



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































582 AUTOMATION IN BUSINESS AND INDUSTRY

countered problems than are mechanical engineers. This is particu-
larly true of those physicists and electrical engineers who have had
graduate training from our better institutions. It came much more
naturally to these people to deal concurrently with the combination of
radar and computer problems. Hence, no competition; the newer crop
of electronics people took over systems responsibility.

It was in this way that most electronics people obtained their early
indoctrination in the field of computing in the 1940-1945 era. In the
process, not only did they learn to be ingenious in the invention of
techniques by means of which electrical components could be caused
to perform mathematical operations, but also, working with mechanical
engineers as part of the team, they learned to understand the mechani-
cal techniques that had been employed for this purpose in the past
and to take them over and use them in econjunction with electrical
techniques whenever the mechanical techniques were superior. To
some extent, therefore, they ultimately absorbed what might have been
their competition.

The impression should not be given that the companies that prior
to the last war had been successfully engaged in the development and
manufacture of mechanical computers for military applications all
folded up and went out of business. In general, this did not occur.
Frequently the established organizations saw the handwriting on the
wall and began to add to their technical staffs considerable numbers of
physicists and electrically trained men. It is a tribute to the manage-
ment of these organizations that some of them were sufficiently fast
on their feet to emerge after the war in a position almost as strong
in the now electronically dominated field of weapons systems as the
position they had held earher on the basis of superior mechanical design
competence.

To illustrate the pomt for one military application the government
let contracts for the development of a certain kind of airborne com-
puter to two different companies, one traditionally known as a me-
chanical company, the other as an electronics organization. Both com-
panies developed satisfactory computers performing roughly the same
functions in the same types of airplanes. Both companies were given
production contracts against which considerable numbers of computers
were delivered and ultimately installed in military aireraft. When a
comparison of the two kinds of equipment was made, it was discovered
that the computers built by the electronics firm contained more gears
than the computers built by the mechanical firm, and the computers
built by the mechanical firm contained more vacuum tubes than those
supplied by the electronics organization. The real point of the story
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is that, by this time, teams of physicists and electronics and mechanical
engineers were in control of the systems development activities in both
companies.

But the addition of a computer to a radar was only the beginning
of a trend toward a general broadening of the scope of the technical
assignments given to the designers of military electronic equipment.
Another early step in this broadening process, in the instance of the
bomber, was to employ the output of the computer to manipulate the
control surface of the aircraft and thereby fly it automatically on a
correct bombing course, rather than simply to display to the pilot steer-
ing instructions, as had been done in the past. In the instance of the
interceptor plane used to attack enemy bombers, the analogous devel-
opment was to use the output of the fire control computer to steer
the plane on a proper gunfire attack against the enemy bomber. This
type of problem led electronic engineers into such areas as the aero-
dynamic response characteristics of aireraft and the dynamics of flight.
And so, as time went on, the trend in military electronics was to assign .
to the electronics organization more and more responsibility for the
design or at least the integration of the growing numbers of increas-
ingly complex equipment subsystems that were required to work to-
gether to produce some desired operational result.

19.4.3 Weadpons Systems Concept

Along with the trend toward the broadening of the responsibility
of the electronics development organization to cover other technical
areas not previously associated with electronics, a concurrent trend
developed toward expanding the responsibilities into nontechnical areas.
Just as technical considerations led to the necessity of treating the
radar and the computer that went with it as a single piece of equip-
ment rather than as two separable black boxes, so, as the technical
responsibility of the electronics development organization expanded
to include entire weapons subsystems, such as radar navigating and
bombing equipment or interceptor fire control apparatus, it was also
necessary that the organization become more deeply involved in mili-
tary operational considerations of a basically nontechnical nature.

It is important to understand how far this trend toward broadening
responsibility has progressed in the field of military electronics. To
illustrate, let me give some examples of problems that must be dealt
with today by the members of a team charged with the responsibility
of developing an electronics system for use in interceptor aircraft to
assist in the shooting down of enemy bombers. Such problems include
the following: -
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(1) How many bombing planes are likely to come in at one time?
At what altitude? What kind of maneuvers will they perform? What
countermaneuvers will be required of the interceptor for successful
attack? Such matters as these can have a major bearing on the elec-
tronic computer designer’s choice of the type of attack trajectory
that is to be specified for use by the interceptor plane.

(2) What kinds of manipulations can the occupant of a supersonic
aircraft really perform? One of the worst mistakes the designer of
equipment can make is to impose upon the occupant of an aircraft
operations he cannot really accomplish successfully, particularly under
the stress of battle. 7

(3) How long does it take the pilot of a defending interceptor to
get into his position in the plane, take it off, and get to altitude once
an alarm has come in? This determines the time available for target
kill and influences the choice of trajectory of attack to be designed
into the computers.

(4) What will be the numbers and the training of the maintenance
men the customer will be able to provide under battle conditions for
keeping the electronic equipment operating? Equipment that may
exhibit unusually high performance when maintained by men with
doctorates in physics or engineering may in practice be quite inferior
to simpler equipment of much lower ultimate performance if the main-
tenance staff is to consist of one high-school graduate.

And so it is that an almost indefinitely long list could be provided
to illustrate the extent to which organizations today, successfully en-
gaged in military electronic systems development, have been required
to broaden their scope, first to include a wider variety of technical
assignments than used to be considered appropriate for electronics
organizations, and then to accept the responsibility for a wide range
of concurrent, nontechnical matters. This development of the military
weapons systems concept, important as it is, is not very widely under-
stood today. Oddly enough, although this development has come about
as the direct consequence of World War II, the principal strides made
by the military in establishing suitable organizational and contractual
arrangements for handling their difficult weapons systems problems
have been made since the end of the last war. It is no accident what-
ever that the really giant strides in the applications of the newer
electronic techniques to the science of warfare have also been made
since the war and have been almost invariably associated with projects
in which organizations, primarily electronic in character, have been
given strong positions of systems leadership.
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19.4.4 Summary

All this recent history may be summarized in the conclusion that
the key to success in military electronics has been established to be
the employment of a proper systems approach in the development work.
The basic difference between improper and proper systems approaches
has been illustrated as follows:

(1) The black-box approach to military systems is the improper
approach and does not work. In this approach the customer attempts
to specify to outside contractors the characteristics of equipment sub-
systems that it is hoped can be brought together with other subsystems
by the customer to perform some overall operational function. In the
complex weapons systems of today, this approach does not work be-
cause of the almost inevitable existence of a wide range of subtle,
technical interactions among the various subsystems. As a result, the
nontechnical military customer does not have an adequate degree of
scientific or engineering competence to perform the systems integration
function. ’ ‘

(2) The proper approach, which does work, is to assign systems re-
sponsibility for the design and integration of the various subsystems
required to compose a complete operating weapon system to a single
group of competent, versatile scientists and engineers, including physi-
cists and electronics engineers, because of the superior training these
men receive in the fundamentals of science and in the solution of new
problems. Proper exercise of the systems management responsibility
results in the development by such groups of an unusual ability to deal
concurrently and quantitatively with a variety of nontechnical opera-
tions, as well as technical matters. This is the way in which a new
and advanced system, which may employ the most complex equipment
and technical methods, can best be made to fulfill the actual objectives
of the development, which are generally operational or nontechnical in
basic character.

To summarize, our government, in the last few years, has supported
a gigantic experiment, costing hundreds of millions of dollars and
involving many thousands of man-years of effort, testing these two
approaches to weapons systems development. It would be tactless, of
course, to enumerate the inefficiencies and failures that have charac-
terized the first approach, and to show in detail how the outstandingly
successful programs have always been characterized by the second
approach. However, the record exists and is incapable of misinter-
pretation. In the military systems field, one approach is poor, the
other is good!
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19.5 CARRY-OVER FROM MILITARY ELECTRONICS TO
AUTOMATION IN BUSINESS AND INDUSTRY

In showing the unsuitability of the black-box approach, examples
from airborne bombing and fire control were used to illustrate one of
the kinds of interaction problems that so frequently arise. Attention
was called to the very extensive, and at one time unsuspected, ramifica-
tions in the design of the computer equipment that are required because
the statistically fluctuating character of radar data is so different from
the character of optical data for which computers had formerly been
designed. There is a good analogy to this kind of problem in the field
of automation.

An excellent example is in the area of factory production control.
It has to do with a problem to which automation experts sometimes
address themselves—that of devising a combination of methods and
electronic calculating equipment to derive machine-loading information
that will permit the scheduling and use of the various machines in the
shop so as to obtain the maximum utilization of men and machines
compatible with meeting customer delivery dates. As all who have
had occasion to tackle this problem know, optimum machine loading
is by no means easy to obtain in a factory that makes a wide variety
of items. However, any set of methods and equipment devised for
“automating” the scheduling and assignment of machines must use
various types of input data related to the availability of inventory
supplies, the number, types, and delivery dates of customers’ orders,
and the like. Usually, some of this material is provided by the tabulat-
ing department of the company. This tabular information comes in
the form of lists, reports, and summaries of various types, derived
from inventory or customer order data.

The black-box approach as applied here would be one in which com-
pany management would stipulate to the group engaged to develop
automation methods of machine scheduling a scope of responsibility
that did not include the source and accuracy of the tabulating data,
on the theory that this is a separate problem to be dealt with, if at all,
by others. This can be recognized as similar to the black-box approach
described in connection with the development of radar for combination
with computing equipment to solve bombing and fire control problems.
Just as in the military case, with such an approach to machine utiliza-
tion, automation in a factory is likely to run into serious difficulties,
and for much the same reason as that which lay behind the problems
of the black-box approach to radar-computer combinations. Here is
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the trouble—or here at least is one kind of trouble that can arise. The
tabulating data bearing upon such matters as the number of items in
stock, purchase orders to be filled, and the like, are frequently based
upon counts and checks that have been made considerably in advance
of the time the final data arrived in the hands of production control
for machine-scheduling use. It is not at all uncommon in a big factory
to find that some types of tabulating data, by the time they reach
the production-control people; are so badly out of date as to be quite
unsuited for certain kinds of control purposes. How serious such in-
accuracies may be depends entirely upon the use to which the data
are put. Frequently factory people work out their own practical solu-
tion of this problem by trial and error methods that ultimately result
in control procedures which, consciously or unconsciously, place a mini-
mum of dependence on the large time-lag data. Under such circum-
stances, the introduction of an entirely new set of methods and proce-
dures accompanied by sophisticated electronic equipment for bringing
automation into the machine-loading problem might result in such a
different use of the tabulating data that time-lag effects which previ-
ously gave no trouble would cause the new system to fail completely
to meet its objective.

There is an interesting similarity between the weakness of the black-
.box approach in factory production control and the weakness of the
black-box approach in a radar-computer combination. In each case,
problems arise out of the unsuspected existence of certain inaccuracies
in the basic input data. In the radar-computer combination, the in-
accuracy stems from the characteristics of tracking radar. In the fac-
tory example just used, inaccuracies arose out of the methods of col-
lection and processing of the tabular data. The conclusion is the same
in both cases: it is risky to design a black box that is to be used as
a portion of a larger, complex system of machinery and procedures,
unless the design of the black box is accompanied and governed by a
thoroughgoing analysis of the entire system within which the black
box is to function. In other words, the black-box approach is as un-
suited to the needs of automation development as it is to military
weapons systems.

The apparent simplicity of this conclusion should not be allowed
to conceal its very practical implications. For example, this principle
asserts that rapid, efficient progress toward factory automation will
not result from the narrow approach of developing automatic equip-
ndent to convey material from one machine to another unless the design
of the material-handling equipment is associated with an analysis that
shows it to be compatible with the requirements of the newer machines
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and methods of fabrication that may shortly be:required as a result
of an overall systems approach to the entire problem of the automatic
production line.

As another example, rapid progress is not likely to result from a
program to develop equipment and methods that will permit a factory
to maintain its inventory at the lowest possible level, unless this work
is integrated into a well thought-out program that takes proper account
of the other closely related factors, such as machine utilization and
delays in customer deliveries.

There is an unspecified implication in the examples just advanced
to establish the unsuitability of the black-box approach. As in the
military experiences, it has been assumed that the customer himself
is unable to do the systems integration task and thereby properly
supervise and control the work of the development team. Is this a
sound general implication? That conclusion was reached in the mili-
tary situation because of the technical complexities that were mixed
up with the operational problems. In most cases the business and
industrial customer is equally unsuited to these very analytical and
technical tasks, if by the customer we mean the operational people
within the company in question for whose use the automation methods
and equipments are designed. More specifically, the man who has
grown up as an operating expert in the field of production control in
a large and modern factory is not likely to be efuipped to determine
the combination of procedures and electronic techniques that should
be used to bring to his factory the fruits of automation. The field is
much too technical and too complicated for that. The production
control expert of the factory he is associated with, unfortunately, needs
also to be one of the world’s best-informed men with respect to the
characteristics of modern electronics computing and data-handling
equipment and methods. This he is not likely to be or to become.
Just as in the case of military electronics, it is necessary for some one
person or some one small group to encompass both the operational and
the technical factors involved. Experience purchased by our govern-
ment at the cost of many millions of dollars has shown that the ap-
proach that works is to give the systems design responsibility to the
technical man and be patient while he learns what he needs to know
of operational nontechnical matters. The other approach is rarely
successful in fields such as military electronics or automation where the
scientific and technical content is so very high.

The factory expert must, of course, work closely with the automa-
tion expert. If the problem in question is the design of a new data-
processing system for automation of the production control functions
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of the factory, the factory experts should not be shoved aside and
ignored by the team of physicists and engineers who set to work to
devise a new system. This would lead to exactly the same kind of
useless result as would be secured in a military systems development
if the technical team were to ignore the military operational people
in choosing their technical method of approach to the development of
the military system. Although the customer must not himself attempt
~ to perform the highly complex systems design job involving technical
and operational factors, it is, of course, the customer who must supply
to the scientific systems team the basic operational data that serves
to define the problem. And if the scientifically dominated systems
development team is really to be effective, its key members must have
a breadth that makes it possible for them to talk to production control
experts and develop an adequate understanding of their problems.
Each automation systems development project, just like each military
weapons systems development project, requires the establishment of
extensive and detailed communication between the basically technical
project team and the basically nontechnical operational people. Mili-
tary experience has shown that such interrelations can be successfully
established, and that basically technical organizations can develop
project teams that, although scientifically dominated, demonstrate
great aptitude for absorbing and properly integrating the operational
problems into their considerations. The factory expert should have
something to say about the development of a new production control
system; but the factory man must consider himself to be primarily
a source of input data to the project team, and he must recognize that
as long as the field of automation involves as much technical complexity
as it surely will for the next ten years, the people who do the con-
structive and inventive work will not be production control experts but
instead must be men trained as scientists and development engineers.

And so, with abundant use of analogies from military experience
these are the principal points of this discussion—the importance of a
properly integrated systems approach to the automation of business
and industry, and the key role that must be played by scientifically
dominated teams in the control and management of such systems de-
velopment projects.

These points have been emphasized heavily because they are vital
in the future of automation, and also because it is not at all clear today
that business and industry are aware either of their importance or of
the great pertinence of the military electronics experience. There are
many examples today in the business and industrial approach to auto-
mation of the employment of methods that have been more than amply
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tested, unsuccessfully, in weapons systems work. If this approach
becomes prevalent in the automation activities of the next few years,
then American progress in achieving the benefits of automation will
be markedly slower than it needs to be. Certainly a ten-year difference
in the achievement of a high level of automation can easily be the
result if these matters are not properly understood and attended to by
business and industry.

However, let us not view the future with alarm. In fact, there are
some trends today which, if properly nourished and extended, could
result in an adequate level of systems competence in the development
of automation during the next few years. The rest of this chapter
will be devoted to an appraisal of these trends.

19.6 APPRAISAL OF SYSTEMS APPROACH

If my arguments to this point have been convincing, then we should
all be agreed that rapid development of automation requires that the
solution of each factory control or data-processing problem in business
or industrial establishments be governed by the results of a systems
analysis treating all company operations capable of exerting a major
influence on the choice of methods, procedures, and equipment best
suited for the solution of the problem under attack. Furthermore, we .
should also be agreed that the extensive technical content of such sys-
tems work requires that it be accomplished by teams dominated by
professionally trained scientists and development engineers, who, how-
ever, have also acquired a capacity to deal effectively with concurrent
nontechnical operational matters. Now these conclusions appear to
specify pretty completely the manner in which any company interested
in the introduction of automation into its operations must go about
accomplishing such a result. The procedure indicated is for the com-
pany to give a systems development contract to some organization
with a high content of scientific and development engineering com-
petence, and with an established record of performance in the design
and development of electronic systems. If such arrangements are sup-
plemented by the establishment of a proper degree of intimacy between
the systems development group and appropriate operational people
within the customer company, favorable conditions should exist for the
ultimate determination of a combination of methods, procedures, and
apparatus to bring to the customer the maximum quantity and quality
of practical automation consistent with the state of the art.

However, there is a difficulty sometimes associated with the imple-
mentation of this approach to automation. This difficulty arises out
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of the fact that the thoroughgoing scientific systems analysis and
equipment design procedures upon which the approach is based can
frequently be a very expensive undertaking. The proper solution of
a major systems development problem may well require a technical
team of a hundred or more people working for two or more years. The
price tag for such a program may run to several millions of dollars.
So, although the procedure described is undoubtedly the proper ap-
proach for General Motors to take in bringing automation into its
production lines, or for the Bank of America to employ in the develop-
ment of mechanized data-processing procedures—where the size of the
business and the ultimate benefits arising out of a properly designed
system will recover many times over the cost of the development effort
—such an approach may be out of the question for small or medium-
size businesses. Not only do we not want to ignore small or medium-
size businesses, but as a practical matter automation certainly will not
really have arrived until it is suitable for this scale of industrial
activity.

Certainly there is a practical answer to this problem. To develop
it, we must start with the observation that there are two different ways
in which a systems team can go at the problem of developing a com-
bination of methods, procedures, and equipment for the solution of
an operational problem. The method already discussed is one in which
the development team undertakes to design new equipment to accom-
plish the required purposes. In this type of program, the development
team usually limits itself to the employment of electronic and me-
chanical components, vacuum tubes, servo motors, semiconductor de-
vices, memory elements, and the like, that are currently available,
but attempts to devise ways of combining these components in circuits
and electromechanical arrangements that may result in devices and
subsystems quite different from any that have appeared before. When
this kind of invention and design process is carried out with proper
regard for the nontechnical operational objectives of the program, the
most effective results are obtained. It is this kind of work that the
major business and industrial establishments should support in order
to obtain the maximum benefits from automation.

19.7 BUILDING-BLOCK APPROACH TO AUTOMATION

There is, however, another approach to the same kind of problem
that can be employed by the systems development team. In this
approach, the team limits itself to the employment of complete devices
or subsystems that are currently available, rather than to the employ-
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ment of electrical and mechanical components currently available. For
this kind of approach, the “building blocks” with which the develop-
ment team works, instead of being transistors, vacuum tubes, motors,
potentiometers, and the like, are electrical printers, arithmetic and
control units, card readers, magnetic-tape files, and the like—assuming
that units with such titles are currently available for purchase or
lease from industrial suppliers. The “building blocks” with which the
development team works are numerous and elemental, in the one in-
stance, and few and complex in the other. However, the analytical
and logical problems involved in the design of a suitable system of auto-
mation for a business or industrial establishment are much the same
in the two instances, although physically the results might appear to
be quite different, because in the first case new and extensive apparatus
results, whereas in the second case the output of the systems approach
is a combination of existing pieces of hardware.

Now, obviously, the first method of approach to an automation
problem is a more flexible one and allows the development of equip-
ment and procedures that are more precisely suited to the needs of
the business or industrial establishment under study. In fact, the
second method of approach is not practical at all until there has been
enough development of the first type to provide on the market a suit-
ably wide range of devices and subsystems of adequate flexibility to
permit, combinaton in various patterns to perform a variety of automa-
tion tasks. Ultimately, however, it is to be expected that this second
condition will exist as more and more organizations get in the business
and a wider and wider range of automation problems achieve solution.

Should a banking institution, for example, sponsor the development
of automation for its own uses, it is quite likely that some of the result-
ing methods and equipment would be at least partially applicable to
the activities of other banks enough smaller to be unable to sponsor
the pioneering work themselves, but large enough to have similar opera-
tional problems. Since American industry never works in such a way
as to exclude for very long the participation by smaller members of
an industry in the advanced developments of their larger colleagues,
we may safely expect that ultimately the pioneering work done by
the large organizations will extend benefits in this way to other mem-
bers of the same:industry. This process will undoubtedly be helped
along by the companies that design and manufacture the equipment.
Their own interests, of course, will be best served if they can ultimately
obtain a wide market for their products. Therefore, whenever they can
do so without compromising the automation system that they are ini-
tially employed to develop for the major customer, they will choose
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methods of packaging the subsystems that go into their final system,
and of standardizing the methods and procedures in different forms to
meet the approximately similar requirements of other customers.

And so we can expect to find, as time goes on, that there will be
developed a number of basic lines of automation, each line composed
of equipment and methods and procedures in combinations that will
make it possible to handle the automation problems of a class of busi-
ness and industrial customers. It is not possible today to predict with
any certainty how wide a range of customers may ultimately be served
by any of these major lines of automation. Perhaps there will be a
set of machinery, methods, and procedures that will be applicable only
to the banking business, another set of machinery, methods, and equip-
ment applicable only to the insurance business, another for department
stores, another for automobile factories, and the like. Of course, com-
‘panies in the automation business will prefer and will continue to work
toward lines of equipment at least, if not methods and procedures,
that can be employed across the board by all business and industrial
establishments. Undoubtedly the final result will lie somewhere be-
tween these two extremes. There will be certain kinds of machinery
that are applicable to a variety of data-processing and factory auto-
mation problems wherever they arise. There will be other types of
machinery that will be more highly specialized to one industry. The
same will be true of the methods and procedures that in each instance
must work intimately with the machinery in order to accomplish the
overall operational result.

But, whatever the final pattern, it is clear that the growth of this
complex of methods and machines must stem from the large-scale
systems study and equipment development programs, sponsored by
major establishments, that will determine the basic character of the
available equipment subsystems and methods. Solution of the auto-
mation problems of a large number of smaller customers will then
follow, guided by the second kind of systems development approach,
in which the design materials employed by the development scientists
and engineers will consist of the available subsystems, rather than
elemental electrical and mechanical components.

From the point of view of the smaller business and industrial estab-
lishment, this means of extending the applications of automation equip-
ment is of great economic importance. The controlling factor is that
by all odds the major part of the development expense is associated
with the actual invention, testing, and reduction to practical form of
the design of the devices and subsystems that make up the final equip-
ment. The approach that employs existing equipment, therefore, al-
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though depending just as much on a high quality of scientific systems
analysis, is much less costly and, if the problem under investigation is
fairly similar to other problems for which major and expensive hard-
ware development programs have been accomplished, then it is not
unlikely that there will already exist devices and subsystems that can
be combined to give a fairly satisfactory solution to the automation
problem of the smaller business or industrial establishment.

19.8 OPERATIONS RESEARCH IN AUTOMATION

Finally, it may be interesting to note that the second kind of system
development activity, although essentially not very different from the
first kind, goes by an entirely different name. The term that has come
to be applied to this kind of work is “operations research.” More gen-
erally, operations research is a term used to describe the activities of
scientifically trained teams who undertake the assignment of analyzing
broad areas of operation of business or industrial establishments, to
determine procedures and methods of making decisions that are most
effectively geared to the basic objectives of the business. When, as is
so frequently the case nowadays, the scope of assignment of the opera-
tions research team includes consideration of the possible employment
of the newer techniques of automation to improve the efficiency of the
enterprise, then the operations research assignment is indistinguishable
from the integrated systems development operation, except that such
an assignment is usually of the second type, where the team does not
design new apparatus but instead limits itself to designing combinations
of available equipment that can best meet the needs of the business in
question.

It is no accident that operations research activities are beginning to
appear and grow rapidly in various establishments throughout the
country at about the same time that development of automation equip-
ment is really getting under way. In each instance the principal work
is being done by scientists and engineers who have learned their trade
during and since the war in military electronic systems activities of
one form or another. Some of these men have gone to organizations
where they can use the detailed knowledge of electronic and electrome-
chanical techniques, which they acquired while working on weapons
systems, in the development of new kinds of automation apparatus.
The others have made their way to operations research groups, where
they find a direct carry-over to the business and industrial world of
the analytical methods and the systems approach that they found so
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productive in military work. The rapid development of automation
requires and will make use of both types of activity. As time goes on,
we shall see a great expansion in the scientific and engineering staffs
of the companies that engage in the development of the equipment
of automation. In the companies that are successful, we shall also see
an increasing dependence upon thoroughgoing systems analysis of the
problems of major business and industrial establishments as the basis
for equipment design. Concurrent with these developments, we shall
see a rapid increase in the numbers and quality of operations research
teams throughout the country, which, as time goes on, will carry a
larger and larger fraction of the load of bringing to smaller business
and industry in particular the combinations of methods, procedures,
and equipment that will bring about the benefits of automation in the
most economical and efficient manner. In each type of activity, prin-
cipal dependence will be placed upon teams of scientists and develop-
ment engineers, led by men who, in addition to superior professional
attainments, will exhibit unusual breadth and capacity for compre-
hending and dealing simultaneously with nontechnical as well as tech-
nical problems.

19.9 CONCLUSIONS

The reason for this‘emphasis on the systems point of view is that
experience has shown there is a certain subtlety about it that is likely
to be overlooked. There is an illusory sense of simplicity about systems
development work. There is something very logical and appealing
about the idea of assigning to the production control organization of
a factory the responsibility for working out and specifying the kind
of automation equipment and techniques that should be employed to
improve the efficiency of the production control operations. There was,
of course, a similarly incorrect sense of fitness to the early military
decision to assign to bombing and navigation experts the responsibility
for working out and specifying the kind of equipment and procedures
needed for the performance of improved bombing and navigation func-
tions. The significance of the military electronics experience and
its direct applicability to the field of automation are not generally
appreciated by most businessmen. As a result, there is a great danger
that business and industry will repeat a large fraction of the mistakes
that have by now led many of our military people to a considerably
more sophisticated and informed approach to major systems problems
than characterizes the approach of many business and industrial ex-
ecutives.
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If business and industry comprehend well and early enough the
basic facts of automation, these trends will be supported and strength-
ened with the result that the national ability to move rapidly ahead in
the field of automation will grow, and the bright new industrial revo-
lution just now starting will bring major benefits in new products and
in increased national output of old products within the next eight to
ten years.



Aberdeen Research Laboratory, 217

Accelerometers, 347, 357

Accounting, 116, 310, 323

Accuracy, analog computers, 138, 175
and stability, feedback control, 46
digital control of machines, 505, 507
instruments, 91

Actuating elements, 53, 341, 507
flight control, 341, 351
machine tool control, 507

Actuating error, 45, 55

Adder, 198

Address, computer, 28, 182

Admiral Radio, 369

Agriculture, 564

AIEE control terminology, 30

Aiken, Howard, 216

Air flow detectors, 348

Air pollution, 451

Aircraft control, see Flight control sys-

tem
Alarms, 431
Algebraic equations, linear simultane-
ous, 173
American industry, 12, 114
American management, 573
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American Wheelabrator Company, 516
Amplifiers, 103, 119, 120, 139
d-e, 150
feedback, 139, 149
flight control, 354
high-gain, 171
hydraulie, 102, 105, 119
integrating, 140
operational, 153
pneumatie, 105, 119
relay, 102, 105, 119, 121, 143
Anacon computer, 466
Analog computer, 132, 456
aceuracy, 138, 175
cost, 139
d-c, 133
direct, 136, 148, 465
functional, 136, 144
fundamentals, 139
general-purpose, 138
industrial control, 456, 475
installation, 141
programming techniques, 169
simulation, 133, 484
special-purpose, 138
speed, 137
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trainer, 134
type, 137
uses, 133
versus digital, 178, 183
Analog computer applications, 169, 475
autopilot, 166
differential equations, 144, 172
flight control, 357
function generation, 171
generator control, 489
high-speed relays, 484
hysteresis, 465
industrial control, 456
power dispatching, 480
protective relays, 476
simultaneous algebraic equations, 173
speed control, 479
steel mill control, 459, 468
submarine simulation, 135
tin reflow, 473
transfer function synthesis, 169
voltage regulators, 469, 489
wind tunnel, 490
Analog computer equipment, 149
dividers, 157, 171
feedback amplifiers, 139, 149
function generators, 162, 171, 175
integrator, 140, 159
multiplier, 155, 175
nonlinearities, 142
passive networks, 151
recorders, 166
relays, 143
resolvers, 142, 160
servomechanisms, 142, 155
Analog-to-digital converter, 101, 175,
251
ambiguity in reading, 261
benefits, 269
electronic counters, 258
fundamentals, 253
inputs, 254, 258
manufacturers, 270
number system, 256
outputs, 256
precision, 257
sampling rates, 254, 264
Analog-to-digital converter applica-
tions, 264
flight control, 268
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Analog-to-digital converter applica-
tions, graphic record analysis, 266
monitoring, 265
numerically controlled machines,
498, 502
process control logging, 267
Roman chariot, 34
seismographic analysis, 265
time recording, 264
Analog-to-digital converter equipment,
257
angular position, 261
comparison type, 259
counter type, 258
reading type, 261
shaft rotation, 258
time intervals, 258
voltage, 258, 260, 263
Analyzers, see Continuous analyzers
ANelex Corporation, 291, 295
printer, 291
Angle of attack, 337, 348
Angular velocity gyro, 345
Arithmetic section, digital computer,
180, 199
Arma Corporation, 554
Aronson, Milton H., 21
ASME terminology, 30
Assembly, automatic, 538
ball bearings, 519
electronic equipment, 361
operations, 540
television, 364
Atomic Energy Commission, 362
Atomic Instrument Company, 270, 296
Attenuation-phase method, 59
Austin Company, 270
Autofab, 385
Automatic coding, see Automatic pro-
gramming
Automatic control system, definition, 30
Automatic factory, 381, 457, 563, 566
Automatic programming, 247, 275
generation of straight-line coding, 233
Automation, 20
building blocks, 99, 591
characteristics, 41, 552, 578
continuous production, 42, 421, 531
definition, 1, 20, 21, 25, 34, 515
deterrents, 12, 555
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Automation, Detroit, 552
economic stability, 575
economics, 516, 547, 553, 562
education, 5, 13
engineering, 13, 36, 516, 541
equipment sales, 362, 557, 559, 568
future, 209, 249, 545, 563, 576
government, 4, 558
history, 1, 34, 547
incentives, 11, 41, 559
industrial relations, 568
labor, 553, 558, 566
management, 116, 565
mathematics, 36, 47
obsolescence, 558
operations research, 3, 225, 594
partial, 545, 561
philosophy, 21, 517
recent growth, 9, 34, 550
savings, 516, 550
small business and industry, 565, 593
social impact, 4, 571
technology, 9, 12, 42, 113, 550
Automation applications, see Analog
computer, Analog-to-digital con-
verter, Assembly, Digital computer
system, Digital control of machine
tools, Electronic data processing,
Electronic equipment production,
Feedback control system, Flight
control system, Manufacturing,
Military electronic systems, Proc-
ess control systems, Scientific com-
putation
Autopilot system, 166, 334, 356
Auxiliary equipment, 275

Babbage, Charles, 35, 216

Backlash, 144, 162, 353

Ball bearings, 519, 535

Bank angle, 345

Batch processes, 421, 531

Beckman Instruments, Inc., 133, 270

Belgium, 571

Bell Telephone Laboratories, 270, 277

Bendix Aviation Corporation, 270

Bendix Ultra Viscoson, 452

Benson-Lehner Corporation, 262, 270

Berkeley Scientific Corporation, 258,
270
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Billing, 315, 323, 326
Binary, 27
arithmetic, 190
coded decimal, 191, 256
modified code, 257
number system, 189, 256
Binary-coded disc, 263
BIZMAC, 298
Blocks, 27, 283
Bode, H. W, 59
Bode diagrams, 59, 436
Boeing Aircraft Company, 133
Bookkeeping factor, 233
Boolean algebra, 191, 458
adder, 198
gates, 195
logical functions, 192, 195
Boyd, D. M., 92
Brainard, W. E,, 21
Braun, Carl, 562
Bristol Company, 270
British Navy, 550
Brown Instruments, 270
Brunetti, Cledo, 2
Bulffers, 277, 285
Building blocks, 99, 591
Bull, printer, 291
reader and punch, 290
Bush, Vannevar, 137
Business, data handling, 14
problems, 222
see also Electronic data processing
Business Week, 551

Capital expense, 382, 556, 558
Cascade control, 428
multiple element, 431

Charactron tube printer, 291, 298

Checking, electronic data processing,
243

Chemical processes, see Process con-
trol systems, Process industries

Chopper amplifier, 149

Chrysler Corporation, 303

Cincinnati Hydrotel, 508

Circuits, see Digital computer circuits

Closed-loop control, 43

Code, see Binary, Digital code

Coded disc, 263
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Coding, 228
bookkeeping factor, 233
digital control of machines, 512
iterative loops, 231
storage requirements, 233
straight-line, 229
Coleman Engineering Company, 270
Collating ratio, 317, 323, 331
Combustion control, 430
Commercial Controls Corporation, 288
Common language, 26, 111
Commonwealth Edison Company, 303
Compagnie des Machines Bull, 290
Compiling systems, 248
Complementing, 193, 198
Components, electronic, fabrication,
367, 409
inspection, 368, 402
manufacturers, 366
preparation machines, 390, 400
quality control, 368
RETMA, 364, 368
sliced coil, 367
sprayed resistors, 384
stacked tubes, 367
standards, 364
tape resistors, 412
see also Electronic equipment pro-
duction
Composition analyzers, 447; see also
Continuous analyzers
Computer control, 129, 208, 268, 351
Computer-limited problems, 220, 275
Computers, 26, 178, 212, 552
analog, 132, 456
analog versus digital, 178, 183
digital, 178, 212
process control, 128
see also Digital computer systems
Computing elements, see Analog com-
puter, Digital computer systems
Computing servomechanism, 155
Consolidated Electrodynamics Cor-
poration, 259, 270
Consolidated Vultee Aircraft Corpora-
tion, 298
Continuous analyzers, 424, 447
infrared, 448
mass spectrometer, 448
mercaptan, 450

INDEX

Continuous analyzers, nuclear magnetic
resonance, 450
physical properties, 451
sampling, 451
ultraviolet, 448
viscometer, 453
Continuous composition analyzers, see
Continuous analyzers
Continuous process, 42, 421, 531
Contour control, 495, 501, 511
Control, end-point and in-process, 532
Control Engineering, 19
Control loop, closed, 43
combined open-closed, 71
open, 42
open versus closed, 48
Control section, digital computer, 181,
204
Control systems
design, 113
new components, 99, 591
synthesis, 71
see also Feedback control systems
Controlled variable, 45, 55
Controllers, 89, 122
and instruments, 96
electrical, 126
electronic, 102, 120, 441
flight, 352
“force balance,” 123
hydraulic, 124
master, 430
pneumatic, 103, 120, 126, 426, 439
proportional, 122
stroke-compensated, 124
Convair Corporation, 2908
Converters, see Analog-to-digital con-
verter, Input-output equipment
Coordinated control, 429
Cost, analog computers, 139
electronic data-processing equipment,
213, 304
input-output equipment, 277
labor, 559, 566 :
numerical control programming, 513
programming, 248
Coulomb friction, 144
Cox and Stevens Aircraft Corporation,
262
Cracking furnace, 436
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Curtiss-Wright trainers, 134
Customer acceptance, 112, 114
Cybernetics, 25

Cyclical code, see Modified binary code

Daeves, K., 108
Data processing, economies, 212
large machines, 304
punched-card equipment, 214
small machines, 213, 304
see also Electronic data processing
Data reduction, 275, 445
Dataprinter, 296
Dayton Instruments, Inec., 270
Dead space, 144, 162, 164
Dead time, 422
electronic controller, 441
sampling, 452
Decision elements, 106
Describing function, nonlinearities, 53
Design, by analog computers, 458, 465
industrial control systems, 458
production, 538
see also Systems design
Detroit automation, 552, 554
Diebold, John, 20
Differential analyzer, 137, 207, 215
Differential equations, computer solu-
tion, 144
direct analog, 148
Digitac system, 268
Digital code, 27
cyclical binary, 257
Flexowriter, 279
Hollerith, 280
magnetic tape, 283
modified binary, 257, 263
punched card, 281
Digital computer circuits, flip-flops,
193
gates, 195
Digital computer storage, 181, 199, 226
basic principles, 200
capacity and access time, 226
electrostatic, 202, 226
magnetic core, 200, 226
magnetic drum, 100, 201, 227
magnetic tape, 201, 226, 283
registers, 197
requirements for coding, 233
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Digital computer systems, 178, 185
accumulator, 198
adder, 198
address, 182
alphanumerie, 191
applications, 208
arithmetic, 180, 190, 199
checking, 243
control, 181, 204
design, 191
errors and error detection, 186, 188
general-purpose, 220
input-output, 180, 206
instruction, 181, 185
logical decisions, 184, 195
‘logical design, 191
number systems, 189
parallel and serial, 197
program, 181
register, 197
reliability, 187, 243
routine, 182
speed, 186
storage, 181, 199
versus analog, 178, 183
word, 181
see also Electronic data processing,
Input-output equipment
Digital control of machine tools, 494,
523
accuracy, 505
actuators, 507
contour control, 495, 500
cutter path, 501, 511
drill press, 497, 499
economics, 513
error compensation, 508
MIT milling machine, 508
position control, 495
position measurement, 504
programming, 510, 513, 514
velocity control, 502
see also Numerical control of ma-
chines
Digital data logging, 268, 445
Digital differential analyzer, 207, 216
Digital measurement, 504
Diodes, 143, 163
Dip soldering, 366, 374
automatic, 389, 406, 413
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Direct analog, 136, 148, 456
Distribution, 6

Disturbances, 30, 69, 337, 357, 426
Division, analog, 156, 171
Dodge Motors, 542

Dubbs cracking furnace, 436
Dutch roll, 339, 357, 360
Dynamic characteristics, 341, 434
Dynasert, 389

Eccles-Jordan circuit, 20, 193
Eckert-Mauchly Corporation, 292
Economic dispatch computer, 480, 483
Economics, 547
archaic thinking, 558
automatic factory, 380
automatic programming, 247
benefits, 553
data processing, 212
digital control of machine tools, 513
electronic data processing, 218, 245,
304
electronic-equipment production, 367,
380, 415, 538
large computers, 215, 220, 304
punched cards, 214
small calculating machines, 213
sorting, 235
stability, 575
trajectory computation, 217
Education, 5
EDVAC, 278
Einstein, Albert, 11, 577
Electric power systems, 476, 480, 484
Electrical control elements, transfer
functions, 53
Electrical controller, 126
Electro-Instruments, 270
Electronic Associates, 133
Electronic components, see Components
Electronic controllers, 102, 120, 441
versus pneumatic, 442
Electronic data processing, 212, 303
accuracy, 243, 316
business computer requirements, 219,
224, 306, 308
checking, 243
coding, 228
collating ratio, 317, 323, 331
computer-limited problems, 220, 275

INDEX

Electronic data processing, economics,
212, 218, 245, 304
efficiency, 245, 304, 308
files, 226, 314
human errors, 244
input-output limited problem, 220,
275
input-output requirements, 221, 238,
309
logical decisions, 322, 330
market, 362
merging, 235
~ new applications, 249
programming, 228, 317, 323, 331
reliability, 243, 246
savings, 323, 330
scientific computer requirements, 219,
224
sequencing, 236
simultaneous operations, 238
sorting, 235
speed, 218, 316
systems, and procedures, 246
unit record, 283, 308
Electronic data-processing applications,
217, 303
advantages, 314, 323, 330
automotive spare parts, 318
design, 310
inventory control, 318
life insurance, 310
magnetic tape files, 315, 319, 324
objectives, 313, 318, 326
operating characteristies, 317, 323, 330
procedures, 314, 318, 326
sorting, 235
utility billing and accounting, 323
see also Digital computer systems,
applications
Electronic equipment production, 361
component-attaching heads, 373, 386,
396, 400
dip soldering, 366, 374, 389, 406, 413
economics, 367, 380
evaluation of approaches, 415
General Electric system, 399
General Mills Autofab, 385
military requirements, 369, 383.
Mini-Mech, 394
printed circuits, 371
requirements, 365, 369
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Electronic equipment production, Sar-
grove machine, 383
small lot, 399
Stanford Research Institute, 369
Tinkertoy, 409, 538
United Shoe Machinery Dynasert,
389
see also Components
Electronic multipliers, 155, 175
Electronic process control systems, 442
Electronics industry, 361, 365
sales, 557
Electrostatic storage, 202, 226
Engineering Research Associates, 259
270, 297
Magnetic Numeroscope Printer, 297
England, 288, 383, 443, 550
ENIAC, 217
Epsco, Inc., 270
Error, actuating, 55, 507
detection, 317
digital computer systems, 186, 188
digital control of machine tools, 507
electronic data processing, 244, 317
Europe, 443
Etched circuits, see Printed circuits
Evans, Oliver, 549
Evans, W. R., 47
Exceptions, business problems, 317, 323

Fairless, Ben, 551
Farrand Optical Company, 505
Fault location, electric power systems,
476 ’ )
electronic assemblies, 407
Feedback, in analog computation, 146
Feedback amplifiers, 139, 149
Feedback control system, 14, 30, 34, 44
accuracy, 46
actuating error, 30, 55
actuators, 53, 341, 507
closed loop, 43
closed loop versus open loop, 48
combined open-closed loops, 71, 75
controlled variable, 30, 55
cross connections, 73
disturbances, 30, 69
clements, 30, 45, 53
frequency response, 64, 435
multiple control, 71
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Feedback control system, nonlineari-
ties, 52
open loop, 42, 48, 71, 437
performance, 48
quantities, 30, 45
sampled data, 54
schedule and trim, 74
stability, 46, 57
system synthesis, 71
transfer functions, 49, 53, 151, 169,
436, 473
transient response, 67, 466
variables, 30, 45
see also Analog computer, Digital
computer systems, Flight control
system, Process control systems
Feedback control system applications,
75
magnetic loop, 85
photoelectric tracing, 79
profiling, 77
record playback, 80
steel mill, 83
tracer controls, 76
voltage regulation, 84
sce also Analog computer, Digital
computer systems, Electronic data
processing, Flight control system
Feedback control system stability, 47
and accuracy, 46
attenuation-phase method, 59
Bode diagrams, 59
frequency response, 64, 355, 435
Nyquist criterion, 47, 57, 60
root locus method, 38, 47, 61, 67, 355
Routh’s criterion, 47

‘Fellows gear shaper, 523

Ferranti Limited, 288
tape reader, 289, 291

. Files, consolidation, 308, 313, 318

data, 314, 318
maintenance, 317, 326, 329
random access, 221
Fire control system, 357, 580
Fischer & Porter Company, 270
Flexowriter, 279, 288, 508, 523
code, 279
reader and punch, 291
Flight control system, 333
actuators, 341
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Flight control system, airframe motions,
336
amplifying elements, 354
angle of attack, 337
autopilot, 334, 354
bank angle, 341, 345
degrees of freedom, 336, 342
equalization elements, 354
frequency response, 342, 355
guided missiles, 335, 358
gyros, 344
jets, 357
Mach number, 349
nonlinear characteristics, 343
outputs, 341
pitch, 337, 345
sideslip angle, 337, 348
subsonic, 338
supersonic, 340
yaw, 337, 345
Flight control system applications, 118,
356
analog-to-digital converters, 268
autopilot, 356
Digitac, 268
missile guidance, 358
sideslip stability augmenter, 356
Flight control system sensing elements
accelerometers, 347, 357
air flow, 348
altimeter, 349
gyros, 344
Machmeter, 350
pressure, 349
Flip-flop circuits, 20, 193
Flow control, 425; see also Air flow
detectors, Liquid flow
Floyd, G. F., 68
Force balance controller, 123
Ford, Henry, I, 574
Ford Motor Company, 20, 550
Fortune, 551
Fractionating column, 427, 429
Frame, 279, 282
Frequency response, 64, 434
cracking furnace, 436
flight control, 342, 355
pneumatic controllers, 439
processes, 435 '
Friction, 144, 345
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Function generator, 143, 144, 162, 171,
175

types, 162

Functional analog, 136, 144
differential equation solution, 144
modes of operation, 151

Furnace control, 428

Future, 209, 249, 545, 563, 576

Gaging, 535, 537

Gallup poll, 112

Gates, digital computer, 195

Gaussian distribution, 112

Geiser, X. R., 21

General Electric Company, 297, 369, 399
General Mills, 369, 385, 539

General Motors, 591

General-purpose computer, 138, 187, 220
General Riveters Corporation, 526
Genisco, Inec., 262, 270

Gestalt psychology, 115

Giannini, G. M., & Company, 262, 270
Goodyear Aircraft Company, 133
Government, 4, 558

Graphic panels, 444

Grey code, see Modified binary code
Grinders, 535

Guaranteed annual wage, 559

Guided missiles, 333, 354, 358

Gyros, 344

Haloid Company, 298

Hanson-Gorrill-Brian, Inc., 270

Harder, Del, 20

Hartree, D. R., 137

Harvard Computation Laboratory, 216

Harvard IBM Mark II, 277

Heading reference, 345

Helipot Corporation, 270

Hewlett-Packard Company, 258, 270

Hexadecimal number system, 189

High-gain amplifier, 171

Hillyer Instrument Company, 498

Hollerith, H., 280 '

Hollerith punched-card code, 281

Howe, Elias, 550

Hughes Aircraft Company, 21

Human Use of Human Betngs, The,
574

Hydraulic amplifiers, 119
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Hydraulic elements, transfer functions,
53
Hysteresis, 144, 465

IBM, 116, 216, 223, 226, 278, 280, 289,
290, 296, 303, 325, 539
IBM 026 printing punch, 280, 295
IBM 101 statistical machine, 236
IBM 407 accounting machine, 289, 297
IBM 701, 286, 287, 291, 297
IBM 702, 290, 291
IBM 704, 226, 276, 201, 297
IBM 705, 287, 291
IBM 711 card reader, 291
IBM 714 card reader, 291, 292
IBM 716-717 printer, 289, 291
IBM 719-720 printer, 295
IBM 721-722 card punch, 291
IBM 727 tape units, 283, 291
IBM 730 printer, 295
IBM 774 tape data selector, 292, 293
IBM cathode-ray tube output, 297
IBM-Harvard Mark II, 277
IBM NORC, 283
IBM SSEC, 278
Implicit-function technique, 171
Industrial control instruments, 89
sales, 559
Industrial Controls Corporation, 523
Industrial Nucleonics, 538
Industrial process control, 113, 456;
see also Process control systems
Industrial relations, 568
Industrial revolution, second, 4, 7
Information flow, 6
Information theory, 15
Infrared analyzer, 449
Input-output equipment, 206, 274
analog-to-digital converters, 254, 256
buffers, 277, 285
card punches and readers, 291
card-to-tape converters, 282, 292
characteristics, 291
cost, 277
electronic data processing, 221, 235,
309
interlock, 286
keyboard-to-tape converters, 282, 292
magnetic tapes, 202, 235, 283, 290
magnetic wire, 276
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Input-output equipment, off-line, 274
on-line, 275, 291
photographie, 297
print readers, 284
printers, 282, 289, 291, 295
recording media, 279, 283
reliability, 277
tape punches and readers, 291
tape-to-card converters, 282
Input-output limited problems, 220, 275
Inspection, statistical methods, 111
Instruction, 28, 181
branch or jump, 205
classes, 185
code example, 229
decoder, 204
format, 182
modification, 230
program length, 317, 323, 331
register, 204
storage, 227
Instruments, 89
accuracy, 91
and controllers, 96
industrial, 89, 90
narrow span, 440
scientifie, 91
statistical, 111
user preference, 92
see also Industrial control instru-
ments, Measurement
Instruments and Automation, 21
Insurance data processing, 314
Integrating amplifier, 140
Integrator, 140, 159
Intelligent Machines Company, 284
Internal Revenue Code, 558
International Business Machines, see
IBM
Inventory control, data processing, 117,
318

Jacquard, J. M., 550
JAN-R-11 requirements, 413
Jet aircraft, 357

Johnniac computer, 291

Kearfott Company, Inc., 270

Kellogg Switchboard & Supply Com-
pany, 270
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Kelvin, Lord, 35, 137, 215
Keyboard-to-tape recorders, 282, 292
Kirchhoff’s laws, 136, 148

Labor, bargaining power, 569, 571
cost, 559, 566
electronic equipment production, 382
elimination, 553
fixed cost, 560
guaranteed annual wage, 559
resistance to automation, 558, 561
unemployment, 571
work force, 572
work week, 573
Laplace transformation, 38, 51
LARC, 287, 291, 298
Leeds & Northrup Company, 270
Librascope, Inc., 270
Life insurance, data processing, 314
Limit stops, 431
Line printers, 289, 295
Linear programming, 25, 223, 249
Link Aviation, 134
Liquid flow, 422
Liquid level, 422, 424
Little, Arthur D., Inc., 270
Livermore Radiation Laboratory, 287
Logging, 267, 445 .
Logical algebra, sece Boolean algebra
Logical decisions, 184
electric power systems, 476
functions, 195
instructions, 185, 205
inventory control, 322
magnetic elements, 106
utility billing, 330
Luft infrared analyzer, 449

MacArthur, Douglas, 551

Mach number, 349

Machine decisions, see Logical deci-
sions

Machine language, 25, 307

Machmeter, 350

Magna Engineering Corporation, 562

Magnetic amplifiers, 468, 474, 480

Magnetic cores, 106, 200, 226

Magnetic drum, 100, 200, 201, 227

Magnetic recording, basic principles,
200

INDEX

Magnetic tape, 202, 226, 279, 282, 291
card-to-tape converter, 282, 292
code, 283
files, 315, 319, 324
machine tool control, 80, 512
metallic versus plastic, 282
printers, 282, 294
record playback, 80
recorders, 166
requirements for sequencing data, 236
sorting and merging, 235
speed, 291
strategy, 235, 238
tape-to-card converters, 282

Magnetic tape recording characteris-

tics, 283

Maintenance, preventive, 187, 567

Management, 116, 542, 547, 561, 565
American, 573
data processing, 304, 570
inertia, 557
process control, 113, 433
science, 304
scientific, 549

Maniac computer, 291

Manufacturing, 515, 531
control, 531, 536
lot size, 553

Manufacturing applications, 515
aircraft engines, 540
ball bearings, 519, 534
biscuit factory, 550
flour mill, 549
forging, 543
gears, 523, 536
grinders, 533
nuclear gaging, 537
punch press, 521
riveting, 524, 526
stamping, 516
television tubes, 530
transfer machines, 518, 550
warehousing, 527

Mark I computer, 216

Mark II computer, 277

Mark IV computer, 217

Mark sensing, 329

Mass spectrometer, 449

Massachusetts Institute of Technology,

see MIT
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Master record, 314, 317, 319, 323, 327,
331
Meany, George, 551
Measurement, accuracy, 91
continuous analyzers, 424, 447
correlation, 108
customer acceptance, 114
digital, 504
mechanical manometers, 439
physical properties, 451
position, 504
significance, 108
statistical, 111
see also Flight control system, In-
struments, Process variables
Mechanical control elements, transfer
functions, 53
Mechanical differential analyzer, 137
Mechanical integrator, 140, 159
Mechanical summarizers, 98
Melpar, Inc., 369, 394
Memory, see Digital computer storage
Merging, magnetic tape, 235, 238
Mid-Century Instrumatic, 133
Military electronic systems, 579, 586
Miniaturization, 102, 375, 394, 443
Mini-Mech, 394
Minneapolis-Honeywell, 21
Minnesota Electronics Corporation, 270
Missiles, see Guided missiles
MIT, 215, 297
numerically controlled machine, 510,
554
Radiation Laboratory, 103
Servomechanisms Laboratory, 508
storage tube, 202
Modified binary code, 257, 263
Moore, J. R., 72
Morse, P. P., 25
Moseley, F. L., Company, 270
Multiplication, accuracy, 175
AM-FM, 158
analog, 140, 142
dual-amplitude modulation, 160
electronic, 157, 175
mechanical integration, 159
potentiometer, 140
quarter-square method, 159
servomechanism, 142, 147, 155
Mylar plastic tape, 282
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National Bureau of Standards, 276, 297,
369, 409
National Cash Register Company, 291
NATO, 560
NCR-107, 291
Newton’s equations, 136
Noise, 70; see also Disturbances
Nonlinearities, 52, 142
components, 142
flight control, 343
rate gyros, 344
transfer functions, 53
Non-Linear Systems, Inc., 270
NORC, 283
Nuclear magnetic resonance, 450
Number systems, binary, 27, 189, 256
binary-coded decimal, 27, 256
hexadecimal, 189
modified binary, 256, 263
octal, 189
Numerical control of machines, 494,
523, 554; see also Digital control of
machine tools
Nyquist, H., 47
Nyquist stability criterion, 47, 57, 60

Oak Ridge National Laboratory, 282

Obsolescence, 558

Octal number system, 189

Oerlikon Tool & Arms Corporation, 271

Off-line equipment, 275

Office automation, 306

On-line equipment, 291

Open-loop control, 42, 48, 71, 437

Operational amplifier, 153

Operations research, 3, 25, 225, 594

Operator chart, 98

Optical grating, digital measurement,
505

ORACLE, 282

Orifice meter, 425

Parity bit, 282
Peripheral equipment, 275
Philbrick Associates, 133
Phillips, W. E., 427
Photoelectric reader, analog-to-digital
conversion, 263
curve follower, 165
punched-tape reader, 288
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Photoeclectric reader, tracing, 79
Photographic storage, 283, 297
Pitch, aircraft, 337, 345
Pitot tube, 349
Plant process control, see Process con-
trol systems
Plastic magnetic tape, 282
Pneumatic devices, 103, 120, 439
amplifiers, 105, 119
computing relays, 440
controllers, 426, 439, 442
narrow-span instruments, 440
sine wave generators, 435
Pompeo, D. J., 450
Position measurement, 504, 506
Potentiometer, 140, 154, 161
Potter Instrument Company, 258, 271
Praktische Grosszahlforschung, 109
Pressure processes, 422, 423
Print reader, 284
Printed circuits, 371
etching, 373, 377
silk screening, 376
sprayed, 384
Printed page, 283
Printer, 282, 291, 294, 206
analog plotting, 296
Charactron tube, 298
Dataprinter, 296
gang, 289
IBM cathode-ray tube, 297
line, 289, 295
nonmechanical, 296
plugboard control, 294
speed, 291, 295
type wheel, 295
Xerography, 298
Process control systems, 14, 23, 113, 421
accounting loop, 116
" basic control loop, 117
batch, 421, 531
cascade, 428
characteristics, 23, 422
computer, 128, 432
continuous, 42, 421, 531
continuous analyzers, 447
coordinated, 429
customer acceptance, 114
data logging, 268, 445

INDEX

Process control systems, dynamic char-
acteristics, 341, 434
electronic, 442
frequency response, 435
graphic panels, 444
management, 116, 433
multiple-element, 431
quality control, 451
servo techniques, 434
single variable, 425
supervisory, 431
time constants of variables, 422
see also Feedback control system
Process control systems applications,
cracking furnace, 436
electronic controllers, 443
flow, 425
fractionating column, 427, 429
furnace, 428
servo techniques, 434
steam boiler, 430
Process industries, 419, 420
Process variables, 422
definitive, 447
interdependence, 427
product properties, 424
Product composition, 424
Product design, 363, 535
Product quality, 451
Production control, 586
Productivity, 520, 549
Profiling, 77
Programming, electronic data process-
ing, 182, 228, 317, 323, 331
Programming, process control, 446
data logging, 446 )
digital control of machines, 510, 513
electronic-equipment production, 404,
412
plant control, 128
Proportional controller, 122, 127
electrical, 126
electronic, 442
force balance, 123
stroke-compensated, 124
Prudential Insurance Company, 303
Pseudo codes, 248
Pulse generator, 261, 509
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Punched card, 279
card-to-tape converters, 282, 292
code, 281
-punches, 291
readers, 291
tape-to-card converters, 282
Punched-card applications, 312, 403,
407, 411
Punched-card equipment, 29, 214, 235
Punched paper tape, 227, 279, 283, 288,
508, 523

Quality analyzers, see Continuous ana-
lyzers
Quality control, 114, 536
component insertion, 391
electronic assemblies, 395, 406, 411
electronic components, 368
statistical methods, 111
Quarter-square multiplication method,
159

Radar, airborne, 579
Radio Television Manufacturers Asso-
ciation, see RETMA
Rate gyro, 344
Rand Corporation, 297
Random access files, 221
Random phenomena, 16
RCA-BIZMAC, 298
RCA-Victor Corporation, 298
Rea, J. B., Company, 271
Real-time computation, 137, 138, 175
Record playback control, 80
Recorders, 166, 207
analog computer analysis, 166, 175
z-y, 110, 296
Recording, see Magnetic tape recording
Recording media, 279, 283
Reeves Instrument Corporation, 133
Regulation, 84, 459, 469
Relay, amplifiers, 143
electrohydraulic, 102
electronic, 121
fluid, 119
pneumatic-hydraulie, 105
Relays, 164, 196, 526
protective, 476, 484
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Reliability, digital computer systems
and electronic data processing, 186,
243, 246

input-output equipment, 277

Remington Rand, 223, 407, 551

Rensselaer Polytechnique Institute, 21

Resolvers, 142, 160

RETMA, 364, 368

Reuther, Walter, 551, 573

Rockford Army Ordnance, 541

Root locus method, 38, 47, 61, 67, 355

Routh, E. J., 47

Routh’s stability criterion, 47

Routine, 182, 186

Russia, 552, 560

Sabotage, origin, 571
Safety shutdown, 431
Sales, 558, 568
Sampled data systems, 54
Sampling rate, analog-to-digital con-
verters, 254, 264
Sampling system, continuous analyzers,
451
dead time, 452
Sargrove, John A., 368, 550
Sargrove automatic machine, 383
Scanning system, 106
computer control, 129
Schmidt circuit, 193
Scientific computation, 220, 224
linear programming, 223, 249
matrix inversion, 222
partial differential equations, 222
simulation, 223
trajectory, 217
Scientific computers, see Electronic
data processing
Scientific instruments, 91
SEAC, 276, 278, 285
Self-regulation, 552
Sensing elements, see Measurement
Servomechanisms, 53, 67, 507
computing, 142, 155
digital control, 503
division, 156
error, 507
flight control, 343
function generator, 162
magnetic tape drive, 290
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Servomechanisms, multiplication, 142,
155
process control, 434
punch press, 521
transient error, 508
Shepard Laboratories, 295
printer, 291
Shopsmith, 562
Sideslip angle, 335, 348
Sideslip stability augmenter, 356
Signode Steel Strapping Company, 517
Silk screening, 376
Simulation, 141, 144, 484
generator, 489
high-speed relays, 484
nonlinearities, 144
time delay, 141
submarine trainer, 134
systems design, 38
wind tunnel drive, 491
Single-variable control, 425
Small business and industry, 565, 592
Small-lot production, 399, 513, 553
Smith, A. O., 550
Social implications, 4, 571
Sorting, 235, 238
Special-purpose computers, 138
Spectrometers, 448
Speed, digital computers, 186
digital recording, 283
electronic data processing, 218
flight control, 337, 349
regulator, 459
Speed control, log carriage drive, 479
steel mill, 459
Sperry Rand, 226, 287, 290, 292 295,
see also UNIVAC
SSEC computer, 278
Stability, see Feedback control system
stability
Standards, electronic industry, 364
Stanford Research Institute, 369
Statistical instruments, 111
Statistical phenomena, 16
Steam boiler, 430
Steel Magazine, 560
Steel mill control, 83, 86, 459, 468
Steinmetz, C. P., 5
Storage, see Dlgltal computer storage
Straight-line coding, 229

INDEX

Streeter-Amet Corporation, 262, 271
Stroke-compensated controller, 124
Submarine simulator, 134
Subroutine, 186
Subsonic flight, 338
Subsystems, 37, 593
Supersonic flight, 340
Supervisory control, 431
Sylvania Electric Products, 369, 530
Synthesis, control system, 71
transfer functions, 151, 169
Systems and procedures, 246
Systems design, 37, 73
“analog computers, 468, 471
industrial controls, 458
manufacturing, 561
military, 583
subsystems, 37, 593
Systems engineering, 3, 12, 37, 363, 545,
581, 590
electronic-equipment assembly, 370
flight control, 354
weapons systems, 583

Tabulating equipment, 29, 214, 312
Taller & Cooper, 262, 271
Taylor, Frederick W., 549
Technology, 9, 12, 42, 113
Telecomputing Corporation, 259, 271
Teledeltos paper, 296
Telemeter Magnetics, 288
Teletype Corporation, 227, 277
equipment, 276, 277, 278, 279, 285, 288
reader and punch, 291
Television assembly, 364
Temperature processes, 422, 423, 428
Terminology, 25
Thévenin equivalent circuit, 487
Thomas autometer, 451
Time constants of process, 422, 436
Time delay simulation, 141
Tin plating, 473
Tinkertoy project, 369, 409, 538
Tracer controls, 76
Trainer, submarine, 134
Trajectory solutions, 144, 147, 217
Transducers, see Translators
Transfer function, 49, 457
autopilot, 169
closed loop, 50
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Transfer function, control elements, 53
cracking furnace, 436
generator and exciter, 473
open loop, 49
regulator and exciter, 489
stability, 57
synthesis, 151, 153, 169

Transfer machine, 518, 550

Transient response, 67
Floyd’s method, 68
hysteresis, 466

Transmission lags, 440

Translator chart, 93

Translators, 89

Transonic speeds, 340

Transportation, 564

Transportation lag, 422

Tullahoma wind tunnel, 490

Two-time scale computer, 128

Ultraviolet analyzers, 449
Unemployment, 571
Unit record, 283, 308; see also Master
record
United Automotive Workers, 558
United Shoe Machinery Company, 369,
389
United States Air Force, B-36, 362
F-86, 362
United States Armed Forces, 361, 579
United States Bureau of Census, 280
United States Navy, Bureau of Aero-
nautics, 409
Bureau of Ships, 394
United States Signal Corps, 399
UNIVAC 1, 223, 226, 277, 286, 551
UNIVAC II, 226
UNIVAC high-speed printer, 295
UNIVAC LARC, 287, 291, 208
UNIVAC printer, 291
UNIVAC Scientific 1103, 286, 288, 290,
291, 298
UNIVAC Scientific 1103A, 291
UNIVAC tape verifier, 292, 293
UNIVAC Uniprinter, 292
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UNIVAC Uniservo, 290, 291
UNIVAC Unityper, 292
University of California, 287
University of Pennsylvania, 217
Utility billing, 323

Variables, 30, 45, 341
definitive, 447
operational, 422
product, 424
Veeder-Root counter, 258
Velocity, aireraft, 337, 349
control of digitally controlled ma-
chines, 502
Vertical gyro, 346
Victor Adding Machine Company, 271
Viscometer, 452
Viscosity, 422
Voltage regulator, 469, 489

Wall Street Journal, 551
Warehousing, 318, 527
Watt, James, 34
Western Union, 296
Westinghouse Electric Company, 467,
550
Wheelabrator, 516
Whirlwind I Computer, 297
Wiedemann Machine Company, 521
Wiener, Norbert, 4, 25, 34, 574
Williams storage tube, 202
Wind tunnel, 490
Word, 181
fixed and variable length, 182
World War II, 34, 103, 333, 552, 579,
584
Wright Air Development Center, 369
Wright brothers, 333

Xerography, 298

X-y recorders, 110
line printers, 296
cathode-ray tube, 297

Yaw, 337, 343






By RICHARD G. CANNING, Partner, Canning, Sisson and Associates. *'This
book makes a strong plea for a properly done and timely systems engineering
approach in the hope that people will be guided to the efficient use of
electronics. It presents some very easily understood examples of what elec-
tronics can do and follows in succeeding chapters with a summary of E.D.P.
machines; programming of clerical operations; the systems study; the elec-
tronic system; the role of operations research; equipment characteristics; and
management’s program for obtaining a reliable system.

“. .. this is recommended reading for (1) those who want an idea of what
electronics is about, (2) top management, (3) those engaged in a survey,
and (4) the equipment manufacturers.” — Cost and Management.

1956. 332 pages.

By HowaRrD S. LevIN, Ebasco Services, Inc. A simple, quick review of
how automation changes raw material into knowledge useful to management.
“. .. an introductory text that does the job exceedingly well. Perhaps it is
Mr. Levin's mathematics background that gives his writing such clarity, such
logical organization. The book shows evidence of thoughful, detailed out-
lining. Even the format of the contents reveals the kind of logical structure
upon which every good teacher builds his subject matter. The book is divided
into five parts: New tools for the office, A common language, Electrons for
the office, The Businessman and the scientist, and A changing office.” —
Data Processing Digest.

1956. 203 pages.

By C. Wgst CHURCHMAN, RuUSSELL L. ACKOFF, and E. LEONARD
ARNOFF, all of the Case Institute of Technology. This new book answers
a growing need in the many areas that are affected by operations research
today. It fulfills two major objectives: it gives prospective consumers of
operations research a sound basis for evaluating O.R. and for understanding
its potentialities; and it provides future practitioners with a survey of.the
field and a basis upon which they can plan their further training.

Written by fourteen experts in the field, the book emphasizes the scientific
approach to research. It stresses the importance of defining management
problems in terms of objectives. Cogent discussions are given of inventory,
linear programming, waiting line, replacement, and competitive and other
mathematical models useful in operations research.

1957. : 645 pages.



