


































































































































































































66 The Various Engineering Departments

Aircraft includes the research, development, design, and manu-
facture of power plants and accessories for all types of flying ma-
chines. The engine is changing from one that is rotating and in-
ternal combustion to a gas turbine, jet-propelled type. Temperatures
are very high in the combustion chambers of these newer type
engines and there are many difficult metallurgical problems.

Automotive, as we will consider it here, covers the research,
development, and design of power plants for various types of self-
propelled vehicles. This would include automobiles and trucks,
diesel-electric locomotives, tractors and power machinery. Gener-
ally, this category has meant engines of the internal-combustion
type, and has not included steam engines. This is a very large field
that touches almost every aspect of our lives. Engineers who suc-
ceed in it need a good deal of ability, courage, and resourcefulness.

Heat-Power deals with the production of power from coal, oil, or
gas (usually). Engineers in this field design, install, and operate
boilers, turbines, coal and ash handling equipment, feed water
purifiers, condensers, and all sorts of gauges and regulating devices.
The steam engine is still a very useful and important source of
power, particularly in large stationary plants where steam is used
to run electric generators or to furnish heat for buildings.

Heating, Ventilation, Air Conditioning includes the design and
manufacture, sale, installation, and service of equipment in homes,
industrial and commercial buildings, offices, warehouses, and trans-
portation units. It is a rapidly expanding field that is receiving much
attention and advertising. The reader should remember that we
are considering the work which an engineer does in this field. Many
people have unwittingly confused the work of the engineer with
that of the mechanic who installs, repairs, and services the equip-
ment. The latter is a very important and necessary man, but he is
not an engineer. It is the job of the engineer to design and direct
the manufacturing of the equipment so that it will operate when
correctly installed by the mechanic.

Industrial covers factory planning and layout, industrial rela-
tions, safety, production operations, the management of men, money,
and materials. In some engineering colleges it is established as a
curriculum. Because of the wide range of abilities needed in this
field, a man who is not an engineer may do many phases of the
work successfully.

Metallurgy. requires a good knowledge of the chemical and phys-
ical properties of metals. There is a constant search for new metals,
new alloys, or new ways of treating old metals to provide new and
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needed characteristics. The design of many products is limited by
the strength and endurance of the metals that are available for
their construction. Some metallurgists are working with metals to
provide higher strengths; some are studying brazing and coating
methods; others are specializing in welding processes and tech-
niques. Metallurgy is an ever-widening field that calls for men
trained in several specialized areas, including mechanical engineer-
ing.

Machine Design. Although this is a function and not a field, it
represents a very important activity of mechanical engineers and
merits special mention here. It covers all kinds of machines from
prime movers, such as engines and turbines, to mill machinery,
presses, lathes, milling machines, and other machine shop equip-
ment. It ranges from the smallest part of a meter or gauge to the
powerful machines that are used for forging or pressing metal.
Successful designers of machines need keen analytical and creative
ability.

As pointed out earlier, we may have artisans and craftsmen
(mechanics), technicians, and engineers working in a factory or
office on the same process or product. It may be difficult, in a
specific case, to say which acts, manual or mental, are “engineer-
ing” and which are not. Each person contributes a necessary and
important part. A young man should try to find an operation that
fits his aptitudes and interests. It is a mistake and a waste of energy
for anyone to try to do things that he is not equipped or prepared
to do. There are tremendous opportunities in the various fields of
mechanical engineering for many men who are not engineers, and
the need for engineers is great.

Characteristics of Mechanical Engineers

The following traits are typical of the mechanical engineer. He
should have (1) a liking for machines, mechanical equipment, any-
thing that has “wheels going around.” While he need not have
above-average skill in the use of his hands — although that would
be useful — he should really enjoy the noise and smell of machines
and the feeling of grease on his hands. It is important for him to
have (2) a better-than-average mechanical aptitude — that is, the
ability to visualize objects in various space positions. He should
have (3) a leaning toward the practical rather than the theoretical
aspects of engineering, with an interest in “making something.” His
must be (4) a type of mind that thinks about material things, ob-
jects, rather than about the abstract.
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Professional Organization for Mechanical Engineers

The American Society of Mechanical Engineers is the profes-
sional society for mechanical engineers. Its constitution states that
its objectives are “to promote the art and science of Mechanical
Engineering and allied arts and sciences to encourage original re-
search; to foster engineering; to promote the intercourse of engi-
neers among themselves and with allied technologists; and sever-
ally and in cooperation with other engineering and technical so-
cieties for broadening the usefulness of the engineering profession.”

The beginning grade of corporate membership is Junior Member
for which the requirements are: sufficient engineering experience
to enable the candidate to fill a subordinate position in engineering
work or a graduate of an engineering school of accepted standing;
twenty-one years of age.

The society has established student branches in most of the
engineering colleges of the United States. These student members
are regarded as student associates of the American Society of
Mechanical Engineers. They have opportunity to cooperate in many
of the society’s activities.

MINING AND METALLURGICAL ENGINEERING

Mining and metallurgy are associated in the name of their
founder society. They are closely related in actual field operations,
particularly in the mining of metals, but they differ in the manipula-
tions. Generally, there are separate curriculums for mining and
metallurgical engineering.

Fields and Occupations of Mining Engineers

The mining engineer extracts minerals from the earth and pre-
pares them for the market. These minerals are commonly divided
into three general groups: (1) metallic minerals, from which are
extracted such metals as copper, iron, lead, zine, gold, silver, and
recently, uranium and thorium; (2) nonmetallic minerals, such as
fluorspar, limestone, asbestos, sand, gravel, crushed stone, and clay;
(3) fuels, such as coal, petroleum, and natural gas.

Exploration. The mining engineer requires a wide range of
education because his work involves phases of several other kinds
of engineering, such as civil, electrical, and mechanical, plus the
science of geology. He must have a knowledge of the latter to
enable him to locate ore-bearing strata, petroleum deposits, coal
deposits, and other minerals. And he must be prepared to use intri-
cate detector and measuring instruments. Recent advances in the



The mining engineer directs the field work of exploring and sampling
a new prospect. Here he is shown mapping the surface geology
exposed in the trench. He may stay to construct and operate the
mine, or he may move on to a new field.

art and science of prospecting, in which sound waves are used,
have taken some of the guesswork out of his job.

Surveying and Mapping. In a large mine the mining engineer
would have the help of specialists in other fields — the civil, elec-
trical, and mechanical engineer, and the chemist. But in a small
mine he will have to do the work himself. This calls for property
line and site surveys and the making of topographic maps. He may
have to run surveys to map outcrops where the ore appears at the
ground surface, and to locate boundaries of mining claims, or to
map underground excavations. He may have to lay railroad track
underground, and design and build structures at the mine site, in-
cluding the power plant, smelters, and washers.

Mine Appraisal means determining the value of mine property
and mineral desposits. This is also a duty of the mining engineer.

Assaying is the name for the quantitative analytical process
used by the mining engineer in determining the percentage of metal
in an ore.

Smelting. After the ore has been removed from the earth, it
must undergo processing, usually smelting, to extract the metal
which is usually mixed with materials that oftentimes have no use.
Sometimes this smelting operation may be done at another site,
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as is the case with the ore that is mined in northern Minnesota
and smelted at Gary, Indiana.

Exhaustion of the higher grade iron ore in the conveniently ac-
cessible ranges of northern Minnesota is the principal reason for
a new development in the processing of iron ore. Lower grade ores
are handled by a special process that removes some of the non-iron-
bearing portion. The resulting product has an iron content high
enough to warrant shipping to the smelters. This operation is in
the field of the mining engineer.

Characteristics of Mining Engineers

The typical mining engineer should have: (1) above-average
liking for outdoor work and for some fairly rough living conditions;
(2) good health and physical endurance; (3) enjoyment of, and
ability in, chemistry and physics; (4) considerable mechanical apti-
tude and ingenuity that will enable him to make emergency repairs
and keep the machinery and plant in operation.

Fields and Occupations of Metallurgical Engineers

The metallurgical engineer takes up where the mining engineer
leaves off. Metallurgy is the science that deals with the structure
of metals and their alloys, their physical properties, and their
thermal and mechanical treatment. A metallurgical engineer must
have a good knowledge of physical chemistry. Recent developments
in nuclear fission will have profound effects on the study of metal
structure.

The mining engineer turns over the material to the metallurgical
engineer at the smelter. Here the latter, sometimes designated an
Extractive Metallurgist, begins the process of separating metals
from the ores, the refining of these metals, and their preparation for
use. In the other branch of metallurgy, the Physical Metallurgist
deals with the content and structure of pure metals and their alloys.
He specifies the methods that are to be used for converting the re-
fined metal into a final product that has certain desired properties,
such as strength and hardness. This change may be made by alter-
ing the internal structure of the metal through fabrication processes
such as casting, rolling, and heat treatment.

Production — the commercial production of raw materials — is
one of the fields in which the metallurgical engineer works.

Fabrication and Utilization, another of his fields, has been dis-
cussed above.

Research, the third field of the metallurgical engineer, involves
studies for the improvement of production, fabrication, or utiliza-
tion.
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Characteristics of Metallurgical Engineers

The metallurgical engineer should have: (1) high ability in
chemistry and physics; (2) some manual dexterity, which he will
need in preparing specimens; (3) keen ability to observe, because
he will make many physical tests; (4) no aversion or dislike for
odors.

Professional Organization for Mining and Metallurgical Engineers

The American Institute of Mining and Metallurgical Engineers
is the professional society for mining and metallurgical engineers.
Its objectives as set forth in its articles of incorporation are: “To
promote the arts and sciences connected with the economic produc-
tion of the useful minerals and metals, and the welfare of those
employed in these industries by all lawful means; to hold meet-
ings for social intercourse and the reading and discussion of tech-
nical papers, and to circulate by means of publications among its
members the information thus obtained, and to establish and main-
tain a place for meeting of its members, and a hall for the reading
of papers and delivery of addresses, and a library of books relating
to subjects cognate to the sciences and arts of mining and metal-
lurgy.”

The institute has seven classes of membership, of which Junior
is the entering grade. It maintains two types of student relation-
ship. One of these is the individual relationship with a student who
pays a two dollar annual fee and is designated Student Associate.
The other relationship is with organizations of students at approved
schools. They are known as affiliated student societies or student
chapters.



chapter 4

The Functional 0ccupations

of the Engineer

HEN the young engineer begins his work he finds that his
assignments are not designated Civil Engineering, Mechani-
cal Engineering, or some other kind of engineering. Instead he
hears his employer describing jobs as design, construction, produc-
tion, and sales. This classification according to function is a very
important one. Certain characteristic traits that are peculiar to
such functions as design or sales may have more significance than
the characterizing traits of a department. For this reason, and be-
cause there are similar functional occupations in all of the major
departmental fields, we shall devote considerable space to a dis-
cussion of these functional occupations.

Research has been variously designated as pure or applied, and
there has been a great deal of discussion about it — both as to what
constitutes research and the uses that may be made of the results.
For our purposes a dictionary definition is adequate: “Studious
inquiry; usually, critical and exhaustive investigation or experi-
mentation having for its aim the revision of accepted conclusions,
in the light of newly discovered facts.”

Research may be carried on in many fields, and the results may
appear in a variety of ways. For example, there may result an en-
tirely new product, such as artificial silk or the photoelectric cell;
there may be a reduction in production costs, such as we have had
in the automobile industry, where there was a continuous improve-
ment in the automobile (a result of research) with a steady decrease
in the selling price before World War II; there may be means of
utilizing by-products from an already established manufacturing
process (this frequently results in new products), such as the tar

[72]
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products that have come from the manufacture of coke; there may
be reduced distribution cost as exemplified by the railroads’ de-
velopment of containers that may be loaded bodily on flat cars, then
upon arrival at the destination shifted to trucks or to other vehicles;
business methods may undergo improvement through research, in-
cluding accounting practice, billing and collection routine, industrial
relations, and others.

Although the basic conceptions of research are very old, the
present-day programs of research have had a comparatively recent
development, and the great majority of research departments have
been organized since the 1920’s. Organized research is carried on
by five fairly distinct groups of investigators: (1) government in-
stitutions such as the United States Bureau of Standards, (2) uni-
versities, where the project may be carried on independently or
in cooperation with manufacturing companies or industrial associa-
tions, (3) industrial companies and industrial associations main-
taining skilled staffs and extensive facilities, (4) research institutes
operating on a commercial or semicommercial basis, (5) independ-
ent investigators working in the line of their regular practice.

Important and essential features of this research are: (1) It is
organized and planned. (2) A large percentage has a specific ob-
jective, such as a process or a product. (3) Many people are at work
on numerous facets of a problem. (4) The workers are usually
specialists. (5) Vast sums of money and extensive facilities and
other equipment are required.

In the large sense, he who would be most successful in research
should possess all of the qualifications that are needed for success
in other fields of engineering. There are certain particularly desir-
able traits. The man should be studious and possess superior men-
tality, particularly in the sciences. He should have great courage,
the ability to apply himself to a problem persistently, and tremen-
dous endurance. He should have some of the spirit of an explorer,
because research is a great series of adventures. Like the true ad-
venturer the researcher must be able to endure the hardships that
come between the adventures. Analytical ability, ingenuity, and the
ability to evaluate the commercial possibilities of research results
are all essential attributes.

Design. Webster’s New International Dictionary says that to
design means “to plan mentally; to conceive of as a whole, com-
pletely or in outline . . . to so plan and proportion the parts of a
machine or structure that all requirements will be satisfied.” Clearly,
there are many types of design. Some are new creations, unlike any-
thing that has been done; but the vast majority are built upon the
foundation of theory and practice.
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Consider the design of a bridge. This involves the selection of a
type, the trying of a number of combinations of types and arrange-
ments, with estimates of costs of each to determine which combina-
tion of substructure and superstructure will work out most satis-
factorily from the standpoint of cost and service. Then the designer
proceeds with detailed sketches, drawings, and calculations which
determine the sizes, shapes, and lengths of members and the method
of attachment to adjacent members.

Take another example: A manufacturing plant needs a piece of
apparatus to perform a definite function, that of closing and sealing
cartons of soap. The designer might adapt his design from a machine
already in use; he might develop it analytically, making careful
motion diagrams; he must choose kinds, weights, and shapes of
material.

Another type of design is that which requires the assembling
of a number of standard pieces of apparatus to form a larger unit.
Some of this is mere routine work that requires only a familiarity
with the catalogs; others require a thorough understanding of the
design and performance records of each piece.

Another phase of design that must have constant attention is the
cost. A proposed machine or process of manufacture may be in
accord with scientific laws, yet be impractical in a commercial sense.

The work of the design engineer requires that he spend a part
of his time at his desk making calculations; a part in the drafting
room supervising and checking drawings; and another part in the
shop, or in the field, interpreting the requirements of the drawings,
or watching tests to learn whether the machine or structure per-
forms as calculated.

A good designing engineer must have a practical as well as a
theoretical bent. He must be able to envisage the completed struc-
ture in his mind’s eye before it is completed. He should have a
wide knowlege of materials and their applications, and he should
be familiar with factory processes. He should be neat and accurate
and reasonably adept at handling mathematics. He is apt to be a
poor leader of men because he prefers to work with ideas and things
rather than with people.

There is a general belief that design means permanent attach-
ment to a drafting board. It is true that a large portion of a young
man’s first years in design are apt to be spent at drafting. For this
reason drafting skill is an important asset. As for the later years,
enough has been said in this brief discussion to show that there is an
interesting variety of activities in engineering design. Real design
is a challenge to the very highest type of engineering ability, and
no man who has the requisite qualifications and interests should
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avoid design because “he doesn’t want to spend all of his life over
a drafting board.” Those who have this ability, and are able to
direct others, will pass on to positions of enlarging opportunity and
responsibility where contact with the drafting board will be super-
visory only.

Development and Experiment. These are phases of design, but
there are some special requirements for success in this field that
merit mention. Development is used frequently in combination
with other words, such as Sales Development, Process Develop-
ment, Product Development. There are many activities in engineer-
ing that do not lend themselves to purely theoretical planning and
design. The piece of equipment, or machine, or a manufacturing
process is set up and brought through a succession of stages or states
until the desired or a satisfactory condition is reached.

For example, a tractor may have shown some defects in opera-
tion. The trouble has been found. The next step is to make the
correction. This, or a similar tractor, will be set up in the experi-
mental laboratory of the manufacturer, and the engineers will go
to work. By a combination of theoretical and practical application
of engineering principles they will arrive at the solution and prob-
ably effect an improvement.

Or, consider the problem of adapting rubber tires to farm im-
plements — tractors, plows, cultivators. There are too many un-
certain and unknown aspects to permit a theoretical solution. Ex-
perimental methods give the answer.

In every manufacturing plant there is constant need and demand
for improvement in the performance of machines. As a rule this
must be done by experiment, and the new piece of equipment is
evolved or developed. Here we find research and development very
close to each other.

Another type of development involves the process as well as the
apparatus. For example, there is the problem of extracting oil from
the soybean. A change in one step of the process entails changes in
other steps, all of which requires new or modified equipment. This
is the reason for small or “semiworks” plants where difficulties may
be ironed out before commercial production is attempted. As soon
as the semiworks plant is operating smoothly, the problem of opera-
tion on a quantity production basis goes back to the design engineer.

First-rate development and experimental engineers are scarce.
They seem to have a sixth sense or intuition that helps them to
choose the proper shape or cross sections, or make the right change
in design. The financial rewards are large and the work intensely
interesting. Skill in that field can probably be acquired. The re-
quirements seem to be ingenuity of a high order, considerable man-
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ual skill, a liking for the experimental rather than the analytical
method, with a thorough understanding of basic design principles,
patience, and persistence.

Construction and Manufacturing. These functions pertain to
very different fields, yet the fundamental activities and the basic
skills required are similar. The construction engineer supervises
the building of factories, skyscrapers, highways, railroads, bridges,
dams, water and sewerage systems, power transmission systems, and
others. The manufacturing engineer (the more frequent expression
is production engineer, which has a narrower meaning, also) has
charge of the making of implements and goods. On large construc-
tion projects and in large manufacturing establishments the work is
subdivided, for convenience, into sections. They have planning de-
partments, cost or estimating departments, and industrial relations
departments.

The planning department on a construction project would select
the construction equipment; place it on the site; lay out the route
to be followed by all materials; make sure that materials were on
hand when and where needed. In a manufacturing plant the plan-
ning department would arrange the machines on the floor; chart
the route of parts during their finishing process, and later, when
those parts were to be assembled, make sure that all accessories
were on hand when needed.

The cost or estimating department on a construction project must
keep accurate records of all costs and be prepared to make estimates
that may be submitted on proposals for new projects. For large
companies this means a large corps of accountants. In smaller com-
panies one man, frequently the engineer, must be a sort of Jack-of-
all-trades. A manufacturing plant has a very comprehensive cost
department because its selling prices must be based upon costs. Fre-
quently, the section which makes time studies and sets rates on
piecework is associated with the cost department.

Relations with employees are handled through a separate de-
partment, often called Industrial Relations Department. Here all
matters of wages, safety, health, disability, and pensions are dis-
cussed freely by manager and worker.

Any engineer who chooses to follow construction or manufac-
turing and hopes to rise to a position of responsibility must become
familiar with all phases of the work. The following traits are im-
portant: ability to get along with and direct other men; a keen
sense of costs and efficiency in handling materials and men which
will enable him to carry on his work most economically and ef-
ficiently; promptness in arriving at decisions, because there are
times during construction or in a manufacturing plant when very
important decisions must be made without delay; good health and
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a good physique, because most construction is out of doors and the
hours are long, and manufacturing requires long hours, sometimes
with heavy work.

Sales, Service, Application. Goods are manufactured to be sold
at a profit. The same is true of services. Engineering equipment
and services require engineers for the selling. To be a good sales
engineer requires high-grade technical ability plus the personality
traits that are needed by all men who make public contacts. Their
work is not mere “doorbell ringing.”

A few examples will help to make this clearer. Meters and gauges,
used in all power plants, are very intricate devices. Companies
which manufacture them have learned that they must be installed
under the direction of an experienced engineer, called a Service
Engineer. This man gains the confidence and good will of men in
the plant and secures orders for new equipment.

There are many complex problems in the lubrication field. Large
oil companies are giving young engineers special training courses
in what they call Lubrication Engineering. These engineers will
call on industrial companies, help them with their problems, and
perhaps sell some lubricants.

Manufacturers of building materials, such as sash, insulating
materials, wallboard, plaster, blocks, lath, trim, and others, have
organized large staffs of Sales Engineers. These men call on clients,
either dealers or the actual users. In the case of a user they will
look over his problem, make measurements, and suggest a plan for
the proposed improvement. In some instances where special skill
is needed, they may return to make the installation, after making
the sale.

There are many instances where one piece of equipment must
be adapted for use with another piece of equipment. The following
are examples: electric motors and gasoline engines to operate
pumps and compressors; electric welding in the assembly of a steel
structure; photoelectric cells as selecting or counting devices. Men
who handle such assignments are known as Application Engineers.

A sales engineer in addition to being a good engineer must
understand people and enjoy working with them. He must have
tact, patience, perseverance, and good judgment; he must be able
to gain and hold the attention and interest of his customer without
irritation; he must know when and how to close a deal. Above all,
he should have the knack of making people like and trust him, so
that they will be glad to have him call, and when they need some
help or advice they will think of him.

Operations. This might be included under manufacturing. The
word is used frequently and deserves brief mention, however. The
man in charge of operations — superintendent, plant manager — is
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responsible for the efficient planning, organization, and execution of
the coordinated activity of men, money, and materials under his
direction. He must have a personality which commands loyalty and
respect. He must organize and correlate the men and work so that
each man is doing that for which he is best fitted, at the same time
avoiding ill feeling and friction.

He must have a broad understanding of all of the detailed work
in his plant, although he would not be expected to know every de-
tail, such as the operation of each machine, because that would be
left to his foreman. But he must be able to say when his men are
performing satisfactorily.

In the past most of the men in charge of operations have come
up through the manufacturing departments — practical men. Many
- large companies are now offering engineering graduates opportuni-
ties to work into operating positions. The beginning work is hard
and arduous and the hours long, but the rewards for those who make
good are large.

GRADUATE STUDY AND SPECIALIZED EDUCATION

The expanding fields of science and technology, brought about by
advanced mathematical and scientific studies and the development of
new materials and new processes, pose a dilemma for young people
who are planning careers. On the one hand we see the clear need
for more men and women with advanced scientific and technical
training to deal with the complex problems of our technological
civilization. Some authorities maintain that the survival of our
western way of life is in danger if our output of scientifically and
technically educated personnel does not keep up with that of the
communist countries. On the other hand we see the equally clear
proposition that the world needs an increasing number of people
whose education is broad enough and basic enough to enable them to
deal with life’s complex problems. The crux of the dilemma seems
to lie in the fact that very few people are competent in both areas.
Therefore, when choosing what to do, many may follow only one
of the routes.

All of this is important to the high-scholarship graduate from any
engineering curriculum who considers advanced study or graduate
work. Some may choose, as a few have done, to make specialized
preparation for careers in a field such as business, law, or adminis-
tration. However, the majority will follow lines of specialized study
in science and engineering. There are expanding opportunities and
increasing demands for men with educations beyond the bachelor’s
degree. Employers are paying more than the normal beginning sal-
ary to men who have earned advanced degrees. Moreover, with
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other conditions equal, a man with an advanced degree should move
ahead of the four-year-degree man in salary and responsibility.

Many industries, foundations, individuals, and public agencies
are encouraging able young people to go on with graduate and re-
search studies. They do this by paying the student sums of money,
frequently designated scholarships, that he may use to pay portions,
sometimes all, of the cost of his graduate education. Some of these
grants are designated for study in named areas. For example, a
very important field is that of Nuclear Energy. Here, the Atomic
Energy Commission and some nongovernmental agencies are offer-
ing scholarships that may be used for advanced study in science or
in applications (engineering). Generally, this study includes course
work and research on a project, named a thesis, and culminates after
a year’s full-time study in a Master’s degree, and after three years’
full-time study in a doctor of philosophy or doctor of science degree.
The bearer of one of these degrees will find an increasing number of
attractive opportunities. In fact there are some positions, such as
those in engineering college teaching or research, where an ad-
vanced degree is almost a “must.”



chapter 5

lndustries That Employ Engineers

N THE discussion which follows we shall present a very brief
outline of the opportunities that are available for engineers in a
number of industries. Any attempt to offer detailed information
about any or all of these would call for a volume much beyond the
aim of this booklet. It is the author’s hope that these outlines will
serve as guides and suggestions to the reader who is seeking a pic-
ture of the scope of engineering. The reader can fill in the details
if he will read descriptive books and pamphlets that are written for
that purpose. Some of this interesting and informative material may
be obtained from the companies who employ young engineers. Re-
cently those companies have been preparing pamphlets and bro-
chures which describe the work and opportunities that engineers
may find with them. In most instances they would welcome in-
quiries from young men who are seeking information.

It should be pointed out, too, that the list of companies or in-
dustries chosen for inclusion in this book is by no means complete.
Nor is the arrangement or grouping based upon a strict system.
For example, radio and telephone might have been combined under
the general heading communications. The author believes that the
fields included are important. Furthermore, they are grouped so
that they will be recognized readily by the reader.

AUTOMOBILE INDUSTRY

This is an alert, aggressive, dynamic, sales-minded, and highly
competitive industry. It has had a phenomenal growth which has
affected many segments of our economy. Actually it is an industry
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of many parts, each of which is large. There are engine-manufactur-
ing plants, body plants, frame plants, generator plants, axle plants,
radiator plants, and many others. All of these are brought together
in an assembly line operation that is one of the remarkable develop-
ments of the American automobile manufacturers. Several other
manufacturers have copied this technique.

The work is specialized. In fact, several of the automobile com-
panies carry on their own educational programs at both the college
and the trade school level. Most college men who enter the auto-
mobile industry do so by way of one of these training programs.
One company has an advanced program which they designate as a
graduate engineering course.

The industry has use for all kinds of engineers because the manu-
facturing companies have very diversified activities on a very large
scale. Probably the need would be greatest for mechanical, metal-
lurgical, industrial, and electrical engineers, with a lesser need for
chemical, ceramic, and civil engineers. From the functional stand-
point the industry uses design, development, research, production,
plant, construction, sales engineers, and others.

AVIATION

The aviation industry offers opportunities to aeronautical, me-
chanical, electrical, civil, chemical, and other engineers in the de-
sign and manufacture of the airplane and its accessories, in the
construction, operation, and maintenance of airports and landing
fields, in the operation and testing of airplanes, in research and
teaching, and in governmental employment.

In manufacture there is the design of the plane structure, which
is a problem in stress analysis and the selection of parts. Much of
this work is routine drafting, but there are opportunities to rise
above the drafting board.

The design, production, and testing of the engines offer a field
for all types of ability from the routine draftsman to the most crea-
tive genius. Much of the work must be experimental, so there are
many places, both training and permanent, in this field.

World War II gave tremendous impetus to research and develop-
ment. The federal government is spending billions of dollars on
plants, equipment, and men, for wind tunnels, supersonic research,
rockets, and others. The need is for engineers and physicists with
keen research and development ability.

The construction and operation of airports require the services
of engineers who have had experience in such work. Of course,
there are many staff jobs involving schedule and tariff-making,
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accounting and auditing, and others, which may be handled by non-
engineers. Many of the airline companies are placing their retired
pilots in some of these executive and operating positions.

Perhaps a technical education will become an important qualifica-
tion for pilots because of the increasing number of intricate mechani-
cal features of the airplane, which the pilot must understand. It is
probable that the trend will be toward increasing emphasis on
educational qualifications. When a college degree becomes an im-
portant prerequisite, a man with an engineering degree would have
that as a “plus” qualification.

CHEMICAL INDUSTRY

This is a very large, much diversified, and rapidly growing in-
dustry. It could be classified into subgroups such as heavy chemicals,
light chemicals, and organic chemicals. Probably the most satis-
factory way for us will be to make the classification according to
important groups of products.

Generally this is the field for chemical engineers, with some de-
mand for mechanical engineers, and less for civil or electrical engi-
neers. They find work, usually, in the following functional depart-
ments: Engineering, Development, Research, and Manufacturing.

Engineering in many chemical companies includes the follow-
ing: Design, which means the design of new plants and plant addi-
tions, changes in layouts, and equipment; Construction, where esti-
mates are prepared, contracts made, field work supervised; Indus-
trial Engineering, where the main objective is to lower cost of pro-
duction and improve quality of products.

In the Development Department, patents and processes are
evaluated from a commercial point of view, and trends in certain
lines of manufacture are analyzed.

The importance of Research to the chemical industry is well
known. Millions of dollars are spent annually in a search for new
products and for new uses for old products. Some engineers enter
research.

In the Manufacturing Department most of the engineering
graduates will be engaged in production work, that is, in the actual
processes of turning out the company’s product. Mechanical engi-
neers will find opportunities here in design, power, maintenance,
and construction.

As mentioned previously, entire industries have been built
around individual products in the chemical field. Some of these
include: ammonia, where fertilizers, antifreeze, high alcohols, some
resins, etc., are made; explosives, including glycerine, nitroglycerin,
and gunpowder; fabrics and finishes, which include artificial leather
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and lacquered fabrics, enamels, solvents, etc.; pigments that are
used in paint, lacquer, linoleum, rubber, inks, paper, soap, textiles,
etc.; plastics, where many shapes and sizes are molded from sheets,
rods, and tubes; rayon, from which yarn, film, caps, and bottle clo-
sures are made; chemicals, inorganic and organic, such as insecti-
cides, dyestuffs, and ethyl alcohol.

CONSTRUCTION INDUSTRY

The construction industry is second in size to agriculture. We
include in the industry, although not directly involved in actual
construction projects, the mines, mills, and factories that produce
the materials such as cement, glass, sand and gravel, and brick, and
the heating and plumbing systems, elevators, electrical and power
systems, and other equipment and apparatus. Men who work in
it include those who conceive and design, those who build with their
own hands, and those who own the business. These men build thou-
sands of structures ranging from farm buildings to water and sewage
works, highways, skyscrapers that cover a city block, long bridges,
and high dams. There will be continuing and increasing need for
such men because there is more and more demand for projects that
produce power, flood control and irrigation, also national and re-
gional highway systems and toll roads, city planning projects, air-
ports, industrial plants, and homes.

All of this will mean an increaesd demand for engineers in the
construction industry. A civil engineer would begin work on these
jobs as a timekeeper, instrumentman, or assistant estimator, or he
might, if granted permission by the labor union officials, serve as a
common or semiskilled laborer to learn construction operations first-
hand. As he gained experience, the civil engineer would advance,
in the office, to estimator or office engineer; in the field, to construc-
tion superintendent. Mechanical and electrical engineers would be
responsible for the proper use and maintenance of equipment and
the applications of power, on the job.

ELECTRICAL MANUFACTURING

This large industry employs approximately one-fourth of the
engineering graduates of our colleges each year. It includes, in its
broadest phases, some of the industries which we are listing sepa-
rately in this discussion. Some of the principal divisions are appli-
ances, automotive electrical equipment, radio and television, elec-
trical controls, computers, business machines, transmission supplies,
wire and cable, and generation equipment. Except for appliances
(toasters, washing machines, sweepers) the products of this indus-
try are for use by other industries. Therefore, there must be close
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cooperation in the planning, design, and manufacture of the equip-
ment. These and other problems require many engineers. As a re-
sult, engineers make up a large percentage of the total number of
employees of the industry.

Probably the largest number of these will be electrical engi-
neers, although mechanical engineers will be a close second, fol-
lowed by industrial and chemical, with a few ceramic engineers.
The design of electrical equipment has both electrical and mechani-
cal engineering problems. These involve stress, heat flow, vibration,
friction, dynamics, and many others. Furthermore, the need for
close cooperation between the manufacturer and the user of a piece
of equipment makes it necessary that there be engineers, called ap-
plication engineers, skilled in this field. Also, there is a demand for
many sales engineers. Research, too, in many phases of the industry
has kept it in the forefront both in people’s thinking and in the up-
to-dateness of its products.

ELECTRICAL UTILITY

The electric utility companies have always employed large num-
bers of engineers. In the main, these have been civil, electrical, in-
dustrial, and mechanical engineers. The work includes engineering,
construction, testing, operating, sales, and service, which are neces-
sary in the production, transmission, and distribution of electrical
energy.

Engineering involves drafting and design in connection with
the planning of equipment and line additions and improvements.

Construction includes surveying, line construction, and equip-
ment installation.

Testing refers to line, equipment, and material testing. Elec-
tricity is an essential and useful form of energy when properly
handled, but all possible safeguards must be provided to prevent
accidents. Testing helps to provide those safeguards.

Operating deals with the production and transmission of the
electrical energy. It is produced in generating plants which may
be actuated by water or by some form of fuel engine and, soon, by
nuclear energy. This is a very important and little publicized phase
of the work. Transmission includes studies of tie lines, power flow,
high tension terminals and sub-stations, and distribution systems for
alternating and direct current.

Sales and Service have assumed increasing importance in recent
years, as the number of uses for electricity has increased. Utility
companies employ sales engineers who are charged with the job
of helping the customer to solve his problems electrically.
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FOOD TECHNOLOGY AND MANUFACTURING

Engineers are prone to omit this important industry from their
list of employment opportunities. In a general way it is well known
because of its aggressive and interesting advertising in the press
and over the radio.

Probably a career in this field would be made by a chemical,
industrial, or mechanical engineer. At the moment we are thinking
primarily of the manuafcturing aspects. In this field there are numer-
ous uses for unit operations for the chemical engineer; for the
mechanical engineer there are problems of machine development
and design; and for the industrial and the mechanical engineer,
problems of production and planning and scheduling, efficiency stud-
ies, rate making, safety, and other things that go with factory man-
agement.

In other than the manufacturing phases of the food technology
field, a man with the typical Bachelor of Science degree in engineer-
ing would be handicapped. Here there are highly specialized de-
partments built upon chemistry and bacteriology. The engineer
who expects to make progress in this area would be obliged to take
many courses in those departments before he would be ready for
the work.

PETROLEUM INDUSTRY

This industry offers a wide range of opportunity through all of
the functional operations to many kinds of engineers, including in
this group chemical, civil, electrical, industrial, mechanical, and
mining and metallurgical. A brief outline of the work done will
suggest these opportunities to the reader.

There is the phase of surveying and prospecting, locating and
marking oil desposits, and determining their potentialities. Civil,
electrical, and mining and metallurgical engineers and geologists
find work here.

Then there are wells to be driven and operated, pipelines to be
laid out, built, and operated. Here is work for civil and mechanical
engineers.

In the refinery where the oil and fuels are manufactured there
are places for many kinds of engineers: ceramic engineers in the
design and installation of refractories; chemical and mining and
metallurgical engineers in supervising unit operations and cooper-
ation on design problems; civil engineers in structural design and
plant construction; electrical engineers for the design and operation
of special electrical equipment; and mechanical engineers in equip-
ment design, plant operation, and maintenance.
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After the product has been manufactured there are a host of
problems in connection with marketing. Many of these are tech-
nical and specialized. Men with sales engineering leanings would
do this work. Probably they would come from the chemical, indus-
trial, or mechanical engineering groups.

RADIO AND TELEVISION

There is an immense popular appeal to the fields of radio and
television, which has induced many young men to take up the study
of electrical engineering. A large percentage of them do not have
the necessary aptitudes for the course work of that curriculum.
However, both the radio and television industries have large oppor-
tunities for the right men. These opportunities will be considered
in the fields of manufacturing, communications, and broadcasting.

In Manufacturing, electrical engineers will find positions in re-
search, development, and design; also as field engineers, where the
work will involve installation and testing of equipment, checking
of performance, instructing customers, giving technical aid to the
sales department.

Mechanical engineers will work in research, development, de-
sign, plant engineering, production engineering, and industrial engi-
neering. Plant engineering involves the generation and distribution
of heat, light, and power, and the planning of new plants. Industrial
engineering involves cost control, making time studies, and motion
economy. Production engineering means supervision of manufac-
turing processes.

In Communication and Broadcasting, electrical and mechanical
engineers will find work in research, design, installation, testing,
and operation of all types of equipment. Specific fields include trans-
mission, reception, electroacoustics (conversion of sound to radio
wave and vice versa), and television. These various branches are
so closely related, in research, design, manufacturing, and operation,
that the large broadcasting companies, networks, and manufactur-
ers find it desirable and necessary to engage in all of the activities.

Many of these jobs require skilled operators and technicians,
men who have come up through the manually skilled route. As
the technical problems increase in complexity there is a growing
tendency to replace the artisan-trained men with those who have
an engineering college training. It follows that the engineers who
go into this type of work will find it advantageous if they have some
manual skill.
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RAILWAY ENGINEERING

Civil, electrical, and mechanical engineers will predominate here.
Civil engineers find work in the field on surveys, construction, and
maintenance, and in the office on drafting and design for track and
structures.

Electrical engineers do the design, operation, and maintenance
of the electrical equipment. This includes electrical problems of
the motor-driven locomotives, the signal equipment, and others.

Mechanical engineers take care of the design, operation, and
maintenance of the motive power.

Opportunities in the railway field are more numerous than one
might think. Railway management is showing an increased interest
in young engineers. Some day these young men will occupy im-
portant executive positions. The way to the top is slow and hard
and is beset with much tradition. After all, railroading is a specialty,
and no young man should feel that his engineering college degree
will admit him to the fraternity without first proving his worth.

Another aspect of this railroad field is the manufacturing of rail-
road equipment. This includes locomotives, cars, track, terminals,
and other equipment. Engineering opportunities would be for
mechanical, industrial, and electrical engineers in the various manu-
facturing companies. The scope of the field is large and the need
for new ideas and ingenuity very great.

REFRIGERATION AND AIR CONDITIONING

This is an important and growing field, and students of engi-
neering should know about its engineering opportunities. This is
particularly important at a time when there is much talk and ad-
vertising to encourage young men to enter the field.

In refrigeration the equipment is classified according to size
of the machinery as follows: domestic, commercial, industrial. The
household refrigerator in its many forms makes up the domestic
field. These boxes, either ice or mechanical, are completely engi-
neered and assembled at the factory. Commercial units, which are
larger than the domestic units, are also largely standardized; for
this reason, most of their engineering would be done during the
manufacturing. Industrial applications are extremely varied. Usu-
ally they are specially designed and require considerable engineer-
ing on the job, such as determining sizes, making plans, and super-
vising installation.

Air-conditioning units are made in small or package sizes for
home installation. The big field has been in the commercial and
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industrial air conditioning of entire buildings. This demands a
high type of engineering on the job because no two problems are
the same. Opportunities for mechanical and industrial engineers
will be found in manufacturing, in sales engineering, and in the
design of refrigerating and air-conditioning systems.

The foregoing does not include various types of service and re-
pair work, of which there may be a great deal, which are not con-
sidered to be opportunities for engineers.

RUBBER AND PLASTICS

Manufactured products include tires, boots, wearing apparel,
belting, hose, insulation, tank lining, numerous molded rubber
goods, synthetic rubber, and many others from rubber. Plastics in-
clude some of the rubber items, and numerous products that are
also made from metals, such as containers, handles, combs, furniture,
utensils, bearings, and others.

The technology of rubber and of plastic is built upon the science
of chemistry. However, the design and layout of plant and equip-
ment and the carrying out of the manufacturing process are the
work of engineers. Because of the special nature of the products and
processes, many of the manufacturing companies have found it de-
sirable to give their young engineers a training course of as much
as two years’ duration.

In the main, chemical and mechanical engineers are employed,
with a sprinkling of electrical and industrial engineers. Chemical
engineers take charge of the compounding and processing of the
products. Mechanical engineers are responsible for mold and ma-
chine design and plant operation and maintenance. Electrical engi-
neers design electrical equipment. Industrial engineers see that
efficient and profitable operations are maintained.

STEEL INDUSTRY, INCLUDING MANUFACTURING AND FABRICATION

This industry starts with the gathering of the raw materials —
ore, coal, and limestone — and passes through successive processes
of transformation into useful steel and iron products, including their
fabrication into finished structures and machines. It employs a
large number of engineers each year. In considering the oppor-
tunities, we shall find it helpful to list the work done by each type
of engineer.

Architectural engineers find work in the planning and design
of buildings and the supervision of their construction.

Ceramic engineers are employed principally in the design, selec-
tion, and adaptation of refractory materials to the furnaces. These
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are linings which protect the steel frames from intense heat. Another
field is that of abrasives, which are used for sharpening, grinding,
and polishing. The ceramic engineer’s part in applying protective
coatings to steel products is growing in importance.

Chemical engineers find their largest field in connection with
the design and operation of the apparatus used in the utilization of
the by-products, such as coke-oven gases and coal-tar. They, with
the mining and metallurgical engineers, also supervise the making
of chemical and steel analyses, combustion tests, and others. They
work with the ceramic engineer in the application of protective
coatings on steel products to prevent rust and corrosion.

Civil engineers are engaged in the layout and construction of
the plant, its utilities, equipment, roads, and their maintenance and
operation after construction. They also do the planning, designing,
and erecting of the buildings, bridges, and the like, that are built
from steel shapes.

Electrical engineers are engaged in the generation, distribution,
and application of electric power in the mill. A modern mill de-
pends almost entirely upon electrical power. Its distribution sys-
tem is very similar to that of a small city. The electrical engineer
designs and lays out this system, then builds and operates it.

The industrial engineer has the broad problem of seeing that
the plant is run in a businesslike and efficient way. He studies ma-
chinery and plant layout and recommends changes; he correlates
time and motion studies and wage systems; he makes cost estimates
and determines the probable return from new products.

The mechanical engineer’s principal work is in the design, con-
struction, and operation of mill machinery and material-handling
apparatus. Details include determination of roll size and contour,
rolling pressures, speeds, runout tables, conveyor, cranes; also, the
design of furnaces and convertors. Many mechanical engineers work
into operating positions of responsibility, leading to that of superin-
tendent and works manager. Others are responsible for plant and
equipment maintenance.

Mining and metallurgical engineers have the important task of

testing and determining the quality of the steel during its manufac-
ture.

TELEPHONE INDUSTRY

Engineering work in this industry will be done largely by elec-
trical, industrial, and mechanical engineers in three broad fields,
namely, technical operations, engineering planning, and engineering
development and research.
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Technical Operations are found mainly in the plant depart-
ments of the operating telephone companies and in the manufactur-
ing and installation departments of the maufacturing company.

In the operating companies the engineers will have charge of
skilled workmen in three departments. These are: Engineering,
where buildings, office equipment, and transmission systems are
planned; Plant, where plans are made and carried out for extension
of the outside plant, exchange installation, and property mainte-
nance; Traffic, which operates the switchboards that give service to
the public.

In manufacturing, the engineers will be in charge of groups of
men in a factory where many diverse and highly technical processes
are in use.

Engineering Planning involves the construction and mainte-
nance of the telephone plant, the manufacture of apparatus, and the
installation of central office equipment. It includes the develop-
ment of plans and methods by which suitable technical standards
may be met in the most satisfactory and economical way.

Engineering Development and Research are usually carried
on in laboratories which are arranged for that purpose. Here, engi-
neers make a critical study of the telephone plant and its operating
conditions, formulate the requirements to be met, and devise means
for accomplishing the desired result. This work is highly technical
and involves research in chemistry, magnetism, physics, optics,
mathematics, and their numerous applications.

FEDERAL DEPARTMENTS

In the following outline we shall name some of the governmental
agencies that employ engineers. Most of these positions are obtained
through civil service examinations. The number of engineers in
the government service has been growing steadily, and the end is
not in sight. This employment offers reasonable security and an
opportunity for individual growth.

Bureau of Reclamation employs civil, electrical, and mechanical
engineers for surveys, design, and supervision of construction of
dams, spillways, and other structures required in the federal land
reclamation and power development program.

Bureau of Standards employs all types of engineers with research
aptitudes.

Civil Aeronautics Administration employs civil, electrical, and
mechanical engineers to supervise construction and operation of
airports, airways, and airplanes.

Coast and Geodetic Survey employs civil and electrical engi-
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neers for triangulation, leveling, mapping, and hydrographic survey-
ing.

Engineer Department employs civil engineers who work on the
improvement of rivers and harbors.

Geological Survey employs civil engineers who make topographic
surveys and gauge streams.

Interstate Commerce Commission employs civil, electrical, and
mechanical engineers who make necessary studies and assist in
regulation of transportation agencies.

Office of Supervising Architect employs architectural, civil, elec-
trical, and mechanical engineers who act as inspectors and super-
visors of construction on federal buildings.

Bureau of Public Roads employs civil engineers who cooperate
with state highway engineers in the building of federal aid highways,
and construct roads in national parks.

Soil Conservation Service employs agricultural and civil engi-
neers for design and construction of soil-saving structures.

Bureau of Mines employs mining and metallurgical engineers
on surveys and inspection.

STATE DEPARTMENTS

Highway departments employ civil engineers who plan, design,
construct, and maintain state highways.

Sanitary Engineering departments employ civil engineers who
supervise the design and construction of sewage and water works,
regulate uses of streams, and participate in general sanitation an
public health problems.

Building Inspection departments employ architectural, civil,
electrical, and mechanical engineers for inspection and supervision
of construction of public and other buildings.

COUNTY AND CITY DEPARTMENTS

Civil engineers are employed by counties in connection with the
planning, construction, and maintenance of roads and bridges. Large
cities employ architectural, civil, electrical, and mechanical engi-
neers to design, construct, and maintain streets, water supply, and
sewerage systems, bridges and buildings, power plants, and others.



chapter 6

Factors That Determine Sueeess

T THIS point we need to give specific attention to the factors
that will affect one’s success in engineering, both in college

and after graduation. In our preceding discussions we have empha-
sized the importance of aptitude, interest, industry, and personality.
Now we will talk about success, to see what it is, how it may be
measured, and what each man may do, or avoid doing, to achieve it.

HIGH SCHOOL PREPARATION

The foundation for a successful four years in the engineering
college is laid in high school. This consists, in part, of adequate and
effective preparation in mathematics and the sciences. These have
been described in Chapter 2 where we have discussed aptitudes and
interests. Because this preparation for an engineering career does
begin in high school, it is important that the prospective engineer-
ing student shall have rigorous and adequate discipline in his high
school mathematics and science courses. If he has that type of “con-
ditioning” in his high school courses he will be reasonably well
prepared for the demands of an engineering curriculum. Some of
the engineering colleges require an applicant to pass an entrance
examination before he may be admitted. The typical requirement
for his unrestricted admission is graduation from an accredited high
school where his program shall have included the following sub-
jects:

Subject Units

English ..... ... .. ... . . 3
Social Studies
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Algebra ... 1%
Plane Geometry ...........c.viiiiiininn. 1
Physics or Chemistry ..................... 1
SCIENCE o ittt s 1
Additional work in above subjects ......... 3
Other subjects ............ccoviiiiin. _3%
Total ... 15

SUCCESS IN COLLEGE

Those who pursue an engineering curriculum will encounter
many interesting experiences. There are hazards, too. Between
forty and fifty per cent of those who begin engineering will com-
plete the program and receive a bachelor’s degree. Approximately
one-third of those who fail to finish have scholastic troubles; the
other two-thirds fail because of lack of interest, finances, health,
conduct, marriage, and other personal reasons.

We will look at the causes of scholastic failures. One-half of them
are chargeable to lack of ability and lack of interest; one-sixth to
poor preparation; the remaining one-third to a group of causes, in-
cluding lack of effort, too much time for self support, too much time
on extraneous (sometimes extra-curricular) activities, health, and
entrance conditions.

The significant lesson that a prospective engineering student
may learn from these figures is that he should do his best to esti-
mate his ability and interest before he begins an engineering cur-
riculum. It is probable that a large percentage of those who failed
to graduate in engineering because of lack of ability could have
graduated in another curriculum for which they did have the apti-
tude and interest. These failures to graduate represent loss of a
substantial amount of time and money as well as disappointment to
the student. Perhaps he made an equivalent gain from the courses
which he did complete, but he could have had more for his money
in the proper curriculum.

A few students will fail in spite of their best efforts. Many fail
because they lack the ability to adjust themselves to a new type of
living. They need training in character development and need the
will-to-do. The man who is ready for college is prepared for his
college studies and for college life. He who would be successful in
college and later must do these things: (1) make his own decisions;
(2) steer his own course; (3) do his own thinking; (4) accept his
responsibilities; (5) perform his daily duties promptly and regularly
without having someone remind, urge, or order him.

Earning One’s Way. Too much outside work in trying to earn
their way while attending college has paved the way for the down-
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fall of many earnest and well-meaning college students. It is credit-
able to earn one’s way while at college. But carrying a normal
engineering schedule is a man-sized job which requires approxi-
mately fifty hours per week — thirty in classroom and twenty at the
study table. An excessive expense-earning program is apt to result
in (1) inadequate class preparation, leading to low scholarship,
which may bring a low quality point average and deferred gradua-
tion; (2) overwork; (3) no opportunity to participate in college
life. So, in the end, the attempt to do too much may bring a “below-
average” scholarship record or injured health, neither of which is
necessary if one uses good judgment in planning his work program.
The secret is moderation in all things.

It is well known that many college students fail during their first
year because they neglect their studies. Some of these are the un-
witting victims of their own inexperience. Others follow bad ex-
amples of older students who are ‘“getting by.” The engineering
college is different from high school. The standards of performance
are higher and more exacting and the amount of work (studying)
is much greater. Yet that college work is not too difficult for those
who are well prepared, industrious, apt, and systematic in their
studying. The man who cannot determine when he shall study,
what he shall study, and how he shall study will waste many pre-
cious hours. That is the reason for the following section, “How To
Study.”

HOW TO STUDY

Good study habits are important because the study not only
brings information for use at the moment but it also brings mental
habits, which are likely to be more lasting than the information it-
self. The right mental habits are particularly important to an engi-
neer because the study of engineering is intensive and aims at a
mastery of fundamentals, the development of a point of view, and
a systematic way of solving problems.

Physical Conditions of Study

1. The room should be clean, in good order, well ventilated, and
at a comfortable temperature — not too warm.

2. Chair and table should be at the proper height for the in-
dividual. In general, study may be done best at a study table. Sit-
ting in an easy or lounging chair usually leads to drowsiness and
lazy thinking.

3. The student should be comfortably dressed for the night’s
study. Although brief and intensive study periods between classes



The engineering student and the
practicing engineer have to make
many calculations. This calls for
good mathematical ability, the ca-
pacity to analyze and create, accu-
racy, and persistence.

are valuable, the engineering student will find that his most effec-
tive studying is done in his room after he has eaten a moderate
evening meal.

4. The light should have the proper intensity and should be
properly located. It should come to the student’s book or paper
so that there will be no shadows on his work. The purchase of a
study lamp will prove a good investment.

5. Equipment should be good. Everything should be at hand
and in good shape before study begins. Dull pencils, balky fountain
pens, and inaccurate scales and slide rules are annoying and often
are the cause of poor and incorrect work.

6. Avoid studying when fatigued, either mentally or physically.
After a couple of hours of intensive study a few setting-up exercises
or a walk around the block may help to regain the “second wind.”
Some students prefer to do all of their studying before going to
bed; others prefer to rise early and study before breakfast.

7. In regard to conversation, remember that there is a time and
place for everything. Some of the most pleasant memories of col-
lege are oftentimes associated with the gatherings in study rooms
(familiarly known as “bull sessions”). But they can become most
prodigal wasters of time. There is always a group of students who
seem to have little studying to do, and others who are looking for
excuses to defer studying. Frequently, these men make nuisances
of themselves when they gather in the convenient rooms of men
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who would like to study. This is a form of robbery, because they
are stealing the precious study time of men who wish to work.

Study Aids

There are four aids that may be helpful in directing and concen-
trating one’s attention upon the significant subject matter.

Underscoring key words and phrases makes the meaning of a
passage stand out boldly. This is an aid during the intensive study-
ing, and later during review. But promiscuous or copious under-
lining is worse than none at all because it obscures the words and
confuses the meaning.

Marginal notes may be of two kinds: (1) supplementing or
amplifying the text, (2) outlining the passage’s meaning with a
few key words, using words from the text or synonyms. The use
of question marks, exclamation points, and “catchy’” remarks should
be avoided because their meaning or significance is sure to be lost
at the next reading.

Outlining the subject matter of the text is a splendid although
time-consuming way to gain a comprehensive view of the material.
There are two advantages of an outline. The first of these is the
thoroughness with which one learns his material, and the second is
that in preparing an effective outline one must establish the relative
significance of the various points of the text. An outline may be
made on the margin of the book’s pages. But to be fully effective
it should be written in a notebook or on a blank page of the text-
book, because the outline might not follow the text’s sequence of
paragraphs.

Briefing is a very valuable aid because to prepare an adequate
brief, one must have a thorough understanding of the subject mat-
ter. A good brief is a very short summary of the substance of a
chapter. Sentences of the brief should be complete in thought and
structure in the student’s own wording.

Every student should practice note-taking right from the be-
ginning. Its value has been demonstrated many times. Engineering
students do so much problem work that they are prone to overlook
the importance of good note-taking in lectures. Some students argue
that they can gain most from the lectures if they listen attentively
without taking notes because, they claim, note-taking requires dual
concentration. The weakness of their argument is that experience
has proved that they cannot and do not retain the essential parts
of a lecture without notes.

SUCCESS AFTER COLLEGE

At this point we need a different measure of success. All through
the academic process we have measured success in terms of scho-
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lastic grades. After college, on the job there are no such simple
criteria.

What is success? H. G. Wells says that “wealth, notoriety, place,
and power are no measure of success whatever. The only true meas-
ure of success is the ratio between what we might have done and
what we might have been on the one hand and the thing we have
done and thing we have made of ourself on the other.”

Another idealistic conception of success is well expressed by
“Success is persistent, consistent, systematic application to some-
thing worth while.” Thus, anyone who sets up a legitimate and
worthy goal in life and attains his objective is a successful man.

An editorial in Mechanical Engineering for September, 1931, ex-
presses the thought nicely. It says: “How to acquire this powerful
quality that is so important to success wherever human beings are
concerned we do not know. If a man is not born with it in his charac-
ter he quite possibly may never acquire it. If he does not cultivate
it he squanders a precious heritage. If he does not realize its absence
he is likely to be doomed to a thwarted and disappointed career
should he attempt one in fields where such a gift is necessary. All
in all it is a fundamental to be thoughtfully considered lest a lame
man become soured and find life fruitless and unhappy because he
cannot run a race.”

There are two ways by which success is commonly defined and
measured. One is the degree to which a man has achieved material
competence, designated usually in terms of his salary or income;
the other is the degree to which he has attained eminence in his
profession. The first is the best known, most commonly used, and
most easily applied of all criteria. It places the emphasis upon
material success. The second gives somewhat more attention to
spiritual values and tends to emphasize the professional and ethical
aspects of success. Data on salaries are relatively easy to obtain.
The degree of eminence may be determined by the judgment of
one’s contemporaries, usually through a questionnaire; inclusion in
Who’s Who books; a consideration of the special service rendered in
one of the professional societies, as holding office and membership

in standing committees; and service as a public or corporation
official.

Factors That Determine Success

Much has been said about the traits or factors that are determi-
nants of success. Several surveys have been made to find a quantita-
tive answer. The oldest and best known of these surveys was made
by C. R. Mann for the Carnegie Foundation in 1916. Later studies
have agreed generally with those figures so we may as well look at
those data.
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He listed six groups of traits, as follows:

1. Character, integrity, responsibility, resourcefulness, initiative.
2. Judgment, common sense, scientific attitude, perspective.

3. Efficiency, thoroughness, accuracy, industry.

4. Understanding of men, executive ability.

5. Knowledge of the fundamentals of engineering science.

6. Technique of practice and business.

Returns from this questionnaire, which brought 7,000 replies,
showed that the engineers considered the first four of the above
group, the character traits, to have contributed 75 per cent to their
success, and the last two, the technical traits, to have contributed
25 per cent. Of course, character is essential in any field. Further-
more, the significance of technical proficiency must not be dis-
counted. A man cannot be an engineer at all without a good rating
in the technical groups.

Scholarship. Probably a man’s scholarship rating is the best
single indicator of the range of his success after graduation. This
is for the reason that the qualities which enable a man to make a
good scholarship record are the qualities which operate to make him
successful later.

Several surveys have been made to find, if it can be done, what
factors during a man’s college life seem to contribute to his success
later. From these studies it is safe to draw the following conclusions:

1. No man can succeed without a good character. Without it
none of the other traits can matter much.

2. Good scholarship, plus campus achievement, plus a favorable
personality are important.

3. A man must be able to adjust himself to the environment of
his home and his business.

4. He must have interest in and aptitude for the work which he
has selected for his life work.

5. It is important that the organization for which he is working
can offer rewards and opportunities which are in line with his
fundamental motives.

Plato pointed out the significance of individual differences about
400 B.c. when he wrote that “No two persons are born alike, but
each differs from the other in natural endowments, one being suited
to one thing and another to another, and all things will be produced
in superior quality and quantity and with the greatest ease when
each person is engaged in a single occupation for which he is by
nature best fitted.”

Know thyself is the lesson for the seeker of success. Success
is not a will-o’-the-wisp; yet it cannot be measured in absolute terms.
Each man must take his own God-given qualities and weave them
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into a harmonious pattern that will spell success for him. Scholar-
ship, personality, and activities play important parts. Their relative
importance will differ as people differ. There is no “most important.”

SALARY AND SECURITY

Everyone wishes to have a good salary, and permanence, and
security of employment. Perhaps too much emphasis has been
placed on security. To some “oldtimers” it seems that some young
men are so anxious for security that they are willing to sacrifice
future opportunities, which seem to involve some risk, in favor of
what appears to be security. However, salary is an impotrant item
and the prospective engineer should know about salary scales.

The following tabulation has been adapted from a 1955 report
on salaries conducted by the American Society of Civil Engineers.!
The data are from 103 consulting firms and 7,070 engineers. The
figures are annual salaries.

ANNUAL SALARIES FOR ENGINEERS, 1955

Entrance Rates * Maximum Rates

Middle Total Middle Total
Grade Median 50% Range Median 50% Range
I $ 3,920 $ 3,660 $ 3,140 $ 4,570 $ 4,210 $ 3,770
4,$20 5,370 4,910 6,220
II 4,480 4,250 3,600 5,380 4,970 4,210
4,810 5,710 5,820 7,270
ITI 5,110 4,530 3,770 5,920 5,500 4,630
5,580 7,130 6,620 8,840
v 5,810 5,500 4,680 6,800 6,370 5,350
6,050 7,300 7,240 9,230

\% 6,500 6,020 5,070 8,140 6,790 5,960 -
7,160 8,670 8,620 10,880
VI 7,400 6,630 5,480 8,880 8,240 6,800
8,450 10,800 9,850 13,820
VII 8,560 7,300 6,470 10,840 9,390 8,170
9,900 12,470 12,410 15,430
VIII 9,170 7,940 6,730 11,850 10,150 8,780
10,650 14,630 13,910 20,400
IX 12,820 9,810 9,230 17,620 14,810 11,380
16,130 19,380 25,780 37,600

! Proceedings of American Society of Civil Engineers, Vol. 81, Paper No.
761, August, 1955.
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This tabulation has been arranged to give a wide range of in-
formation about salaries. The entrance rates and the maximum
rates are given for each grade. For example, in Grade I some men
began as low as $3,140 and as high as $5,370 per year. In the middle
fifty per cent of the beginners the range was from $3,660 to $4,120
per year. The median, which is the middle (not the average) of
any group of figures, was $3,920 for this middle fifty per cent. The
striking feature of the salaries is the wide range between the lowest
and the highest. Again referring to Grade I, we note that salaries
in this grade varied from $3,140 to $6,220 per year. It will be noted,
too, that there is an overlap in salaries from one grade to the next
one.

These are professional grades adopted by the American Society
of Civil Engineers in 1946, and based on professional grades of the
U. S. Civil Service Commission that were designated P-1 through
P-9 before 1949 and GS-5 to GS-16 after that date. “These classifica-
tions include all classes of positions, the duties of which are to per-
form operational, creative, advisory, administrative, or research
work which is based on the established principles of civil engineer-
ing profession. The fundamental prerequisite for every position to
be classified in these grades is professional, scientific, or technical
training equivalent to that represented by graduation from a col-
lege or university of recognized standing.”

“Grade I includes all positions, which involve, under immediate
supervision, the performance of fundamental civil engineering duties
requiring professional training but little or no experience (Federal
GS-5).”

The successive grades call for increasing experience and re-
sponsibility to reach Grade IX.

“Grade IX includes all positions, such as

a) the administrative and professional head of an important
engineering organization with full authority and responsibility for
conceiving and executing all the plans and functions of the or-
ganization, directing an administrative and professional engineering
staff engaged in varied important projects; or

b) positions requiring highly specialized professional engineer-
ing or scientific ability (Federal GS-16).”

There is a growing tendency in many trades and some professions
to fix wages or salaries by some artificial means. This is done by
controlling the entrance requirements or the number of entrants
and the method of entrance of those who would join the group; or
through the establishment of bargaining agencies that are powerful
enough to use whatever means are necessary to enforce their de-
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mands. Labor unions are the best-known example of the latter.
There are active and aggressive groups who believe that engineers
should become members of the organized union movement. Most
professional engineers oppose that point of view.

Factors That Determine Salaries

Engineering salaries depend upon many factors, among which
are: the type of industry, the prosperity and progressiveness of
the industry, character of work, degree of skill required, supply of
engineers, number of possible employers, standard and cost of liv-
ing, hazards of work, regularity and permanence of employment,
vacation and pension provisions, section of the country, professional
growth of the engineers, and others.

It has been said facetiously that a man can put up with anything
if he is paid enough. Actually, each man must determine the weight
which he personally wishes to give to the several factors that in-
fluence his salary and living conditions. A surprisingly large num-
ber of men become unhappy, or imagine that they are unhappy, in
a certain section of the country and express a desire to get back to
“God’s Country”; others wish to live in a small (or a large) city;
others must be near kinfolks; others are bothered by the climate.

Leaving these more or less whimsical factors aside, there are
some significant items that should receive consideration. The most
important thing to remember is that in choosing an engineering
career one chooses with it certain elements and conditions of em-
ployment. These have been discussed under the various depart-
ments and employment opportunities. We have mentioned the cost
of living, which includes food, rent, clothing, and transportation.
Another item is the permanence and the continuity of tenure. Some
positions carry fairly high list salaries; but layoffs without pay, or
a reduction in the number of working hours with a corresponding
reduction in pay, are frequent. Some include vacations with pay;
some include sick leave; some include bonus provisions; some in-
clude provisions for retirement. Environment, both working and
living, will become increasingly important as one becomes older
and has a family for whom he desires pleasant, healthful, and con-
venient surroundings.

In many cases, size of beginning salary is not the most sig-
nificant item, because opportunities to advance will have greater
weight, finally. This brings us to an important point which is over-
looked by many men in their eagerness to get ahead. Present in-
conveniences and hardships form a substantial and solid portion
of the foundation upon which permanent success is built. A young
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man should be careful to avoid passing judgment too hastily, par-
ticularly in cases where his present job displeases him. He sees
other men who seem to be doing better than he thinks he is. It
would be enlightening for him if he could know what those favored
(he thinks) men are thinking about their jobs.

Most salary studies agree that (1) the difference in earning
power between highly paid men and men in the middle and lower
salary ranges is strikingly great, and that (2) the higher salaried
men are those who combine with their technical ability the capacity
to handle independent businesses or to manage men or affairs.
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Counselors and teachers who are authorized to use tests will
find the following ones helpful; many of them are long-established.

Oris: Quick Scoring Mental Ability Test, World Book Co., 2126 Prairie Ave.,
Chicago, Illinois, 1922.

School and College Ability Tests, Cooperative Test Division, Educational Test-
ing Service, Princeton, New Jersey, 1955.

SuLLvan et al.: California Short Form Test of Mental Maturity, California
Test Bureau, 3636 Beverly Blvd., Los Angeles, California, 1942.

TERMAN-McNEMAR: Test of Mental Ability, World Book Co., 2126 Prairie Ave.,
Chicago, Illinois, 1941.

THURSTONE: American Council on Education Psychological Examination, Col-
lege Edition, 1947, American Council on Education, 744 Jackson Place,
Washington, D. C.

Toops: Ohio College Association Psychological Examination, 1944, Psychology
Dept., Ohio State University, Columbus, Ohio.

MECHANICAL APTITUDE

BENNETT: Test of Mechanical Comprehension, Psychological Corporation, 522
Fifth Ave., New York, N. Y., (AA—1940; BB—1941).

Case-RucH: Survey of Space Relations Test, California Test Bureau, 3636
Beverly Blvd., Los Angeles, California, 1944.

Crawrorp: Spatial Relations Test, Psychological Corporation, 522 Fifth Ave.,
New York, N. Y., 1940.

Lapp-CHITTENDEN-STUIT: Physical Science Aptitude Test, Bureau of Educa-
tional Research and Service, State University of Iowa, Iowa City, Iowa,
1943.

LawsHE: Purdue Industrial Training Classification Test, Science Research
Associates, 228 S. Wabash Ave., Chicago 4, Illinois, 1942.

LIKERT-QUASHA: Revised Minnesota Paper Form Board, Psychological Cor-
poration, 522 Fifth Ave., New York, N. Y., 1939.

MEeLLENBRUCH: Mechanical Aptitude Test for Men and Women, Science Research
Associates, 228 S. Wabash Ave., Chicago 4, Illinois, 1944.

MiLLEr: Survey of Mechanical Insight, California Test Bureau, 3636 Beverly
Blvd., Los Angeles, California, 1945.

MILLER: Survey of Object Visualization, California Test Bureau, 3636 Beverly
Blvd., Los Angeles, California, 1945.

Minnesota Manual Dexterity Test, Educational Test Bureau, 720 Washington
Ave., S. E, Minneapolis, Minnesota, 1933.
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Minnesota Mechanical Assembly Tests, Marietta Apparatus Company, Mari-
etta, Ohio, 1930.

Minnesota Spatial Relations Test, Marietta Apparatus Company, Marietta,
Ohio, 1930.

O’RourkE: Mechanical Aptitude Test, Psychological Corporation, 522 Fifth
Ave., New York, N. Y., 1940.

OWENS-BENNETT: Test of Mechanical Comprehension, Psychological Corpora-
tion, 522 Fifth Ave., New York, N. Y., 1947.

Pennsylvania Bi-Manual Work Sample, Psychological Corporation, 522 Fifth
Ave., New York, N. Y., 1945.

Purdue Pegboard, Science Research Associates, 228 S. Wabash Ave., Chicago
4, Illinois, 1943.

VOCATIONAL INTEREST INVENTORY

BraiNarp: Occupational Preference Inventory, Psychological Corporation, 522
Fifth Ave., New York, 1945.

CLEETON: Vocational Interest Inventory, McKnight & McKnight, 109 W. Market
St., Bloomington, Illinois, 1943.

GARRETSON-SYMONDS: Interest Questionnaire for High School Students (boys),
Bureau of Publications, Teachers’ College, Columbia University, New
York, N. Y., 1942,

Kuder Preference Record, Science Research Associates, 228 S. Wabash Ave,,
Chicago 4, Illinois, 1942.

LayTon: Engineering Aptitude Test, Student Counseling Service, University of
Minnesota, Minneapolis, Minn., 1953.

LEe-THORPE: Occupational Interest Inventory, California Test Bureau, 3636
Beverly Blvd., Los Angeles, California, 1943.

Pre-engineering Ability Test, Educational Testing Service, Princeton, New Jer-
sey, 1951.

Strong’s Vocational Interest Blank, Stanford University Press, Stanford Uni-
versity, California, 1938.

COOPERATIVE TEST SERVICE ACHIEVEMENT TESTS

Cooperative Test Service, 437 West 59th St.,, New York, N. Y.
These are tests of the American Council on Education. They cover English,
Mathematics, Foreign Languages, Chemistry, Geology, etc.

VOCATIONAL READING

The following books contain information which continues to
be of help to the reader who wishes to pursue this study of the
fields of engineering more thoroughly.

1. An Introduction to the Engineering Profession. McGuire and Barlow.
Addison-Wesley Press, Cambridge, Mass., 2nd ed., 1954.

Building an Engineering Career. C. C. Williams. McGraw-Hill Book
Company, New York, N. Y. 1946.

Engineering Feats. Archibald Williams. Thomas Nelson & Sons, Ltd., New
York, N. Y., 1925.

Engineering Opportunities. R. W. Clyne. D. Appleton-Century Company,
New York, N. Y., 1939.

Great Engineers. Prof. C. Matschoss. G. Bell & Sons, Ltd., London, Eng-
land, 1939.

How To Be an Engineer. Fred D. McHugh. Robert McBridge & Company,
116 E. 16th Street, New York, N. Y., 1940.

Master Builders of 60 Centuries. John A. Miller, D. Appleton-Century
Company, New York, N. Y., 1938.
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
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. Mighty Engineering Feats. Harriet Salt. Penn Publishing Company, Phila-

delphia, Pennsyivania, 1937.

The Book of Electrical Wonders. Ellison Hawks. Lincoln Macveagh, The
Dial Press, New York, N. Y. 1929.

The Engineer, His Work and His Education. R. L. Sackett. Ginn & Com-
pany, New York, N. Y. 1928.

The Engineering Profession. Hoover and Fish. Stanford University Press,
Stanford University, California, revised ed., 1950.

The Engineer in Society. John Mills. D. VanNostrand, New York, N. Y.,
1946.

The Romance of Engineering. A. D. Merriman. G. G. Harrap & Company,
Ltd., London, England, 1934.

The Story of Engineering. J. Gardner Bennett. University of Knowledge,
Inc., Chicago, Illinois, 1939.

The World of Machines. Percy M. Baker. W. Gardner, Darton & Com-
pany, Ltd., London, England, 1927.

The Young Engineer. Charles B. Broschart. Exposition Press, New York,
N. Y., 1953.

Vocational Guidance in Engineering Lines. American Association of Engi-
neers. Mack Printing Company, Easton, Pennsylvania, 1933.

What Engineers Do. Walter D. Binger. W. W. Norton & Company, New
York, N. Y., revised ed., 1938.

Your Career in Engineering. Norman V. Carlisle. E. P. Dutton and Com-
pany, New York, N. Y., 1942.
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