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George Smith (top) and
coauthor Raymond Wolfe
conduct experiments on
a new thermoelectric ma-
terial, an alloy of bis-
muth and antimony. At
low temperatures in a
magnetic field, the alloy
is up to five times

better than commercial-
ly available materials.
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R. Wolfe and J. H. Wernick

A refrigerator less than an inch high silently
cools a varactor diode inside a waveguide, re-
sulting in an important reduction in the internal
noise of a parametric amplifier. A generator, also
operating silently, converts the heat from radio-
active isotopes directly into electricity, providing
power for the repeater in an active satellite.

These devices, the first already proven in the
Laboratories and the second being considered for
future use as an alternative to Bell solar bat-
teries, though seemingly unrelated have one thing
in ecommon: both are modern applications of the
relatively ancient science of thermo-electricity.

In the refrigerator, the flow of direct current
through a circuit composed of two different con-
ductors produces cooling at one junction and heat-
ing at the other. This is an application of the
Peltier effect, discovered in 1834 and recently
made practical by the use of semiconducting
compounds instead of metals.

In the generator, a temperature difference
between the ends of two joined dissimilar conduc-
tors produces a voltage which drives a current
around the circuit. This is an application of the
Seebeck effect, which was discovered even earlier,
in 1821. It is the basis for the familiar thermo-
couples which have been used as temperature
measuring elements in the laboratory and in
industry for many years. Again, the understand-
ing of semiconductors and the ability to tailor
their properties to meet special needs has changed
this thermoelectric effect from a limited labora-
tory tool to a promising method of direct energy
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Based on century-old discoveries,
thermoelectric devices may well
replace conventional refrigeralors
and power generators in specific
areas. New matervials will be the key.

conversion, with theoretical conversion efficiencies
now approaching 20 per cent.

One of the primary advantages of both these
thermoelectric devices is that there are no mov-
ing parts; this provides reliability, noiselessness
and freedom from vibration. Other advantages
inherent in the devices are small size and weight,
and reasonable efficiencies. Their existing large
scale counterparts, operating on conventional
mechanical technology, have considerably greater
efficiencies. However, when these rotating ma-
chines are scaled down to small size, their effi-
ciencies drop to very low values. For devices
smaller than about one cubic foot, the thermo-
electric devices are more efficient than conven-
tional refrigerators and generators.

Some years before the recent improvements in
semiconductors had been achieved, a thermoelec-
tric generator was demonstrated at Bell Labora-
tories. This was the “Thermoelectric Power Pole”
invented by W. A. Marrison (RECORD, October,
1957). In this device, a telephone repeater was
mounted on the top of a hollow pole which con-
tained a tank of propane; when the propane was
burned, its heat was converted to electricity by a
group of metallic thermocouples to provide power
for the repeater. Even with the available metallic
thermocouples, with a conversion efficiency of
only % %, Marrison showed that this device was
more economical for remote applications than pri-
mary batteries, because the tank of propane had
to be replaced only once a year to maintain
continuous operation of the repeater. The use of
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laboratory device
which converts heat from flame into electricity;
power 1is then wused to freeze moisture in air.

Jack Wagner demonstrates

modern semiconductors in a similar generator
would increase the efficiency twenty fold. Such
a device could then become promising even as a
source of stand-by power for microwave relay
towers, which require muech more power than the
pole-mounted repeaters (See RECORD, July, 1960).

If propane is replaced by nuclear or solar
energy as the source of heat, the unattended life
of a thermoelectric generator is greatly extended.
Such a generator could then find application in
communication satellites, which presently are
powered by Bell solar batteries. Thermoelectric
generators should be less sensitive to radiation
than solar batteries and should be lighter and
even more reliable.

One of the most promising applications of
thermoelectric cooling (suggested by J. H. Rowen
and H. Seidel) is in the parametric amplifier
mentioned earlier. In this microwave amplifier,
a tiny p-n junction semiconductor device is placed
inside the signal waveguide where it is crossed by
the pump waveguide. This amplifier is second only
to the MASER in its noise performance (RECORD,
May, 1962). M. Uenohara has shown that its in-
ternal noise can be brought even closer to that
of the MASER by cooling just the diode inside the
waveguide with liquid air. The use of liquid air,
however, or other methods of refrigeration,
greatly increases the complexity of the para-
metric amplifier. Liquid air provides more than
350 degrees F of cooling below room temperature.
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However, the greater part of the improvement
in noise was achieved with only 180 degrees F
of cooling—possible with a simple thermoelectric
refrigerator.

The refrigerator designed for this application
consists of two stages; the colder, second stage
is a single pair of semiconductor bars, one n-type
and one p-type. A small cap which holds the diode
to be cooled is soldered onto this “couple”. The
lower ends of the semiconductor pair in this stage
are cooled by a larger stage, about 1% inch
square and 4 inch thick, containing eight couples.
This stage is fastened in turn to a brass plate,
cooled with running water. When this device is
operated in the open, moisture from the air
freezes out on both stages. In a vacuum, the
larger stage produces a temperature drop of 90
degrees F, and the top of the second stage cools
to 183 degrees F below the running water tem-
perature. Inside the amplifier, the region around
the refrigerator and the diode is evacuated to
eliminate frost and thermal loading, and even
though the warm waveguide is very close to the
cold cap, the diode is cooled to a temperature of
75 degrees F. At this low temperature, an im-
portant reduction in the internal noise of the
amplifier is achieved.

Theory of Operation

To understand how such low temperatures can
be obtained merely by passing direct current
through a simple circuit with no moving parts,
or how electricity is produced directly from the
flow of heat, we must examine the mechanism of
the thermoelectric effects in semiconductors.

If one end of a bar of n-type semiconductor
is heated and the other is kept cool, the elec-
trons near the hot end diffuse more rapidly than
those near the cool end, because of their extra
thermal energy. Electrons, therefore, tend to pile
up at the cool end until they produce an electric
field which drives electrons back to the hot end.
Similarly, in a p-type semiconductor, the positive
holes tend to diffuse from the hot to the cool end
until an opposing electric field is established, pre-
cisely canceling this flow of holes. The thermo-
electric, or Seebeck voltage produced is propor-
tional to the temperature difference between the
ends. In metals this voltage is typically a few
microvolts per degree. In contrast, it can be
hundreds or thousands of microvolts per degree in
semiconductors. The voltages from both the n-
type and p-type bars of semiconductors are cumu-
lative when the bars are joined at their hot ends
in a useful device. The two cold ends are then
connected by copper wires to a load, and the
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thermoelectric voltage drives a current around
the cireuit.

In the Peltier effect, which is basically the
inverse of the Seebeck effect, the amount of cool-
ing which takes place when current flows across
a junction of two different materials is directly
related to the “thermoelectric powers” of the two
materials. This effect is also much larger in semi-
conductors than in metals, and n-type and p-type
semiconductors are used in series to enhance the
effect even further.

To understand how the cooling effect arises,
consider the junction between a metal and an n-
type semiconductor. The large number of elec-
trons in the metal tend to diffuse into the semi-
conductor where the electrons are relatively
sparse, but this diffusion is prevented by an
energy barrier. When current flows from the
metal into the semiconductor, the electrons must
make an upward jump in energy to surmount this
barrier. This extra energy is obtained at the ex-
pense of the thermal energy of the material close
to the junction. Heat is thus subtracted from this
region and the junction is cooled.

Similarly, when electrons pass from the semi-
conductor into the metal, they drop downward in
energy as they pass the junction and the excess
energy is released in the form of heat. In a p-
type semiconductor, the effects are analogous,
but the heated and cooled ends are reversed.

If the right materials are used in an ele-
mentary thermoelectric cooler, the temperature at
the cold end can be reduced far below freezing
if the warmer end is kept at room temperature.
These materials must have a very special com-
bination of properties. Most important, the ther-
moelectric power must be large to produce a
large cooling effect—the chief reason for using
semiconductors instead of metals. Second, the
electrical resistivity must be low, otherwise the
normal resistive heating will be so great that it
overbalances the cooling effect. Third, the ther-
mal conductivity must be low to maintain a large
temperature difference between the ends of a
short bar of semiconductor. These three require-
ments are related in such a way that a single
“figure of merit,” Z, determines the usefulness of
any material in a thermoelectric refrigerator.
Z is equal to the square of the thermoelectric
power, divided by the product of the thermal
conductivity and the electrical resistivity.

The temperature drop which can be achieved
with an individual thermocouple is directly pro-
portional to Z. This same factor also determines
the efficiency at which heat is converted into
electricity in a thermoelectric generator. Here
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Simplified drawing shows energy levels in metals
and semiconductors im thermoelectric cooling.
The average energy of electrons carrying current
in a metal is close to the Fermi level, while in the
semiconductor it is wp in the conduction band.
With the current flowing from left to right, the
average electron makes an wpward jump in
energy when it crosses the junction, absorbing
thermal energy. At the other junction, the elec-
trons jump downwards in energy, releasing heat.

too, the thermoelectric effect must be large to
produce the required voltage. The resistivity must
be small so that the electrical power will not be
dissipated in the semiconductor itself. The ther-
mal conductivity must again be low to minimize
the wasteful flow of heat through the device.
These material requirements are conflicting.
For example, a high thermoelectric power is ob-
tained only in very pure semiconductors. Low
resistivity, on the other hand, results from mak-
ing the semiconductor very impure. A compromise
must be reached, and the best figure of merit is
obtained by doping to a level of about one im-
purity atom for every thousand atoms of semi-
conductor. At this doping level, some heat is
carried by the same electrons or holes which carry
the electrical current, but most of the thermal
conductivity of the semiconductor is due to the
vibration of the atoms in the erystal lattice. This
lattice thermal conductivity is much lower in
compounds containing heavy atoms than in the
elemental semiconductors silicon and germanium,
because heavy atoms vibrate much less actively.
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The low thermal conductivity requirement has
led to the use of semiconductors such as lead
telluride and bismuth telluride in thermoelectric
devices. A further reduction in the thermal con-
ductivity, with little deterioration of the elec-
trical properties, can be achieved by replacing
a sizable fraction of the atoms in a semiconductor
with other atoms which are chemically very sim-
ilar. For example, the best commercially available
n-type material for refrigeration is prepared by
replacing about one-quarter of the tellurium
atoms in bismuth telluride with selenium. (A
pinch of iodine or silver iodide is added to achieve
the required n-type conductivity.)

Disordered Semiconductors Useful

Another approach, which leads to even lower
thermal conductivities, is to make use of the
“disorder” which is inherent in the atomic ar-
rangement of some semiconductors. One excellent
example, silver antimony telluride, which was
invented at the Laboratories (RECORD, October,
1961), has a random arrangement of silver and
antimony atoms. It also includes moderately
heavy atoms and does in fact have the lowest
thermal conductivity ever measured in a crystal-
line inorganic compound. Reports from various
laboratories indicate that this material and its
alloys with related compounds are the best avail-
able p-type semiconductors for use in thermo-
electric generators which operate in the tempera-
ture range from 400 degrees to 930 degrees F.

Recently, the Laboratories’ search for improved
thermoelectric materials has been extended to
include semi-metals. These materials have prop-
erties which are intermediate between those of
metals and semiconductors. They have equal num-
bers of electrons and holes (in overlapping con-
duction and valence bands), and the associated
negative and positive thermoelectric powers nor-
mally tend to cancel each other. In some cases,
however, one type of carrier dominates the other
and a useful n-type or p-type material results.

The best known semi-metals are bismuth and
antimony. Most alloys of bismuth and antimony
are also semi-metals, but in the range of com-
positions containing 5 to 40 per cent antimony,
a small energy gap has been observed at very low
temperatures. Materials in this range of com-
position and temperature are, therefore, semi-
conductors, although their properties near room
temperature are very similar to semi-metals.

In fundamental studies of some of these alloys
at our Laboratories, G. E. Smith observed cer-
tain electrical peculiarities which indicated un-
usual thermoelectric properties. Careful measure-
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ments at low temperatures showed that the alloys
had very high figures of merit. This was essen-
tially a rediscovery of these alloys as thermo-
electric materials. They had been investigated
as long ago as 1913, long before the superiority
of semiconductors was appreciated. However,
Smith used single crystals of high purity in his
work, and found that the electrons dominate
the thermoelectric power in these alloys. In fact,
in a particular orientation, the low temperature
behavior is such that these materials have the
highest figures of merit ever measured.

The best commercially available materials have
figures of merit near 3 (in units of 10—2/degree
C) at room temperature, dropping off to 1 unit at
the temperature of liquid air. In the bismuth-
antimony alloys, the highest Z at room tempera-
ture is only 1.8. At liquid air temperature, how-
ever, Z rises to 5.2 units.

The most recent experiments on these alloys
have resulted in still higher figures of merit. In
an alloy of 88 per cent bismuth and 12 per cent
antimony, the room temperature Z has been
raised to 3 units, comparable with the best avail-
able materials. At about — 340 degrees F, Z has
been raised to a new high of 8.6 units. These im-
provements were achieved by placing the speci-
men in a magnetic field perpendicular to the cur-
rent flow.

A familiar effect of a magnetic field on metals
and semiconductors is the increase of the elec-
trical resistivity. Less familiar is the increase of
the thermoelectric power in a magnetic field. Both
of these effects are greatly enhanced in semi-
metals due to the cooperative action in a magnetic
field of the oppositely charged electrons and holes.

In the bismuth-antimony alloys, as the magnetic
field is increased the figure of merit rises because
of the increased thermoelectric power. In higher
magnetic fields, the resistivity becomes so large
that Z goes through a maximum and then drops
to smaller values. This maximum is almost three
times greater than the zero field figure of merit
at some temperatures. The field required to maxi-
mize Z near room temperature is 17,000 oersteds,
and a large laboratory electromagnet must be
used. However, at low temperatures the field re-
quired is only a few hundred oersteds, and can be
supplied by a small horseshoe magnet!

Further improvements in the properties of
thermoelectric materials will lead to more effi-
cient devices which may replace many conven-
tional refrigerators and generators. For small
scale, specialized applications, particularly in elec-
tronics, available thermoelectric materials and
devices are already proving their usefulness.
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SPECIALIZED APPLICATIONS OF
THERMOELECTRICITY AT BELL LABORATORIES

A number of highly specialized devices based on thermoelectric prin-
ciples have been built at Bell Laboratories. A representative selection is
described and illustrated below; many other equally ingenious applications
will undoubtedly be forthcoming at an early date.

THERMOELECTRIC

BIAS FOR ESAKI DIODES HEATER  GENERATOR

C.R.O.

ductor Device Laboratory; designed by R. Wolfe.)

Application: Thermoelectric generator to provide dc voltage to -
bias Esoki diodes into the negative resistance region of their £
current-voltage curves. The heat source is a simple resistive heat- !_ e
er, powered by alternating current. The generator converts ac to VARIAC -
very smooth dc, and provides the low impedance required in N
Esaki diode circuitry. (Suggested by H. K. Gummel, Semicon- L 2
N
P

LABORATORY REFRIGERATORS

Application: Thermoelectric refrigerators for use in a large
variety of laboratory studies, e.g., in cooling solar cells for studies
under simulated space conditions. Similar refrigerators have been
used to maintain specimens at fixed low temperatures for investi-
gations of structure by X-rays, infrared reflectivity studies (shown
at right) and experiments on the effects of high energy radiation
on semiconductors. (Designers: J. P. Griffin and J. S. Wagner,
Solid-State Device Laboratory.)

OPTICAL MASER COOLER

Application: To cool the ends of a ruby rod in an optical maser.
A pair of specially designed refrigerators has been constructed
which fit against the ends of the ruby rod and cool it to —22
degrees F during experiments on optical amplification. (Sug-
gested by J. E. Guesic; designed by J. P. Griffin, J. S. Wagner,
and R. Wolfe, all of Solid-State Device Laboratory.)

QUARTZ CRYSTAL OSCILLATOR TEMPERATURE CONTROL

Application: To maintain quartz crystal oscillators at a constant
temperature near room temperature or well below, in contrast
to conventional ovens. Chambers have been built which main-
tain temperatures within a few thousandths of a degree. Lower
over-all temperature levels increase long term stability. A special
purpose chamber has also been built which scans through a
wide range of temperatures to determine at which point a given
oscillator operates most efficiently. (Designers: W. D. Beaver and
"€ Putnef Canpononts and Solid-State Device Laboratory.)

B
L

= ESAKI
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The genius of Aristotle first isolated logic as
a subject for investigation. Much of everyday
human thinking is strongly emotional in char-
acter, often efficient and valid, and quite beyond
the reach of argument. Below this level, however,
is a stratum of thought which appears peculiarly
inviolate to all men, where only factual assump-
tions, and not deductive processes, seem open to
doubt. It was this domain that Aristotle pre-
empted, and in it he wrote a book whose author-
ity brooked no question for two thousand years.

It was not until the middle of the nineteenth
century that new and vital approaches to logic
were made. The most far-reaching was the work
of the Irish mathematician, George Boole. In
1853 he published his celebrated book, The Laws
of Thought, in which mathematical symbolism,
long applied in the realm of numbers, was effec-
tively applied in the domain of rational thought.

Beginning at about this time the winds of
fundamental mathematics were blowing from
many quarters. The foundations of arithmetic, the
theory of groups and of sets, a meticulously rig-
orous theory of functions—all these were being
vigorously formulated and investigated. This
interest has persisted for a century and has
effectively revolutionized mathematical thought.
This article will deal with what is in a sense the
most basic of these new disciplines—the struc-
ture that lies at the basis of mathematical logic.
The development of the subject will be purposely
somewhat haphazard, and very little further
will be said about mathematics itself. However,
it is a short step from here to the very founda-
tions of that science.
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The Propositional Calculus

The natural approach to symbolic logic begins
with the “Propositional Calculus.” Single letters
of the alphabet such as p, q, r, are used to stand
for single propositions, or sentences. The letter
p, for example, might represent a simple declara-
tive sentence such as “The sun is shining,” or it
might perhaps stand for a more complex sentence.
In ordinary English, complex sentences are
fashioned out of simple ones through the use of
“connectives” such as “and,” “or” and “if”. In
the Propositional Calculus not only the simple
sentences themselves are symbolized, but also
the more common connectives. The symbols for
these connectives and the ways they are used are
shown at the top of the opposite page.

From simple sentences and these connectives
quite complex propositions can be built up. It is
the business of the Propositional Calculus to
provide a systematic way of analyzing such com-
plex propositions for their truth or falsity. Here
an important distinction must be made. Consider
the proposition:

(P29 =({(~p)UQg.

This says, in words, “The statement ‘p implies
q’ is the same as the statement ‘either p is false
or q is true’.” That is, either statement implies
the other. A little thought will convince the
reader that this proposition is true in a rather
extraordinary way: its truth is completely inde-
pendent of the factual truth or falsity of the
component statements p and q. Such a statement
is called “logically true” or “tautological.”
Shortly, rules will be given whereby it can be
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systematically determined whether a complex sen-
tence is logically true or only “conditionally” true.

Before explaining these rules, it is perhaps
well to point out that not all of the connectives
of the table are logically independent. Thus, the
proposition discussed in the last paragraph can be
taken as defining the connective “O” in terms of
the connectives “~" and “U?”. Infact,itisactually
possible to get by with a single connective, the
sign * | ¥ of disjunction. Thus (~p) = (p | p) and
PNg={~p) | (~1)=(p|Dp) | (a]q). Weshall
not, however, confine ourselves to such a Spartan
regimen.

The sentences used so far to illustrate this
article are all fairly easy to analyze within the
ordinary terms of everyday thought. To take an
analogy from elementary algebra, if we are told
the sum of two numbers is seven, and the first
of the numbers is three, we are quite capable of
determining the second number as four, without
writing X |- ¥ = 7, X — 3, therefore; Y — 4.
However, all of us have in our schooling dealt
with algebraic problems which would have been
insoluble save for the crutch of the algebraic
formalism that was taught to us.

So it is here. It is easy to see that (p2> @) Np)Dq
is logically true. But how about the state-
ment (pN(~1)U((PUq)Dr)? Is this true for
all truth values of p, q and r? If not, for which
set of values is it true and for which is it
false? Translating the statement into equivalent
English connectives is not much help. Clearly,
some sort of formal machinery is needed to aid
the ordinary processes of thought.

The simplest machinery is a truth table. Sim-
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Symbol

s

Danial

Confunction

i
Y Alternation

Disjunetlon

Implication

"ol p"(p Is false)
"poand ¢
‘ot g
“noither p a0k 9"

if p then ¢" or

"p implies ¢

Equivalence

p is equivalent to ¢

)'((f: q) n '(q:ap)

ple propositions such as “p” or “q” are thought
of as taking on one of two possible “values’:
F (false) or T (true). For each connective a
table can be set down specifying the truth or
falsity of the complex proposition in terms of
the truth or falsity of its component simple
propositions. The table below shows the truth
tables for the table of connectives. Thus for
denial the truth table says that “not p” is true
only if “p” is false, and the table for alternation
says that “p or q” is true except when “p” and
“q” are both false. By and large, these tables
accord with ordinary English usage. Perhaps it is
surprising to learn from the table for implica-
tion that it is true that a false statement implies
any other statement, true or false; but this is
merely a reasonable convention. Under alterna-
tion, it will be seen that we adopt the “either or

Conjanction

Disjunction Implieation

rly

§
F
F
F
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both” interpretation of “or”.

These elementary truth tables can be extended
to cover more complex propositions. For ex-
ample, let us pose a riddle in the manner of
Lewis Carroll. The following proposition is as-
serted to be false:

“Either the sun is shining and I fail to carry
my umbrella; or else I carry my umbrella if
either the sun is shining or the sea is rough.”

Is the denial of this statement true for all
truth values of its component sentences, or for
only some, and if so, for which? To tackle the
riddle methodically, let “p” represent “the sun is
shining,” “q” represent “the sea is rough” and
“r” represent “I carry an umbrella.” Then the
statement asserted to be false is

PN(~r)U((UaqaDr).

Let us give this statement a name, say X, so that
X is asserted to be false, and consequently ~X is
asserted to be true.

We can analyze X, and its denial ~X, piece-
meal as in the table at the top of this column. The
eight possible sets of truth values for p, q and r
are listed in columns (1), (2) and (3). Column
(4) is derived from Column (3) by using the truth
table for denial. Column (5) is derived from (1)
and (4) by using the truth table for conjunction.
Column (6) we derive from (1) and (2) by al-
ternation. Column (7) comes from (6) and (3)
by implication. X, itself, in column (8) is de-
rived from (5) and (7) by alternation. Finally,
in column (9) we compute from (8) by the table
for denial, the denial of X. The analysis shows
that ~X is true in only one entry: that of row
3. Thus it can be concluded from the assertion of
~X that the weather is foul ashore and afloat
and that I forgot my umbrella.
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Very often the purpose of such an exercise is
not to answer some specific question, but merely
to determine under what conditions some com-
plex proposition is true (or false). If a proposi-
tion is true for all sets of truth values of its
components, it is said to be a “tautology” (or
“logically true”). (If it is everywhere false it is
a “‘contradiction” or “logically false.”) Tauto-
logies are logically interesting, but factually
devoid of meaning in that their truth tells noth-
ing about the truth or falsity of the p’s, q’s, and
r's of which they are composed. For example, the
assertion X of the table opposite, tells us little
about p, q, and r, since X is true for almost all
values of these variables. X is perilously close to
being a tautology. On the other hand, the as-
sertion (~X) is rich in factual meaning: it
specifies p, q, and r uniquely.

Now patently, all this is pretty simple stuff
and can hardly be said to penetrate very deeply
into the mysteries of thought. Nevertheless, there
is quite a lot that deserves to be said about it.
So before going on to more esoteric matters, we
will briefly explore two avenues of considerable
interest.

Axioms for the Sentential Calculus

The first is the axiomatic approach to the
sentential calculus. Mathematicians like to wrap
a subject up with a minimum of definitions and
assumptions. This instinet is not purely aesthetic
—it permits them to analyze with greater ease
and clarity the more difficult and penetrating
questions they may choose to ask. For example,
we might ask whether the formal system we have
been examining—the Propositional Calculus—is
consistent or not. That is, can we find some (pre-
sumably complicated) sentence P such that both
P and ~P are logically true. It is difficult to
attack such a question until we have made our
logical system a little more definite than it is
now; that is, until we have formalized or
“axiomatized” the system.

Since this discipline is the “calculus of sen-
tences,” (Sentential Calculus is synonymous with
Propositional Caleulus) the first thing to be done
is to define an ‘“admissible sentence.” Admis-
sible sentences are either letters, p, q, r, ete., or
combinations of such letters formed by the proper
use of the connective symbols. Without defining
exactly what we mean by “proper use,” it is
sufficient to indicate that we wish to include
(pN@Dr as an admissible sentence, but to
exclude pUD ~. Observe that no attempt is
made to assign a “meaning” to our strings of
symbols. The only requirement is that they be
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“legitimately” constructed.

The next step is to lay down certain “axioms”
—sentences which are to be accepted as true.
These are chosen with some care to lead to the
logical system which thus far we have been ex-
ploring informally. A suitable set of axioms is
the following :

Name

Meaning
‘ot p" 0 it false)

Denlgl

Conjonction pand 9"

Alternation o g

Axiom 1. (pUp)Dp

Disjunetion "neither p nor 9"

Axiom 2. pD (pUQq)

Axiom 3. (pU@ D(qUp) Implication it p then "o

Axiom 4. (pD @D (rUp)D(rUQ) P implies ¢"

Looking at these statements from our old in-
formal point of view, e.g. where “U” meant “or,”
it is easy to see that they are indeed logically

Equivalence b ls equivalent 1o ¢"

e(r=9)n(1=¢)

true. From our present point of view, however,
the axioms are merely acceptable strings of un-
defined symbols which we postulate to be true.

The next requirement is some way of deriving
from these four true sentences further sentences
that can be regarded as true; in other words we
need a “Rule of Inference.” Only one Rule of
Inference is required and it is a particularly
simple one:

“If p is true, and pDq is true, then q is true.”

In our informal interpretation of symbols,
these axioms and rules certainly accord with our
intuitive understanding. Some interpretation is
required, however; it is certainly the intent that
p and g be interpreted more broadly then as the
16th and 17th letters of the English alphabet.
They are supposed to stand for any two admis-
sible sentences. We clearly need a “rule of substi-
tution” that says we may substitute for a letter,
say p, in a sentence any more complex admissible
expression, provided we make the same substi-
tution for every appearance of p in the sentence.
For example, if pD(pUq) is true, then I am
allowed to conclude that (rUs)D ((xUs)Uq) is
also true, where I have substituted (rUs) for
each appearance of p in the original sentence.

Finally, we require certain further assumptions
called Rules of Connectives. These say that cer-
tain sentences are to be regarded as completely
equivalent and can be freely substituted one for
the other. (All these rules really do is define D, N,
and = in terms of ~ and U.)

They are:

Rule 1. pDq is equivalent to (~p) Uq. (We noted
this equivalence in our earlier informal
discussion.)

Rule 2. pNq is equivalent to ~(~pU ~q).
Rule 3. p = q is equivalent to (pDq)N (gD p).
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Harking back to our verbal interpretations of
the connectives, we can see that these equival-
ences are plausible ones.

From the Axioms and with the procedural rules
that have been set down, all the theorems of the
sentential calculus can be derived. A simple ex-
ample will give the flavor of what a proof is
like. We wish to prove that the sentence ~A UA
is a theorem, i.e., is logically true. The proof is
as follows:

Step 1: (AUA)D A
(Axiom 1, with A substituted for p.)
Step 2:

((AUA)DA)D {[(~A) UAUA)D (~A)UA) }

(Axiom 4, with AU A for p, A for q, ~A
for r.)

Step 3: (~A)UAUA))D((~A)UA)
(Steps 1 and 2 and the Rule of Inference.)
Step 4: AD(AUA)D (~A)UA
(Rule of Connectives 1, applied to the left
member of Step 3.)
Step 5: AD(AUA)
(Axiom 2, with A substituted for both
p and q.)
Step 6: (~A)UA
(Steps 4 and 5, with the Rule of In-
ference.)

Why all this formal machinery when the
logical truth of Step 6 could be established in
half a minute with a truth table? There are
several answers. First, the formalism exposes
the stripped-down structure of the sentential
calculus—the minimal machinery required to
make it tick. Second, it allows the logician to ex-
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Denial
‘positive and negative” “maltiplication”

Alternation
“addition”

9 PNy ¢ pUYg
] 0 0

Conjunetion

plore more recondite questions connected with
this calculus—for example, the question of its
consistency. It turns out, happily, that the cal-
culus can be proved to be free from inconsisten-
cies. This is a good thing since a single incon-
sistency would shatter the logical structure
completely. This is not hard to show. Let us as-
sume as premises that for some particular sen-
tence, A, both A and ~A are true. Then we may
reason as follows:

Step 1: A

(Premise)

~A

(Premise)

(~A)D((~A)UB)

(Axiom 2 with ~ A for p and B for q.)
(~A)UB

(Steps 2 and 3 with the Rule of In-
ference.)

ADB
(Step 4 with Rule of Connectives 1.)

Step 6: B
(Steps 1 and 5, with the Rule of In-
ference.)

Step 2:
Step 3:

Step 4:

Step 5:

We have thus proved the perfectly arbitrary
statement B on the basis of our two premises.
The same proof could have been used to prove
~B. Thus, on the basis of our two premises, we
have proved every statement and its denial! Con-
sequently, a single inconsistency would mark the
total collapse of the logical structure.

Leaving behind the formal machinery of the
sentential calculus, we will explore briefly the
second avenue of interest opened up to us by
this discipline. This will lead us to a new kind of
algebra, and an associated arithmetic. To this
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end, only the symbols ~, M, and U will be re-
tained and these will be associated with the no-
tions, respectively, of “negative” (minus), “mul-
tiplication” (times) and “addition” (plus). Thus
pMNq becomes an algebraic expression “p times
q,” and p and q play the role of numerical vari-
ables in the expression.

What sorts of numbers will we allow to be
substituted for the p’s and g’s of our algebraic
expressions? Earlier, they had only the “truth
values,” T and F. We shall now identify T with
1 and F with 0 and allow our variables to have
only one or the other of these two numerical
values. Thus our new arithmetic has only two
numbers in it. We can reinterpret the truth
tables for the connectives in terms of this
arithmetic as in the table opposite. Denial is
mathematically interpreted as positive and nega-
tive, and conjunction and alternation are respec-
tively a multiplication and an addition table.

Boolean Algebra

All this looks fairly normal in terms of ordi-
nary arithmetic except for the final entry in the
“addition” table which does not accord with our
customary notion of addition. This is not a mat-
ter for surprise since this is not “ordinary arith-
metic.” It is “Boolean arithmetic” (after George
Boole) and the associated algebra is ‘““Boolean
algebra.”

The algebraic expressions of Boolean algebra

Current Quiput
Source — 3 Ouiput gll"eﬂf D =g
(@) Inpat oaree  fpput (b)
Cutrent [

Soutce M

(c) 5

Current
Source I3

g S
(d) ([ Sy

Curtent

Source P L_E:Z
q ::}—m(pue) =y (204)’

(¢)

14
Current
Source LA ("’P) 4
————
(t) g

Boolean analysis applied to switching metwork.
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can be evaluated numerically with this new
arithmetic just as ordinary algebraic expressions
can be evaluated numerically by the ordinary
arithmetic. For example, we may ask, what is
the value of (~p)N(PUQq for p — 0, and
q = 1. Then our various tables tell us that ~DP
is 1, pUq is 1 and the product (N) is 1. This
calculation corresponds precisely to the computa-
tion of one row of the truth table for the logical
sentence in question.

Boolean algebra is in some respects rather
like ordinary algebra, but in other respects the
two are markedly different. Thus ~(~p) — p
is true in Boolean algebra, and its analog
—(—xX) = x is true in ordinary algebra. How-
ever, in Boolean algebra p N p — p whereas it is

Symbol Name Use

Meaning
“not p" (p is false)

p and 7"

~ Denial ~p
n Confunetlon phyg
Alternation pUe Porg

Disjunetion ple

"neither p. nor ¢"

it p then " or
" implies ¢

Implieation =1

Equlvalence P is equivalent 1o ¢*

le(p=1)n(1=2)

r=y

certainly not true that x - x — x.

Again, pN(qQUr) = (pNq)U(pNr) agrees
with X - (¥ +2) = x -y + x - z. However,
(pU@N(PUr) = pU(@Nr) is a true theorem
of Boolean algebra, while the analog of this
theorem (x + ¥) * (x + 2) = X } y - zis certainly
not true in ordinary algebra.

Boolean algebra is useful in probability theory
and the theory of sets. However, its major prac-
tical application is in the theory of switching
networks—a connection first pointed out by
Claude Shannon.

Application to Switching Networks

The basic notion is that the individual relays
of which a switching network is composed are
“binary” (two-state) devices which are either
open (state 0) or closed (state 1). They are in
this respect like our Boolean variables p, q, and r.

In a typical relay, see (a) in the drawing on
page 200, a contact arm is maintained normally
open (by a spring, say) when the input is in-
activated (state 0). Current is unable to flow
from the current source to the output, which is
itself then in state 0. When the input is activated
(state 1), a solenoid-operated magnet pulls down
the contact arm to closure with the output lead
and current flows in the output (state 1). In this
kind of relay, if the input is p, the output is
likewise p. A “back relay” (b) in the drawing
on page 200 operates somewhat differently. Here
the contact is held closed when the input is in-
activated and pulled open when the input is
activated. In this case, if the input is p, the out-
put is ~ p.

Relays like these can be compounded in various
series-parallel arrangements, and the output of a
particular arrangement will depend in a more
or less complex way on the various inputs of the
individual relays. Specifically, the output will be
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a Boolean algebraic expression in its various
inputs, and the behavior of the switching net-
work can be analyzed by the methods of Boolean
algebra and arithmetic. Conversely, these methods
can be used to design switching networks having
certain desired properties.

In the drawing on page 200, (¢) shows a simple
parallel arrangement of two relays whose inputs
are p and q respectively. The output is the
Boolean “function” (i.e. expression) pUq. This
algebraic statement simply means that current
will flow in the output if either p or q is acti-
vated. The circuit for the Boolean expression
pMNgq is shown in (d). Current can flow only
when both p and q are activated. In a slightly
more complex example, (e), the two inputs marked
p are assumed to be electrically tied together so
that both are in the same state at the same time.
From (¢) and (d), we can deduce that the
output ought to be pN (pUq) and an earlier
example in the Boolean algebra tells us that this
is the same as pU (pMq). As a final example,
(f) is the cireuit for logical implication pD q, which
it will be recalled is identical with (~p)Uaq.

The major part of the work currently being
done in symbolic logic is apt to be quite abstract
and, in general, aimed at elucidating the founda-
tions of mathematics. However, as our brief de-
tour through the Boolean algebra shows, its field
of application is steadily widening. It is a useful
tool wherever complex problems of logical analy-
sis present themselves in engineering, in comput-
ing or in the physical, biological or social sciences.

The present article has taken us only a part of
the way through the story. A second, and con-
cluding, article on Symbolic Logic will appear in
the next issue of the RECORD, where the more
esoteric matters promised earlier will be discussed.
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To provide business telephone service,
Bell System installers connect over
100,000 wires each working day. A

new quick-connect clip terminal has
now been developed which reduces this
effort to a simple push of a hand tool.

W. Pferd

Quick-Connect Clip Terminal

The most time-consuming task a ecraftsman
faces while installing a telephone is placing and
connecting the wires which run from the pro-
tector block to the telephone set cord. This task
becomes particularly laborious in key telephone
systems, where 25- and 50-pair cables are used.
Since the advent of the CALL DIRECTOR Tele-
phone and other new business telephones, there
has been a very rapid increase in the number of
more complex new installations and additions to
service. To provide this type service, Bell System
installers must connect over 100,000 wires each
working day—skinning insulation, placing the
wire on a terminal and tightening the nut of a
screw fastener. Obviously, the total endeavor is
time consuming and costly.

In fact, the increasing task of installation and
rearranging, measured both in charges and in
time on customer’s premises, clearly established
the need for quick-connecting devices which sig-
nificantly reduce this effort and expedite the pro-
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vision of service. A recent survey of terminating
apparatus failed to disclose any device which
satisfactorily met the particular requirements for
station apparatus. To satisfy this need, a new
quick-connect terminal has now been developed
which meets installation needs more quickly than
did the older binding-post distribution box and
screw-terminal connecting blocks. Additionally,
the terminal is smaller and less costly than pre-
vious terminals. An assortment of connecting
block designs incorporating this terminal has
been developed, and these are now available. One
of the new connecting blocks, the 66A2-50 type,
is shown being used by an installer on the
opposite page. Because the connecting blocks are
easier to use than previous equipment, and be-
cause of the wiring convenience to the installer,
savings of over $2,000,000 yearly are forecast.
The older 30 and 31 type binding post con-
necting blocks, which have been in use for over 30
vears, provide good contact reliability but are
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easily broken and require extra care when used
to connect more than two cables. These blocks are
a reference in comparing speed to make connec-
tions and serve as a standard in analyzing in-
staller actions. On analysis, the installation pro-
cedure for terminating solid wire to binding-post
assemblies breaks down into two major actions
on the part of the installer: sorting wires and
making connections. The sorting operation re-
quires that the craftsman know both the color
coding and the terminating point for each wire.
The ease of connecting the wire is determined by
the dexterity of the installer and by the design
of the connecting device. With conventional ter-
minals, three steps are necessary to make a con-
nection—skinning, placing and tightening. Over
the years, the job of removing the insulation has
been the major obstacle to speedy operation.
When plastic insulation became available, devel-
opment of a terminal to which unskinned wires
could be connected with a simple thrust of a hand
tool appeared to be feasible.

The clip terminal shown on the next. page
was designed to meet, this objective. The
dimension across the top of the terminal and the
distance between the inner side walls of the tool
are held to close limits. During connection, inter-
action between the tool and the two adjacent

Installer comnects key cable to
new terminal without skimning
msulation. Screw-type binding
post terminal is at Twight.

cantilever beams of the terminal produce the re-
quired contact force to crush the plastic insulation
as the wire slides between the beams. The ter-
minal works like a clothespin, and is able to
connect 18 through 26-gauge solid wire. This
simple design is inexpensive, small, and readily
manufactured. Above all, it provides a stable
electrical connection.

During preliminary studies of various possible
configurations and methods of manufacture for a
new quick-connect terminal, different composi-
tions of wire and sheet stock were considered as
material for the device. Since the new device
would replace the low-cost brass screw-type bind-
ing post, the cost of raw materials and repro-
ducibility in manufacture became important fac-
tors, because both influence costs significantly.
Sheet phosphor bronze, worked on a high-pro-
duction punch press, offered several advantages.
For example, it is a relatively inexpensive mate-
rial with adequate electrical conduetivity. Also
it has the excellent spring characteristics needed
in a quick-connect terminal. The terminal could
be manufactured to close tolerance by punching
and shearing operations. The punch press method

)|\ 0\ @\ 0\ 0\ @\ \e e \&



¥

Inset shows the forces developed on wire, insi-
lation and clip as connection is made with tool.
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of manufacture also made production of great
quantities of terminals of a single basic design
practical. This capacity will be valuable, since the
estimated production rates for all the varieties
of connecting blocks using the terminal will re-
quire over 300 million terminals yearly.

New Plastic for Terminal Mounting

The mounting for the terminal also presented
challenging design problems. After evaluating
many other plastics, injection molded acetal resin
(such as Delrin) was chosen because of its rela-
tively low cost, electrical properties, resistance
to low temperature shock, and hardness. The last
characteristic is very important, since the block
serves as an anvil when excess wire is cut off by
the connecting tool. The high strength and resil-
ience of acetal permits the assemblies to withstand
the rough handling and dropping experienced in
field use. The low water absorption rate of the
plastic aids in maintaining high volume resistiv-
ity. The material is ideally suited for a connecting
block where good electrical properties are re-
quired in conjunction with excellent mechanical
properties. In this regard, the material used in
the new block is far superior to that in the older
binding post terminal.

A mew connecting block for station wire dis-
tribution, designated the 66A2-25, which permits
joining six inside wiring cables, is shown on the
opposite page. These connectors are designed
for cross-connecting and bridging inside wire
cables. In use, distribution cable from the key
telephone apparatus is connected without slack to
a column of clips. Cables to telephones which may
be subsequently changed are then connected
through the fanning strip to the remaining five
columns of clips. A six-cable capacity was con-
sidered adequate for all but exceptional installa-
tions. Where the connecting block is to be mount-
ed within the business office, an attractively
styled snap-on enclosure is provided.

For 25-pair cable installations a container hold-
ing one connecting block is used. This assembly
is coded 66A2-25. An assembly of 2 blocks and
container, coded 66A2-50, is available for larger
50-pair cable installations. These containers con-
sist of a sheet-steel base and cover, styled and
finished to harmonize with the surroundings.
They provide proper space for storing the slack
wire and permit easy mounting plus quick re-
moval and replacement of a snap-on cover.

The over-all design of the new connecting
blocks and containers resulted from development
work at the Murray Hill and Baltimore locations
of Bell Laboratories. as well as production con-
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The 66A2-25 connecting block permits joining siz inside wiring cables. Closeup shows actual elips.

sideration by the Western Electric engineers at
Baltimore and field studies in six operating tele-
phone company areas. Since the advantages
anticipated in using the terminal derive from
simplified repetitive work operation, human engi-
neering factors were also carefully evaluated dur-
ing these studies. The terminals, when mounted
row-on-row in the block, had to be readily acces-
sible and convenient. Laboratory tests to establish
the spacing between terminals to permit orderly
wiring plans dictated the block design. These tests
also indicated that connections could be made
with the clip terminal in from one-half to one-
third the time required with conventional bind-
ing post connectors. Subsequent tests confirmed
the laboratory results, and showed the new design
to be extremely easy to use.

One Wire Connection per Clip

To insure reliable connections, only one wire
is connected to each clip. A wire change can be
made as quickly as a new installation, by merely
pulling the unwanted wire out of the terminal
in the direction of the clip opening and re-
inserting a new wire with the hand tool. Because
an individual terminal is used for each wire,
connecting or removing any one wire does not
disturb other connections. This also permits or-
derly wiring and provides adequate space for
wire manipulation.

A craftsman making a connection positions an
unskinned wire around the hook on one of the
adjacent cantilever beams of the terminal and
pushes it down with the hand tool, designated the
714B. When the wire is forced into the terminal,
the beam ends deflect outward and make contact
with the inner walls of the tool. The terminal
beams are thus loaded as end supported canti-
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levers. As shown on the opposite page, a tool
force, F,, is imparted at the ends of the beams
and a contact force, F., is developed to crush the
insulation on the wire. This force is effective even
at temperatures below freezing, when the insula-
tion hardens and the effective diameter of the
insulation increases. As the insulated wire ad-
vances, the beams are progressively deflected,
increasing the contact force and compressing the
insulation until it shears. Continued movement
of the wire further increases the contact force,
scraping the bare copper wire against the inside
walls of the beams. This action dislodges any
corrosive films present on either the beams or the
wire. The final contact is made over rectangularly
shaped areas on each side of the wire. (Typical
contact areas on 24-gauge polyvinyl chloride “D’”
wire and bare wire are shown on page 206;
they measure approximately 0.015 x 0.045
inches on each side of the wire.) The craftsman
then makes a final push, which forces a knife
edge on the tool to cut off the excess wire against
the plastic block. Tool cut-off is permissible for
wire up to 22 gauge.

The tool bit is double ended; if the wire is not
to be cut off, the opposite end is used simply to
force the wire into place. This procedure is used
when wire cables are to be looped through the
terminal block, a wiring plan which permits
minimum installation time for two telephones.

Connecting without cut-off is also employed
when terminating 20 gauge steel JKT and 18, 19,
and 20 gauge copper wire to avoid reduced blade
life. After positioning these wires around the
hook on the terminal, the excess is cut off with a
wire cutter. The connection is then made by push-
ing the wire into the terminal with the looping
end of the tool.
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Contact area on 24-gauge, PVC insulated wire.

Contact area on 24-gauge bare copper wire.

Following installation, there must be sufficient
force to maintain reliable contact during sub-
sequent wire movement caused by the installer
as he continues his work. However, there must
not be so great a force as to prevent purposeful
removal of the wire. This contact force must also
prevent the separation of the wire and clip due
to the buildup of contaminating films, and to
maintain a gas-tight connection. A contact force
of nominally 5 pounds, exerted on 26-gauge wire,
meets these requirements. The contact force in-
creases for larger diameter wire, reaching 12
pounds on 18-gauge wire. These forces, coupled
with the large deflection of the beams, produce
a terminal with great elastic reserve; the device
can thus withstand considerable handling while
still performing satisfactorily.

The large beam deflection naturally produces
high stress in the clip beams, as well as a re-
sultant compression in the wire. The possibility
of a gradually progressing snipping-off action
on the wire by “scissoring’” over a long time has
been thoroughly explored. For 24-gauge wire,
only a 14 mil reduction in wire diameter is
expected in 20 years due to the relatively low
contacting pressure; during the same period, the
clip beams will relax only 1% mils because of the
stress relaxation characteristics of phosphor
bronze. Tests show that these changes are not
large enough to be troublesome.

Because of the various processing and storage
conditions, insulating films of different thick-
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nesses are always present on the surfaces of the
copper wire and the beams of the phosphor
bronze clips. Clean metal-to-metal contacts result
from the rubbing actions of the copper wire on
the beams during the connection stages men-
tioned earlier. The action is as effective on old
tarnished clips as on new parts. Studies of the
resistance of aged terminals and connections have
indicated a long life for the clip terminal. Lab-
oratory-induced oxide films as thick as those
occurring on phosphor bronze details in industrial
atmospheres after 20 years are easily ruptured.
Copper sulfide films, greatly in excess of those
expected during normal service, are also easily
ruptured by the high contact force. These ex-
posure tests have been performed under temper-
ature cycles from 0 degrees to 140 degrees F and
under dry and humid atmosphere. The results
of these and other electrical tests on 24-gauge
PVC “D” inside wire are summarized below and
are consistently good.

Because of the favorable results experienced in
the laboratory and field with the early develop-
ment models, plans for an accelerated program to
provide large quantities of the connecting blocks
were begun even while some testing was still
under way. The potential savings in using the
clip terminal were so great that Western Electric
was authorized to proceed with plans for full

Table shows results of electrical and other tests.

TEST RESULTING CHANGE

Initial Contact X+ 306=(05 +1)

Resistance Milliohm
Oxide Film Less Than 1
Contamination Milliohm Increase
Sulfide Film Less Than 1
Contamination Milliohm Increase
Environmental Unchanged After
Cycle 6 cycles

Two Year Severe
Industrial Exposure
Undisturbed
Disturbed
5 times

No Change In Resistance

Average Increase—
5 Milliochms

Aging of Plastic Satisfactory Connections
Low Temperature
Utility

Vibration Test

Satisfactory Connections

No Change In Resistance
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production. Connecting blocks and containers for
25- and 50-pair cable were made available in
limited quantity during the latter part of 1961.
Since then, field experience has been overwhelm-
ingly favorable and has prompted the adaptation
of the clip terminal to solve other connecting
problems. The terminal offers distinct advantages
wherever 20- to 26-gauge plastic insulated solid
wire is used and additionally, can be used to
quick-connect any bare wire of 18 gauge or
smaller.

To take advantage of the quick-connect fea-
tures of the clip terminal in various applications,
other sizes of connecting blocks have also been
developed. For connecting distribution cable to
the new 759A PBX, a connecting block coded
66E1-32 provides a 2-clip multiple for use with

cables having as many as 32 pairs. Also a 25-
pair, 6-clip multiple connecting block, coded
66B1-25, is mounted in the 300 type key telephone
units to permit rapid connecting of distribution
cable. A 66E3-25 assembly for connecting plug-
ended telephones to inside wire cable will be
available shortly, as will a six-pair connector for
residence telephone use. Application of the ter-
minal to central office main frames and outside
plant distribution is being studied.

Some of the different designs incorporating the
new connector are shown below, and it is ex-
pected that this new, quick-connect device will
soon find additional uses. The low cost of these
terminals, their ease of use and proven contact
reliability fulfill the requirements for a major
new terminating device.

P. P. Koliss (left) discusses new designs of connecting blocks using the clip connector with author Pferd.
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Specialized personnel at Bell Telephone
Laboratories are studying the human factors
in modern telephony—man’s communication
needs, abilities and limitations.

Human Factors Engineering and Mod:

J. E. Karlin

Effective communications engineering requires
some basic knowledge about the telephone user’s
properties, namely, his communication needs, abil-
ities, and limitations. The user’s needs help de-
termine what new systems should be considered
and his abilities and limitations help dictate how
the system should be built. The study of these
user communication properties is the subject of
human factors engineering and research.

In the early days of telephony, the important
needs like better intelligibility and faster service
were obvious and the demands of the simple
equipment on the user’s abilities were slight.
Therefore, the human factors research was rela-
tively straightforward and uncomplicated. In
modern communications, both the needs and the
technological possibilities for satisfying them are
multiplying at a rapid rate. This diversity,
coupled with inecreasing competition, cost, and
demands on the user’s abilities due to more com-
plex equipment, has made it necessary to devise
methods for a more profound understanding and
for better measurement of man’s communication
properties. As a result, the number of specialized
personnel at Bell Laboratories studying telephone
man-machine problems has increased rapidly over
the past decade. Human factors specialists are
working in several research, development and
engineering departments, as well as in groups
studying military problems.
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How can the user’s future communications
needs be foreseen? The methods available are still
highly qualitative and rudimentary from a meas-
urement viewpoint, vet they have yielded some
worth-while results. One method is, simply, to
look for any items of dissatisfaction at the points
where man is coupled to the machine in the pres-
ent telephone system. This method has led in
various departments to such developments as
lighter weight handsets, ToUcH-TONE Calling
sets and automatic dialers (RECORD, October,
1961). Second, ideas come from studyving trends
in world conditions. Data transmission and satel-
lite communication are two outstanding results
of this method.

After the qualitative methods have suggested
a number of ideas for potentially worthwhile
services, the idea is evaluated in terms of its
future utility to the user. As pointed out in an
earlier article (RECORD, May, 1954), forecasting
the utility of a new service without actual ex-
perience with the service is fraught with danger.
For example, in one recent experiment, the utility
of a message storage device at the Laboratories
was shown to have been badly over-estimated by
armchair experts. With this device, a user was
able to dial a number and record a message in his
own voice to be played back to a designated tele-
phone at a designated time. It was assumed that
this service would be useful for “busy” and “don’t
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Laboratories members and customers
tested these dial-in-handsets. Both pre-

T3

pmmunications

answer” conditions, or for sending the same mes-
sage to a number of telephones. The results con-
tradicted all the expectations. When the novelty
of the service wore off, people used the service
less and less. (The experiment also showed the
importance of choosing the right sample of users
—the project director and his staff required a
much longer time for their interest in the ser-
vice to disappear.) Overlooked in developing the
device was the importance of the assurance that
the message had been delivered.

In the same way, user interest in a preset
dialer such as the one shown on page 210 was also
shown to have been over-estimated. The experi-
ment showed that people spent more time setting
up the number to be called than dialing it with
a conventional rotary dial. They also made just as
many errors—in spite of the fact that they could
check the number after it was set up.

The importance of appraising projected ser-
vices through actual use led to the development
of Sibyl, a general-purpose machine for simulat-
ing new telephone systems and recording data on
user reaction under normal operating conditions
(RECORD, November, 1958). Sibyl has considerable
programming flexibility, eliminating the necessity
of building expensive equipment to simulate each
new system. At the present time, Sibyl is being
used to allow some Laboratories personnel to con-
duct normal telephone calls from their desks over
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ferred therectilinear model(foreground). -

a simulated satellite communication path. Round-
trip transmission time over the 90,000 odd miles
in a stationary satellite system is about half a
second. Echoes become very noticeable with such
delays, consequently, suppressors are essential.
Since echo suppressors tend to make it difficult
for a listener to interrupt, it is necessary to test
for the best suppressor arrangement. If tests
were made in a test room, using planned conver-
sations, the results would be highly variable. The
tests made with Sibyl provide the necessary real-
ism to obtain more accurate information. Much
has already been learned about the type of user
reaction to be expected with future satellite
transmission systems.

Such methods of measuring utility, while not
very precise, are useful because the information
required about a new service sometimes need be
only very general. However, on occasion, it is im-
portant to determine more precisely which of two
services the user prefers and by how much. The
variability permissible in such measurements is
considerably less.

Research on a general approach to this prob-
lem led to the development of the isopreference
method, which is still in the exploratory stage
but appears promising. It has been used, for
example, to map contour lines of equal preference
for voice transmission circuits having different
speech and noise levels. All the transmission con-
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Telephone mnwmbers are preset for checking
before automatic dialing is initiated by pressing
the send button. This checking did not, however,
reduce dialing errors in laboratory experiments.

ditions on any one line of the graph at the top
of page 211 are, on the average, equal in pref-
erence for a group of listeners and all the condi-
tions on any one line are preferred to those on a
lower numbered line. The numbers on two lines
can be used to predict the percentage of listeners
preferring one condition to another. The contours
also show how noise and voice level can be traded
off against each other for engineering or eco-
nomic reasons. This kind of overview will become
increasingly important in engineering as the
over-all communication network becomes more
complex and the requirements more exacting.
A principal objective of human factors labora-
tory experiments is the study of communication
behavior under controlled conditions. To what
extent do these apparently artificial conditions
and limited nature of the Laboratories user sam-
ples impair our ability to predict user behavior
in the field? Over a wide range of telephone
equipment and services the impairment is sur-
prisingly small. For example, Laboratories studies
years ago showed a user preference for light-
weight telephones in line with the continuing
trend in the field over the subsequent fifteen
years. Laboratory experiments also showed a gain
in user accuracy and speed for all-number dialing
over letter-number dialing ; this has been substan-
tiated in field operation. Experimental results
showed that TOUCH-TONE calling is about twice as
fast as, but no more accurate than rotary dialing ;
field trials confirmed both findings. Laboratories
users showed a preference, both for appearance
and usage, for a rectilinear rather than curvi-
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linear dial-in-handset as shown on page 209. This
predicted very closely the subsequent user reac-
tion in a field trial.

Sufficient evidence has been obtained on the
relation between Laboratories user and actual
customer communication behavior to make it
clear that many new services and equipments can
profitably be tested without a field trial. Such
tests, especially in the exploratory development
stages, can economically help “debug’ and evalu-
ate the utility, appearance and convenience of new
equipment and service. The resulting design then
has a higher acceptance probability and ecan be
used with more validity in later product and
market trials.

There are some problems with customer tele-
phone behavior which cannot be studied effectively
in the laboratory. One problem is the heavy and
expensive use of the Information Operator. In
this case, a study was made in the field and data
were collected under normal operating conditions.
Analysis showed some unexpected and interesting
results: in two different central offices, for ex-
ample, about 109 of individual users were re-
sponsible for 50% of the calls to Information,
as shown on page 211. One institution was re-
questing an average of 200 numbers a day: one
customer requested the same number seven
times in three weeks. Studies are now under
way in an effort to explore reasons and devise
necessary corrective action.

Human Factors and Maintenance

This article has related principally to the design
of new equipment for customer use. However,
the maintenance of existing plant equipment and
human factors related to maintenance personnel
are receiving more and more attention. Studies
to date have shown both the seriousness of
neglecting the human factor in designing for
maintainability and the benefits to be gained
from such studies (RECORD, April, 1962).
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Mercury Tracking System
Aids Carpenter Flight

Navy Lieut. Commander M. Scott Carpenter,
the second American spaceman to orbit the earth
three times, was hurled into space from Cape
Canaveral, Florida on May 24, by an Atlas booster
rocket. Commander Carpenter’s flight, three
months on the heels of Marine Corps Colonel
John H. Glenn, Jr.’s epic three-orbital trip was,
like Glenn’s, a National Aeronautics and Space
Administration Project Mercury achievement.
Western Electric led the industrial team which
engineered and built the 18-station worldwide
tracking network and provided the communcia-
tion with the astronaut through the 140,000 miles
of special circuits. Bell Laboratories headed
major portions of the Mercury program, includ-
ing design and installation of the operations
control room at Canaveral. Men from Long Lines
and most of the associated Bell companies took
active part in the project.

The astronaut’s capsule dropped into the sea
about 125 miles north of Puerto Rico, 200 miles
down range from the expected recovery area.
Carpenter blew off the escape hatch of the capsule
and climbed into his raft. He was joined by two
para-rescue men from a C-54 aircraft, who
found him in good condition, and waited to be
picked up by helicopters.

The 18 stations that comprise the Tracking
and Ground Instrumentation System (TAGIS)
are connected to the Goddard Space Flight Center
in Greenbelt, Md. All types of transmission media
are used to provide teletypewriter communica-
tion for every station and voice communication
for all but six.

From the moment a Mercury spacecraft goes
into orbit and recedes from the radar view at
Cape Canaveral the successive remote sites of the
worldwide network pick up and monitor its opera-
tion and position. During the orbital passes, each
site receives information from the spacecraft and
from the astronaut. These data are transmitted to
Goddard Space Flight Center where they are
processed by computers and then sent to the
Control Center at Cape Canaveral. In this way,
a continuous flow of information to and from the
Control Center is maintained throughout the en-
tire mission.

The tasks performed by the Laboratories for
Project Mercury fall into four categories: equip-
ment design and procurement, equipment engi-
neering, development of operational procedures,
and evaluation of the Mercury Range stations.
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Testing Equipment for the

The Bell System’s new, transistorized, voice-
frequency repeater, the E6, is designed to reduce
transmission losses in exchange-area trunks
(RECORD, October, 1961). To test the performance
of these repeaters and to simplify their installa-
tion and maintenance, Laboratories engineers at
Merrimack Valley developed three new pieces of
testing equipment: the 54B test stand, the 54A
transmission measuring set, and the 54C return-
loss measuring set.

The test stand holds the repeater so that its
converter and line-building-out (LBO) networks
can be connected to the dec power supply, the lines
of the repeater bay, the transmission measuring
set, and the return-loss measuring set. It holds
the repeater in two positions. In one position, a
maintenance man can adjust the screws for the
LBO; in the second position, attained by rotating
a turret-like frame 180 degrees, he can adjust
the series and shunt converter networks.

By operating a switch at the base of the test
stand, a maintenance man can make four connec-
tions to test the repeater: by turning the switch
to the first position, he connects the repsater to
the line for normal operation; in the second posi-
tion, he connects the series and shunt converters
of the repeater to the transmission-measuring set
to check their individual and combined gains. To

90092-24F
NETWORK OR

SWEEP
OSCILLATOR EXT NETWORK

E6 Repeater

measure return loss of a repeater placed at an
intermediate position on the line, he turns the
switch to the third position and connects the re-
turn-loss measuring set to the conyverter. The
fourth switch position connects the return-loss
set to the converter to measure return loss of a
repeater placed in a terminal position.

A “holding” circuit in the test stand provides
a de path to relays connected at the far end of a
line. This permits the relays to be operated and
“held” to maintain a dialed-line termination (the
“busy” condition of a dialed-line), which is need-
ed in making return-loss measurements. As an
added convenience, a pocket in the front of the
top panel holds charts for all the cord connec-
tions, gain adjustments and LBO adjustments
needed for proper installation.

The transmission measuring set is used to
obtain the desired gain and image impedance of
the series and shunt converters during installa-
tion and to check the converter gain and overload
point directly from test jacks on the bays after
the repeater is installed. With this arrangement,
periodie checks can be made quickly, thus mini-
mizing repeater out-of-service time. These tests
are also made to determine the over-all repeater
gain and transistor reliability with use and aging.

The test set measures gains from 0.5 to 13.5 db.
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Schematic drawing of the return-loss measuring
set showing sweep oscillator arrangement with
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which telephone personnel can check LBO mnet-
work and determine optimum return-loss settings.
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It contains a 1000-cps oscillator with an output
impedance of 900 ohms, and a 1000-cps, 900-ohm
detector. Attenuators and a meter circuit in the
set permit the measurement of the gain of the
E6 converter unit as a whole or the series and
shunt units separately. This measuring technique
means that a maintenance man does not have to
connect the repeater to the individual line pairs
to measure its gain as with the earlier negative-
impedance repeaters. The test set has jacks which
(with a head set) can be used to monitor in-ser-
vice circuits before fully inserting the gain-
measuring connecting plug which takes a
repeater out of service.

The primary function of the return-loss meas-
uring set is to check the LBO network and de-
termine the optimum return-loss setting. The
LBO is used to compensate for the varying
lengths of cable end sections, office wiring, and
different gauges of cable. These adjustments are
made against a standard termination (900 ohms
in series with 2 microfarads) which is built into
the test set and is equal to the image impedance
of an E6 repeater. If the LBO adjustments are not
properly made, a certain amount of repeater gain
may have to be sacrificed to prevent “singing.”
Adjustments of the LBOs are made by screw
connections, as in the case of the converter, which
add or remove resistive or capacitive components
from the circuit.

The set measures return loss in two frequency
bands (500 to 2500 eps or 2000 to 3000 cps) with
a self-contained sweep oscillator. Sweep fre-
quencies are used because the relationship be-
tween return loss and frequency is highly variable
and the over-all shape of a return loss curve is
unpredictable for specific cases. A sweep fre-
quency measurement gives an average measure-
ment that is more representative than abritrary
single-frequency or group of single-frequency
measurements could be.

Sweep frequencies are produced by a light
beam modulated by a motor-driven opaque disc
which contains two transparent patterns of the
wave shapes and frequencies required. This sys-
tem, shown on page 212, is similar to the sound
track on movie film and its associated optical
system. The frequencies are entirely dependent
on the speed of the synchronous motor and the
pattern on the disc; consequently, no frequency
adjustments other than the selection of range
are ever required. The light beam causes a vari-
ation of current in a phototransistor, which is
then amplified to the desired level.

A 50-db attenuator and a 20-db scale on the
detector meter associated with a high-gain ampli-
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E. J. Hurst of New England Telephone and Tele-
graph adjusts LBO metwork of K6 repeater.

fier provide a measuring range from 20-db return
gains to 50-db return losses. The return gains are
caused by the two-way, or bilateral, amplification
feature of the E6 repeater. In such cases, the
echo of a signal is amplified twice: once during
transmission and once when it is returned. Thus,
because of this bilateral amplification, the level
of the echo may exceed that of the signal. De-
termination of whether a measurement is a re-
turn loss or gain is facilitated by the use of a
red “return gain” scale and a black “return loss”
scale on the meter with corresponding colors on
the associated attenuator.

The 54C set also has some general-purpose
return-loss measuring or adjusting applications
aside from those concerned with the E6 repeater.
It can be used to adjust impedance compensators
and precision compromise networks and to meas-
ure the return loss of cable pairs. Also, it permits
the connection of external oscillators when single
frequency return-loss measurments are required,
such as in the case of cable irregularity location
measurements. Provisions are also made for the
connection of external compromise networks when
required. The initial cost of the E6 is comparable
to that of the older E23, but the ease of installation
and adjustment with the use of these test sets and
its superior performance make it highly attrac-
tive to telephone operating companies.

M. A. Plante and R. D. Powell

RADIO TRANSMISSION LABORATORY
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Voice Spectrograms

Are Unique Personal Identification

Acoustics scientists have long been aware of
the wide variation in human voices. Bell Labora-
tories scientists now believe that this variation
may someday identify people in much the same
way as fingerprints do today. L. G. Kersta of the
Visual and Acoustics Research Laboratory re-
cently deseribed to the Acoustical Society of
America work being done at the Laboratories
directed toward “voiceprint” identification.

The voiceprints are actually “pictures” of one

word of a person’s speech. The

News of pictures reveal the patterns of
Acoustics voice energy in the various levels
Research of pitch—patterns that are quite

distinctive and identifiable.

In tests, voiceprints had been made of the same
word spoken by different persons, each person
uttering it several different times. Each utterance
of the word was voice-printed on a separate card.
Then the cards were shuffled, and trained subjects
were asked to group the cards representing each
voice. In 25,000 decisions, these people made the
right decisions more than 97 per cent of the time.

Now Mr. Kersta hopes to prove that an expert,
given enough different word samples from an un-
identified speaker, could indentify the speaker’s
voice from millions of others—despite any at-
tempt by the speaker to disguise his voice. “But
many more voice samples must be analyzed before
we can be certain this is possible,” Mr. Kersta
said. Such voiceprint identification on a national
scale would require the training of experts and
the development of an efficient classification sys-
tem. Voiceprints, Mr. Kersta suggests, can be
analyzed and coded by computer. Then the code
of an unidentified voice could be matched against
those on file.

Even in fingerprint identification, the process
is not completely automatic—final identification
is made visually by an expert from a number of
prints that are similar.

To identify one person from a very large num-
ber of other persons, fingerprint experts often
need prints of most of the person’s fingers—al-
most certainly more than one or two. Mr. Kersta
proposes that much the same technique would be
applied to the voiceprint. He suggests that in-
stead of the ten fingers, voice identification might
use the ten most commonly used words of the
English language: it, me, you, the, on, I, is, and,
a, and to. For instance, on our cover, the same
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person made the voiceprints in the upper left
and lower right.

Voiceprints, sometimes called visible speech,
are usually referred to by scientists as voice
spectrograms. Oddly, the visible prints disclose
fundamental patterns that seem to be more dis-
tinctive to the eye than to the ear.

The technique of making spectrograms was in-
vented 17 years ago by a group at Bell Labora-
tories under the leadership of Ralph K. Potter,
former director of transmission research.

During World War II, acoustics scientists C.
H. G. Gray and G. A. Kopp suggested that enemy
radio voices might be identified by spectrogram
in order to detect the movement of units from
place to place. Less was known then about voices.

L. G. Kersta speaks into a microphone to make a
print of his woice on the spectrograph machine.
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And because present techniques were not then
available, the type of identification then proposed
was very tedious. More is now known about voice,
and a new kind of spectrogram was devised by
B. F. Logan and A. J. Prestigiacomo of the Visual
and Acoustics Research Laboratory in 1960. It
gives a ‘“‘quantized” voiceprint, which resembles
a contour map, and which is more adaptable to
computers. Use of a computer for analysis, coding
and rough identification would be vastly impor-
tant to a working identification system.

The wide variations in voices is one of the fac-
tors that has thwarted many efforts to build a
machine that will understand a large variety of
spoken words when uttered by many different
voices. Current research is aimed toward taking
advantage of this variability by associating
unique characteristics with each voice.

The natural shape and size of a person’s mouth,
throat, and nasal cavities cause his voice energy
to be concentrated into bands of frequencies. The

Two forms of the voiceprint are the “bar” form,
left, and the “contour” form, at the right. Both

pattern—but not the exact configuration—of
these bands remains essentially the same even
when a person attempts to disguise his voice by
lowering or raising the pitch, speaking in a whis-
per, muffling the voice, or affecting an accent.

Only a small portion of the pattern is modified
by loss of teeth, tonsils, adenoids, or by filling the
mouth with marbles. And an operation to alter
the throat and nasal cavities permanently would
be more difficult than surgical removal of the
fingerprints.

It is believed that an adult’s pattern is sub-
stantially unchanged by age. Mr. Kersta expects
to investigate this question by studying samples
of speech of broadcasters, entertainers and other
voices that have been recorded on many occasions
over a period of years.

He believes that voice identification will eventu-
ally achieve a degree of accuracy somewhere be-
tween the present accuracy of identification by
fingerprints and identification by handwriting.

of the voiceprints in the photographs below repre-
sent the word “youw’” spoken by the same person.

= 4 £ T
R,
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Digital Computer Synthesizes Human Speech

Two basic approaches to the production of syn-
thetic speech will be presented by John L. Kelly
of the Visual and Acoustics Research Laboratory
to a seminar in Stockholm next month. Research
in this field represents an attempt to understand
the basic phenomenon of speech, as well as under-
standing the necessary elements in the transmis-
sion of speech. Such understanding is essential to
an efficient approach to telephone transmission in
the future.

The two approaches to be discussed at Stock-
holm aim at the same goal: the generation of
speech from an input consisting of names of the
elementary sounds or phonemes, plus a minimum
amount of information on timing, stress, and in-
flection. The first approach involves a ‘“‘terminal
analog,” or a machine such as a vocoder, whose
inputs are acoustical parameters, such as pitch,
buzzintensity, and formant frequencies. The other
approach uses a “vocal tract analog,” whose con-
trol signals represent articulatory parameters
such as the shape of the vocal tract, nasal coupling
and tongue position. In either case a set of rules
must be worked out to generate control signals
from phonetic information.

To compare the virtues of the two approaches
to the production of synthetic speech, Dr. Kelly
produced computer programs which simulate both
the “speaking machines” proposed. He then re-
corded the output of the computer on audio tape.
Tapes of both types of machines will be played at
the seminar.

The opposite page is a recording of a tape pro-
duced using the first mentioned method—the
terminal analog. This machine, proposed jointly
by Mr. Kelly and Louis J. Gerstman, is of the
tandem resonant type, with several novel princi-
ples used. The computer used to simulate the
“speaking machine” was programmed to accept
in sequence the names, on punched cards, of the
phonetic speech sounds which make up an Eng-
lish sentence. The computer then processed this
information the way an actual speaking machine
would, and produced an output like the output of
the speaking machine.
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The program had two parts. One simulated the
speaking machine; the other consisted of rules,
derived from previous research, for combining
the individual speech sounds into connected
speech and producing control signals for driving
the speaking machine. Nine control signals corre-
sponding to voice pitch, buzz intensity, and hiss
intensity, plus the center frequencies and band-
widths of three speech formants were continu-
ously generated.

The speech of the simulated talking machine
came out of the computer on digital magnetic
tape, and was then converted to a variable mag-
netic sound track suitable for playing on an ordi-
nary tape recorder.

On the demonstration tape recorded here, the
computer “‘says’” simple sentences in a measured
monotone voice. Then more natural inflection and
phrasing is inserted. This was obtained by spec-
ifying the changes in pitch and timing on each
punched card.

When the pitch of the sounds is varied, the
computer can also be made to sing, as witnessed
by the recording of “Bicyele Built for Two'’; also
a few lines of the “To Be Or Not To Be” soliloquy
from Hamlet are included.

The samples presented are early results of a
research project by Kelly and Gerstman to obtain
a better understanding of the nature of speech.
Ultimately this knowledge may be useful in devis-
ing new ways of transmitting speech efficiently
over communication systems. For example, a per-
son may, in the future, be able to sit at a key-
board and by typing, cause a talking machine
thousands of miles away to speak for him.

There is also the possibility that talking ma-
chines, like the one simulated in the computer,
could be built for use by people who are unable to
speak. By typing the phonetic symbols on a key-
board they could direct a talking machine to
speak for them.

Also, in the future, a blind person may be able
to have a speaking machine read to him from
books which have been previously encoded on a
punched tape.
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Tantalum-Sputtered Resistors
Improved by Adding Nitrogen

By sputtering tantalum films in a partial
nitrogen atmosphere, Bell Laboratories scientists
have obtained improved thin-film resistors. The
tantalum-nitride technique provides resistors with
a stability and reliability formerly available only
in the larger and more expensive hermetically-
sealed devices. The technique was described re-
cently in a paper presented before the Electronics
Components Conference in Washington, D. C. by
D. Gerstenberg and E. H. Mayer of the Com-
ponents Laboratory.

In “sputtering,” ionized gas

Ni\:s molecules bombard a cathode of
Device a refractory metal such as tan-
Development talum, dislodging its atoms which

then redeposit on nearby sur-
faces. Very precise miniature resistors can be
produced on glass or ceramic bases by this tech-
nique when used in conjunction with a photo-
lithographic etching process. This process leads
to resistors as narrow as 2 mil, as close as 2 mil
apart, producing high resistance in a small area.

Heretofore, tantalum devices have been sput-
tered in an atmosphere of inert gas such as
argon (RECORD, November, 1958). Traces of cer-
tain impurities, like oxygen and water vapor,
usually appear in these tantalum films, resulting
in resistors with relatively wide variations in
resistivity and temperature coefficient.

Small amounts of nitrogen (one to ten per
cent by pressure) added to the argon tend to
override the accidental impurities, resulting in
resistors with much narrower spreads in resistiv-
ity and temperature coefficient. In addition to
being more stable over wide temperature ranges
than their predecessors, tantalum-nitride resis-
tors are more stable over a long period of time.
Ordinary sputtered-tantalum resistors, when sub-
jected to a load test for a thousand hours, show
changes in resistance of one per cent or more.
Tantalum-nitride resistors of the same design,
tested under similar conditions, vary less than
one-tenth of one per cent.

Like ordinary sputtered-tantalum resistors, the
tantalum-nitride devices can be protected with
an oxide film, and indeed, it is this “anodizing”
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resistors

of a layer of tantalum oxide that permits the
close tolerances to which sputtered devices can
be “trimmed.” The anodizing technique pro-
duces resistors within one-tenth of one per cent
of their nominal resistance.

Because of their minuteness, the way they are
constructed, and their reliability, tantalum-nitride
resistors will be particularly suitable for use in
integrated circuits. Typical applications would
be in logic modules in certain types of switching
systems, or in certain types of transmission
networks.
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New Coin Telephone Set
Given Field Trial

A new coin phone, designed by Bell Labora-
tories and produced at Western Electric’s Okla-
homa City Works, is now on field trial in Norfolk,
Virginia. It features a single coin slot, replacing
the present three coin slots that have been in
Bell System pay phones for more than 50 years.
Located in the upper left corner of the housing
faceplate, the slot will accept nickels, dimes and
quarters. A customer-operated lever also pro-
vides for the release of stuck coins.

Another big change is the placement of the
handset in the center of the faceplate. This
arrangement is similar to that for wall telephones
for the home. Other external features are two-
tone gray housings, with chrome-finished ac-
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cessories, and a more attractive display of
information card material.

But aside from changes on the outside, the
new coin telephone has a number of internal
improvements. A notable difference is the re-
placement of the usual gong and chimes with
electronically-generated tones for signaling coin
deposits. The coin collecting mechanism has been
completely redesigned to offer maximum protec-
tion against fraudulent dialing of calls.

The new coin phone also has an improved
locking arrangement for the upper housing and
cash compartment door—all designed to make it
tough for thieves. The cash compartment will
house either the standard size coin receptacle or
one which will hold 50 per cent more money.

As to its possibilities in the future, the new
coin telephone is readily convertible to TOUCH-
TONE dialing when it is introduced.

Twenty-four of the new coin phones, made at
W.E.’s Oklahoma City Works, were delivered in
late January to the Chesapeake and Potomac
Telephone Company of Virginia for field testing.
The trial is expected to last six months. It is
expected the product will be in regular produec-
tion at Oklahoma City early in 1963, making this
the first Western Electric facility to join the
Indianapolis Works in the manufacture of tele-
phone sets.

Besides final assembly, Oklahoma City will
turn out many of the sub-units for the new coin
telephone. Standard dials, handsets, networks
and ringers will be shipped from Indianapolis.
Output is expected to reach a capacity of 120,000
sets annually. Long range requirements call for
over 1,000,000 sets during the first nine years of
availability. The demand for the older type of
coin telephones is expected to end by 1964.

The new single-slot coin telephone, demonstrated
here by a Western Electric employee, was designed
at the Laboratories. Its field trial is well under-
way and production should start late this year.
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news in brief

Laboratories Engineers
Win Design Award

Laboratories engineers, under
the design and development su-
pervision of W. Pferd and P. P.
Koliss, won first place in the In-
dustrial Category of the Copper
and Brass Achievement Awards
Contest. The prize, a bronze
trophy and $500, was presented
for the development of a quick-
connect clip terminal for use
in telephone installation. (See
“The Quick-Connect Clip Termi-
nal” in this issue.)

The award is given “for the
vear’s outstanding contribution
to advancing the use of copper,
brass, bronze, or other copper-
base alloy through product de-
velopment, new marketing or pro-
duction, methods, or metallurgical
discovery.”

Mr. Pferd, a supervisor in the
Telephone Station Equipment De-
partment, who was awarded the
prize and trophy for his associates
on the project, will donate the
$500 prize to Rutgers University’s
College of Engineering.

Three From Laboratories
Named American
Academy Fellows

H. W. Bode, W. C. Herring,
and J. R. Pierce were elected Fel-
lows of the American Academy
of Arts and Sciences last month
at its 182nd annual meeting held
in Boston. The men were among
110 new members selected for
the Academy’s highest award. The
Academy is comprised of some
1800 national and international
leaders in the sciences and arts.

Mr. Bode, vice president of
military systems engineering, and
Mr. Pierce, executive director of
the Research — Communications
Principles and Communications
Systems Division, were honored
in the section of Engineering Sci-

June 1962

ences and Technologies. Mr. Her-
ring, of the Theoretical Physics
Research Department, was one of
eight men in the section of physics
elected as a Fellow.

Five From Laboratories
Given Honorary Degrees

Five Laboratories men received
honorary Doctorate degrees this
month, including J. B. Fisk, W. O.
Baker, S. 0. Morgan, J. W. Tukey,
and G. R. Frost.

President of the Laboratories,
J. B. Fisk was awarded an hon-
orary Doctor of Science degree
on June 11 by Colby College,
Waterville, Maine. The degree
was one of nine honorary degrees
awarded at the college’s 141st
commencement ceremonies. Robert
E. L. Strided, president of Col-
by, conferred Mr. Fisk’s degree
and read the citation which said,
in part: “Your steady rise to the
administrative leadership of one
of the nation’s most remarkable
research laboratories is testimony
to the technical brilliance of your
capacities and to the depth of
your insight into the ways in
which modern science can be
turned to peaceful purposes.”

W. O. Baker, vice president of
research and patents, received a
Doctor of Engineering degree
from Stevens Institute of Tech-
nology for his contribution to
scientific research. Mr. Baker was
the guest speaker at the Insti-
tute’s commencement exercise.

S. 0. Morgan received a Doctor
of Science degree from Union Col-
Jege. A Union College alumnus
class of 1922, Mr. Morgan is as-
sistant vice president for uni-
versity relations at Bell Labora-
tories.

J. W. Tukey, associate executive
director, Research, Communica-
tions Principles Division, received
a Doctor of Science degree from
Case Institute for his contribu-
tions in the field of mathematics.

Western New England College
awarded the Doctor of Science
degree to G. R. Frost. Mr. Frost,
who is demonstrations engineer
for the Public Relations and Pub-
lication Division at the Labora-
tories, received the degree for
“outstanding service in the field
of education.”

CDT Graduates
Receive Certificates

One hundred seventy four stu-
dents of Bell Laboratories Com-
munications Development Train-
ing Program (CDT) received
graduation certificates at Murray
Hill June 14. Six CDT students
from Merrimack Valley received
their certificates the next day
during ceremonies at that Lab-
oratory. At graduation exercises
in Governor Livingston High
School, Murray Hill, N. J., Ran-
dolph J. Pile received the Lab-
oratories’ 1962 CDT Fellowship
Award.

R. R. Hough, Vice President in
Charge of Engineering at the
American Telephone and Tele-
graph Company, was guest
speaker at the graduation. J. P.
Molnar, Executive Vice President,
Development, Design and Systems
Engineering at the Laboratories,
introduced Mr. Hough.

The CDT certification was con-
ferred by Mr. Molnar. J. N. Shive,
Director of the Laboratories Edu-
cation and Training Center was
master of ceremonies.

The Laboratories CDT pro-
gram, which runs three years and
leads to a master’s degree for the
engineer, is conducted at gradu-
ate schools near the Columbus,
Merrimack Valley, Winston-Salem,
Allentown, Murray Hill, New
York, Whippany and Holmdel
Laboratories.

Branch Laboratories students
spend the first two years of this
program on campus completing
master’s requirements. The third
year is spent on Laboratories
premises in the study of Labora-
tories technology.

New York University operates
a graduate engineering center
with classroom facilities and fac-
ulty offices on the Murray Hill
premises.
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Following is a list of the inventors, titles and patent numbers

of patents recently

Albrecht, J. C.—Data Storage
and Retrieval—3,030,609.

Baldwin, J. A., Jr.—Nondestruc-
tive Memory Circuits—3,029,-
415.

Chasek, N. E.—Broadband Radio
Relay System in which Signals
from Adjacent Repeaters are
Compared to Control Gain of
Each Repeater—3,028,489.

Courtney-Pratt, J. S.—Optical
Device for Use in Controlling
Light Transmission—3,030,852.

Dacey, G. C., Lee, C. A., and
Shockley, W.—Semiconductive
Device—3,028,655.

Dimond, T. L. and Wyckofl, A. C.
—Flapsed Time Recorder Stamp
Impression Reader—3,031,135.

Flaschen, S. S. and Garn, P. D.—
Conductors Insulated with Alu-
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issued to members of the Laboratories.

minum  Fluoride—3,028,447.

Garn, P. D., see Flaschen, S. S.

Iwersen, J. E. and Nelson, J. T.—
Method for Applying a Gold-
Silver Contact onto Silicon and
Germaniuwm Semiconductors and
Article—3,028,663.

Jacobson, O. D.—Automatic Wir-
ing Apparatus—3,030,985.

Jacobson, O. D.—Switching De-
vice—3,030,451.

Kadri, F. V.—Current Supply
Apparatus—3,030,589.

Kadri, F. V.—Power Supply Sys-
tem—3,031,629.

Lee, C. A., see Dacey, G. C.

Leonard, D. J. and Shennum, R.
H.—PCM Telephone Signaling
—3,080,448.

Marecatili, E. A. J.—Frequency
Separator—3,031,630.

Mattingly, R. L.—Directive An-
tenna Systems—3,028,591.

Miller, R. P.—Balanced Tran-
sistor Switching Circwits—3,-
030,524.

Nelson, J. T., see Iwersen, J. E.

Saal, F. A.—Speech Interpolation
System—3,030,447.

Schroeder, M. R.—Band Com-
pression System—3,030,450.
Shennum, R. H., see Leonard, D. J.

Shockley, W., see Dacey, G. C.

Treptow, A. W.—Glass-Metal
Seals—3,029,559.

Von Aulock, W. H—Temperature
Compensated Gyromagnetic De-
vice—3,030,593.

Weatherill, P. H.—Reversible
Counting Relay Chain—3,028,-
084.

Wiebusch, C. F.—Signal Con-
trolled Steering Systems—S3,-
027,859.

Wyckoff, A. C., see Dimond, T. L.

Following is a list of the authors, titles and places of publica-
tion of recent papers published by members of the Laboratories.

Abrahams, S. C., and Stockbridge,
C. D., Whisker Growth from
Quartz, Nature, 193, pp. 670-
671, February 17, 1962.

Ahearn, A. J., and Thurmond,
C. D., Mass Spectrographic De-
tection of Molecular Species in
III-V  Compounds, J. Chem.
Phys., 66, p. 575, March, 1962.

Ballik, E. A., see Javan, A.

Bartholomew, C. Y., Cassidy, G.,
and Lapadula, A. R., Clean-up
Rates of Trace Amounts of
Radioactive Krypton wm Vari-
ous Noble Gas Discharges, J.
Appl. Phys., 33, p. 230, Janu-
ary, 1962.

Bogert, B. P., Hand Digitized
Seismic Data, VESIAC Spe-
cial Report, 14-x, pp. 1-12,
January, 1962.

Bond, W. L., see Javan, A.
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Boyd, G. D., Collins, R. J., Porto,
S. P., Yariv, A., and Har-
greaves, W. A., Excitation, Re-
laxation, and Continuous Maser
Action in the 2.613 Micron
Transistion of CaF::U", Phys.
Rev. Letters, 8, pp. 269-272,
April 1, 1962.

Boyd, G. D., see Johnson, L. F.

Boyle, W. S., see Nelson, D. F.

Brown, W. L., see Smits, F. M.

Buchsbaum, S. J., Ton Resonance
mm a Plasma, Proe. Internat.
Conf. High Magnetic Fields,
Wiley, 1962.

Cassidy, G., see Bartholmew, C. Y.

Collins, R. J., see Boyd, G. D.

Comstock, R. L., Dean, W. A,
Varnerin, L. J., A Temperature
Stabilized Microwave Power
Limiter for Communication
Satellite Use, Proc. IRE, 50,

pp. 470-471, April, 1962.

Craft, W. H., see Feder, D. O.

Craft, W. H., see Thomas, C. O.

David, E. E., Jr., Bionics or Elec-
trology?, IRE-PGIT, 8, pp.
74-77, February, 1962.

Dean, W. A., see Comstock, R. L.

DeCoste, J. B., and Hansen, R. H.,
Colored Poly (Vinyl Chloride)
Plastics for Outdoor Applica-
cations, SPE Jr., 19. April,
1962.

Deutsch, M., Krauss, R. M., and
Rosenau, Miss N. Dissonance
or Defensiveness? J. Personal-
ity, 30, pp. 16-28, March, 1962.

Deutsch, M., and Krauss, R. M.,
Studies of Interpersonal Bar-
gaining, J. Conflict Resolution,
VI, pp. 52-76, March, 1962.

Devlin, G. E., McKenna, J., May,
A. D., and Schawlow, A. L,
Composite Rod Optical Masers,
Appl. Opties, 1, pp. 11-15, Janu-
ary, 1962.
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Dillon, J. F., Jr., Ferromagnetic
Resonance in CrBrs, J. Appl.
Phys., 33, p. 1191, March, 1962.

Dorsi, D., see Wernick, J. H.

Engelbrecht, R. S., Parametric
Energy Conversion of Non-
lLinear Admittance, IRE Proc.,
50, p. 312, March, 1962,

Feder, D. 0., and Craft, W. H.,
Determination of Trace
Amounts of Oxygen in Protec-
tive Gaseous Ambients, A.S.T.-
M. Sp. Tech. Publ., pp. 204-209,
December, 1961.

Feder, D. O., Howden, W., Huff,
D. R., and Richards, J. W,, A
Tool for the Control of Materials
and Processes in Electron De-
vice Fabrication. Part 11: EMF
Studies on the Behavior of Iron-
Nickel Alloys in Hydrogen Per-
oxide-Formic Etchants, A.S.T.-
M. Sp. Tech. Publ., pp. 67-76,
April, 1961.

Feder, D. O., and Jacob, E. S,
Electrode Potential: A Tool for
the Control of Materials and
Processes in Electron Device
Fabrication. Part I: EMF Time
Studies of Clean and Contami-
nated Platinum Electrodes, A.-
S.T.M. Sp. Tech. Publ., pp. 53-
66, December, 1961.

Frost, H. B., Residual Gas Con-
tent As a Function of Tube
Processing, A.S.T.M. Sp. Tech.
Publ., pp. 236-239, December,
1961.

Fuller, C. S., and Wolfstirn, K.
B., Electrical Properties of Li
m GaAs, J. Appl. Phys., 33, p.
745, February, 1962.

Galt, J. K., Cyclotron Resonance,
Proc. Internat. Conf. on High
Magnetic Fields, 1961, pp.
468-479, 1962.

Gilbert, E. N., Random Plane
Networks, J. of S.1.A.M., 9, pp.
533-543, December, 1961.

Gilbert, E. N., Games of Identi-
fication or Convergence, S.I.A.-
M. Rev., 4, pp 16-24, January
1962.

Gilbert, E. N., and Riordan, J.
Symmetry Types of Periodic
Sequences, 1ll. J. Math., 5, Pp-
657-665, December, 1961.

Gnanadesikan, R., see Smith, H.

June 1962

Gressitt, T. J., Slow Rotation, A
Huwman Engineering Problem
in the Nike-Zeus Guided Mis-
sile System, 1962, Proc. Inst.
Environ. Sci, pp. 385-389, April,
1962.

Griffiths, J. E., and McAfee, K. B.,
Jr., Microwave Spectrum of
Germyl Fluoride, Proc. Chem.
Soc., p. 456, Dec., 1961.

Guttman, N., A Mapping of Bin-
aural Click Lateralizations, J.
Acous. Soc. Am., 34, pp. 87-92,
January, 1962.

Hannay, N. B., Chemical Equili-
bria and Reactions im Semi-
conductors, Am. Sci., 50, p. 75,
Spring, 1962.

Hansen, R. H., see DeCoste, J. B.

Hargreaves, W. A., see Boyd,
G. D.

Harmon, L. D., see Levinson, J.

Hause, A. D., Diagonalizing Quad-
ratic Filters, Proc. IRE, 50, p.
484, April, 1962.

Heidenreich, R. D., see Walsh,
W. M., Jr.

Helmke, G., A Comparison of
Electrostatic and High Effi-
ciency Impingment Filters for
Use in Device Development Lab-
oratories, A.S.T.M. Sp. Tech.
Publ.,, pp. 17-20, December,
1961.

Helms, H. D., and Thomas, J. B,,
Truncation Error of Sampling
—Theorem Expansions, Proc.
IRE, 50, pp. 179-184, Feb,,
1962.

Howden, W., see Feder, D. O.

Hsu, F. S. L., see Wernick, J. H.

Huff, D. R., see Feder, D. O.

Hughes, J. B., see Smith, H.

Jacob, E. S., see Feder, D. O.

Johnson, L. F., Optical Maser
Characteristics of Nd** in CaF's,
J. Appl. Phys., 33, p. 756, Feb-
ruary, 1962.

Johnson, L. F., Boyd, G. D., Nas-
sau, K., and Suden, R. R., Con-
tinuwous Operation of the
CaWO0,:Nd* Optical Maser,
Proc. IRE, 50, p. 213, February,
1962.

Javan, A., Ballik, E. A., and Bond,
W. L., Frequency Characteris-
tics of a Continuous Wave He-
Ne Optical Maser, J. Am. Optic.

Soc., 52, pp. 96-98, January,
1962.

Julesz, B., Visual Pattern Dis-
erimination, Trans. IRE, 8, pp.
84-92, February, 1962.

Kaiser, W., Electrical and Optical
Investigations of the Donor
Formation in Ouzygen-Doped
Germaniwm, J. Chem. Phys.
Solids, 23, pp. 255-260, March
1962.

Kaiser, W., and Keck, M. J., Scat-
tering Losses i Optical Maser
Crystals, J. Appl. Phys., 33, pp.
762-764, Feb., 1962.

Keck, M. J., see Kaiser, W.

Koontz, D. E., see Thomas, C. O.

Krauss, R. T., see Deutsch, M.

Krauss, R. T., see Deutsch, M.

Kruskal, J. B., Golay’s Comple-
mentary Series, IRE, 7, pp.
273-276, October, 1961.

Kunzler, J. E., see Morin, F. J.

Kunzler, J. E., see Wernick, J. H.

Lapadula, A. R., see Bartholo-
mew, C. Y.

Levenbach, G. J., Integrating
Statistical Applications into a
Reliability Program, Proc. Mid-
dle Atlantic Conf. ASQC, p.
213, March 9, 1962.

Levinson, J. and Harmon, L. D.,
Studies with Artificial Neurons,
III: Mechanisms of Flicker-
Fusion, Klykermetik, 1, p. 107,
Dec., 1961.

Li, T., and Sims, S. D., Observa-
tions on the Pwmp-Light In-
tensity Distribution of a Ruby
Optical Maser with Different
Pumping Schemes, Proc. IRE,
50, pp. 464-465, April, 1962.

Li, T., and Sims, S. D., 4 Calo-
rimeter for Emnergy Measure-
ments of Optical Masers, Appl.
Optics, I, p. 325, May 1962.

Liehr, A. D., Molecular Orbital
Theory, Valence Bond Theory,
and Ligand Field Theory: A
Comparison, J. Chem. Educa-
tion, 39, pp. 135-139, March,
1962.

Long, T. R., see Schwenker, J. E.

Lynch, R. T., Vapor Growth of
Cadmium Telluride Single Crys-
tals, J. Appl. Phys., 33, pp.
1009-1011, March, 1962.
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Maita, J. P., see Morin, F. J.
Maita, J. P., see Wernick, J. H.
May, A. D., see Devlin, G. E.
McAfee, K. B., Jr., see Griffiths,
J. E.
McKenna, J., see Devlin, G. E.
MecLachlan, A. D. and Snyder, L.
C., Spin Density Fluctuations
in the Cyclooctatetraene Nega-
tive Ion, J. Chem. Phys., 36,
p. 1159, March 1, 1962.
MeSkimin, H. J., and Thomas, D.
G., Elastic Moduli of Cadmiwm
Telluride, J. Appl. Phys., 33,
pp. 56-59, January, 1962.
Morin, F. J., Maita, J. P., Wil-
liams, H. J., Sherwood, R. C.,
Wernick, J. H., and Kunzler,
J. E., Heat Capacity Evidence
for a Large Degree of Super-
conductivity in V:Ga i High
Magnetic Fields, Phys. Rev.
Letters, 8, pp. 275-277, April 1,
1962.
Morin, F. J., see Wernick, J. H.
Morrison, J. A., On the Commuta-
tion of Finite Integral Opera-
tors, with Difference Kernels,
and Linear Self-Adjoint Dif-
ferential Operators, Am. Math
Soce. Notices, April, 1962.
Nassau, K., see Johnson, L. F.
Nelson, D. F., and Boyle, W. S,,
A Continuously Operating Ruby
Optical Maser, J. Appl. Optics,
1, pp. 181-183, March, 1962.
Neumann, P. G., A Note on Cyc-
lic-Permutation Error-Correct-
ing Codes, Info. and Control,
5, pp. 72-86, March, 1962.
Paterson, E. G. D., Quality Con-
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trol wersus Quality Assurance

Pfann, W. G., Zone Melting, Sci.
Mag., 135, pp. 1101-1109,
March, 1962.

Richards, J. W., see Feder, D. O.

Riordan, J., see Gilbert, E. N.

Riordan, J., Enumeration of Lin-
car Graphs for Mappings of
Finite Sets, Annals of Math.
Statistics, 33, pp. 178-185,
March, 1962.

Riordan, J., Enwmerations for
Permutations in Difference
Form, Proc. Am. Math. Soc., 13,
pp. 107-110, February, 1962.

Rosenau, Miss N., see Deutsch, M.

Schawlow, A. L., see Devlin, G. E.

Sharpe, L. H., Observation of
Molecular Interactions in
Oriented Monolayers by Infra-
red Spectroscopy Involving
Total Internal Reflection, Proc.
Chem Soc., p. 461, December,
1961.

Suden, R. R., see Johnson, L. F.

Thomas, C. 0., Craft, W. H., and
Koontz, D. E., Elimination of
Contaminants and Electron
Tube Components: Automation
of Chemical Processing, ASTM
Sp. Tech. Publ.,, pp. 101-112,
December, 1961.

Thomas, D. G., see MeSkimin, H. J.

Thurmond, C. D., see Ahearn, A. J.

Treuting, R. G., see Wagner, R. S.

Treuting, R. G., Wernick, J. H.,
and Hsu, F. S. L., Effect of
Heat Treatment on Nb-Zr Su-
perconducting Alloys, Proc.
Conf. on High Magn., p. 579,
November, 1961.

Uenohara, M., An Extremely Low
Noise 6 GC Nondegenerate
Parametric Amplifier, Digest
Solid State Circuits Conf., V,
pp- 60-61, February, 1962; Proc.
IRE, 50, pp. 208-209, February,
1962.

vanBergeijk, W. A., Studies with
Avrtificial Neurons II: Analog
of the External Spiral Innerva-
tion of the Cochlea, Kybernetik,
1, pp. 102-107, Dec., 1961.

Wagner, R. S., and Treuting,
R. G., Morphology and Growth
Mechanism of Silicon. Ribbons,
J. Appl. Phys., 32, pp. 2490-
2491, November, 1961.

Wernick, J. H., Morin F. J., Hsu
F. S. L., Dorsi, D., Maita, J. P.,
and Kunzler, J. E., Evidence for
a Critical Magnetic Field in
Excess of 500 Kilogauss in the
Superconducting V-Ga System,
Proc. Conf. on High Magn., p.
609, November, 1961.

Wernick, J. H., see Treuting, R. G.

Williams, W. H., On Two Methods
of Unbiased Estimation with
Auxiliary Variates, J. of A.S.A.,
57, pp. 184-186, March, 1962.

Wolfstirn, K. B., see Fuller, C. S.

Wood, Mrs. E. A., Rewarding Ca-
reers for Women in Physics,
Am. Insti. Phys., March 28,
1962.

Zajac, E. E., The Deflection and
Buckling of a Beam-Column
with a One-Sided Constraint,
Zeitschrift fur Angewandete
Mathematik und Physik, 12, pp.
536-546, December, 1961.

Following is a list of speakers, titles and places of presentation
for recent talks presented by members of Bell Laboratories.

Abrahams, S. C., Criteria for
Single Crystal Diffractometry,
Am. Crystallographic Assoc.,
Villanova, Pa.

Allen, F. G., see Gobeli, G. W.

Archer, R. J., and Atalla, M. M.,
Metal Contacts on Cleaved Sili-
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con Surfaces, N. Y. Acad. Sci.,
NOYZE.
Atalla, M. M., see Archer, R. J.
Baker, R. G., The Use of Electro-
plated Metals in Static Con-
tacts, Del. Valley Electron.
Study Group, Philadelphia, Pa.

Baker, C. P., see Donovan, P. F.

Batdorf, R. L., Potential Hazards
Associated with Optical Masers,
32nd Annual Safety Conv.,
NY-.C.

Batterman, B. W., see Patel, J. R.

Batterman, B. W., and Chipman,
D. R., Vibrational Amplitude in
Silicon, Am. Phys. Soc., Balti-
more, Md.

Bebbington, G. H., see Story, P. R.
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Benes, V. E., Markov Processes
Representing Traffiec in Con-
necting Networks, Princeton
Univ., Princeton, N. J.

Beiling, C. A., and Thomas, N. C.,
Miniaturized Glass Delay Lines
With Improved Electrical Char-
acteristics, Acous. Soc. Am.,,
Cincinnati, Ohio

Black, H. S., Modern Communica-
tion Concepts Fundamental to
Good Technical Writing, DePaul
Univ. and Chicago Chap. Soc.
Techn. Writers and Publs., Chi-
cago, I1l.

Black, H. S., Satellite Communica-
tions, A.LLE.E., Salisbury, Md.

Boddy, P. J. and Brattain, W. H,,
Electrical Properties of the
Anodically-Etched Germanium
Surface, N.Y. Acad. Sci., N.Y.C.

Bond, W. L., see Dillon, J. F.

Bostwick, L. G., Miniature Tuned
Reed Selector of High Sensi-
tivity and Stability, Proc. IRE.,
N.Y.C.

Boyle, W. S., Solid State Optical
Masers, Rome Air Dex. Center,
Rome, N. Y.

Boyle W. S., see Nelson, D. F.

Boyle, W. S., Future of Optical
Masers in Commumnications,
AERE., NY.C.

Brattain, W. H., Man and the
Universe—How Much Does He
Know, Gettysburg College, Get-
tysburg, Pa.

Brattain, W. H., see Boddy, P. J.

Brown, W. L., Rosenzweig, W.,
and Smits, F. M., Report of
Solar Cell Work at Bell Tele-
phone Laboratories, Interagen-
cy Advanced Power Group,
Washington, D. C.

Buchanan, D. N. E., and Werth-
eim, G. K., Magnetic Field at
Fe57 Nuclei in FeF's, Am. Phys.
Soc., Baltimore, Md.

Buchsbaum, S. J., Electron and
Ton Resonance in Magnetoactive
Plasma, Phys. Colloq., Univ. Ill.,
Urbana, Il

Buchsbaum, S. J., Ion Cyclotron
Resonance in Hydrogen, Heli-
um and Neon, 14th Gaseous
Electron. Conf., Schenectady,
Nz Y.

June 1962

Buchsbaum, S. J., Resonance Ef-
fects in a Plasma, Conf. High
Magnetic Fields, Lincoln Lab.,
Lexington, Mass.

Buchsbaum, S. J., Resonant Inter-
action of an FExtraordinary
Wave with a Plasma Colwmn,
Plasma Phys. Div. Mtg., Colo-
rado Springs, Colo.

Buchsbaum, S. J., Principles and
Modern Applications of Plas-
mas, Am. Phys. Soc., Tarry-
town, N. Y.

Buchsbaum, S. J., Electron and
Ion Resonance in a Plasma in a
Magnetic Field, Am. Phys. Soc.,
Tarrytown, N. Y.

Buchsbaum, S. J., Resonant Ab-
sorption in Gaseous and Solid
State Plasmas, Columbia Univ.,
New York, N. Y.

Buckelew, J. W., Progress Report
—Printed Circuity Board Thru-
Connection Fatigue Tester,
Insti. Printed Cir., Fifth Annu-
al Mtg., N.Y.C.

Buehler, E., see Greiner, E. S.

Cavanagh, A., Present Opportuni-
ties For Women in Professional
Engineering, Soc. of Women
Engrs. and Univ. Pittsburgh,
Pittsburgh, Pa.

Chambers, R. P., see Spencer, E. G.

Chang, J., see Shepard, R. N.

Chapin, D. M., Solar Energy, TV
Station WWLP, Springfield,
Mass.; Western New England
College, West Springfield, Mass.;
Springfield Techn. High School,
Springfield, Mass.

Chipman, D. R., see Batterman,
B. W.

Clark, O. P., Design of Transistor
Feedback Amplifiers and Auto-
matic Control Circuits with the
Aid of a Digital Computer, IRE
Conv., N.Y.C.

Collins, R. J., Optical Masers,
A.LE.E.,, N.Y.C.

Corenzwit, E., see Matthias, B. T.

Courtney-Pratt, J. S., Some Uses
of Optical Masers in Photog-
raphy, Armed Forces Communi.
and Elee. Assoc., N.Y.C.

Darlington, S., Some Properties
of Multiterminal RC Networks,
N.Y.U., University Heights,N.Y.

Darnell, P. S., Electronic Parts:
A Forecast, Second Canadian
Mili. Elec. Parts Symp., Ottawa,
Can.

Darnell, P. S., Component and
Product Reliability, Stand.
Engs. Soc. Sem., N.Y.C.

David, E. E. Jr., Choosing Co-
ordinates for Speech Recogni-
tion, A.LLE.E., Princeton, N. J.

David, E. E. Jr., Artificial Speech,
Its Generation and Uses, Acous.
Soc. Am., Penn. State Univ.,
University Park, Pa.

Davis, C. G., Bell System Exhibits
at the Seattle World’s Fair, TV
Channel 9, Seattle, Wash.

Davis, C. G., Satellite Commumni-
cations, U.S. Navy PG School
Mtg., IRE, A.LE.E. and ARS,,
Monterey, Calif.

Davis, C. G., TASI, IRE, Calif.
Polytechnic Coll.,, San Luis
Obispo, Calif.

Degan, J. J., Microwave Ferrite
Devices, Elec. Engg. Sem., Le-
high Univ., Bethlehem, Pa.

Denton, R. T., see Spencer, E. G.

Deutsch, M., Trust, Suspicion &
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Paul, Minn., received his B.S. and
M.S. degrees in Metallurgical En-
gineering from the University of
Minnesota in 1947 and 1948 re-
spectively. From 1944 to 1946,
while serving in the Army, Mr.
Wernick was associated with the
Manhattan Project at Los Alamos.
He earned the Ph.D. in 1954 from
Pennsylvania State University,
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where he was an instructor in
metallurgy from 1949 to 1954. He
is a member of the American In-
stitute of Mining, Metallurgical
and Petroleum Engineers, the
American Society for Metals, the
American Physical Society, Phi
Lambda Upsilon and Sigma Xi.
Mr. Wernick is co-author of the
article ‘“Thermoelectric Deyvices
and Materials.”

J. H. Wernick

Donald P. Ling, the author of
“Symbolic Logic: The Proposi-
tional Calculus” in this issue, is
executive director of the Military
Research Division of the Labora-
tories. He received the A.B. degree
in mathematics from Amherst
College in 1933 and the M.A. and
Ph.D. degrees in mathematics
from Columbia University in
1939 and 1944. From 1944 to
1945, Mr. Ling worked with the
Applied Mathematics Panel at
Columbia University.

Since joining the Laboratories
in 1945 Mr. Ling has been chiefly
concerned with systems synthesis
and the analysis of weapons sys-
tems; the general problem of mis-
sile guidance and control; space
technology; and the application
of mathematical techniques to
military situations. He became
director of Military Analysis in
1958, and assistant director of
Military Systems Engineering in
1959. He was appointed to his
present position one year ago.

D. P. Ling

Mr. Ling has served on various
civilian government committees.
He is the author of a number of
technical articles on missile guid-
ance, space technology and com-
munications, and is a member of
the American Mathematical So-
ciety and the American Rocket
Society.

W. Pferd

William Pferd, who desecribes
the “Quick-Connect Clip Termin-
al” in this issue, was born in
Elizabeth, New Jersey. After un-
dergraduate training at Union
Junior College and Purdue Uni-
versity, he entered the Armed
Services in 1943. As an intelli-
gence officer in the Air Force he
served with the 98th Bomb Group
in Italy and subsequently received
a B.S. in M.E. from Rutgers
University in 1947 and his M.S.
in mechanical engineering from
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Newark College of Engineering
in 1951. He joined the Labora-
tories in 1947 and was first en-
gaged in the development of the
ringer and dial for the 500-type
telephone. He was appointed a su-
pervisor in 1955, with responsibil-
ity for exploratory development
of new coin telephones. This work
was followed by development of
card dialers. wire connectors and
station signaling and automatic
reporting apparatus. For three
years, he was an instructor in
the CDT program.

John E. Karlin was born in
Johannesburg, Transvaal, South
Africa. He received the B.A.
(1938) and the M.A. (1939) de-
grees in psychology from the Uni-
versity of Capetown, South Af-
rica, and studying under a
Commonwealth scholarship, re-
ceived the Ph.D. degree in 1942
from the University of Chicago.
For the next three years he was
engaged in military communica-
tions research at Harvard Uni-
versity’s Psycho-Acoustic Lab-
oratory, meanwhile taking night
courses in electrical enginering
at Harvard and Northeastern
Universities. In 1945 he became
the first research psychologist to
join the Laboratories, and was
engaged initially in studies of
hearing. In 1949 he was part of
a small group formed in the re-
search department to look into

J. E. Karlin

questions of what telephone users
are likely to want in the future.
This work has been expanded to
cover the general problem of hu-
man communication properties as
they affect the man-machine
coupling problem in telephony.
Mr. Karlin currently heads the
Human Factors Research Depart-
ment in Systems Engineering. He
is a member of the IRE, Ameri-
can Psychological Association,
Human Factors Society and the
Acoustical Society of America.
In this issue he is the author of
the article, “Human Factors En-
gineering and Modern Communi-
cations.”

M. A. Plante

M. A. Plante is a native of Man-
chester, N. H. From 1944 to 1946
he served in the U.S. Navy in
the Pacific Area. He began his
Bell System career in 1947 with
the New England Telephone and
Telegraph Co., as an equipment
installer. He is a graduate of
Capitol Radio Engineering Insti-
tute, Washington, D.C., where he
specialized in Television Engi-
neering. Mr. Plante joined the Lab-
oratories in 1951 and was a mem-
ber of the Station Systems group
in the Station Apparatus Develop-
ment Department until his trans-
fer to the Voice Frequency group
at the Merrimack Valley branch
of the Laboratories in 1955. For
the past two years he has been
engaged in various aspects of the

development of the T1 Carrier
System. Mr. Plante, co-author of
“Testing Equipment for the E6
Repeater,” now resides in Plais-
tow, N.H., where he is active in
several civic projects, and is an
elected member of the municipal
budget committee.

R. D. Powell

R. D. Powell (co-author of
“Testing Equipment for the E6
Repeater”) is a native New Eng-
lander, born and brought up in
Reading, Mass. He served with
the Army Security Agency in
Europe from 1948 to 1952 and
graduated from Massachusetts
Radio and Telegraph School of
Boston, where he specialized in
Radio and Television. Later, he
attended Lowell Technical Insti-
tute and the University Extension
at M.I.T. in the evening. Mr.
Powell joined the Laboratories in
1955 and was associated with the
Voice Frequency group at Merri-
mack Valley developing P Carrier
test equipment and program cir-
cuits for O Carrier. For the past
two and a half years he has been
engaged in the development of
the D1 Channel Bank Compan-
dor for the T1 Carrier PCM sys-
tem. He now resides in Tewks-
bury, Massachusetts with his wife
and two daughters. Most of his
outside interest revolves around
the Little League, gardening, and
sports.



BELL LABORATORIES” NEW CONNECTOR
STREAMLINES CABLE SPLICING

Telephone craftsman uses special pneumatic tool to flatten connector onto insulated wires.
Metal tangs pierce insulation and produce a splice that is equivalent to a soldered joint.

Along the cable routes of the Bell System, wires
are spliced at a rate of 250,000,000 a year. Conven-
tionally, connections are made by ‘‘skinning” the
insulation, twisting the bare wires together, and
slipping on an insulating sleeve. Now, with a new
connector initiated at Bell Telephone Laboratories,
(diagram at lower right) splices can be made faster,
yet are even more reliable.

The craftsman slips the two wire ends—with in-
sulation intact—into the connector, then flattens the
connector with a pneumatic tool. Springy phosphor
bronze tangs inside the connector bite through the
insulation to contact the copper wire. The stable,
low-resistance splice established is maintained for
many years, even under conditions of high humidity,
corrosive atmospheres and vibration.

Ultrasensitive measuring techniques devised by

our engineers demonstrate that the new connector
provides the equivalent of a soldered connection,

even with voltages as low as 25 millionths of a volt

Working with our manufacturing partners at
Western Electric, our engineers developed this con=
nector into a design capable of being mass-produced:
at low cost. It is being introduced in the Bell System:s

NEW WIRE CONNECTOR HAS THREE PARTS: |

insulating jacket
brass shell
inner tanged liner i
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