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An experimental model of a new general-
prrpose cordless switchhoard for handling
most types of operator-assistance calls.
This new board, with possible modifications,
will be made available in a few years as
part of proposed plan for implementing
person-tu-person DDD. (See page 299.)
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Life-testing electron tubes for submarine caliles.

Department checks tube corresponding to data
Heve, Tom Ross of the Electron Tube Development

automatically recorded on business-machine card.
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R. B. Murphy

Reliability in

Telephone Engineering

Reliability is not a new word in the dictionary,
but it has acquired new significance in the past
fifteen vears. During this time. the engineer has
seen "‘Reliability™ develop as a distinct field of
technical effort. It is now the subject of meetings
attended by dozens of engineers and scientists,
and it has gained the attention of many indus-
tries, where now can be found “Reliability En-
gineers” and '‘Reliability Groups.”

These developments are reminiscent of the
pattern of growth in quality control and opera-
tions research. As in these fields, the implementa-
tion of the basic ideas of reliability can and does
contribute substantially to quality objectives.

Designing for reliability is a tradition in Bell
Laboratories. It is not a matter of chance but of
deliberate effort and policy. There is an embar-
rassment of riches when it comes to examples.
Indeed. it ix impossible to do justice here to the
successful applications of design principles used
to achieve reliability in the telephone field, Later
we shall encounter a few cases in point.

There ix little question that the nation's de-
fense effort supplied much of the impetus to
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reliability as it is now known. In fact, the associ-
ation of reliability with military weapons sys-
tems and “failure rates” endows the concept of
reliability with an appearance of newness which
ix not entirely deserved. Reliability may be said
to be always a critical factor in engineering
dexign, and as such it has been an object of con-
cern for yvears, The tense realities of our times,
however, have exposed the critical nature of re-
liability to a broader public, esxpecially in the
field of rockets and missiles, New techniques
have been added, often because of problems aris-
ing in missiles and aircraft. Nevertheless, the in-
gredients of design which distinguish a reliable
syvstem from an unreliable one have always been
sought in the design of telephone equipment.
Like the traditional apparel of voung brides,
reliability has “something old, something new.”
The ideas involved may be stated in terms of the
vocabulary now current, but intrinsically they are
not so new as the words may make them appear
Engineers and others have grappled with the
problem of defining the word reliability. Perhaps
one could say that reliability in a device or in
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a unit of equipmert is itz ability to work satis-
factorily. But what does it mean to work satis-
factorily? Certainly there has been a great deal
of recent emphasis on the influence of such envi-

ronmental factors as temperature, humidity.
shock, and vibration, as well as on length of life
and on human engineering, particularly with
operators and repairmen in mind.

It is inviting to compare reliability with qual-
itv control at this point. The two fields have a
considerable degree of overlap. There has been
much discussion of the scope and relative merits
of each field and, at times, argument about the
activities that are proper to and characteristic
of each. Similar debates have taken place re-
garding systems engineering and operations
research. It is often impossible to draw a line
between quality control and reliability, or some-
times even to distinguish between these two
activities in any way. In other cases, the differ-
ence in function between the two fields can be
sharp and well defined, depending on how they
are realized in organizational structure and on
how the jobs are actually carried out.

Let us examine some o the ideas which have
given reliability distinct substance and flavor. We
have mentioned the matter of definitions: to some,
it has seemed easier to define reliability in terms
of a statistical measure. The Electronic Indus-
tries Association has adopted the definition,
“Reliability is the probability that an equipment
or device will perform its intended function for
a specified period of time when used in the man-

Engineers at the Hanover,
N. J., Laboratory test ability
of cable structures to with-
stand pressires even greater
than those at ocean Dbottom.

ner and for the purpose intended.” But agree-
ment on just what measure should be used is
not universal. Indeed, the wide variety of engi-
neering problems leads to different measures of
reliability, depending on the problem.

Sometimes the appropriate measure is a proba-
bility of failure bhefore a given time under
specified environmental conditions; in other cases
it may be per cent ‘“up-time,” or the average
percentage of time a system is expected to be
capable of operation.

Time, environment and people are important
aspects in almost anyone’s concept of reliability.
The purpose of most reliability programs is to re-
late these factors to the intended function and to
bring this knowledge to bear in design, manufac-
ture and use so that the systems or devices in-
volved work satisfactorily. To the designer, this
means he wishes in the end to be in a position to
predict satisfactory performance with a high de-
gree of confidence.

There has been great emphasis in reliability
symposia on the study of length of life of com-
ponents, circuits, and systems. Statistical tech-
niques have been widely applied for this purpose,
with particular emphasis on statistical studies
of syvstems whose lives are determined by the
“weakest link.” In such cases. the failure of a
device or a circuit is considered to imply failure
of the system. Great reliance has also been
placed on the notion of “random failures”—the
idea that probability of failure in a small time
interval is approximately proportional to the
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length of the interval and independent of its
distance from any reference point in time (see
box on paye 287). Studies conducted along these
lines indicate that often surprisingly long average
life must be expected of components to have a
good guarantee of system life of a comparatively
short time.

A second point of emphasis has been the effect
of different kinds andlevels of “stresses.” The word
“stress’ has been borrowed from the vocabulary
of the mechanical and aeronautical engineer
and applied with increasing liberality to electri-
cal engineering., For example, stress may take
the form of the expected ambient temperature
within an amplifier enclosure when the amplifier
is operating normally; it may be the effect of
switching a transmission system from “standby”
to “‘operate’; it may be the shock caused by
dropping a piece of apparatus from a fixed height;
it may be the peak demand for service in a central
office. Sometimes the level of stress is specified in
terms of other variables, such as season or time
of day. It is a canon of the reliability field that
designers must discover what the stresses on a
system or component are or will be to anticipate
and avoid consequent weaknesses in design.

Stresses may be roughly sorted into two
groups: those introduced suddenly and not always
predictably; and those of a continuing nature,
which usually change in more or less predictable
fashion with the passage of time. “Margin” is a
common term for what might be called evasive
action on the part of the designer against these
two kinds of stresses. A typical sudden stress is the
failure of a part of a system. Alarms, automatic
checks of circuits, and parallel facilities (“‘redun-
daney”) are common means of securing margin
in this case. The usual objective of margin
against sudden stress iIs to avoid abrupt and
unforeseeable end of life, often called *cata-
strophie failure.”

A typical continuing stress is the rms current
through a resistor in a given circuit. If such a
resistor were in a pulse circuit, a more pertinent
stress might be peak current. In this instance,
designers have frequently obtained margin by
using resistors at well below their recommended
handbook levels. Generally, the objective of mar-
gin against continuing stress is to minimize
gradual degradation of life or performance.

It is characteristic of reliability work that
different problems are associated with distinct
levels of engineering—namely, materials, com-
ponent, circuit, subsystem and system. Consider-
able attention has been given to the isolation of
these levels, separate attacks on each, and the
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synthesis of the separate attacks at the system
level. Even so, the reliability problems at different
levels overlap and react with each other. We
can further see, as we move up in the hierarchy
of complexity, that even the nature of these prob-
lems changes.

One can sayv that a concern with “failure
rates’ is common to all levels, but the problems of
human engineering become more evident as the
hierarchical pyramid is ascended. For instance,
at the subsystem level, the reliability of modular
units depends to some extent on the fair certainty
that the shock of turning on a new circuit does
not cause it to fail, that damage to other parts
during replacement is minimized, that the proper
modular c¢ircuit will be changed when change is
required, and that adjustments incidental to the
change will not be inconsistently lengthy or com-
plex. Human and technical factors are thus inter-
twined. At the peak of the pyramid, we may even
stop for a moment and contemplate “factors” like
fishing trawlers. As a matter of fact, the pos-
sibility of a fisherman’s gear snagging the trans-
atlantic cable had been considered during the
design stage.

The considerations somewhat briefly treated
above are typical of those brought forth in
reliability symposia. One more might he men-
tioned: the reporting of failures. This idea has
had a mixed reception for a number of reasons;
the most prominent being the wide divergence
in inclination and ability of the people involved
to contribute to such a program.

| i " ol &
3 P

A readily replaceable printed-cirenit packaye for
TASIL Thousands of packages make wup units, rear.
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On the other hand, the value of engineering
analyvses of failing material is not so widely
disputed. The Bell System has used the Engineer-
ing Complaint for some years in this respect.
Such complaints are usually submitted when an
Associated Company feels the circumstances war-
rant remuneration for the material involved.
However, engineering judgment has played the
major part in determining the advisability of
making a complaint.

As stated in the beginning. the essence of the
ideas just reviewed is not new in engineering
design in the communications field. What ds
new is a wider interest on the part of American
industry and the appearance of new kinds of prob-
lems. particularly in the military sector. which
have called for intensified effort and even new
techniques. Present literature in the field of re-
liability does not always convey this impression.

Spread of Modern Concepts

Furthermore, as is often true in the spread
of technical movements, a peculiar mystique
has developed around reliability. There are even
a few instances of what appears to be over-
zealous conversion. Television viewers have been
treated, by courtesy of the sponsor, to the sight
of a home receiver descending from the skies by
parachute and landing with the impact of an
airborne soldier. The receiver was alleged to be
still in working order. To most of us, the infer-
ences about the reliability of parachutes are
stronger than those concerning the reliability
of home receivers.

Another defect in the present progress of re-
liability has been a tendency toward a somewhat
specious form of generality or universality. This
has taken the form of uncritical devotion to cer-
tain theoretical precepts which may from time
to time deviate from the substance of fact. For
instance, the hierarchical conception of reliabil-
ity discussed briefly above is one which some
problems cannot be forced to fit. There have also
been unwary interpretations of failure rates in
terms of the average life of devices or equipment.

Finally, perhaps too much time and money have
been spent on ceremony. More meetings have been
held in the name of reliability than could be con-
sidered professionally or economically justified.
Indeed, with the extensive facilities for publica-
tion open to the engineer today, there is little
chance that a man with an important idea will be
unheard.

In the well established switching and transmis-
sion systems developed at Bell Laboratories. one
does not have to look far to find principles of veli-

ability applied in design. For instance. the design
of common-control switching systems like No. 5
crossbar depended in part on extensive knowledge
of the capability of various kinds of electrome-
chanical apparatus and on a broad knowledge of
the environmental conditions to which such ap-
paratus would be exposed. The designers also had
to know how many billions of operations the ve-
lays and switches could withstand and still give
satisfactory service. The problem of “maintain-
ability” was partly solved by the development of
automatic trouble recorders.

Another obvious reliability problem in the de-
sign of the No. 5 system was to provide switching
facilities in a way that would make the probabil-
ity of blocking a call very small. without making
the system too costly. A prime consideration here
was the variable quantity of traffic. In the lan-
guage now used in reliability work, we would
speak of “redundancy of talking paths,” although
vesterday the words “alternate paths™ would have
served the same purpose.

In crossbar switching systems, the use of design
principles for reliability is most striking in the
safeguarding of the common-control function. For
instance, on each call there is a sequence of con-
tinuity checks within the common control and in
the switching and transmission path that services
the call. Among these are a check of the custom-
e1’s line and checks for false grounds. crosses and
opens. Furthermore, there arve checks on timing
so that, for example, if a marker—the unit that
sets up a call—takes more than a predetermined
time to perform its function, a trouble recorder
is summoned automatically, and a second trial to
serve the call is initiated, using another marker.

The No. 5 crossbar system has by all accounts
succeeded in achieving two important reliability
objectives: continuity of service and low mainte-
nance cost. It is a system that incorporates “mar-
gin” against “sudden” stresses by the provision
of redundancy, second trial. and elaborate
“guards.” Thus we see that the fundamental con-
cepts of design have a great deal to do with real-
izing reliability.

Even more than the No. 5 system, the elec-
tronic switching system (ESS). or electronic cen-
tral office (ECO), is designed to devote a good
part of its time to checking its own operations and
diagnosing its own troubles. Another sort of
checking being used increasingly in digital sys-
tems is supplied in the form of error-correcting
codes, which Laboratories men have plaved a
prominent role in developing.

An interesting example among transmission
systems is the transatlantic cable. The design of
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G. J. Levenbach

The Use of Statistics
In Device Development

Statisties, as one dictionary describes it, is
“The =science which deals with the collection,
classification, and use of numerical facts or data
bearing on a subject or matter.” This encom-
passes quite a field, and consequently, statisti-
cians today must specialize. Statistical methods
are based on probability theory. This is a branch
of mathematics that has had much use at Dell
Laboratories in such areas as information theory,
trunking problems, quality control, and the or-
ganization of experiments and the interpreta-
tion of experimental data.

Statistical theoreticians have developed many
procedures to operate on data. They can apply
these procedures to almost any experimental sit-
uation, be it in agriculture, psychology or elec-
tronic development. This does not imply, however,
that a set of “recipes” is available to supplant
scientific investigation. The scientist will always
have to apply his experience, judgment, and in-
tuition. However, statistical methods can help
him obtain numbers to measure quantitatively
the unavoidable fluctuations in data inherent in
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any experiment. Ile can then use these values

in his theoretical and mathematical conclusions.

Let ux take the area of experiments as one
application of statisties and examine a few ex-
amples of praectical problems that have occurred

P-n junction capacitor on which was performed a
statistical study of capacitance characteristies.
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at the Laboratories. When performing an experi-
ment, one might expect a certain result—for ex-
ample, on the basis of theory. On the other hand,
one might have no clue as to what the experi-
mental data will prove. In both cases, however,
the experimenter will study the data very care-
fully. In the first case, he will want to see whether
his expectations are borne out, and in the second
case, he will want to find a general structure
underlving his experiment.

Let us imagine ourselves for a moment watch-
ing the 17th century British physicist, Robert
Bovle, doing his experiments with air. These led
to hisx now famous law which says that at a cer-
tain temperature, the pressure of a gas and the
volume it occupies are inversely proportional to
each other. Conceivably, Boyle might have plotted
on a graph his observations of pressure against
volume and then “fitted” a line—tried to draw
some kind of smooth curve—through the points.
Having done this, he might have noticed that the
inverse relationship would roughly correspond to
his observed data. In Boyle’s time, the kinetic
theory of gases was not yet available to guide
his thinking quantitatively. But actually, he did
have some ‘“‘theory” suggesting qualitatively that
the pressure would rise when the volume de-
creased. 1f Boyle did plot the data, he probably
attributed the discrepancies to measuring errors;
after all, his measuring equipment was rather
crude.

Today, however, measuring equipment is far
from crude. Thus scientists would be concerned
about the errors, and would try to find out if
some xvstematic phenomenon caused them or if
they just occurred at random. For example, they

might take from a graph of plotted values the
difference in a vertical direction between indi-
vidual observations and a fitted line and study
these differences, or “residuals,” separately. But
unambiguous results from such a procedure re-
quire something better than just fitting a line
by eye.

About 1800, the German mathematician, Karl
Friedrich Gauss, then only 18 years old, felt
this need for something better when he started
to evaluate certain astronomical observations. He
thereby developed the method of “Least Squares,”
today widely used in curve-fitting problems. In
this method, a set of data and the general equa-
tion of the curve to be fitted, permit the experi-
menter to determine the curve analytically by im-
posing the condition that the sum of the squares
of the deviations from the line should be a min-
imum. The values are squared so that the pluses
and minuses will not cancel each other. This sum
of squares, evaluated during the fitting proce-
dure, is a measure of the deviations from the
line—the residuals. But it does not tell anything
about the randomness of the residuals, which
have to be investigated separately. This aspect
will be illustrated below.

The development of many products encompasses
three phases. These are “conception,” “construc-
tion,” and “evaluation,” in that order, and they
repeat in a cycle until the product has been fully
developed. The cyclical aspect arises when the
results of evaluation bring about a new concep-
tion which, in turn, results in another construec-
tion and consequently, another evaluation. The
cycle will terminate when the product is suffi-
ciently improved to permit final manufacture.

Mathematical Model

In studying semiconductor devices, physicists
often use a mathematical “model” of the physical
phenomena. Here they are using the evaluating
phase of development. Obviously, they will be in-
terested in how well the model fits the experi-
mental results. Thus, they might discover dis-
crepancies leading to further improvements of
either the model, the experimental technique, or
both.

The p-n junction capacitor is a case in point.
One of the offshoots of semiconductor develop-
ment, this two-electrode device provides, for high-
frequency applications, a variable capacitance in
a small package. For a typical unit, a measured
characteristic—capacitance versus voltage—is
plotted as in the top part of the diagram at the
right. This curve represents a mathematical mod-
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el for the p-n junction capacitor, Physicists claim
that, over a limited range of voltage, it can be
represented theoretically by an equation contain-
ing three unknown constants.

Given a set of capacitance measurements at
different voltages, as in the diagram, we have to
determine these three constants. Fitting a
straight line to data requires only two unknown
constants—the slope and the intercept with any
fixed vertical line. Our case, however, is non-
linear and has three constants, each of which
represents some physical aspect of the operation
of the device. Thus, our solution is much more
involved.

Thanks to the particular structure of our
equation, however, we can proceed as follows. We
guess the value of one constant and then apply
the straight-line technique to the remaining two.
From the chosen value of the first constant, we
get not only the estimated values for the other
two, but also the value of the sum of squares of
the residuals. We go on to explore many different
values of the first constant, obtaining corres-
ponding values for the sum of the squares of the
residuals. Estimates for all three constants cor-
responding to the minimum of this sum of squares
become our final estimates, thus adhering to the
principle of *“least squares.”

What the Residuals Show

Fortunately, an electronic computer is avail-
able at the Laboratories to do these calculations
(RECORD, October, 1959). Once the program for
this computer has been written, we can try vir-
tually as many values of the first constant as we
like. The curve in the top part of the diagram
has been drawn using the estimated constants
for a particular unit. To the eve, and on the scale
drawn, the fit looks pretty good. We get a some-
what different picture, however, when we plot
the residuals,

The middle part of thediagram is a plot of these
residuals at a certain stage of the investigation.
It shows a systematic factor in addition to ran-
dom error. This factor—the “jumps” in the re-
siduals—coincides with the switching of the volt-
meter used from one measuring range to the
next. The experimenter can avoid this with a
better voltmeter, as illustrated in the bottom part
of the diagram. In effect, the use of residuals
corresponds to using a magnifier.

We must remember here that the least-
squares procedure yields only estimates for the
constants in the equation. And since our mea-
surements are subject to error, we want to know
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how precise these estimates are. Physicists would
apply to these estimates the concept of “probable”
errors, specifying their values to be exceeded
only fifty per cent of the time in an experiment.
Statisticians, however, prefer to limit values of
the error such that they will be exceeded a small-
er fraction of time—for example, five per cent.
In any case, if for a particular constant these
limits turn out to be very wide, either the experi-
ment has not measured the constant accurately
enough, or it is necessary to modify the model
to obtain a better description of the physical
world.

Let us now consider, from a different example,
the results of an experiment on a set of devices
measured for one particular characteristic. The
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Top curve represents mathematical model of p-n
junction capacitor. Plotted points appear in sawie
part of illustration. Residual values are plotted
against the same abscissa (middle), giving a mag-
nifying effect. Apparent “jumps’ in values are
eliminated (bottom) with more accurate meter,
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Jack Prins operates higl-voltaye tester in break-
down experiments on poper capacitors. Device 1s
subjected to steadily imcreasing voitage to find

restriction to one charaeteristic simplifies the ex-
position. Having obtained a set of measurements
in this type of experiment, we like to compress
the information so that a few parameters will
describe the results adequately. YWe can do this
with a mathemutical expression for the distribu-
tion of the observed characteristic. From the
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the point at which ils dielectric breaks down.
Because of high voltages used in breakdoun tests,
tire device 1is ftested in protective cage, right.

datu, we estimate the parameters in this mathe-
matical expression, one at a time, making the
problem similar to the previous one on the p-n
junction capacitor. Then we use this expression,
for example, to compare the results with those
obtained in other experiments on similar devices.

A typical application of this use of statistics
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arose in connection with electrical breakdown
measurements on paper capacitors. These capac-
itors, with special paper as their dielectric, have
been used in large quantities in the Bell System
for many years. It is inconvenient to apply break-
down tests to single layers of paper. For this rea-
son, such a test is usually performed on finished
capacitors, permitting at the same time a check
for defects in the whole structure.

Each capacitor could break down at many spots
in its dielectric, depending on the voltage ap-
plied across its terminals. However, in the test
setup, gradually increasing the voltage causes
the unit to break down at the weakest spot.
Measuring these voltage values for a set of capac-
itors of the same type gives us a distribution
of the “weakness” of the weakest spots. This
corresponds to what is called the “extreme-val-
ue” distribution method. The method is illus-
trated in the graph on page 290.

Reducing Measurements

Many phenomena can be described by this dis-
tribution. Examples include: heaviest daily rain-
fall in a particular season, highest flood of a
river in a year, strongest gust of wind encoun-
tered by an airplane in a certain area. In prac-
tical applications of extreme-value distribution,
results are plotted on special probability paper,
so that the measurements will lie on a straight
line. Because a straight line is determined by
two parameters, this paper automatically achieves
one step in our objective: to reduce measure-
ments to a few significant parameters.

One conclusion can easily be drawn from such
a graph. Our capacitors belong to a “family”
from which we picked units to be measured. Thus
we can read directly what percentage of them
will exceed a certain breakdown voltage. Dut it
is often necessary to find out how precise is the
estimate of this percentage. As indicated in the
figure on page 295. lines drawn on either side
of the fitted line are one way to determine the
percentage limits. They indicate the care we
must use in drawing conclusions from small
samples,

Now let us examine a situation where several
factors are studied simultaneously for their ef-
fects on experimental units. Factors such as
temperature, humidity, or applied voltage all may
influence a characteristic of a new component.
Other types of factors might be a group of dif-
ferent manufacturers, or even different sources
of raw material.

Traditionally, these investigations have been
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performed by varying one factor at a time while
keeping all the others constant. Subsequently,
the second factor is varied, while the first and
all others are held constant. This procedure is
continued until all of the factors which influence
component characteristics have been studied.

In many practical situations, however, the be-
havior of one factor depends on a particular
value of another. For the paper capacitors, for
example, this would mean that changes in capaci-
tance with voltage are not similar under different
temperature conditions. In other words, curves
plotted for two different temperatures would not
be parallel. In such a situation, we say that
there is an “interaction” between voltage and
temperature, and if interactions are suspected
to be present we should determine their impor-
tance by redesigning our experiments.

To illustrate, let us discuss part of an experi-
ment performed during development of an elec-
trolytic eapacitor with tantalum foil electrodes.
Because they are small for their voltage and ca-
pacitance rating, these are widely used in com-
munication equipment.

In one stage of this development, scientists
had to explore the characteristics of the device
under a variety of conditions. For example, they
studied the stability of the capacitance for a
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FLOW DIAGRAM OF ANALYSIS

TABLE A TABLE C

Temperature DC VOLTS DC VOLTS DC VOLTS

in Degrees C | @ 50 100 150 0 50 100 150 0 50 100 150
45 2 2 2 2 0.20 026 0.24 025 +0.03 -0.12 +0.08 +0.01
a5 2 2 2 2 0.38 0.44 0.42 0.43 =0.02 -0.06 -0.19 +0.30
85 2 2 2 2 0.34 0.40 038 0.39 +0.01 +0.20 +0.12 -0.31

TABLE B TABLE E

Temperature DC VOLTS % Marginal
inDegreesC | @ 50 100 150  Averoge
-
0.27 0.15 0.30 0.26
019 013 035 026 °24
0.46 0.37 0.7 0.77
0.26 039 027 0697 U042
0.29 0.49 0.51 0.15 0.38
0.41 071 049 0.02 :
4
¢ Voltage §
. Effe }-004 002 0 001
Marginal
%}ratggem! 031 037 035 036

4 s, mﬁt;x RN R

particular time under various voltages and tem-
peratures. At this stage in the development of the
tantalum capacitor, not too much was known of
its actual properties. However, since designers
were interested in voltage and temperature up
to 150 volts and 85 degrees C, respectively, the
basic part of the experiment was made in these
ranges. (See set of tables on this page.) Each
“cell” contained two capacitors (Table A) which
were subjected to the voltage and temperature
listed for a fixed period of time. The change in
capacitance as measured before and after the
treatment, indicated the stability.

Yardstick from Results

One set of results, expressed in per cent change,
is listed in Table B. Because of the way the ex-
periment is set up, the same number of capacitors
is examined at each temperature and voltage.
Thus their averages can be compared directly be-

Temp & DC YOLTS Temp
E”ﬂ‘mw 0 50 100 , Effects
A 2 -
011 . 008 -0.11 009 ) -0.12
0.07 4 0.06 0.03 -0.10 -—0.02
Pt
0.03 i -0.11 G611 001 +0.34
-0.03 002 O
;i
80 L ol
cause they have the same “weight.” The ques-

tion is, how significant are the observed differ-
ences? Clearly, we need a yardstick for this.
And since in the beginning stages of the develop-
ment of a device we are usually in a state of
ignorance, we must derive the yardstick from
the experimental results themselves. The statis-
tical procedure applied in cases like this is the
“Analysis of Variance,” whose description falls
outside the scope of this article. Once such an
analysis has been made, however, we can explain
the results with a few simple diagrams.

In this particular experiment, we can obtain
a vardstick as follows. The capacitors in the same
cell are subjected to identical conditions during
the test. Therefore, the differences between those
pairs—differences in the change of capacitance
before and after—are attributable to the fact
that not all units will behave exactly alike, even
if they are from the same “family.” Other causes
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come from errors introduced in the measuring
process. These latter phenomena are, in a way,
the “noise” of our experiment, and the parameter
variations are only significant if they are larger
than this noise.

Consider the differences between the two num-
bers in each cell gotten by subtracting in Table
B the bottom per cent change from the top one.
These differences, divided by two, are listed be-
low in order of value. (Note that two sets of
values are identical.)

—0.11 —0.06 —0.05 —0.02 —0.01
0

01 +0. .
188} L{gj 10.06 +0.10

If we assume that the errors follow a normal
distribution with an average equal to zero, we
would estimate from the above data the standard
deviation of that distribution to be 0.04 per cent.

Now we are nearly ready to compare the dif-
ferences between the marginal averages in Table
B with the vardstick just obtained. But first we
have to check the interactions between voltage
and temperature. To do this, we compare the
marginal averages with the average for all the
data. In Table B, the column labelled “Voltage
Effects” gives the deviation of each marginal
average from this over-all average. The row
labelled “Temperature Effects” is treated in a
similar manner.

Using these effects, we can build up a set of
so-called *‘predicted” values that we might ex-
pect to find if the three values—the over-all av-
erage, the temperature, and the voltage effects

S
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Result of voltage breakdoun tests on group of 11
paper capacitors. Measurements give distribition
of weakness of weakest spots, correspond fo “ex-
treme-value™ distribution (see plot on page 290).
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—explained the whole picture (Table C). For ex-
ample, adding 0.35, —0.11, and —0.04 gives us
0.20, the predicted value for the cell in the upper
left corner of the table. To compare this with the
actual value, we average the two observations in
the same cell

0.27 4 0.19

_ () oc
B) = 0.2

and note a discrepancy of 0.03 (0.23 — 0.20).
This again, is a sort of residual.

Whole Set Comparison

Table D illustrates this comparison for the
whole set. Each of these residuals can be iden-
tified with a particular combination of tempera-
ture and voltage. Here we observe considerably
larger values for some residuals thun appear in
the list at the left. This signifies that the three
values mentioned above are insufficient to explain
the capacitor’s behavior. The interaction of tem-
perature and voltage must also be taken into ac-
count. From Table D we see that the interac-
tions grow in importance as the temperature and
voltage rise. In other words, this set of capaci-
tors becomes less predictable under the stress of
increasing temperature and voltage.

As an extension of the method, we can omit
the highest voltage from the data and calculate
the interactions in the same way as above. Table
E shows that the interactions are then indis-
tinguishable from the “noise.” represented in the
list above. Therefore, for this voltage range, it
may be adequate to confine ourselves to the mar-
ginal averages for describing the capacitor’s be-
havior. A formal analysis of this case shows
that in regard to instability, variations in tem-
perature are significant; variations with volt-
age are not. Much of the information, in fact,
could have been obtained by examining a plot of
the observed points, as in the graph on page 293.
However, when the number of factors increases,
or the effects become more subtle, a formal an-
alysis is mandatory.

These examples are only a small fraction of
the ways in which statistical analysis is put to
work at Bell Laboratories. And because tech-
nology, especially here, is expanding so rapidly,
scientists and engineers need every available
short cut to final development of a device. Thus,
we can expect statistical methods to play an even
greater vrole in future laboratory experiments.
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SIMULATING SPEECH

THROUGH SPACE

Communications in outer space, once only a
theme for science-fiction writers, is now an ac-
cepted fact of life. For more than two years, we
have been on speaking terms with several arti-
ficial satellites—one as far as eight million miles
away. From them we are learning something of
the nature of the universe. Now, they’re about
to help us learn something of a technology rela-

tively close to home. We are

going to find out if radioteleph-

ony can add to its aviary of

transmission methods a new,

high-flying bird—the relaying of
signals from one place to another on earth via an
orbiting satellite.

To pursue this idea, the Bell System and the
National Aeronautics and Space Administration
are jointly sponsoring *“Project Echo”—a pilot
study of satellite communications that involves
placing in orbit a 100-foot diameter balloon with
an aluminized surface. Using this big shiny
sphere as a bounce medium. scientists in Gold-

stone, California and Holmdel, New Jersey will
talk to each other in a radically new way. Essen-
tial to the success of this project are a number of
recent refinements in transmitting and receiving
equipment. Chief among them are two accom-
plishments by Bell Laboratories—an extremely
low-noise receiving antenna (RECORD, May, 1960)
and a highly efficient solid-state amplifier, the
maser (RECORD, May, 1960).

Any new system presents problems, however,
and this one will be no exception. One important
problem to be resolved in telephone transmission
via satellite is that of transmission delay. Con-
sider, for example, a telephone call going over a
multi-link connection between New York City and
San Francisco. The “round-trip” delay on such
a circuit might be as long as four or five hun-
dredths of a second. Signals relayed via low-alti-
tude satellites (3000 miles high) would take
somewhat longer. However, these delays wouldn’t
ordinarily interfere with a two-way telephone
conversation.
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But now suppose this connection goes by way
of a satellite 22,300 miles up—the height an
active satellite must achieve to travel “with” the
earth and appear to be stationary over one spot.
Then the round-trip delay will be about sir-fenths
of a second, and this probably will affect the
conversation. Fast as they are, electromagnetic
signals do have the finite speed of 186,000 miles
per second. And the conversation of our example
will travel from New York to the satellite, to San
Francisco, to the satellite, and back to New York
—a distance of just under 100,000 miles.

Laboratory Experiment

An example of what this problem involves can
be seen in a laboratory experiment in which two
telephone talkers alternately read off a servies of
numbers. Without a delay, the counting can
proceed steadily—“1, 2, 3, 4, 5, 6. .. . But a
0.6-second delay in this eircuit would cause both
talkers to hear a “staggered” series of numbers.
For example, to the first talker it would sound
something like “1 ..., 2 3 ..., 4, 5. ... This
probably would cause interruptions and general
confusion. What Bell Laboratories is interested
in here is how much this “abnormal” transmis-
sion will affect long-distance conversations.

Fortunately, we don’t need to send up a set of
complicated and expensive satellites to find out
how big a problem this is. We don’t even need
one satellite. At the Laboratories a versatile
simulation device called “Siby!” (RECORD, Noven-

DELAY MECHANISM
ERASING

ber, 1958) is already finding out just how much
delay a telephone user can tolerate and still suc-
cessfully hold a conversation.

Sibyl works by intercepting the telephone lines
of test users so that it may give them simulated
services in their normal work environment. At
the same time, this simulating device auto-
matically collects objective data on the perform-
ance of a man-machine system while, of course,
preserving the privacy of the actual conversation.
In conducting the test on transmission delay,
Sibyl is testifying to her multipurpose nature—
the only additions necessary have been a simple
delay mechanism and a control panel.

The Human Factors Engineering Group at the
Laboratories has arranged a program to connect
the telephones of 100 Laboratories employees to
the modified Sibyl setup. These volunteers are
divided into five groups of twenty, each group
to experience a separate delay varving from 0.05
sec. to 1.2 sec. All users will participate at their
normal work locations. The 100 pairs of telephone
wires have been temporarily intercepted at the
switching office for the Murray Hill Laboratories,
and brought to the simulation machine. Here,
they enter the various switching and recording
devices and the delay mechanism.

Basically, the delay mechanism serves to put
the test user’s conversation on a magnetic drum.
Thus, on those calls being purposely delaved, the
called party hears recorded speech. Riding the
drum’s surface as it revolves is a recording head,

RECORDING

MUREAY HILL
HYBRID ECHO " ECHO) HYBRID
SUPPRESSOR HE"S;JDCIM: SUPPRESSOR

TEST USER {ADJUSTABLE) CALLED

PARTY

4""_---—------_-'\-.‘
(L ‘.“
—— Sy

SIBYL

Avrrangement of Sibyl modification for simu-
lated transmission by satellite. Major innova-
tion is the adjustable delay wechanism with
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privacy-providing erasing feature. Eclio SuUppres-
sors deliver “life-like” feature. Despite their draw-
backs, these will be required in actual systen.
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R. W. Lank adjusts the delay mechanism used to
conduct sinulated tests of satellite transmission.

a reproducing head, and an erasing head. The
cireumferential distance between the recording
and reproducing heads is adjustable, permitting
variation in delay corresponding to varying
heights of satellites. This gives the test program
a unique advantage over the actual satellite which,
of course, cannot adjust its height. The erasing
head serves Sibyl's avowed purpose of maintain-
ing user privacy. Conversation is erased imme-
diately after it is transmitted.

During the week-long test period, each partic-
ipant experiences delay on some of his calls. Since
the probability of connection to a satellite path
is random, the user’s delayed calls can be adjusted
to correspond to the average number of long-
distance calls he would make in a normal week
of telephone communication. A user’s reaction
to quality of transmission varies from call to
call, depending on such factors as its relative
importance. And it is better to obtain his judg-
ment of “‘adequacy” as soon as possible after
each call, rather than adopt the conventional
procedure of waiting days or weeks to get a
final, single over-all appraisal. Immediate reac-
tion results in the detailed information helpful
to understanding the process—in this case, the

delay in transmission on a normal telephone call.

The test user “votes” on each call to indicate
its acceptability. He expresses his judgment,
after he finishes the conversation but just before
he hangs up, by dialing the digit “7” if the call
seemed “normal,” “8” if he observed delay but
was not bothered by it, and “9” if he deemed the
quality of the call inadequate.

In addition, the user can operate an “emergency
button” by dialing “2” any time during important
and possibly one-time calls that exhibit too much
delay for coherence. For faulty memories, the
Human Factors Group has provided a *vote re-
minder” in the form of a small sign on the user’s
telephone. This pops up when he lifts his handset
and must be pushed down manually before he can
hang up. The sign’s message, brief but explicit,
is “Vote!”

Accompanying the delay in long-range trans-
mission is the equally annoying problem of
“echo.” Ordinarily, in a circuit as long as that
proposed for a satellite relay system, the talker
can hear his own voice, also about six-tenths of
a second after he has spoken. In the Sibyl
arrangement this is overcome with a commonly
used “echo suppressor,” arranged to cut off the
low-level signals representing the talker’s voice
returning to his own telephone. But such cut-
off arrangements have a disadvantage, especially
in delaved circuits. Because a conversant may
sometimes think his message is not getting
through, he will repeat it. As a result, both
parties talk at once and effectively ‘“‘chop off”
some of each other's words. Nevertheless, this
is probably an inherent weakness in satellite
relay systems and thus it is proper for the Sibyl
test program to study user’s reactions to it.

Thanks to Sibyl’s versatility, some interesting
questions await answers from this simulated test.
For example, will the test users be able to tolerate
a 0.6-second delay? Will long-distance calls tend
to shorten because the caller feels a need to limit
his conversation to the bare essentials? And most
important, will telephone customers trust their
important conversations to a system that may
involve delayed transmission, or will they go for
the emergency button and seek some other means
of communication?

Characteristically, Bell Laboratories is provid-
ing answers in the present to these questions of
the future. Using the foresight gained from the
Sibyl study, we can anticipate the potential reac-
tions of long-distance callers, and thus begin to
modify satellite communications systems even
before such systems become available.
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G. H. Peterson

CURRENT EXPERIMENTS

IN PERSON-TO-PERSON DDD

Customer dialing has been a part of telephone
communications almost as long as the telephone
itself. The first commercial automatic exchange
was installed at La Porte, Indiana, in 1892—only
16 years after Alexander Graham Bell invented
the telephone. A customer connected to this pio-
neer switching center operated a key to produce
the pulses which directed his call through the ex-
change. This key arrangement gradually gave
way to dialing as we now know it.

Dialing remained a “new-fangled” and rather
unimportant aspect of the rapidly growing tele-
phone business for some time, however. In 1925,
for example, only about 15 per cent of the world s
telephones were equipped for dialing. By contrast,
over 95 per cent of the telephones in the present
Bell System are equipped for dialing, and the con-
venience, speed and reliability of dialing local
and “extended-area” calls have achieved wide-
spread public acceptance.

Direct-distance dialing (DDD) now extends, in
many areas of the United States and Canada. the
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benefits of customer dialing to long-distance calls
made from noncoin telephones. At present, these
DDD calls are properly completed, and the charge-
able time starts, when anyone at the called station
answers (thus the term station-to-station call).
All of these customer-dialed toll calls are served
by Automatic Message Accounting (AMA) facil-
ities so that the billing data can be obtained. At
present this is done either with operator assist-
ance or automatically. Bills for customer-dialed
DDD calls arve always rendered in detail to the
calling customer.

A few years hence, when DDD is extended to all
of the Bell System, traffic experts expect that
about one-half of all long-distance calls will be
dialed directly by customers. The other half
(which now involves about three-fourths of the
toll-operator effort) will still require the assist-
ance of operators, either to complete the call or
record billing data.

Most of these assistance calis can be divided
into two general types: (1) person-to-person calls,
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Close-up of operator positions at Poughkeepsie
trial. Pushbuttons are for keying special infor-

which are charged at different rates than station-
to-station calls; and (2) collect calls for which
the charges are “reversed’” to the called station.
Chargeable time on such calls does not extend
from the time anyvone answers at the called tele-
phone. It starts in the first case only when a
particular person is reached. and in the second
case when someone at the called telephone agrees
to accept the charges.

Similar to the collect calls are “special billing”
calls, such as credit-card service, which requires
verification and recording of the credit-card num-
ber for billing purposes, and charge-to-third-
telephone calls. Here, the customer charges the
call to the number of a telephone not involved in
the connection, and the operator must record, and
in some cases verify, the number of this third
telephone.

Because of the time and work involved on such
calls, only about one-quarter of the operator work
required at toll switchboards will be removed, even
when regular, station DDD is fully implemented.
This is far from removing one-half of the work,

.
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mation to the CAMA equipment, and the lever
keys enable operator to perform special services.

as one might expect from the anticipated ratio of
customer-dialed calls to operator-assisted calls.
Also, operators, and many of them, will always be
required to help automatic switching systems per-
form special operations which exceed the ability
of the customer or the facilities available at his
telephone. In many cases, these operators furnish
services which otherwise could not be provided,
such as supplyving directory-number information.

With continued growth of the Bell System, an
increase in the volume of long-distance calls will
be inevitable. This poses an important problem:
the anticipated growth in the volume of long-
distance calls that require the assistance of an
operator could exceed the potential economic sup-
ply of switchboard operators required to handle
them. If this situation were encountered in the
near future, it would have an effect on the speed
and cost of toll service that would be to the dis-
advantage of the customer. Here, then, is a gen-
uine problem in “providing the best possible serv-
ice at the least possible cost.”

Historically, a study by C. E. Brooks of the Lab-

300 e« Rell Laboratories Record

www americanradiohictorv com


www.americanradiohistory.com

oratories in 1947 proposed extending DDD to in-
clude person-to-person calls by the use of a dis-
tinctive prefix. A few vears later, the possibility
of a toll-operator shortage was foreseen by the
New York Telephone Company. That the prob-
lem might become acute in New York is quite
logical when one considers that this Company
handles about ten per cent of all the telephone
traffic of the Bell System. The New York Com-
pany suggested that the toll-switehboard problem
might be eased if arrangements could be devised
to allow customers to dial person-to-person and
collect toll calls with a minimum of operator
assistance.

Accordingly, systems engineers at Bell Labora-
tories were requested to undertake a detailed en-
gineering review and study of the general problem
and to originate and evaluate various plans for
handling long-distance calls which cannot be han-
dled by DDD. This article describes an outgrowth
of the New York Company’s proposals and this
study program—an experiment aimed at improv-
ing, through a reduction in operator work time,
the handling of special long-distance calls that are
bevond the scope of DDD arrangements. The field
experiment was devised and conducted by the New
York Company. The article also deseribes some of
the features of a proposed standard plan for
handling special toll calls in all parts of the Bell
System.

Initial studies of the general problem showed
that it is practical to devise equipment to allow
customers to dial and control most special toll
calls with a minimum of operator assistance.
Equipment for doing this would be economically
attractive only if a large percentage of such calls
were dialed by customers. Early studies also
showed that only relatively large traffic volumes
can justify the expense of such equipment.

A logical second step in the exploratory study
was to try to determine the probable extent to
which customers would accept the new service as
pleasing and fast, and to evaluate more precisely
the amount of operator work the new service
would require. These two factors could be gauged
reliably only by a service trial of the new ar-
rangement, with customers originating the spe-
cial toll calls at will. Such an experiment would
also serve as a test on which sound engineering
appraisals could be based.

During 1956 and 1957, when arrangements for
this test had to be made, development engineers
at Bell Laboratories were committed to other Bell
System projects or to essential National Defense
projects. Since the New York Telephone Company
had a special interest in this project, it agreed to
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cooperate with the Laboratories in providing both
manpower and equipment for a trial of the new
services.

Central office equipment and central office cir-
cuit and equipment designs of the New York Com-
pany were used in the test. Laboratories engineers
were available as consultants, and were responsi-
ble for the changes in AMA equipment. The
A.T.&T. Company furnished guidance, including
advice and counsel on operating methods and fea-
tures and service requirements. Specifically, the
trial was designed to determine the feasibility and
economic value of the new services, with local
central office equipment modified as necessary to
provide the required features. The test was not
of an optimum switching system for general
application throughout the Bell System.

The New York Telephone Company selected the
YU 8 office in Manhattan—a No. 5 crossbar local
office—as the initial location for introducing trial
service. Business customers who were known to
originate many person-to-person and collect toll
calls were invited to participate in the experi-
ment. Many of these customers have private
branch exchanges.

Somewhat later, a second trial location was es-
tablished in Poughkeepsie, N. Y., for testing the
proposed service in a smaller, more residential
area. Customers in both areas were informed
when the services would be inaugurated, and
were instructed how to complete special toll calls.
Included in the instructions was the reminder that
dialing special toll calls would be faster because
each call is being completed while the customer
is giving the operator the necessary remaining
details.

How Person-to-Person DDD Works

Dialing a person-to-person toll call is very sim-
ilar to dialing a regular DDD call. The main dif-
ference, in the trial arrangement, is that you dial
a zero first, then the three-digit area code, when
required, and finally the complete (seven-digit)
number of the telephone you wish to reach.
Another important difference is that when an
operator is connected vou give her the additional
details of vour call; for example, “I wish to speak
to Mr. John Smith.”

On a collect call, you tell the operator that the
call is collect, give her your name, and tell her
whether you wish to speak with a particular per-
son. On a credit-card call, you give your credit-
card number to the operator and tell her whether
yvou wish to speak with a particular person. A
charge-to-third -telephone-number call is, of
course, similar to a credit-card call except that
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Block diagram of the standard plan for modifying
crossbar tandem system to handle special toll calls.

the third telephone number is given to the oper-
ator rather than a credit-card number.

As mentioned earlier, one of the goals of the
study program was to originate a standard plan
for handling special long-distance calls. Such a
plan would of course have to work in all areas of
the Bell System and with all types of local and toll
switching systems and accounting procedures.
The specific requirements for the standard plan
have recently been established.

With this plan, the local office, whether it be
panel, crossbar, or step-by-step must be modified
to recognize the zero prefix and route the special
toll call to a central switching point where oper-
ators are available to assist in completing it.
This modification involves changing the senders
or registers (equipment units which transmit and
receive dialed information) that handle calls in
common-control offices, and designing new outgo-
ing trunk circuits that handle calls with the zero
digit prefix.

Automatic accounting equipment shown at the
lower right would be located in the CAMA center.

The block diagram above shows the proposed
standard switching and accounting facilities for
handling the new services, and indicates which of
these facilities are new or modified. The diagram
is predicated on the use of Centralized Automatic
Message Accounting (CAMA) at a crossbar tan-
dem switching center, rather than AMA at the
local exchange, as is the case at YU 8 and Pough-
keepsie. Local dial offices which are equipped for
automatic number identification (ANI) (RECORD,
May, 1958; June, 1960) will be arranged to send
the calling numbers to the CAMA point by multi-
frequency pulsing.

To handle special toll calls, the crossbar tandem
or other toll switching center must be modified to
connect an operator to the dialed connection and
to display the called number. In the standard plan,
the calling number can also be displaved on spe-
cial toll calls originated in local offices equipped
with ANTI. If the local oflice does not have ANI.
the operator ascertains the calling number from
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the customer when she is connected, and keys it
into the CAMA equipment.

In the Poughkeepsie trial, the toll operators
serve as both assistance operators on special toll
calls and calling-number identifiers on routine,
station-to-station DDD calls made from non-ANI
telephones. And in some cases they can be both
simultaneously. If, for example, an operator is
waiting for a called PBX extension to become idle
on a person-to-person call, she can operate a
switch and handle a station DDD ecall that re-
quires only calling-number identification. Nor-
mally, this is a matter of receiving the calling
number, saying, “thank you,” and punching the
keys at her position that record it in the CAMA
equipment—about a T-second operation.

The special DDD operators at both trial sites
are located at cordless switchboards. Cordless
boards can be used because it is not necessary for
the operator to complete connections manually,
as it is at conventional toll switchboards. An over-
all view of the operator positions at the Pough-
keepsie trial is shown on page 300.

The turrets atop these switchboards have facil-
ities for displaying called numbers. All of the
customers participating in the Poughkeepsie ex-
periment have local ANI, but a keyset is also fur-
nished to keyv calling numbers on CAMA calls
from other customers in the area.

In the standard plan, the crossbar tandem
switching center, or CAMA center, must be fur-
ther modified to link its AMA equipment to the
trunk used for completing the special toll call.
This arrangement is shown in lower right-hand
corner of the diagram. The trunk circuit is de-
signed to withhold any start-of-conversation sig-
nal to the AMA equipment for timing purposes
until the operator presses a START-TIMING
key. She does this when the particular person re-
quested by the calling partyv is reached and con-
versation starts. Generally, no AMA record is
made of a call that does not result in a chargeable
conversation.

The new operator position being designed for
the standard plan is also equipped with other push-
buttons, which the operator uses to indicate to
the AMA equipment the kind of call being han-
dled, or for other control purposes. These buttons
can be seen in the close-up view of the experi-
mental operator position shown in the color pho-
tograph on the cover.

Operators remain connected on a person-to-
person call only long enough to be certain that the
desired person is reached. On a collect call, they
stay on only long enough to assure that a desired
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or authorized person, who agrees to accept
charges, is reached. The operator must also record
the credit-card number or the number of a third
telephone on a mark-sensed switchboard ticket
when she handles such calls. This ticket is eventu-
ally associated with the AMA record to complete
the billing data for the call.

The standard plan will also call for other modi-
fications in the AMA facilities at the crossbar
tandem office and at the accounting center. These
facilities must be arranged to: (1) register addi-
tional call indices (classification codes) for the
subsequent application of proper rates on person-
to-person calls; (2) to apply the proper identity
on credit-card and charge-to-third-telephone calls;
and (3; to designate other kinds of collect calls.
Information on collect calls, including credit-card
and charge-to-third-telephone calls, is eventually
sorted out automatically at the accounting center
and delivered to the proper billing center.

One important aspect of the YU 8 and Pough-
keepsie tests has been the opportunity to ex-
periment with various traffic operating methods
and techniques in search of the combination
that will give the best service with the least oper-
ator effort. Observations indicate a gratifyingly
high percentage of use, which is after all the true
measure of customer acceptance,

Some Important Results

These experiments have several significant re-
sults. First, and perhaps most important, it now
appears feasible to ease, for some years, any pos-
sible problem arising from an acute shortage of
toll operators. Second, the speed and convenience
of direct distance dialing can now be extended to
person-to-person, collect and other types of special
toll calls.

A third important result of the YU 8 and
Poughkeepsie trials has been the development of
an entirely new toll switchboard for handling
many types of long-haul toll calls and dial-assist-
ance calls. This switchboard represents a large
step toward the ideal of an attractive, general-
purpose cordless position to handle, eventually.
all types of switchboard trafiic, except auxiliary
services like intercept and information.

To the Operating Telephone Companies, these
results mean more and better ways to attract
and serve long-distance customers. To the cus-
tomers, the ultimate judge of all Bell System
services or equipment, improvements in operator-
assisted DDD calls will mean speedier, more con-
venient and more reliable service, available at
the least possible cost.

www americanradiohistorv com


www.americanradiohistory.com

e o il e

11

outgoing” cabinets. Equipment can be casily

J. W. Emnmons, of the New Jersey Bell Telephone of
Company checks voltayes on equipinent in lineup added or removed according to needs of the office.
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F. B. Crowson and R. R. MacLaughlin

Circuit Design of an Improved

Teletypewriter Switching System

A new and improved automatic teletypewriter
switching system has been developed by Bell Labo-
ratories. Its first application is, under lease, in
the U. S. Navy communication network. Known as
the 82B1, this system improves both the speed and
accuracy of teletypewriter message switching. In
addition to fulfilling Navy requirements, this
equipment is compatible with that of the other
military services. Thus it will be able to switch
interservice traffic.

The 82B1 switching system receives messages
from an originating station, temporarily stores
them and then relays them to outgoing lines lead-
ing to the destinations. These functions are car-
ried out automatically and under circumstances
that place no limit on the number of destinations.
Major pieces of equipment, uniquely designed for
the new system, are the incoming and outgoing
cabinets. Within these cabinets are the important
switching units, including the director and the bid
receiver. It is this equipment and the connecting
circuits that will be described in this article.

The incoming cabinet is essentially a junction
between the incoming lines and all the rest of the
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equipment in the switching office. The circuitry
of the cabinet is briefly as follows. Two “reper-
forator-transmitters” and their associated control
circuits terminate two incoming lines and per-
forate incoming messages on tape. Decoding cir-
cuitry effectively “reads” these messages by auto-
matically translating the various combinations of
perforations into ‘“control” characters.

Incoming messages arrive at speeds of either
60, 75 or 100 WPM (words per minute). Since
these teletypewriter units transmit at 200 WPM,
the reperforator-transmitter stores the tape un-
til it receives either a complete message or an indi-
cation of a “high-priority” message. Then, the
control equipment requests the services of a direc-
tor—the circuit that is essentially the “brains” of
the switching system.

As soon as the director connects to the incoming
line, it receives at 200 WPM the portion of the
preamble, or introductory signal common to all
addresses, which it stores as perforated tape in its
own reperforator-transmitter. An important fea-
ture of this director is its practically unlimited
storage capacity.
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During transmission of the introductory sig-
nals, which normally take less than one second,
the equipment automatically decodes and checks
the precedence prosign—characters signifyving the
priority of the message.

After this check, the director begins to process
the routing indicators on the incoming message.
The first routing indicator is “read” into routing
fans (relay trees) and pulse-storage relays of the
director. Simultaneously. the director checks the
validity of each character, and then checks the en-
tire group, including the space at its end, to en-
sure that the combination is a valid code.

Tape Perforations

After all items have checked correctly, the fan
relays close a path to a route relay and simultane-
ously perforate in the director tape a cross-office
outlet identifier consisting of two characters. This
is followed by the perforations for the routing
indicator.

The director then reads, stores and checks a
second indicator, selects a route relay and per-
forates in its tape the two-character code and the
second routing indicator. If the director detects
an errvor, processing stops and the message is
auntomatically sent to a service position—called
miscellaneous intercept—where it appears on a
page printer and as a typed, perforated tape. Suit-
able alarms aunounce its arrival.

If a destination point is closed, a copy of the
message, together with the routing indicator, will
be transmitted to an “intentional-intercept™ posi-
tion. Traffic from this position can be automati-
cally re-introduced into the system at any time—
for example, when the intercepted station re-
opens,

When all routing indicators have been checked,
processed and stored in the director tape, and the
“end-of-addresses” code has been read, the direc-
tor then requests permission from a sequence
circuit to “bid” for the desired outlets. Basically,
this circuit prevents two directors from seizing a
particular outlet simultaneously.

As soon as the sequence circuit attaches (nor-
mally a few milliseconds later), the director checks
leads to ascertain whether the desired outlets are
busy or idle. If they are idle, the director makes
a bid for each of them and tells them the identity
of the incoming line and order of precedence of
the message. Each desired outlet, or bid receiver,
checks this information before accepting a bid.
The bid receiver will be discussed later in detail.

When all bid receivers have accepted the bid, the
director “unblinds”—that is, it closes the trans-
mission path—to all of them and sends the com-

mon portion of the preamble. If more than one
channel number appears in the message, the di-
rector automatically deletes all but the first chan-
nel number. This, of course, saves line and switch-
ing time at any further points in the system.

After the director has decoded the space follow-
ing the precedence prosign, it again “blinds” all
outlets. Without pausing, the director reads the
first two-character, cross-office identifier previ-
ously inserted, unblinds the appropriate outlet and
sends the first routing indicator. The space fol-
lowing this indicator causes the director to again
blind this outlet.

The director then reads the next two-character
code, unblinds the second outlet and transmits the
second routing indicator. In this manner each
routing indicator is sent to only one outlet at a
time. At the 200 WPM rate, each indicator is
transmitted in less than s second.

Decoding and control equipment at each bid re-
ceiver checks that the first letter of the routing
indicator has been correctly received in all out-
going machines. Unless the director receives no-
tice of this within 70 milliseconds of transmis-
sion, it stops and gives suitable audible and visual
alarms. These include a glow-lamp display of the
outlet number involved. The bid receiver also
gives an alarm indicating which machine received

IHCOMIRG
r. LINE A

Da

CONTROL

TEXT TO OUTGOING CABINET

PULSE
STORAGE;
DIRECTOR ROUTING
READING FANS CONTROL
FRIORITY AND ROUTE M EQUIP.
CHECEK CONTROL RELAYS MENT
CIRCUIT 2.LETTER
CODES;
INTERCEPTS

e CmNG
LiNE B

TEXT TO OUTGOING CABINET
Incoming cabinet. Two lines terniinated in this
one piece of equipment submit thelr introductory
information, and routing instructions, to process-
ing equipment located within this single cabinet.

306 « Bell Laboratories Record

www americanradiohietorv com


www.americanradiohistory.com

the error. The combination of these alarms effec-
tively speeds up trouble location and clearance.

The 82B1 has the highest speed of cross-oftice
transmission of any Bell System teletypewriter
network, but design engineers had to overcome
many problems before this speed could be real-
ized. One of their most difficult problems arose be-
cause in teletypewriter operation the sensing, or
decoding, of a transmitted character occurs only
during its transmission. This, of course, is too late
to prevent its being sent to the outlet. Therefore,
some device was needed to tell what a character
would be even before it was transmitted.

Such a device is now included in the system.
This “anticipator” is a two-stage shift register
which reads, decodes and stores one character
while the previous character is being transmitted
across the office. Coupled with very high speed
circuitry, this device can decode and then blind or
unblind the desived outlets during the few-milli-
second interval between characters at 200-WPM
operation.

The transmitting side of the director includes
a decoder, a two-letter fan to establish the cross-
office paths, the two-stage shift register, a circuit
for inserting and deleting the space and carriage-
return, and a channel-number suppression circuit
for deleting unwanted channel numbers.

After sending all indicators to the required out-
lets, the director decoder reads the end-of-ad-
dresses code and unblinds all associated bid re-
ceivers. The director then releases the bid receiv-
ers and restores control to the incoming line. This
allows the incoming-line machine to send the text
of the message over the previously established
paths directly to the same machines but without
tying up either the director or any of the bid
receivers. Thus, the control functions of the bid
receivers are only used for a few seconds for any
one message,

On the other side of the 82B1 switching office
is the outgoing cabinet. Essentially, the outgoing
cabinet cireuitry and equipment receives mes-
sages addressed to the destinations it serves and
relays them to the associated line channels. It is
not an integrated unit, but an assembly of “patch-
able” components which may be grouped in many
different ways.

The outgoing cabinet goes to work when a di-
rector, having processed a message and deter-
mined the outlets wanted, is “gated” by the
sequence circuit. This simultaneously alerts the
proper bid receivers over individual leads to
which all directors are multipled. Ten coding leads
common to all directors permit the incoming-line
number to be indicated to all desired bid receiv-
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Outgoing cabinet. Here, the bid receiver nain-
tains order on the line. It acts with the director
of the incoming cabinet to control the flow of
messages 1w the teletypewriter switching center.

ers. Engineers arranged the 100 incoming lines
tfor crossbar-switch operation) in 16 groups of
six units and one of four.

Each group is coded on a three-out-of-six basis
and each unit on a two-out-of-four. Accordingly,
each bid receiver looks for these combinations
as a requirement for registration of a bid. On
receiving them, the bid receiver signals that it
will accept the message, whereupon the director
releases the sequence circuit and the common-
coding leads. The precedence of the message is
indicated in a similar manner over two other
common-coding leads.

In the next step, each designated bid receiver
assigns an idle teletypewriter machine to the
proper incoming line. For this purpose, each bid
receiver has two 6-wire, 10-by-10 crossbar
switches arranged one above the other to form one
switch of ten verticals and twenty horizontals.
Jacks associated with each vertical permit one
bid receiver to serve as many as ten machines.

The first seventeen horizontals are for transmis-
sion paths and the remaining three for translation
purposes. Operation of appropriate horizontal-
select and vertical-hold magnets associates an idle
machine in each outlet with the incoming line. For
multi-station operation, an electronic “distribu-
tor” inserts a number sequence for any or all of
the five stations that may have been selected by
the director. These number-group sequences have
the dual function of maintaining the serial
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sequence of messages to each station and activat-
ing the stations intended to receive the messages.

When all bid receivers have signaled clearance
to the director, it begins to transmit the pre-
amble. At this stage, the director is in complete
control because the path from the link-switch
crosspoint to the machine is routed via relays in
the bid receiver. These relays respond to control
potentials that the director applies to the bid
leads. As indicated previously, the control circuit
of this machine contains reading circuits. Thus,
failure to sense the carriage-return or the line-
feed signal prior to that of the precedence pro-
sign or the routing indicator is signaled back to
the director. In this event, both cabinets are
alarmed and action is halted so an operator can
attend to the trouble.

When the director has completed transmission
of all routing indicators, it relinquishes control
of the cross-office path to the incoming line circuit
which then transmits the text of the message. In
retiring, the director releases the bid receiver
which, in turn, gives over control to the machine-
control circuit. At this point, both the director
and bid receivers are free for further service on
other messages.

In transmitting the text, the incoming-line cir-
cuit exercises control and supervisory functions
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Cross-office paths between incoming and outgoing
cabinets serve two functions. One—the control
path—rkeeps order in the switching operations.
The other path then is free to transmit messages.

over the transmission lead. Upon completion of
transmission of a message, this circuit releases
the link switeh and takes down the cross-office
connection. The incoming line can then notify its
director that it is ready to handle the next mes-
sage, and the control circuit of the outgoing
machine is again available to its bid receiver.

After the message has been transmitted to the
outgoing cabinet, it comes under control of selec-
tors on the outgoing line channel. To expedite the
flow of cross-office traffic and to handle priority
messages, there are usually more machines as-
signed than line channels required. Two or three
machines sharing one line channel is a common
arrangement, but five to ten machines sharing two
to four channels would not be unusual for some
trunk arrangements.

The patching is highly flexible as is the case
between machine-control circuits and bid re-
ceivers.Each patch consists of one three-conduc-
tor cord to carry the one transmission lead and
the two control leads. Except for multi-station-
line applications, the bid receiver, machine-con-
trol circuit, and channel selector may be as-
signed to separate cabinets and interconnected
via multiple circuits made up of three-conductor
intercabinet trunks.

A stepping selector circuit serves each of the
four line channels. These have access to all the
control circuits of assigned machines. The pres-
ence of perforated tape in a machine alerts the
selectors, but they are sequenced so that only one,
then idle, will *home’ on a machine circuit seeking
a line channel. As soon as this is done, the polarity
of the potential on the selector terminal is
changed to avoid double connections.

For trunk operation the electronic distributor
transmits a number sequence directly to the line
channel. The selector circuit then activates the
machine to transmit the message. During trans-
mission, a reading circuit watches for the end-
of-message sequence. When this is encountered,
transmission ceases and the line channel releases,
permitting the selector to step to any other ma-
chine that has tape available for transmission,

In a totally automatic system such as the
82B1, operating personnel in a switching center
never “handle” a message unless it is intentional-
lv intercepted or it encounters trouble. This is
why so many safeguards are necessary to ensure
that all traffic is processed correctly and that in
case of trouble the condition is noticed immediate-
lv. As additional safeguards, the design engineers
incorporated circuitry to quickly set up an alarm
for line or machine troubles. These features are
in keeping with the requirements of accuracy and
assurance for teletypewriter switching systems.
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R. K. Eisenhart and R. F. Glore

Automatic Processing

Of Code Pilates for Data Storage

The trial electronic switching system presently
installed in Morris, Illinois utilizes a number of
new switching syvstem components. Among these
is the semipermanent memory—the *‘flying-spot
store”’—which stores a very large amount of in-
formation used to control the operation of the
electronic central oflice (ECO). One-quarter of
the contents of this memory is information the
ECO must have about each customer line to proc-
ess each call properly. This information changes
with changes in customer service and requires
periodic revision of the memory.

The flying-spot store (RECORD, October, 1958)
uses photographic plates on which data is en-
coded in the form of tiny clear and opaque areas
corresponding to binary “ones” and “zeros,” re-
spectively. Though this information is ‘*‘semi-
permanent” in the sense that it cannot be erased
or changed electronically (as in the temporary
memory }, it is nevertheless necessary that plates
with new or changed information can be pre-
pared conveniently. Also, the plates are to be
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prepared by personnel with little or no back-
ground in electronics or photography.

Unexposed photographic plates are inserted
into the flying-spot store, where each area to be
made a binary “one” is exposed by the projected
image of the spot on the cathode-ray tube; the
latter is programmed to pause for a controlled
fraction of a millisecond at each address for
which a “one” is to be written. A system of
shutters permits each of a number of channels
to be exposed independently, one after the other.
The plates are then removed from the “store”
in light-tight plate holders and are carried to
the Automatic Plate Processor (APP) where
they are chemically processed and dried.

An initial model of the APP, suitable for
laboratory use without a darkroom, is shown on
page 311. This machine processes one plate
at a time, or two plates simultaneously. The
glass plates are 10 by 12'% inches in size, and
each contains a number of encoded areas. A
carriage frame does the processing; it receives
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Left to right, air bursts start from source in
bottom of tank and rise to surface of solution.
Eacl air burst produces a random agitation of

the plates and carries them from one to another
of a series of processing tanks according to a
preset program — which effects individual tim-
ing of the period of dwell in each tank. Though
there are as many as fifteen steps in a typical
reversal processing cycle, the machine is simple
to use and actually has few external controls.

Plate Processing

To insert a plate the technician clamps the
cassette, or plate holder, with a light-tight seal
to one of the loading stations. The machine is
prepared to receive the plate by directing the
carriage to the appropriate LOAD station by the
“select” knob on the control panel. A plastic bar
on top of the cassette is then drawn backward,
withdrawing steel tapes which seal the front of
the cassette and the entrance slot of the APP;
this allows the technician to inject the plate into
the processor with a handle on the side of the
cassette. Processing then starts and continues
automatically until completion, which is signaled
by a lamp.

It takes 26 minutes to process a single plate
or two plates simultaneously. In general, only
one plate will be changed in each of two flying-
spot stores, making it possible to use only one
processing cycle,

A cam on the carriage operates a series of
microswitches, and these indicate approximate
alignment with the various tanks. To position
a plate precisely over each tank a half-nut from
the lead screw is disengaged, whereupon a sliding
nvlon fork engages an accurately located pin.
This avoids any need for stopping the motor-
driven screw at any precise position — which
would be difficult because of inertial effects.

The chemicals are mixed with an automatic
stirrer — usually in a gallon - size, wide - mouth
plastic bottle. The chemicals are then brought

chemical solution needed for uniform processing.
Continuous bubbling would set wup repetitive
swirl patterns, causing uneven development.

to the proper temperature (76°F) by one of the
following methods: storing them in a tempera-
ture controlled cabinet, placing them in a water
bath, or storing them at room temperature —
provided the room is held to about 76°F. They
are placed into the plastic tanks of the machine
by hand with a funnel. Experience has shown
that the chemicals remain at about the same tem-
perature for several hours with only a one- or
two-degree change. This eliminates any need
for temperature control of the processing solu-
tion inside the processor. The processing tanks
are made of plastic (methylmethacrylate) for
corrosion resistance, and they hold one-half gal-
lon of chemical solution each; there are eleven
tanks for chemicals. Plates can be inserted into
ten of these, but the eleventh is short and is used
to hold the “A” solution of the reducer needed
for step 9. This must be mixed with the “B”
solution in tank No. 10 just before use because
of the short life of the mixture. To do this, an
automatically actuated solenoid valve allows the
“A” gsolution to flow into tank No. 10 at the
appropriate time in the process. The conveyvor
supports the plates 0.4 inch apart with the emul-
sion sides facing each other, and the tanks are
just wide enough to receive this assembly with
minimum clearance between the sides of the tank
and uncoated glass surfaces.

During processing, the solutions are agitated
by a “gaseous burst” method in which bursts of
air bubbles are allowed to stream upward be-
tween the plates. The duration of the bursts
and the intervals between bursts are adjustable
and are controlled by an electric timer. Typical
values would be a 1.2-second burst on 12-second
intervals. These intervals allow the bubbles from
one burst to rise to the surface, and allow asso-
ciated currents in the liquid to become quiescent
before the succeeding burst arrives. Above is an
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illustration of this controlled bubble activity.
Such regulation is necessary to achieve random-
ness in the liquid agitation. If randomness is not
achieved. circulating current patterns may be
established that would result in non-uniform
processing of the plates.

The feasibility of the gaseocus-burst method
of agitation as applied to the code plates of the
flving-=pot store was first explored with an early
model of the processor. This machine is not
enclosed and does not include facilities for auto-
matic loading of the code plates, but it does
transport the plates from tank to tank by an air
cvlinder and motor-driven lead screw. The model
was used to establish the suitability of 0.4-inch
spacing plates — with air bubbles rising between
as a technique for agitation. The air is sup-
plied to each tank through a plastic tube in the
bottom. with a series of small holes along the
lower side of each tube. To prevent inflow of
chemicals, light air pressure is maintained in-
side the tubes, even during the interval between
bursts. A novel feature of the new machine is
that the air bursts for all tanks are supplied
from a single stainless steel tube (which also

R. F. Glore attaching a cassette containing an
exposcd code plate to one of two loading stations
of the trial Auwtomatic Plate Processor (APP).

August 1960 o 311

supports the plates): this tube is transported
from tank to tank with the plates being processed.
It has been found that compressed air fed into
each end of the tube assures a consistently more
uniform burst pattern.

Compressed-Air Bursts

Air can be used for the gaseous bursts because
of the limited number of plates — seldom more
than four — that will be processed in a given
period. Fresh chemicals are used for each occa-
sion that new plates are to be made. It is there-
fore not necessary to use nitrogen, or other non-
oxidizing gases. Chances of the undesirable
oxidation of chemicals are lessened if air bursts
occur only where the plate is immersed.

A small diaphragm-type air compressor sup-
plies compressed air for the bursts. This type
was chosen to eliminate the possibility of in-
jecting oil and other impurities into the filtered
air. The air flow for the bursts is controlled by
an intermittently operated solenoid valve in series
with a small pressure-reducing valve. When in
the “down” position, the carriage is linked to the
air supply by a stainless steel tube that engages
a nylon cylinder with a ring seal. A small check
valve rides with the carriage to prevent reversal
of air flow and consequent chemical contamina-
tion of the tube from which the bursts are emit-
ted. The compressor also supplies air for the
main cyvlinder which raises and lowers the plates,
and for a second eylinder which removes the
half-nut and drives the tupered fork into engage-
ment with the horizontal-positioning pins. Com-
pressor noise is reduced to a low value by vibra-
tion mounting and by use of a muffler in series
with the intake.

The plates are dried by rinsing in a mild de-
tergent — which minimizes formation of droplets
—and by circulating filtered. warm air past the
plates in a drying chamber adjacent to tank No.
1. Air is blown downward past the plates to
help carry away droplets which naturally run
downward by gravity. This minimizes spotting
caused by dryving of droplets within the image
areas, To shorten the drying period, the electric
heaters and circulating blowers are automatically
turned on prior to arrival of the slides. Thus, the
equilibrium temperature will be reached before
drving starts.

The processor contains a versatile program
panel from which the steps and timing of almost
any desired process may be easily set up or
changed. The tank or position to which the ma-
chine is directed — and the precise time it will
remain there — ix determined by inserting gold-
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plated control pins in the appropriate holes.
Other pins may be inserted to establish the time
at which solutions are mixed (tanks 10 and 11),
when lights are turned on in the processor
for exposure during processing, and when the
blower and heater are turned on for drying. To
simplify the circuitry, pins must also be inserted
to indicate whether the desired tank location is
to the left or right of the present location. The
timing circuit uses relays and selector switches
to count revolutions of a shaft which is rotated
at the rate of once every six seconds by a syn-
chronous motor. The counter and shaft start
from a zero position when the carriage is low-
ered, so that the transit time of the carriage
does not affect the dwell time, and adjustment of
the time interval for one step of the process
does not change the timing for any other step.

Need for Cleanliness

The very small size of the clear areas on the
processed plate requires that the plates be es-
sentially free from dust or other particles be-
fore exposure, and that this cleanliness be main-
tained through all subsequent handling and
processing. After initial cleaning, the plates are
never exposed to room air, but are continuously
enclosed by the dust-tight cassette, the flying-
spot store, or in the processor itself. The latter
is maintained essentially dust-free with special
air filters in the bottom. As long as the door
is closed, virtually all air entering the machine
passes through these filters—including air used
for the gaseous bursts, for operating the air
cvlinder, and for drying. The filters are of a
pleated glass-asbestos type, which are more
than 99 per cent eflicient in removing dust par-
ticles larger than 0.3 microns in size (wave-
length near that of ultraviolet light). Though
occasional particles 100 times this size would
probably not be objectionable on the code slides,
the finer filtration creates margins against floe-
culation (forming large particles from aggre-
gates of smaller ones) within the processor.

The APP and cassette contain a number of
interlocks and other safety features to protect
the mechanism in the event of malfunction or
improper handling. Mechanical interlocks pre-
vent closing the light-tight steel tapes prepara-
tory to starting the cycle, unless the plate is fully
inserted into the machine, and also prevent re-
moval of the cassette if the door is open. Limit
switches at the ends of the normal travel for
the plate carriage disable the screw drive in
the event that this normal range of motion
should be exceeded for any reason. The vertical

carriage drive Is not permitted to lower the
carriage at any station until the closing of a
switeh indicates that the pin for precise hori-
zontal positioning has been fully engaged. Once
the process cycle is started, all external controls
are disabled until the cycle is completed — with
the exception that the depressing of an emer-
gency HOME button will return the carriage at
once to one of the LOAD stations. Design of the
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R. F. Glore, left, inspects encoding plate as R. K.
Eisenhart adjusts chemical level in tanks. Color-
coded solutions indicate mixture in each tank.

processing tanks with sump and drain pump
make cleaning easy, thereby minimizing oppor-
tunities for contamination because of accumu-
lated chemical deposits. Regular cleaning of the
processing tanks is required after each day’s
use and consists of scrubbing the tanks with a
brush and water.

The experimental model of the APP described
in this article has been used on many occasions
for processing plates of the type shown in the
photograph, above. It appears to meet the objec-
tives of a more uniform and more reliable proc-
essing than can be achieved readily by hand
methods, and it does this easily, without-a dark-
room, and under control of personnel with little
or no background in photographic techniques.
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Communications in the Space Age

Telephone scientists’ research in space com-
munications is aimed at creating thousands of
high-quality voice channels, and ultimately, TV
channels, that would interconnect all parts of
the globe by way of satellites, A.T.&T. President
Frederick R. Kappel said recently. Discussing the
possibilities and problems of “Communications
in the Space Age” at the University of California
at Los Angeles, Mr. Kappel said “that by what-
ever means will serve the public most efficiently,

we shall succeed in providing
the requisites for a new era in

world communications.”
If, he said, the telephone in-
dustry can make satellite sys-
tems work, “as we believe we can, they will help
us increase the number of intercontinental voice-
ways many times over. We start with the idea of
getting perhaps 500 to 1,000 out of a single sys-
tem, and hopefully, later on, a great many more
than that. Moreover, if by using a number of
satellites we can span one ocean, then using these
same satellites plus a few more, we can span
others as well. We can create several systems in-
terconnecting different points, instead of just
one.” This type of system, he added. also offers
a “most hopeful possibility” for world-wide tele-
vision, although he cautioned that live TV trans-
mission via satellite is “still a distant prospect.”

Mr. Kappel cited the Bell System’s role in
“Project Echo,” currently being sponsored by the
National Aeronautics and Space Administration,
as a key step in space-communications research,
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The object of Echo is to get a 100-foot diameter
balloon satellite into orbit and then “‘bounce”
voice signals off it between Holmdel, N. J., and
Goldstone, Calif.

Immediate aims of the project, Mr. Kappel said,
are: to determine whether speech can be trans-
mitted: to get data on radio waves; to test com-
munication system components; and to check the
balloon itselff—whether it will work as antici-
pated, keep its shape and also how meteorites
will affect it.

Other frontiers in space communications in-
clude building more efficient antennas, receivers
and higher powered transmitters ; improving long-
life power supplies; and finding methods for
adjusting the positions of satellites and the direc-
tion of their antennas.

Some of the earlier research leading to the
feasibility of Echo was related by Mr. Kappel.
“One of our scientists (at Bell Laboratories), John
RR. Pierce, got to thinking seriously about using
satellites for communications back in 1954—three
vears before the first artificial satellite even went
into orbit. He studied various ways of doing the
job, and in a technical paper published in 1955
he presented the very first concrete suggestions
for satellite communications. Rocket technology
still had to catch up. So did some of the elec-
tronies technology. As a result, Bell Laboratories
people went promptly to work on the electronics
end, and since that time they have developed
certain devices that we believe will have tremen-
dous value in the present experiments—notably
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a new form of receiving antenna and new types
of amplifiers.

“At the same time, we are drawing on research
done many years ago. Back in the early 1930’s,
for instance, when artificial earth satellites were
unheard of, J. G. Chaffee, also of our Labora-
tories, jotted down in his journal a new idea that
he thought might result in an extremely low noise
radio receiver. It did just that, but the invention
when applied to earth-bound communication sys-
tems was less economical than other methods that
also produced excellent results. So for years Mr.
Chaffee’s invention, called a “demodulation feed-
back receiver,” stayed on the shelf. Yet it turns
out today to be the best thing available for receiv-
ing signals reflected from satellites. Past research
often pays this sort of dividend.”

Mr. Kappel said an additional method of pro-
viding for growing world communications needs
will be to increase the undersea telephone cable
network. “There is room for an indefinite number
of cables in the ‘inner space’ of the ocean depths,”
he said, and added that ocean telephone cables
“are just hitting their stride.”

He discussed also the limited range of frequen-
cies suitable for space communications; the re-
sponsibility for setting up space systems for com-
mercial use; and ownership of such systems.

“In the United States, for example,” he said,
“there are at present no frequencies specified for

space uses in the frequency range most suitable
for satellite communications—that is. the range
above 890 megacycles. But there are any number
of claimants who would like to use such frequen-
cies for various purposes. Great care must be
taken to make sure they are not wasted. It
will be fruitless to create satellite com-
munications systems, and at the same time create
a shortage of the frequencies required.”

Ownership, he said, should be shared, as are
ocean-cable systems, by the telephone companies
and administrations that provide the service, for
“this puts full responsibility for the service right
where it belongs.” In the present stage of experi-
ment and exploration, he said, it is natural for
the government to take the lead in putting up
satellites. “But,”” he added, “when we come to
providing communication service, I think we in
the Bell Svstem should take all the responsibility
we can for the job that is given us to do.

“We need only look at the record to know that
private enterprise will also keep this country out
in front in space communications, just as we have
led the way on land and sea. It was the Bell
System, I may remind vou, that pioneered world-
wide telephony, first by radio and later through
cables. We want and intend to be pioneers to-
morrow too. We are ready, willing and able to
push ahead. All we need is the leeway, the free-
dom, to do our best.”

In Jiis speech, A.T.&T. Presi-
dent Kappel used visual aids
of this type to describe satellite
communications concepts.
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sity, Special Colloquium, Stan-
tord, Calif., 5/23/60,

Diodes.
MTT Na-

Traube, M. J., The Nike-Ilereules
Guided Missile System, 102 Ay-
tillery Brigade (AA)NYARNG,
Brooklyn, N. Y.

Trumbore, F. A., Vapor Pressure
, s
and KEMFEF
Cevtain

Measurenments on
Zine-Germaninm  Al-
loys, Electrochemical Soc. Meet-
ing, Chicago, Ill.

Wehe, H. G., Electron Deam Re-
cording, Vacuum Metallizers
Association, Bermuda,
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R. B. Murphy

R. 2. Murphy, a native of
Springfield, Massachusetts, re-
ceived the A.B. (1943), A.M.
(1949), and Ph.D. (1951) degrees
in mathematics from [Irinceton
University. IFollowing service in
the U. S. Marine Corps, he was
a graduate student and instructor
at Princeton and an instructor and
assistant professor of mathematies
and statistics at the Carnegie In-
stitute of Technology. He joined
the Quality Assurance Department
of Bell Laboratories in 1952, and
since 1958 has been quality results
engineer. At the Laboratories, he
has specialized in the statistical
aspects of quality assurance. He
is the author of the article, “Re-
liability in Telephone Engineer-
ing”, in this issue. Mr. Murphy
is a member of the American
Mathematical Society, Institute of
Mathematical Statistics, Ameri-

G. J. Levenbach
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can Statistical Association, the
Econometric Society, the Ameri-
can Society for Quality Control,
Phi Beta Kappa, Sigma Xi, and
Pi Mu Epsilon.

;. J. Levenbach  (author of
“The Use of Statistics in Device
Development”) Dborn in TPhila-
delphia, Pa., got his M.E. degree
from the Institute of Technology
in Delft, Netherlands. For many
vears he worked as a Communi-
cations Engineer with Philips Tel-
ecommunications Industry in the
Netherlands and with the Gov-
ernmental Telephone Service in
Indonesia. In 1953 he returned
to the United States and joined
Bell Laboratories. Since then as
a member of the Device Develop-
ment Department he has been en-
gaged in statistical applications on

G. H. Peterson

design and development problems
for items such as the L-3 trans-
former, a liquid dielectric tanta-
lum capacitor, and various com-
ponents for the submarine cable.
This involves statistical design of
experiments, problems in data re-
duction, and reliability studies. He
is a member of several profession-
al statistical societies here and
abroad.

George H. Peterson’s early in-
terest in electrical engineering
stems from “being brought up in
a powerhouse,” where his father
was a stationary engineer and
where he worked for several sum-
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F. B. Crowson

mers. After graduating from
Tufts University in 1920 with a
B.S. in E.E. degree, he joined the
Development and Research De-
partment of the A T.&T. Com-
pany, and came to the lLaborato-
ries in 1934 with that group.
During most of his 40 years with
the Bell System, Mr. eterson has
been concerned with engineering-
economic studies for the estab-
lishment of design requirements
for manual and other switching
systems. At present he is in
charge of a group planning fur-
ther mechanization of special toll
calls, information bureaus and
other switchboard operations. In
this issue he is the author of
“Current Experiments in Person-
to-Person DDD.” He is a native
of Somerville, Mass.

F. B. Crowson, born in Golds-
boro, North Carolina, received his
B.S. in E.E. from North Carolina
State in June, 1930 and promptly
went to work for the Long Lines
Department of the A.T.&T. Co.
His assignments in Long Lines
ranged from the construction
forces to the general oftice, Dur-
ing the war years he was engaged
in writing, conducting and super-
vising specialized training courses
for the armed services. Following
the war, his assignments were
concerned with microwave, televi-
sion, many types of carrier and
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R. R. Maclaughlin

other forms of electronic equip-
ment. He transferred to the Lab-
oratories in 1954 and is presently
engaged in exploratory develop-
ment in signaling and control
systems. In this issue, he is co-
author of “Circuit Design for an
improved Teletypewriter Switch-
ing System.”

R. R. MacLaughlin, the other
co-author of the teletypewriter
circuits article, was born in To-
ledo, Ohio, and entered the lLong
Lines Department of the A.T.&T.
Co. in 1929 upon graduation from
Ohio State University, where he
received the B.E.E. and M.Sc. de-
grees. Until World War Il his
work involved various aspects of
the relationship between inductive
coordination and foreign wires. He
spent the war years on leave from
the Bell System, with Columbia
University’s Division of War Re-
search at New London, Connecti-
cut on hydrophone development,
and with M.I.T.’s Radiation Lab-
oratory at Cambridge, Massachu-
setts, on airborne radar systems.
After returning to Long Lines, he
was assigned engineering of “L”
carrier and private-line telegraph

systems, and fundamental plan-
ning associated with the nation-
wide toll dialing program. Since
joining the Laboratories in 1954
he has been engaged in private-
line switching systems and auto-
matiec Data-Phone development.

R. K. Eisenhart was born in
Topton, Pennsylvania. He studied
at Pennsylvania State University,
where he received a B.S. in Me-
chanical Engineering in 1957. He
then joined the Laboratories and
is participating in the Communica-
tions Development Training Pro-
gram, through which he received
a M.E.E. degree from New York
University in 1959. Concurrently,
as a member of the mechanical de-
sign group for the experimental
electronic switching system, he
was engaged in exploring methods
for processing the photographic
code plates used in the flying-spot

gL

R. K. Eisenhart

store and the exploration of pho-
tographic plate handling tech-
niques. He is a member of Pi Tau
Sigma and Tau Beta Pi. Mr.
Eisenhart is co-author of the ar-
ticle, *“‘Automatic Processing of
Code Plates for Data Storage” in
this issue.
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R. F. Glore

R. F. Glore was born in Kan-
sas City, Kansas, and received
the B.S. degree in mechanical en-
gineering from the University
of Kansas in 1932, He was em-
ployed by the Southwestern Bell
Telephone Company in various
departments, including the Divi-
sion Plant Engineering office, and
was resident telephone engineer
for the Lake City Ordnance Plant
and Olathe Naval Aviation Base.
In 1942 he was on loan to the
Laboratories for military work
on mine mechanisms. At the end
of the war, a permanent transfer
was effected, and he was assigned
to the Switching Apparatus Devel-
opment Department. In various
groups of this department he has
worked on U and Y relays, assist-
ed in the development of the wire-
spring relay and collaborated in
the design of a new type dry-
reed relay. At the present time he
is concerned with the mechanical
design of the experimental elec-
tronic central office. Mr. Glore
is co-author of the article on auto-
matic processing of code plates.
He is a member of Tau Beta Pi.
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