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The purpose of the Laser/Flectro-Optics Technolo%y'

(LTOT) Project was to establish a pilot educational program, .develop
a’' flexible curriculum, prepare and test instructional materials,
transport the curriculum and instructional paterials into other .,
educational institutions by establishing relevant LEOT programs
vherever they are needed, and to assure that faculties in these

schools provide students with requis®te knowledge and skills to
prepare technicians for useful employment in this field. The

e

curricalue which was develgped is intended for use by two-year
postsecondary *echnical institutioms. The educational philosophy
vhich was adopted focused on laboratory learnlng, i.e., teaching
principles by doing thlngs with your hands (as opposed to theory
lectures or training in simple manipulations or procedures). The
report begiftis by describing the project objectives and detailing the
degree and manner in which these objectives vere accomplished All
end products of the project are briefly described “(curriculunm
outlines, irstructional materlals, support documents, and career
counseling guides). There is discussion of the roles of the
Industrial Advisory Committee, the Evaluation Team, and the
Institutiondl Pilot Program. Following thlS is a short description of

dissemination act1v1t1es.

(Xathor)

[

v .

3 e 3 e ek ok ok ok ok ok ok ok kok ko kok ok Kk k Fok ek e ok ok ok o kok ok ok koK ok dokok ok ok ok ok ok ok ek k ok ke k kok ok ok

* Documents acgquired by ERIC include many informal unpublished

* paterials ‘not available from other sources. ERIC makes every effort
* to obtain the best copy available. Nevertheless, items of marginal’
% reproducibility are often encountered and this affects the quality
* of the microfiche and hardcopy reproductions ERIC pakes available

* via the ERIC Document Reproduction Service (EDRS).

* responsible for the quality of the original document. Reproductions
*x
*

supplied by EDRS are the best that can be._made from the original.
ek ok ok ok oKk Aok ok ok ok ok ook Ak ok ok ok Ak ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ek ok ok oKk koK ok ok ok ok ok ok ok ok ok ok ok

EDRS is not

R IR R IR I IR X I N

L]
3

-
>




M US DEPARTMENT OF HEALTH
. - EDUCATION & WELFARE
- MHATIONAL INSTITUTEOF
r—i

5 ‘ EDUCATION

. 115 DOCUMENT mMa$ BEEN REPRO-
i OUCED EXACTLY as RECE'VED FROM
. N THE PERSON OR ORGANIZATION ORIGINe
ATING T POINTS OF vIEW OR OPINIONS

A
!

*=; STATED DO NOTY NECESSAR!ILY REPRE-
=T oL on s o e T
LR ) " :

ol « T FINAL REPORT
" * . . N Project No. 8~0491
. Grant No. OEG-8-080491-4701 (ossg\\

IS

0“. > / \\

DEVELOPMENT OF GENERALIZABLE EDUCATIONAL PROGRAMS
IN LASER/ELECTRO-OPTICS TECHNOLOGY

§

Daniel M. Hull
1
The Technical Education Research Centers, Inc.
Southwest Center,
P.0. Box 4395 - .
. o Waco, Texas 76705

~ January 31, 1975

/

The research reported herein was performed pursuant
to a grant with the Office of Education, U. s\
ﬁ\ Department of Health, Education, and Welfare. Con-
o~ tractors undertaking such projects under Government
“ﬁ sponsorship are encouraged to express freely their
) -Professional judgment in the conduct of the project.
Points of Yiew or opinions stated do not, therefore,
§$ necessarily represent official Office of Education
Q -

position or policy. o

- " U. S. DEPARTMENT OF
35 HEALTH, EDUCATION, AND WELFARE

Office of Education

N -
N

£l ’ - . ]
> . % '—i—__—v___——__—}
1




PSa

FO{‘{EWORD .
N ¥ : g

v
In response to the needs of the laser and

ectro-optics industries, a curriculum has been
desNgned and instructional materials have been -
deve ed which are being used by two-year post
seconda technical institutions throughjut the
nation to prepare .men and women to work in these
emerglnq/tecﬁgglogles. Th ructional materials

: are also _bedfg used imIndustries, institutions

.. and gov’/hment agencies for retralnlng existing

employees wllo are e lring th1s field,

" The adaptability of t ese\materials to a
' Postsecondary institutions as well as employer i
plants), is due to the curriculum learning object-
ives being performance haséd and.the instructional
mater s being prepared in relatlvely 1hdppendent,
r . modular units.,

This project effortiwas directed at a com-
pletely new educational field. Prior to the
initiation of this project, no organized educa-

. tional programs existed for preparing laser/electro-
optical technicians. The program protedures, the
modular format and the dissemination activities
for thls highly successful research act3v1ty can
serve. as a model for future curriculum development
programs 1ntend§d to serve a.national ne;d.
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‘ .' I. INTRODUCTION -

]

. A very rapid growth of the Laser/Electro-Optics indus-

try has been experienced within the past decade. Since the
discovery of the first laser in 1960, teams of acientists and
engineers throughout the country have emerged to develop new
and\better lasers and have found useful applications for lasers
and electrotoptical devices. Today, lasers are used extensively
in medicine} construction, materials processing; testing and

- measurementg, in military and space systems, and in laboratories
to aid in sophisticated research activities such as:.inducing
controlled nuclear fusion.

Although an abundant supply of scientists and engineers
.1s available to predict . new laser materials, technLques and
applications, there is a shortage of trained manpower to test
these ideas. For over a decade, industry has had 1ncreasing
need for laboratory and field technicians that can implement
experimental setups, understand safety precautions as. they.
relate to eye and skin hazards, procure and maintain components,
and operate and troubleshoot laser and electro- opt1cal systems.
During this period industry has had to select electronic en-

gineers and /h/icians and pravide "on the job training" to
develop las&r and electro-optical technicians. For the most
part. this approach has met with only limited success -- these

"converted techs" usually do not have the fundamentals in
lasers "and optics and they require years to become familiar
with the wide variety of materials, components and special
techniques used in the field.. This problem is compounded by
thé lack of 1nstructiopal materials in lasers and electro-
nptics that are of a practical nature rather than theoretical
treatise. .

The purpose of the- Laser/Electro -Optics Technology .

(LEOT) Project was to establlsh a pilot educatdiodnal program,
develop a flexible curriculum, prepare and test instructional .
marerials, transport the curriculum'and instructional materials
ifto other educational institutibns by establishing relevant
EOT programs wherever they are needed throughout the nation,
and to assure that faculties in these schools provide students
with requisite knowledge and skills to prepare technicians for
useful employment in this field./ Occupational surveys, :task
analyses, course outlines, instpyuctional materials, equipment

— lists, laboratory designs, and /faculty and administrative sup-

port materials have all been mpleted. The currigulum which
was developed is intended for/use by two year posf’secondary




technical institutions. The ed
adopted focussed upon "ldborato
principles by doing things
theory lectures or: tralning in
dures). .

r

The pilot program establis
Institute, (TSTI) in Waco has b
years, with 69 students current
all employed with starting annu
to $15,999. Laser/hlectrp Opti
project materials are being con
tutions throughout the countrys,

are planning to initiate programs ir the-near future.

includes a Spanish/Bilingual pr
Harlingen, Texas. In addition,
fessional society are using the
oped on this project for retrai
empléyees. /

This report will %egin by
tives and det;iling the degree

" objectives were accomplished.’

will he described (curriculuﬁ,

with

.

. 5 : p )
ucation phiiosophy which was
ry learning i.e<, teaching

your hands ( opposed to
simple manipy{atlons or proce-

e v L
hed at Texas State Technical
een ipnp operation over five

ly enrolked and 44 graduates,
al salaries ing from $6,144
cs educational prog

ducted at six educational IRSti=
and seven other institutions
This
ogram at the TSTI campus in
three industries and one pro-
instructional materials devel-
ning and updating existing

describing the projgct objet-
and manner in which these

All end products of the project
instructional materials, sup-

port do/uments, and counséling guides)’. The discussion will
then be/directed toward the rolés of the Advisory Committee,

™~ the Ev#luation Team and the Institutional -Pilot Program.“
Following this will be a description of dissemination activi-
ties and résuits. |

, The purpose of thifis report is to provide an account of
the prOJect activities to the granting agency and to~other —
organlzat ions involved in similar techunical education research..

' A more appropriate document for the LEOT faculty and adminis-
Z\E;z&i;;:ﬁlanners is the LEOT Curriculum Guide which was devel-
0

this project and is available from the Technical Educa-

tion Rgéearch Centers: Other program support documents and
P the in8tructional modules’can also be obtained from TERC.
- /
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- / )
;
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II. PROGRAM OBJECTIVES
. / . R

2

The specific program objectives as outlined in the grant

proposal anéxiﬁi/g;egress reports are lisfsg/below:

4////KT/ Perform an Occugﬁf;;;al Anéiysis to quantitatively 7

determine the major types and characteristics of

employers of Electro-Optics Technicians and the

~__ Jjob types and levels for technicians which are needed.’

<~ P R

B. Perfory Task An lysis, -determining from employers
the knowle _an skill requirements and behavioral

required for the different types or

lectro-Optics Technicians.

/

~4\

lejels df Lawer

c0lum—PIgnning -- Utilizing the results of the
upatlonal Analy51s and the Task Analysis, design
__——"the structure or outline of a generalizable education=-
.al program (probably two year, Asscciate Degree level)-
which w111,prepare techniciafns who will be broadly
- employable within the flelds of Laser/Electro-Optics
Technology. -

- ‘D{ Curriculum Development, Pilot Testing and Evaluation

1. Acquire facilities and equipment for Laser/, -
Electro-Optis Laboratories to be used in the '
Pilot Instructional Program; provide teacher

orientation for the instructional staff.

Develop, test, and evaluate instructional
materials for a generalizable LEOT program.
Tranglate the materials into Spanish for bilin-
gnal inst;uctional programs. ' ‘ .

Establish a pilot instructional program. Iden- ' o
tify, select and test students.

" Establish a system for continuous evaluation,
throughout the development—program of procedures
and end products. :

Prepare documents to assist administrators,

. faculty and staff in program planning, curricu-

lum identification, staff selectdon, i plementa~
tion, facilities design and equipment |selection. ~ .

’
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Develop/hnified physics instructional”

materials/
for use ﬂn pre- technology programs’ .

\ i

semlnationwof Adapted LEOT Programs to Schools

other than the Pilot Program.
‘ .

/
Develop dnd implement a disSemination plan for
transporting to other institutions the curricu-
lum and 1nstruct10nal materials in Laser/Electro
Optics Teohnology
{

>N

Produce a}lO 12 minute motion picture film for
recru1t1ng high school students into Laser/
Electro- Optlcs programs which are offered by
their local institutions.,
- A
Develop, test and evaluate five Career Counsellng
Guides to enhance the effectlveness of communica-
nfng emplo&ment and tﬂalnlng opportunities in
new and emerglng occupations guch as Laser/
Electro- Oprlcs Techn%ﬁogy

|
Conduct training workshops for faculty and
adm1n1straqors who are interested in implementing
an instructiional prodgram using.§ome or all "of
the LEOT chriculum and iwstnyctional materials,

Provide insFructional materials and consultant
services in‘program planning .and implementation
for schools,who are consideri g programs using
LEOT materiéls.

-
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as Electro-Optics

a survey was .

f electro-optics
technicians in thirteen major cltles to determine the job
categories, applications, level of. oyee and pgrojected
numbers of job openings ovler a decadé. The results of this
survey were extremely difficult to”analyze and generalize °
because of the low percentage oﬁ/gesponses and yide diversity
of jobs. However, based jupon the experience gained in this
activity, several conclugions were® reached:

1. Thke emphasié in the technology should be in the
rapid}y emerging/area of Lasers; hence the transfor-
mation to Laser/ Electro-Optics Technology (LEOT).

The specifics of a Task Analysis leading to the
evolvement of behavioral learning objectives should

be obtained from a working Advisory Committee of
industrial/institutional employers of LEO technicians.

The membership of the. national LEOT Industrial Advisory
Committee (IAC) was carefully selected to be broadly tepre-
sentative of the entire field, from component manufacturers,
equipment manufacturers, research laboratories, defense and
space establishments, applications oriented 1ndustries and
. AEC laboratories. Priorities for selection were based on
information obtained -ini the Occupatlonal Anaiysis. The mem-
bership of the IAC and its very 51gn1f1cant ‘role in the entire
research act1v1ty is described in ction VIII. This committee
met in working sessions twice a ye/i in 1971, 72, and 73, and
was singularly the most important resource Qn the project:

The only cost of this committee to the pro;ect was the mem-
ber's travel expenses, and the employers of several members
voluntarily paid this expense in addition to their regular
salary -- thus, an example of the excellent industrial
support for this project. "

J | . . L4

The first two meetings of the IAC were primarily concerned
with the development of a generallzed task analysis and the iden-
‘tification of -the depth to which technical information was
required-of technicians. The IAC emphatlcally stated -on many
occasions that calculus and theoretical concepts in physics
were neither required nor desired in preparation for techniciaqs

s




they hired. Initially, each TAC member provided a listing of
the "ten most desirgble -skills of an effective Laser/Electro
ptic Technician" The fomp051te list included the fifteen -
=~ /skills which follow: .

Al / .
// 1. Troubleshoots and repalrs, laser systems.

2. Performs tests and measurements using electroni
devices.

, 3. Performs alignment procedures on optical systgm

related optics.

s

4. /Prepares ‘and reads shop drayings and schemgtics.

5.,/ Maintains a laboratory notebook, performs
/' duction, and, prepares reports.

" 6. Operates interferometers, Spectrometers
ators and spectrophotometers.

7. Operates laser systems, i:;é@giﬂg intya-cavity modu-
, lation and Q—switching de es. - )

8. Utillzes basic laser and electrical safety practices
in the laboratory.

9. Performs optical 1nspec£10ns and cleanlng of optlcal /
components. :

- 13. Selects laser and o/tical mponents based on optical,
- electronic, anj/yechanica 7properties using manufactUrers

catalogues and/other trade publications.
14, Troubleshoots and repaiys electro-optic devic

\ /
15. Fabricates and assemblgs ‘compofrents fo
v ’ optic devices and sysfems. ”//’

f
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‘This structurlng lﬁd%tofthe -identification of ten courses for

:/ft1f1ed

Thglf@C further delineated this list into 156 tasks ‘ ‘

necessary for a technician to perform as a, Laser Electro-
Optics” Technician. These 156 tasks were then rated by the .
IAC in relation to the' importance of each task. Tasks with - T
average ratings or higher were utili%ed in the formation of
1nstruct10nal courses. Because so many tasks recelved high
ratings -from ‘the IAC a decisioq was made that certain groups
of items should be taught within the core program. Otherwise,
the number ©of tasks included withln the LEOT program would
have become too large. Spec1f cally, the items related to
shop practice and to electronics and instrumentation were, - =
incl¥ded in the core. \l

The remaining tasks with high ratings were separated
into groups of reiated items. These groups formed the basis
for the development of courses in the LEOT Model Curriculum. .

i)

hp

N

Whep the content of courses had been iden-~ .~
the learning objectives for each course were divided
into a series of, instructional modules. As a chéck, the
original list of 156 tasks was compared with the behavipral .
objectives in the 'dinstructional modules to verify that the
course content was valid. :

the LEOTrprogram.

At the onset of curriculum definition and development'é
six member Evaluation Team was established to provide cantinuous,
unbiased evalyation of all aspects of program development.
In addition q& the Team Chief, the various members had spec@— T
fic responsibilities f£fo following areas: Lndustrial \

Employment, Curriculum pment, Technical Instructiqn?
Tests/Mea The Team met quarterly

es, expiicitly s;ated at the
onal module. The role of the
ed in detail in-“Section IX.

t for the.instructional
modules began to evolve fron task dnalysis, the TERC .
staff designed the module format and wrote several instruc-
tional units for critique by the IAC, the Evaluation Team . ‘
and the faculty in the pilot program at TSTI. Based upon

the comments from these groups the module format was revised,

and the content was changed in terms of depth of understanding,
technical complexity and reading. level.

—~—

Because of the large number.of LEOT moduleé which were

o

L
——
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tdentlfled (99) and the technical complexity of the material

was so specialized, the TERC Project Manager made a decision
‘to faintain a m1n1mai wr1t1ng and editing staff and to con- ',///
tract-the wrltln%,of module drafts to consultants who are
"experts in the fiéld". Ptrior to a writing agreement, the

;auxhor was provided the llst of measurable obJectlves for the

mpdule and an "Aid to er;ers of Ingtructional Modules". This
wode~of operatlen proved* to be much more efficiept and yielded
instructlonal materlalsSwhlch were relevant and extremely
practical.

7 o A

: ) s . K
A flow chart, of tge~ﬁevelopmeﬁt procedure used for LEOT
instructional modules is shown in Figure ITI-1. This type of
record with an accompanying schedule was maintained on each
module throughout the development phase. The following edits
or tests were'performed o each module. ) ] a PR
‘.-
o & TERC Clerlcal 'Staff checks for typegraph&cal errors,g
grammar, dnd format.' . .
13 = 1‘ m * ’ A
o - I#G~members edit for jgb relevance and technical

content. " i A

- ﬂ*__l«‘.”——f’ -

o . TBRC staff works with Pilot qugram faculty to werify
the experimental procedure -and equipment requirements.
- >//// ' ’ \ ' -

— o The Evaluation Team members review ¥o determine reading
lével, prerequisites and whether behavioral objec-
tives can be wmet with'information in the discussion.

o Tecﬁ?ﬁcal Edit Team edifs for technical accuracy and
conslsténcy of symbols and uni{s. !

* N

Revised materfials®were Service Tested with studenth %§
in the Pilot Program using pre and post tests to v
determine the effectiventss of the materials in

(o]

. conveying the learning objectives to the students.

- Thes: results were reviewed by a member of the Eval-
. ‘“uvation Team. Language changes fJr better Beadability
o resETted\from student criticis
. /

After careful examin: on of theé. LEOT course content,
a decision was made to integrate the, content of the physics
instructional materials (for use in pre technology programs)
into the LEOT modules, partlcularly those dealing with Intro-
.duction to Lasers, Geometrical Optics and Wave Optics. A
copy of the Model Curriculum and a complete list of the Instruc-
tional Modules are presented in Sections IV and V. ~All in-"
scructlonal modules have been completed, edited, revised and

\\tested

\ \‘ III-4

-
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Figure III~A'
Flow Chart for !
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Translation of completed modules into Spanish/Bilingual
versions by specialists at, the TSTI, Harlingen Campus began
in 1973. The modules are franslated as they are needed in
the TSTI instructional program; to date, all modules in
Courses #1, and 2, ,and most of the modules in Courses #3, 6
and 7, have been translated. By the end of 1975, 311 modules
are expected to be translated. .

To assist the administrators, faculty and staff of other
institutions contemplating the 1mp1ementation ‘of LEOT programs,
Program Planning Guides were prepared. These guides include:

1. LEOT Curriculum Guide

2. Career Opportunities in Lasers

3. LEOT Educational Equipment and Supplies

These documents are completed and haye been used extensively

to provide informatien in program pZanning, local employer

needs survey, curriculum identification, staff selection, -

implementation, facilities design, safety considerations, and,

equipment selection. A more complete description of the 1

Program Support Documents fis provided in Sectﬁpn VI.

) " - D
Five Career Counseling Guides were developed to enhance ‘

the effectiveness of communicating employment and training

opportunities in new and emerging occupations such as Lasers/.. _

Electro-Optics Technology. Two of the guides are intended

for use by high school counselors, two for students and one

for parents of students who plan to enter a program'in“tetb——‘\x
nical education. The titles of the guides are:

1. Counseling for Careets

2. Preparing for a Career .
A 3."A Parents Guide to Technical Education
o, 4" A Student Guide to Securing a Job

t_5. cCareer Counseling the Disadvantaged

All five guides have been written, tested, revised and eval-

uated.c They are all extremely well recelved by hlgh school
counselors.

An effortvwaé made\to produce a 10-12 minute motion

@ . o 8
_ I11-7 \ )
- : : ’ 177

. VT
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pihture film for recruitlng high school students into Laser/

Eddctro-Optics programs which are’offered by their local

institutions. After working on this film for over a year

the company which was selected to prepare the film declared -

bankruptcy and ceased to operate. They returned unedited

portions of the film to TERC, but since the contract called

for payment upon receipt of a satisfactory version, no funds

were disbursed for their effort. -
Grant funds to complete the LEOT project were severely

impacted due to inflated costs of materials and services.

It was unllkely that sufficient funds or time were available

to initiate another contract for a training film. PFurther~

more, upon being notified of the aforementioned circumstances,

the Industrial Advisory Committee recommended that the recruit-

ing film be given low priority compared to the instructional "

module development and the dissemination activities. Based

on these circumstances and discussions with the USOE Project

Officer the task to develop a recruiting film wds dropped and

Aunds were diverted to the dissemination activity.

Extensive dissemination efforts éere active during the
last eighteen months of the §rhject. Interest in the program
by schools was five times greater than had been anticipated,
and Industry has become involved in using the instrictional
materials for retraining and updating existing employees.
Details and results of the dlssemlnatlon activity are included
in Section XI. . . ‘
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1V. CURRICULUM : oo

|
‘ : . .
., The Laser/Electro-Optics Fechnology (LEOT) in-. . '
structional materials 'were developed to support an inten- ‘
sive™two-year, full-time curriculum of post-secondary study.
The model curriculum and adaptations which use it, are
designed for maximum flexibility and the greatest possible
use of existing classroom and laboratory-oriented courses'in
physics (optics) electronics, mechanics, drafting instrumen-
tation, fabrfcationg communications, English, mathematics,
lasers and safety.

3

follow1ng page is designed to concehtrate on the primary
skill requirements for laser and electro optical technicians.
! It fully satisfies training requ1rements for the fifteen LEOT
duties prev1ous1y described. ' The iontent of the technical-
specialty courses is suggested but should be iﬁft flexible
go allow for the course §egyenc1ng which best fits a specific ‘
institution' s needs. :

The curriculum sequence for a éuarter system on the . f
!
!

\ . Cqursg descriptions have been developed; which match the /
course titles on the model curriculum. Although the topics

listed uader course title headings are not all-inclusive,’
' their depth of coverage makes them suitable for use in school

.catalogs. *LEOT program planning should be based on a study
‘of the topics listed in each of thd?supportlvé instructional

o // modules, and from other material selected by LEOT planners at
each particular insitution. This procedure will yield the
depth of classroom and laboratory planning and sequencing
necessary to assure the success of the program.

2.
°

Y,

M it

-

. ‘ FIRST QUARTER B

¢

Mathematics 1
) &

v

Types-of, numbers, basic arithmetic operations, powers
of 10 and scientific notatiop, basic algebraic expressions
andeoperations, expone s powers, roots, basic laws of ex-
ponents, concept of the function, linear algebraic functions,
quadratic algebraic functions, graphicdl representation of

functions, rectangular coordinate system, equation of a
o . ;
2 .
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—_— ’///, .
| BERY
MODEL . CURRICULUM FOR T
LASER/ELECTRO-0OPTICS TECHNOLOGY
QUARTER PLAN,
Course Hours Per. quk
‘ Class Lab Study """ Total’ ,
4 -
JFirst Quarter
Mathematics I o 4 0 8. 12
DC Circuits 3 3 6 12
Physics 3 3 6 12
Introduction to Lasers 3 3 6 12
S 9 26 48 -
Second Quarter
Mathematics II 4 0 8 12
Drafting 2 3 4 9
AC Circuits 3 3 6 12 |
Electronic and Mechanical . ;
Fabrication 1 3 2 6
Geometrical Optics 3 3 6 12 . |
' 13 - 12 26 -~ v
-] 4 /|
Third Quarter ! s .
Wave Optics 3 6, 12
- Laser/Electro-Optics Components 3 6; 12
Electronic Instrumentation e
_ and Calihrations .3 6 - d2
Semlconducsor and Vacuum Tube . /
Fundamentals 3 6 12
‘ /12 12 24 //?ﬁ
. - // ) / ﬂ}\ N
Fourth Quarter ) T
Laser Technology 3 3 6 %2_
. Experimental Optical Methods ° 3 3 6 G A
< Technical Communications . 3 0 6 9
Industrial Safety T2 0 4 62y |
Solid State Circuit Analysis 3 3 6 12~
14 9 28} 51- ‘
* Fifth Quarter . . .
Lase¥r/Electro-Optic Devices 3 & 3 L .o 12
Laser/Electro- -Optic Measurement 3’ T3 6 12
Digital Circuits I g 3 -~ 3 6 %2
/ Machine Tool and Shop Practics 3 3 6 12
. 12 12 24 48
Sixth Quarter ' 3 ' ; .
< Laser Applications | : 3 3 6 12
’ Laser Projects : . 3 3 6 12
Digital Circu¢rs II 3 3 ’6 12
L. Introduction $ﬁ Computer e ~
Hardware — 3 3 6 12
| 12 12 24 48
| Ny '
| - Iv-2.
7 - : 20
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\_ light, survey of, laser;systems. .

O

ERIC

Aruitoxt provided by Eic:

*

kY .

. A} .
_straight line, distance between 2 points, slope of a line

intercepts, simultaneous linear equations, 2 x 2 and 3 x -
determinants, use of slide rule and electronic calculator for
multiplication, division, powers, roots.

DC Circuits

Simple model of the etom, charge, ‘electric field,
potential- d1fference, current, resistance, Ohm's Law, power
law; Kirchhoff's gquations (series circuits, parallel cir-
cuits, series- para\lel c1rcu1ts), resistor color code, poten-
tlometers, rheostats and voltage d1v1ders,,Theven1n s and i
Norton's equivalent circult theorems, types and properties
of batteries,: electrical symbols and schgmatic diagrams,
measuring direct current and voltage with a VOM, conversion
of heat, light énth;esEhre into électricity, the ohmmeter,
simple sw1téhes, the voltmeter, the ammeter, resistive input
transducers (th ermistors, platinum resistance thermometer,
strain gauge), magnetism, magnetic fields, induction, DC
motors. oo

Physics

International System (SI) of units, dimensional analysisJ
conversion from one set of units to another, fundamental and
derived quantities, measuring instruments, significant figures,
vectors and scales, static forces, kinematics, simple harmonic
motion, laws of motion, work, energy, power, mechanics of
E1u1ds temperature, thermal .expansion, gas laws, kinetic i
theory of an ideal gas, heat exchangers, specific heat, phases
of matter,’,1ongitudinal and transverse waves, wave fronts,
phase, amplitude, wavelength wave speed, reflection and
standing waves, sound waves, interference and beats.

Introduction to Lasqu

\ -

Mathematics II T

e i
Flements of a lasé&r, operation of a helium-neon gas
&y . R R B .
laser, laser physics, ;optical cavities, properties of laser

[ ] 4%

* SECOND QUARTER

4 -
= -

Review of formulas from plane and solid geometry,

1V~ 3

P
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ERIC

Aruitoxt provided by Eic:

] . . -

/

radian measure, anéular motion three-dimensional coordinat
systems (rectangular, g‘lindrical spherical),y trigonometr
functions and identities, small angle approx1mations, plan
polar coordinates, graphs of trig functions, inverse trig

functions, exponential fudctions, logarithmsT Gse of log

e
ic

e .
/

7

al

tables, logarithmic funetions, semilog and log-long graphic

plots, addition and suybtraction of vectors, vector components,

unit vectors, vector ‘and scalor products, use of slide’ rul
and electrpnic calculator for trig functions, logarithms,
and exponential functions, experimental error and signifi-
cant figures (absolute and relative error, addition, sub-
traction, multiplication and division of experimental num-
bers), probable error, standard deviation.

.
[}

Drafting

Basic exercises in lettering, use of drawing instruments,

fabrication sketches, geometrical construction, pictorials
and dimensioning. )

AC Circuits

__~\E1ectromagnetism, alternating current, a simple a-c
motor, sine waves and their properties, capacitance, die--
lectric strength, Eypes of capacitors, RC circuits, capaci
tive reactance, impedance, phase angles, vector representa
tion of instantaneous voltag¥s, dapacitors in ‘series and Jd
parallel, time constants, ingucfance, Lenz's law, Faraday'
law, RL circuits, inductive TeActance, transformers, RLC:
series and parallel circuits, AC generators, 3-phase circu
3- phase induction motors, 3- -phase synchronous motors, capa
t1ve,1nput and inductive 1nput transducers. -

$

N

) A 4 .
é;;ttronic and Mechanical,Tabrication J
Shdp safety, use of 'handtools, measuring instruments,
bench work, use of jigs, assembly of machined parts, use o
hand drill and drill press and bender, soldering and desol
ering techniques, - circuit component layout, circyit board
fabrication, cabling, color codes and wire sizes.

» - N 3

S s v \

Geometrical Optics S

) >

.types of lenses, primary and secondary focal points, thin

%ens equation, 1mag1ng with multiple lenses, simple optica

systems (microscopés, telescopes, collimators).
A

e

\

n
]

its,

ci-

£
d-

Reflection and refraction of light, graphical.ray tracing.
techniques, f-stops and apertures, imaging with a single lens,

5

S

't.2 .

e

i
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- " THIRD QUARTER // ‘

¥ /
.

Wave Optics . /

Light as an electromagnetic wave, lfght sources, radio-
metric. units, absorption, scattering, interference, diffrac-
tipn, holography and polarization.

-

Laser and Electro-Optic Components

‘
,a

Optical tables and henches, tomponent support, proper- .-
‘ties and uses of filters, optlcal w1ndows, beamsplltters,
etalons, mirrors, lenses, polarizers, gratings, photographic
supplies and non-~linear materials.

w4

-

Electronic Instrumentation and Calibrations

Meter mobements, calibration of ohmmeters, voltmeters, © -

ammeters, use of shunts, potentiometer circuits, Wheatston

bridge, AC bridges (Wien, Owens, Hay, Capacitance, Inductance), ~
use of function generator, VTVM, recording potentiometer

(strip chart recorder), use of thermocouples, wattmeters, . - - .,

’ emphasis on use of the oscilloscope for voltage, phase and

frequency measurements and troubleshooting, familiarization
with var'ious types of scopes (véctorscopes, dual-trace with

. I
triggered sweep, §ampling §Eopes). : . y ‘ - ‘ /
. [ f R ' ) .
Semiconductor and Vacuum Tube Fundamentals )
Physical model fpr\semiconductors,-the p—n.jmﬁcfién and e

diode action, vacuum diodes, rectification, half-wave and
full-wave rectjifiers, ridge rectifier,’voltage doubler ,and
tripler circuits, filtkring (RC, RC T-section and LC section), ‘

M voltage .regulation and\Zener generator, junction transistor,
hybrid transistor parameters, load line analysis and -biasing,
~transistor characteristic cutves, single-stage transistor
amplifiers (common base, common emitter, and common collector), . '
silicon-controlled rectifiers, silicon controlled switches, ) .
unijunctiod transistors, f1e1d~effect transistors, use of a
curve tracer, vacuum tube characterlstics ¢triodes, pentodes,
. beam power tubes, load lines, pommqn amplifier circuits).

» - . .' . ‘*‘:2’3‘

-
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© FOURTH QUARTER y

LS

Laser Technology

Laser power and energy measdrement$, characteristics of /
flashlamps, discharge circuits,”/and pulse forming networks
for optically pumped solid lasers, CW arc lamps and power sup-
plies for CW lasers, cooliggazystems for CW~pumped solid lasers,
//afe operation and measurements with argon, C0,, ruby, Nd:YA
dye and semiconductor laSers, study of laser Q-switchipg witl
a ruby laser. : S L

Experimental Optical Methods ‘ :
L] "' . N
Types 4nd properties of optical materials, cleaning \
optical components, types of glass and glassworklwg equip-
ment, glassforming operations, glass seals, vacuum systems,
thermocouple and ion gauges and gauge controllers /vacuum
valVes, cold traps, mechdnical and oil diffusion pumps,
evacuation and charging of vessels, Vangm deposition of i
thin films. . . i ( ’ ’
~ 2

»
Techni’cal Communications . .
\g_ . '/ .

;Technlques of collecting data and organizing, writing,
ahd editing technical reports, use of lab notebooks, pre—‘

paration of eqnlpment and component specifications. .
: / L TPF , T
Industrial Safety . ) e T

General laboratory safety practlces, chemica)}and elec~-
tric hazards, and coantrol measures, safe electri
practices, toxic fumes, noise hazards, and pe
tion. . Y

;olid State Circuit Analysis
¢

/ Multi- stage transistor amplifier circu1ts cascade
amplifiers, decoupllng, frequency rgsponse, transformer coup-
ling push-pull amplifiers, compleméntary symmetry, DC ampli-
fiers, chopper amplifiers, Darlimgton configuration, phase
inversion, fleedback fundamenta (negative feedback, rcurrent
feedback, voltage feedback), feedback regulation for power
supplies, series and shunt r gulator circuits, positive fped— ;
back waveform generators, négative resistance waveform. génera-
tors, tunnel diodes and cifcuits, UFT relaxation 2;giilator

and staircase generator, Lharacteristics of ideal/Operational

real- op~amps, practical circuits for voltage
refererce sources usin

using op-amps, integrated ci cult op=a

T

./ IvV-6
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L ’ : FIFTH QUARTER

! .
|

J

v

isolators.

Laser/Electro-Optic“Devicés,

-

Photodetectors %caloiimeters and laser power meters,
holographic equipment and|supplies, techniques and setups

-for making holograms, photographyc instrumentation including -

oscillostope, SLR, and streak cameras and special purpose

_imaging Mdevices, laser moduldtion and Q-switching devices’

anLudlng electro-optic, rotating prism, acousto-optic and
bleachable dyﬁ¥?ethods use of laser collimators and auto-
collimatoxns; atial flltfrs, -beam-expanders and Faraday

' kY

Laser/Electro-Optic Measuﬁementé .

Wavélengthy; dispersi
with d1v1ded -circle prlsm/gratlng spectrometer, use of
monochromators and spectﬂophotometers, use of scanning
Fabry-Perot interferometer for observation of longitudinal
modes i a laser -output), |luse of fixed spacing Fabry- ~Perot
etalon, Mlchélson 1nterferqmeter, use of I'wyman=Green inter-
ferometer inm optical- testing, use of Mach-Zehnder interfero-
meter ‘for measuring refractive index of .a¥gas, .spatial resolu-
tion, - concept of the modylation transfer function (MTIF), use
of USAF 1951 resolution target to measure MTF of a lens.

3

1

1 —

Digital Circuits I

-
.

- .Introduction to,dlgital measurements, .biasing conditions,
of npn “and pnp tran51stor switches, relays as switching ele-
ments, gating circuits, diode gate and c01nc1dence circuits,
AND gate, anticoincidence circyits using diodes, OR gate,

ttansistor driven gate, AND gate, cla551f10at10n of gates, -~
dlgital IC's diode logic reslatnr— ransistor logic, diode-
transistor loglc, direc coupled transistor logic, transistor-

transistor logic, emitte qoupleﬂ logic, flip—fl;ps, bistable
multivibrator circuit, gates, JK f£lip-flops, maste
JKFF, monostable multivibrator, Schmitt ttigger circudts and

their applications. - e ,
N T - \ g
Machine Tools and Shop Practice \

PR /

, drill press,
unch and band-

Operation of enginj'lathe, milling machi
grlnder sheet metal cutiter and bender, hole
saw. Preparation of shap drawings; use of
ances, familiarization of different fabric
mechanical and chemical [finishes.

. \ f

. |
on and refractive index measuremeﬁts///

——

r~slave . — -

~




QUARTER L.

/
. . P . ! T

3

LaseroApplicativns:»-‘ N , ///*\>_

, L, N kN
ya CQutting, d;illiﬁg aﬁﬁ velding with/éﬁ&asér, air pollu-
‘tion monitoring with lasers, data pngéssing and data display,
optical memories, holographic non-deStructive testing, thedical
~app11cation§ of lasers, ranging and angle tracking, optical
.-ommunications systems, .

I3

lLaser Projects,

Construction and testing of a laser, optical or electro-
optic device such a$ a helium-neon laser, CW-pumped Nd:YAG

laser, CO, laser, optical power meter, autocollimator, LED -
communications link or photomultiplier power supply. Main-
taining a laboratory notebook. : J “

Digital Circuits ITL

Numbering systems, binaryz/éonversionncodes includiqg
bitary-coded decimal (BCD) system, oectal, digital logic,
Boolexan algebra-symbols and y?operties, NOR gate and NAND ¢
gate, half-adder and full-adder circuit configurations, digital
«Symbols, *counters ‘and regi#%ers, modulo N counters, analog" . ¢ [ J
to digital (A/D) and digital to analog (D/A) conversions, .
binary ladder resistor qetworké, multiplexing integrating
op-amp as a D/A converter, digital readout devices, digital

‘in&truments'including digital voltmeter (DVM), frequency syn-
thesizer, phase frequency detector. -

.

.
. ’

Introddrtion to Computer HWardware

Study and use of input/output (I/0) devices used with
digital computers; interfacing and’ troubleshooting techniques,
data acquisition and, computer graphics. C— ) .

' - ¥

/" CURRICULUM OPTIONS

-
~

It should be emphasized that a full LEOT program is nof,
necessary to de%glop gradﬁates trained with skills to enable
them to be useful in the world of work. The Industrial N
Advisory Commjttee has verified that the five courses listed
on the next page, when included as an .LEO option to a com- o

patiple electrofiics program produce technicians who-are highiy- .o
. - . . . a N . ' 3
3 . *
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¢ Course 1. Introduction to Lasers --

. «

(11 modules)

Course 2. Geometrical Optics
(11 modules)

. L

useful to industry; partlcularly in those companies or insti-
tutions where the laser or electro-optical device is Yncor-
porated as a compongnt to a larger instrument or system (l.e.
a radar system). : .

Course 5. Wave Optics
. (9 modulés) . '
. _ y >
»~, *“Colirse 6. Laser Electro-Optics,.Components
¥ (
‘. (11 modules) .
6 ' Y
- Course 9. Laser” PrOJects R
. b (7 modules - student selects only one)R
-

)

These courses have been integrated into existi g six~
quarter programs in technolog1ca1 fields allied:to [laser

technology. An example Model Curriculum for a two year

Electronics Program with a Laser/Electro- Optlcs Option is

shown on the next page.

* . A sé%ond suggested option wquld involve the inclusion
of several LEOT courses into 4n existing program in Techni-
cal Physics or Electro-Mechanical Technology (EMT). A
ﬁ%aduate from one of these programs with a specialty in
Laser/Electro Optics would most ea511y find employment in
applied research activities such as exist at several govern-

"ment and non-profit research institutions.

edgily would be found in codrses’l, 2, 4,
Section V.)’

"

* The LEOT instruc-

- tional modules which would integrate into these programs ..
5 and 10 (see listing,

Other programs and cbufses to which the suppo}tive
instructional modules apply are known to include:,

Chemistry .
Civil Technol Yy ' ‘ .
Construction Technology-
Industrial Technology |
Optical Technology NN
e Vacuum Technology .° v 2
Glassworking Techndlogy

In'addition, LEOT modules are being integrated into

~

N~

existing é4-year, bachelor's degree programs in laser techno-
’1ogy, electrlcal engineering and applied physics.

P

]
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MODEL CURRICULUM FOR AN ELECTRONIC‘TECHNOLOGY PROGRAM

. . owt

WITH 4

LASER/ELECTRO OPTICS TECHNOLOGY OPTION ,
'QUARTER PLAN .

v . 1~
Course . Hours Per Week o
i Class Lab Study Total
First Quarter . ) »
Mathematics I ‘ 4 0 8 L2
DC Circuits ¢ 3 3 6 12
Electronic Agi\Mechaniqal oL : .
Fabricatio . 1 3 2 6
Physics / 3 3 6 12
Drafting 2 3 4 9
. 13 12 26 51
Second Quarter )
Mathematics II 4 0 8 12
AC Circuits 3. 3 6 12
Electro-Mechanical Controls 3 3 6 12
Industrial Safety - . — 2° 0 4 ‘Y 6
Introduction to Lasers 3 - 3 6 12
15- 9 30 54
Third Quarter .o i -0
Electronic Instrumentatlon & '
Calibrations 3 3 6 12
Semiconductor’ & Vacuum Tube .
Fundamentals 3 3 6 12 +
Machine Tools &.Shop Practices 3 3 6 12 ,
Geometrical Optics . 3 3 6 12
12 12 24 48
Fourth Quarter ; - -
Solid State Circuit Analysis 3 3 6 12
Microwaves : 3 6 12
Conversational Computer Languages 3 6 r2.
Laser/Electro-Optic Components 3 3 6 12
- 12 7 12 24 48
<
Fifth Quarter » °
Digital Circuits I 3 3 6 1z
Communications I _ ) .3 3 6 . .12
Wave Optics ) 3 3 6 12
Technical Communications - 3 3 6. 12
12 12 24 48
Sixth Quarter . ,
Digital Circuits II - 3 3 T8 12
#Communications II° 3 3 -6 12
Laser Projects - 3 -3 6 12 .
 Introduction to Computer Hardware 3 3 6 12
: 12 12 , 24 48
- > }

Iv-10
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- 3

V.INSTRUGTIONAL MATERIALS

A'series of laboratory oriented Laser/Electro-Optics
Instructional Modules have been developed, each module
representing approximately one 1ndependent learning experience.

The major divisions of these Laser/Electro- -Optics Instructional
Medules are as follows: ]~ -

¥ ~
Intreduction, which identifies the topic and often
. “includes a rationale for doing exercises.

ObjectiVes, which are stated in terms of actiof-oriented
behaviors and which include such action words as ‘
operates, measures, calculates, identifies, and de-
fines, instead of words with many interpretations
sugh as Enew, understand, learn and appreciate.

-

Discussion, which presents the background theory and
technlques supportive to the objectives of the. -
. lesson. ' . This material must be well organized and
free of extraneous and irrelevant material. Sen-

tences are written clearly and concisely. Diagrams’

. and illustrations are used to a551st in supporting

ideas and' concepts.

’

_ Materials, which identifies the equipment required to
complete the exercise.

Procedures, which is the experiment section or "hands-—
on" portion of the module. It includes step-by-
step instructions. The experiments are designed

- to reinforce student learning, and data sheets for
each experiment are provided in each module

Problems, which are included for ‘the purpose of reviewing
and . reinforcing the points covered in the exercise..

Reference Materlals, which are included as supplementary
reading/viewing. for’ the student.

The modular materlals are adaptable to school semester
and quarter systems and are arranged for easy adaptation to
local,(state and reglonal accreditatlon requirements. Some
educational institutions have implemented the full program

and others have integrated select groups of modules into
el . .

N

~

™




‘ . ~
~existing electronics and vacuuym programs. Also, a number of
the 99 supportive instructional modules are being used to
gnrich existing courses in physics (optics).

The average length of a module is approximately forty
pages. A list of titles of instructional modules follows,
grouped by courses within the LEOT Model Curriculum. Two,
modules are not included in the laser courses but the subjects
were identified by. the TIAC as being extremely valuable to
thebLEO technician. These Modules are:

a. Modu}e A-1. Measurement and Errors

b. Module 4-2. Maintenance of a Laboratory Notebook

‘

O

o




. R ’ . v " % -
. . . ) : . P . .. . N AN
, 3 . . . - o
. . . .
* 'TYSWILSAS SANINOAWOD TVITLdO JO ALITUVA - { - c ’ .
3987 ¥ ¥o0d SINOINHDIL ISIHL 40 3N0 ANY ONISN W3LSAS)Y HONOWHL,  ~ : I X . : )
. * AH9IT 40 AVY V 3DVuL 0L 3STiN3AX3 wINIWI¥3AXT: FHL' ANV :c_zmwmk\ . . p P
ONIDYHL AYH-TVDIHaYEY 3HL AD7dw3 OL ucoudzozxwmfk TALITIEY YD ILYW mmuoww<wnumnwuma<mmww«%muwmwwuwuxw:wmn«»omemewwwuu w»hwwu !
&« - -3HLYA HLIN IN3CALS 3HL 3Q1AOYJ 0L 3SN0D SiHE™40 LWIINI 3HL'S1 1] LSV 341 " SHISY1 NOIN-WNITIH ‘¥3A0d_HOT ONISH 1NSOVL 1Y IWY |
: "WALSAS Y2110 NV HONOWNL . SIINAOW 3SIH| | SIDILOVUL ONLLYHIdQ 3dys ONV ‘sofistuaiovavkd o
: 1NdLN0 SL177¥3SY1 v 40 -§31d1DNT¥4 IHL “¥3SYD ¥ 40 NOTivVH3d0 Y
LHOIT 40 AVY V 3DYHL ATIVNLOV ONV dn 13S TVAINIWINIIXI NV 3NVLI 11IA 3HL 0L INIANLS M3N IHL 39NQOMINI OL GINO1S30 3wy sindon age
>, 1N3ANLS 3HL HOIHM NI 3NOINHOIAL WINIWI¥3I4X3 3HL S1 GOHLIW QHIHL © isuld 3H] -SIINCOW NIATII 30 S1818N0T anasvaled zo.pu:nozkzw \
- 3AL  *SWILSAS T¥D14d0 GILVI1TANOD HONOUHL SILYOVJONd L1HOIT MOH 1 ; “ -8
OLNI LHSISHI KV SJIAO¥d SISV ANYA NI 1IN L1 *SWILSAS Q31¥D[1dWOd . : .- ,
3604 04 G3CNILXI 39 HYD GNV SH01INTOS WIILAIVRY HO W21 LVIHLIVM S 3004 ONILYNI4O
ON S3IEINUI¥ INDINAIIL SIHL 'ONIDVHL AVH IWIIHAVYO SV NMONX 3NOIN ANV SNOLLYSTJ1SSYAD 43SvS -1 3ndow .
-H231 LN¥9313 CAV 3T0.1S ATIAILYIAN ¥V ST A3LOVEZ3Y ANY Q11937143 3g ; y > -t
SIK 14917 J0 AVd ¥ 1OH ONTNIWHIIIQ 40 QOH13W ANOD3IS 3HL  *3ovduns  + AQGNLS 3SY9 ;
¥ HSNOYHL ONILLINSHYYL GUY WO¥3 (31237434 LHOIT 40 AVY ¥V ATIVIILVW - Su3SY1 Sv9 NOIN-WNITIM or-T 3IndoW
~3HIVA 3OYVd1 01 IN3IANLS SHL 3T8vNI HILHIA NOIL1OVY43Y auv HOT1D031d 1 .
N =38 40 S:v 3HL 40 NOILVD. .daV LV SIATOANI GQOHLI3W 1SYId4 3IHL  "vIA3W 5 3
. IYDIILE0 OM1 INILVHYAS ANVUNOE B0 3IIVAHNS v NO SIONIdWE L1 Sy LHOIY SW3LSAS H#35Y7 AL, 1IN0
0l SH3IdaVH LVHM UNININY3IL IG Y04 SCOH1IW LHIYIJ41Q 33dHL ¥y 3IyIML ¢ - >.P~J<zo~._.uwr_n anv zwrom 6 -1 WJDQ.Oi .
. SIL1SAS WIILdO  T1-Z  3IndoW : SONIUIHOD 8 -1  IINGOW .
. S3uNlu3dv ANV Sd401S-3 01~z 3Ihaow ‘e . : ’ = 41HOIT ¥3SYY 40 mwrrmwmwvzm 111 118N N
o ) SN3T 3T41LINW ¥ HLIM ONIOVWI 6 -Z 3000w S . ) . NOLLYTHPSO . . L :
SK3T TDNIS ¥ MLl SNIOWHI € -2 37000K : 40 S3QOW UNY SIILIAYD WIILdO ¢ -1 37AGOH o
. -« *
T SWILSAS GNYV SININOAWOD T¥DILd0  « *II LINA . NOLLOV OHISYY 9 -1 3IMa0H o
: R Advannog . : SWOLY NI S73A37 A9Y¥3NI § -1 31NAOW
Q3AYND ¥ 1Y AHOIT JO NOILDVE43Y L -7  3InAOW . :
, - V>Z<QZJOQ . ) SJISAHd ¥35V 11 LINN
INVIS V LV LHOIT 20 NOILOVH43Y 9 -z  37nAOW y
. - B h) °
NOILOVY43Y 40 SITJIONI¥4 § -z 3INAOW AL34VS ¥3SV] OL NOLLONGOWINI + -1 3InQOW -
32V4UNS YD 1HIHGS ) . IH917 40 S311Y3dO¥d IAYM € -1 310QOW
L. - '
v 1¥ 1N5]7 40 NOLLOXUA3W » -~z 3INOM ¥3L3W YIHO4 TYITLdO NV 40 NOTLVYIAO z -T 3INAOW .
> Agvannog .
INVIE Y LY LHOIT 40 NOTLP31438 € -z 31NQOW YISYT ¥ JO NOILVHIJO ANV SINIWITA T =1  31naow . <
’ NOI123743y 40 S34IDNI¥4 ¢ -z 3INAQH : SIVANIWYONNS HISYT {1
) . SAVd LHOIT Y -z 3IndOW . ) .
$O1Ld0 YD 1413W039 0L NO1LINAOULNI ‘1 LINn i .
1d »&.& SYISYT 0L NOILIAGOYINI  °T 3S¥n0D
SOI1d0 TYIHL3IN039  *Z 3S¥n0d T - . - . , .
. ‘ - B . —~
. . ; . . - C

E

Aruitoxt provided by Eic:




*NOILISOd3Q WIld NIHL QNY SWILSAS WANJYA 40 S3INDINHIIL ,
AYOLY¥OGYY TvO110vyd 3HL

1 1N3AN1S 3JHL 3S04X3 0L @3N91S3Q SI S3ly3s
SIHL *LINn v sy A1vil3s LHonvi 35 0sv Q@INoKs § 3 ‘g ‘[ sIncow
*dOHS SSVI9 J1411N31JS VY WOud 193dx3 ‘Nv2
3H 321AY3S 40 S3dAL 1VHM do NOTIVZIYVITIWYY v Sv T113M SY SYIVd43Y
CNY_S7¥3S 7SGN3E ONIENL ‘SW¥0d SSY19 378Y3Sn 30nQ0¥d OL 1N3ANLS
IHL FIEYNT 1M LINA STHL 407BO1LIVA0D  “LINA ¥ SY ATIVIN3S
149NVl 3€ GINOHS m ki sm ‘h $3INAOW ‘11NN v SY ¥0 ATIN3IGM343a
~NI 1H9NvL 3§ Nv) 531na0W 3S3HL "S3NDIKLHIIL ONINVITD ANV 3¥v)
Y240¥d “S31143d0dd IIHL (SI1L1SVd NV “IVLSAND ‘SSYI19Y SIVINTL
~¥W@ Y1140 40 S3dAL SNOINVA 3HL 36182530 ¢ cuv Z ~W S3Inaow

'LIN3AdINDT IAISNIIXINI 37duls HiTA @3sn 39 01 43d4013A3a 3y¥3IM
§3INACA 3AL MI S1N251¥3dX3 AS0LV¥08YT 3HL  *SWILSAS WANOYA QhV
ONINYOMSSYT9 .f STV IEI1VA AVIIL1d0 40 SIVLIHIRYANNS IHL NO 39a3TmMONN
Chy wqq_xwwxﬁhw 1N3aN1S 3HLI 3GIAOY¥d OL ouzo_MuQ S1 f 4 3s¥no0d

4

SWIld NIML 4O NOILISOd3A WANJYA § -y 3nAOW \
N $321A3C 3u¥NSS3INd
* ~HOT 0 ONIODWYHD NV KOILVNOVAI g -y 3INQOW
SW3LSAS WANOVA L -» 30K e
P A90T0NHI3L WANDYA . ‘111 LINM
’ A SIV3S SSV19 .9 - 3ndow
SKOILYYIdO INIWYOd SSVI9 s -» 3ngow
IN3WJIND3 ONINYOM SSYI9 ANV SISSVIO » -» 31ndOW
NO11YDI1¥gVd SSyI9 ‘11 LINn
S1NINOJWOD 43,:..6 ONINV3TID ¢ -y 37nQOW
SIVI¥ILVW ~
YOILd0 30 OHILS3L QNY SNOILYIIWIT 2z -b  37nQoW O
: SIVIy3LYW
TOILdD 40 SI1LYIJO¥d ANV SIdAL T -» 3IInqOW
. k, SIVIYILYW TVII1d0 ‘1 1INR

SA0H13W WILLAO WANIIYIAXT  “h 3SUN0)

-

. *e
. \ uhlh '
% . e
y \ ~a 3

.05,

*T 3SYNOD NI QIWIA0D SV %tm&w..bi SY3L3WYHYd 1NdiN0 ‘SIVINIWYAKNI

YISV 4O J9AIIMONN S

3SIHL  *SYISVT YOLINANOIIW3S

a3sInd @3dWnd ATIVIILHO ‘SY3ISYI QI10S MD Q34Wnd A1IVDIILdO “S¥3

SY9 dVYINIINOW “SY3SYT SVO HOT 3ANTINI HIIHM SYISVT J0 SONI1JNOYD "

*SYISYT 01 NOI1LONQOMINI .

S0ddNS3¥d S3ITNAOW wmwxwzworwzumu“%wwwmu:wnﬂ
*ISUN0D G3IZITV]ID3IdS J¥OW Y ¥OJ LHONYL 38 NV W

Y ANV Y3HLI0 HOY3 dJO IN3AN3AIAN]I 3¥Y S3IINAOW XIS
3510 Sa58v3 50 i n« SYISYT 3AQ JINYOHO ‘SyYISY Q_JOm. .

s

Q3Z1T¥193ds XIS HId3U NI §34074X3 35HN0D ADOTONHIAL ¥3SYT 3L )
. SYISYT YOLONGMODIW3S TI-€ 3INAGH ) .
\ SYISY] 3AQ JINVOHO OT-€ 31NQOW :
SIS LNVIO - ONIHDLIMS-D ¥3ISV1 6 ~€ TGN, : .
. SY3ISYD Q170S Q3SINd ‘Q3dWnd A1IVIILdO 8 -€ IINAOR - .
. SY3SY1 QI10S M) Q3dWnd ATWYIILdO L -€ 3IINAOH .
, . SU3SY SYO ¥YINDIIOW 9 -€  IMNAOH : ) S
k S¥3SY1 SY9 NOI § -€ 3MAON - . o o
. SWILSAS ¥3SVT ‘1oamen
SINWIUNSYIH ADYINI ONV UINOd WISV ¥ ~f 370QON . ., )
. " 9N11002 . L.
-GNV ADN3ID1443 - S¥3ISYT Q170S HD € <€ 3NGOH CLo
. SYISY1 MO ¥04 SIDUNOS YIMOd, Z -€ 3INAOW v A ‘
2 s311ddns ¥3nod Ao
ONY SJWYTHSYT4 H3SYT1 Q3STNd T ~€  3NAOW L
. SIN3WIYNSYIH QNY SININOJWOD ¥3SY1 ‘T oA
N - ! [ 4
‘ A90T0NHI3L 43SV1 ‘€ 3SUN0D . .
; ¢ -
- S
| . . po
R
SN ' .. Gm

!

BEA Foirmext provided by R

L




¢-3ININDIS ANY NI ¥2 A73L1vHvdas LHonvL 3g

- e
z<w aNy smzuzh@\mnw 40 3GN343INIT S1 3S¥NOD IHL NI 3INCOW HIY3
*A¥01YYO0

~EY7T 3HL KRI AJILJv¥d 40 SBY3A xomu ATNO 3AIY3A ATIYYNIQHO\QINOM

3H SLT43N3G SHL IN3ANLS 3KL\IAIAOYY 0L GIAGNILNI 38Y TIA3AN YV,

xu~txm<ma~mxk .mo.oomw mkmuk<xkmZOQONmezmxxnz<zmk4_u
O 30G V 350 JiVD SH NHM AONM TNIM KYIDINHI3L 3HL LVHL 0S. ‘150D aNY
30174804834 KOdN SI SISVYHdw3 3NL ‘SdILT1d NO 31nNA0W 3HL N1 ‘a3sn

- ' 39 CTN0HY AJHL NIHM GHY 378YTIVAY 33V 1vHL SISN3T 40 AL3I1HVA JHL
“S3SN3IY N1 J3sAvYD 39 KNvD LVHL \SNOILvyy3gy SNOIYVYA 3HL 40 lvi3a

I Y_OLK1 $309 N3IHL ‘(S37n00i IAISINO3BIYd HOdN ANJIANIA3T LON SI
NG04 5HL AYHL 0S) S3IVuNS §3AUND HI I MOILOVHAIN 40 $37412

~KJud 3HL SMIIASY AT43158 A0\ SISNIT RO 3nAOW 3IHL :37duvX3

iV _SY L1 3J¥INOIY 0L MOM CNW\ ‘O58IN03¥ SI LVHL 1NINOEIWOD ¥

40 ALIIVNO 3HL 3NIWB3L30 OL 1OH * JYYTIVAY ST LVHL J¥VMQYYH IHL

. 3GF¥IS3A CVILSNI ANG “SITdIdNINd ¥R SIILOIHYL KIVIdXI 0L Ldwally
0N 0G 3S¥NOD SIHL NI $3In0Q04 3HL *, AS0TONHI3L 3HL 30 $7004,

N AL HLIM STY3Q SIN3INOJWOD TW31Ld0 0310573 any ¥asvi ‘g g 3suno’

SIVIYILYW UYINIT-NON  TT-9 37naoW

SY¥3Z1yvI0d 0T-9 37naoW

*¥3ISYT 3HL A9 31QISS0d 3AYW ASOTONHIIL HIASYT 40 SYIYY ANVINOIW!

ATLNIVUND 3HL 4O 3NO “AHJYYO0TOH 40 IINIIIS FHL OL SIILd0 IAVM 40

SITIONIY¥d IHL SI1TddVY 3SUNOD SIAL NI 3TNAOW TYNI4 3HL  *A907I0N

~HI31 SJ11d0-0¥12373/¥3SYT JO ONIGNVISYIGHN GNNOS V 0L LNYIYOJWI

. 3YY _ONvV YN3WONIHd 3AVYM 11V “LHOIT 40 NOILYZ 14Y0d ONY NOILOVH4d1d ’
73JN3YIJYIAND 4O SITJIINI¥D IVILNISSI JHL L¥3HL AIHL °SOTLdO IAYM

40 INIOd=-13IA 3HL WO¥d LHOIT 30 NOILYOVdOba GAY “NOIL
=-vy4d3y mx&_kUNJumx ¥30QISNOD S3INQOW 3S3HL ‘7 4 FSENCO NI QILY3EL
LHY1T 40 JuNLVN AVY TVYIIuLIW03Y 3HL OL LSYHLINOD JEVHS NI SI ”ddt&/l/
‘LHYIT 40 JBNLYN 3AVH 3hi HLIN G3NdIDN0D ¥V SIINCOA XIS IX3AN IHL - T
*AYLIWOLOHd QHY AYLINOIAVY ‘SIIUNOS LHOIT 40 SOILSTUILIYLYHD TvHL L

~23dS_"SIIUNOSYIHOIT .90 SIdAL LuINWIJJIQ ‘LHOIT 40 NISIBO IVINIAVA
-NOd JHL INIGNTINI “L1HOIT 4O LN3WIUNSYIW OGNV NOILYYINID 3HL ¥3al$S
-H0J S3INA0W oML kwﬂ_u JHL  'S3INAOW 3ININ 4O SASISNOD G # 3S¥n0d -

AHdVY90T0H & -§ 3J1NAOKW

. SI11d0 3AYM 40 SNOTLVIITddY VID3dS
NOILYZIYVI0d § -§ 3INAOW
NO11OVYd41a

\ 2ONIYILYILNT

-5 37In00W
-¢ 37N0OKW

NOILIVYJIY GNV NO11D3733Y - 37n0QOW

SONILY¥O 6 -9 3INAOW
) . ~ $3SN3T 8 -9 3InaoW
e SWS1dd ¢ -9 FINAOW
) SYILLITAS WY3E ONY weuwmﬂu 9 -9 3INQOW
T * SNOTY13 GNY SIV14 “SHOMMIW § -5 37NQOW AN
. < SMOGNIM v -9 3InGOW ///
= < $317ddNS § SIN3INOAWOD DIHAYYIOLOHd ¢ -9 3INAOW .
- SININOCWOD 21140-0¥L2313 GNY YISV ‘11 " 1mn

o S1Y0d¢NS ININDAWOD 2z -9 3TnNAOW

Mw:wZNm QONY $3789vL 4<u_hmo T -9 37Inaow

1HOIT 40 3¥NLVH 3AVYM

. AYLIWOLOHd ONY ANLIWOIAVY
SOILSTYILOVHVHD ¥IFHL ONY S30YNOS

L
9
[ NOIlYOVdodd § -¢ 3naQW
14
€

-5

3Inaow

: $I11d0 3AYM

T =S 37Inaow
T -S 3ncou

‘1M1 Linn -

“

‘I LINN °

ST IEN

* SLIN3NOGWOD TV¥I11d0 zox JYYMOQUYH Ld0ddNS ‘1

\ =
SIN3NOdAU) J11d0-041D313 aNVi43ISYT *9 umm:ou
O

- ' } °

“THO1T 40 INIWIUNSYIW NV NOTLWN¥3N3D 1 tiNn

SJ1id0 3AVM GWV muuzzwm RO 'S 3s¥nod ’

-
— -~
H




*SINOVINHIZL JAVMOUIIW ANV *d3°¥ HLIM Q3y¥VdW0D SY S3IOVINVAQYSIQ
ANY SSIYINVAQY ZAILVI3Y 3JHL HLIM 9NOTV SNOILVIINAWWOD 03alA
aNY 01anV-“S3J21A3A 1YJ11d0 0¥12313 ¥3IKL0 ANY S¥3ISVI 30 35N
3HRL S3EIYJS3A SHOILYIINAWWOD NO “LINA TYNIJ 3HL °*SNOIL1VIINd
-d¥ IVYOICZ4 NO LINN ¥ NI G5¥3A0J 3¥V AULSIINIG GNV A¥3I9HNS
NI SNOILVIINddY ¥3SVT ‘1INN LX3AN 3IHL NI Q3SSNISIA 3¥V AN3W
~NOIV CNY “9NINOVHL 379NV ‘39NYY 40 INIWIYNSYIW Y04 SY3ISVI
40 S3SA IMIMOuD 3HL °*ONILS3L 3AILINMYLSIGNON JIHAVYO0IOH ,
AT¥INDLLEYS FONILS3L 3ALLONULSIANON NI ANV ON]LS3L TVIN3YW ,
=ROXIANT NI SNOILYIINddVY SA3AINS OHIYOLINOW QNY ONIL1S3L NO
LINA Y "AVISSIA ONY “ONILYANGINVA V1V -Wz_onUwz 9NIGNIIN1
‘91:185390xd Y1iva ¥0d4 S:t3SY1 40 3SA 1 S3 35830 1IN CNOJ3S
JHL CONTIuG Ghy 9NILLIND 9NIQ 3@N3K1 HO1HNY “9N1SS3D
-C¥d SAVIXILVJ ¥ISVT LLIM SHIVZG 35UNDD SHI 'SHOILYDINdaY
3S3HL NI 1X335N1S 3kl »0d4 9N{HLYYl 3AIACdd 0S¥V TIM 3S¥N0D
3HL  CA4LSAGHT K1 35N AVIILOFYd OLNI 9-1.02 CHNY A¥OLYHOEY]
JHL WOdd ONIOY¥HWI 3¥V IVHL/SNOILVDINddY ¥3SV] 3HL 40 3W0S
361¥0S30.01 SI m ﬂ 33002 40 FSOdaNd wr% *$37INAOW a31v1Y
40 SLINN XIS NI Q3dNvyyy “SHINA0W N3IL 40 &w_wZOM 8 # 3s¥n0D

- y

SW31SAS NOILVIINNWWOD ¥3SV1 0T-8 wq:% W

SNOILVIINNWWO ‘1A 1INN

' AYLSTANIG
Z3INIJIA3W N7 S¥3SY1 6

Ovidl 3T9NY aNY INFWNOITV 8
ONIANT439NVY._ £ =8, 3INAOW
ONINOVYL udum< aNY ONITONVY

APRELYY -8 27NAOW

SNOI1¥JITddY 1vI1a3W ‘A LIND
~8 37NA0W

‘Al LINN
ONILS3IL m>_ku:zkwanoz,,w -8  37NAOW
9 _mOkuzo: 2 ONILSIL TVINIANOMIANI § -8 3NLA0W

ONTHOLINOW GNY 9NIL1S3L *111 LIND

AV1dS1a viva » -8  3INAOW
wz~h<43m_z<z QaNY 9R1QY¥023y <k<o € -8 3INGOW

ONISS320¥d vYiva ‘1 1INN

ONITTIUA GNY ONILIND JIWVYNAG T -8  37NAOW

9NI@I3M T -8  J3NAOW

“ ON1SS3J00dd SIVIY3ILYW ‘1 LIND

}
: SNOLLYDITdeV ¥3SV1 "8 35UN0Y
A5

[
i)

o

[w}

*S1SIYIINI ANV SA3I3IN YID
d073A30 0oL % 3SYN0I WO¥d S3INAOW A3LVI0S! uz~m%
©IX374 3HL SIAIAOYJ\HIIHM ‘Y3HLO HOYI 40 INICNIY
JYY N3A3S 358n0D
3INa0W A9 G3@3234d SI

1 S370ACW 3HL 71V NO1Ld3dX3
L1 J1 431138 HONW AOOLSHITN

* *AHdVH90TI0H aNY AHJYY90L0Hd N1 S3n

d¥ G3ANIINI 0STv  'SH3ISVTE HOLIMS-D ¥0 3LvVIndC

Y35V JLVININVIY OL “S¥3L3WVHYd LNdLNO ¥ISV .3un

- 3504dyNd. IV123dS 40 NOTLYY¥IJO} ANY AYO3HL 3IHL ¥3IA

$391A3Q I14d0-0LSN0IY
i " SHOLYINGOW 31Ld0-0812313 6

SADHLIW
© 3AQ 3VEVHIOVIIE ANV TYIINVHISW

8 -L 30
- ONIHIAIMS-D aNY $321A3A HO1LYN
SYOLVIDS! L

SY3ILT14-IVILVAS ANV SHIANYAXI W¥3g 9
SYOLVWITI00040Y QNy SHOLYWITIOD s

. «SHOLVINAINVW Wv3g ¥3

ANIHIIND3 GNY SINDINHOIL IIHAVHD0TOH v -2 FInaw
| AN3WdIND3 NOILVINZWNYLSNI OL0Hd € - 3G

’ Y SINDINHIIL ITHIVEOOL0Hd
SYOLIB13Q A9¥INI § ¥3IMOA ¥ISY1  Z =L 3INAOW
/ S¥O1D31300L0Hd T =L 3INAOW

/ S32TAIG NOILI3LIA TvI14d

« 3301A30 J1140-0419313/43SV1 *Z 35¥N0)

N\

\
N\

S ¥0d4 25un0d
373S 40 ALIT
m 1 A

.ﬂn

Q

E

IC

Aruitoxt provided by Eic:

-




; / . N
L : . ) : I
. ' - R:
S R . - ) .
. *1S3YIINT ONILYIAWILS NI GNY ‘SWIIS0¥3 ONIAN0S ¥0d
e YA AT Gl S ssle Sy, 1 Lavine o
~dIN03 Y1140 NY3IGOW HLIM SINIWIUNSYIW I1140-0¥133713F ¥3ISY1 NI - 0 ‘Sl d N NO1SSNISIQ 37
e muum:_mmxm AYOLYYOSY, NIVLEO 0L IN3GNLS 3IHL JTEYNI OL OM 3S¥N0D ~-GNNOY ¥ “NOILIGAY N] “103rodd 3HL NI Q3AT0ANI S3INOLSITIN) SHSYL .
40 IN3LINIT 3HL SI L1 ‘SSITIHLYIAIN *SIILd0 3IAVM 40 ONIGNYLSYICNN . YOrviW_SNOTYYA 3HL NO ..wmzﬂmoﬁ az<w. SSJUO0Yd 40 WIH 3SIAQY OL SIVA
,SLNIANLS 3HL NIWLONIELS OL IINCOW WOV3 NI NIvOy 01 Qw33 3uv -~¥3INT G314123dS LV ¥OLINYLSHI STH HLIM L33W QINOHS IN3IANLS 3HL
35%N02 NI VIYI3G NI Q3LN3SI¥d ‘SINWNY¥LSNI 3S3HL 40 NOIL1v¥3a0 . ]
mk Z1T¥3GHN HOIHW S3TJIDNIYd GNY A¥O3IKL 3HL *SINIWNYLSNI 1vIIl ‘ ¥3L¥vNO 3NO NI Nollind
~d0 HLIM SINIWIUNSYIW T¥D11d0 HO ST 3sS¥N0Y STHL NI m_m«xnxm IHL e— _ =HO2 %04 SINIANLS ¥NO4 ¥O 3IUHL SININDIY ATIVAMON  HISYT OVA:GN
. G3dWNd M) ‘ /-6 3TNAON  *ONVHINO43IS J1GVIIVAY 3¥v S100L INIHOVMW
. *SWILSAS ._ﬁ:.Eo 40 NOILNT0S3Y TYILVdS 3HL SIAYOANI HIIHM SI11d0 Nu3 oo AUYESIO3N QNV_L13C0¥d 3HL W04 STIVINILVN 3HL 40 TIV LVHL Q50IAQud.
- -QOW Ni zwdoE AINVINOAWI NY S¥3QISNOD 3S¥NSD SIHL NI 3INCOW 1SV Q01y3d X33M 7T 3NO_ NI NOSY3d 3NO A€ Q3HSITdWOIDV 34 NVI ‘NOILd3
*213 THOILVNIWESLIC HIONZI3IAYM FS2ILINYINO3sd] 39794 3NO HLIM 7g # 3S¥NOD NI 3TINAOW N3AID vV LvHL Q310N 39 GINOHS
- -¥Nns 3 umwurxu_i TIVHS MO SLNSWIUASVIW J1¥LSWO¥IJYIALUI ONINVA :
NI S3ISN ANYA ¥I3HL GuY NVIDILHO3L 3KL OL 3JTSYIIVAY Su3IL340u3d mm%om. Y04 311SINO3Y3Yd TY¥INIO ¥ ST .
-¥31K1. 40 SIJAL.SNOIWVA 3HL S3ISSNISIG $3WNACH 40 135 LX2H 3InL SX00G310N AYOLYYOEY] NO 3: ol AYYLHSWITLSNS IHL - *S3INAOA 3S3HL NI o
*IHOIT 3HL 40 NOILNGIELSia XLISHNILN] GhY HLSHNSTIAVYM HlCE SNIW g3SS3YLS S1 NOOEILON AYOLYYOHY 31VYHNIIY NY ON1d33X 40 3ONVLIN¥OJWI 3HL
. -43130 01 §32dN0S 1HO17 40 SLNIW3ENSYIA TWeldIdS SHINVW NI 380 . : . .
¥13HL NIV1dX3 S3INGOW IHL ' S¥313Iri010HJ0LLI3dS CKY SEOLVWOUMD . : SW3180Yd
< -ONOW “Se3L3W0H1234S 40 SIWVN TVHIN3O IHL ¥IGNN SLEIANHLSHI : hOIS3d ONEAT0S NI ALINNIONI .NAMO SIH 3SN 01 G39Y¥NOONI 34 QINOHS :
IYD11d0 1¥3dl S3WNCCA IJWHL 1S¥Id IHL  *NYIDINHI3L 3HL OL 1nvi . AN3GNLS 3HL 73INQOW 31YI4¥d0odddY 3HL NI 03AIA0dd SI (¥3sSY] wu ¥ ¥0d
-¥0dW! 3¥Y HOIHM AD0T0HHIIL SIIL1dG-041I313/¥3S7T NI SINDINHIIL - ' .mkumwmmﬂmomwmuf Jw m~mwmw»wmzqmowwxmonocmhmmuumum.ﬂzno Mm%pzm“ﬂ:%mmwww
23 P !54NdLSN S 3HL S¥ICISNOD 3S¥NCI SIHL IN0K B
,  ANEWFINSYEW ANV SLEIANLSNT Guvdnvl sead LN3WIBNSYSW GNY 7SAOKLIN HOILvHEITVD mﬂr NOILYOIHEYd SIVINILVYN 40
oo swarsas £ : .. >.,w;<w 30IM v 0L INIGALS ‘3HL 3S0dX3 01 G3NO1SIA 3dV SIINAOW ISIHL
o ) *$331A30 J11d0-0Y12373 ANV S¥3ISY] L1INY-1N3ANLS FONIXYOM 4O S3ITY3S
¥I11d0 40 NOILNIOSIY T¥1LvdS 01 3Ing0w : V SI L3nQ0Y¥d QA3 3SOHM SIINUOW N3IA3S 40 SLSISNOD § ¥ 3S¥N0I
“ ) NOILNT0S3Y¥ VILYdS ‘11 LIND . . ’
. ' SY3ISYY MD HO4 ¥3ILIW ¥IMOd IVOIL -6 3
¥313WO¥IJYILNT ¥IANHIZ-HOVW L-0T 3IInaow - V1 RO dod 3L Hod TILA0 L - FnapN c
. ¥31NdILINHOLOHA W 40 L ’
YILIWOYISYILNT NIJUO-NYWAML 9-0T 3I7nQ0W NOILYYEIYD ANV >Jmabwv ¥3110d 9 -6 3IINAOW
" ¥3L3IWO¥IJYILNI NOSIIHIIW  ¥-0T 3IINCOW ‘. . $391A30 91140-0819313 ‘11 1INR
SINIWIHNSYIW I1¥L1IWOYIFYILNI ‘11 LINN Y3SY1 3aIX0Ig NOBYYD y %6 3000W \-
i SY313w010H4OYL1I3dS  €-0T B:moz/ R YISV OVAION G3IdWNd MO ¢ -6 3INAOW
e . ) SYOLVWOYHIONOW  Z-0T 3InQOW ’ WNIT SNOTLVDINAWWOD Z -6 3INAOW ,
S¥31340¥1034S  T-0T IINAOW . ¥3SYT NOIN-WRIT3H ALIAVI-NIO T -6 31nQOW _
) . SIN3WIUNSYIW TVY¥1I3dS REEETLY SWILSAS D11d0-0¥12313/¥3SV ‘T 1INA
’, M [
/ :
T SINZWNSYIN I11d0-081I313/43V1  *OT 3synedy - ﬂ : S193r04d YISY1 ‘6 IS¥N0)
‘ ﬂ o -
\ oo /
< // | i / . -
\ ‘ e . : : A
¢ \ T )
. ’ ‘ / / ' . -
. | . / , -
. 1 . A h - N
. T . ) . > _ O
i 3 . ! kl
RN Ve ' i . . |
.. U .
) \ _- \ ’ .
e \ \ N > . ~.

Aruitoxt provided by Eic:




-

-

VI. PROGRAM SUPPORT DOCUMENTS

AN
. e
. . ! o .

Thehfollog%ng program support documéents have beén pre-
pared and are being used by institutional administrators,
faculty and staff for determining the feasibility of imple-
menting an LEOT program, program planping, local employer
needs, curriculum identification, staff selecgioq and jpregram

evaluation. /fj\ —
4' - o

1. LEOT Curriclum Guide - A comprehensive description

-

of the,/origins, composition,. planning, implementatibn,

and administration of the LEOT curriculum. Includes
a detailed list of capifal equipment needed, with ’
cost information and pJanning guides,“apd a detailed
bibliography of books 3nd materials on laser techno-
logy and related fields. (90 pages). ///

2. Career Opportunities for LEOT Technifians‘— Lists
poténtial employers of LEOT technicians, divided
., into six.geographical regions of the United States,
and des¢ribes various kinds of career opportunities.
(52 pages)

3. LEOT Educational Equipment and Supplies - Degcribes
specifications and estimated costs for all .¢apital
+ and expendable, equipment and materials needed to
implement a full LEDT?pgogram. (41 pages)

the TERC/LEOT pFogram dev ment; presents valid~
and effective proced § for use by curriculum and

program managers 4h evaluating ngw or modified .pro-
grams. (150

e

4. LEOT Evaluatiod Manual-—"Describes and evaluatesﬁ;//;f —
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VI CAREER COUNSELING GUIDES .~ * '

v .
o \

' In an effort to enhance the effectiveness of communi- |
cating to prospective stndents the formal ‘preparation and< . ¥
cmeOyment opaggtunltles 1n new and emerglng occupations, .
fxvq-Career Counseling Cuides .were developed, tested and
evalYuated, The, author of these guides is the head of coun-:
seling activities for the San Antonio, Texas, Independent

School District. . . .

-
- .
’

The importart emphasis in these materials is on encour-
aging.students to train for technical careers. Figures are -
presented to show the earning power of/ trained technicians,
and suggestiofis are wade for career piths using technical :
tra1n1ng rather thaq or in addition to,; traditional college
educatlon> . ) -

7 , .
¥ * .
PN

The Careef CounSeling Series dbﬁtains five volumes.:

<, - 7

Counsellng for Careers (44 pages) .-

VOLUME 1:

’ ’

.The first career coun§eling guide is, directed to high
school counselors who wish to expand their career counseling .
effor;s in addition to ma1nta1n1ng the traditiownal academic
or “individual counsellng Recent statistics and case studies
are presented to show the vilue of: learning a salable skill
as a direct entry into thé-world of work or as a means to

cont1nued ‘higher education.
‘grouped intd® career clusters,

Employment opportunities are
following the classifications

e

s

’career awareness program even at the elementary level.

developed by the bU.S. Office of Edulation,
and, schoof admlnlstrators how they can start 'a realistic

A

to show counselors

broad apptroach to career counseling <is outlined,

with emphasis

ol on maklng counseling more relevant to the 75% of the students

who will not obtain a college- degree. . *

The volume 1nc1udes suggestions on mater1a1§‘that schools
or counselors can obtain for students, as well as_addresses
'where' such materials can be obtained. A method of, sefting
up a Career ‘Corner in the.,counseling office or.in the library

,~ 1s outlined. Other reeommendations for group counsellng,
"° career night progfams,.and individual student, counseling
gt sprograms are includded: ™% , .
g ¢ } o
Ry » L P R
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L) - R
~ s o -
& - . I . —
. . I
n, . ‘n'
~t L] » . . B
Q ‘ ] . - ] B
- Py - .o . - , . ) -
ERIC _° . : S © .
T . . : L ’ Rl

- _ - : P e




er (43 pages)

VOLUME z_ﬁmééi—mg for"a/{a
S 7

A second cafeer cou ling guide 1is directed to students,
After defining some comm¥n ferms used in various kinds of work
(e.g., blue collar, journeymdn, etc.) it describes the U.S. °

Office of Education career clusters and suggests, methods of /
collecting ‘information about careers. Samples 9f Career S

a

Information Sheets are presented and explained: these ar y
forms on which specific information about various careers‘ian

"be collected and compared.

The guide discysses d1fferent levels of employm nt within
different job categories, describes entry level skills, and
presents a comparison between starting work arly'(lmmediately
after high school graduation) and delaying/employment until*
additional tr'aining ca® be obtained. Alter ive .career
training paths are described, with comparative cost figures.
Attention is given to prOJectlng employmenf trends 1n the
future. :

.
/

,ﬁéLUME 3. A Parent s Gu1de.to Technical Education (64 pages)

j— -

In. Volume 3, ions and alternatives in education and
career choices areQ§§scr1bed to allow parents to help their
telen-age children mdke 1nte111gent decisions about the future.
A comparison is mdde between empl/yment immediately after
high s¢hool graduation, post sec ary two-year training

programs; and”degcee education for professional careers. Tech-

. nical careers are described, and probable trends .in education

are discussed. An informal version of the Career Information

Sheet described above is also included ‘here, as well aé a
Values Inventory to help students and parents evaluate the
var}ous alternatives. .

— .
VOLUME 4. A Student Guide for Securing a‘Job (79 pages):

Th1s guide is designed as a®do-it- your?elf employment <
service. It attempts to reduce the anxiety'of the job- -seeker
‘by describing what may happen, how to prepare for it, and -

how to evaluate pgssible employment,alternatives. .The guide

includes ftrequently- encountered forms, as well as suggestions
for develoolng letters of application, resumes, and other

documents that mzy be needed.. The forms reproduced in the .

guide are’ composites of :many forms, collected from business
and industry,'they have undergone trial and revision in high
school business and technical programs and are felt tb be"ﬁ

current and representative of what may be enCountered by PR
students in* the job market. - .
« S - o ’ ° ‘r* ’
f, ! .-j "o . ) .
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VOLUME 5.
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{fconsyltants,
for tWe disadvantaged,

iy

Career Counseling the Disadvantaged (64 pages) e

[

to- improve his life.
the factors contributing to these feelings and to plan

of bringing about change.

3

)

y Directed to“@oungelors,
school administrators,
this last careeét counseling guide-

emphasjizes the problems of the disadvantaged in our society.
n A per$on may be socially,
cally disadvantaged and may feel certain that:there is no way

counselor trainees,

and planners

physically, culturally,

‘

Ve

employment
of programs

s
or economi-

It is the counselor's job to under- ,

unltf facilities to break this cycle.
attalnment concept is presented to assist in planning for

Ay N AN

Using. case studies, the
illustrates the cyclical effect of poverty apd the
hievement inertia that develops when failurd becomes

Suggestions are given for utll?lng existing com-
A progressive goal

s

-y




~ VIILROLE OF INDUSTRIAL. | -
. - ADVISORY COMMITTEE

i

!
i

It is the consensus of the Project Managers, the TERC
g staff, the faculty at TS?I, and the Evaluation Team that the
/)/// key element of success in this project was &n enthusiastic, °
involved Indﬁstrial Advisory Committee. The following indi-

////////viduals serviéd on the LEOT Industrial Advisory Committee:
Y . ,

Dr. Jay Chivian —Advancea'TechnologyuCenter, Dallas, Texas

Dr. Alex Glass - Lawrence Livermore Laboratories -
. Livermore, California '
Dr. Arthur Guenther - Air Force Weapons Laboratory -
. Kirtland, AFB, New Mexiéo .
Dr. Dave Hardwick - Tropel - Fairporf, New York

Mr. Dan M. Huwll - Lockheed Electronics Aerospace Systems -
Houston, Texas S
Mr. Frank Kassler - Texas Instruments, Inc.; Electro-
Optics .Division - Dallas, Texas
Mr. Robert: G. Klimasewski - Buyrleigh Instrgg;nts, Inc. -
. Rochester, New-York i ]
Mr. Doug Lilly - NASA Manned Spacecraft Center - Houston,
/// ‘ ////' . Texas - .
//;/, Mc. Raymond Marlow - Nuclear Systemsy Inc. - Garlandh
- Texas ’ :
- Dr. Leno Pedrotti - AF Instfﬂute‘o Teahﬁslogy, Physics C -
Dept. -~ Wright Paterson AFB, Ohio-
Dv. Douglas A. Pinnow - Bell Telephone Laboratories -

N Murray Hill, New Jersey
v , . Mr. R. James Roékwell, Jr. - The Children's Hospital .
//4// " Research Foundation - Cfigcinnatti, Ohio _ co E y
Mr. Earl J. Scribmer - Stanford Research Institute -
Menlo Park, Californnia -~ : . p »
‘ Dr. Jacob Silverman - NQrth American Rockwell Corporation - o ,/f
. Canoga Park, California -

« Dr. Donald Sims - KORAD/HADRON - Santa.Monica, Califordia
Dr..Jon E. Sollid - Los Alamos Scientific Laboratory -

' Los Alamos, New Mexiclo. - . .
. - Mr. Robert E. Steinman - Gaertner Scientific Corporation -
' '\ Chicago, Illinois , , :
Dr. Forrest C. Strome - Eastman Kodak Company Research )
3 Laboratories - Rochester, New York
\J Mr. Robext A. Wallace --Anerican Optical,Corporation -
" Framifigham, Massachusdtts o ;
Mr. EriepJ, Woodbury - Hughes Aircraft Company - Culver City
California C . -
- . 0 4 -
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// The Industrial AdV1so1y Committee was organized and \"
assembley by the Project Manager for the purpose of providing o
Task Anaiysrs data and reviewing instructional materials in

terms of relevant content and technical accuracy. The Indus-~ Y
trial Advisory Committee responded in this.capacity and per-

formed much more. e
The individual members wrote four?articles in, professional
journals and newsletters, introducing the program to the1r .

colleagues. Evidence is available to show that 'this publicity
resulted in job OpportunLtles for graduates of the Pilot Edu-
cational Program. : 3 N e - .

. ,
v

\

At all Industrial Advisory Committece meetings (which
were held in Waco, Texas) 'at least two members of the Commit-
tee took time-out to present talks on laser activities at
their company to the-students of the Pilot Program. This -
generated an enthusiasm in the students and provided them an .
ingight on typical job functions oﬁ LEOT _technicians. Student
field trips were made to three indusSt¥fal sites of committee
members. Over twenty graduates of the Pilot Program have .
been hired by organlzat1ons*Tepresented by Industrial Advisory #
Committee members. . ;
\ . .
Organizations represent’ed by the Industrial Advisory
Committee membership have donated equipment valued at over
$200,000 to the LEOT Department at TSTI. ™ This amount should
be considered as part of ghe matching funds for the Project.
In addition, several sb% nt scholarshlps and co-op arrange-
ments have been arrange "thrgugh these organizations.

~

-~

4

‘//‘ An indirect, but very 31gn1Q4§% contribution made by
t

he Industrial Advisory Committee” and the Evaluation Team was
the publicity in the news media that TSTI gecelvag eech time
the groups met #n Waco. These types of news releases’consis~
tently resulted in several prospective students inquiring )
about the LEOT program &t TSTI. ’ ) ) ;
N NN . . v
In summary, the members of the Industrial Advisory

Committee felt very strongly that this was their program.

They had a great deal to say when they met (and in corres-

pondence afterwards) and the TERC staff made every effort |

to listen to* them and respond:’ accordlngly The Industrial .
Advlsory Committee did not design the curriculum nor did they

design the format of the 1nstruct10na1 materials; but they N
were the resource upon, whlch the curriculum and materials
were based. . . : . 3

»
-
-

- As additional -evidence of the Industrial Advi%ory Com-—

[ . [




mittee's enthusiasm for this project, it is worthwhile to -

. note: - .
) Five members authored instructional modules.
o All members edited modules; two members were sqlicited

to edit the entire 99 modules.

¢

o One member left, his pdsition'of employment to become

N : the Project Manager.
’ 4 ’;\
0 One member is working with TERC to establish short
courses using the instructional materials.
0 One member is teaching courses at his organization .
using the instructional materials. ! .
»
) o Three members have taken the init ative' to 'have LEOT
e . programs 4stablished at institutions inm t@gir

localities?®
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IX. REPORT OF THE
© EVALUATION TEAM,

.

.,

™
{(The following report was received from the Chief
of the LEOT Evaluation Team after the conclusion of
the final meeting in December 1974. The report has not
been edited or changed by the TERC, Project Manager).

"The basic function of evaluation in occupational
edtcatidn is to provide information concerning the speci-
fically and effectiveness of the curriculum and instructional
activity. Such feedback is meeded to insure instructional
specification and effectiveness, student develdpment, quality

. control, and a basis for change and improvement. At least

.. four groups require this information: students, instrucéional
staff, employers of graduates and educational administrators.
Unless instructional activities are successful in preparing
individuals for the future, they have no‘rationale for exis-
tence. This focus allows for a definition of the product
in terms of skills, knowledges and abilities of the graduate.
Educational evaluation, therefore, has a responsibility for

termining the extent that the graduate -is trained for that

goal. ’

"Training involves quality control procedures as an inte-
gral function of training development, modification, revision .
and improvement. Training evaluation includes a systematic

collection, analysis and interpretation of feedback information.

. "Procedures for quality control or training evaluation
"should be based on an instructional technology and begun

with the dev&lopment of a course and should involve everyone.
There should be a systematic process of evaluation< that is
continuous. Evaluations are made at any point priér to the
development of a course, during a course, at the end of a
course and on the job. The student, instructor, supervisor
and the administrator should all be inVolved in training eval-
uation. . g

"Instructional technology; as conceived in this project,
involved at least five major aspects: ’

‘ E)

e 1. The determination of training requirements for the -
- ) first essential aspect of a training technology.
A task analysis must be congducted to insure that
an indivudual is trained for the relevant tasks that
he will have to perform on the job.

ERIC. .
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2. The construction of measureable objectives must be
specified before the development of a training
course. These should be done in such a way that
the student knows precisely what is to be achieved
in the course and that the student, the instructor,
and the after training supervisor have a clear idea
of the achievement specifications.

3. Evaluation of prior knowledge and proficiencies is
the third sequence. By knowing what the students'
knowledge and proficiencies are, course content can
better be determined including the level at which
the course should start.

4. Designing a relevant program is the fourth sequence.
This should be based on a review of the relevant
research, content, and instﬁuctional methodology.

5. The last step makes use of/q ality ‘control princi-
les. This step involves a~Trigorous quality con-
,trolled program that operates continuously. It
"insures that the tasks for which the course trains
< are appropriate, relevant, and are achieved in a
efficient and effective- manner. This mandates the
use of a criterion-referenced measurement system.

« "The TERC/LEOT program made considerable use of the
systems approach to training and evaluation. A TERC survey
indicated the need ‘for electro-optic technician would appre-
ciably be increased by 1975. This survey further amplified
the need to include lasers because 43% of electro-optic tech-
nicians. reported using lasers in their work. Following this
lead, Texas State Technical Institute made a survey focusing
on Lasef Electro-Optic Technology which established the need
for a LEOT Training program. In addition, the LEOT Industrial
Advisory Committee was established to provide technical assis-
tance ,and advige-in the development of the LEOT program.
Surveys were also conducted-in temms of requisite tasks and
tools of LEOT's work in laser related industries. The results
of these surveys were used by the TERC/LEOT staff to plan
and develop courses for the LEOT program. 1In addition, .the
LEOT Industrial Advisory Committee rated 156 tawks. Because
many of the tasks received high ratings from the Advisory )
Team, the Evaluation Team suggested that certE}n groupings be,
ta@ght within the core program.

l' »

"The Test and Measurement expert of the Evaluation team .

—

initially was not satisfied with the original module objec-
tives nor the measurements. He worked with modular w;iting
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staffs and other experts to show the characteristics that
measureable objectives must have and how they can be measured.
A significant number of modules were re- developed to meet

his specifications. Further checks by him revealed that he’
was successful in his instruction.

"The Counseling membér of the team made an analysis of
entering student profiles. He also reviewed modules and
made analysis of tWeir reading complexity. " He found that
the initial writing of modules was at too high a level for a
number. of modules. Feedback was given to module writers and
revisions were made at the appropriate level.

"The Curriculum Development expert on the team was con-
cerned that performance type skills were taught through demon-
stration and student performance of those skills. He wished
to insure that module content was necessary and sufficient to
the modules objectives._

"The. Industrial Employment Specialist was concerned
that performance and knowledge levels were compatible with
Jjob requ1rements and that training aids and equipment were
supportive to the module. He was also concerned with each
objective contributing to the program goal.

"The Technical "Instruction expert started off reviewing
every module to insure that-rit was technically accurate,
current, met the needs of the laser industry and that the - :
material within each module was cohesive and concise. He
soon learned that he needed some assistance; thus, another
expert and he were responsible for reviewing each module that
was developed. Where modules did not meet the requireménts
of these two experts, they were changed by the experts or
they insisted that the original authors rewrite these- and
return them for further review. .

- 4 -

"Numerous service tests weTe made to try out modules.
Where revisons were indicated they wefe accomplished.

"A more formal service test was made on eight modules
covering the Nature of Light (which have since been 'integrated
into the Wave Optics Course). For the purpose of this study,
all eight end-of-course tests were administered to the students .
prior to their taking this unit of instruction. The same
module post tests were administered upon completion of each |
module and again a few weeks after completion of the ynlt of *
instruaction. 1In addlﬁlon, the instructor made notes of dif-,
ficulties encountered in the instruction of the class and ~r
student reactions to each module. All of these data were used .

/




by the Evaluation Team to determine the over-all effectiveness

of this unit and the modifications that should be made. In )
addition to the modifications they required, the team concluded, T
that students had little knowledge and skills of content of

these modules, and that they achieved considerable‘éi\a result

of instruction, both in terms of over-all achievement\ and

student gains. Student reactions were found to be favorable

to the modular format.

"In summary the team members expressed pride in having
been part of the TERC/LEOT project. They felt that the mater-
ials for the program, in general, are outstanding and that
‘the program meets the requisite characteristics that the

team specified earlier. TERC personnel have also been success-

ful " in making a good beginning on the dissemination of -

LEOT materials. Hoyever, the team felt that more effort is T

required and worthwhile on the dissemination of the LEOT —

program." - ' —_— 3
¥ P

) TERC/LEOT EVALUATION TEAM MEMBERS

Technical Instruction - Dr. Arthur Guenther, Air\Force Weapons
Laboratory, Kirtland AFB, New Mexico.

Test and Measurement - Dr. John Hampton, Oklahoma State
University, Stillwater, Oklahoma ' -

Curriculum Development - Mr. Arpcld H, Pctfhast,”ﬁisconsin
Board of Education, Madison, Wisconsin

Industrial Employment - Mr. John Ready, Honeywell, Inc.,
Hopkins, Minnesota

Counseling - Mr. Henry C. Ryniker, Independent School District,
San Antonio, Texas o

«

Team Chief - Dr. Michael A. Zaccaria, Educational Consuitant,
San Antonio, Texas

18
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X.ROLE OF INSTITUTIONAL B
PILOT PROGRAM -
0 ”, A
The pilot Fnstructional Program for the Laser/Electro
Optics Technology Project was established in September,
1970, at Texas State Technical Institute in Waco, Texas. 1In
that period the department chairman, Dr. John D. Pierson,
was hired, and faur second year electronics students trans-
ferred into the program. Laser and Electro-Optics courses
were taught, beginning in September, 1970. The LEOT Project
encouraged and partially supported this initial effort by
purchasing some equipment and supplies, pdying the TSTI
faculty for project work in curriculum development, and pro-
viding classroom and lab instruction by members of the TERC
project staff. The first LEOT graduates were all employed
in April, 1972. Tq date, forty-four students have been em-
ployed by institufions and industry, and sixty nine students
are currently enrolled.

M\

The following activities are representative of the role
which the Pilot Instructional Program has contributed to

the LEOT Project: ? ) ) L

e

o Faculty and staff, have contributed to the development
and evaluation of the curriculum and course descrip-

tions. P

o The faculty has contributed to the writing and editing
of the instructional modules. Students in the pro-
gram have also critiqued the materials from a "learners
viewpoint". ) ' :

Y

) All the modules' experimental procedures and equip-
ment have been verified in the school's laboratories,
largely by thé faculty and students. ’

o The modules were "service tested" in the courses offered
rat TSTI. Service testing involved pretesting, post
lesting and retention testing (when practical) of
students whose profiles weére known. Service testing
wéé also accomplished to a limited extent at the
other schools who later implemented LEOT programs.
However, the test data were more complete and more
meaningful at thé Pildt Institution where the training
environment ‘was known and controlled.

-

o The experience which the faculty gained in using these

»

&

X v
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materials has significantly influenged modifications

g * L T T ——

in the criculum structure and suggested instruction-
methodology. For instance,

high student drppout rate was experienced in the first

quarter because a sfudent did not have any exposure

to laser~cburses. cyrriculum was changed to

Ainclude, Course H,)Tnbroduction to Lasers, in the
flgﬁx/qﬂarter. ‘However,, it was also learned that °

_—"this course was too long and complex to be taught

»in the first quarter. This resulted in sever -
, modules- beiﬁg moved into Course #3 and “angtifer module.
(on Optical Power Meters) being change o individual-

ized, self paced~instruction with an accompanying tape
cassette. - '

<

The Industrial Adviso;y Committee members were able

to relate to the type of instruction to which the
project was dedicated because they could visit with
students in the pllot program and could observe the
labs. An imterview by the Industrial Advisory Commit-
tee with a student who had graduated and been working
six months also proved invaluable to the project.

——

.

<

it was leaxned that a_ -




XI. DISSEMINAT ION ACTIVxTIES AND
ACCOMPLISHMENTS

s

-

Technical education-curriculum research and devéiopment
can only achieve the national significance for which it was
intended if the ideas and materials can be transported to
other educationdl environments besides the pilot program.
From the beginning of this project, an emphasis has been p
placed on eventual national dissemination. However, the
project management felt that attempts at disseminatioh on
other programs were far too limited in terms of the program
flexibilities and the places where the education would take
place.

Very early in the project, attempts were made to alert
those in the tiechnology and in schools that programs would
soon be available. Table XI-1 lists articlesiin Newspapers,
Magazines, journals and books describing the 'LEOT project ®
and/or the pilot program.

As schools and industry learned about the activities,
TERC began working with them, supplying them w1th/ﬁraft copies
of curriculum and instructional modules. When it seemed
appropriate, the Project Manager would visit ingtitutionc to’
assist them in planning. As early as 1973, TERC taught a -’
short course for an organization where a large number of
LEO technicians worked. .-

—

-

The curricala and—tﬁ?’fﬁstfﬁctlonal materials for the
LEOT project were de91gned for maximum flexibility so that
local. educaticnal institutions could implement programs that
would more nearly meet local needs. This also gives the
school admlnlstrators and faculty the opportunity to "invent

.it here." -

.

Examples of schools who have adapted the LEOT project
materials to their local neﬁji/and capabili%ies are:
_ A. San Jose City C?}Iége - Implemeqte& a LEOT optien to
o their existing program in Vacuum and Glassworking
Technology. /éizduates are particularly useful to
gas laser manufacturers who are centrallzcd in the
San Franc1séb area.

-~

AN

i
-~ Implemented a LEOT option
ics Technology. n .
1

B. Idaho State Universit
. to an existing Electro

a9




| - . Table XI-1 s

.
! [§

i .
Articles in Newspapers, Magazines, Journals and Books ,

. .

Describing the Laser/Electro-Optics Project or the'PilOtvﬁfqgram P
- o

r

1. Albertson, L. "School of Skills"”. The Texas Star. '
April 2, 1972. pp. 8-13. T :

2. Doss, C.B., and J. D. Pierson. "The Laser/Electro-Optics
Program at -Texas State Technical Institute". Technician
Education Yearbook. pp. 51-54., -

3. LCditor: '"PFirst Student Chapter Formed-at Texas State
Technical Institute". Lasersphere. - '
/ . . ’
4., News Articlet '"Laser Evaluation Team Studying TSTI Program”.
Valley Morning Star. Harlingen, Texas. Dec. 10, 1974.

.

5. Goldman, L. Applications of the Laser. CRC Press, 1974.

6. Gould, G. "Help Wanted: 10(C,000 Laser Techmnicians™.
Lasersphere. July 15, 1972. pp. 100-11.

b

>
7., Guenthet, A.” "Answering the Call for Trained Laser
\Electro-Optics,Technicians". Laser Focus. June, 1973,
\ . :

8.° &ull, DWM., and -others. " "Adaptability Through Modular
Instructional Materials". Technical Education Reporter.
Sept. - Oct., 1974. pp. 37-45.

9. Jones, J. "What Do You Do After You Purchase Your Laser",
Optical Spectra. ©Nov., 1974. p. 6. . ‘ .

10. Pierson, J.D., and D.M. Hull. "Laser/Electro-Optics and
. . * the Technicians Who Handle It". Industtrial Education.
vt Dec., 1974. pp. 42-44,.

~

11. . Rockwell, R:J., "Crowtb in Technical Training", Laser-
sphere. p. 15. , . .

12. Rockwell, R. J., "The Laser/Electro-Optics Téchnic
: Lasersphere. March 15, 1972. p. 9.

~




C. Texas State Technical -Institute, pérlingen, Texas -
. . Implemehted the ‘Model Curriculum’ including all:
» LEOT modules .translated .into’ Spanish/Bilingual
. versjons. Nlnety five percent of the students
. attending this c¢ampus (located 25 miles from the
Texas-Mexico border) are Mex1can Americans.

- -

. D. Thé Universﬁty of Illinois ~ Incorporated more than
30 -modules in a graduate leVvel, laboratory course ’
for gng%neers, physicists and chemists. .
M o ) . ° . '
In September, 1973, a ‘mail announcement congisting of .+ .
a cover memo; a list of instructional modules and a reply .
+ form was made* to approximately 2200 technical schools #n the
United States., The reply form had a requested return date of°
. .October 26, 1973. A second mailjng was made in November to . ..
the 1nst1tutlens which had. not replied to the flrst ma111ng
. N

} . - . . ' . ’

By December, 717,ﬁeplies had been receivéd representing
~ 33% of the total mailed, -some 600 more than the gxpected
return. The following is a breakdown as tg: the replies and
types .0of data requested: . .

o 494 institutions requested additional information;
" 223 did'not . ., ;
. _ R ° -
i o0 o 55 institutions prov1de technlcal 1nstruct10n ag -
preparatlon for job rﬁqu1rements in Lasers’

54 institutions provide technical {nstructjon as

)
> preparation for job requirements in El&ctro-Opticg |
e ‘. . . .
‘ o 80 institutions_ pYOVlde technlcalslnstructLon as -, ot
preparation for job rquiisments/ln Optics a
o 190 requests for a sample from 9bnrse 1 \
. o - 53 requesés for a sample from(?ou;se 2 7
. ‘./ | . . R . , . "c .
) 29 reque%ts for a sample from Cour;@ 3 Y .
- N . , . I . e
o 9 requests ‘for a sample from Codrse 4 L.
? . N i
.C;—S 49 requests for a sample from ‘Course 5, °
- ) M . . * ‘
o 4 requests for a.sample from Course 6 ° .
B . PO I ‘. LN ‘/- )
: 0 6 request's for a sample from Course 7 ~ Lo
‘. ; - '4 sy ‘\_.: ) A )
. o ¥ 45 requests for'a sample from Course )

¢ L
s
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K - o ) 4 requests for.a gample from Course 9 .

T , i ool T . . . .
<. 0. 7 réquests for a sample from Course .10 T B ’
" 0 279 requests gfor the’ LEOT Curriculum and Equipment- . . s«
¢ ‘ material - Ve ‘ v ‘ .
‘o 272 réquests for‘Potentiai Employer Information ) . T
o 48% of requests for a module can bé fudfilled with a B
! . module from Course 1 ., . ‘ A .

- . »

o 85% of
module
o 947 of

module

requests for a’ module can be fulfllled w1th a* ., ’

from Course 1,

%

5 and 6 ) ) - ,l . [

- »

requests for a modul'e can be fulfilled with a

from 1,

»
-

-5 and 8 . .

-
— K ¢ c s « . . v
.

2, 3, -

¢

4

. ~ e . 03 *
Mailouts have been made to all thase who responded, and .the ., = U

materials that ‘were requested have been sent. Tollowup’on Sl e
these schools is contanulng ' R . R
i In August, 1974 .a, workshop was held foT qdmlnr%trators '1':

“and faculty who- were 'dnterested in using the LEOT cutriculum,
'and/or 1nstruct10nal materials.

The workshop was attended

, by twentyqﬁyo part1c1pants. . K R e * <
s ot
. It was Suggested by the Industrlal Adv1sory Committee °

thar less than half of the requirements foTaLEO Technicians
was for new hires’, "4 large percenfrage qf the’ ed@pat;onal > .
requirements- 1nvolves the ' retralning and updatlng wfrexisting .

eﬁpioyees * To meet these. needs,

TERC made s;gnlflcant efforts 0

to have these materials used in *Yin~ house" industrial tra;ning

. programs and in short COUEFGS;_ . v ? . .o
" In, July,‘l973 TERC cqnducted'a one week“shor& course in | . <.

Lasers for engineers and technicians &t'the l,awrence Livermorne

> Labs. Th® instructional mater1a1s for the churse consisted .
'ofi selected LEOT modules from Course s, 3*and 7. The presen- ]
tations and 11b demonstratlons were v1deotaped : .

had
. ¢ -

Q,' a
’ ¢

. *For ‘the pastuthree yé€ars the Universlty "of. Cincinngit $

has beenyrusing LEOT modules in their Laser Safety Short-Courgé. e
In August, 1974, TERC, the Uniyersity of Cincinnati, and the .
o Laser Institute of America 301nt1y sponsored a ‘one week short .
course on "Introductloh to ‘Lasiers”. The content is the- entire

. Cdurset 1 of thé LEQT ‘modules. Morning sessioms consisted .
F 1ectures»ad afternoons vere devoted to the lab exerciges *= |
Joutlined ip the modul&s. This. cours e will be offered twice coe

@ in 19750_ c . s € ...b o ° * Te

- M v _® - v &' L4 .




\ -0 'InvNomeber 1975, four LEOT modules were compiled for-
-a one- day, Professlonal Advarcement Cayrse WPAC) presented
: by TERC and TSTI personnel. . This' PAC-was ,hdld at” the Laser’
’ Institute of America amrd the, Soc;ety for P to Instrunentation
\“ Engineegs's National.Meetlngjlp San-Francisco, California.

PR 4 k] P

! ‘Table XI-2 lisfs thesorganizations who afe currently usipg-
i or are. plannlng to Use LEOT Project Materials. A more detailed!
1‘\ éxplanatjon of LEOT ‘dissemination act1v1t1es in six organiza-,
” , tiens is gnov1ded in” an article by Hull .ipg the September/Oct-
it obor issue of the-Technital Education Repgrner. This article

is 1nclude¢ in the Appendix to th;s nepért. w ’ ‘

5 L ‘ "/' N <, 3
.o . .- -

An attempn wa's made to obtaln a pubilsher for Qhe LEOT
Project Materildls-and. the Careex Céunseling Guides. In
) accondance with the terms of the Grant, notice was, sent, via .
/. Publrshers Alert Service on, a Reduest, for Prnposals. Separatet
requests‘were, sent for the LEOT materials and the Counseling™,
3% Guides’. Four dompanies expressed an interest in only: Lhe
- Counseling Guides and three companies were.1nterested in"" .
both . RFP's were senteto all parties. who ~ reque sted them. , .

L 3 ~'_I -" . ," . L E
. -

. % bidders meetlng was held at thé Marlna Hotel of- the * *,
e Dallas/Forf'WOrth Airport on November 25, 1974. One b1dder .
W attended. On° ‘December 2}, 1974, when all bids were due, nqne
‘\\\i// were received., Subsequent followup,.a week later, revealed

- t, in general, all the oxganizations who had indicated an

j{ ‘L fterest were.currently f1nhnc1akly -limited and could not .
,’/,f 1nvest in new publication ventures that appeared to them to
7 % .be limited*ip brgad appeal. . - A -

.
.
' &% - ° i’
»

TERC plansC#o contlnue.to supply materlalshto 1nterésted
. w1nd1v1duals ;nd mrganlzatlons.én a reim urslble basif. < -
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A:, ,PROGRAMS ESTABISHED ,

Tablé XI+2

’

-
.

4

4

’
M .

(1y
(2)
)

I3

1)

(6)

(1)
(2)

.

(1)

B.

(1)
{2)

(3)
(4)

)
(6)
(7

L

\ ' ]:

(4)

(3)

Institution °

TSTI, Waco .,

TSTI, Harlingen .

-

.
San JoSe City College

| 4
Ida tate Univ.
Univ. of*Illinois ¢,
I
Univ. of Cincinnati ‘
¥ ., R \
< Induétrz

L] !

- Lawrence Livetmore Labs

¢

Los, Alamos Scientific
Labs

Honzywell Research Labs

<

- LEOT Optionr to Vacuum &

*

Project Materials

;

‘Type of'Ptggraﬁ

)

Modified Mbdel éur:iéulum

-Model Curriculum

Glassblqwing

1
LEOT Optipn to Eleq—
tronlcs

+
»

Graduate Course.for Engrs.,
Phy31c1sts, Chemista

Short Cqursesilnéro. to
Lasers & Lasgr Safety °

»

Retraining
Retraining

A

5

Retraining

Professional Societies

Laser Institute of
America

PROGRAMS BEING PLANNED

Professional Developmenc
‘Course

TYPE PROGRAM

University of Albuquerque

University of New Mexico"

(Northern)
San Francisco City Coll
Springfield Technical
" Community College

’

Raymond Walters General *

.and Technical College
Univ. of Houston,"

Clear Lake Campus
Wentworth ‘Institute

KC a

wll Toxt Provided by ERIC

Night CSurses
Retraining

EMT Option
Model Curriculum

- Eléctronics Option
Masters of Laser,TechQ

Three year curriculum

. ; , . . -
Organizations Who:are Using or Planning to Usé LEOT

*

'

’

¢
)
[}

Total Total .. Starting
Students Grads' ', Salary Range
- 113 44 -$614&—15,999
.
20 - -——
33 , 3 -
48 g $9,000-11,000
H ~
l; /' ‘
-~ — -,
S
300‘ e

44 Students

a

START DATE
- A
Fall '75
Fall '75

Has not been determined
Fall '75

Fall '75
Fall '75

‘Has not been determined
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Daniel M 1184, Techuical Education
Research Centers{Soushwest

¢

Daniel M. Huli reveived has BS fromi the
Unyversity of Jevas and his MS in Fle_tn-

cal Fngincening trom the Univeraity of(Plus-

burgh He has thinteen years ofcxpcnencc

as an cnginces aind anager of laser develop-

ment and applivation at Lockheed, Sandia

Corporation and Westinghouse Mr. Hull 1s
now managicr ot the Laser/ lectro-Optics )
Technology Program at Technital | ducation
Rescarch Cenlers, Suvuthwest in Waco, Texax
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LEOT, MOQULES

| Adaptabxhty ‘Through Modular .
= Instructlonal Matenals

v

Laser/Electro-Optics Technology requires flexible teaching
materials for diverse educational options. The author intro-
duces lasers, LEOT modules, and szx differing educational

, programs.

The use of lasers spread rapidly
after the first one was made opera-
tional in 1960. As a result, a demand
emerged for a new Kingd of specialist—
the afr/electro-optics technician. Re-
sponding to this need, the U.S, Office

of Education gave Technical Edm\ optics technology (LEOT) were an evi- ©

Research Centers (TERC) a grant for a
project to analyze the new oecupation
and to develop a curriculum and n-
stru¢ tional matenals for it.

By means of an occypational analy-

_ sis, the project confirmed that a variety

of technicians were working with lasers.
These technictans frcqucmly‘wcrc n-
volved with other kinds of electro-
optical systems as well. Moreover, the
project found that not only techni-
¢1ags, but also engineers and other pro-
fessionals were secking a better under-
standing of the hardware and labora-
tory practices associated with Iascrs.
Althotgh there were certain tasks pa-
formed by almost all of these personnel
concerned with lasers, many other ac-
tivities were common to only a few

[ .

-
.

1 -

places of employment. ‘

To take account of the diversity of”

personnel and tasks, educational pro-
grams in this new field had tos vary
significantly in~character and content.
Two-year programs 1 laser/electro-

dent need. for example, and so were
laser options within existing programs
in Vacuum and Glassblowing Technol-
ogy and in Electronics. Furthermore,
laboratory laser courses were attractive
potential addifions to baccalaureate
and graduate level studies in physics
and engincenng. Also nceded were
short courses and industrial in-house
training programs with lases informa-

4ion for employed technicians and pro-

. fessionals.

The challenge, faced by the BEOT
curriculum developers was to devise
instructional materials for~use in all
these settings. To be adaptable to such

dwcrsny of learning environments,
the.malcr‘lals had to be both flexible
and valid.

- o 37
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WHAT ARE LASERS

The laser 1s a device which converts electrical power into a special beam
of light power This beam results from "“Light Amphification by Stimulated

Emisston of Radiation,”
hghtn several ways:

or LASER. A laser beam differs from ordinary

® ts directional and collimated so that 1t spreads very little as it
L progaga"(es thréugh space. For example, a laser beam transmitted
from the earth illuminates an area on the moon less than two miles
in diameter Since the beam diffuses so Iittie, the intensity within the

beam remains high. s

s

9 ts ight waves do not vary significantly in length. Therefore, laser
hght has the purest color of any hight source known to man. ‘

® ts hght waves are

“in phase,”

so laser communications systems can

_transmit many wide-band signals with minimal interference problems.

@ 1ts energy can be concertrated into an extremely short duration

-

pulse to produce tremendously high bursts of light power. This
power can cause explo.s:ve effects by rapidly heating materials to

several million degrees.

Various types of lasers are in use, differing in their construction and =~ -
methods of operation. They have output wavelengths ranging, from the
ultraviolet to the vis.le region and extending to the far infrared. Some
lasers are smali enough to be held in the hand and have an output power
less than a fiashlight Other lasers occupy 10,000 square foot buildings and
are power fuizenopgh to melt holes through thick metal plates.

As heat sources, lasess are empioyed in welding or dniting matenals and

4 n repairing eye retinas. In surgery or ciothing manufacturmg, they can
serve as precise cutling tools, while they are information transmitters in
radar and communication syste?ns Lasers are also used for aligning objects
and mweasuring distances in such fields as highway construction. Grocery
stores and other merchandizing establishments are begnﬁmng to experiment
with computer Jinked lasers which scan the prlées of 1tems on automatic
check-out counters. Among its many uses, the iaser even has a phofograph:c
application 13 non-destructive testing of objects and in art, 1t can produce

a "hologram™—a negative from which a three- dlmerfonal object can be

reconstructed.

.'1

AMODULAR APPROACH

, To assure flexihility. TERC (hose a
modular approach to curriculu devel-
opment Mudules are short anstruc-
tional units with Jear and measurable
learning objectives.  Although short
films are sometunes used to convey the
unit of mformation. modules are usu-
ally based on boouklets They can m-
clude laboratory exercises to provide
“handsion™ expenence, i fact. labory-
tory learming can be the key clement
of each moduic? as in the LEOT mod-
ules devclopcd by the project.

ERIC

w -

Typically, modules begin witlr a
statement of the topic to be covered,
then present the information, and con-
clude with questions to test the stu-
dent’s understanding of the matenal.
No previous hnowledge 1s assumed in
most modules. They are mdependent
untls which nnght be arranged and re-
arranged 10 produce a great vanety of
courses. .

If the modules are valid, they effec: ,
“tively and efficiently teach the student.

what he or she needs to hnow to be
able to work wmpclcnlly 1n a remune-

\#__%\ |

s
~
>

-miciar’s ather responsibihities.

V

rali\é and satisfying jab. Not only must
the maternals foster learning, but they
must also have ralevant content. They
must present information which re-
flects what employers want their tech-
nicians to know and be able to'do.

In the case of TERC’s LEOT Proj-
ect, a national Industrial Advisory
Commttee consisting of sixteen mem-
bers identified the duties normally ex-
pected of technicians working with
lasers. An occupational survey con-

‘firmed these duties and continued

guidance from the Advisory Committee
ensures current validity. )

The duties of the Laser/Electro-
Optics technician are many. They. con-
struct systems in which the laser is an
important component and keep tasers
clean, aligned and calibrated. They also
select and purchase LEOT hardware,
including such speuialized instruments
as mterferometers and spectropho-
tometers. In addition, the LEQ tech-
nician must haves considerable expertise
in operaling laser systems and perform-
Ing_exacting tests and measurements.

. Monitoning, troubleshooting and repair-

ing laser systems are among the tech-

“r
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These duties  were subsequently
broKen down mio 155 specific tasks
for wiuch learning objectives were es.
tabhished. The objecuves formed ihe
basis for the subject matter of the maqd-
ules. A total of 101 modules were care-
fully developed and grouped nto the
following ten courses

Course =1 Introducuon to L/:mrs
‘g . {11 modules)
Course =2 Geometneal Opuies

(11 moduies)
Liser Technology
(11 modules)
Lxpenimental Opuical
Methods
(9 modules)
Wave Optics
(11 modules)
Laser and Electro.
Opucs Components
(11 modules)
Laser/Electro-Opucs
Devises
- - - - - {10 modules)

Course =% Laser Applications
(10 modules)
Laser Projects
{7 modules)
Laser/Electro-Optics
Measurements
(8 modules)
2modules on lab note-
books and nreasure-
ment accuracy

Cotre =3

Courwe =4

‘Course =§

Course =p

by
* Course =7

Coure 39 .

Course =10

Plus

The technical accuracy of these
modules was then clecked by members

of the Industtial Advisory Commnittee,

and by two experienced technical
editors. \’Jhdu)"w.:.}';)bmincd by 4n-
corparatizg “hands-on™ learning ex-
periences wineh used laboratory equip-
meni“Dpreal of that found mn the

organizanions which employ LEO tech-

mictans “The etfectiveness of* these
modules *was  subsequently  verified
tthrough presand post-tests conducted

-% with students 1 the pilot LEOT pro-

+ . eurat the Texas State Technrcal In

LN
A
A a

E3

stitute n Waco, Texas. , .
0 .

v
y ¢ 1
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LEOT MODULES/WAYS and MEANS

A two-year Model LEOT Curricu
fum s bemng tested at TSTI’\(I[owevcr.

~schools which mplement LEOT 1n.

structional matenals are cautioned that
both the Model Curniculum and the
LEOT course content are based on-
broad, national needs. and might not
adequately represent local demands.
They are accordingly urged to form
thetr own Indusinal Advisory Comput-
tees for settng educational objevtives
and choosing the LEOT Modules rele-
vant to thetr local needs.

OPTIONS
- For mstance, the LEOT program a1
San Jose City College 1s skill-oriented

L
in response to the character of jis stu-

.

dent body and the needs of local em-
ployers. By mtroducing several groups”
of LEOT modules nto the college’s
existing program i Vacuum and Glass-
blowing Technology . 1t became possible
to offer a laser’electro-optics option.
The San Jose students can now obtam
the skills necessary for various entry-
level jobs depending on how much of
the two-year program they complete.
(This program and the others.skeiched
here are elaborated n the descriptions
which folfow.) -

In contrast, the Technical School of
Idaho State Unigersity has elected to
initiate a Laser/EIectro-Opch option
in its Electronics Technology Program,
It should be emphasized that a com-
plete two-year laser program is not

necessary to provide students with -

LEOT skills useful i the world of
work - Employers .or wescarch institu.
tions which . incorporate” a laser or
clectro-optical device as a ‘cou}lpuncm
of a larger mstrument-or sysfem (e.g.
transmitier for "a radar syStem) find
the iascg/cleclro-ophcs option in an
electronics program 1o be especially
attragjve. .

- Selected LEOT modules can also be
included as texts n physics and engi-
neering laboratortes. The University of
Hlinois’at Urbarfa has successfully ex-

3

perimerited with this usc{ofthe LEOT |

«
-

-

modules since last fall. In addition the
modules have been used effectively in
short courses whlch'auempl to famil-
1anze a, wide vaniety of students with
the laser and 1ts many applications,
The one-week courses i Introduction’
1o Lasers and in Laser Safetys given at
the Unwersity of Cncmnati are .
portant examples of how the modules
can be used to advantage for ntensive
traimng.

Employers engaged in tramning or
retratning personnel can also benefit
from the modular approach. Current
examples of this are the AEC Con-
tractos Laboratories -Sandia, Los Ala-
mos. and Lawrence Livermore Labs—
where major workforce shifts into the
devetopment of ligh, power lasers and
the use of lasers for generating 2lectric
power have made substantial retraning
necessary. The LEOT modules have
-facilitated this retraning.
LEOT MODULES POINT THE WAY

For over ten years, the laser and
electro-opties field has had a shortage
of tramed technicrans. With advent of
the LEOT modules. both educational
nstitutions and industry have been
providéd with teaching options that
did not exist before. The success of the
modules has been dne 10 their validity
and flexibility, characteristics that have
Jnade them adapiable 10 a number of
learning environments, Indeed, the
modular approach may be the most
effective for'all technologies that aye
a diversity of applications. The use of
modules in' curriculum development
will hopefully extend far beyond the

Laser/Electro-Oplics field,

. by Daniel M, Hull
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Johnny Jones, Texas State Technical
Ieistitute

Johnny Jones holds BS and MS degrees in
Phyacs trons Stephen | Austin State Uns-
veraty in fexay Atier constructing a HeCd ~
laser system tor s thiews project, he jotned
the Laser lectto-Optics fuculty at Texas
State fechnical Insntute 1n Wacor~

The Laser/Electro-Optics Depart-
ment of the Waco Campus of Texas
State Technical Institute (TSTI) first

opened 1ts doors to students in 1970. -

Swwce that time. the Department has
grown lo three technical faculty mem-
Jbers and over one hundred students.
The Department offers a two-year cur-
ricalum and an” option of two addi-

. tonal vears. Fifty graduates are cur-

rently employed in the laser and optics
industries of 1en states Each two-year
graduate jias had several job offers with,
an average -starting salary of S9300
annually.

One of the reasons for the success
of the TSTI-Waco program has been
the constant scrutiny of its LEOT car-
‘nculum A growing“understanding of
mdustrial needs an ncreasing availa-
bility of text matenals. and a willing-
ness to hsten 1o the needs of 1its stu-
dents have all contributed ta, the
development of the program, .

A chief disadvantage of the original
curriculum was that students did _not
take thcn first laser course until the
third quartcr ls’ccause f irst-year stu-
dents had little contact with their
Inajor departmient, many became dis-
enchanted with their inajor and a high

ERIC

Aruitoxt provided by Eic:

a“+,. <

Johnny Jones (lefx) and student

atirition of first-year smdems resulted
A revised curriculum overcame this
difficulty by giving students two laser
courses in the first quarter and at least
one in each succeeding quarter.

In response tc student needs, a
survey-orientation course was also ini-
tiated. The course presents students
with job descriptions and occupational

opportunities in laser/electro-optics, |

and facilitates student adjustment to’

’

the TSTI campus.

Another course,” “‘Laser Projects,”
is a favorite of many students. The
course comes at the end of the two-
year program and allows students to
apply the knowledge and skills they
have acquired to individual projects.
Most projects involve design, construc-
tion, and evaluation of equipment.

I
The students have constructed a vac-

uvum system for filling gas tubes, a

HeCd laser, a ruby laser, a six milli-"

watt HeNe laser, special filters, special
optical mounts and, most notably, a
4 x 8 foot vibration isolation table.
The student-built table saved the
LEOT program a_considerable expen-
diture of funds. The table top consists
of 2,200 pounds of concrete reinforced
with steel, and rests on five legs made
of conciete pier blocks. Damping is
provided by layers of carpet between
the blocks and by an inner-tube o the
top of each leg. An air compressor and
mantfold provide pressure control for
the tubes. The entire table was con-
structed for less than §150, equivalent
commercial tables cost over two thou-

_sand dollars.

TECHNICAL EDUCATION REPORTER
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Muking Holograms on 3 vibrahon free tabie
buit by students ~

H ‘\\

One of the most important assets of
the LEOT Department has always been
high student morale T addition to the
building 5nd"nmmmnmg of equip-
ment. studefit participation in class.
room presettation clearly contributes
to morale ‘and the quality of 1nstrue-
tion  Yet perhaps the most important
motivauonal factor is a clearly defined

i
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Riehard R Davis (1ight} and students

‘

Richard R. Davis, ldaho State
University

Richard R Davis holds o BS and an EdM
front 1daho State Univeraty e har per-
formed research in the field of Jaser com-
munications and s the author ol AFand
RE Grewnt Approxumations Mr, Davis 1s
presently at the School of Vocational-
Techmical I ducation of Idaho State
Univeraity,

Q
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" IEOT-MODUEES/WAYS and MEANS. .

employment  goal. Graduates  fre-
quently visit the Department, speaking
about their jobs, and members,of the
Indusinal  Advisory Comnuttee and.
other representatives of employers
often address the students on trends
and opportumties 1n the field of lasers
and elcctro-opf:cs.Such exposure helps
the student develop a realistic view of
the career-for which he or she 1s pre-
paring.

By maintaining good relations with
mdustry, the Department has been aple
to respond rapidly 1o changing man-
power needs, as well a5 heep abreast of
employment opportunities as they be-
come availuble, An additional dividend
has been the donation of equipment
from organizations interested in the
training of technicians.

»

.

Idsho State University offers & pro-
gram 1 Laser/Electr6'Opiics technol-
ogy which draws upon the already
existing three year clectronic technol-
ogy curriculum. As an option within
the electronics department, the LEOT
program atienipts to prepare a tech-
nician who is proficient 1n both elec-
tronfcs and laser/electro-optics.

All courses in the LEOT program
are Htaught by faculty members of the
Electro-Technologies programs. If a
student needs a course n English,
math or physics, the course is closely
relat+d to his or her total program. This
can best be accomplished by faculty
members who can approach related
subject matter from an electronics,
laser and optics standpoint,

Student projects are an infportant
feature of every semester after the first
three. Ranging from three to twelve

available,

- The Laser/Electro-Optics Depart-
ment at TSTI emphasizes job skills, A
great deal of practical, hands-on labora-
tory experience 1sproyided with ex-
posure to as much of'thé ndustry as
possible. While LEOT mdduks make
up the major portion of most ourse
materials, they cannot tram technicians
by themselves They are an.impoXant
and versatile tool when used in con-
Junction with other source materials,~ _
additional laboratory exercises, special SN/
~projects, and contacts with industry.

“ZFhe hey-to a successful program is the

-

maximum uu_lu.auog of all resources

by Johnny Jones

An LEOT Option in Electronics . '

PN

weeks in length, these projects encour-
N -

age the development of self-reliant

technicians who, can also work in

-~ teams. Students gain pfctice in work-

ing from engineering nofes, in manual
skills needed to implemeht ideas, and
in writing final reports. These experi-
ences reinforce theoretical conécp.ls .
and introduce students to {he kind of
work they will be doing on the job.

The demand for techniicians who
combine a knowledge of LEOT with a
sound electropgs base far ekceeds the
supply. THis type of grudﬁatc is pre-
ferred by compantes which dcTVelo“p or
utilize systems with laser cogponents.
Already over 75 companies have indi-
cated an interest in employing the first
1SU clasigi’ LEOTs, * ’

. " by Richard R. Davis
. & ‘\

. 4]




r"‘l
! ,
LSy
2 S S sl
P~

X
= .
D

kbﬁg‘ ‘;k.,., e

John J. DelLeone, San'Jose City College

-

o
John ) Delcone has been involsed 1n re-

- sesich and deselopment in electronies,
vacuun, plisma, and weldmg technologes,
Betore joimng the San Jose City College he

~  worked tor seseral engmeenag tirms

‘ San Jose City Collegeas a two-year
nstitation with no tuition charges and
mmmal entrance requirements The
school offers focal residents a chance
to acquire shills that will quakify” them
for better jobs. ©

One San Jose program with this ob-
jective is Vaguum Technology and
Technical Glass Fabrication. The pro-
gram. which has been operating since
1965, evolved an response to Jocal work,
force needs It boasts a well-equipped
vacuum Liboratary. and o complete
facity for ghass fabrication. |

As the manufacturgrs of gas lasers
beame concentrated n the San [ ran-
cisco Bay, area. San Jose City College
began |nv°c\ug‘uing the feasbility of a

Jaser technican traming program. The
school’s existing Vacuum and Glass-
blawing - Technology ‘program seemed
to offer an excellent base for the en-
visioned training effort. Vacuum sys-

’
L.

| EMC £

Aruitoxt provided by Eic:

Adapting Fa‘c‘ilit(_i-esﬂ for Local Needs

- "‘187"" -

tems and glassworking facilities are
necessary for making, evacuating, fill-
ing and sealing gas laser tubes, as well
as for growing crystals, coating mirrors,
and developmg semlconduuor inte-
grated circuits,

With the assistance of an Industrial
Advisory Commmttee. an mlroduuor)
course in laser technology was planned
dutimg 1973. In the spring of 1974,
thirty-six students registered for the
course. The composition of the Tirst
class 1s tuirly rcprcscnmuve of the stu-
dent body at San Jose Many of the
LOUTSe* parlicIpdits were veterans, five
were full-time employees of loval eléc-
trontes {irms, seven were women and
six were physically handicapped.

Although some of the LLOT mod-
ules were appropriate for the mtroduc-
tory course, they had to be carefully
selected and modified to meet the

-

—t

o

couise objectives using existing labora-
tory facilities. Moreover, the majority
of students, who entered the course
unprepared for much of the theory,
had to spend the figdt semester devel-
oping basic mathematic skills, The _
resulting course utihzed some of the
‘modules in LEOT course #1, but sub-
stituted glassblowing”activitres for the
more difficult modules. .

In general, the shills develaped in g
the intraductory course provided the
student_with the option to continue in
the prograin, to seeh another vocation,
or to euter the mndustry as an assem-
blers Sumifarly , the expanded laser tech-
nuology program, scheduled to begin in
the spring of 1975, will encourage stu- . .
dents to “spin off™ and enter industry
whenever they feel they are ready.

. by John J. Del.eone .
| N
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R. James Rochwell Jr., University of
_ CGincinnari )

R Jumis Rochwdll, 3r recened s BS and-
MS degroes m Phasies ttom the L niversity
ot Cmanner T Diredting Physicist ot
the Taser 1 aboriton o the Medieal Center
ot the Unnanity ind ho w the carrent
presidont or the bascr inatitate of Amerrea,
M Rock wddl hos pubinhed numerous
papers and s oo nfthor with Dr Feon
Coddman o the recent book, f asers i
Medicne

Two ane-week courses m laser tech-
nologl ae oftered as contmuing edu-
cation programs”at the Unversity of
Cinemnay "These courses provide on-
gomg traihng tor people who are work-
mg m jobs which require some knowl-
edge of Lisers and their applications.
One ol lwo courses, ‘“‘Laser
Sarety.” has beengiven thirteen times
during the last four years, and has been
atiended by over five hundred students,

, The average level of educational zitam-

" ment of these attendees has been ap-
proximately  four years of college.
These students have represented indus-
trial laser r'cwarch. laboratones, gov-
erament agencies, corporate or mili-
tary satety umits, and legal and -
suranee tirms, to name only a few.

At 1ts ineeption. the Laser Safety
course was strictly lecture In format.
Like most fecture courses, parlicipants
were mundated with facts and theories
by the second day of the weeklong
sesston, The use of 3 wide range of
visual ads such s shdes, films and
closed careunt tefevision have enhanced
the continually -upd.ted lccylurcs."@s

these

P
the course evolved., however. student -

" desire to have hands-on experience led
*ta the present format, which includes
some laboratory “workshop™ Sssipns
designed to remforce the lecture ma-
tenal.
The workshop sessions concentrate
Q . :
ERIC ’ -
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on opuical principles, laser measure-
ment. hazard calculation. and control
measures. They mtroduce students to
the basic physical concepts of electro-
optics and \:se’rs, and then allow them
to verify thése principles n their labo-
ratory work_ In two of these sessions.
LEOT modules are now used exten
§ivc|'y' to provide hands-on expenences
with lasers and measurement equip-
ment. ‘

Due to the successful use of these
modules in the salety short course, a
second short course was planned rely-
ing primarily on the LEOT modules.
The course. called” *““Introduction to
Lasers.™ was given for the first fime

HH— '

LASER SAFETY -

B

Module Use in Continuing Education .

-a——
—

July of 1974, Parucipants n this course
‘méluded engincers and  technicians
fromzdustnal and government labo-
ratories using laser-related equipment,

L

and teachers from two-year colleges -

considening the mplementation of
LEOT options n their programs.

The success of the modular concept
in the continning education program
on laser technology suggests that the
approach may he of value in similir
programs at (mjer institutions. It may,
in fact, be the dnost appropriate way
for onienting professionals, from many
fields to a specialized technical topic.

by R. James Rockwdll, Jr.
4

~

This symbol has become the universal signature for a laser bearn, The

United States requires that alf lasers be labeled with this symbol and a
safety classification, nuibered one through four from least to most dan-

-

s+ gerous. Lasers range in power from those that can be safély viewed head-on

to those which can melt steel,

43
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Thomas A. DeTemple, University of
Minois at Urbana

Thomas A De temple receved ns B and
MS deerces from San Dicgo Slalc. College
and his PhD an Electncal | nginee Tng from
the Lniveraty ot Caltorn at Berkeley. tle
tatught at the Unmiversity of Anizona betore
Jouung the engineering faculty at the
Unnversity of Himon,

In 1973 a new laboratory course 1n
Quantum 1lectronies was inttiated in
the Department of Llectrical Engineer-
mg at the Umversity of Ithnots at
Urbanal /The conrse was developed
partly in response 1o student interess
in lasers and partty becanse the Urbana
faculty  percewved the need to train
students experimentally - for research
at the graduate level. Twenty students
participated m the course during its
first year and the number of paruici-
pants 1s expected to double thus year.

Although (the Department had pre-
viously olleréd thiree textbook courses
m lasars both o the baccalaureate and
the graduge level, the Quantum Llec-

course 4 Uns subjedt ared The Uni-
versily of Hlmois counse also represents
the first attempt i the Umited States
tw meorporate TLOE modules a5 o
medins ol providing hands-on experi-
gnee with lasers to advanced engineer-
mg students The go. ils ol the course
are 1o tustrate thé fundamental char-
actenstics ol lasers, to develop labora-
ory techuniques, and to impart infor-
mabion regaiding the use wind nususe ot
lasers.
attain these goals, the faculty
+ “had 1q attend to g wide vananee n
. student’ backgrounds. In addjtion to
an expected enrollment of students
from the clectro-mehaical disciphes,
_a significant  number of " chemistry,
mining, and metallurgy Nudents at-

¥

| o
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Aruitoxt provided by Eic

troies couise was the iirst laboratory

tended the course. There were some

k>

“individudls who had no_ background in
Quurtum Electronies and others who
were starting dissertation rescagch in
the field. all in the same course!

" A partgl solution to teaclung thus

range of students was found in the

LEOT modules. Since thesy were
o geared primanly for use in agsociate
degree programs, they had to/be con-
siderably modified for use with ad-
Lvanced engmcenng students./Much of

the matendl in thie modules was -
corporated into the laboratory noles as
mformation  for eapen-
mients, lnterestingly envughfeven those
students with a graduate Jevel knowl-
edge of Quuantum Llectgonies foun
the ncdusion of the mpdules to be
helpful.

In order to quichly
dents with lasers, laboratory worh be-
gins by requiring studdnts (o gsscmble
the equipment they wifl be using during
the course. Coursewgrk then proceeds

vnentation

amiliarize sin-

3

to un mtegratcd series of Jectures and,
planncd experiments. During the last
third of the semester, students initiate
mdividual projects, some of which
consist of building unportant pieces of
equipment. This segment of the course
1s expected to expdand donsiderably as
course enrollment grows and a greater
amount of materials and equipment
becomes available. N
The expansion of the course in
Quantum  Electronics * confirms  the
commutment of the University of Il
nois to providing hands-on experience
* with lasers at the graduate and under-
graduate levels. Other engineering -
schuls anight consider initiating devel-
opment” of similar programs. If the
University of lllinois experience is
generally valid, the LEOT modules can
be most useful in developing these
programs.

by Thomas A. DeTemple -

/
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| Tlraining'LEOTs‘ in In_dﬁstr"y .
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. Rayvmond M. Dovik, Lawrence
T Livermore Laboratories

R .
Raymond M. Dovik 18 | lectronie Technitian
Supervivor i the Controlled | hermonuclear
Rc.u!! W provrany of Lawrence Livermore
Laboratories whete he has bgen employed
tor 200 years He was an eled tronies techni.
cun o the US Navy and holds an AS in
Fectromes trom Digblo Valley C(')Ilcgc n
Cahtor. . :

By

Ag/l,;n\brclycc fivermore Laborato-
rnes 1 lecrmg.) . Cabfornia, the de-
_velopment of I xcr-fus'lnn for electncal
power planty’ has  beers progressing
steadily Tlc,n}ngggyg of the laser-
fusion program 1w 1o develop a new,
safer*method o] generating clectrical
" energy from stomic power A problem
" for the program s the scarcity of well-
trained laser techmictans. o
None of the technicy schools m the
nearby community graduated highly-
trained laser technicyans, and very few
even offered courses m optics. LLL3
mitially solved this problem by hiring
seven LEOTs. graduating front Texas
o . ‘

azmmiie CAL EDUCATION REPORTER
September~October1974 . .
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Rayrhond M. Dovik {right), technician on left.

State Technical Insfitute. However, the
fast-grqwing demand for this type of
specialist at LLL and the availability
of technicigns without laser traming
Suggested the need for an in-houyse
traming program as well.

A onc-week exploratory training
session held dunng- the summer of
1973 resulted in the partial retraming
of fourtcen Livermore staf: persons,
LEOT nstructional module . .cre used
1t this session, The flextbiliny of the
modules enabled the traming staff 1o -
choose only the material “relevant o
the spcl:iﬁc objegtives of the traming
session.™Due 1o the success of l‘his
swnitsal effort, the training-program was
expanted duritfg the summer of 1974
to include® 27 students. Among these
were two electronic engineers engaged
in laser research for'conl(ollcd thermo-

3

nuclear repctions, while thic,others were
clcclronil%ncchanical technicians,

Much of the success of the training
program 1s due to the cooperation be-,
tween the Livermore staff and the
LEOT staff at TERC and the Texas
Statg.Technical Institute in Waco. LLL
has receved “mvaluable assistance in,
unf)lcmcming the LEOT inodules, and
TSTI has gained insight into the needs *
of one potenttal employer of its grad-
vates, Such employer-educator coop-
eration is badly needed in technical
edacation, and the Livermore-TSTI ex-
periment escrves the attention of all
‘those concerned about laser technol-
ogy, as well as many fother Ite'clmical,
fields. ' *

by Raymond M. Dovik
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