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’I‘ke conzinuimg high level of our programs for the Bell System and our
nation’s need in its prese:k 2 ergency for an expanded output from our Laborafories
have made necessar, &n ircrease of 1,200 in our number during 1951. Every Lab-
oratories member has contributed to the maintenance of our high standard of quality
and effectiveness during this period of rapid expansion. : :

As we begin the New Year, it is my pleasure to welcome our new members and

to express to all members of the Laboratories my appreciation for the excellence of
the job and the spirit in which it was done, and to extend to each of you and to your

family my wish for happiness and health in the coming year.
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From studies of hearing extending over
many years, it is known that pressure waves
of sound in the air falling on the ear drum
are converted into negative V(jjtage elec-
trical pulses by the mechanism of the inner
ear, and that these pulses are carried to
the brain over some fifteen or twenty thou-
sand nerve fibers, which constitute the
auditory nerve. In the brain the termina-
tions of these fibers are spread rather sys-
tematically over a small area, and thus for
each sound striking the ear there is a
mosaic-like distinctive pattern of pulses
formed in the brain which the mind in-
terprets as a particular sound. At the pres-
ent stage of our work, we are interested
primarily in the translation that converts
the acoustic waves to electrical pulses,
since important clues capable of explaining
many results of past hearing studies are be-
lieved to lie in these translating processes.

To learn about these signal translations,
it was decided to begin by investigating the
generation of the separate pulses. In the
inner ear, the auditory nerve fibers termi-
nate in what are known as hair cells—so-
Above—The experimental analog “hair-cell”
circuit, with Anthony Prestigiacomo of Trans-

mission Research adjusting the “negative feed-
back” for “adaptation” control.

2

Signal
translation

in hearing

L. O. SCHOTT

Transmission Research

called because of the hair-like projections
from the end of each cell. These cells are
essentially small generators that produce
electric pulses when they are set in mo-
tion. The exact method by which the
pulses are thus generated is not fully known,
but the processing evidently includes chemi-
cal along with the mechanical and electrical
operations. In rough correspondence to the
number of nerve fibers, there are some
fifteen to twenty thousand hair cells ar-
ranged in several rows and mounted on
one side of a tiny spiral strip, the basilar
membrane, suspended in the cochlea. The
mechanical vibratory motions of this mem-
brane in response to an applied sound—
with the amplitude and the pitch or fre-
quency selective features as described in
an earlier issue of the Recorn®—provide the
means for activating the hair-cell pulse
generators. A single hair cell is pointed out
in Figure 1. To learn more about what hap-
pens here, an electrical circuit analog of
a single hair-cell unit was designed, based
on available information about certain op-
erating characteristics of real hair cells.
From expanded studies with this single de-
vice, together with information about the

* Recorp, November, 1950, page 481.
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location of the hair cells along the basilar
membrane and about the requirements for
making a single analog unit operate prop-
erly in conjunction with all the other units,
it is possible to plot patterns on paper that
roughly represent the actual patterns of
the flow of pulses from the hair cells along
the entire length of the basilar membrane.
The exact physical shapes of the brain
patterns (where the pulses are deposited)
are not fully known, but we are not espe-
cially concerned with these here.

Major elements of the hair-cell analog
circuit are indicated in the lower part of
Figure 2. The thyratron T1 is arranged as
a relaxation or saw-tooth oscillator. Its
pulsating rate is controlled by the intensity
of the input signal, the higher the inten-
sity the higher the rate. Parenthetically,
for an analocg unit simulating a hair cell at
a particular point along the basilar mem-

brane, the intensity of its input electrical
signal is related to the amplitude of vibra-
tion of the basilar membrane at that point.
The relaxation oscillator is normally biased
by P2 so that it may fire several times a
second on a weak signal and up to about
1000 times a second for a signal 25 db or
so higher. The saw-tooth waves are routed
into the c6r6 network where they are dif-
ferentiated (in the mathematical sense),
thus producing the desired “negative” vol-
tage pulses. The other four tubes—t3 and
T4 as a timed single trip flip-flop, and 12
and T5 as suppressors—serve merely to limit
the maximum pulsing rate to about 1000
pulses a second. This limiting feature is
incorporated to conform with observations
that a nerve fiber (and presumably its acti-
vating end-organ—the hair cell) has what
is known as an “absolute refractory period”,
that is, a period of about 0.001 second im-

S~ BASILAR
MEMBRANE

EXTERNAL EARI MIDDLE | INTERNAL EAR

" © AUDITORY

TO BRAIN
—

HAIR CELL
(ELECTRIC PULSE
/ GENERATOR)

Fig. 1-Diagram of the ear with enlargements indicating the location and approximate size of
one of the electric-pulse-generating hair cells. There are some 15,000 of these cells arranged
in several rows and supported along one side of a I%-inch spiral strip, the basilar membrane.
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mediately following a pulse during which .

the fiber cannot be refired in any way
whatever by the stimulus, or input signal.

A nerve fiber ordinarily starts pulsing
at a high rate, but becomes “adapted” rather
quickly to the intensity of its stimulus, and
then pulses at a related lower rate, gener-
ally not more than a couple hundred pulses

the kind of compressing action here is akin
to that in certain automatic volume control
devices, such as the Vogad®.

A few illustrations in the upper part of
Figure 2 show typical wave forms of the
operating voltage at several points in the
circuit. Of the various voltages that one
might examine internally along the circuit
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Fig. 2—Schematic of the analog “hair cell” pulsing circuit, with illustrations of several sample

wave forms of the operating voltages.

per second maximum. This “adaptation”
effect has been simulated by using negative
feedback: routing a portion of the output
pulse energy into the Ric1 network where it
is smoothed somewhat and made to act as a
desensitizing or suppressing bias on the
grid of the oscillator tube T1. Incidentally,

4

pathway, the saw-tooth waves for instance,
it is not meant to be implied that these
specific forms would necessarily be found
(we do not know) operating in an actual
hair cell-they are merely the kinds of

* Recorp, October, 1938, page 49.
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voltages that now appear to be necessary
for the analog circuit in order to accomplish
the over-all input-output simulations.
The analog hair-cell unit as devised for
the preliminary experiments is shown on
the first page of this article. The stimulat-
ing signal is provided by a standard sine
wave oscillator, or by a thermal noise gen-
erator, or by some combination of the two,
as desired; and it is applied directly into
the input of the analog unit. One of the
two cathode-ray oscilloscopes is connected
to show the pulses being generated. The
other oscilloscope is arranged to show the
input signal with the pulses superposed,
thereby enabling one to observe in what
parts of the signal waves the pulses occur.
The most important characteristic of this
pulsing unit is shown by the solid line curve
in Figure 8. This indicates that as the in-
tensity of the 2000-cycle stimulus is raised
above threshold—threshold being about 35
db below 1 volt for this unit—the pulsing
rate is increased smoothly from near zero
up to about 150 pulses per second when
the stimulus intensity is some 40 db above
threshold; and that the rate varies almost
linearly with the db changes over a consid-
erable portion of the range. The long-dash
curve, next above, is for an adjustment with
less negative feedback; and the steep and
rough short-dash curve is for no feedback.
The obvious steps in this last curve re-
flect the manner in which the pulses occur:
the horizontal portions indicate, respec-
tively, when the pulses (for this 2000-cycle
stimulus) occur quite evenly on every
second wave, every third wave, fourth and
so on, while the sloping portions relate to
the uneven but orderly transitional shift-
ings of the pulse occurrences. The steps are
quite effectively and desirably smoothed-
out when the negative feedback is applied.
The solid line curve looks very much like
the characteristics measured at Harvard
University by R. Galambos and H. Davis
while working with actual nerve responses®.
In many other of the effects that may be
demonstrated by the analog circuit—such
as the pulse shapes, the refractory period
mentioned earlier, the effects from bhias ad-
justment or of small amounts of noise caus-

®Jl. Neurophysiol., 1943, 6, page 39.
January, 1952

ing so-called “spontaneous discharges”, the
adaptation effects from the onset of a stimu-
lus, mentioned earlier, the so-called “res-
toration” effects following the removal of
a stimulus, and the manner in which pulses
occur on different kinds of signals—it ap-
pears that the results conform quite well
with studies of actual nerves.

Having certain information about the
general features of the over-all pulse pat-
terns sent toward the brain, and having a
background of studies with this single ana-
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Fig. 3—Response characteristics of the analog “hair-
cell” pulsing circuit.

log hair-cell unit, it appeared possible to
construct a detailed over-all pulse pattern
for each sound encountered: setting down
side by side the contributions of the many
analog units that would be required in a
simulated ear. Incidentally, the studies at
this stage revealed that the analog hair-cell
units would require certain interacting
controls to provide the necessary “adapta-
tion” and suppressing effects—employing a
type of cross-connection that might very
well be the counterpart of actual nerve
fiber interlinkages found in the real ear.

5
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Fig. 4—Graph displays for several audible sounds
illustrating (somewhat idealized) that a particular
pattern of the pulses, as generated by the many re-
sponding “hair cells”, will describe a particular sound.
A pulse is represented by a dot.

Several of the manually-constructed pulse
patterns for a few cases of simple sounds
are shown in Figure 4, and these will be
explained in some detail below. A pattern
of this type appears to contain all of the
essential clues for identifying a sound, with

6

such clues residing in the tell-tale arrange-
ment of the simple pulses. While an over-all
pattern may appear quite complex, there
seem to be certain underlying simplicities
in its structure that we cannot overlook. In
these studies, a chief interest is concerned
with the question about where in the hear-
ing mechanism we may find the purest form
of clues which will unmistakably identify
the various sounds that we hear. To men-
tion a specific case, where and what are
the bare and basic operations that enable
the brain to distinguish between the vowels
“a-e-i-o---” and the consonants like “v-s-t---"?

In a broad view, each picture in Figure
4, displayed on a frequency-versus-time
chart, shows an arrangement of dots which
represent the pulses generated in response
to the applied signal. The individual dots or
pulses along any one particular horizontal
line are those that would be generated by
a particular analog hair-cell unit; the dots
along another horizontal line would be
generated by another separate analog hair-
cell unit; and so on, similarly, for all the
horizontal lines in a picture. Each unit is
assigned to a particular position along the
frequency or pitch scale of the frequency-
selective network—an electrical network
representing the basilar membrane®—and
thus it acts to show the response for that
position. An added scale is shown at the
right of Figure 4 to indicate the approxi-
mate positions along the basilar membrane
of the hair cells producing the pulses rep-
resented by the various lines of dots. In
these pictures, for simplicity, a system with
only 50 analog hair-cell units has been as-
sumed, covering the range from 100 to
10,000 cycles; and one may observe that
this shortcut causes the patterns to appear
rather rough-grained. Since the production
of these charts involved certain computa-
tional assumptions, the individual pulses
may not be located in a strictly accurate
manner. Nevertheless, the charts will serve
to illustrate some of the interesting features
in this type of portrayal.

High dot density indicates greater energy
concentration. The position of the greatest
concentration along the frequency scale is
related to the pitch of the principal stimu-

* Recorp, November, 1950, page 481,
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lus; and there may be several such concen-
trations when there are several audible
components of different frequencies. As a
side interest, some background shading is
included in these pictures to represent the
decay of energy from one pulse to the
next in a given line, due to integrating,
smoothing, and storage effects like those
believed operative in the brain at the au-
ditory cortex. This shading matter was
adopted to conform with observations that
auditory sensation falls off gradually (dur-
ing an interval of about 0.1 second) after
the stimulus is suddenly removed, while the
pulses appear to stop abruptly. The de-
caying sensation effect is represented on
the right in part (e) of Figure 4, by the
fading-out of the background shading.
When a strong signal is applied suddenly,
the dot rates will be initially high, as in-
dicated on the left in (e), but will taper-
off rather rapidly as the pulsing units be-
come “adapted”—the burst or click sensa-
tion is believed related to this operation.
Noise signals—the type of energy from
which fricative consonants like “s-f-sh” are
made—should produce patterns as in part
(f), in which the dots are scattered in dis-
order and apparently at random. On the
other hand, tonal signals—the type of energy
from which vowel sounds are ordinarily
made—would produce patterns in which
the dots are arranged with regularities in
various orderly configurations. The specific
configurations noticed in a given pattern
may not be duplicated exactly in another
later pattern from the same stimulus. A
good example of this may be seen by com-
paring (c) with the extreme right-hand

January, 1952

section of (d): in general, the dot rates
from each pulsing unit are the same in both
cases, but the relative phases (or shifted
positions) of the dots are different.

The patterns for several “beating” tones
or for tones bearing harmonic relationships
are not shown in Figure 4, but their pulse
or dot arrangements would be expected to
show a form of superposed rhythmicity,
the type depending on the tonalrelationship.

It may be noticed that the pattern for
a single-frequency tone appears to spread
rather widely across the frequency scale,
contrasting prominently with the somewhat
similar pictures produced by the standard
sound spectrograph®. This calculated
spreading is related to the important mask-
ing effects. The three patterns at the bot-
tom of Figure 4 illustrate this. Two audible
tones, 422 cycles and 1960 cycles are in-
dicated in (g); but because these are weak
and are well separated in frequency, there
is no interference or masking. When these
two tones are combined with a fairly strong
1000-cycle tone shown at (h), as is done in
(i), the dominant 1000-cycle tone com-
pletely overshadows the 1960-cycle tone,
but has only a slight effect on the 422-cycle
tone. This covering-up of one and not the
other is due to the general dissymmetry of
the masking effect, having the tendency
to mask or suppress more on the high-fre-
quency side than on the low. In brief, the
degree of masking depends, in a fairly
complex way, on the relative strengths of
the components, on their positions and sep-
arations frequency-wise, and on whether

* RECORD, January, 1946, page 7, and June,
1951, page 256.

THE AUTHOR: Lioner O. Sceorr graduated
in Electrical Engineering from the University of
Missouri in 1928. He then joined the D & R Depart-
ment of the A T & T, where he was engaged prin-
cipally in development and research on voice-oper-
ated devices for application to wire and radio cir-
cuits. After 1934, when the D & R was merged
with the Laboratories, these activities continued
until 1937, when he began concentrating on toll
transmission studies. In 1942, lie returned to devel-
opment and research on devices in speech trans-
mission systems. This led, in 1943, to his connection
with the visible speech program, and later into the
related studies of the speech and hearing processes.
He is now engaged in the study of circuits em-
ploying Transistors.
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the dominating component is above or is
below the component in question.

The processing employed in the ear evi-
dently puts all of the salient information
about a sound in terms of the occurrence
positions of the generated uniform pulses.
Incidentally, this is something like the work-
ings of a transmission scheme known as
“pulse position modulation”.* It is not
known whether any further processing is
carried on at or beyond the auditory cortex
in the brain, such as might further enhance
detection of the important attributes of
sound. At any rate, for visual analyses, it

® Recorp, December, 1945, page 457.

is conceivable that we would wish to alter
the patterns in some respects to make them
more attractive and meaningful to the eye.

A great number of experimenters, both
inside and outside the Laboratories, work-
ing over a good many years have made the
progress discussed here possible. Their con-
tinuing experimental work is difficult and
painstaking. The ear is contained in a space
of only a few cubic centimeters, which is
many orders of magnitude smaller than our
present experimental apparatus. Along with
learning about the meanings of the signal
translations employed in the ear, the mat-
ters about how a sensory device actually
performs its functions are also of interest.

Shock testing of vitrified clay conduit

o

Vitrified clay conduit, used to house un-
derground cables, is often subjected to
shocks in shipping, handling, and installa-
tion, which may result in breakage if the
conduit is not strong enough to withstand
them. Consequently, resistance to shock is
an important consideration in evaluating
changes in design, materials, or manufac-
turing processes.

At the Chester Field laboratory, con-
trolled tests are made on samples of con-
duit to compare the ability of specimens to
withstand shocks. In these pictures, a full
length section of six-duct conduit is being
dropped by a release mechanism to a bed
of hard, tamped, moist sand. The breakage
that resulted was studied and compared
with that occurring with other kinds of
conduit subjected to the same test.

Fig. 1-J. H. Gray checks the height of fall of a
six-duct conduit after it has been carefully leveled.

Fig. 2-The conduit shattered longitudinally along
the Dottom and one side.

Fig. 3—Mr. Gray is examining the fragments, and
will record his observations for future study.
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Code patterns in telephone switching

J. W. DEHN
Switching Systems
Development

In telephone switching and accounting
systems certain information regarding each
call must be transmitted and recorded
quickly and accurately. In many cases,
moreover, the same information must be
transmitted and recorded many times. Most
of this information is in the form of decimal
numbers, of which the component parts or
digits may have any of 10 values. The tele-
phone number CHS3-1074, for example, is
equivalent to the decimal number 2431074,
since as a glance at a standard dial will
show, C is one of the three letters that is
represented by 2, and H, one of the three
letters represented by 4. Much other in-
formation regarding each call is also rep-
resented by decimal numbers. The physical
location of each line in the switching equip-
ment, for example, the trunk and other
parts of the switching system used on the
call, and the rate of charge, are all repre-
sented by decimal numbers. It is obvious,
therefore, that the transmitting and record-
ing of decimal numbers by electrical and
mechanical means is very important in tele-
phone systems.

In transmitting decimal numbers from
place to place, each of the ten possible
values of a digit must be represented by
a unique electrical or mechanical condition.
Both the mechanical and electrical repre-
sentations of a digit are used in the familiar
dial. The number of degrees in the arc
through which the dial is mechanically ro-
tated for a specific digit is proportional to
the value of the digit—"one” being the
smallest arc, and “zero” being the largest.
The arc representing 0 is ten times that of
the arc representing “one”. The values “two”
to “nine” are represented by arcs of in-
termediate value. When the dial is released
by the calling subscriber, it produces, on
its return to its normal position, a number
of electrical impulses corresponding to the
length of the arc through which it rotates,

January, 1952

and accounting systems

one impulse for the value “one”, two im-
pulses for “two”, and so forth, with ten
impulses for “zero”.

In the central office, electrical and me-
chanical devices respond to these impulses
and take one of ten positions dependent
upon the value of the digit dialed. Thus a
decimal number, such as 2431074, is trans-
mitted from a subscriber station and re-
corded in the central office by means of a

TaBLe I—A Four-ELEmENT CODE USED FOR
Some PurposEs IN THE BELL SysTEM TO REP-
RESENT DEciMaL Dicirs. TaeE ELEMENTS OF
THE CopE Usep TO REPRESENT A DiciT ARe
InpicaTED BY X's: ELEMENTS NoT USEDp ARE
INDICATED BY —

Decimal
Digit Code Elements
Represented 1 2 4 5
1 X = = =
2 = X = —
3 X X = -
4 = — X —
5 = = = X
6 X — —- X
7 = X = X
8 X X = X
9 — = X X
0 _ _ _ _

simple code, each digital value being rep-
resented by a discrete dial arc, a number
of impulses, and a position of the recording
device.

This simple decimal code is frequently
used to pass a number from place to place
within a central office by providing ten con-
ductors per digit between the two places and
closing current to one and only one of these
conductors. It is also used to transmit all
or part of a decimal number to a distant
office by means of electrical impulses similar
to those generated by a dial.

Where transmitting and receiving devices
must be simple, as in station equipment, this

9
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code is suitable. There are many cases,
however, where more complex codes are
used for purposes of economy, accuracy,
or speed. The decimal code has ten ele-
ments, one for each of the ten values to
be indicated. It is possible, however, to
represent ten values with a code of fewer
than ten elements by using combinations
of two or more of the elements to indicate
the ten values. A code having four elements,
where a single element or a combination
of two, three, or four elements are used,
can represent as many as sixteen values,
and, of course, ten of these sixteen can be
used to represent a decimal digit. One prac-
tical code of this nature has its four ele-
ments designated 1, 2, 4 and 5, and the
ten digital values are represented in Table 1.

have been in use in telephone switching
systems since about 1914, when the call-
indicator systems were installed in New
York City for completing calls from the
Metropolitan toll office in Walker Street to
the various manual “B” switchboards
throughout the city. Four impulses or
spaces are transmitted for each digit. These
impulses (or spaces if the impulse is omit-
ted) are nominally 0.070 second in dura-
tion; so that 0.280 second is required for
the transmission of each digit. Each of the
four impulses or spaces is one element of
the code. By suitable receiving equipment
the decimal value is reconstructed. The
higher average speed of the four-element
code, compared with the ten-element code,
permits more efficient use of the common

TaBLE II—ANnOTHER Founr-ELEMENT Cobpe USED
IN THE BELL SYSTEM

Decimal
Digit Code Elements

Represented 1 2 4 8
1 X = — —

_ X _ -

3 X X — —

4 — — X —

3 X — X —

6 — X X —

7 X X X -

8 = = - X

9 X - X

0 - — _

It will be noticed that the sum of the ele-
ments equals the value of the digit. An-
other four-element code, shown in Table
IL, is also used, and again the sum of the
elements equals the value of the digit.

Each of these two codes has certain char-
acteristics which are desirable for specific
purposes. In panel and crossbar No. 1 sys-
tems, for examples, the 1, 2, 4, 5 code is
used for all digits except the thousands
digit, which uses the 1, 2, 4, 8 code. There
is an advantage in using 1, 2, 4, 8 for the
thousands digit and 1, 2, 4, 5 for the hun-
dreds digit because this facilitates transla-
tion from these two decimal digits to the
incoming brush, incoming group, and final
brush selections used in the panel system
and vice versa.

Four-element codes such as the above

10

TaBLE 11I-In RECENT YEARS A FIVE-ELEMENT
Cope Has CoMe InTo EXTENSIVE USE

Decimal

Digit Code Elements
Represented 0 1 2 4 7
1 X X — —
2 X = X — =
3 = X X — —
4 X — — X —
3 = X — X —
6 — — X X —
7 X — = = X
8 — X = — X
9 = = X = X
0 = = X X

control devices.

The four-element code is also used to
pass a decimal number from place to place
within a central office. This is usually
accomplished by providing four conductors
for each digit between the two places con-
cerned. This is a substantial reduction
over the ten conductors required for the
simplest code, and, although wires are not
very expensive, the contactors and means
for actuating them to establish multi-con-
ductor connections between parts of a sys-
tem are costly. Each of the four wires and
the four devices actuated by them are the
four code elements, and are used in the

atterns shown.

In 1942, a five-element code came into
use in telephone systems. The five elements
are given the designation 0, 1, 2, 4, and 7,

Bell Laboratories Record
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Fig. 1-One form of checking circuit used with the new five-element code.

and each digital value is represented by
two of the elements, as given in Table III.
1t will be noticed that for the values 1
through 9, the sum of the element designa-
tions is equal to the value which the com-
bination represents. There are only ten
combinations of five elements taken two
at a time, and thus the remaining combina-
tion, 4 and 7, must be used for zero.
The principal advantage of this code is
that devices can be readily designed to
receive decimal numbers in this code, check
for errors due to equipment or line faults,
and to call attention to the trouble. Sys-
tems using the four-element code check
intra-office wiring by an indirect method,
which is somewhat slower than the direct
method used with the five-element code.
Inter-office pulsing using the four-element
and similar codes is not self-checking,
Checking with the five-element code is ac-
complished by arranging the transmitting
or receiving device to demand that exactly
two of the code elements are actuated for
each digit. A lost element or an added
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element indicates trouble. Figure 1 shows
a commonly used configuration of relay con-
tacts, which assures that exactly two of
the five relays are operated. The electrical
path from a at the left to B at the right
will be closed if any two relays, no more
and no less, are operated for the digit.
The path is, of course, extended through
similar contact configurations for other
digits of the decimal number, so that, if
an error appears in any digit, circuit action
Is stopped, and trouble reported.

One use of the five-element code is for
transmitting a decimal number from one
office to another. Power supplies of five
distinct frequencies are available at the
originating office for use in combinations
of two. The frequencies used and their
corresponding code designations are:

0 1 2
700 cycles 900 cycles 1100 cycles
4 7
1300 cycles 1500 cycles

(Continued on page 16)

THE AUTHOR: J. W. DEnN has, during the past
thirty-two years, been engaged in the develop-
ment and design of switching circuits for the
manual, call indicator, PBX, step-by-step, panel and
crossbar systems. His work with the crossbar sys-
tems was principally on the common control circuits
—markers and senders and their associated test cir-
cuits as used in the No. 1 crossbar, tandem crossbar,
No. 4 toll crossbar, and the No. 5 crossbar systems.
At present, he is supervisor of the group responsible
for the development and design of the common con-
trol circuits for the No. 5 crossbar system. During
World War 1I he developed communication sys-
tems for the Signal Corps, and trained military per-
sonnel in the operation and maintenance of the
equipment. Mr. Dehn is a graduate of the Poly-
technic Institute of Brooklyn with the degree of
Electrical Engineer.
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Historic firsts: Lettered dial

During the development of the panel sys-
tem there had been considerable discussion
as to whether it should be operated on a
full, or only on a semi-mechanical basis.
With full-mechanical operation, the sub-
scriber dials the number as is now the gen-
eral practice. With semi-mechanical opera-
tion, on the other hand, dials are not placed
on the subscribers’ telephone sets, and the
subscriber gives the number he wants to an
operator as in the manual system. The
operator does the necessary dialing or its

Fig. 1.—A dial of the type in use in 1917 with
only numbers beneath the finger holes.

equivalent. With both methods, the same
switching mechanism in the central office
sets up the call, and thus a decision between
full- and semi-mechanical operation could
be postponed until fairly late in the devel-
opment program. With many years’ experi-
ence in dial operation behind us, it would
seem to be an easy decision to make, but
actually it was only the invention of a novel
method of using letters in dialing central
office names—made by W. G. Blauvelt of
the Engineering Department of the AT & T
—that tipped the scales in favor of full-
mechanical operation.

With the earlier dial systems, the dials
for the most part carried only the ten digits
from 0 to 9, inclusive. Sometimes a single
letter was placed with each digit on the

12

dial, but the letters were used merely as a
substitute for digits—generally because it
was easier to remember a number consist-
ing of letters and digits than one of digits
only. In the larger cities where there was
more than one central office, each office was
designated by a one- or two-digit number
listed in the directory ahead of the sub-
scriber’s line number, and thus the complete
number would include five or six digits. The
panel system, however, had been designed
for the very large metropolitan areas where

Fig. 2—A dial that came into use in the Bell
System as a result of Blauvelt’s invention.

the greater number of central offices would
generally make it necessary to use three-
digit rather than two-digit office numbers.
For a considerable time, moreover, there
would be manual as well as dial offices in
the same area, and if the well-established
advantages of office names in manual opera-
tion were to be retained, each office would
require a name as well as a number. This
obviously would complicate the subscrib-
ers’ operations as well as the listings in the
directory, but more serious was the doubt
that subscribers could correctly remember
a string of seven digits.

Studies had indicated that while an office
name and four digits were easily remem-
bered, and that five-digit and even six-digit
numbers could be remembered with a small

Bell Laboratories Record
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percentage of failure, errors became numer-
ous when the attempt was made to remem-
ber seven-digit numbers. The seventh digit
seemed to be the straw that broke the
camel’s back.

When plans were made for introducing
mechanical switching after World War
I, full mechanical operation was therefore
decided on for the smaller cities, but semi-
mechanical operation was proposed for
cities where 6 or 7 digits were required,
such as New York, Philadelphia, Chicago,
and Boston. With the best information
available at that time, this seemed the only
way to avoid a deluge of wrong numbers
that seemed inevitable if full-mechanical
operation were to be adopted for areas re-
qniring seven-digit numbers.

It obviously was not completely satis-
factory to have some cities with full-
mechanical and others with semi-mechan-
ical operation, and among others Blauvelt
had given the matter considerable thought.
As a result, in 1917 he proposed the simple
expedient of dialing “letters suggestive of
the office name.” Under his plan, directories
would have the first two or three letters of
the office name printed in bold-faced cap-
itals, and the dial number plates would
carry letters as well as digits. The sub-
scriber would dial the initial two or three
letters of the name, followed by the 4
numerals, and thus would have to tax his
memory only with a name and four-digit
number as before. Most of the office names
already in use could be retained. As a result
of this invention, it was decided to go to
universal full mechanical operation, and
the first office using the new numbering
plan was cut into service in Omaha in 1921.
An application for a patent on this inven-
tion was filed in 1918, and patent No.
1,439,723 was issued December 26, 1922,

For many years following the adoption
of this invention, the first three letters of
the office name were used for dialing in
the largest cities. As telephone traffic grew,
and the number of central offices increased,
however, it becaine more and more difficult
to find office names whose first three letters

January, 1952

would give distinctive codes when dialed,
since the same code is received by the
central office for all three letters under any
one finger hole. As a result it was decided
to designate each office by the first two let-
ters of the name and a digit, instead of by
three letters. This gave considerably more
flexibility in choosing names, and had the
additional advantage of permitting two or
more offices in the same general area to
have the same name but a different number.
Experience has shown that subscribers can
satisfactorily handle numbers of the form
PE6-9970, and this familiar method is now

PLEASE
WAIT FOR

9270

DiAL TONE

Fig. 3—The most recent type of Bell System dial.

in general use in the larger cities. The use
of this general principle has worked so well
and now seems so commonplace, that it is
difficult to realize that in 1917 and 1918
the whole course of dial development in the
Bell System hung on this seemingly simple
invention.

Development of the nationwide toll dial-
ing plan has been accomplished by a divi-
sion of the entire country in a co-ordinated
numbering plan which includes the “2-5”
nummbering method.
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Relays play an important part in tele-
phone communication, and while many of
them do a routine job of closing and open-
ing circuits, others must perform their tasks
in a certain way or under limitations that
require special consideration in their design.
Such a relay is the recently developed 268
tvpe, shown in Figure 1, to replace the 207-
tvpe relay.

For many years, the 207 relay has been
used as a “stepping” relay in both panel
and crosshar system senders. It was de-
signed in the early stages of the develop-

A new

stepping relay

J. S. GARVIN
Switching Apparatus Development

Fig. 1-The old and new relays. The new

relay is on the right.

ment of semi-mechanical switching systems,
of which the first commercial installation
was made in 1914. Since that time, it has
been used in panel dial, No. 1 crossbar, No.
4 toll, and No. 5 crossbar systems, where
it performs practically the same function
in each system. Along with the 208-type
“counting” relays, the 207 relay is used in
a “revertive pulsing” circuit, so called be-
cause the pulses are produced in the
terminating office and are counted in the
originating office by the stepping and count-
ing relays.

LINE FINDER AND | TRUNK ! INCOMING SELECTOR
DISTRICT SELECTOR ) !
| [ COMMUTATOR
. o] L - : ull= POSITION
I i | —--F4—-NO.3
TALKING | FUNDAMENTAL | INSULATION —=4
PATHS : CIRCUIT I —H—-No.2
! l
- | ¥ RING — -NO.1
e Il 1
LT T T 5
| L | & —f—noo
| e
LINE
! (R - =L COMMUTATOR
X I ! T BRUSH
LINK ! : = = =
CIRCUIT™ i i
|
BACK ! i "1
ngTACT : | ELEVATOR
LAY
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Lo CIRCUIT i |
-1 (SET FOR : !
PREDETERMINED i | L RACK
NUMBER OF I I ‘&)W
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FUNDA- I i )
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' CONTACT I ! 1 5
PROTECTION I ' q
| = l | 1 5 JCORK
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Fig. 2—Schematic of the fundamental circuit of the panel system. The stepping relay is shown

at the lower left.
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A schematic of the fundamental circuit
of the panel system between two panel
offices is shown in Figure 2, where the
stepping relay in the originating office is
required to function when the subscriber
sender is connected to an incoming selector
circuit in the terminating office. When the
sender, located in the calling subscriber’s
central office, has recorded the number
dialed, it closes the paths to the pulse count-
ing circuit and inserts the stepping relay
in the trunk or “fundamental” circuit. The
L relay in the distant office and the stepping
relay in the originating office are then
operated in series, the former operating
the clutch maguet, which forces the rack
against the cork roll and raises the elevator
upward.

As the elevator of the incoming selector
in the distant office rises, the commutator
brush comes in contact with the metal
segments of the commutator, alternately
grounding and ungrounding the tip side of
the line. When the tip side is grounded,
the stepping relay is short-circuited, caus-
ing it to release. The alternate operation
and release of the stepping relav are
counted in the pulse counting circuit and
when the predetermined number of pulses
corresponding to the thousandths digit of
the numerical portion of the called sub-
scriber’s telephone number have been re-
ceived, the back contact relay, controlled
by the pulse counting circuit, operates and
opens the pulsing loop. This also releases
the distant line relay, thus stopping further
upward motion of the rack. This entire
process of trunk loop closure, pulse count-
ing, and loop opening is repeated for the
remaining digits of the called subscriber’s
number.

It may be seen. therefore, that the step-
ping relay is required to operate manv
millions of times during its life; in panel
circuits, there are approximately 18 mil-
lion operations per year. Besides the need
for the stepping relay to operate millions
of times, speed of operation and release
are other important requirements, because
the time to set up a connection is a delay
to the subscriber and limits the traffic which
a given amount of equipment can handle.
Consequently, appreciable maintenance has
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been necessary to keep the 207 relay in
proper condition.

Keeping in mind that the characteristics
of speed, chatter, impedance, and over-all
electrical performance of the 207 relay
must be retained, the 268 relay was de-
signed especially to provide longer life and
greater stability. An exploded view of the
new relay is shown in Figure 3.

Several improvements have been made in
the new design. A heavy trunion hearing

i ;I -
"

o - -

oo O

¥

' S

4

-

Fig. 3—Exploded view of the new 268 relay.

for the armature replaces the pivot bear-
ings of the older relay to obtain better
wearing properties, and a reed-type re-
tractile spring on the armature insures a
more uniform buildup of tension and
greater stability over the coil spring pre-
viously used. Coil windings are of the
cellulose acetate filled type, providing morc
uniform inductance and operating and re-
leasing speeds, as well as economies in
manufacture. Use of magnetic parts that
have been annealed in hydrogen reduces
magnetic aging of the iron and results in
improved pulling characteristics  with
greater margins between the currents that
operate and release the relay. Turning the
relay at right angles to the mounting plate
adds to its stabilitv because the possibility
of disturbing the magnetic or contact gaps
while mounting the relay is eliminated.

15

WwWWwWWw.americanradiohistorv.com



www.americanradiohistory.com

Besides, maintenance is facilitated, since
these gaps may be observed more easily.
Since the relay is subject to a great num-
ber of operations and the energy through
the contacts is relatively large, a special
contact protection is used. In addition to
the usual capacitor and resistance placed
across the contacts, a choke coil has been
added as a part of the relay (Figure 4).
This coil is connected in series with the
contacts to suppress high-frequency volt-

TO PULSE
COUNTING
CIRCUIT

H L et
| STEPPING
RELAY

Fig. 4 Contact proz‘ectmn for the 268 relay.

ages generated when the current through
the contacts is interrupted; without the
choke coil, high-frequency currents would
circulate between the contacts and the
capacitance of lead wires to ground.

The new relay has proved to be very
satisfactory in all locations where the older
207-type relay has been used—so much so
that the manufacture of the latter has been
discontinued. Efforts in this development
have produced not only a relay of improved
operating characteristics, but one that can
be manufactured at lower cost. Much of
the early development was done by E. D.
Mead, of the switching apparatus group,
and the final design was that of P. E. Buch
of the same group. W. Buhler of Switching
Systems Development aided materially in
testing samples under simulated circuit
conditions.

THE AUTHOR: |. S. GArviN was graduated from
the University of Kentucky in 1910 with a B.M.E.
degree. Shortly afterward he joined Western Elec-
tric Company in Chicago. A few months later he
transferred to Western’s Engineering Department
in New York. For six years he participated in the
development of telephone apparatus. In 1917 he
joined the relay development group of the Appara-
tus Design Department, where he remained until
his retirement in April of this year. As designer
and supervisor, Mr. Garvin left his mark on nearly

cvery type of telephone relay in use today.

(Continued from page 11)

Thus, to send the numeral three, frequen-
cies of 900 cycles and 1100 cycles are
transmitted. At the receiving office, filters
separate the component frequencies, and
actuate two of the five detectors.

For transmitting a number within an of-
fice, five conductors are used for each digit,
two of the five carrying current to convey
the required numeral.

In the Automatic Message Accounting
(AMA) systems,® the details of calls are

* REcorp, September, 1951, page 401.
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perforated on a paper tape. Much of the
information is in the form of decimal num-
bers, and is recorded in the five-element
code. For each decimal digit, spaces are
provided for five perforations, and, to
record a particular numeral, the AMA
recorder perforates two of these five spaces.
The above examples illustrate how widely
the five-element (two-out-of-five) code is
utilized in modern telephone switching
and accounting systems. Because of the
simplicity and speed of the self-checking
facilities that can be designed for it, this
code is being used wherever practical.

Bell Laboratories Record
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Broadcast pick-up

telephone

Telephone communication between the
radio broadcast transmitter station and the
technician at some remote point where
the program is being picked up is usually
necessary not only while the pick-up
arrangements are being established but
also during the broadcast itself. In studios,
where most of the programs arise, the nec-
essary communication facilities form part
of the permanent equipment. When the
pick-up is at some more or less temporary
location, however, as when ball games or
boxing matches are to be broadcast, such
permanent facilities are usually lacking.
The Bell System provides a direct line be-
tween the transmitter station and the pick-
up point and leases suitable terminal facil-
ities for the broadcaster’s use. The portable
magneto telephone set shown in the accom-
panying illustrations, coded the 331-A tele-
phone set, has recently been developed
to provide all the needed equipment.

It consists of a two-compartment carry-
ing case with room in the upper compart-
ment for apparatus used at some distance
from the case, and a lower compartment
for the permanently connected apparatus.
A clasp on the top of the carrying case
releases the door to the upper compartment,
while the release of a wing fastener in the
rear of the upper compartment allows the
entire front and the partition between the

two compartments to drop down to give
access to the lower compartment.

Either a handset or an operator’s headset
may be used for talking, and is housed in
the upper compartment. Here also are a
lamp holder and a three-prong plugand cord
for connecting to the telephone line. The
handset is provided with a 12-foot cord to
permit considerable freedom of movement
to the technician using it; it is plug con-
nected to the set through a jack in the
side of the carrying case. The line-con-
necting cord and plug are used when the
telephone line has been terminated in a
standard three-point receptacle, but where
this is not done, the line may be connected
directly to the two binding posts just inside
the top compartment. The lamp, in con-
junction with a buzzer in the lower com-
partment, is used to indicate incoming calls.

For calling the distant end of the circuit,
a hand-driven generator is provided in the
lower compartment. The handle of the gen-
erator projects through one end of the case
but may be removed and placed under a
clip in the cover.

Beside the buzzer and generator, the
lower compartment includes a fibre tube
holding two flashlight cells for supply-
ing transmitter current, the jack for the
telephone cord, and a capacitor and induc-
tion coil. The weight of the set fully
equipped is only a little over ten pounds.

With this 331-A telephone set the techni-
cian has all the equipment he needs to
establish communicaticn with a distant
radio transmitter station, and the time and
cost of making semi-permanent installa-
tions is avoided.
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The 101-G power supply

For the first seventeen years of the tele-
phone, two sources of power were required
at each subscriber station: a battery to sup-
ply talking power, and a magneto genera-
tor for signaling. The development of a
common-battery system, to replace talking
batteries at the subscriber premises was
one of the great forward steps in telephone
progress.

Since then no power supply has been
needed at the subscriber premises where
there is only a single common-battery tele-
phone or a telephone and an extension.

During the last half century, however, some
of the subscriber needs have become very
complex, and a wide variety of PBXs,
order turrets, key telephone systems, and
key equipments are now available. Because
of the need for intercommunication and sig-
naling on the subscriber premises with these
systems, low-voltage ac and de power must
be available locally. For the larger installa-
tions this is provided by a number of types
of battery power plants more or less
resembling those of central offices. For the
very small installations, on the other hand.

5 b
S g

Fig. 1-The J86731A, List 1, power-supply unit furnishes low-voltage dc for talking, and 10

or 18 volts ac for miscellaneous uses.
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talking and signaling power is usually trans-
mitted over cable pairs from the central
offices.

For a large number of intermediate size
installations, however, such as the various
key equipments and some of the smaller
PBXs, a battery-type power plant cannot be
justified economically, while the provision
of power over cable pairs is generally un-
economical. Low-voltage dc supplies for
talking and relay operation are usually re-
quired, and frequently a low-voltage ac
supply for lighting lamps and operating
buzzers, and a 20-cycle ringing supply are
also needed. Until recently these have been
available in the form of the J86205A recti-
fier, the 393A and KS-5714 transformers,
and the KS-5585 ringing generator.

Now, however, two new combined power
supply units, identified as the 101-G type
power plants, have been developed. These
are shown in the accompanying illustra-
tions. The J86731A, List 1, which supplies
low-voltage dc power for talking and also
for signaling purposes, and low ac voltage
for lamps and buzzers, will be used in place
of both the J86205A rectifier and the 393A
transformer or the KS-5714 transformer, and
will occupy less than two-thirds the space
they required. The J86731A, List 2, in-
cludes these two supplies and also a static
type :2()-cycle ringing generator. It may
thus be used in place of all three of the
earlier units, also with an appreciable sav-
ing in space. Not only are these new com-
bined units smaller in over-all volume than
the units they replace, but they have been
specially designed for a smaller depth
dimension so as to lie flat against the wall
and thus be less likely to be damaged. The
enclosures for these new power plants are
designed to harmonize with proposed
equipment cabinets for the 1A key tele-
phone systems, with which they are pri-
marily expected to be used, and like them,
the exteriors are finished with a gray-green
wrinkle.

January, 1952

£

Fig. 2—The J86731A, List 2, power-supply unit fur-
nishes the sume low-voltage dc and ac by the same
unit—shown at the left of the lower photograph—
as does the List 1. In addition—by means of the unit
at the lower right, it supplies 20-cycle signaling
current.
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The Key West-Havana cable

Electrical characteristics of repeaters

and terminals

The most outstanding feature of the new
submarine cable system installed last year
to bridge the hundred-mile gap of water
between Cuba and the United States, is
the “ocean-bottom” repeater. Three of these
are used in each of two small diameter,
one-way cables to provide many more “four-
wire” carrier telephone channels than could
be obtained without them. These repeaters
are unique in that they have been used for
the first time in ocean depths of the order
of a mile and where a number are used in
tandem. This article describes, first, the elec-
trical design characteristics of the new re-
peaters, and then the new features of the
carrier-terminal apparatus installed at Key
West and at Havana.

An important requirement of the re-
peaters is that they remain free of trouble

L. M. ILGENFRITZ
Transmission
Development

or need of replacement of parts over long
periods of years. Servicing, even at intervals
of several years would be undesirable, not
only because of excessive costs, but there is
always danger of damaging a cable if it
is disturbed after reaching a safe resting
place at the bottom of the ocean.

Because of the need for very long life,
a basic choice had to be made between
two alternatives: (1) to provide spare ele-
ments such as tubes having only moderate
life together with switching apparatus to
substitute worn out units as necessary, 01
(2) to provide the simplest possible circuit
with inherently long life elements. The
Jatter alternative was chosen and it is con-
fidently expected that the repeaters will
operate for a long period without failure.

The repeater circuit is shown in Figure 1.

—

—0—

1

1

Fig. 1-The repeater circuit.
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It uses three very special heater type elec-
tron tubes, with the heaters connected in
series with each other and with the central
conductor of the cable. Direct current for
heating is supplied over the central con-
ductor, and the total voltage drop across
the heaters provides the necessary screen,
plate and cathode potentials. The net gain
of each repeater compensates very closely
for the loss-frequency characteristic of 36
nautical miles of submarine cable in the
frequency range of 12 to 120 ke. Matching
of the repeater gain and cable loss is within
a few tenths of a db per repeater section.
Net insertion gain of the repeater at 108
ke is 65 db.

Extreme care was used in adjusting the
repeater elements so that unusual uniform-
ity of the manufactured product was rea-
lized. For example, measurements on the
completed repeaters prior to installing them
in the cable showed that they were within
0.02 db of each other at the highest ref-
erence frequency, 108 kc. This uniformity
is highly desirable for detection and diag-
nosis of trouble, after sealing, by means of
precise external transmission measurements.
A very complete record of element devia-
tion characteristics is, of course, essential in
this connection and is available.

Since it is impractical to isolate and meas-
ure an individual repeater after it has
reached the ocean bottom, a major problem
that had to be solved was how the condition
of each repeater could be watched from
the terminals. If it had been permissible to
add relatively complex elements, a number
of ways of obtaining information could be
used, but such complication was not prac-
tical with this cable.

Solution of the problem was accomplished
by adding only one element to the repeater
circuit—a quartz crystal that can be relied
upon as a stable, trouble-free element. Each
repeater has a crystal, of different resonance
frequency, shunted across the feedback
circuit. The resonant frequency is at some
even hundred cycle value within the band
between 120.0 and 121.3 ke. This band is
above the highest frequency at which the
repeaters normally operate. In this way,
the stabilizing feedback of the repeater is
largely nullified in a narrow band only
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about 1-cycle wide, in which there is the
maximum change in repeater gain with
change in tube activity. It is possible, there-
fore, to measure transmission over the cable
system at one of these frequencies at which
the gain of a particular repeater will be
unstabilized but all other repeaters in line
will be fully stabilized. Change in trans-
mission at this frequency will thus indicate
change in the total gain of the three tubes

REPEATER LOCATIONS
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Fig. 2—Measured transmission characteristics of test
frequency loop circuit showing the crystal peaks and
dips. Tube performance of a particular repeater is
indicated by the difference Detween its peak and

closely adjacent dip loss.

in that repeater alone; thus the tube con-
dition of the individual repeaters can be
watched, as a function of time, by periodi-
cally checking transmission of these critical
frequencies.

Besides watching the operating condition
of each repeater from the terminals of the
cable, the built-in crystals provide another
potentially valuable purpose. While the
repeaters have been designed and built
for extremely long life, there is, of course
a possibility, even though remote, that a
trouble might develop that could not be
located by ordinary fault location methods.
It is only prudent to be prepared for such
an eventuality. Suppose, for example, that
a connection in the carrier-frequency trans-
mission circuit of the repeater were to fail,
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leaving the vacuum tube heater circuit
intact. The location of such a failure could
not be determined by direct-current
methods. On the other hand, it would be
very important to determine which of the
series of repeaters had failed so that the
repair operation could be conducted effi-
ciently and without disturbing any of the
remaining operating repeaters. The crystal
feature discussed in the foregoing also pro-
vides for this type of fault location, and,
although it may never be needed, it would
serve a very valuable purpose if it were.

This function is fulfilled in the following
manner. At crystal resonance, the repeater
gain is as much as 25 db above normal.
The various repeater crystals, therefore,
create a series of “gain spikes” in the band
above 120 kc. Since thermal noise is the
controlling repeater noise at the repeater
input, the gain spikes result in thermal
noise spikes being observed if a heterodyne
detector having a l-cycle band width is
slowly swept across this band. The noise
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spikes may be considered in this usage as
thermal noise “generators” and the fre-
quency of each indicates the proper func-
tioning of the repeater. When observed
from the receiving end of the system,
identification of the repeater “generators”
which are operating or not, will indicate
the location of a repeater failure.

To simplify the testing procedure in
connection with the crystal measurements
and to reduce the amount of testing appara-
tus required at the terminals, the 120.0 to
121.3-ke band is looped at Havana so that
all such tests can be made on the six re-
peaters of both cables with one set of test-
ing apparatus at Key West.

Results of a loop transmission measure-
ment of this band are shown in Figure 2.
The gain peaks are seen to be accompanied
by gain dips about 10 cycles higher in fre-
quency. At these frequencies, feedback is
increased greatly by an anti-resonance,
which is incidental to the preservation ot
proper phase relations in the repeater feed-
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back loop circuit. Since transmission at
the dip is very highly stabilized by feed-
hack, and since it is so close to the peak in
frequency that shifts in characteristics of
the loop circuit would bhe negligible, the
difference in transmission equivalent be-
tween the peak and dip for a particular
repeater forms an accurate index to the
tube performance of that repeater. More-
over, the magnitude of the dip alone is
indicative of the crystal resistance and thus
serves as a check that the crystal element
is performing its function satisfactorily.
Time alone will prove the value of this
crystal feature in monitoring repeater per-
formance over a period of years.

Let us now consider the terminals of the
system. When it was decided to provide 24
telephone channels initially on the two new
submarine cables, there was no standard
carrier terminal arrangement for giving a
continuous  spectrum of channels in the
required frequency range, 12 to 108 ke, for
transmission over the eables. This seemed
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to present no great problem, however, he-
cause it was possible to employ two stand-
ard 12-channel banks® with a special group
terminal circuit. This group terminal circuit
would pass one group directly in the range
60 to 108 ke, as it comes from the channel
bank, and would group modulate the other
by using a 120-ke carrier to shift it to the
12 to 60-kc range as is done in the tvpe-K
system terminal. The two groups would
then be joined throngh a resistance hvbrid
network to give the desired continuous
spectrum of telephone channels from 12
to 108 kec. This is shown in the upper cen-
tral position of Figure 3.

There were two difficulties that had to
be surmounted in carrying this out. In the
first place, the 60-kc low-pass filter in the
tvpe-K- system group modulator, was not
designed to climinate unwanted frequencies
only a few hundred cvcles above 60 ke, be-
cause such frequencies presented no in-

® Reconn, May, 1938, page 315.
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terference problem in that system. In this
submarine cable terminal, however, an un-
usually sharp discrimination characteristic
is needed to permit separation of these
groups in only a few hundred cycles at 60
ke. The requirements for this filter were
worked out by D. B. Penick and the filter
was designed by R. M. Jensen.

The other difficulty to be overcome lay
in the fact that there was no auxiliary am-
plifier to cover the 12 to 60-kc band of
frequencies. Moreover, available auxiliary
amplifiers transmitted the range of only
about 48 kc needed for one 12-channel
group. Since an auxiliary amplifier was re-
quired in each branch of the special group
terminal circuit, and also since it was then
believed that a receiving amplifier would
be required covering the entire range from
12 to 108 ke, it was decided to design a
new all-purpose auxiliary amplifier that
would transmit the entire frequency range.

This new amplifier, employing two 407A
electron tubes, provides a maximum gain of
approximately 44 db with a stabilizing
feed-back of about 40 db. Its frequency
range extends from 4 ke to 200 ke and its
noise contribution to input resistance noise
is very small. It is capable of handling a
power output of approximately one-half
watt. Being equipped with duplicate tube
sockets, tubes can be changed without
interruption to either telephone or tele-
graph service.

At each end of the system are transmit-

THE AUTHOR: L. M. ILceNFriTz entered the
Development and Research Department of Ameri-
can Telephone and Telegraph Company in 1920,
after receiving a B.S. degree in E.E. at the Uni-
versity of Michigan. As a member of the trans-
mission development group, he worked on the
development of all tvpes of carrier telephone and
telegraph systems and carriers for submarine cable.
After World War II, during which he concentrated
on defense work, he was engaged in the develop-
ment of repeaters for submarine cables. In 1948
this work took him into the development of both
the repeater and terminal equipment for the Key
West Havana cable. Currently his studies are in
submarine cable development.
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ting amplifiers common to all 24 circuits.
More powerful amplifiers than those within
the cable can be used at the terminals,
where power is readily available. This
makes it possible to extend the distance to
the first submarine repeater from either
terminal beyond that separating the re-
peaters in the remainder of the cable.

These amplifiers are modified standard
type-J system terminal amplifiers®. Although
the type-] system amplifier was designed
to transmit frequencies of 36 to 144 kc.,
it was found practicable to shift the operat-
ing range downward to meet the desired re-
quirements of the new submarine cable
system. This was done by increasing feed-
back at the lower end of the band, with
some sacrifice at the higher end. The net
gain characteristic was substantially un-
changed by doing this.

Many of the developments described were
brought to fruition with the help of mem-
bers of Transmission Apparatus Develop-
ment and J. P. Hoffmann, who did the major
part of the terminal equipment design. R.
W. Ketchledge and Q. E. Greenwood con-
tributed greatly, both in conception and
design effort, to the transmission features
described. The cooperative effort of R. L.
Tambling, L. F. Staehler, and many others
was of great help in carrying the work to
completion on schedule.

* Bell System Technical Journal, Vol. 18, 1939,

page 119,
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Mr. Craig Talks

at the Laboratories

Cleo F. Craig, President of the American
Telephone and Telegraph Company, addressed
a group of Laboratories supervisors in the au-
ditorium on December 11. Introduced by M. J.
Kelly, Mr. Craig expressed great admiration
for the work of the Laboratories as he knew
it from long personal association—I don’t think
anyone could have a more lively appreciation
of the importance of your work than I have,
or greater admiration for your achievements.”

After pointing out that in the postwar years
the Bell System has faced some of the hardest
problems we have ever had to meet—perhaps
the hardest—Mr. Craig said: “We never could
have met them so well without the practical
new tools which you have put in our hands.
That, however, is only the beginning of your
influence. What you give us tomorrow is
already as much a necessity as what you gave
us yesterday and will give us today. Your as-
sociates in the Bell System gain strength from
knowing that as they meet new problems you,
in all probability, have anticipated their re-
quirements and have started the necessary
developments.”

In meeting the tremendous problems which
face the Bell System, Mr. Craig emphasized
that in his estimation the governing factor in
whether success is achieved is people.

“What we accomplish will, of course, depend
on our human energies, on our human skills,”
he said, “but beyond that again, the results to
my notion will depend very largely on whether
every man and woman helieves in the Labora-
tories, in the Bell System, and in the impor-
tance of his or her part in it. This is our
business.

“You are the people,” Mr. Craig continued,
“who determine what kind of goods the Bell
System has to sell. You stock our shelves. Our
pastry mix comes from your kitchen and it can
never be more salable, tasty or economical than
your recipe permits. \We can’t serve a good pie
until you make a better batter, and yet we need
to keep on serving better pies at a lower cost.
These are critical times both for the country
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and for the System. The demands on us are
enormous and will become even greater. The
situation calls for our very Dest efforts to safe-
guard the System and the service.

“We have conducted over a hundred rate
cases and have some forty now pending, and
there seems to be little doubt that still further
substantial increases in cost are ahead which
means again that more and more revenue will
have to be obtained.

“You have an enormous opportunity to im-
prove financial results by increasing the earning
power of every dollar in the plant; by making
it possible for every unit of labor to provide,
with the same effort, more units of communica-
tion service.”

In conclusion Mr. Craig asked to repeat
something he had said at the start of his talk.
“It was,” he said, “that your work lies at the
very heart of the Bell System morale. The
habit of progress is ingrained in this business.
We call it—and with good reason—a dynamic
business. You are inside the dynamo. We have
only to look back a few years to realize how
amazing were the changes that your accom-
plishments have made possible. And so when
we look to the future, it is no wonder that we
think of you with pride, with admiration, and
with the greatest pessible confidence.”

25
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Deal-Holmdel Colloquium

At the November 2 meeting of the Colloqu-
um, a very interesting group of talks on the
properties and behavior of ferrites at micro-
wave frequencies was presented by C. L.
Hogan, A. G. Fox, W. \W. Mumford, and
L. E. Hunt. Theoretical background for an
understanding of ferrite hehavior was given
by M, Hogun; theoretical aspects were fur-
ther discnssed by Mr. Fox, who illustrated the
principles with a working model of a spin-
ning electron.  Mr. Mumford gave the results
of measurements he had made of dielectric
constant and permeability of a number of fer-
rites at 4,000 megacycles and 10,000 mega-
cycles, while Mr. Hunt rounded ont the pro-
gram with a lub(n’utory demonstration of some
of the microwave properties,

On November 30, E. L. Nelson, retired mili-
tarv development engineer, was guest speaker
at the Colloquium, Mr. Nelson is at present

affiliated with the Signal Corps Engineering
Laborvatory at Fort Monmouth, N, ]

His topic

Some Current Activities at Fort Monmouth,
was of necessity highly restricted concerning
the nature of these activities, for reasons of
military security. However, research and de-
velopment of guided missiles predominated.
Other projects in the feld of communication
consist of work in single side band and car-
rier transmission. He also dealt at some length
on the organization of the Signal Corps Labora-
tories, which include Camp Coles, Camp
Evans, and the Watson Laboratories, all lo-
cated in New Jersey.

Change in Organization

L. S. Hulin, Supervisor of Occupancy Plan-
ning at Murray Hill, has become General Oc-
cupancy Engineer, reporting to S. H. Willard.
Mr. Hulin replaces M. M. McKee, who re-
cently transferred to the New York Area man-
agement organization.

F. P. Gilliland has replaced Mr. Hulin as
Supervisor of Occupancy Planning at Murray
Hill, reporting to J. G. Motley.

Stamp Club Activities

At the “Stamps for the Wounded” booth
at the Third Annual Stamp Exhibition of the
American Stamp Dealers Association, there
were displaved stamp maps of the United
States designed by the Laboratories Stamp
Club and colored by the veterans at Kings-
bridge Hospital. The accompanying illustra-
tions show W. S. R. Smith exhibiting one of
the maps filled in by veterans with stamps
representing the forty-eight states; and the
Laboratories Stamp Club at their annual din-
ner which preceded their visit to the Stamp
Show.
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Chief Engineers
Visit Murray Hill

and Wesl Streel

P. W. Blye demonstrating to the visitors special ap-
plications of the EI repeater in the Transmission
Standards laberato-y

H. N. Wagar describes the operation of the recording
flux meter in the Switching Apparatus laboratory.

In the Power laboratory, A. D. Knowlion discusses
the regulation of eeatral office power plints under
widely varying load eonditions.

’

L -
If;.—‘-
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President M. ]. Kelly welcomes the visitors to
the West Street lahoratories.

An all day visit to the Laboratories was
made November 30, by Associated Company
Chief Engineers accompanied by A T & T
Long Lines and O & E department representa-
tives. In the morning, the group, consisting
ol approximately 100 people, assembled in the
Arnold Auditorium, where, following introduc-
tory remarks by A. B. Clark, J. B. Fisk spoke
on transistors, Several talks on applications
of the communication art to military purposes
were then given by D. A. Quarles, W. C.
Tinus, C. W. Halligan, G. N. Thayer, M. B.
McDavitt and A. F. Bennett. R. J. Nossaman
concluded the speaking with a description of
Outside Plant activities.

Divided into small groups, the guests then
made a tour of the Murray Hill Laboratories,
where Analytical Methods and Instruments
were described by J. B. Fisk and R. M. Burns,
Transmission Measurements by L. G. Abrahan,
and the Digital Computer by E. I. Green.

Following luncheon, the visitors returned to
New York, where M. J. Kelly gave a few words
of welcome in the West Street Lounge, prior
to a tour of the West Street Laboratories.
Work in the Transmission Standards Labora-
tory was described by P. W. Blye; Switching
Apparatus by H. N. Wagar, and Power Labora-
tory by A. D. Knowlton and D. H. Smith.
Brief visits were also made to the Automatic
Message Accounting Laboratory, where W. B.
Groth gave a short talk; the Card Translator
in the Switching Systems Laboratory was de-
scribed by R. C. Davis and M. E. Esternaux,
and No. 5 Crossbar by R. E. Hersey.

On December 5, the talks and tours were
repeated for about 100 Bell System people
from Headquarters. At this time, E. T. Mottram
substituted for G. N. Thayer in giving a talk
on Military Carrier and Radio, and the Digital
Computer was described by D. T. Bell.
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__-u-c'-k a
Civil Defense Dn 1]l

In cooperation with Civil Defense authori-
ties of New York City, the Laboratories’ New
York locations carried out a successful air-raid
drill in the morning of November 28, pre-
ceded by a rehearsal on November 23.

The civil defense organization of the Lab-
oratories in New York is headed by L. P.
Bartheld as Building Control Director. For
First Aid he looks to D. W. Eitner, and for
advice on chemical matters to I{. W. Hermance.
Deputy Building Control Director is M. M.
McKee; on his staff are B. A. Nelsen in charge
of water, gas and electricity, J. W. Tengstrom,
in charge of the Demolition Squad, and W. A
Tracy, Deputy Zone Commander. Reporting
to Mr. Tracy are |. P. Coggins, communica-
tions, A. S. Whitley, fire brigade, and D. O’Neill,
chief of wardens and special duty force.

Wardens were appointed throughout the
building on the basis of not more than fifteen
people per warden. Their duty is to see that
everybody in their area leaves for the shelters.
When the area is cleared each warden reports
to his chief warden and with him proceeds to

Talking to the Demolition Squad is A. Megraw;
Mr. Berka adjusts the gain.

P

G. F. Fowler (right) who is our point-of-con-
tact with New York City’s civil defense organi-
zation, confers with L. P. Bartheld.

the shelter area assigned. Smaller floors have
one chief warden; large floors two or three.
All are identified by vellow overseas caps.

The special duty force under Mr. O'Neill
consists of two groups; the uniformed guards,
posted at the doors of the building; and vol-
unteers from the American Legion, who take
charge of any passers-by who may wish to take
shelter in our building and of those in the
various reception rooms.

First Aid people, identified by red caps, are
distributed throughout the building to care
for any casualties.

Communications facilities are centered in
a control room near the first floor entrance
to Section H. There are ten private lines
from shelter areas and four from the special
squads—First Aid, Fire, Demolition and Utili-

Receiving chief wardens’ reports on the private line
from the shelter area: D. C. Tyrrell, S. ]. Fulton and
J. C. Berka. Seated behind them is M. M. McKee;
standing, W. A. Tracy.

ties. A public address system working through
a jack panel enables the control room to talk
to the entire building or to any of the shelter
or squad areas. Siren signals from a phono-
graph record are used for the alert and the
“all-clear.”

Both the drill and the previous rehearsal
went off with great smoothness. Vardens
donned their caps and took their posts; other
employees rose from their places and followed
the routes marked by signs to the shelter area.
In the rehearsal it took 9 minutes to clear the
building; in the drill, 8% minutes.
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Laboratories locations in the Graybar-Varick
and 14th Street buildings were alerted by
bells from the control room; on the signal the
people there left their work-places and gathered
in the shelter areas assigned; the wardens then
reported by telephone.

Plans are in progress for air raid drills at the
Murray Hill and Whippany locations.

Air Force Officers

Seventy-three Air Force Communications
Electronics officers from the Maxwell Air Force
Base, Alabama, spent November 7 at West
Street and Murray Hill visiting several labo-
ratories at both locations. Following an in-
troduction and talk on the organization and
general functions of the Laboratories by R. K.
Honaman, the group made visits to the West
Street nationwide dialing laboratory (explained
by M. E. Esternaux), No. 5 crossbar (by R. E.
Hersey), and step-by-step (by R. O. Rippere).
The visitors then traveled to Murray Hill where
W. C. Jones spoke to the group on telephone
instruments, including the military field tele-
phone set. Visits were then made to the free
space room, electron tube research, military
carrier system laboratory, microwave labora-
tory, concourse exhibits, outside plant labora-
tory, instrumentation laboratory and the met-
allurgical laboratory. Following these visits,
R. M. Ryder spoke on transistors before the
group in the Arnold Auditorium.

Stock Transfer Bankers

Murray Hill was host to about 80 members
of the New York Stock Transfer Association
November 29. This association, of which
A T & T is a member, is composed of officers
of a large number of banks, trust companies,
utility companies, manufacturing corporations,
mining companies, and oil companies through-
out the United States and Canada.

Following brief addresses by M. B. Long
and R. K. Honaman in the Arnold Auditorium,
W. E. Kock gave a demonstration lecture on
Microwave and Acoustic Lenses. After luncheon
in the conference dining room, the guests
were conducted on a tour of the Laboratories.

Whippany Christmas Party

Whippanyites began the Yule season on
December 20 by making the 1951 Christmas
dinner and dance the merriest yet. The party
sponsored by the Whippany Radio Labora-
tories Post of the American Legion, was held
at the White Meadow Lake Inn in Rockaway.
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Members of the Christmas Party Legion
Committee were Chairman R. R. Cordell, W.
Ness, ]J. McLay, ]. P. Swart. Members of the
Whippany Committec were Pat Callahan,
Eunice Cottrell, Marie Dempsey, Rosemary
Ginder, Ann Harris, Carol Heaton, Fanny
Nobile, Audry MHenning, Eunice Jordan,
Maryann Kufta, Joan Leissler, Helen Monahan,
Virginia Mooney, and Margaret Seldney.

Dallas-Houston Coaxial Cable
Placed in Service

Long distance telephone calls began travel-
ing over the new coaxial cable connecting
Dallas and Houston, Texas, on October 6. De-
signed to handle the rapidly growing long
distance traffic in south-central Texas, the
cable was built at a cost of $6,800,000 includ-
ing one main and thirty-three auxiliary re-
peater stations along the 251-mile route. The
cable will be used jointly by Long Lines and
the Southwestern Bell Telephone Company.

Women Pioneers Run a

Successful Christmas Bazaar

For the benefit of their Fellowship Fund,
the Women’s Activities Committee of the New
York Council, Telephone Pioneers of Amer-
ica, ran its first Christmas bazaar at West
Street on Thursday evening, November 15,
and Friday noon, November 16. The bazaar
was a success socially and financially. Pioneers
had sewed, knitted, crocheted, cooked and
baked for days before the bazaar, and their
efforts were rewarded. Homemade bread,
cake, cup cakes and candy drew crowds, as
did the handmade aprons, toys and jewelry
at other counters.
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Speaking in Chinese, Yee Yut Seul, addressed
the people of China. Not having close relatives
in the Communist-ruled part of that country,
she did not have to conceal her identity. The
Economic Cooperation  Administration spon-
sored the program and made recordings avail-
able to The Voice of America, Radio Free Eu-
rope, and the American Radio Transmitter in
Tokyo.

Yee Yut Seul's work is in Military Electronics
at Fourteenth Street where she is a parts cata-
loguer. A graduate of Villa Julienne in Dayton,
she attended the University of Dayton.

T w
®
¢l

¢ g

Laboratories Girl
Broadcasts To
Radio Free Asia

Eight members of the Laboratories, includ-
ing Yee Yut Seul of the Military Electronics
Department at Fourteenth Street, participated
in a unigue gesture of good will on Decem-
ber 6 as members of the Metropolitan Bell
Symphony Orchestra when they presented a
concert which was recorded and later trans-
mitted to all Marshall Plan countries by the
E. C. A. It was also furnished to Radio Free
Europe, the Voice of America, and the Ameri-
can Transmitter in Tokyo.

For the first time a major orchestra of work-
ing people without discrimination as to rank,
color, or creed and with members of many na-
tional origins demonstrated that American indus-
trial employees have the time and means to
achieve happiness and distinction through
avocation pursuits. Sixteen musicians of the
orchestra greeted European and Asiatic na-
tions in twelve languages. There were greetings
in Chinese, Russian, Polish, Turkish, Armenian,
Serbian, Finnish, German, French, Greek, Ital-
ian, and English. The government chose the
Metropolitan Bell Symphony Society because
ot the unusual character of its membership.
Ranging from office boys, stenographers, and
telephone operators to engineers and execu-
tives, the musicians are members of the Bell
System in the metropolitan area.

Yee Yut Seul spoke to the people of China.
She said in part:

S , P \

KU N HEE 2.
EE YU (vioLin) s
e K 24 F#H 2T

(BELe TeLEPHeNE LABORHTOR\ES)
LAk f 7 a9 M > i
B b s 04 49 B B o

Translated this means: “I play second violin
in the Metropolitan Bell Symphony Orchestra
and I am a clerical worker for Bell Telephone
Laboratories. It gives me a great thrill to greet
the people of China and all overseas Chinese
because my family came from Canton, China.
It makes us happy indeed to play for yon
tonight.”
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Grace before meals is a family custom in the
Yee houselwold.

Chopsticks are always used at mealtime, us is
rice. Here are Yee Yut Seul, her lhushand who
formerly lived in China, and their ten-year-old
daughter Fung Met,

A goodnight kiss for Fung Mei a! the door of
their modern apartment in Chinatown before
her mother heads out for reliearsal with the
Bell Systen: Symphony orchestra at 195 Broad-
way.

\rg& ‘ -\_m_h-_ .

A lullaby for Fung Mei before symphony prac-
tice is a part of the schedule on reliearsal
nights. Fung Mei attends Transfiguration
School on Mott Street where she studies Eng-
lish and Chinese.
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E. F. Hill received his fifty-year emblem H. O. Siegmund was H. ]. Delchamps presented flowers to
from Dr. Kelly. master af ceremonies. Mrs. Hill,

Pioneer Open House
West Street Bui