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Engineers

Most engineers specialize. More than 25 major specialties are
recognized by professional societies, and the major branches
have numerous subdivisions. Some examples include structural,
environmental, and transportation engineering, which are sub-
divisions of civil engineering; and ceramic, metallurgical, and
polymer engineering, which are subdivisions of materials engi-
neering. Engineers also may specialize in one industry, such as

e Overall job opportunities in engineering are expected Mmotor vehicles, or in one field of technology, such as turbines or

to be good, but to vary by specialty. semiconductor materials. _ _ _ _
This statement, which contains an overall discussion of engi-

* A bachelor’s degree is required for most entry-level jobs. neering, is followed by separate statements on 14 engineering
branches: aerospace; agricultural; biomedical; chemical; civil; com-
puter hardware; electrical and electronics, except computer; envi-
ronmental; industrial, including health and safety; materials;
e Continuing education is critical to keep abreast of the mechanical; mining and geological, including mining safety; nuclear;
latest technology. and petroleum engineering. (Computer software engineers are dis-
cussed elsewhere in thtandbook) Some branches of engineer-
ing not covered in detail in the Handbook, but for which there are

Natqre of the Work ) . . established college programs, include architectural engineering—
Engineers apply the theories and principles of science and mathg,e gesign of a building’s internal support structure; and marine

ematics to rese_arch an_d deve_lop economical sol_utlons tq teChn'Caéngineering—the design and installation of ship machinery and pro-
problems. Their work is the link between perceived social ”eedspulsion systems

and commercial applications. Engineers design products, machin® - gpgineers in each branch have a base of knowledge and training
ery to build those products, factories in which those products are o+ can be applied in many fields. Electronics engineers, for

ma_ld_e, and the systems that ensure the qu_ality of the produ_cts ar’Vg\ixample, work in the medical, computer, communications, and mis-
efflqency of the Workforge and manufacpunng Process. Englneerssi|e guidance fields. Because there are many separate problems tc
design, plan, and supervise the construction of buildings, hlgh""a‘yssolve in a large engineering project, engineers in one field often

and transit systems. They develop and.lmplement improved way$, o closely with specialists in other scientific, engineering, and
to extract, process, and use raw materials, such as petroleum arthsiness occupations.

natural gas. They develop new materials that both improve the  gngineers use computers to produce and analyze designs: to simu-
performance of products and take advantage of advances in techiate ang test how a machine, structure, or system operates; and tc
nology. They harness the power of the sun, the Earth, atoms, anflgnerate specifications for parts. New communications technolo-

electrl_c!ty for use in supply_lng the Nation’s power needs,_ and Cre'gies using computers are changing the way engineers work on de-
ate millions of products using power. They analyze the impact of giys - Engineers can collaborate on designs with other engineers

the products they develop or the systems they design on the envizonq the country or even abroad, using the Internet or related

ro_nmen_t and people using the_m. E_ngineering _knowledge IS @Pcommunications systems. Many engineers also use computers to
plied to improving many things, including the quality of health care, qnitor product quality and control process efficiency. They spend

the safety of food products, and the efficient operation of financial great deal of time writing reports and consulting with other engi-

systems. neers, as complex projects often require an interdisciplinary team

Engineers conS|'der many factorslwhen Qeveloplng anew prod- engineers. Supervisory engineers are responsible for major com-
uct. For example, in developing an industrial robot, engineers de-

) X f ~~’ponents or entire projects.

termine precisely what function the robot needs to perform; design
and test the robot’s components; fit the components together in an ) N
integrated plan; and evaluate the design’s overall effectiveness, costVorking Conditions o . . .
reliability, and safety. This process applies to many different prod- Most engineers work in ofﬂpe buildings, Iaboratones., or |.ndustr.|al
ucts, such as chemicals, computers, gas turbines, helicopters, arfffants. Others may spend time outdoors at construction sites, mines,
toys. and oil and gas exploration and production sites, where they moni-

In addition to design and development, many engineers work intor or direct qperations or solve ons.ite problems. Some engineers
testing, production, or maintenance. These engineers supervise préfavel extensively to plants or worksites. _
duction in factories, determine the causes of breakdowns, and test Many engineers work a standard 40-hour week. Attimes, dead-
manufactured products to maintain quality. They also estimate thdin€s Or design standards may bring extra pressure to a job. When
time and cost to complete projects. Some move into engineering"iS happens, engineers may work longer hours and experience con-

management or into sales. In sales, an engineering background egliderable stress.

ables them to discuss technical aspects and assist in product plan-

ning, installation, and use. (See the statements on engineering aridmployment

natural sciences managers and sales engineers elsewhere in the2000, engineers held 1.5 million jobs. The following tabulation
Handbook) shows the distribution of employment by engineering specialty.

(O*NET 17-2011.00, 17-2021.00, 17-2031.00, 17-2041.00, 17-2051.00,
17-2061.00, 17-2071.00, 17-2072.00, 17-2081.00, 17-2111.01, 17-
2111.02, 17-2111.03, 17-2112.00, 17-2121.01, 17-2121.02, 17-2131.00,
17-2141.00, 17-2151.00, 17-2161.00, 17-2171.00, 17-2199.99)

Significant Points

e Starting salaries are significantly higher than those of
college graduates in other fields.
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Specialty Employment Percent  programs may get jobs similar to those obtained by graduates with
Total, all ENGINEETS .......ovveeereereeeeeeeeereeeees 1,465,000 100 abachelor's degree in engineering. Engineering technology gradu-
ates, however, are not qualified to register as professional engineers

E:Sﬁmcal aNd EIECITONICS -.oovosvvvrsvvee 223?; ‘(?(%J 12 60 under the same terms as graduates with degrees in engineering. Some
Mecharial oo 221000 15 eMPloyers regard technology program graduates as having skils
Industrial, including health and safety ........ 198,000 14  between those of a technician and an engineer. -
COMPULET NArAWAIE ... 60,000 4 Graduate training is essential for engineering faculty positions and
ENVIFONMENLAl «.cvveveeeveee e eee e 52,000 4  many research and development programs, but is not required for the
ABTOSPACE ...vevvverririereerestesiesereeresressesseseanas 50,000 3 majority of entry-level engineering jobs. Many engineers obtain
Chemical ... 33,000 2 graduate degrees in engineering or business administration to learn
MELETIAIS ... 33,000 2 new technology and broaden their education. Many high-level ex-
NUCIBAT ..o 14,000 1 ecutives in government and industry began their careers as engineers.
E%;?S:E;I """""""""""""""""""""""""""""" 795)(%) <11 About 330 colleges and universities offer bachelor’s degree pro-

LSRG e e e ’ grams in engineering that are accredited by the Accreditation Board
Mining and geological, including . .

MHNING SAFEY vovvrvooooeooeooeoeoeoeooeeeeeeee 6,500 <1 for Engmeerrng and Technology (ABET), and .about .250 (;olleges
Marine engineers and naval architects ........ 5,100 <1 offer accredited bachelor's degree programs in engineering tech-
AGHCURUTAL ..o, 2,400 <1 nology. ABET accreditation is based on an examination of an engi-

253,000 17 neering program’s student achievement, program improvement,
faculty, curricular content, facilities, and institutional commitment.
Almost half of all wage and salary engineering jobs were found Although most institutions offer programs in the major branches of
in manufaCtUl'ing indUStrieS, such as transportation equipment, eleCengineering, 0n|y a few offer programs in the smaller Speciames_
trical and electronic equipment, industrial maChinery, and inStI’U-A]SO, programs of the same title may vary in content. For examp|e,
ments and related products. About 401,000 wage and salary job§ome programs emphasize industrial practices, preparing students
were in services industries, primarily in engineering and architec-for a job in industry, whereas others are more theoretical and are
tural services, research and testing services, and business servicefesigned to prepare students for graduate work. Therefore, stu-
where firms designed construction projects or did other engineerdents should investigate curricula and check accreditations care-
ing work on a contractual basis. Engineers also worked in the confylly before selecting a college.
struction and transportation, communications and utilities industries. Admissions requirements for undergraduate engineering schools
Federal, State, and local governments employed about 179,00¢hclude a solid background in mathematics (algebra, geometry, trigo-
engineers in 2000. Almost half of these were in the Federal GOV-nometry, and Ca|cu|us) and sciences (b|0|0gy, Chemistry, and phys-
ernment, mainly in the Departments of Defense, Transportation, Ag-cs), and courses in English, social studies, humanities, and
riculture, Interior, and Energy, and in the National Aeronautics and computers. Bachelor’s degree programs in engineering typically
Space Administration. Most engineers in State and local govern-are designed to last 4 years, but many students find that it takes
ment agencies worked in highway and public works depart- petween 4 and 5 years to complete their studies. In a typical 4-year
ments. In 2000, about 43,000 engineers were self-employed, manyollege curriculum, the first 2 years are spent studying mathemat-
as consultants. ics, basic sciences, introductory engineering, humanities, and so-
Engineers are employed in every State, in small and large citiesgja| sciences. In the last 2 years, most courses are in engineering,
and in rural areas. Some branches of engineering are concentratgually with a concentration in one branch. For example, the last 2
in particular industries and geographic areas, as discussed later iyears of an aerospace program m|ght include courses in fluid me-

All other engineers

this chapter. chanics, heat transfer, applied aerodynamics, analytical mechanics,
o o flight vehicle design, trajectory dynamics, and aerospace propul-
Training, Other Qualifications, and Advancement sion systems. Some programs offer a general engineering curricu-

A bachelor’s degree in engineering is required for almost all entry-|lum; students then specialize in graduate school or on the job.
level engineering jobs. College graduates with a degree in a physi- Some engineering schools and 2-year colleges have agreements
cal science or mathematics occasionally may qualify for somewhereby the 2-year college provides the initial engineering educa-
engineering jobs, especially in specialties in high demand. Mosttion, and the engineering school automatically admits students for
engineering degrees are granted in electrical, electronics, mechantheir last 2 years. In addition, a few engineering schools have arrange-
cal, or civil engineering. However, engineers trained in one branchments whereby a student spends 3 years in a liberal arts college study-
may work in related branches. For example, many aerospace enging pre-engineering subjects and 2 years in an engineering school
neers have training in mechanical engineering. This flexibility al- studying core subjects, and then receives a bachelor’s degree from
lows employers to meet staffing needs in new technologies andeach school. Some colleges and universities offer 5-year master’s
specialties in which engineers are in short supply. It also allowsdegree programs. Some 5- or even 6-year cooperative plans com-
engineers to shift to fields with better employment prospects or tobine classroom study and practical work, permitting students to gain
those that more closely match their interests. valuable experience and finance part of their education. All 50 States
Most engineering programs involve a concentration of study in and the District of Columbia usually require licensure for engineers
an engineering specialty, along with courses in both mathematicsvho offer their services directly to the public. Engineers who are
and science. Most programs include a design course, sometimeicensed are called Professional Engineers (PE). This licensure gen-
accompanied by a computer or laboratory class or both. erally requires a degree from an ABET-accredited engineering pro-
In addition to the standard engineering degree, many collegegyram, 4 years of relevant work experience, and successful completion
offer 2- or 4-year degree programs in engineering technology. Thes@f a State examination. Recent graduates can start the licensing pro-
programs, which usually include various hands-on laboratory classesgess by taking the examination in two stages. The initial Fundamen-
that focus on current issues, prepare students for practical desigtals of Engineering (FE) examination can be taken upon graduation.
and production work, rather than for jobs which require more theo-Engineers who pass this examination commonly are called Engineers
retical and scientific knowledge. Graduates of 4-year technologyin Training (EIT) or Engineer Interns (El). The EIT certification
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usually is valid for 10 years. After acquiring suitable work experi- economic slowdowns. In industries such as electronics and aero-
ence, EITs can take the second examination, the Principles and Praspace, however, large cutbacks in defense expenditures and gov-
tice of Engineering Exam. Several States have imposed mandatorgrnment research and development funds, as well as the trend towarc
continuing education requirements for relicensure. Most States receontracting out engineering work to engineering services firms, have
ognize licensure from other States. Many civil, electrical, mechani-resulted in significant layoffs for engineers.
cal, and chemical engineers are licensed as PEs. It is important for engineers, like those working in other techni-
Engineers should be creative, inquisitive, analytical, and detail- cal occupations, to continue their education throughout their ca-
oriented. They should be able to work as part of a team and taeers because much of their value to their employer depends on
communicate well, both orally and in writing. Communication abili- their knowledge of the latest technology. Although the pace of tech-
ties are becoming more important because much of their work isnological change varies by engineering specialty and industry, ad-
becoming more diversified, meaning that engineers interact withvances in technology have significantly affected every engineering
specialists in a wide range of fields outside engineering. discipline. Engineers in high-technology areas, such as advanced
Beginning engineering graduates usually work under the super-electronics or information technology, may find that technical knowl-
vision of experienced engineers and, in large companies, also magdge can become obsolete rapidly. Even those who continue their
receive formal classroom or seminar-type training. As new engi-education are vulnerable to layoffs if the particular technology or
neers gain knowledge and experience, they are assigned more diffproduct in which they have specialized becomes obsolete. By keep-
cult projects with greater independence to develop designs, solvéng current in their field, engineers are able to deliver the best solu-
problems, and make decisions. Engineers may advance to becont®ns and greatest value to their employers. Engineers who have
technical specialists or to supervise a staff or team of engineers andot kept current in their field may find themselves passed over for
technicians. Some may eventually become engineering managensromotions or vulnerable to layoffs, should they occur. On the other
or enter other managerial or sales jobs. (See the statements undieand, it often is these high-technology areas that offer the greatest
management and business and financial operations occupations, arahallenges, the most interesting work, and the highest salaries.

sales and related occupations elsewhere i#relbook) Therefore, the choice of engineering specialty and employer involves
an assessment not only of the potential rewards but also of the risk
Job Outlook of technological obsolescence.

Overall engineering employment is expected to increase more slowly
than the average for all occupations. However, overall job opportu-Related Occupations
nities in engineering are expected to be good through 2010 becaudengineers apply the principles of physical science and mathematics
the number of engineering degrees granted is not expected to increage their work. Other workers who use scientific and mathematical
significantly over the 2000-10 period. Projected employment growth principles include architects, except landscape and naval; engineer-
and, thus, job opportunities vary by specialty, ranging from a declineing and natural sciences managers; computer and information sys-
in employment of mining and geological engineers to faster-than-avertems managers; mathematicians; drafters; engineering technicians;
age growth among environmental engineers. Competitive pressuresales engineers; science technicians; and physical and life scien-
and advancing technology will force companies to improve and updatdists, including agricultural and food scientists, biological and medi-
product designs and to optimize their manufacturing processescal scientists, conservation scientists and foresters, atmospheric
Employers will rely on engineers to further increase productivity, as scientists, chemists and materials scientists, environmental scien-
investment in plant and equipment increases to expand output of goodssts and geoscientists, and physicists and astronomers.
and services. New computer and communications systems have
improved the design process, enabling engineers to produce and an&ources of Additional Information
lyze various product designs much more rapidly than in the past andHigh school students interested in obtaining a full package of guid-
to collaborate on designs with other engineers throughout the worldance materials and information (product number SP-01) on a vari-
Despite these widespread applications, computer technology is noéty of engineering disciplines should contact the Junior Engineering
expected to limit employment opportunities. Finally, additional en- Technical Society by sending $3.50 to:
gineers will be needed to improve or build new roads, bridges, water> JETS-Guidance, 1420 King St., Suite 405, Alexandria, VA 22314-2794.
and pollution control systems, and other public facilities. Internet: http://www.jets.org

Many engineering jobs are related to deve|0ping techn0|ogies ngh school students interested in Obtaining information on
used in national defense. Because defense expenditures—particf*BET-accredited engineering programs should contact:
larly expenditures for aircraft, missiles, and other weapons systems—2> The Accreditation Board for Engineering and Technology, Inc.,
are not expected to return to previously high levels, job outlook 111 Market Place, Suite 1050, Baltimore, MD 21202-4012.
may not be as favorable for engineers working in defense-relatede"netnttp://www.abet.org . .
fields although defense expenditures are expected to increase. Non-licensed engineers and college students interested in

The number of bachelor's degrees awarded in engineering bepg):]{igg?g information on Professional Engineer licensure should

Ea?/r(]aldt?\?gzlgr? mu];:9h83fat2g ?_gzgsnt?#:?ottgls:ﬁ:na;e?b;ué:2&2?? _The National Society of Professional Engineers, 1420 King St., Alexan-
. . B : . R Sdrla, VA 22314-2794. Internetitp://www.nspe.org
from engineering programs is not expected to increase significantly,.  national Council of Examiners for Engineers and Surveying, P.O. Box
over the projection period. 1686, Clemson, SC 29633-1686. Interietp://www.ncees.org
Although only a relatively small proportion of engineers leaves  |nformation on general engineering education and career re-
the profession each year, many job openings will arise from replacesgources is available from:
ment needs. A greater proportion of replacement openings is cre» American Society for Engineering Education, 1818 N St. NW., Suite
ated by engineers who transfer to management, sales, or othed00, Washington, DC 20036-2479. Interrigtp://www.asee.org
professional occupations than by those who leave the labor force. Information on obtaining an engineering position with the Fed-
Most industries are less likely to lay off engineers than other eral Government is available from the Office of Personnel Manage-
workers. Many engineers work on long-term research and develiment (OPM) through a telephone-based system. Consult your
opment projects or in other activities that continue even duringtelephone directory under U.S. Government for a local number or
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call (912) 757-3000; Federal Relay Service: (800) 877-8339. Thethermodynamics, celestial mechanics, propulsion, acoustics, or guid-

first number is not tollfree, and charges may result. Information alsoance and control systems.

is available from the OPM Internet sitétp://www.usajobs.opm.gov Aerospace engineers typically are employed within the aerospace
Non-high school students and those wanting more detailed in-industry, although their skills are becoming increasingly valuable

formation should contact societies representing the individual in other fields. For example, aerospace engineers in the motor ve-

branches of engineering. Each can provide information about careerBicles manufacturing industry design vehicles that have lower air

in the particular branch. The individual statements that follow also resistance, increasing the fuel efficiency of vehicles.

provide other information in detail on aerospace; agricultural; bio-

medical; chemical; civil; computer hardware; electrical and elec- Employment

tronics, except computer; environmental; industrial, including health Aerospace engineers held about 50,000 jobs in 2000. Almost one-

and safety; materials; mechanical; mining and geological, includinghalf worked in the aircraft and parts and guided missile and space

mining safety; nuclear; and petroleum engineering. vehicle manufacturing industries. Federal Government agencies,

primarily the Department of Defense and the National Aeronautics

and Space Administration, provided almost 15 percent of jobs.

Aerospace Engineers Engineering and architectural services, research and testing services,
and search and navigation equipment firms accounted for most of
(O*NET 17-2011.00) the remaining jobs.
Job Outlook

Nature of the Work . . . Employment of aerospace engineers is expected to grow about as
Aerospace engneers are respon§|ble for developmg.e.xtraordlnar¥ast as the average for all occupations through 2010. The declinein
{gfh;gzi'r;?m;':E;%glez\x?tlv?v%gg gq%leersaa:arl]foirmllll'lr?g pg:;df]Defense Department expenditures for military aircraft, missiles, and

P ' : y Mother aerospace systems has restricted defense-related employment

?heg%(;%u?ggl}ﬁzt a('):cctrﬁgé:p?SZﬁrgZ’ a:grg'szggsein?nzgfse:x'hsgpportunities in recent years. However, an expected increase in
9 P : P 9 Uefense spending in these areas may result in increased employ-

work with aircraft are consideregtronautical engineersind those ment of aerospace engineers in defense-related areas during the

\évr?rlfr:r;gerzpeuflcally with spacecraft are consideastionautical 2000-10 period. Demand should increase for aerospace engineers
9 to design and produce civilian aircraft, due to the need to accom-

Aerospace engineers develop new technologies for use in avia- . . .
P 9 P 9 .modate increasing passenger traffic and to replace much of the

tion, defense systems, and space e>_<p|oration, O_fteq specializing Iri&resent fleet with quieter and more fuel-efficient aircraft. Addi-
areas such as structural des!gn,_gwdance, navigation and contro jonal opportunities for aerospace engineers will be created with
instrumentation and communication, or production methods. They

often use Computer-Aided Design (CAD), robotics, and lasers andalrcraft manufacturers to search for ways to use existing technol-

. : . ._ogy for new purposes. Some employment opportunities also will
gdvgnced elfectronlc optics to assist them. They also may Spec'.aloccur in industries not typically associated with aerospace, such as
ize in a particular type of aerospace product, such as commerci

transports, military fighter jets, helicopters, spacecraft, or missiles otor vehicles. Most job openings, however, will result from the
ports, yhg 1€, pters, sp . “need to replace aerospace engineers who transfer to other occupa-
and rockets. Aerospace engineers may be experts in aerodynami

Cﬁ()ns or leave the labor force.

Earnings

Median annual earnings of aerospace engineers were $67,930 in
2000. The middle 50 percent earned between $56,410 and $82,570.
The lowest 10 percent earned less than $47,700, and the highest 10
percent earned more than $94,310. Median annual earnings in the
industries employing the largest numbers of aerospace engineers in

2000 were:

Federal Government........................ $74,170
Search and navigation equipment 71,020
Aircraft and Parts ..........eeveeiiiiiiir e 68,230
Guided missiles, space vehicles, and parts ..........ccccceevvvveeeennnen. 65,830

According to a 2001 salary survey by the National Association
of Colleges and Employers, bachelor’s degree candidates in aero-
space engineering received starting offers averaging $46,918 a year,
master’s degree candidates were offered $59,955, and Ph.D. candi-
dates were offered $64,167.

Sources of Additional Information
For further information about aerospace engineers, contact:
> Aerospace Industries Association, 1250 Eye St. NW., Washington, DC
20005. Internethttp://www.aia-aerospace.org
. - > American Institute of Aeronautics and Astronautics, Inc., Suite 500, 1801

‘“.\hll Alexander Bell Dr., Reston, VA 20191-4344. Interhétp://www.aiaa.org

(See introduction to the section on engineers for information on

Aerospace engineers use computer-aided design to develop neworking conditions, training requirements, and other sources of ad-
technologies. ditional information.)




