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ENGINEERS -

&=

Tl# \Irm'k of engineers affects our

- lives in thousdnds of different’ ways.

Their past atcomplishments have en-
abled us to drive safer automobiles,
‘reach the moon, and evgn, prglumg
life thraugh special ma:hmery Fu;
ture accomplishments could help us
increaie energy supplies, .develop
mjre pollution-free powerplants, and
aid medical acleﬂcss fight against
disease.

In 1976, more than 1.1 million
persons were employed as engineers,
the second largest professional occu-
pation, exceeded only by teachers.
Most engineers specialize in one of
the more than 25 specialties recog-
nized by professional societies. With-
in the major branches_are over 85
minor subdivisions. Structural, envi-
ronmental, hydraulic, and highway
:ngmeefmg, for example, are subdi-
visions of civil engineering. Engi-
neers-also may specialize in the engi-
neering, problems -of one industry,
such as motor vehicles, or in a par-
ticular field of technology, such as
propulsion or guidance systems. This
‘section, which contains an overall
discussion of engineering, is followed

“ by separate statements on 12 branch-
es of the profession—aerospace, ag-
ricultural, bjomedical, ceramic,

+ chemical, cml eléctrical, industrial,

mechanical, metallurg:é‘al
and petroleum engineering.

mining,

2 i
S

‘Nature of the Work

Engineers apply the theories and
principles. of science and mathemat;

ics to practical tel‘jl'mcal prcblemﬂ
Often their, work is the link betwe
a scientific discovery’ and its ugeful

application. Enjinsgri design. ma-

chinery, products, systemis, and pro-

"* . cesses for efficient and economical
‘hey develop’ electric-

performance.
_power, water supply, and wajte dis-
“posal systems to meet the pt dblems
of urbanWagng. They des(gn mdusm
/ and equipment used to
manufactura goods; and hreating, air-
s:::mdltmnm'g and. vefitilation equip-
ment for more cﬂlﬁfﬂrlabie living.
Engineers also d;velap scientific

" equipment to probe outer space and

‘the ocean depths; design defense and
= n’ ( \L
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wgspnns 5ystgms for the Armed .
Forces, and design, ‘plan; "’and super-
Aise the construction of buildings,
h;ghways! and rapid transit systems.
They design and develop consumer
products such as aufomobiles, televi-

_ sion sets, and refrigerators, and sys-
r control and automation of .
manufacturing, business, and man-

tems for

agement processes.

Engineers must consider many fac-
tors in developing a new product. For
:xafnple in developing new devn;es
to rzduce automobile exhaust ‘emis-

'smns ‘engineers -must determine the
general way the device will work, de-
sign and,test all components, and fit
them togetlier in an integrated plan.
They must thern evaluate the mu:ra',
well as hs cust aﬂd rgllabnllty T
factors apply to most producty] ina
cluding those as different as medical
equipment, electronic computers,
and industrial machinery. /

In addition t6 design and develop-

ffnent many engmegrs work in test-

- ing, prc:duction ﬂpel‘ﬂtléﬂ; or main-
tenance. They s?p: rvise the
operatim‘y’ of prﬂduc on pracesses‘
and p:j‘férm test_s ofj wlyt manufat:-
tured. pgdm:u to/ensure that quality

stanls dy are maintained. They alsof

estimate the }ime needed to com-
plete e‘nglﬁe ing pmj:\:ts and their
};{ﬂst Stitl'otlers are in Administrative
“and managément jobs where an engi-
nEEfmg‘b/&ckgmund i necessary, or
in sales where- they discuss the tech-
nmal agpects of a pmdm;t and assist
nning its .installatior ¢ or use.
./ statement on manufacturers’
salgsworkers :ls;ew!;e%‘e in the Hand-
bgok.) Engineers with. considerable
ducation or Expeﬁence sometimes
Avork as consulta

versities.

Engineers within each -of the
branches may apply their specialized
knowledge to many fields. Electrical
engineers, for example, work in
medicine, computers, missile guid-
.ance, or electric power distribution.

nts. Some with ad- -
/vam:ed degrees teach in the engi-

‘neering schools of calleg:s and uni-
" gequirerfient for beginping efgineer-

Because engineering problems are
usually camplex ilie work in some
fields cu}z across the traditional
brancheg. Using a teani appruach to
solve problems, engineers in one
field often work closely with special-
ists in other sciéntific, engineering,

and business ogcupations. ’

Places of Employment

More than half i;f all engineels
work in/manufacturing industries—
mostly in the electrical and ¢lectron-
ic eqyipment, aircraft and parts, ma-
chingry, chemicals, scientific instry-
mefts, primary metals, fabricated
métal products, and motor vehicle
industries. Over 340,000 were em-
ployed in nonmanufacturing indus-
fries in 1976 primsriiy iﬁ construc-
neering and
srs:hzte;tura! servu;e,s, aﬂd business
and management consulting services.

Federal, State, and local govern-
ments gmplgy:d about 150,000 engi-
neers. Over half of these worked for
the Federal Government, mainly in
the Departments of Defense, Interi-

r, Agriculture, Transportation, and
in the National Aeronautics and
Space Administration. Most engi-
neers in State and local government
agencies worked in highway and pub-
lic works departments.

Colleges and _miiversi:igs em-
ployed about 45,000 &ngineers in re-
search and teaching jobs, and a small
number worked for nonprofit re-

. search organizations.

Engineers are employed in every
State, in small and large cities.and in
niral areas. Some branches of engi-
neering are concentrated in parficu-
lar- industries and geographic areas,
as discussed in the s!atemenis labﬁr in
this chapter. |

ngl;iing, Other Qualitications, .
and Advancamaént

. A bachelor’s degree in engingemng
is th:‘generally acogpted educational

ing jobs. College graduates trajned in

ginning jobs. Experienced ¢
cians with some engingering
education are occasionally a}bié 1o
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. Some ptograms offer a general

5, .
advance to some types pf‘ engmegnng
jobs.

Many eulleges reeemly have estaly-
lished 2- or 4-year pragrams leading
. to degrees in enginecring technology.
These programs prepare students for -
pracncsl design and production work
“rather than for jobs that require more
theoretical scientific and mathemat-
ical knowledge. Graduates of 4-year
€éngineering technology programs
may get jobs similar to those ob-
tained by engineering bachelor’s de-
gree graduates. However, the status’
of those with the engineering. tech-
nology degree is still not clear. Some
employers regard them as having
“ skills somewhere between those of a
technician and an engineer,

Graduate training is being empha- -

sized for an increasing number of
jobs; it is gssential for most beginning
teaching and research positions, and
is desirable for advancement. Some
spedialties, such as nuclear engineer-
ing, are taught mainly at the graduate
level,

About 250 colleges and universi= ‘
tieg offer a bachelor’s degree in engi-
~neering, and over 50 colleges offer a
" bachelor’s degree in engineering
technology. Although programs in
the larger branches of engineering
aré offered in most of these instity-
tions, some small specialties are
taught in only a very few. Therefore,
students desiring specialized training
should investigate curriculums be-
fore ‘selecting a college. 'Admissions
requirements for undergraduate en-

. gineering schools usually include

high school courses-in advanced
mathematics and the physical scienc-
es.

In a typical 4-year curriculum, the
first 2 years are spent studying basic
sciences—mathematics, . physics,

" chemistry, introductory eggineer-

ing——and the humanities, gocial sci-
ences, and English. The last 2 years
are devoted, for the most pajt, to
specialized engineering coulses.
A oy
neering curridulum, permitting Ythe
student to choose a specialty'in’
grsduate school or a:qulr: it on !he
job. ) k \\

Some. engineering curriculums re.

quire more than 4 years to complete. N

L 0}

&
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A number of cullzges and universi-
ties now offer 5-year master's degree

programis. In addition, several engi- -

neering ,s:hml; have formal arrange-
ments 'with liberal arts calleges
whereby a student spends 3 yéa;‘s ina

libefal arts college Studying pre—engl-i _move.

neering subjects and 2 years in an
engineering school and receives a
bachelor’'s degree from each.
Some schools hfive 5- or even 6-
year cooperative Mglans where stu-
dents coordinate classroom study
and practical work experience. In ad-
dition to gaining useful experience,
students can finance part of their
education; Because of the need 1o
keep up with rapid advances in tech-
hology, engineers often continue
lheu- education thmughc:mt their ca-

e
Ali“j‘ 0 States and the Distﬂct of

C‘alumbla require licensing for engi-
neers whose work may affect life,
health, or property, or who afﬁ:r
their services to the public. In iQ]
there were over 300,000 registered
engineers. Generally, registration re-
quirements include a degree from an
accredited engineering school, 4
. Years of relevant work experience,
#nd the passing of a State examina-
tion,

Englﬁf:ermg grsduatis usually” be-
£in work under the supervnsmn- of ex-

perienced engineers. Some compa-

nies have spectal programs to

-

Selected engineering ocgupations

Gogre Bumauol Labor Slatisticy

Gmwih ‘and replacemem needs are expected h'prowde
many jub openings for engmeers

_ Average annual openings, 1976-85 (in thousands)

_ _ ,7 _ __ - 7, — 77777 ,.7,,,,7

B

\ .

acquamt new engmeers w:th spemal

" industrial practices and to determine

the specialties for which they are best
suited. Experienced engineers may
advam‘:e to positions of-greaier re-
spcmsnbllny and some engineers
ansgemem or administra-
tive positi ns after several years of
engineering. Some engineers obtain -
graduate, degrees in business admin-
istration to improve their advanae-
ment opportunities, while still"others
obtain law degrees and become pat-
ent attorneys. Many hlgh level execu-
tives in pnvate industry whe b:gan
their careers as engineers. /

Engineers should be able /Q work
as part of a team and’ shcpld have
creatlwty, an analytical mmd and a
capacity for detail. They should be =
able to express their 1d337/w=ll orally
and in wntlng

Emphym-nt Cbét!ﬁmk

Emplnyment t:t:pmtumtleg for en-
gineers are expected- to be good
through the mid-1980's in most spe-
cialities. In addition there may be
some opportunities for college
graduates from related fields in cer-
tain engineering jobs.

Employmentfrequirements for en-
gineers are expected to grow slightly.
" faster than the average for all occu-
pations th’mugh‘ the miid—kQ'SD‘s,.

-5
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mgnﬂ tq: more goBids and services.

More engineers will be needed in the'

dexign and construction of factories,
* utility systems, office buildings, and
trantportation systems, as well as in
.the development and manufacture of
daf=m=r=lued products, scientific
lﬂ’ﬂ!meﬂll. industrial machinery,

chemical products, and motor vehi-

cles.’ -

. Engineers will be required in-ener-
gy-rFlated activities deve!upmg
sources of ehergy as well as designing
energy-saving systems *or automo-
biles, homes, and other buildings.
En;inﬂﬁ also” will be needed to
solve environmental problems.
. The level of expenditures in some
of these arcas, particularly .defense,
however, has fluctuated in the past,
affecting the requirements for engi-

. neers, and may do so in the foture,
The outlook for engineers given here
ia based on thelatsumption that de-
fense spending will increase from its
1976 level but will still be lower than
the peak levels of the 1960's. If, how-

ever, defense activity is higher or

lawer than the level assumed, the de-
mand for engineers will be higher or
lower than pow expected. Further, if
the demand for their specialty de-
clines, engineers may lose their jobs.
This can be a particular problem for
older engincers, who may face diffi-
culties in ﬁndiﬂg mhcr engineeriﬁg

mlz,ed by selectmﬂ c;pf a career in one
of the more stable industries and en-
gineering specialties, arid by continu-
ing-education to keep up on the lat-
est technological developments.

Despite these problems, over the
long run the number of people seek-
ing jbbs as engineers is expected to
be in balance with the number of job
openings.

(The outlook for various branches
is discussed in the separate “state-
ments later in this section. )

. Esrnings and Working
Condllions
x€ .
> According to the College Place-

+ ment Council, engineering graduates

with -a bachelor’s degree and o ex-
periende were offered average start-
dng salaries of $ 14,800 a year in pri-

ERIC
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\ Much of this ;mru: will stem from * vate industry in 1976; those with a
expansion to.meat the de-
. almost $16,500 a year; and-those

“ment on college and university teach- - .

i T . : . i LT ¢

master's, degree and no ‘expetience,
Engineets” Couricil for memmul Davgiup;_

wient, 345 E-47th 51, New Yﬁrﬁ ‘M.Y.
10017, : - = ’.

with a Ph. D., over $21,000. Starting
offers Tor those with the bachelor’s
degfﬂe vary- by branch as{shown in

the accompanying table.

neers Joint '345 . 47th &t.,

L. N ] l

Starting salaries for engineers, ﬁrk N.Y. 100 7
- by branch, 1976

' ashington, D.C.

2029 K Su NW

Average sarting

N Em" R ghm" - Far lnfarmgthn gbaut graduat:
Agmgmuc;l engineering ... $14.268 . stuﬂy, contact:
Chemical engineering. 16,212 -
Civil-engingering .... 13,764 American Sa:mjv for Eﬁpne:ﬂnl Education,
Electrical engineering. 14,448 One Gupont Circle, Suite "DD Washing-
Industria) engineering 14,568 . ton, D.C. 20036, -
Mechanical enginee . 14,964 _Societies representing the’ mdwldi_ ,
Mecullurgical engincering.... 15,600 ual branches of the engineering pro- .
- . .  fession are listed later in this chapter.
* Each can provide information about

In the Federal Government in

areers: in the ticular branch.
1977 engmeers mthabaeh:larsde careers in the particular branch

_tions are listed in the following publi-

from thie publisher: -

£93 3 ) 7: Direciory of Eﬂglmﬁn; BSocietles, puhliihed
SI 1'523 or s L 097 Those havmg by Enginests Joint Council, 345 E. 47th

Ph. D. degree could begin at $17,056 St, New York, N.Y. 10017, -

or $20,442. The averdge salary for Scientif and Tech tes of -hg[l ired
R a [+ 7 mfﬂl Societies of t L1
:xpenefn:ed engmeers in _Ihs F':deral States and Canada, published by the Na-

tional Ar:ad:my of Sciences, National Re-
gearch Council, 210! Constitution Ave.,
NW., Washington, D!C. 20418,
Some engineers are members of
labor umions. Information on engj-
neering unions is available from:

1977 : -

For a 9-month academn: college
year in 1976, faculty members with 5
years expenen:: beynnd th: bach:-
thnse w;th 18 1020 yeafs expen:m:e
beyond the bachelor's degpee re-
ceived about $21,150. (8€e state-

lnl:fnilmngl Federation, of Professional and
* Yechnical Engineers: 1128 16th §t. yw 3
Washington, D.C. 2(’1036

ers elsewhere in the Handboak.)

Engineers can expect an increase
in earnings as they gain experience.
According to an Engineering Man-
power Commission survey, the aver-
age salary for engineers wnh 20 years
of experience was $26, 000 in 1976.
Some in mapagement positions had
much higher earnings.

Many engineers work indoors in
offices and research laboratories.
Others, however, spend time in more
active work—in a factory or mine, at velop, test; and help produce com-
a construction site, or some other mercigl and military aircraft, mis-
outdoor location. ! _ siles, and spacecraft. They play an
iy ) mmportant mle in advancing the state.

AEEQSPA ENGINEERS

(D.O.T. 002.081 )"

Nature of the Work

Aerospace engineers design, de-

Sﬁufegi of Algdlilnnngl
Information

ph:ralu:n.
Aerospace engineers often special-

General information on engineer- g
ize in an area of work like structural

ing careers—including engineering

r
J

school requirements, courses of
study, and salanesﬁm avallglﬂ&'

En;magnn; Mmpawﬁfammman of Engi-
MNew :

Mational Society of Fr@'f%mml Engineers,

Many other engineering otganiza-

"cations avgilable in most libraries or,

ﬁf technnlngy in znmmermal aVIr‘

S

tor



Aerospace engineer checking out part of l‘ spacecrgft.
. 1Y - l Y-

desigh. ﬁavigﬁtinmﬂ guidanqi: and

mum:gtmn. or proﬂustmn m;thtjds,
They also may specialize inone type

" -of aerospace product such as passen-

ger planes, hefc:nptgrs satellites, or
- rockets.

Places of Employment

About 50,000 acrospace engineers
_'were employed in 1976, mainly in
the aircraft and parts industry. Some
worked for Federal Government
agencis, Pprimarily the National
Acmm&l:n and Space Administra-
tion andjthe Departmént of Defense.
A few worked for commercial air-
lines, consulting firms, and colleges
and ‘universities.

Employment Outlook
Emplnymenl of s"emspace engi—

*

ly. than the ‘average for all occupa-

tions through™ the mid-1980°s.

Employmentof acrospace engincers
is largely detérmined by the level of
Federal expenditures on defenge and
s-pac: prugraﬁig

ally been m:cm@ﬁm:d by shsrp em-
ployment fluctoations. Expenditures
for the space program are expected

‘to increase only slightly, from 1976 to

the mid-1980's, while defense spend-
ing will probably increase’ mader
ly. Although few jobs will ‘be creafed
by employment growth, many waofk-
ers will be required to fill openings
created by deaths, retirements, and
transfers of wﬁrkéfs to other occupa-
tions: (See introductory sectipn of
this chapter for discussion of training
requirements and earnings. See also
statement on. aircraft, missile,. and
spacecraft manufacturing elsewhere
in the Handbook.)

.in th; pa:t rapidK

'; o ¥ =

’ lmm

Amen:m lniﬂmu of Asmn-uﬁﬂ and Altm-
nautics, Inc., 1296 Avenue of the Amer- -
icas, New York, N.Y. 10019, —

—

AGRICULTURAL
E’GINEEES
' (D.O.T. 013.081)
Naturs of the vlﬂr'h"
- Agricultural engincers design mas.. .

r:hinery and equipment, and develop

- methods to improve efficiency in the

production, processing, and distribu- -

tion of food and other agricultural

products. They also are concerned

with the conservation -and manageé-
ment of energy, soil, and water re-
- sources, Agrictultural engineers work

in research and development, pro-
duction, sales, or management.

Places of Employment

Most of the 12,000 agricultural

- engineers employed in 1976 worked

Yor manufacturers of farm equip-
ment, electric utility companies, and
distributors of farm equipment and
supplies. Some worked for engineer-
ing consultants who supply servicés
to farmers and farm-related indus-
tries; others were mdap:ndcnt con-
sultants.

About 450 agn:ultuﬁl engineers
are employed in the Federal Govern-
ment, mostly in the Department of
Agriculture; tome are employed in
colleges and universitites; and a few
work in State and local governments.

]

Employment Outiook

engi-
than

Employment of agricultural
neers is expected to grow faster

- the average for all occupations

through the mid-1980's. Increasing
demand for agricultural products,
modernization of farm nperatim:l
mcremﬂng Emphllll on Fﬁnlﬁf\'&tlﬂﬂ
of resources, and the use of agricul-
tural products and wastes'as jadustri-

"al raw materials should provide addi-

tional opportunities for engineers,
(Sée introductory part of this section

)

\ _ s«wrenallddmﬂml ‘_ v
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, for information on iﬂlﬁmg require-
nsnﬂ qnd earnings. S;-e ihu state-

Hm‘; )

Sources of Additional
" Information -

Americin Society of Agricultural Engineers,
2950 Niles Rd., St. Joseph, Mich, 49085™

BIQMEBICAL ENEIHEERS

—

Bmmcdlcal engmeers use engi-
- peering principles to solve medlcal
ind health-related problefis. Many
do research, along with life scientists,
chemiists, and members of the medi-
cal profession, on the engineering as-
pects of the biological systems of
man and animals. Some design and
develop médical fnstruments and de-
vices including artificial hearts and
kidneys, lasers for surgery, and pace-
makers that regulate the heartbeat.

‘Other biomedical engineers adapt

computers to medical science, and
design and build systems to modern-,
ize laboratory, hospital, and clinical
procedures. Most engineers in this
field require a sound background in

“one of the fnajm‘ engineering disci-

plines (mechanical, electrical, indus-
trial, or chemical) in addition to spe-
cialized® biomedical training.

Places of Eﬁ:-m
There were abﬂ!;t D00 biomedi-

cal engineers in 1976. Most teach
and do research in colleges and uni-
versities. Some work for the Federal
Government, primarily in the Na-
tional Aeronautics and Space Ad-
ministration, or in State agencies. An
increasing number work in private
industry developing new devices,
Ie_ghmqugs. and gystems for improv-,
ing health care. Some work in sales
positions. '

Employment Outiook

Employment of biomedical engi-
neers is expected to grow faster than
the average for all occupations
through the mid-19807s, but the.actu-
al npumber of openings is not likely to
be very large. Thost who have ad-
vanced degrees will be in demand to
teach and to fill jobs resulting from
increased expenditures for medical
research. Increased research funds
could also create mew positions in
instrumentation and systems for the
delivery of health services. (See in-
troductory part of this chapter for

el

Aruitoxt provided by Eic:

. making ceramic materials mm usefu

information on tramd reqmrsfmsms
‘and earnings. ) : :

sauren gl Addiﬂanl
lnhﬂﬂaﬁm

Alliance for Engineering in Medicine ind Biol-
ogy, Suite 404, 4405 East- West Highway,
sada, Md. 20014,

- :'l Engintering Socicty, FQ Box
239‘) fuhrsr €ity, Calif. 90230,

CERAMIC ENGINEERS

(D.0.T. 006.081 %

Nature of the Wotk -

Ceramic engineers develﬂp new
ceramic materials and methods for]

products. Although to some, the
word ceramics means potitery, ce-
ramics actually include all nu?ljneml—
lic, inofganic materials which require
the use of high temperature in their
processing. Thus, ceramic engineers
work on diverse products. such as
glassware, heat-resistant materials
for furnaces, electronic components,®
snd nuclesf resctar’s They alsﬂ dea

gf plsnts and eqmprmm m msnufa:—
ture these products.
Ceramic engineers generally spe-

cialize in one product or more—for *

example, products of refractories
(fire-and heat-resistant materials
such as firebrick); whitewares (por-
celain and china dinnerwaré“or high
voltage electrical insulators); struc-
tural materials (such as brick, tile.
and terra cotta); electronic ceramics
(ferrites for memory systems and mi-
crowave devices); protective and re-
fractory coatings for metals; glass;
abrasives; cement technology; or fuel
elements for atomic energy.

Places of Employment
~ About 12,000 ceramic engineers

were employed in 1976, mostly in the
stone, clay, and glass industry. Oth-

‘ers work in industries that produce or

use ceramic products such asthe iron

by
{

it
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Most ceramic anginsers are smployed In the stone, clay, and glass Industry

and stea!: electrical equipment, aero-
space, and chemicals industries.
Some are in colleges and universities,
independent research organizations,
and the Federal Government.

=mployment Outlook

Erhployment of ceramic engineers
is expected to grow faster than the
average for all odcupations through
the mid-1980's. Programs related to
nuclear energy, electronics, defense,
and medical science will provide job
opportunities for ceramic engineers,
Additional ceramic engineers will be
required to improve and adapt tradi-
tional ceramic products, such as
whitewares and abrasives, to new
uses. The development of filters and
catalytic surfaces to reduce pollu-
tfbn, and the development of ceramic
materials far energy conversion and
-conservation, should create addition-
al openings for ceramic engineers.
(See introductory part of this section
for information on training require-
ments and earnings. )

Sources of Additional
Information

American Ceramic S ciety, 65 Ceramic Dr.,
Columbus, Ohio £321 4,

3 CHEMICAL ENGINEERS

(D.O.T. D0R.081)

Nature of'the Work

Chemical engineers are involved in
many phases of the production of
chemicals and chemical products.

They design equipment and chemical ~

plants as well as determine methods
of manufacturing the product. Often,
they design and operate pilot plants
to test their work and develop'chemi-
cal processes such asthose o remove
chemical contaminants from waste
materials. Because the duties of
chemical engineers cul across many
fields, these professionals must have

< a working knowledge of chemistry,
physics; and mechanical and electri- §

gal engineering.

B : /')
4
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This branch of engineering is so
diversified and complex that chemi-
cal engineets frequently specialize in
a particular operatioh such as oxida-
tion or polymerization. Others spe-
cialize in a particular area such as
poliution ‘control or in the produc-
tion of a specific product like plastics
or rubber. '

Places of Employment

Most of the 50,000 chemical engi-
neers working in 1976 were inmanu-
facturing industries, primarily those

‘producing chemicals, petroleum, and

related products. Some worked in
government agencies or taught and
did research in colleges and universi-
ties. A small number worked for in-
dependent research institutes and en-
gineering consulting firms, or as
indepefdent consulting engineers. °

Employment Outlook

Employment of chemjcal engi-
neers is expetled to grow about as
fast as the average forall occupations
through the mid-1980's. A major fac-
tor underlying this growth is industry
expansion—the chemicals industry in
particular. )

The growing complexity and'auto-
mation of chemical processes will re-

uire additional chemical engineers

“1o desigh, build, and maintain the

necessaty plants and equipment.
Chemical engineers also will be
needed to solve problems dealing
with environmental protection, de-
velopment of synthetic fuels, and the
design and development of nuclear
reactors. In additiqn, development of
new chemicals used in the manufac-
ture of consumer goods, such as plas-
tics and synthetic fibers, probably
will create additional openings. (See
introductory part of this section for
information on training requirements
and earn ings. See also the statement
on chemists and the industrial chemi-
cal industry elsewhere in the Hand-
book.)
Sources of Additional
" Information

American Institute of Chemidal Engigeers,

345 East 47th St, MNew York, MY
o017,
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Chemical enginesr checks production instructions at chemical ﬁli,nl_—

CIVIL ENGINEERS

(D.O.T. 005.081)

Nature ot the Work
Civil engineers, who work in the
‘oldest branch of the engineering pro-
fession, design and supervise the con-

=

struction of roads, harbors, airports, _

tunnels, bridges, water supply and
specialties within tivil engineering
afe structural, hydraulic, environ-
miental (sanitary), transportation (in-
cluding highwhys and railways), geo-
technical, and soil mechanics.

Many civil engineers are in super-
visory or administrative positions
ranging from supervisor of a con-
struction site {o city engineer to top-
level executive, Others teach in col-
leges and universities or work as con-
sultants.-

Places gf Employment

About 155,000
were employed.in 1976. Most work

civil engineers

B
Q
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for Federal, State, and local govern-
menlt agencies or in the construction
industry. Many work for consulting
engineering and architectural firms
or as independent consulting engi-
neers. Others work {or public utili-
ties, railroads, educational institu-
tions, and manufacturing industries.

Civil EﬂgiﬁEEfS\WDI’l’; in all parts of
thg country, usually in or near major
industrial and commercial centers.
They often work at construction
sites, sometimes in rem ote areas or in
foreign countries. In some jobs, they

must often move from place to place
te work on different projects.

Employment Outlook

Emplgymgm of civil engineers is

‘the average for all occupations

through the mid-198(7s. Joh oppor-
tunities will result from the growing
nceds for housing, industrial build-
ings. eclectric power generating
plants, and transporiation systems

X o
created by a growing population and
an expanding economy. Work relat-
ced to solving problems of environ-

mental pollution and energy self-suf.,
. ficiency will also require additional -

civil engineers. -

Many civil engineers also will be
needed each year to replace those
who retire, die, ar transfer to other
occupations. (See introductory part

of this section for information on-
Braining requirements and earnings:)

Sources of Additional
Intormation

American Society of Civil Engineers, 345 E.
47ih 5t., New York, N.Y. 10017. -

ELECTRICAL ENGINEERS
(D.0.T. 003.081,.15], and .187)
Nature of the Work

op, test, and supervise the manufac-
ture of eléctrical and electronic
equipment. Electric equipment in-
cludes power generating and trans-
mission equipment used by electric
motors, machinery controls, and
lighting and wiring in buildings, and
in automobiles and aircraft. Elec-
tronic equipment includes radar,
computéers, communications equip-
ment, missile guidance systems, and
consumer goods such as televisions
and stereos.

Electrical engineers generally spe-
cialize in a major area—such as inte-
grated circuils, computers, electrigal
equipment manufacturing, commu-

-nications, or power distributing’

equipment—or in a subdivision of
these areas—microwave communi-
cation of aviation electronic systems,
for example. Electrical engineers de-
sigrn new products and specify their
uscs and write performance require-
ments and maintenance schedules.
They also test equipmen, solve oper-
ating problems, and estimate the
time and cost of engineering proj-
ccts. Besides employment in re-
search, development, and design,
many aig in Manufacturing, adminis-
tration and management, technical
sales, or college teaching.

o

Electrical engineers design, devel- -

=
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ness rna:hmss and pmfessmnsl and -

-Ss:mnhﬁc: equipment. Many work for

telephone, telegraph, and electrm

light and power companies. Large

. numbers are employed by ggvern-

ment agencies and by colleges and

‘- universities. Qthers work for con-

struction firms, for engineering con-

- “sylfants, or as independefit consult-
'ing engineers. )

Employment Outlook

Employment of electrical en g
neers is expected to increase abou
fast as average for all ;:gi:upatmns
through the mid-1980’s. Although in-
creased demand for computers, com-
‘munications, and mlhtary electronics
is expected to be the major contribu-
“tor tgethis growth, -demand for elec-
trical and efectronic consumer
'goods, along with increased research
and dE\iElﬂmeﬂl in new types of
pawer generation, should create ad-
ditional jobs. Many electrical engi-
neers also will ‘be needed to replace
personnel who fetire, die, or transfer
to other fields of werk.

" The long-range outlook for electri-
calengineers. is based on the assump-

mid-1980's will increase from the
1976 level, but will still be somewhat
lower than the peak level of the late
1960’s. If defense activity is higheror
lower than the projected level, the
demand for electrical engineers will
be higher or lower than now expect-
ed.

(See introductdry part of this sec-
tion for infdrmation on training re-
quirements and earnings. See also
statement on electronics manufic-
turing elsewhere in the Handbook.)

' :

v

Sour:s; ~of Additional
Information

Institite of Electrical and Electronic Engi-
neers/United States Activities Board,
2029 K St, N.W., Washington, D.C.
20006. :

Most civil shgineers work far conatruction eampgnﬁ-; and Federal, Siats, and locsl
governments. )
Places of Employment °~ 300,000 electrical engineers. were
" employed in 1976, mainly by manu- o ,
Electrical enginecering is the largest  facturers of electrical and electromic ]
equipment, aircraft and parts, busi- — — —

ir/m;h of the profession. Abhout juipment,
: 9

i
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Elscirical enginesr developing apecialized alectrical gqulpmimi .

{NDUSTRIAL ENGINEERS

(D.O.T. 012.081,.168, and .188)

Nature of the Work:

Industrial engineers determine the
most effective ways for an organiza-
tion to use the basic factors of pro-
duction— people, machines, and ma-
terials. They are more concerned
with people and methods of business
organization than are engineers in
other specialties who generally are

concerned more with particular

products or processes, such as met-
als, power, or mechanics.

To solve organizational, produc-
tign, and related problems maost effi-
ciently, industrial &éngineers design
data processing systems and apply
mathematical concepts (operations
ressar:h techniques). They also de-
velap management control systems
“to aid in financial planning and cost
analysis, design production planning
and control systems to coordinate ac-
tivities and control product quality,
and design or improve systems for
the physical distribution of goods and
services. Industrial engineers also
conduct plant location surveys,
where they look for the best combi-
nation of sources of raw materials,
transportation, and taxes, and devel-

10

RIC

Aruitoxt provided by Eic:

op gvage and salary administration
systems and job evalyation programs:
Because the work i3 closely related
many industrial engimeers move into
management positions.

233"

1,

. tion and mining firms, and pul
. utilities. Hospitals, retail organiza-

Places of Employment
About 200,000 induitrial engi- -

- neers were employed in 1976; more
than two-thirds worked in manufac-- -

turing industries. Because their skills
can be used in almost any type of
company, they are more w1q=l.y dis-
ributed among mdustrles than are
'thpsg in OthEI]bTSﬂEhes of engmeep
ing. For example, gome work fog in- -
surance Eﬂmpaﬂles‘ banks, :unst

HC

tions, and_other large business firms
employ industrial engineers to im- .
prove operating efficiency. Still oth-
ers work for government agencies
and colleges and upiversities. A few
are independent consulting engi-
neers. ’ ;

\ Employment Outlook

Employment of industrial engi-
neers is expected to grow faster than
the average for all occupations”
through the mid-1980's, The increas-
ing cpmplexity of industrial opera-

oy

/ lndun&l engineer reviewing flim of production process to check for problems. ’
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* ognition of the importance

tinn: and the eqpinlian t:f automated

-.processes, along with industry
growth, are factors sunmb iting to
employment growth. Increaked réc-
scien-
tific management and safety engi-
neering in reducing costs and

‘increasing productivity, and the need
to solve environmental problems, », = .
should create adl:ht,lg;mal,ut:»[:r[;!rmmm-,X

ties. . -

- A‘dditi@ﬁa’l n;umberi- nf industrial , .
engineers will be required each’year .+ About 200,000 mechanical engi-

to replace those who retire, die, or -
transfer to other occupations. (See
introductory part of this mctmn for

_information on training réquirements

and earnings.)

Sources of Additional-
- Information

American Institute of Industrial Engineers,

. ¢ .Inc., 25 Téchnology Park/Allanta, Nor-

cross, Ga, 350‘?2

. MECHANICAL ENGINEERS

(D.O.T. 007.081, :151, 168, and _
.187)

, . Nature of the Work
Mechanical .engineers are con-
cerned. with the production, trans-
mission, and use of power. They de-
sign and develop power-producing
machines such as internal combus-
tion engines, steam and gas turbines,
and jet and rocket engines. They also
design and develop power-using ma-
chines such as refrigeration and air-
conditioning equipment, elevators,
machine tcmls printiﬂg presses, and

'Fhe wmk of mechanica! engineers
varies by industry and function since
many
within the field. Specialties included
are motor vehicles, marine equip-
ment, energy conversion systems,
heating, ventilating and air-condi-
tioning, instrumentation, and ma-
.chines for_gpecialized industries,
such as Pet:‘;lzum rubber and plas-
tics, and construction.

. complexity of industrial

specialties have developed *

gmeers dn research te;t. and desngﬂ
work. Many are admipistrators or
managers, while others wotk in‘main-
“tenance, technical sales, and produd-
~ tion operations. Some teach in col-

leges and un;versmss ot wnrk as

consultants. j

' Places ot Employment

neers were employed in 1976. Al-
most three-fourths were employed in,
manufacturing—mainly in the prima-

“ry and fabricated metals, machinery,

transportation equipment, and elec-
trical equipment” industries. Othexs
worked for government Egem;les,

* educational institutions, and consgult-

ing engineering firms.

. ¥
Employment Qutiook

" Employment of mechanical engi-
neers is expected toincrease aboutas
“fast asthe avefage forall occupations
through the mid-1980's. The growing
demand for industrial machinery and
machiné tools and the jncreasing
achinery
and processes will be major factors
supporting increased employment
opportunities, Mechanifal engineers
will be needed to develop new energy
systems and to help solve environ-
mental pollution problems,

Large numbers of mechanical en-
gineers also will be required each
year to replace those who retire, die,
or transfer to other occupatioms.
(See introductory part of this section
for information on training require-
ments and earnings. See alio state-
ment on occupations in the atomic
energy field elsewhere in the Hard-
book )

Sources of Additional
Information
¥

The American Society of Mechanical Engi-
neers, 345 E. 47th 5t_, Mew York, N_Y.
10017, :

LI

- METALLURGICAL
'ENGINEERS

(D.i);‘r. ﬁlui'slj

Nmun of ﬂil erk

: Metsllurgu:al anginger: dﬂelnp
methods to process and convert met-
als into uscful products, Most of
theze engimeers generally work in:
one- o
metallu rgy-sxl:rmtng or chemical,
physicaly and mechanical. Extractive

. metallurgists are concerned with ex-

tracting metals from oxes, and refin-

‘ing and alloying them to obtain use-

ful metal. Physical metallurgists deal
with the magurs, structure, and phys-
ical properties of metals and their -
afloys, and with methods of convert-
ing refingd metaly isito final producy.
Mechanical tnetnllurglnl develop
methods to work and shape: metals
such as casting, forging, roliimg, and
drawing. Scientists working in this
field are known as metallurgists or
materials scientists, but the distinc-
tibn between scientists and eiginees
im this Field is smuall,

Places of Employment

The metalworking i'négstriesh pri-
mnarily the irom amd steel and nomfes-
rous metals industries—employed
over one-half of the eitimated
17,000 metallurgical and materials
engingers in {976, Metallurgical en- |
gineers also work in industries that
manufacture machinery, electrical
equipment, and sircraft and pars,
and in the mining industry. Some
work for government agencies gnd
colleges and universities- -

Employmant qulgni

) Employment of metallurgical and
materisls enginters is -expected to
grow fazier than the average for all
occupations through the. mid-1930's.

An increaging murmbeer of these engl_,
neers will be meeded by the meul-
vorking industries to develop new
metals and alloys as well as to adapt
current ones to new needs. For ex-

the three main branches of
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Mstallurgical sngineers study the physical propsrties of metal.

1
ample. communications equipment,
computers, and spacecraft require

lightweight metals of high purity. As .

the supply of high-grade ores dimin
ishes, more metallurgical engineers
will be required to develop new ways
of recycling solid waste materials in
addition to processing low-grade ores
now regarded as unprofitable to
mine. Metallurgical engineers also
will be needed to solve problems as-
sociated with the efficient use of nu-
clear energy. (See introductory part
of this section for information on
training requirements and earnings.
Also see statement on the iron and
steel industry elsewhere in the Hund-
book.)

Sourceas of Additiunal
Information

The Metallurgical Society of e Aun. .
Instilute of Mining, Metallurgical, and Pe
tioleurn Engincers, 345 E. 47th St New
York, N.Y. 10017.

American Society for Metais, Mewah Park,
Ohio 44073,

RIC
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MINING ENGINEERS

(DO T 010.081 and .187)

Mature of the Work

Minlng engineers find, extract, and
prepare minerals for manufacturing
industrics to use. They design the
layouts of open pit and underground
mines, supervise the construction of
mine shafts and tunnels in under-
ground operations, and devise meth-
ods for transporting minerals to pro-
cessing plants. Mining engineers are
responsible for the economic and ef-
ficient operation of mines and mine
safety, including ventilation, water
supply, power, communications, and
cquipment maintenance. Some min-
ing engineers work with geologists
and metallurgical engineers tolocate ~
and g!ﬁ?f‘aise new ore deposits. Oth-
ers develop new mining equipment
or direct mineral pmcrgs'mg opera-
tions, which involve separating min-
erals from the dirt, rocks, and other
materials they are mixed with. Min-
ing engineers frequently specialize in
the mining of one specific mineral
such as coal or copper.

With increased emphasis on pro-
tecting the environm ent, many min-
ing engineers have béen working to
solve problem=related to mined-land
reclamation and watest anyg air pollu-
tion,

P!m‘;n‘ of Employmernt

About 6,000 miming engineers
were employed im 1976, Most work
in the mining incustsy. Sorme work
for firms that produces eq uipment for
the mining industry . w hile others
work in colleges and universities, in
government agienczies, or as indepen-
dent consullarats.

Mining engineers are wsually em-
ployed at the loca tiors of mineral de-
posits, often necar smallcommnunities.
However, those in retearch. teach-
ing, managemesnt, con3ulting, or sales
often are located in lage metropoli-
tan areas.

Employmernt Qutlook

Employment of mining engineers
is expected to increase faster than
the averllge for all occupations
through the mid- 1980's. Efforts to
attain energy self-wfficiency should
spur the demand for coal, and there-
fore for mining en ginezers in the <oal
industry. The increases in demand for
coal will depend, toa greatextent,on
the availability and price of other do-
mestic energy Sources such aspetro-
leum, natural gas, andl nuclear ener-
gy. More technologically advanced
mining systems and furher enforce-
ment of mine hrealth and safety regu-
latiems also will increase the need for:
mining engineers. In addition, explo-
ration for all other miine nals s aiso
increasing. Easily mined deposits are
being depleted . creating a meed for
engineers to devise more efficient
methods for minirg low-grade ores.
Employment opportunities alio will
arise as new alloys and new, ues for
metals increase the demand for less
widely used oress. Recoveryof metals
from the sea and the deve lopment of
oil shale deposits could preseént ma-
jor challenges: o the mining engi-
neer, (See introdustory part of this
section for information on training
requirements and earnings See also
statement on minirg elsewhere in the
Handbook.)

S
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alsothe b undreds cafsmaller 1 ndepen-
det ol explontionand producgon
commpanics They alw work for com
padies thal produce drilling equip-
mesnt and sup phes  Some pe toleurn

enginecrs work in banks and other
Tl aneial matiuirans whic h o need
thesit kenuwaled gge ot the ceono g val
ue of ol and gas properties. A small
nusnber work lor engirscerimg von
mlilné fig Tiis ¢ =1 dax ind:’;pund.::nl LU
sl Ungg ca @licestn aaid foe the Federal
ancd State govestinens

e pearolcwm ciglne w a wexh 1a
cor cemibia ted 10 places wlore ol and
g= at = foxund  Alnaust thice lositha
of ull petrolewam engine ers A em-
plus yedd in the ol praduceng 35 tates ot
le men . G RMlalhieing Lo blagte and
Calllornia lheie =i neany  Adiacnd
Car? pelicslour® eagliicen working

oves e as 1 oth producin g countries

Eae pluy mers b0 Rlout

et I Ly et
T N 1. EUITRT T YO I

thuei L. s ot furn ell ehod gdl vz

thew nge b thw sl 12200 ba s anis

]
¥
2
[ ]
L

~

Milivrey seeflisFoim s ishgrunmibias lus he siflaisisi vproiativn of rrsine s g MEn

expranshoar vl vegguite mercasing
wps bl wxt po bole um cnd wmtonal
Baofurs e ool Ad Ao o0 Lor [ o . 4] Ban o wa fo vilhn e s g s Byallts

'.nl‘ 1y ﬂ"‘;“ : -t s o by T R ! . Wi = 4k &3 Al Jlheals, . alland o snt
T S U T (TS e AR T gy =t savehler oy amua hoagh l.nug.l;
T T LT S T gly =0 plas Uated
caibed L O T L RIETS BENTIRNL] SR L T LV T T T stllis 202 will
‘ ‘ , T Y S O T (S PR Y [ | =iy He e a oaa e oloall
L wan o s by e . 1 a1 ocun g ahale an I ooc e wllnl. oy pil
\le

A I B S I S TR T T o2z a4y Lrode do,oud AN
NRRRTYRS RV TIFT R TR NS PR PR PouuEh n th. =y Do a0 wil [ unl!!llulg [CS T
g e wes b [CANTTE T TR TERN vicemdor gl d o i!g:n';,!lcui’l’\ e g

TS T O PR | PN T T IR tee en Choes ilr el iy pait p“l Lhia

| T T Y TR R S DR 1 O RN s hs lg itennna <o 4 \,fu!..\ué

| oLl U (A T T 1 I T T

B T T T LA Y SPOY IR T i
-1 | PSR SOV B ¥ R W RN O N [ S A 1Y 1 1Y VI

il S S L N e 0 s Ity 11 & llon

[ T | T T PO

Lo e e -.J‘;,i\l.,!’. AV TN W AR . .

.1, T I T N T g zh [ T I '

EEEHTE TEN TR S T T T [ DT LY P i

A T T . | TR M SUER = e e

Q

ERIC

Aruitoxt provided by Eic:



Fatrplauin snylussrs discuss probilsn sl oillingl & ap v b

BDHUOALCASI
{ECHNICIANL

T AT
% Lesad aond 1o ast
I L R S TR TR T N N (T
sl el cophis nes s et
l!éht atnd souad Eifc 0ol
T I T 1 O S T

wibics ciaprme,

In «he contin | .
o=h. leta, s Vi d g L oo e
regulates . gl ol sl

plelinies pellhg reco fa o Iy

wast Th y absor speraw o nbiols tha

sa il b o bireadeases Lvall O vou teia

ERIC

Aruitoxt provided by Eic:

1 i N N P T i
T T P B T TR Y FUN IO ¢
vt pervgiatna By oawes g 0 had 'Y
valcahd 1nes e e b wiaele
peliveas Liviaanata the r gl - Lovhialsag
Al I aan pet ossph Ll Ve sbaddl,,

Alliv i s v oaim semabl, e seandin,
PN VT FYURN SRrTRRIYS RN R PO Y PO BTN Wiy
g s th L e T T o YIS |
R L BT crpaly ans ol afie the.

Lo wdvo v, disgvanile he e gy,

e il el s ok (e thiee walsg
A s daod ma tey lisiielar
call sy poralosa a sanici, i
Ny in L"E,.' stunnonn o ad ino
wa kb voe b athe s heoad e b
[T [TT Y YR N | T

prslon ) s aua ghaac bla sy Lhaongs
Ik [ ‘,Lj:' frensrifity s 1echryg
Sty Dol g e g aadigs g oalp
ITTT] ERT I G TR ,'Jg.l_|lz)[. fs ot Liangizaasit
f‘!s(fl. = Fiud fl 2,

Lo IS A

lechricians sel up, mamtain, and re-
pair electronic h?nadcasting equip-
ment. Audio contral technicians Tegu-
late sound pickup, transmission, and
swilching, and' video conrrol techni-
cians regulate the quality, brightness,
and contrast of television pictures.
The lighling of television programs is
directed by lighting 1echnicians. For
programs onginating vutside the sty
dio, field technicians set up and oper
ate broade asting equipment. Record,

ing techni dans Operate and matntan
soung revoiding equipinent, video 7o
(,ufzflf'fhs techniciany operate and
malintain video tape recording equip-
meil Suimcthnes the term “engi
neer’ 15 substituted for ~“techuician

Flaves of EsaPlayirnil

St 24 cud ol ast 1. s,
s owese gaupleyed inoraan and
televiston saattons i 1976 Mow 1a
div stations cinpley tewer than ot
tewhitelans although a lew laige
wines have oote than ) Newly all
television tallvns employ st boust 10
broadc icians, and thuse in

laléi ménypu!llg!! dican dviltgo

st techni

abuul 30 Lo additie.. to th e b
CIAI msleg supcl vls iy p<oaenng]
withi | b odthe ) sush as Choof chiglinec,
i dlicaoun wn enganesiing stk
S lecr g e patlinsals

Althvugh broadcast o toaor
ceeosmmploy ] wvery Blae st
are located ia warge .aetropolitan
sty 0 [ hie l.gﬁ!l. sl pa,ang and nigat
speslalied Juba ai Conceatia.ad o
Pdea Yurh Loa Auyeles, and Wa b
gt a L2 ¢ Ll e snginating . stilers

tear gt ol sl nsbaoth progiam:

[ N RV V1Y T T LTS 07 1 T e
an, Advencument
. T I SR Y D A T .
“.oaal Loonfaelan e uld plos
U Fiat 4 taas Badlotclephoaiie Oy
Coat-1 1 ense Lo the Pedeial
( iotustleatlons ¢ aanMission
(4 ) rodaan luy deguifes chat
By st wlia aj.ela. os bruvaac ast
Uoeteatind etz 1 tele. ol o atatlons
nuad hoeod av hoa ll;éj;g;, The law
alae coqquli s Ulse . dae L‘ilt;—[ ingl =a1
of s biaad.a unyg statien b Id a flst
s llwense The FO'C issuesa Thnd
Ulas o (}pi:-!r;,lul {leense tee. and

soume Llalloha teyaie all ot bosad-
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Broadcast tachniclan makes video tage rec

veant bachishodana Ge liws s s st hie

uvthe, of these icenacs Applic s

fn a PLOC Noguzse muatl | azs e asiies

uf wititen esammadions. Thaeue cov e

vunati udlion and ope ATION O Liais
mission and receiving equlpment,
chatactoriatt, a of clec antld it
waves, alsdicgniati. ns atd prattises
buth tedoral and tawernaticnas
w hlal, govern booad satng

Amn Hig hlg,h schoan b, L
ted, Lilgdurhigtny ph;ala—; wde L a
s dind uthen suleases ey Lide valu

ablc
atillaipralling

Pl et autl

backgiuwugysd

valgcrs 1o thi, o s

[SUR ¢ Euildlhé antl tey el Uilg wsd aaiiia
teul eaadle atasbuin slis b g o4l craln
g lakin, ay el trui. o Lo o dn o
et alaal school bs a0l anattog, g o
way b asgqulie the ks v lodge o ba
LM g a bBriuattdeas, woahiadoalar 3 nss
peisuiis galn worh capeituimee ns tums
purary cuployees o hirle Blling 1o fon
icgula: broadeas, techaician . « hon
Are wun . acallon

Many schools 4, .
aally designed woprep g tbe s des
fur the FOU s st o lasy docam: tust

e hnlval sthoul v coltige Lamimg
15 an advanlage L dhose wile hupe

visriy pruaillaiss

L. advaries W zupe.
v o the woiz speolalle | Jubs 1
lar g& staliuns an.d n the nel. orks
Pesons with FO O st Jasaliee s
<> who get entry Jous aie insiructed
and advised by the chief cngineer o
by other eaperienced wehnlcians

erding gn aleitronic squlpmaent

sk opoasduad

R LT
the stutlon Lo stoall stations, ll;;;y

iidy alail b sy ziating the Gansmig

121 and handiing uther technical du
tic.. afigr a bigl mativetion penod
As they acquife more experience and
skl they aie waslgned o ruwie e

apuaible Job. waes wh deinan
potaible Job. It b d

sliatle al 3ve o clage ﬂblllly liiay

atto Lo dosved to hinteal posi

[T AN

Wsaria sahi as arpelvisuly techidutan

Fengiiecr A college degice n

Gaouhi
chgliceding is be. wning inwreasingly

Linpaatanlt fia qdd\gua,;ii!gul Lo supel

visory and executive positions

R TN T PPN

o e b s vans face o 3

b sy thally e o inetrop b

Livaa shiere th . nunml .z of quuh
oo peliss chers gxezeds the numbe,

Lb pruspacts may be

[ ]

wl s panings

ez 1t sccaller cities ful peuple

with gy proprale G alDig h e leclron

[ TP

},_._.; T [ S U Y
cats s vapesde | 0 uoiease L bout oy,
List as tiz averwg: tur all oocupations
thiough the mid 1940's Most job
upening. hoasvever will result tioim
the nieed L l’s;pln‘,f; tApc!l;l!;i;cj
tewloalelat - wi-o lelite die o anas
fer to oothio gewapallui.s

Luotee ne v Jub uppotteaiucs (.
new r.dio

inohniclana will aalse as

and televisln slations go un lhe alr

[.,

Dognand for brdbadcast techni
also will increase as cable television
stations broadcast more of their own
programs. At the same tuime, techno-
logical developments are likely to
limit future demand; such laborsav-

programming, automatic operation
logging, and remote control of trans-
mitters all hold down demard for ad-

Earnings and Working
Conditions

salarics  f beginning technicians

m commerig@l radio and television
week in 1976 and those of experi-
enced technicians from about $200
iil.tu 5450, according to the limited in.
foimation available As a rule, tech:
nicians’ wages are highest in large
citiea and 10 ldige stations. Techni-
cians employed by welevision stations
g than those who

usually are paid
wotk fur radio 4 15 besause tele-
vision 15 ger
plex. Technicians employed by gdu-

bivadueasting stalttons

wutk erally more com
cativnal
generally cam less than those whao
wuork for . ominercial slauons

Muoat tzahntctans 1 large stattons
vtk a 30 howr weok with Gvertime
pay feo additiunal Some
broadcas: technician: in the larger

hwuis

witles wuth a 37 hout ~veck In smnall

statloas, many technitans work 4 1o

12 houa of uoverlling cach week
Ev nmg Laght and wozheny woik

iesyuenii, 15 niecessury, alilce gany
stallONS at. wua the air a5 many as 24
howuis a day 7 days a week Meiwgrk
tevhinvians miay vuasiunally have 1o
wuth contliuoualy fur many hours
and Lader greal prussuse 1o order to
nicct broadeast deadlines
Lc.hniciaus generally waoik 1
d. oty tn pleasant surrounaings the
work 15 luteresting and the duties are
varftd When renote piekups are
niade, te chaicians niay
woth « il ot dovis al sume diswance

houwevel

Souitas 1« Additiunal
Infura.ation

. infuanration about jadivicle

, + ¢.1e Operator's examinations, and

guides to study for thern, write to:



E

A

Federal Communications Commssie

W ash-
Jiagton, BC 20554 .

For information on careers for

broadcast technicians, write o

Mational Association of Broadeasiers, 1771 N
St. MW ., Washington, D.C 20016

Corporation if_ﬂf Public Elfliﬂl,lk‘aﬂ:!ﬂg. (RN
16th. 6. NW., Washingion, D% 200138

DRAFTERS
(DOT. 001 281, QU2 281 uus 2481
005.281, 007 281.010 281
014.281, and V17 )
' MHature of the Wook

When bullding o sPace oa,
television set, or bitdge, woikeys tol

low drawings that show the cxac Jdi
mensions and specifications of he
entire object. and each of its paita
Workers who draw
drafters o
Drafle.s picpaic aaiailod o g
based bn rough sketches, specil

theae i‘:"ﬂilﬁ ETRS

I
tions, and calulavons wade by scicn
and Jo
tha

tists, engiacers architecls
They also calcuiate
aisd
of mateniuls Finur drawings _on in o

Signers
strength  quality  quaauty sant
detailed view of the ubjec tion all
sides as well as specitications for 1.u
enals ww be used pracedures tol
lowed, and other information to car
ry out the job

In peeparing g, .. L, 0. ..
womMpasses dbvideis pro tacuan v
angles, ana other drafting det ca
They also use engricering laald
books tables and caleulators . o Lely
solve techuaical problens

Drafters are classified o. . .. 4.,
the work they do or thelr izvel of
responsibility. Semwr frafte., vas

late an engineer's or .rchitect s pie

liminary plans into desige’ “la, cuts’
(scale dréwi:nga of the object s b
built) [Dderaile.s Jraw eal
shown on the layout, and glve dunea
sions, materials, and other infurma

parl

tion to make the drawing clear and
complete Checkers carefully e.an
ine drawings for erfurs in conputing
of recording dimensions and specuifi
cations. Under the supervision of ex
perienced drafters, iracers make mi
nor corrections and trace drawings

1&
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et depruducbion won paper of plastc
filne

Diaticia waudlly specialice i a par-
feld ot

=

tsulai work such as me-
vhanical ele. titeal . electionle, aero
ireals Uo al Sl,f\u,l\j!;il\‘ wt architeotur al

druf’lmg

LI Y P |

DI BN peaasna wysah ol aa

Aluasvag 1970 insie thian ¥ wul ol
cbosesabsu i pinale dusty Engl
ac.ihig anl srchitesiural firins em
v 3 Gut of the 10 Guher

cuiploy c.a inofuded the fabr

plog; od
fhaajas
vated mietals cloctrical equipment,
sachuisiy  akd wonatiuclibn Indus
Ltiles

Al I
o . il
[P TY 5 W Y]

Feuderul

FAYETATET RN PR | S T T I

Biate aud laal

[ e A )

Euviin
Auat diallevs tn Lhe
vsehinent vorked tor the
Lictlouse Jcpartnent those 1o Soate
aid lueoi governmeuss wer. mainly
in lghwa, and pubhc works depart
Anuthel

diafier. woirhed Loa colleges and um

. nls several thousand

retaltes and nonprcfit organizations

R L LITRVE N T EI Y

PR T

afn.. Advancement

A
he

hnical Lostiu, s, junior

| P

. sennakalpg

' . [N SN

dele e w1 ansjulic NECEEsATY

- d coninamty colleges, extension
diviatuens of uniiersities, and voca-

tonal and wechmical high schools

Ly

Y spoclallze In mechanical, siscirical, ssronauticsl, structural, or architee-
tural drafting.

Some persons receive training .and
experience in the Armed Forces
Others qualify through on-the-job
training programs combined with
part-time schooling or 3- o 4.year
apprenticeship programs

Training for a career in drafting,
whether in a high school or posthigh
should
atics, physical sci-
ences, mechanical drawing, and
drafting Shop practices and shop
skills also are helpful since many
higher level drafting jobs require
knowledge of muanufacturing or con
micthods Many technical
fgr colrses in slrm;lj;ral de
itectural drawing, and en gi-
neering o industrial technology

These planning careers in difiting
shoald ‘be able 1o do frechand draw-

scuhool include

program,

struclion

schools

SIgn, arc

ings of three-dimensivnal objects and
alsu delalled work requiring a high
degree of accuracy They should
have guod cyesght and manual dex
In addition, they should be

able ts function as part of a team

Lterity

since they work directly with engi
neers and skifled work
ers Aglistic ability 15 helpful m some

archilects

speuialized fields.

High school graduates usually stan
wut as tracerss Those having ptjst’high
school techuical training may begin
as Junior drafters After gaining expe-
rience, they may advance to check-
ers, detailers, senior drafters, or su.
pervisors. Some may become
independent designers Courses in
engineeringand mathematics some-

engineering positions
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A I o
. Eirnplay':ngm Outlook™

Employment of drafters is expect-
ed to increase faster than the average
for all ocgupations. This growth,
.along with the need 10 replace those
who retire, die, or méve into ather
ﬁads of work, should provide Tavor-

¥able job opportunities throdgh the

mid-1980's. Holders of an associate
(2-year) degree in drafting wjll have
‘the best prospects. Many large em
ployers already require posisecon
dary technical education, though
well.qualified high school graduates
Wwho have studied drafting may find
opportunities in sume types of jobs
Employment of dratiers 15 expect-
ed o nse rapidly as a result of the
Increastingly comples destgn piob
lems of modern products and piu
cesses In addi!nf;n_ Male suppont
persunnel will be s ded a0 the o
ployment ot coginccis afd s olcnliat,
grows Photoreproducdon of diaw
ings and expanding use of . le: troni.,
drafiing cquipment and coinputcia
hHowever, will reduce the need for
lesa skilled Jdiallers

Eaiifing® s w4

Condithy nu

e | » amdusaa lé
224 about 38400 a ¢aoan
whili moie capernicay. d di it a4
craged between 39 RGO wnd $12 00
a yeai Sentor draticias acve agesl
alout 3153 300 a jcar 1% /6 Onthe
avelage ;;\pa:.!;uh;.l dvalle s Carg
abuul Jgae and ovne hall Win. s as
iniuch as the avelage catlilnds T
aupet  larty surkcrs tn pilval.. bdas
Ly, excepl tarming
The Federal €.

Jiafters having an assoclate

vy dshaedecasd .znl\l
gil;ﬁ
starting salaries of $8 316 a yoar 1o
1977 Those wih 1ess cduccalon o
staited al

EXpeTishe
$7 408 ~
einment salary fur an draflers »as
about $1 1,000 & yeur

Although drafiers usaall, w. o 1
well hghted well v nulacad

rouoms, they ..ften w.oustl =it for forg

¢ gencaally

The average 1 .deral G v

and

Oceasionally, Jdiaft 12

widiiatfu.dlun

work fligy

visit other offices

sites o gain first hand iformation

about a certain assignm .nt

F.
Sources of Additional
information
General information on careers fof
draftersis available from
i and Drafung,
le, Okla 74003

of Prufessional and
1126 16th 51 NW

e rnatonal Fedératun
Techmical Engin
Washington DO 2k} 46

See Sodrces of Additional Intor
mation n the stalement on engineer
tlechmcians glse

g and science

whuae o the Handaboeok
\

"ENGINEERING AND
SCIENCE TECHNICIANS

var a2 b s b g UL

Hat. e i lhe Work

I .lég (% PR O DU T P Y i
i dustrial machinery, and techni
ool prucesses enables engincering
and science lechnicians o work in all
phases of busmess and government,
fiom oacarch and design to manu
facluting sales. and customer ser
slee AL sugh ihclr jobs are more
InhEd 1o scope and niore pracically
onchicd than those of ciigliicels or
scientists, lechnicians orten apply he
thevictval huuwledge Jdevelopéd by
englieers add aclenlists 10 actaal
sltvationa Techniclana tieguently
use compls . elevtronic and mechani
wal nstrumicats experimnental labora
Loy equipment and drafting instiu
ettty Almwost all technigclans
Jdeseoibe i Uiy slaremnent must be
able to use tochnical handbooks and
woillpuiing devices such as shide 1ules
and calculuting machines
I sesgarch and development, une
A the lagest areass of empluoyment,
te. Bl tans scl up <xperiments and
caleulate the resulps using complex

laistiuinests They/ also assist engi

neels and scienus
pettmental equlpmer
niaKiig Jdiuwings an
freguently. by duing

work

i1 poodscite s techni@lans usually
ivlletw the plans afd general direc.

ttuns of engineer. and sclentists, but

[,

N e .
Acrials, devise tests to insure product

often without close supervisio ! They
may prepare specifications fof mate-
‘quality, or study ways to improve the
efficiency of an operation. They of- *
ten supervise produc#fon workers to
" make sure they follow prescribed
plans and procedures. As a produgtis
built, technicians check to see that
specifications a
gineers and scientists informed as to
progress, and investigate production
problems )

Assales woikers or ficld represen-
watives for manufacturers, techni-
vians give advice on installation and
maintenance of complex machinery,
and may write specifications and
techaical manuals. (See statement on

Is elsewhere in the

techmeal
Hanelbhook ) }

Technicians nfay.p»ork 10 the fields
..l engineering, physical science, or
Life Within these general
ficlus, Job niles Qma} -desciibe the

ENve

level (bivlogical aide or biological
techmiclan), duties (quahty control
technician or time study analyst), or
area of work (mechanical, electrical,
o chiernical) :
Ax al €nglheeiing lechpiclan, une
caighe work 1nany of the following
alcis

A rpnen-dend . hacdagy laohnd
clans 1 this uica work with engineers
and scientists to design and produce
atfuraft, rockels, gutded massiles, and
spacecraft Mauy aid engineers in
prepanng design layouis and models
Oof strudtures, control systems, or
equipment installations by collecting
infurmation, making computations,
and performing laboratory tests. For
exan ple a technician might estimate
wr;iéh( factors, centers of gravity,
and other items affecting load capac-
ity of an airplane or missile. Other
technicians prepaie or check draw.

ings for technical accuracy, practica-
bility and economy

Aeronautical technicians trequent-
Iy work as manufacturers” field ser-
vice representatives, serving as the
link between their company and the
miluiary services, commercial air-
lines, and other customers. Techni-
cilans also prepare technical informa-
tion for instruction manuals,
bulletins, catalogs, a#d other litera-

17

followed, keep en-



ture. {See statements on aerospace
engineers, airplane. mechanics, and
occupations in aircraft, missile, and
spacecraflt manufacturing elsewhere
in the Handbook.)

Air-Conditioning, Heating, and Re-
Jrigeration Technology. Air-condi-
tioning. heating, and refrigeration
technicians design. manufacture,
sell, and service equipment o
late Interior temperatures. Techni-
cians in this field often specialize in
one area, such as refrigeration, #nd
sometimes in a particulai type of ac-
tivity, such as research and develop:
ment. .
When working for
manufacture tempe
ling equipment, tg€hniciyns generally
work in research bind engineegng de
partments, wherd they aweigt engi
neers and scientists v the de ign and
testing of new equipment or produc
tibn methods For exampleé. a techni
cian may construct an experimental
model 1o test its durability and oper
ating characeristics Technicians
also work as sales workers for equip-
ment manufacturers or dealers, and
muast be able to supply engincering
firms and other contractors that de-
sign and imstall systems with inforima

erating costs, and the performance
specifications of the equipment Oth
er technicians work for contractors,
where they heip design and prepare
installation instructions tor air condi-

tiening. heating, or refrigeration sys-
tems Stll others work In customer
service, and are (esponsible for su
pervising the installation and malute
nance of equipment ($ce statement
on refrigeration and air-conditioning
mechanics elsewheic in the Hand-
book.)

Civil brglancering dc.1ioh.y,; 1<oh
nicians in this ar.a assist civa engi-
neers in planning. designing. and
constructing highways, bridges,
dams, and other structures. They of-
ten specialize in one area such as
highway or structural technology.
During the planning stage, they esti-
mate costs, prepare specifications for
materials, or participate in surveying,
drafting, or designing. Once con-
struction begins, they assist the con-

ERIC
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tractor or superintendent in schedul- When working in design, produc-
ing construclion activities or tion, or customer service, electronic
inspecting the work to assure con- technicians use sophisticated mea-
formance to blueprints and specifica-  suring and diagnostic devices to test,
tions. (Sce statements on civil engi- adjust, and repair equipment. In
necers, drafters, and surveyors
clsewhere n the Hundbook )

the requirements of the field in which
the electronic device is being used. In
designing equipment for space explo-
ration, for example, they must con-
sider the need for minimum weight
and volume and maximum resistance
to shock, extreme temperature, and
pressure. Some elecironics techni-
cians also work in technical sales,
while others work in the radio and
television broadcasting industry.
See statements on broadcast techni-
-ians and occupations in radio and
television broadcasting elsewhere in
the Handbook.)

Electronics Technolugy Technicians
in this field develop, manufacture,
and service electronic equipment
and systems. The types of equipment
range from radio, radar, sonar, and
television to industrial and medical
measuring or control devices, naviga-
tional equipment, and electronic
computers. Because the field is so0
broad, technicians often specialize in
one area such as aulomatic control

devices or electronic amplifiers. Fur-
thermore, technological advance-
ment is constantly opening up new
areas ul work. For example, the de-
velopment of printed circuits stimu-
lated the growth of miniaturized

Industrial Production Technology.
Technicians in this area, usually

elecuonic systems. called industrial or production tech-

I - -
Since technicians sre part of a sclentific team, they sometimes work under the super-
' vision of enginsers and sclentists.

19
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nicians, assist industrial engineers on
problems involving the efficient use
of personnel, materials, and ma.
chines to produce goods and servic-

es. They prepare layouts of machin-’

ery and equipment, plan the flow of
work, make statistical stadies, and
analyze production costs. Industrial
technicians also conduct ume. and
motion studies Janalyze thé time and
movernents a worker needs to ac
complish a task) to improve the pro
duction methods and procedares in

manufacturing plants
Many indus

qulrE cxperien

to qualify for ulf <t Jobs For cxam

il techinloeians a.

[hsil cnables them

ple. those special\cing 10 machinery
thods may inove

and production mk

mtu industral safeiy Qtliers, Jesls

analysis. may set job standards and

interview | test, hite and train pea
sonnel Bull othees saay anve Ints
praoducition supsivislon | Joc :.gl-?

ments on porsonnel woitcrs wad in

dustiial cngiiecis s fsecwheie 1o vhe
Huandb. k)
Mecharu. sl 4. 0. (0 ba. . L

lﬁﬁ,hiiu@ngy waoa braad 4 oo ihat s

cix a large nuwmber of spcctainsed

flelds including adionsuine ton sl

Aesel lechnology G Jdeaign

LJS}‘
macilne Jeslgn atd prsosasthsn
techinology

Technivtade woci o oo, o0 Lin v

=ign and devglopme.t \mnk by 1 oak

ting licehand shetches and o apn lay
wuls uf PIUPUEQ'J ifoan h,,n.,i} milsl
wihie . cyulpmient anad paets 0 his
wiih, ruguliss hiorwl ]gg,n. S oo
whani al Fi“it:llrlg—ﬁ. | VPR RN TR PO

antec  slioss zlialn Tl e 2 0 ] <1
Brratin.n Facyors ( cebinidala.ic oins
QIIA!.

analyZe (he costn Lnd practloal
uf desigas

nplanni oo a,
val niachines Lnd squbpn sl fo s,

dux nhllli)

futfnahes i wfile o fisy

techiitgiang reeord data caake i

plot graphs analy o o

I,;Lll;ill:?il:s prlost
sults, dnd wiile

times recomme.d desig

feports They aaac

vhatges o
nnpicve peuninaace heit Jub o

ten requires skill mn th.. use o com

ple~ Instruinent.. iest cyuipment
and gauges,ds well us 1o the prepara
uon and nterpretatien of diawings
When a product 1s Toady tor pro

duction  techniclans help picpai

layouts and drawings of the assembly
process and of parts to be muanutac-
tured. They frequéntly help estimate
lahor costs, equipment life, and plant
space. Some mechanical technicians
test and inspect machines and equip-
ment acturing departments
or work with enginecrs to eliminate
Cthers

1 mant
oy .
prodaction’iproblems are
technical sales workers
Tool designers are among the bet
ot known specialists in mechanmcal

chnology Tool deslgn

CHEINCETINE
cry prepare sketches of the designs
for cuting ols, Jigs, dies, special
other devices used n

lhay

fixturés, and

mass producuon  Frequently,
tedesign éxisting touls o ithprove
their f;fl"l\xh’;:n(y They’ alsu make or

!ha’JgH arsa uflen

gy and s Jdéscabed in the statemient

1x ujlul,hi;’[

g liliig
gftuped

witder micchanloal te

oft Jdialtzis (Alsr sce statemients oh

s chantcal cnginecrs. autumobile

mechanics, manufacturers' sales
walghors

where i the Hundb. wik )

aind diescl mechanius clse
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taabos] i crant il asd b pazbiial

Pl o oncad gt} he and apace
exploratios weather forecasting, sat-
coudtiniiutilealloa ciivl

protection

N syaleins,

ronm.:ntal and medical
tvacan boboose helpeod 1o mak e tnstia
a fasl growing

Tney nelp de

fhenilatic g l\:k!llll}l‘}é;

A Lo U b lans

Feloy an ldeslgn cotusler neasuding

and v antesd devices such as thuse 10'a

apawotalt hat seuse and mica.uic

vhavgesn 1 head wr poessie, aute
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develop sell and utilize cheanical

andielat 4 p.duc,s and equipment
Most whenneal ted hohians do re

tesuing  ur

carch Lnd develapment

other laboratory work. They uf[Ln
on proce

set up and conduct tes
and products baing developed or ime
proved. For example, a technician
muy examine steel for carbon, phos-
phorus, and sulfur content or test a
lubricating oil by sutfgcting it to
changing temperatures. The techni-
Cian measures reactions, analyzes the
results of expenments, and records
duta that will be the basis for deci-
sions and future research

Chemital technicians in produc.
uun generally pul into sommercial
operation those products or process-
cx dt:vc'lnped n Tr:é;v:aﬁ:h Iahﬂraln;

dc\ngn lnﬂallmg cqunpmcnt and
training and ‘aupterSIl‘Ig ﬂperamrs on
i : in

the produ 1
quality contrul test malarials, pro-
duction processes, and final prod
that they mect the

uLls W Insure

:‘,lfh;auuns énd

luanufak lurei's 8

Many" chemical lELhﬂlClSﬁS use
wumpuleis and instiuments, such as a
dilatometer ( which measures the ex-
pansion of a substaice) Because the
ficld of chemistry s so broad, chemy
cal technicians fisquently ﬁp:.i,l-ih.zr:
1w particulat lndua[ﬁ such as fug 1
processing or pharmaceuticals. (See

stalemienls on chemists, chemical en
gineers. and occupations in the in-
duslilal
in the frandbook
Metcwridogtaul @0
curologists in the study f atmo-
Technicians cali

chemival industiy ¢lsewhere

B N N U I ]

sipheric conditions
Brale mattuments obscrve, record,
and repurt metecrolugival vecur
tencass and aasistin rescarch projects
aind the developnient of scientific in
alinliCi: s
CreclOgle sl (oo Findd duires asslal geolo

sisla 1 cvalualing earln processes
f’un,;u-,ly rescarch 1s bging
conducted In setunology pe
and mineral exploration, and ecol-
ns insall seismo-
TEL?Uﬁj mea-

much

ugy These technic
graphic lustruments,
suremends from these
assist in field evaluation of Earth:
quake damage and surface displace-
or assist geologists in earth-
yuake prediciion research. In
petroleum and mineral exploration,

ment,
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they help ‘conduct tests and record
i;urnd wave data to determine the
likelihood of successful drilling, or
use radiation detection instruments
and collect core samples to help ge-
ologists evaluate the economic possi-
bilities of mining a given resource.
Hydrologic technicians gather data
to help hydrologists predict river
stages and water quality levels. They
monilor instruments that measure
water flow, water table levels, or
watef quality; and record and ana-
lyze the data obtained. (See state-
ment on environmental scientists
elsewhere in the Handbook.)
Technician positions in the life sci-
ences generally are classified inwo
two categofies: :
- Agricultural technicians work with

food production
‘Plant technicians conduct #¥sts and
experiments to improve the yield and
quiality of crops, or to increase resist-
al 1ce to disease, insects, or other haz-
ards, Technicians in s0il science ana-
lyst the chemical and physical
pfaﬁgﬂies of various soils to help de-
termine the best uses for these soils
Animal husbandry technicians work
matrly with the breeding and nufi-
tion of animals. Other agricultural
technicians are employed in the food
industry as food processing techni-
cians. They work in quality control
or in food science research, helping
food sciengists develop better and
more effid¥Ent ways of processing
food material for huinan consump
tion. (See statement on food scien
tists elsewhere in the Handbook )
Bielogical technicians work prifia:
ily in lgboratories where they per
form tests and experiments under
controlled conditions. Microbiologk
cal technicians study microscopic or
ganisms and may be involved in im.
munology or parasitology research
Laboratory animal technicians study
and report on the reaction of labora-
tory animals to certain physical and
chemical stimuli. They also study and
conduct research to help biologists
develop cures that may be applied to
human diseases. Biochemical techni-
cians assist biochemists in the chemi-
cal analysis of biological substances
(blood, other body fluids., foods,
drugs). Most of théir work involves

and processing

L
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‘conducting experiments and report-

ing their results to a biochemist. As a
biological technician, one might also
work primarily with insects, studying
insect control, developing new insec-
ticides, or determining how to use
insects 1o control other insects or un-
desirable plants. (See statements on
life scientists elsewhere in the Hand-
book.)

Technicians also specialize in
fields such as metallurgical (metal ),
electrical, and optical technology. In
the atomic energy field, technicians
work with scientists and engineerson
problems of radiatiof safety, inspec-
tion, and decontamination, (See
statement of occupations in the
atomic energy field elsewhere in the
Handbook ) Mew areas of work in-
clude environmental protection,
where technicians study the prob-
lems of air and water pollution, and
industrial safety

Places of Employment

Uver 585,000 persons worked as-

engineering and science technicians
in 1976 Almost 400,000 worked in
engineering fields, about 130,000 in
the physical science occupations,
and about 55,000 in the life sciences.

About two-thirds of all technicians
worked in private indusiry. In the
manufa.turing sector, the largestem -
ployers were the electrical equip-
ment, .hemical, machinery, and
acrospace industries. In nonmanu-
facturing, large numbers worked. in
wholesale and retail trade. communi-
calions, and 10 engineering and ar-
chitectural firms

In 1976, the Federal Government
einployed about 95,000 technicians,
-hiefly as engineering and electron-
ics technicians, equipment spetial-
ists, biologica! technicians, c¢arto-
graphic technicians (mapmaking),
meteorelogical technicians, and
physical science technicians. The
largest number worked for the De-
partment of Defense; most of the
others worked for the Departments
of Transportation, Agriculture, Inte-
rior, and Commerce.

State governhment agencies em-
ptoyed nearly 50,000 engineering
and science technicians, and local
governments about 11,500. The re-

A -
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mainder worked for colleges and uni-
vergities and nonprofit organizations.

Training, Othsr Qinllﬂcn!lani.
and Advancement

Although persons can qualify for
technician jobs through many combi-
nations of work expérience and edu-
cation, most employers prefer appli-
cants who have had some specialized
technical training. Specialized train-
ing is available at techmical institutes,
junior and community colleges, area
vocational-technical schools, exten-
sion divisions of colleges and univer-
sities, and vocational-technical high
schools. Some engineering and sci-
ence students who have not complet-
ed the bachelor's degree and others
who have degrees in science and
mathematics algo are able to qualify
for technician positions,

Persons also can qualify for techni-
cian jobs by less formal methods.
Workers may learn through on-the-
job training, apprenticeship pro-
grams, or correspandence schooggs.
Some qualify on the basis of experi-
ence gainéd in the Armed Forces.
However, pdstsecondary training is
becoming increasingly necessary for
advanceément to more responsible
jobs.

Some of the types of postsecon-
dary and other schools that provide
technical training are discussed in
the following paragraphs:

Technical Instilstes. Technical in-
stitutes offer training to qualify stu-
dents for a job immediately after
graduation with a minimum of on-
the-job training. In general, students
receive intensive technical training
but less theory and general education
than in engineering schools or liberal
arts colleges. A few technical inst-
tutes and community colleges offer
cooperative programs in which stu-
dents spend part of the time in school
and part in paid employment related
to their studies,

Some technical institutes operate
as regular or extension divisions of
colleges and universities. Other insti-
tutions are operated by States and
municipalities, or by private ofgani-
zations.

Junior and Communiiy Colleges.
Curriculums in junior and communi-
ty colleges which prepare students
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for technician occupations are simi--

lar to those in technical institutes,
but with more emphasis ong¥heory
and liberal arts course work” After
completing the 2-year programs,
some graduates qualify for techni-
cian jobs while others continue their
education at 4-year colleges. Most
large community colleges offer 2-
year technical programs, and many
cfnpl(i:ygrs prefer graduates who have
more specialized training.

, Area Vocational-Technical Schools.
These postsecondary public institu-

tions serve students from surround ™

ing areas and train them for jobs in
the local area. Most of these schools
require a high school degree or is
equivalent for pdmission.

Other Tmirii:g. Some large coipy
rations conducdt (raining programs
and operate private schools to meet
their needs for technically trained
personnel in specific jobs, such train
ing rarely includes general studies
Training for some technician vccu
pations, for instance tool designers
and electronic technicians, is avail-
able through formal 22 o 4 year ap
prenticeship programs. The appien
tice gets on-the-job training unde:
the close supervision of an expern
enced technician and .elaied techmn
cal knowledge in classes, ustally af
ter working hours.

The Armed Fiorwes huwe
many technicians, especially in elec.
vonics. Although mihtary Job (e
quirements generally are aiffe. cnt
from those in the civilian sconemy
military technicians often ore able to
find 'employment with only niinin.al
additional training

Technician !fainlng alsss 15 a. all
able from many private tech..ical and
cofrespondence schocls that ofien
specialize in a single ficld such as
Soine of these schouls

tealaes]

electronics
are owned and operated by large cor
porations that have the resources (s
provide very up-lo-dale tiaining in, a
technical field.

Those interestcd In o carcc
technician should have an aptiluue
for mathematics and sci.nce and en
joy technical work An abilivy w do
detailed work with a high degiec of
BCCUTAcCy is necessary; for design
work, creative talent also is desir-
able. Since technicians are part of a
scientific team, they sometimes must

&5 s

wnrk unc:ler tHe E]ﬂ'i‘.e supervisiﬂn m‘
wnth nlhgr IELhﬂ!ClﬂnS and 5k!llc;d
workers. Some technicans, such as
reépair and maintenance technicians,
should be able to deal effectively
with customers requiring their servic-
es.

Engineering and science techni-
cians usually begin work as [rainéés
In routine positions under the direc
supervision of an experienced leg:hm-
or engineer. As they
they receive more

W

ciam, ntist,
gain experience,
responsibility and carry out a phir-
ticular assignment under only gener-
al supervision. Technicians may
eventually move into supervisory po-
sitions. Those who have tHe ability
and obtain additicnal education
sometimes are promoted w positions
4% sCientists or engineersy

Employment Outlook

Linplueyinent Opportunites for en
sisleering and science technicians are
expected to be favorable through the
mid-1980°s Opportunitlies will be
best for graduates of postsecondary
school technician training programs.
Besidea the openings resulting from
the faster-than average growth ex
pevied in this field, additional techni
cians will be needed to replace those
who Jic, ur leave the vccupa
tion ’

Induatalal
. v£asing <on. plexity of vnaden tech
soelegy underlie the aanticipaled in
crease in demand for technicians.
Many ~ill be needed o work with
the growing number of engincers and
scientists in developing, producing,
and distribuung new and technically
advanced products Automation of
indusirial processes and growth of
new areas of work sach as environ-
mental protection and urban devel.
opmen will add to the demand for
technical personnel

The anticipated growih ofreseaich
and development expenditures in in-
dustry and government should in-
crease requirements for 1echnicians

Becuuse space and defense pro-
s:ams are major factors in the em-
ployment of technical personnel, ex-
penditures in these areas affect the
demand for technicians. The outlook
for technicians is based on the as-

r=linre

capansiun and the 1u
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sumption that defense spending will
increase from the 1976 level by the
mid-1980’s, but will still be slightly
lower than the levels of the late
1960's. If defense spending should
differ substantially from this level,
the demand for technicians would be
affected accordingly.

Earnings _

Ih private industry in 1976, aver-
age starting salaries for 2-year gradu-
st:a ranged from about $9,000 to
®$10,800 a year, while those who did
not complete_a 2-year program
earned average starting salaries from
just over $6,400 to about $9.300.
Senior engineering techniciansin pri-
vate ind ustry earned average salaries
of about $16,000 a year. ‘

Starting salaries for all technicians
in the Federal Government were
fairly uniform in 1977. A high school
graduate with no experience could
expect $6,572 annually to start. With
an a%m;lale degree, the starting sal-
ary was $8,316, and with a bache-
lor's, $9,303 or $11,523. At higher
experience levels, however, diffei-
ences in earnings are significant. The
average annual salary for all engi-
neering wechnicians employed by the
Federal Government in 1977 was
$17,800; for physical science techni-
cians, $17.100; and for life science
technicians, about $1 1,400,

Sources of Addittonal
Information

t... Ifdrmalion on carcers fur en
sinceing and science technicians
and engineering and technology pro-
grams, contact:

Enginoess Council fur Puoolesgicnsl Develop-
ment, 345 East 47th 5t Mew York N.Y
10017

infurmation v schoold offering
i.chnician piograms is available
from:

Matiohal Ass~iation of [rade and Technical
Schools, Acerediting Commiision, 202
L St. MW ., Washington, D.C. 20036,

1 5 Department of Health, Education, snd
Welfare, Office of Education, Wasthing-
ton, D.C. 20202

State departments of education
also have information about ap-
ptoved technical institutes, junior
colleges, and other educational insti-
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wutions within the State offering post
high school training for specific tech
nical occupations. Other sources in-
clude:

* American Association of Community and Jun-
ior Colleges, Suite 410, 1 Dupont Circle,
Washington, D.C. 20036,

National Home Study Council, 1601 18th 5t.
NW., Washington, D.C. 20009

SURVEYORS

o win W

3 (D.O.T. 018.188)
Mature of the Work

Before engineers can plan high
ways of other construction projects,
they need complete and accurate I1n-
formation about boundaries, land
features, apd other characteristics of
the construgtion site. Surveyors mea-

" 8ure construktion sites, help establish
official land boundaries, assist in set
ting land valuations, and collect in-
formation for maps and charts

Surveyors often work as party
chiefs; that is, they are in charge of a
- field party that determines the pre
cise measurements and locations of
elevations, points, lines, and cun
tours on the earth’s surface, and dis-
tances between points Surveyors are
directly responsible for the field par-
ty's activity and the accuracy of its
work. They plan the ficld woik, sc

termine the precise lucation of natu
ral and manmade features of the
survey region. They recurd the infor
mation disclosed by the sufvey, ver-
ify the accuracy of the survey data,
and prepare sketches, maps, and re-
ports.

A typical field party 1s made up of
the party chief and three to six assist-
ants and helpers. Instrumeént workers
(D.O.T. 018.188) adjust and operate
surveying instruments such as the
theodolite (used to measure altitude )
These workers also compile notes,
sketches, and records of the data ob-
tained from using these instruments.
Chain workers (D.O.T. 018.687) use
a steel tape or surveyor’s chain to
measure distances between surveying
points. Generally chain workers op-

erate in pairs, one holding the tape at -

Aruitoxt provided by Eic:

the last established point, and the
other marking an advanced measur-

where in the Handbook.) Photogram-
metrists measure and intérpret pho-

ing point. Chain workers also may\ tographic images to determine the
mark measured points with painte§® various physical characteristics of

stakes. Rod workers (D.O.T.
018.587) use a level rod, range pole,
or‘other equipment to assist instru-
ment workers in determining eleva-
tions, distances, and directions. They
hold and move the range pole ac-
cording to hand or verbal signals of
the instrument worker to help estab-
lish the exact point of measurement.
Rod workers also may clear brush
from the survey line.

Surveyors often specialize in a par-
ticular type of survey. Besides doing
highway surveys, many perform land
surveys to locate boundaries of a par-
ticular tract of land. They then. pre-
pare maps and legal descriptions for
deeds, leases, and other documents.
Surveyors doing topographic surveys
determine elevations, depressions,
and contours of an area, and indicate
the location of distinguishing surface
features such as farms, bypldings, for-
ests, roads, and rivers. Otler special-
tics include mining. pipeline. gravity,
and magnetic surveying., _

Several closely related occupa-
vuns are geodesy and photogramme-
tiy Geodesisls measure immense
arcas of land, sea, or space by taking
into account the earth's curvature
and 115 geophysical characteristics.
(Sec statentent on geophysicists else-

Surveyors doing topographic surveys to
determine slevations, depressions, and
confours of an area.

L '
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natural or manmade features of an
area. By applying analytical process-
es and mathematical l‘E’ChﬂitES to
photographs obtained from “aerial,
space, ground, and underwater loca-
tions, photogrammetrists areg able to
make detailed maps of areas that are
inaccessible or difficult to survey by
other methods. Control surveys on’
the ground are made to determine
the accuracy of maps derived from’
photogrammatic techniques.

) Places of Eiﬁplgyﬁlsﬁ‘i

Abaut 52,000 persons worked as .
surveyors in 1976. Federal, State,
and local government agencies em-
ploy about 3 out of every |0 survey-
ors. Among the Federal Government
agencies employing these workers
are the U.S. Geological Survey, the
Bureau of Land Management, the
Army Corps of Engineers, and the
Forest Service. Most surveyors in
State and local government agencies
work for highway departments and
urban planning and redevelopment
agencies.

A large number of surveyors work
for construction companies and for
engineering and architectural con-
sulting firms. A sizable number either
work for or own firms that conduct
surveys for a fee. Significant numbers
of surveyors also.work for crude pe-
troleum and natural gas companies,
and for public utlities.

Tralning, Other Qualifications,
and Advancement

Most persons prepare for sufvey-
ing work by combining postsecond-
ary school courses in surveying and
extensive on-the-job training. Some
prepare by obtaining a college de-
gree. Junior and community colleges,
technical institutes, and voeational
schools offer 1-, 2-, and 3-year pro-
grams in surveying. A few 4-year col-
leges offer bachelor’s degrees specif-
ically in surveying, while many others
offer several courses in the field.

High school students interested in
pursuing a career in surveying should
take courses in algebra, geometry,
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trigonometry, drafting, and mechani-
cal drawing.

High school graduates with no for-
mal training in surveying usually start
as rod workers, After several years of
on-the-job experience and some for-
mal training in surveying, it is possi-
ble to advance to chain worker, in-
strument worker, and finally to party
chief.

Beginners with postsecondary
school training in surveying can gen-
erally start as instrument workers
After gaining experience, they usual-
ly advance to party chief, and may
later seek to become a registered sur-
veyor. In many instances, promotions
to higher level positior
written examinations as well as expe-

are based un

rience.

For those interested in a carcer as
a photogramimetrist. a bachelor’s de
gree in engineering or the physical
sciences is usually needed Most pho
togrammeltry technicians have had
some spectalized postsccondary
school training.

All 50 States require licensing ot
registration of land surveyors respun
sible for locating and describing land
boundaries Registration requlic
ments ate genaally quite sutel be
chuse unce registered, sui.eyors can
be heid legally respunsible fur inen
work HRequirements for licensure
vary amung the States but i geneial
they include a combination of 3 1o 8
years capericfice in sutveylng and
passing an examinsticn A few $.ates
nuow reyuhic a bachelor s degies cws
phasizing sucveying, as a preieygulisiic
to licensure

(0 1976, bl 23 000 lased aen . )
w18 were registered 1o aadition
about 13,500 enginec.s were regls
tered 10 do land surveying, pinparily
as part of their civil engineerning du
ties; however, these workers are ¢on
sidered engineers 1ather thai suivey
ors (See s
elsewhere in the Hundbouk )

Surveyors should have the ating,

atement on civil cuplincers

o visualize and understaud « bjecis

distances, sizes, and other abstract
forms. Also, because surveying mis-
takes can be very costly, surveyors
must perform mathematical calcula-
tions quickly and accurately while
paying close attention-to the smallest
detail. LeadeTshig) qualities also® are
important as surveyors must super-
vise the work of others

Members of a survey party must be
in good physical condition in orderto
work outdoors’and carry equipment
over difficult terrain. They also need
good eyesight, coordination, and
hearing in order to communicate
over, great distances by hand signals
or voice calls

Employmeant Outiook

Bapluynient ol surveyors 1s ex-
puied W grow faster than the aver
age fur all occupalions thiough the
uiid 1980°s In addition w the open-
ings resulling from growth, many will
resull from the need 1o replace those
who die, retite, or transfer to other
fields of work

I'he raptd developmeni of urban
and land values
shoubd create Jobs fur surveyors 1o

waCdi Increased
lusate boundaries (or properly ret
wida Gthers will ba needed to lay out
sticers, shupping centers, housing de
velopments, and recreation areas
Coensttuction and hmprovement of
the Nation’s roads and highways also
wilt Hew sulveyors

teyqulic many

Hov zver pediods of slow construc

tlon acthady could it the demand

for surveyors at thusc particular

Llitie s

FJ‘. N
Contsulng ul teohifsl

cran and lecunclogy poogiams in

woAp alialarn

postsccondaly schools will create a
need fur more surveying teachers

Eaindinga ddid wﬂi“llﬂg
Counditions
N teadeial Lrovcinine s

g schoal goadudtes with

ed as rod workers or chain workers
with an annval salary of $6,572.
Those with | year of related postsec-
ondary trainjng earned $7.408.
Those with an associate degree that
included courses in surveying gener-
ally started as instrument workers
with an annual salary of $8,316. The
majority of surveyors who worked as
party chiefs in the Federal Govern-
ment earned between $10,000 and
%$14,000 per year and some high-lev-
el positions earned more than
$17,000 per year.

Although salarief in private indus-
try vary by geographic area, limited
data indicate that salaries are gener-
ally comparable to those in Federal
service and are dbove the average
earnings of nonsupervisory workers
n private industry, except farming.

Surveyors usually work an 8-hour,
5.day week. However, they some-
times work longer hours during the
summer months when weather con-
ditions are most suitable for survey-
ing. The work of surveyors is-active
and sometimes strenuous. They often
stand for long periods and walk long
distances or climb hills with heavy
packs of instruments and equipment.
Because most work is out-of-doors,
surveyors are oxposed Lo all 1ypes of
weather Some duties, such as plan-
ning surveys, preparing reports and
compulations, and drawing maps,
usually are don¢ in an office.

L4

!

douurces of Additlonal
Inform ation

L.isiniatlon dboul tralning an.a wa
..ef gppoftunities in surveyiny is
available from:

American Congress on Surveylug and Map.
ping. 210 Little Falls 5t Falls Church,
Va 22046

veneral informativn on careers in
pleotOgrammetry is available from:
Anerisan Sovlely of Fhotogiammetry, 105

torth Virginia Ave . Falls Church, Va.
22046
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aame sechoﬁs W|I| De more useful |f yau kru:;w h@,, r\terpfe[
the information as explained below

The TRAINING, OTHER QUALIFICATIONS. AND AD
VANCEMENT section indicates the prefeired way lo enter gach
occupation and aliernative ways to obtain training Read this
section €3 éfully because early planning makes many hields
easier to enter Also. the level at which youenter and the speed
with which you advance often depend on your trainig 1t you
are a student, you may wgnt to consider faking those courses
thought useful for the occupations which interest you

Besides train |r'1g yt’)u may need a State icehse dr Lol
cate The training section indicdtes which oceupalions gener
ally require these Ch,ck requirements in the Slate where you
plan to work because Slate regulaliuns vary

Whethar an occupation sulls your
important area lu explore For sume  you May hid: & 10 Make
For
olhers you may do only ruuline lashs utdet uuse supeivision
To work sUcce E:s‘::?ulliﬂlz\ aparticulal jub, youoay have Tu do one

pelsuwoall, s aindle

ur mare of the tollowing
- motivale others
durec! gand supe clEg wlls,

wurk with 2l types of peom

wurk with things - wu need
and nanival Jedlenty
Skhondependently - you nee s o

sult disoipling

~w k as part of a tearn

feestr o,

o labgra!@ry 18poits

wurh o willi Jelalls

Pl pemispele

uze redllve, a0 0
wuil, hea o ifined 1:a

du prysially Band oo Jda o,
widk Gulside nooall lyosz of s
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the LMFL 0 001 st e o 1 L \
Wi job Mdtkhel oo hedy © Le tacwralle Usiialy e 0 ciip o s
erpeuiod gronth s ceonpaied Lo s g grage o) acied giowth
rale 1or all 0Cw . aluans (200 Fgl e Liesliveee. 1976 anu 1985)
The tollowing ph ases are oosd

Mol oLt

Faste, T P TV O

Aboul aa l. 190 (u 24y

Slowe ol 14 8

Litlle L e Al § 1A

Decline 40 i mun

Generally. ot g, .. Lo e ot

growing at least as fast 4y .7 e e2ON2MyY 85 5 .0,
BLT you would have 10 know the number ng ;_)r:(, ils

s

, : king for most occupations.

There are exceptions, howeéver, especially among pro-
sional occupations. Nearly everyone who earns a medical
degree. for example, becomes a praclicing physician. When
he number of people pursuing relevant types of education and
raining and then entering the field can be compared with the
demand. the outlook section indicates the supply /demand rela-
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Excellent --- -—-Demand much greater than
] supply

very goud- - - - ----Demand greater than supply

ooy or favorable - . --—-Rough balance between

demand and supply
May tace compeltion —-Likelihood of more supply
than démaﬁd
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competitiun o1 lew Job opemngs should not stop your pursu-
wig @ career that matches y’DuT aptiludes and interests. Even
sindll o gvercrowded occupations provide some jobs. So do
those 1n which employment is growing very slowly or declining.
tsrowlh 1n an occupation is not the omdy source of job
seunings because the number of openings from Qurnover can be
subslantial in large occupations Infact, replacefment needs are
expected to create 70 percent of all openings bejween 1976 and
14985
Frually Jub miospects In your drea may differ from those in
v Halion g3 a whole Your State employment service can fur-
nish lgeal riturmaton
The EARNINGS se. o tells what workers were earning in

i
WHILT Julsa pay 1PE sl 15 @ hand gquUestion 1o answer be-
auBe guud nformalion 1y avallable for only one type of eam-
ihys -~ wages and salanes -~and not even this for all occupa-
lons Althouagh 8 outot 10 workels recelve this form of income,
Mmany edlh extra Mohey by working overtime  night shifts, or ir-
rzgule schedules o suile occupationg, wuoikers also receive
s Ui wummissions Lased on sales or service. Some factory
wulhe s die paid 4 piece rale - -an exlra payment for each item

hey 1hahe

s

== [he sell-employ-
peopie M omaity occupations-  physicians, bar-
willers and laimers for example Earnings for

copluyed wuike s even 1 he sarme occupation differ
widely because imuch depends on whether one is just starting
oul of Nas an eslablished business

Must wage aiid salary wolkers gGelve fringe benetits,

L 1oas pald vacatiuns  holidays. and sick leave

Nu kel s also 1ecelve Income in goods and serv
Lo RInd) Sales workers indepartment stores, for
ulen recelve discounts on merchandise

Lespile dificulties ir deterrmining exactly what people earmn
.. e |0b the Earnings section does compare occupational
ca.nings by ndicating whether-a certain job pays more Or less
than the average for all nonsupervisors N private industry, ex-
cluding farming

Each occupation has many pay levels. Beginners almost
always earnless than workers who have been on the job for
some nme Earnings also vary by geographic focation but cities
that offer the highest earnings often are those where living costs

expensive. . "
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