound
107 1 Resistance Load Bank, 586.00
mob i le
108 } Capacitance Load Bank, 681,00

complete

282

Page .
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TOTAL
PRICE

465.60

428.70
333.60
490 .20
290.30
277.60
12,130.00
2,002.00
78.00

406 .00

2,277.00

741.00

586.00 .

681.00

CA
Wi,
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ELECTRICAL

ITEM NO.  QUANTITY

I E)

o
1

112
113

114

115
116
17

118

19

Lv.

120

l

b

3

Name of List

DESCRIPTION

Ipductance Load Bank,
mobi le

Lot of Service Outlets
complece including
Cords

Panel for Industrial
Elcectricity Lab, 2-
section Basic

Fractional Horsépower AC
Controller

Fractional Horsepower
DC Controller

Fractional HYorsepower
Dynamometer, complete
with mobile’ bench
and Tachométer

Toreidal Saturable
Reactor

Transformer Reactor
ChoKe Kits'

Appliance Test Console
Mobile

Power Panels

Tunnel Modules for Power
Panel

" Power Suppvly, NEMA type:

1 Enclosure 115 Volt,
A~C, G.E. Co: ﬂtﬁzasvlolk
or equivalent’,

283

UNIT
PRICE
601.00

1,500.00

4,900.00

1,160.00

1,085.00

1,541.00

228.00

228.00-

1,390.00

169.00

22.00

125.00

Page

13
TOTAL
PRICE

601.00

1,500.00

' 4,900.00

1,160.00
1,085.00

1,541.00

228.00
1,240.00

1,390.00

1,014.00

132.00

“pecial Purpose Equipmédt for Solfd State Motor Control Devices

375.00




58 ELECIRICAL ' Page 14

"Code No. Name of List
UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE
121 o2 Output Amplifier, 60.00 720.00
115 Volt, 1 .uwp.,
G.E. CRZ"QSLIO‘A, or
equivalent.
o 122 3 Input Device, Single 35.00 105.00
Phase, Sine to square
wiave and unit reset,
G.E, #CR245G103A, or
equivalent.
123 15 Logic Functions Two-2 28,00 420.00
Lnput "AND" with Standard
and Inverted Outputs
124 9 Logic Functions Two-3 28.00 252,00
: Input “ANL" with Standard
Output
125 6 Logic Function One-6 19.50 117.00

Input "AND" with Standard
Output G.E, Cat. #CR245A116A,
or equivalent.

126 18 Logic Functions Two-3 30.00 540 .00
Input "OR" with Standard
Output G.E. Cat, #CR245B13A,
or equivalent. '

127 1h Logic Functions Two-1 24.50 ..367.50
Input "NOT" with Standard
Output G.E. Cat,.. #CR245111A,
or cvquivalent. ’

128 6 Logle Functions One=3 22.00 132.00
Input Scaled "AND" with
Standard and lnverted
- Qutput, G.F. #CR245A213A,
or equivalupt.

129 6 Logic Functions Two-3 17.50 163.00
Input "AND-NOT" with
Standard Output G.IF.
#CR245C103A, or equivalent.
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oY ELECTRIGAL . Page 15
vode No. Name of List - ‘

UNIT TOTAL
[TEM NO. QUANTITY DESCR1#Ti..s PRICE PRICE
130 6 Logic Funerien ‘two-3 28.00 168.00
Laput "U¥ T with
Standurd Output G.E.
Cat. #€-:45Ci13B, or -
cquivalent.

131 Y logic¢ Functions One 50.00 450.00
"Retentive Memory"
with Standard and
Inverted OQutput G.k,
#CR245EL12A, or equiv-
alent. ’

132 9 Loglic Functions One 25.00 225.00
"OFF-RETURN MEMORY"
with Standard and
Inverted Output,
G.E. #CR245E112A, or
equivalent.

133 3 kogic Function “DELAY" 44.00 132.00
(.006 - .03 sec.) with
integral potenttometer,
G.E. #CR245F110B, or
equivalent.

134 9 Logic Functions "DELAYY 44.00 396.00
(.04-12 sec.) with
integral potentioneter,
G.E. Cat. /CR!45F111A,
or equivalent.

135 3 Logic Functions "DELAY" 49.00 147.00
(8-300 sec.) with integral
potentiometer, G.E. Cat,
#CR245F1118, or equiv-
alent.

116 : 15 "Oorigina: Input" bevices, 37.00 666 .00
Two 115 Volt, A.C., G.E.
Cat. CR24551027, or equiv-
alent.
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JY

Tkl Pege 16
=, Ao No, Name of List '

: UNIT TOTAL
11EM NO, QUANTITY DESCRIPT LON PRICE PR1CE

137 ) Power Supply Incoming 10.00 30.00
' A=C Line Fi .vr, G.E.
#CR245X103A, or equiv-
alent,

1% 12 Base Assembly, 8 Unit 16 .00 192.00
Accessory bevice, G.E,
#CR245T108A, or equiv-
alent.

139. 1 Wire Terminals, Package 32.00 32.00
of 500, C.E. #55-163857P1,
or equivalent.

140 3 Probe Test Light, G.E, 29.00 87.00
Cat. #CR245X101A, or
equivalent,

vl 3 Multi-tinit Push Button 45.00 135.00
Station, 16 Units,
ar Allen-Bradley Catalog
" #800T-16TZ, or equiv-
-aleat, - :

142 3 Centrol Relay Cabinet, 80.00 240.00
Steel, 4'X2'X12', wall- ' :
mounted, Terminal
blocks at bottom of cabinet
for 120 #14 Wire connect-
ions, Panelette Co, or
equivalent.

14} 1 Custom Built Control 1,000.00 1,000.00
Panel consisting of
11 rows of 18 terminals
““per row.

{44 } : 12 Alare Point vabinet 240.00 720 .00
Annunclator, with model
S.F. Flasber, ilot Liehts,
Audible Signal, Scram
Instrument Co,, or cquive
aleat,
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38 ELrty g LCAL ' Page 17

Code No. Name of List
UNIT TOTAL
1TEM NO. QUANTITY DESCRIPTICN PRICE PRICE
V. Shop Equipmént -
145 1 ¢ Electric Driil, 3/8" 60.00 60.00
variable speed, Black
& Deck: r, ur equiv-
alent.
146 1 Machinist Vise, Stanley 11.00 11.00
3993 A, or equivalent.
147 8 Soldering Gun, Weller 6.90 55.20
D-350, or equivalent.
148 1 Pencil Soldering Iron, 5.10 5.10
C Hexacon 25 S35, or
equivalent.
Vi. Fumiture
149 8 Work Surfaces, Lab-Volt. 38.00 304.00
ET, 3' x 6', or equiv~
alent.
150 8 Component fases, for 63.00 504.00
above, Lab-Volt. D8,
or equivalent.
151 8 Instrument Storage Sase, 35.00 1 280.00
for above, Lab-Volt. (3, : '
or equivalent.
152 1 Shelving and Stcel Cabinets 600.00
for Storage
153 1 Shop Desk w/Drawers, Penco  54.00 54.00
33110, or equivalent.
154 1 Stool, Masonite Seat " 11.40 11.40
w/Back, Bay MB1-2732,
or 2quivalent.
155 15 Stool, Masonite Seat, 6.40 96.00
24", Bay M1-24, or
equivalent,
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5g ELECTRICAL Page 13.

Code No. Name of List
UNIT TOTAL
ITEM NQ. QUANTITY DESCRIPTION PRICE PRICE
VIL. Tools (May be purchased as surnTics) .
156 16 Magnetic Compass 3.00 48.00
157 2 Flashlight, Everready 3.00 6.00
2251, or equivalent.
158 1 circle Hole Cutter, 3.24 3.24
Stanley 419, or
equivalent,
159 1 Countersink, Stanley .54 54
137, or equivalent,
160 1 Steel Tape, 10 ft., 1.00 1.00
Stanley CA O1UW, or
equivalent.
161 2 Hacksaw, Boney 2623, 3.15 : " 6.30
or equivalent,
162 1 Ccubination Square, 2.52 2.52
Stanley 225, or equiv-
alent,’
163 1 Snips, 10" Aviation, . -  2.88 288"
Stanley 15435, or o
equivalent,
164 2 Hammer, Plastic Head, 1.95 3.90
Stanley 594, or equiv-
alent.
165 2 Scratch-Awl, Scriber, .48 .96
. Stanley H 1202

i66 2 Hammer, Ball Pcin 8 oz., 1.80 3.60
----- Stanley 308 B

167 2 Drill Set, High Speed, 10.00 20.00

Jobber Size #60 to 1/2", -
Hanson S-113
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Code No. Name of List
UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE
168 2 Chisel and Punch Set, 2.33 4,66
Cincinnati .ovo! 160
169 2 Wrench. A ustable 6" 1.77 3.54
Williams, Superadt 6
170 2 Wrench Set, Open End, 7.70 15.40
- 10 pes., Thorsen PC-10
171 2 Nutdriver Set, Xcelite 5.76 11.52
127
172 6 Electricians Knife, 1.85 3.70
Klein "XELA" 1550-2
173 6 Chassis Punches, Round,
Greenlee Type 730
2 ea. - 5/8 in. dia. 2.30 4.60
2 ea. - 3/4 in. dla. 2.3 4,60
2 ea. -~ 1 in. dia. 2.55 5.10
174 2 Chaséls Punch, Square,
Greenlee Type 731
1 -1/2 in. sq. 4.95 4.95
1-11in. sq. 7.10 7.10
175 1 Knockout Punch Set, 11.00 11.00
1/2" = 1 1/4" Greenlee
735
176 24 Screwdrivers, Standard
Proto, or equivalent,
8 - 4" 9304 .69 5.52
8 - 6" 9806 91 7.28
8 - 8" 9808 1.10 8.80
177 27 Screwdriver, Phillips
Proto, or equivalent.
8 - #1 96 82 .76 6.08
8 - #2 9684 .84 6.72
3 - #3 96 86 1.05 3.15
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58 ELLCTRICAL Page 20

code No. Name of List
UNIT TOTAL
[TEM NO. QUANTITY DESCRIPTION PRICE PRICE
178 3 Screwdriver, Offset, 1.16 3.48
Standard, S.uanley
3800, o. equivalent,
179 3 Screwdriver, Phillips, 1.16 3.48
Of fset, Stanley 3423,
0i equivalent.
180 4 Screwdriver, Clutch-tiead,
Xcelite, or equivalent.
2 - G 183 .72 1.44
2 - G 5324 .81 1.62
181 2 Hex Key Wrench Set, 1.17 2.34
15 pcs., Boney N 6R
182 8 Long Nose, Needle Point 3.61 28.88
Pliers w/Cutter, 6",
Xraueter (G 826, or
equivalent,
183 8 Needle Point, Diagonal 3.67 29.36
Cutter, 6", Kraueter
(G 5601, or equivalent,
184 3 Pliers, Tongue - N - Grove 3.50 10.50
10", Kraueter CC 710,
or equivalent.
189 3 Plicrs, lineman 8 1/2" 4.80 14.40
Kraueter CG 1801, or
equivalent.
186 8 " Pliers, Slip Joint, Proto .87 6.96
201, or equivalent.
187 3 Lever Wrench Pliers, Vise 1.56 4.68
Grip 8" Proto 291, or
equivalent,
*Indicates the minimum items required for this list  Lurnish basic

austere support,
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ELECTRICAL EQUIPMENT COMPANIES
REPRESENTATIVE LISTING*

Hampden Engineering Corporation
Fast Longmeadow, ! assachusetts

Stewart-Wamer Micracircuits, Inc.
730 E. Evelyn Avenue
Sunnyvale, California 94086

Simpson Electric Company

Vivision of American Gage &
Machine Company

5200 W, Kinzie Street

Chicago, 1llinois 60644

Amprobe lastruments

Division of Soss Manufacturing Company
63 Merrick Road

lLynbrook, New fork 11563

Industrial Instruments Corporation
8400 Research Road
Austin, Texas 78758

Cormell-bDublilier Electronics
Newark, New Jersey

(row/Universal Scientific Company
1102 Shelby Street
Vincennes, Indlana

lifckok Teaching Systems, Inc.
Wheeling Avenue
Woburn, Massachusetts 01801

General Electric Company
570 Lexington Avenue
New York, New York 10022

Biddle Company
Twp Line & Jolly Road
Plymouth Meeting, Pennsylvania 19462

*This is not a complete listing of all such companies; neither does inclusion
imply special approval, nor does omission imply disapproval of a company.
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Superior Electric Company
383 Middle Street
Bristol, Connecticut 06110

Triplette Electric Instrument
Company

500 Harmon Road

Bluffton, Ohio

Square D Company
FExecutive Plaza
Park Ridge, Illinois 60068

Weston Electrical Instruments
Company

(bivision of Daystrom Inc.)

450 Mountain Avenue

Murray Hill, New Jersey

General Radio Company
30 Baker Avenue
West Concord, Massachusetts

Allen-Bradley Company
1201 S. Second Street
Mi lwaukee, Wisconsin 53204

Tektronix Incorporated
Box 500
Beaverton, Oregon 97005

Electrolab Corporation
P.0. Box 326
Liverpool, New York 13088



EQUIPHENT LIST: 190 ELECTROMECHANICAL
Code No. Name of List

$122,731.00

Cost

20
Supporting Base

THIS EQUIPMENT LIST SHOULD BE REVIEWED WITHIN TWO YEARS
AFTER ITS EFFECTIVE DATE.

NEW LiST [ ]
REVISED LIST [¥] Please destroy cover ~  ages dated

Replace with cover anc rages attached.

DEPARTMENT OF COMMUNITY COLLEGES
PROGRAM DEVELOPMENT

Date: June, 1976
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COMMITTEE

Catawba Valley Technical Institute
Lenoir Community College

Wake Technical Institute
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190 ELECTROMECHANICAL Page 1
Code No. Name of List

COST OF
ITEM NO. QUANTITY DESCRIPTION ITEM TOTAL

A. Servomechanisms

1. 1 Mechanical Kit, Type 785.00 785.00
1000 Automat or PIC,
or equivalent.

2. 2 Motor Kit, Type 4-12 95.00 190.00
Automat, or PIC, or
equivalent.

3. 1 Servomechanism Kit 1000.00 1000.00
Servomotors (AC/DC)
Syncnros - central
Transformer Potentio-
meter (multiturn)
Tachometer generator, or
equivalent.

B. Computer Teaching Systems

4, 2 Dataflow Wall Charts IBM, 95.00 190.00
List #42 for 1401, or
equivalent. :

5. 1 Dynamic Timer, IBM, 100.00 100.00
List #14 fcr 1401, or
equivalent.

6. 1 'Computer (IBM 1401), or
equivalent.

7. 1 Fludic Logic Trainer 700.00 700.00
Eastman - Fludic
Circuit Panel, or
equivalent.

8. 1 Analog Computer Trainer 4500.00 4500.00
EAITR-20 or equivalent
C. Mechanical

9. Surplus: -- Input Output Devices (as required) 1000.00
Coffee/Coin Machines
Automatir Washers
Desk Calaulators
Juke Box, Record
Changers
Cash Registers
Automative Sub-systems
Gun Directors
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190 ELECTROMECHANICAL Page_2

-‘Code No. Name of Lict
COST OF
[TEM NO. QUANTITY DESCRIPTION ITEM TOTAL
Instruments
10. 1 Strip-Chart Recorder 3,000.00 3,000.00
Hewlett Packard 7000 -
series, or equivalent.
11. 1 Cart for Oscilloscope, 150.00 150.00
or equivalent. )
12. 1 Polaroid Camera 250.00 - 250.00
w/scope attachment,
or equivalent.
13. 1 Microscope-Stereoptic 450.00 450.00
w/zoom attachment,
B & L, or equivalent.
14. 1 Micrometer X-Y table 125.00 125.00
for microscope, or
equivalent.
15. Transducers: (as required) 1,000.00
a. Pressure
b. Force
¢. Motion
16. Force Gauges, (as required) 1,000.00
Torque Gauges, etc.,
or equivalent.
17. Commercial Equipment 5,000.00
A. Systems
1. Industrial Controllers
2. Conveyor
3. Pneumatic
4. Cleaning

B. Components

1. Relays

2. Solenoid - valves

3. Regulators

4, Actuators - Hydraulic/Pneumatic

5. Clutches

6. Cams

7. Storage Devices/Counters

8. Switches, steppers

9. Amplyfiers: Differential, Operational

NOTE: Each school should select systems and components based upon the
local industrial needs.
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190 ELECTROMECHANICAL Page 3

Code No. Name of List
COST OF
ITEM NO. QUANTITY DESCRIPTION ITEM TOTAL
Tools, etc.
18. Miscellaneous Hand Tools 500.00 500.00
19, Measuring Tools '750.00 750.00
a. Micrometer
b. Calipers
¢. Feeler Gages
d. etc.
20. Special Hand Tools 750.00 750.00
a. Power screw drivers
b. Pneumatic wire wrap
Mockups
21. 1 1402 Punch Unit 225.00 225.00
22. 1 1403 Print Chain 200.00 200.00
Circular Slide Rule
23. 1 1403 Printer Slide Rule 175.00 175.00
Shop Equipment
Metal
24. 1 Brake - 3' 100.00 100.00
25. 1 Shear - 3' 100.00 100.00
26. 1 Drill Press 125.00 125.00
27. 1 Vise - 6" 45.00 45.00
28. 1 Bench Grinder 50.00 50.00
29. 10 Vise Portable 15,00 150.00
30. 1 Tap.and Die Set 700.00 700.00
(Pipe & Screw Sets)
31. 1 8" Maximat Lathe 850.00 850.00
32. 1 Greenlee Punch Set
(Round & Square) 100.00 100.00
33. 1 Nibler 25.00 25.00
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ELECTROMECHNICAL

190 Page 4
Code No. Name of List
COST OF
ITEM NO. QUANTITY DESCRIPTION [TEM TOTAL
34. 1 Copper Tube Tools 25.00 25.00
35. 1 Band Saw, small 400.00 400.00
36. 1 Acetylene Torch 125.00 125.00
Wood and Plastic
37. 1 Radial Table Saw 400.00 400.00
w/attachments
38. 1 Belt Sander 200.00 200.00
39. Power Sources 3,000.00 3,000.00
a. Special AC (as required)
b. DC (as required)
1. Rotating (High Current)
2. Electronic
c. Pneumatic Compressor
w/Air Cleaners, Filters
and Oilers
d. Hydraulic
Special Purpose Equipment
40. 1 Computer Service . 1,500.00 1,500.00
Equipment N
M. ] Vacuum Technology 2,000.00  2,000.00
Equipment roughing
and diffusion pumps,
gauges, peripheral
equipment.
42, 1 Sound level measurement 5,000.00 5,000.00
equipment.
43. 1 Servomechanism Kits 15,000.00 15,000.00
44, 1 Desk calculator, 2,000.00 2,000.00

programmable
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190 ELECTROMECHANICAL Page 5

Code No. Name of List
COST OF
ITEM NO. QUANTITY DESCRIPTION ITEM TOTAL
Furniture
45, 1 Desk, Workbenches, 5,000.00
Storage Cabinets and
Stools (See appropriate
cataloys)
46. 1 Hydraulic/Pneumatic 6,000.00
Set-up Tables v
(See Hydraulics and
Pneumatics, Equipment
List No. 98)
47, 2 Electromechanical 6,850.00 13,700.00
Training Console -
48. 2 Compressor Kit -- -
(price included in
console)
49, 2 Electio-Hydraulic 650.00 1,300.00
Servo Valve
50. z Basic Hydraulic 1,200.00 2,400.00
Package
51. 2 Rotary Motor 965.00 1,930.00
52. 2 Rotary Loading Package 325.00 650.00
53. 2 Pressure Transducer
Assembly. - 860.00 1,720.00
54. 2 Force Transducer 1,130.00 2,260.00
Assembly
B5. 2 - Flow Transducer 1,250.00 2,500.00
Assembly
56. 2 Instrumentation Amplifier 320.00 640.00
57. 4 Linear Actuator 655.00 2,620.00
Assembly
58. 4 Linear Loading Package 400.00 1,600.00
59. 2 Transducer Readout Panel 350.00 700.00
60. 2 Fluidic Logic Trainer 1,095.00 2,190.00
61. 2 Pneumatic Trainer 980.00 1,960.00
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190 ELECTROMECHANI CAL Page 6

Code No. Name of Liut
COST OF

[ e O, QUANTITY DESCRIPTION JITEM TOTAL

62. 2 Electric to Pneumatic 150.00 300.00
Interface Package

63. 4 DC Servo Controller 635.00 2,540.00

64. 4 Gear Train with 500.00 2,000.00
Digital Encoder

65. 2 Digital Logic irainer 1,195.00 2,3¢0.00

66. 2 Electrical Control 350.00 700.00
Package

67. 2 Digital to Analog 195.00 390.00
Converter

68. 3 Process Control Simulator 1,595.00 4,785.00

69. 1 Programmable read only 2,000.00 2,000.00

memory (PROM) Programmer
Featuring: Program,
list, duplicate,

and verify operation
modes.

Program capacity

of 4096 and 8-bit words
Hoxadecimal Keyboard (0-9, A-F)
-»vadecimal address and
.~:A display.
G..ick-load, zero inser-
tion force, PROM sockets.
Packaged in high-impact
plastic carrying case.
117 VAC 60 Hz. power
requirements.
Ultraviolet lamp erase
capability.

Computer interface
(8-bit parallel data
transfer capability).
Teletype interface for
ASR 33 teletypewriter.
PROM Programming

Modules for Intel.
1702A, 9702, 2704, 2708,
3604.

70. 7 Microprocessor Desi in 500.00 3,500.00
System Containing the
Following:

Front panel with provi-
sjon for control and
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190 : ELECTROMECHANICAL Page 7
Code No. Name of List

COST OF
ITEM NO. QUANTITY DESCRIPTION ITEM TOTAL

monitoiing of micro-
processor functions,
data switch input and
display, display of
status and interrupt
signals, and single-
step execution of
programs.

Asynchronous control
card allowing micro-
pProcessor operation

with teletype terminals
and modems using ELA RS
232C standard interface
20 MA. current loops.
Central processing card
using Intel 8080 micro-
processor integrated
circuit containing all
necessary signal
buffering, gating,

and clocking control.
Interface board providing
signal and power buses
and two solderless bread-
boarding sockets for
interface circuitry.
Memory card containing
up to 4K of static read/
write memory and 1K of
ultraviolet -erasable prom
memory.

71. 7 piicroprocessor Outboard 315.00 2,205.00
Circuits consisting of
one each of the following:
Power outboard
Logic switch outboard
7-segment display
with decoder/driver
Clock outboard
Led lamp monitor
outboard, Dual lamp
moni tor outboard
Programmatle timer/counter
outboard
Universal outboard
Driver/inverter/NOR (DIN)
Outboard
Pulse generator
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Code No. Fare- of List

COST OF
ITEM NO. QUANTITY ¢ .CRIPTION ITEM TOTAL

Variable power supply
(3-14v) outboard
Monstable outboard

Kluge card outboard

Line driver/receiver

and TTL/RS232C

interface outboard TTL/
20MA current loop inter-
face outboard

BCD decode counter/4 bit
binary counter

Latch outboard

Decoder outboard
Multiplexer outboard
Universal asynchronous
receiver/transmitter
UART outboard

Microprocessor Accessories
consisting of one each
of the following ftems:

72. 7 Tools and I.C. Sockets 27.50 132.50
Xcelite 72CG 5-finch
chain nose pliers
Xcelite R184 screwdriver
(4-1nch blade; 1/8"
11p width.)
Xcelite 101-S wire
stripper/cutter
No. 22 gauge {insulated
wire (100 ft., red; 100 ft.
black)
14-pin 1.C. Sockets
16-pin I. C. Sockets
24-pin 1. C. sockets

73. 7 Components - Electrical: 23.00 161.00
A Resistors (172 watt, 5%

carbon 11m)
20 each 1000 ohms
8 each 100, 150, 220,
330, and 470 ohms
3 each 1500, 2200,
3300, 4700, 10K, 22K,
33K, 47K, 100K, 220K, 470K,
IM and 10M ohms.
Capacitors

each 10U PF, 220 PF
470PF, 0.001UF 0.002Ur,
0.605UF, 0.10UF, and
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ITEM NO. QUANTITY

74, 7

75. 7

Name of List

COST OF
DESCRIPTION ITEM

0.33UF ceramic

disc.

2 each 1.0UF, 4.7UF

10UF, and 47UF,
electrolytic
Light-Emitting diodes
(CeDSY, with specification
sheets

6 each red National NSL-
5023

One seven-segment LED
display

Opcoa SLA-1

One Litronix Data Lit 704
display

Components - Integrated 155.00
Circufts IS-AP3

Integrated "ircuit Labels, 6.50
approximately 500

individual adhesive-

backed; for series 7400

TTL Integrated Circuits.

(1S-SW3).
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EQUIPHENT LIST: 101 INSTRUMENTATION
Code No. Name of List

See Last Page
Cost

20

Supporting Base

THIS EQUIPNENT LIST SHOULD BE REVIEWED WITHIN TWO YEARS
AFTER ITS EFFECTIVE DATE.

NEW LIST I ]
REVISED LIST [ ] Please destroy cover and pages dated

Replace with cover and pages attached.

DEPARTMENT OF COMMUNITY COLLEGES
PROGRAM DEVELOPMENT
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COMMITTEE

R. L. Pearson

W. N, Allen

Barmey Melton
Franham Caney

Karl Cleveland
William H. Coleman
Foy Willson

Frank A. Gourley, Jr.
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General Electric Co.
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EQUIPMENT LIST: 101 INS TRUMENTATION-
Code No. Name of List
UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE
1 2 Calibrator, Electronic 445 .00 890.00

Consotrol 0~24 ma. to
0-60 ma. Foxboro Model
8121 N-~118-FP, or equiv-
alent.

2 2 Pneumatic to current con- 215.00 430.00
verter input 3-15 psi,
output 10-50 ma. Foxboro
Model 66FR-2, or equiv-
alent.

3 2 Voltage to current conver- 265.00 530.00
ter input 0-5 V.D.C.,
output 10-50 ma. Foxboro
Model 66 GR-0W, or equiv-
alent.

4 2 Receiver Recorder, 290.00 580.00
Electronic consotrol, Fox-~
boro Model 6410HF, or

equivalent.
5 2 Case Recorder, Model 40 110.00 220.00
R-31C, Foxboro, or
equivalent.
6 2 Receiving Element for 85.00 170.00

Model 40R. PC 3-15
Foxboro, or equivalent.

7 2 Bellows for Model 40R 85.00 170.00
0-100 in. W.C., Foxboro
Model PB-CC, or equiv-
alent.

*Indicates the minimum items required for this list to furnish basic
austere support.
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101 INS TRUMENTATION Page 2
Code No. Name of List

UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

8 2 Indicating Receiver Con-  410.00 820.00
troller 0-100 scale,
3-15 psi input, Foxboro
Model 52A SP4, or
equivalent.

9 2 Current to Air Trans- 130.00 260.00
ducer 50 ma. to 3-15
psi, Foxboro Model
69 TA-1l, or equivalent.

10 1 Electronic Differential 485.00 485.00
Pressure Cell. Input
20-205 in. range,
10-50 ma. signal 100
diff., Foxboro Model
6..3 DM, or equivalent.

11 1 Pneumatic Differential 280.00 280.00
Pressure Cell, input
20-205", Foxboro Model
13 A 1, or equivalent.

12 6 Combination Filter- 17.00 102.00
Regulator 5-35 psi,
1/4" pipe. Fisher 67
FR, or equivalent.

13 2 Dial Thermometer, 8.50 17.00
50-500° F Weston
No. 19385-3, or
equivalent.

14 1 Pneumatic Temperature 255.00 255.00
Transmitter. Bulb
diam. 3/8", sensitive
length 6", 3-15 psi
output, 100°F span,
3 1/2' tubing Foxboro
Model 12 A, or equiv-
alent.

15 1 0i1 bath "Magni-Whirl" 450.00 450.00
Model MW-1145 A Blue M.
Electric Co., or equiv-
alent.
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Code No. Name of List

UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

16 1 Tech Trainer D-1 636.00 636 .00
Master Demonstrator
or equivalent. Tech
Trainer Corp., Chat-
tanoga, Tenn.

17 10 Student panel Racks 219.00 2,190.00
Tech Trainer Model
D2, or equivalent.

18 10 Complete experiment 4,000.00 44,000.00
module for student
panel Rack. Tech-
Trainer 'M" series.

19 4 Pneumatic Hand 50.00 200.00
Calibrator, 0-18 psi,
Taylor 44 S 390, or
equivalent.

20 4 Pneumatic Hand 50.00 200.00
Calibrator, 0-160"
of water column,
Taylor 44 S 369, or
equivalent,

21 2 Dead weight tester, 260.00 520.00
0-1000 psi Ashcroft,
or equivalent,

22 10 Pressure test gauge, 37.00 370.00
3" diam., 0-30 psi,
0.5% accuracy. U.S.
Gauge Figure 1408, or
equivalent.

23 1 Pressure test gauge 115.00 115.00
8 1/2" dial. 0-3)
psi, 1/4" bottom
connector, 0.25%
accuracy, U.S. Gauge
Figure 1400T, or equiv-
alent.
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Code No. ame of List :

UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

24 2 Portable Potentiometer 250.00 500.00
Indicator, Dual range,
0-30 mv. and 0-60 mv.
Foxboro, or equivalent.

25 1 Foxboro Pneumatic Temper-~ 243.00 243,00
ature Transmitter
Model: 45, or equivalent.

26 1 Foxboro EMF to Current 420.00 420.00
Converter
Model: 693AT-0
Input Signal: 2 to 60 mv.
Output Signal: 10 to 50 ma
d-c into
100 to 700
ohms

27 1 Foxboro Frequency to 470.00 470.00
Current Converter
Model: FR~-316-2
Calibratim: To Fox-
boro 1-81F5C2
Turbine Meter

Flow Range: 3.50 to
50.0 GPM

Output: 10 to 50
ma d-c into 100 to
600 ohms

28 2 Foxboro Consotrol 510.00 1,020.00
Controller
Model: 62H-4E
(Proportional
and reset)
Instrument Connection:
10 Conductor Cable
(Reference H-11-A3), or
equivalent.

29 1 Foxboro Electronic Con- 50.00 50.00
sotrol Alarm !
Model: 63R~0A High Alarm *
Part No.: No-152-KA, or »
equivalent. :
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“Code No. Name of List

UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

30 1 Foxboro Square Root 170.00 170.00
Extractor, Model: :
557, or equivalent,

31 2 Foxboro Control Valve 160.00 ea. 320.00
Type: Single seat,
top and bottom guided
End Connections: Wide
range V-port, C.I. body,
S.S. trim Actuator: P-25
Size: 1-inch, CV equals
10.1, or equivalent,

32 : 1 Foxboro Power Supply 70.00 70.00
for Force Balance Trans-
mitter Model: 610-AT-0,
or equivalent.

33 2 Foxboro Receiver 85.00 170.00
Elements for Recorder
Receiver: Model:
4 OR Serial No. 1923662
Type: PC 3-15, or equiv-
alent.

34 5 Pressure test Gauge, 75.00 375.00
4 1/2" pial 0-100 psi,
1/4" bottom connector
U.S. Gauge, Figure 5000,
or equivalent.

35 2 Pressure switch 25.00 50.00
United Electric, or
equivalent,

36 2 Turbine Flow Meter 1% 405.00 810.00
Foxboro Model 81F Series
or equivalent,

37 1 Multi function, voltage 275.00 275.00
current and resistance
meter, Hewlett Packard
Model 427A, or equiv-
alent.
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Code No. Name of List

UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

38 1 Alir Dryer and Separator 260.00 260.00
Van-Air Model D8, or
equivalent,

39 1 Fluid Manometer Mariam 200,00 200.00
Model 33KA35-2 0-100"
or equivalent,

40 5 Mercury Manometer 150.00 750.00
Meriam Model 33KB35-2,
or equivalent,

41 2 Industrial Electronics 1,200.00 2,400.00
: Motor Control Demonstra-
tor Hickok Model HM-5,
or equivalent,

42 10 Vaccum Tube Voltmeter 40.00 400.00
Heath Kit Model IM~13W
or equivalent,

43 10 Power supplies 250.60 2,500.00
Hickok Model PS505,
or equivalent,

44 5 Oscilloscope, Tektronic 450.00 2,250.00
561, or equivalent,

45 8 Plug in units for 200.00 1,600.00
above Scopes, or equiv-
alent,

46 2 Foxboro Electronic Con~ 387.00 774.00
sotrol Resistanceeto-
Current Converter
Model: 694A
Curve: NR 226, or
equivalent,

47 2 Dynatherm Resistance 52.50 105.00
Bulb Foxboro Model
DB-13N~-26W, or equiv-
alent,
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UNIT TOTAL
ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

48 1 Mechanics chest proto 17.62 17.62
#9965, or equiv (lent.

49 2 Vaccum Pump 200.00 400.00
Kinney Model KC-2, or
equivalent.

50 2 Digital Volt meter 625.00 1,250.00
Simpson Model 2700-4, .
or equivalent,

51 2 Centrifugal Pumps, 500.00 1,000.00
or equivalent.

52 Pipe and fittings, 250.00 250.00
' surplus, or equivalent,

53 10 Transistor Circuit 200.00 2,000.00
Analyzer, Hickok Model
H-3C, or equivalent.

54 2 Consotrol Alarm 175.00 250.00
Foxboro Model 63S, or
equivalent.

55 2 Alarm 80.00 160.00
Foxboro Model 63R, or
equivalent,

56 2 Dynalog-Controller 200.00 400.00
Foxboro Model 40 with
M/40 pneumatic controller
Aseembly, or equivalent.

57 2 Electronic Power Supply 280.00 560.00
Taylor 799NW00035 24V -
6 amps., or equivalent.

58 2 Computing Relay 200.00 400.00
Taylor 106NF1151,
or equivalent,

59 10 Audio Oscillators 225.00 2,250.00

Hewlett-Packard 200 AB,
or equivalent,
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UNIT TOTAL
* ITEM NO. QUANTITY DESCRIPTION PRICE PRICE

60 2 Pneumatic Analog Computer 245.00 490 .00
Foxboro Model 556-8-30,
or equivalent,

61 2 Electrical Insulation 250.00 500.00
‘ Tester Biddle No. 2120,
or equivalent.

62 1 Indicating Process 435.00 435.00
Controller, solid state,
3 mode Barber Coleman
Model 541C, or equiv-
alent.

63 10 Instrument Set, 16.00 160.00
Foxboro F-101AA, or
equivalent.

64 10 Pressure Gage Tool Set 17.00 170.00
Alrcraft, or equivalent.

*Indicates the minimum items required for this list to furnish basic
austere support.
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101 INSTRUMENTATION
Code No. Name of List

Page 9

COST OF
ITEM NO. QUANTITY DESCRIPTION ITEM TOTAL

65 5 Work Bench - 376.00 1504.00
Cabinet T, pe

66 1 Drill, 1/4" 47.50 47 .50
Universal, all
insulated.

67 1 Drill 3/8" 70.00 70.00
Heavy-duty
variable speed.

68 : Grindev, 7" 1/2Hp. 98.00 98.00
115-230 V.

69 1 Drill Press 364.00 364.00
Variable speed,
Bench Model
3/4 Hp., single phase
with tilting table.

70 1 Drill Press Vise 27.50 27 .50
Jaw size: 3" x 3/4"
Open jaws, 3"

71 ] Hardware Storage 257 .00 257.00
Cabinet.

72 2 High Speed Drill Sets 52.10 104.20
1/16 thru 1/2" by 1/64

73 1 Resistance to Voltage 440.00 440.00
Converter (platinum)
(dual)

74 1 Thermocouple to Voltage 440.00 440.00
Converter, Dual Chomel-
Aluwel, Iron-Constantan

75 2 Current to Voltage 200.00 400.00
Converter

76 2 Contact Input Tsolator 72.00 144,00
77 2 Pulse Rate to Voltage 620.00 1240.00

Converter
0-50, 0-12, 800 PPS
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Code No.’ Name of List
CGST CF
ITEM NO. QUANTITY DESCRIPTION ITEM TOTAL

78 1 Current to Voltage 200.00 200.00
Converter

79 1 Control Card & 44,00 44 .00
Module 345.00 345.00

80 ] Batch Control Card & 464.00 464.00
Module

81 2 Dual Absolute Alarm 233.00 466.00

with Module (Relay
Type) 100 MA @ 28VDC

82 2 Deviation Alara with 223.00 456.90
Module 100 MA @28VDC

83 2 Sq. Rt. Extractor 318.00 636.00
with Module

84 2 Integrator (Linear) 288.00 576.00

85 1 ‘Multiplier-Divider 448.00 448.00

86 ] Summer 398.00 398.00

87 1 Signal Selectro 193.00 193.00

88 2 Realy Output CPCD 110.00 220.00
with Moduie

89 1 Intergrator Power Driver 66.00 66.00
Relay Type, with Module

90 2 Voltage to Current 230.00 460.00
Converter (4-20MA)

9] 1 Voltage to Current 230.00 ¢30.00
Converter (10-50MA)

92 2 Rack, Module i10.00 220.00

93 5 Nest 154.00 770.00

94 1 Power Supply 770.00 770.00

95 2 Cable 33.00 66.C0
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Code No. Name of List

COST OF
ITEM NO. QUANTITY DESCRIPTION ITEM TOTAL
96 1 Card Extender 55.00 55.00
97 1 System Calibrator 2,200.00 2,200.00
98 1 Card Test Module 220.00 220.00
99 1 Control Station 220.00 220.00
Simulator
100 1 Calibration Module 16.50 16.50
(TC)
101 1 Voltage Divider 50 mv- 16.50 16.50
5.5 Volt Span
102 1 Voltage Divider 16.50 16.50
5-400 Volt Span
103 1 Totalizing Impulse 55.00 55.00
Counter.
104 1 Recorder 655.00 655.00
105 ? Display, Remote 420.00 420.00
106 1 Shelf 122.00 122.00
107 1 Temperature Bath 1,000.00 1,000.00
108 1 Trainer Module 555.00 555.00
109 1 Refrigerated Bath 650.00 650.00
110 1 Battery Pack 200.00 200.00
111 1 RLC Bridge 800.00 800.00
112 1 Thermocouple 350.00 350.00
Re240out Meter
113 1 Reference Junction 475.00 475.00
114 1 Instrument Rack 900.00 900.00
115 1 Pyrometer 150.00 150.00
§102f005.00
NEW COST
o APPROVED: May, 1975

315




CURRICULLM GUIDELINES

316

< ",'ﬁ""‘ -
HEOve R,



STATE BOARD OF EDUCATION
DEPARTMENT OF COMMUNITY COLLEGES
CURRICULUM GUIDELINES

FOR
CURRICULUM  T-045 Electronics
Code - Title
DATE SUBMITTED _January, 1977
STATE PRESIDENT
~ Date
STATE BOARD CHAIRMAN
Date
AWARD APPROVALS:
Technical Curriculum AAS Degree X)
Technical Specialty Diploma
Technical Specfalty Certificate
Yocational Diploma
Vocational Specialty Certificate
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PROPOSED EMPLOYMENT JOB OPPORTUNITIES - D.0.T.

Electronics
Entry Level Positions:
Title D.0.T. No.
Electronic Technician _003.181
Electronic Engineering Aide 003.181
Communications Technician 003.181
Electronic Maintenance Supervisor 003.168
Electronic Engineering Technician 003.181

Advanced Level Positions:

Field Engineer 829.281

Technical Sales Representative 828.251

Technical Writer 139.288

Customer-Engineering Specialist 828.281

Research-Test Technician 003.281
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CURRICULUM REQUIREMENTS
ELECTRONICS

Subject Area

Technical

Electrical Fundamentals
Electronic Fundamentals
Specialized Electronic Circuits
Digital Electronics

Electronic Systems

Electronics Design

Electives

Related _
Drafting

Technical Math
Technical Physics

General Education

English ;
Social Science

Total

Cooperative Education/Internship

319

Range of Hours

Credit

Credit

Credit

Contact

08-118 |

0-12




~ STATE BOARD OF EDUCATION
DEPARTMENT OF COMMUNITY COLLEGES
CURRICULUM GUIDELINES

FOR
CURRICULUM _ T-044 Electrical
Tode | . Title
DATE SUBMITTED January, 1977
STATE PRESIDENT
~Datp
STATE BOARD CHAIRMAN :
vate
AWARD APPROVALS:
Technical Curriculum AAS Degree X
Technical Specialty Diploma
Technical Specfalty Certificate
Vocational ' Diploma
Vocational Specialty Certificate
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PROPOSED EMPLOYMENT JOB OPPORTUNITIES - D.O.T.

Electrical
Entry Level Positions:
Title D.0.T. No.
Electrical Techpician 003.181
Lonmunications Techpican 003.181
LElectrical Draftsman 003.281

[1lumination Technician 003.187

Advanced Level Positions:

Electrical Contractor 182.168
Electrical Estimator 003.281
Manufacturers' Service Repfeséntative 638 .281
Powerhouse Load Dispatcher , 003.187
Technical Writer 139.288
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CURRICULUM REQUIREMENTS
ELECTRIQCAL N
Subject Area
J\Q
Range of Hours
" |Credit |Credit |Credit |Credit |Contact
Technical 54-70
Electrical Fundamentals 12-16
Electronic Fundamentals 10-17
Electrical Machines 6-8
Flectrical Controls and Circuits 4-11
Electrical Systems 4-11
Electrical Design 3-6
Electives 6-8
Related _ 31-36
Drafting 4
Technical Math (including concepts| 15-20
of analytical geometry and
calculus) :
Technical Physics (including 12
mechanics, 1ight and sound)
General Education 18
English 12
Social Science 6
Total 108-118
Cooperative Education/Internship 0-12
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STATE BOARD OF EDUCATION
DEPARTMENT OF COMMUNITY COLLEGES
CURRICULUM GUIDELINES

FOR
Y
CURRICULUM T-039 Electromechanical _
Code Title
DATE SUBMITTED January, 1977
STATE PRESIDENT. _
Date
STATE BOARD CHAIRMAN T
Date
AWARD APPROVALS:
Technical Curriculum AAS Degree (x
Technical Specialty Diploma (
Technical Specialty Certificate
Vocational Diploma
Vocational Specialty Certificate
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PROPOSED EMPLOYMENT JOB OPPORTUNITIES - D.O.T.

Entry Level PositionsFleCtromeChanica]

Title C.0.T. No.
_Electronic_Mechanic 828.281
_Electromechanical Technician 710.281
Automated Process Electronics Technician 728.281
Electromechanical Inspector - 710.381
Electromechanisms Design lraftsman 017.281

Advanced Level Positions:

Test Equipment Development Technician 003.181
Customer-Engineering Specialist 828.281
Field Engineer 829.281
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CURRICULUM REQUIREMENTS
Electromechanical

Subject Area

Range of Hours

Credit | Credit |Credit |Credit |Contact

Technical |t |
Electrical Fundamentals 12-16
Electronic Fundamentals 10-17
Specialized Electronic Circuits 0-3
Digital Electronics 3-10
Specialized Electronic Systems 0-5
Electromechanical 10-20
Mechanical 10-12
Flectives 3-8
Related 31
Drafting 4
Technical Math 15
Technical Physics 12
General Education 18
"English 12
Social Science 6
Total 108-118

Cooperative Education/Internship 0-12
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STATE BOARD OF EDUCATION
DEPARTMENT OF COMMUNITY COLLEGES
CURRICULUM GUIDELINES

FOR
CURRICULUM __ T-048 Instrumentation .
Code . “Title
DATE SUBMITTED dJanuary, 1977
STATE PRESIDENT
Date
STATE BOARD CHAIRMAN
Date
AWARD APPROVALS:
Technical Curriculum AAS Degree (x)
Technical Specialty Diploma ()
Technical Specialty Certificate 2
Vocational Diploma
Vocational Specialty Certificate (
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PROPOSED EMPLOYMENT JOB OPPORTUNITIES - D.0.T.
Instrumentation

Entry Level Positions:

Title D.0.T. No.
Electronic Mechanic 828,281
Instrument Mechanic 710.281
Instrumentation Technician 003.281
Advanced ley2l Positicns:
Development - inscrumentation Technician 003.181
Systems - Testing - Laboratory Technician 003.181
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CURRICULUM REQUIREMENTS
Instrumentation

Subject Area

Range of Hours

Credit |Credit [Credit |Credit |Contact

Technical 59-69
Electrical Fundamentals 12-16
Electronic Fundamentals 10-17
Specialized Electronic Circuits 0-5
Digital Electronics 0-5
Instrumentation 16-20
Chemistry 6-8
Electives 4-9
Related 131-36
Drafting | 4
Technical Math 15-20
Technical Physics 12
General Education 8
English 12
Social Science 6
Total 08-120 |

Cooperative Education/Internship 0-12

{
e

CLEAR IGHD LY E FOR
SUNIOR COLLLLs
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