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High-Speed Data

Transmission

W. A. MALTHANER Switching Research

Today the Bell System has a growing list of new “customers™ who are not
people but electrical and electronic business machines. Such machines,

like telephone users, must “1alk” 10 each other, sometimes over long dis-

tances. An experimental Laboratories device, tentatively called a “data

subset,” has been designed with the needs of modern and future business

practices in mind. Tt can transmit and reccive large amounts of data at

very high speed over telephone lines. Further, it is self cheeking to provide

essentially error-free communication.

When we refer to the “machine age” we conjure
up a mental picture of men using machines — to
muke steel, to move giant quantities of carth, and
to transport men and material. Now, at least in the
])opulur imagination, we are entering upon the “;1gv
of automation.” This expression paints for most
of us a picture of a machine using machines. In-
stead of operating a lathe, a man may now nonitor
a computing or control machine that operates a
dozen or more lathes.

It is characteristic of all “automated” machinery
— whether used in business offices or in production
lines — that it must handle large amounts of data.
Thus, concurrent with the increasing demand for
the processing of data, there is naturally a need
for its transmission. It would be somewhat archaic
today, for example, to use a “giant brain” computer
to assemble rapidly a large mass of information,
and then to have a secretary laboriously type it all
out and mail it to another part of the country. Ideal-
lv, the data should pass rapidly from the comn-
puter to the transmission line and then to another
computer or receiver at a distant point, with a min-
imum of time-consuming “bottlenecks™ in between.

This is not speed mercly for the sake of speed,
however. The people of the Bell System and others
in the communications industry envision a time in
the not-too-distant future when rapid transmittal
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of huge masses of information will be an indispensa-
ble part of many business activities. This is true to
a large degree even today. Many banks, stores, in-
surance companies, and manufacturing organiza-
tions with widely scattered branches depend for
their efficient operation on an almost constant avail-
ability of the right information at the right tiine and
place. A typical situation is that a branch office
must have a very recent inventory, and must be able
to place an order before the inventory goes out of
date. We know that large collections of data, like
inventories, are more and more being processed by
automatic business machines and by high-speed
computers. It is quite inevitable then that trans-
mission systems must mect the pace set l)y electronic
data processing. We have in mind future systems
over which volumes of vital information can be sent
to many places throughout the country in a matter
of a few hours. Data accumulated during a day of
business activity might be transmitted during un
off-peak period overnight.

An experimental data transmission set recently
built by Bell Laboratories is an important step in
this direction. So long as a data-generating or data-

thorve, J. E. Schicenker (left) and W. Kaminski
testing experimental transmitting and receiving
equipment of the high-speed data subset,
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processing device can place its output on a magnetic
tape in a properly encoded form, the transmission
set will accept the tape and transmit the data at
great speed over telephone lines to another magnetic
tape at the recciving end. The system uses a band
from about 700 to 1,700 cycles per second.

In discussing this transmission device, it is con-
venient to describe first some of its chief technical
features with the aid of Figure 1, and then later to
follow through an imaginary but possible applica-
tion to a business procedure.

In Figure 1, the dotted lines between the two data
transmissions represent a telephone channel used
for voice conversations. The transimission sets could
be in the same city, or onc could be in New York
and the other in San Francisco. The problem of

D\ MAGNETIC
% TAPE
p

parallel code-group arrangement of punched paper
tapes. In cach of the seven positions there will be
either a zero or a one, but in the entire series of
seven there must always be cither three or five
one’s. A one corresponds to a spot on the tape mag-
netized in one direction, and a zero corresponds to
a spot magnetized in the reverse direction. As we
shall sce, if by crror a code group does not have
cither three or five one’s, a data subset will detect
the crror and will take steps so that it can be recti-
fied. This code svstem is similar in principle to the
self-checking “two-out-of-five™ code commonly used
in telephone switching equipment.

The output of the magnetic tape feeds into
the amplifier and modulator section indicated in
Fignre 1. Here, an oscillator generates a 1,200-cycle
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Fig. 1 — Experimental “data subsets™

sending  digital information at high speeds over
voice channels has been studied for a number of
years by the Switching Rescarch Department at the

Laboratories. Aside fmm the possibility of rapid
data transmission, the work was directed toward the
transmission of the digits and control signals re-
quired to set up a conventional telephone connec-
tion. This research has been deseribed in a paper®
bv A. W. Iorton, Jr., and H. E. Vaughan of Bell
Telephone Laboratorics.

At the left in Figure 1 we have a magnetic tape
input. For the moment we are not concerned with
how the tape has been prepared. We know merely
that the metallic oxide coating on the tape contains
a series of magnetized spots arranged according to
what is termed an “odd-parity check” code. The
code for any unit of data —a digit, a letter of the
alphabet, or any arbitrary symbol — will have seven
positions. The information goes on the tape serially
(one position after the other) in contrast to the

® Transmission of Digital Information over Telephone
Circuits, B.S.T.]., 34, pp. 511-328, May, 1955.
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as used on the o ends of a telephone connection.

carrier which is amplitude modulated by the code
signals. For example, a code like 1001010 would
result in pulses of 1,200-cvcle carrier in the three
one positions, and no carrier would be present in
the four zero positions. An amplifier raises the en-
ergy level sufliciently for transmission over the tele-
phone connection, and a checking circuit verifies
that the three-or-five-out-of-seven requirement has
been met. If an encoding error is encountered, the
set will send out a special symbol that will be re-
corded on the recciving tape.

To initiate the transmission of data, the person
using the equipment could signal the partv at the
other end and talk to him. The calling party
requests the called party to set a switch on the dis-
tant subset to the recciving condition, and then
sets his switch to the transmitting condition. The
data is then very rapidly transmitted and recorded
on the distant magnetic tape.

At the receiving end, the switch setting has es-
tablished the required rearrangement of the cir-
cuitry. An automatic volume control (AVC) cir-
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cuit helps insure accuracy by evening out the energy
levels of the incoming 1,200-cycle pulses. A detec-
tor circuit converts these to direct-current pulses
that magnetize the appropriate spots on the receiv-
ing tape. Another check circuit is meanwhile verify-
ing again the three-or-five-out-of-seven accuracy.
This is neccssary because an crror might have been
introduced along the transmission path. For in-
stance, a flash of lightning from a thunderstorm
might have induced a spurious voltage that smeared
out one of the pulses. When the receiving check
circuit discovers such an error, it signals the send-
ing end that an incorrcet code has been received.
The sending data subset then backs up and repeats
that portion of the message, and in all probability
the data will this time come through correctly.
Any incorrect data put on the receiving magnetic
tape is labeled so that it can be ignored.

It should be mentioned here that such “error-free”
communication is not alwavs required. For routine
transmission of text matter, an infrequent wrong
character is usually tolerable. For this reason the
data subset as presently conceived uses the check
circuit as a separate module that can be incorporated
or not as desired. It would be a necessity for
transmission of such data as inventory lists, banking
information, and the like.

The “data subsct” we have been discussing is in-
tended to be a fairly small and hghtwelght ‘box”
that could be place d on an ordinary office desk.
A small and convenient size is made possible by
semiconductor diodes and
terroclectric crvstals. The data subset is completely
transistorized: the functions of memory, logic, oscil-
lation, modulation, and amplification — which would
ordinarily be performed bv bulky electron tubes
and their associated components — arc here per-
formed by the minuscule products of solid-state
clectronics. A rather large and heavy cabinet of
equipment would otherwise be required to do an
equivalent job.

Until now, we have described a data transmission
system with little thought given to other equipment
on cither side of the magnetic tapes. Yet con-
sideration of this situation was one of the determin-
ing factors in the design. The aim was to provide
a versatile instrument that would be easily adapt-
able to a wide varicty of data-producing mecha-
nisms. There is here a problem of compatibility
something like the problem faced by the television
industry a while ago in providing for color broad-
casts. The hundreds of different types of data ma-
chines — typewriters, cash registers, card-punching

the usc of transistors,
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Fig. 2—1". “card” of
printed circuitry. Final model can be much smallor

e

Kaminski inspecting one
£

than this experimental equipment.

machines, digital and analog computers — speak dif-
ferent languages. For efficient and economical trans-
mission, however, the data they produce should
preferably all be written in one common language.
However, since a rigid standardization is not pos-
sible, at least not at the present time, the problem
reduces to one of translating the different languages
into the form that does least violence to the ma-
jority. Most machines can be modified to produce
the magnetic tape used in this equipment.

There is a second important reason for using a
magnetic tape input. In addition to the “language”
translation, a “speed” translation is nccessary. A
telephone message channel can transmit informa-
tion much faster than a human being can operate
a typewriter keyboard, for example, but a message
channel is slow compared with the ultra-fast specd
of the modern electronic computer. Both the slow
and fast speeds of data-producing mechanisms must
thercfore be translated into the fastest speed that
telephone lines can handle. If this speed is ex-
ceeded, transmission becomes erratic, and if speed
falls below the maximum, transmission becomes in-
efficient — the telephone circuit is in use longer than
is really necessary to send the message. Magnetic
tape is about the fastest and most adaptable medium
vet found to satisfy this requirement of speed trans-
lation. The use of magnetic tape also has the inci-
dental advantage of quiet operation.

We can now be a little more specific in describ-

ing what could be an operational setup using a data

subset. It has already been mentioned that large

digital computers could be “talking” to cach other
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Fig. 3— The author with automatic electrie tvpe-

writer and experimental equipment for use of mag-
netic tapes to store data for rransmission.

trom the distant points. For an effective demonstra-
tion, however, electric tvpewriters were chosen as
data-producing and  data-receiving machines. A
Flexowriter was obtained from the Commercial
Controls Corporation. This is an automatic clectric
tvpewriter that punches a paper tape, and for use
with the data subset it was adapted to provide mag-
netic tape.

Imagine now a secretary in the headquarters of
a legal firm. She has a two-page, 1.000-word legal
contract which must be delivered to an outlving
office. The desk in front of her has an electrie type-
writer which produces both a tvped copy of the
text and a magnetic tape for use in the subset. As
she tvpes, the magnetized spots are placed on the
tape. From her typescript, she checks the accuracy
of cach line after it is typed. On one occasion, she
makes an error, so after this line she tvpes a special
“erroncous line” symbol. This svmbol is duly re-
corded on the magnetic tape after the string of
codes for the erroncous line. She then retvpes the
line correctly.

On her desk she also has a data subset. When
she is through tvping, she removes the magnetic
tape {from the typewriter and places it in the data
subset, The legal firm has decided that transmission
of legal documents requires a very high degree of
acecuracy, so this subset is provided with the error-
checking module. To arrange for the transmission,
the secretary removes the handset from the instru-
ment and establishes a connection to the branch
office. When the called party answers she converses
in the normal manner until she is readyv to transmit

the contract. She then tells the called party to
switch the subset at the other end to the receiving
condition. When this is done, she switches her own
subset to the transmitting position. The entire
1.000-word contract is then transmitted and placed
on the recciving magnetic tape in one minute.

Notice that the secretary did not rewind the tape
before she placed it in the subset. She purposely
used the tape just as it was wound up in the type-
writer — that is, backwards. The tape information
is thus sent backwards and received backwards.
For the one erroneous line, the transmitter encoun-
ters the “erroneous line” symbol and does not truns-
mit the line that follows. The erroneous line is thus
rejected and only the correct line appears on the
reproduced copy. In this manner, the problem of
typing accuracy is largely taken care of. As men-
tioned before, clectronic accuracy is provided by the
chccking circuits. If a ma]functi(ming tape-prepara-
tion mechanism or subset circnit causes an encoding
error at the sending end, the sending checker will
detect it. A code distorted over the transmission line
will be discovered at the receiver, which will ask for
a repeat. The successtul transmission of the con-
tract may complete the message, or the voice con-
versation may be resumed.

Two final matters require some additional ex-
planation.  First, it must be cmphasized that the
example of an operational situation used here is an
imaginary one, though it is casv to sce how useful
such a transmission syvstem could be in many fields
of bnsiness activity, In some respects, however, it
has been ()V(‘rsimp]iﬁed. Typewriter preparation
of the magnetic tape is only one of many methods
of gathering data. More complex business machines
would perhaps find even greater use for this type
of transmission svstem. For instance, a banking
establishment might emplov a UNIVAC, an IBM
703, or some other electronic computer to compile
such information as account numbers, deposits, with
withdrawals, and balances. By placing the data on
magnetie tape, the bank could quickly send it to a
branch location. Also, it has been assumed in this
example that there was only one receiving station,
A more realistic situation might mvolve a central
subset with a large nnimber of outlyving stations, to
all of which the data would be transmitted.

Sccond, some of the significances of the very
rapid transmission rate should be explained. We
have stated that a thousand words of text would
he transmitted tape-to-tape in about one minute.
This of course is transmission speed, and the time
consumed for the complete transaction would de-
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pend on the methods of operation preceding and
following the transmitting and receiving tapes.
However, in terms of telephone communication
channels, this very fast transmission offers great
possibilities for increased efficiency and economy.
A speed of 1,000 words per minute is about ten
times the speed of teletypewriter communication.
In many instances, there is no urgency requiring
that a message be sent at 1,000 instead of 100 words
per minute. But when we think of this speed in
terms of the fact that for a given amount of infor-
niation, a telephone line needs to be in use for
only 1/10th the time, the potential economies of
such data transmission systems are readily apparent.
Further, because of the high degree of automatic

THE AUTHOR

operation, equipment could be set up to function in
off-peak traffic hours.

The Bell System believes that high speed data
transmission is one direction in which the com-
munication industry must turn to meet the challenge
of the larger and larger amounts of information
being processed by machines. The transistor and
other solid-state devices have enabled us actually
to reduce the sizes of equipment units even while
their functions have been expanding. The Bell
Laboratories experimental data subset demonstrates
one sort of thing that can be accomplished in this
field, and we believe that it represents one of a
growing group of devices that will become com-
monplace in the new age of solid-state clectronics.

W. A, MavrHaner received a B.EE. degree from Rensselaer

Polvtechnic

Institute in 1937 and shortly thercafter joined t]le Laboratories. Imtlall}, he was
concerned with commercial development and research for automatic telephone
central oflices. During World War 1I, Mr. Malthaner worked on the dey velopment
of fire-control systems and fire-control radar for the militarv. Following the
war, he returned to rescarch on new automatic telephone central office systems,
customer dialing and supervisory arrangements, and inter-office signaling svstems.
More recently he has been in charge of a group concerned with digital data

transmission and integrated data processing.  He is
the ALE.E., a senior member
Sigma Xi, and Tau Beta Pi.

of the LR.E. and a member

associate member of
of the A.AAS.,

R. L. Helmreich Receives Distingui

Kansas State College on March 12 presented its
distinguished service award to Ralph L. Helmreich,
Vice President and General Manager of the Lab-
oratories. Presentation was made I)V James A, Me-
Cain, President of Kansas State (,()ll(‘“c on the
occasion of the Engineering School’s 33rd annual
Open House. Similarly honored were Herbert M.
Low, Vice President of J. F. Pritchard and Com-
pany. Charles W. Shaver, architect, and Murray A.
Wilson of Wilson and Company. Kansas State has
established the annual awards “to provide recog-
nition to prominent persons . .. whose careers have
contributed notably to the professions” represented
by the schools from which thev were graduated,
The four recipients were the first engineering gradu-
ates to be so honored by the school,

Mr. Helmreich received a degree in mechanical
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ished Service Award

engineering from Kansas State College in 1928 and
joined Southwestern Bell the same year. In 1932 he
became Wire Chief in Sedalia, Missouri. and for the
next sixteen ycars continued to work in the Plant
Department in various cities in Kansas and Mis-
souri. He moved to the General Department of the
A.T&T. Co. in 1949 as Supply Practices Engincer
and in the following vear returned to Southwestern
Bell as General Manager in Kansas City. He was
named Vice President in Charge of Personnel for the
Mountain States Company in 1951 and was ap-
pointed Vice President-Operations a year later. In
1953 he returned to New York as Director of Opera-
tions, Long Lines, and assumed his present post at
the Laboratories in 1956. Mr. Helmreich is a mem-
ber of the American Society of Mechanical Engi-
neers and of the Phi Delta Theta fraternity.

www americanradiohistorv com


www.americanradiohistory.com

The new
growing importance in communications technology. They are often better

Certain Properties
of l'errites

J. K. GALT Physical Research

magncetie materials called ferrites have taken on a large and

than ferromagnetic metals in standard components, and they have also

made possible devices that were previously quite impractical.

Although

ferrites are broadly similar to the magnetic metals in many respects, the
differences make them very valuable in a number of applications. Many

components made of these materials are currently in use in the Bell System,

with many more certain to come.

The ferrites are a class of cerimic wnetic ma-
terials formed by causing mixtures of various metal-
lic oxides to react in the solid state at high tem-
peratures. Electrically, their properties are broadly
similar to those of se ml(()ndnct(ns like silicon and
germaninm, but their magnetic properties are simi-
lar in many wavs to those of iron, cobalt. nickel
and  other terromagnetic metals. The most im-
portant similarity is that ferrites have spontincons
magnetic induction — that is, an induction pres-
ent even in the absence of anv applied field. TTow-
ever, because the v also have several properties that
are very differe nt from those of the ferromagnetic
metals, they have proved useful in many new ap-
plications since World War 11, and they have been
the subject of considerable rescarch work at Bell
Laboratories and elsewliere.

It is natural to ])cgin l)}' comparing the properties
of the ferrites with those of the ferromagnetic
metals. As we shall see. the de magnetic properties
are broadly comparable, but the ac characteristics
of the two groups of materials are very different
becanse of their different eleetrical properties, par-
ticularly resistivity,

Consider first the de characteristies, the most
important of which can be explained by referring
to the familiar plots of hysteresis loops seen in
Figure 2. Saturation induction and remanent induc-
tion (sce values identified in Figure 2) are, in fer-
rites. tvpically about one-fourth the values for many

126

ferromagnetic metals, This difference does not scem
large when we realize that in most materials these
quantitics are zero or very nc;u‘ly so. The coercive
force also has a broadly similar range of values in
the two groups of materials. Further. we include
under the de characteristics the fact that some fer-
rites, like some ferromagnetic metals, have hyster-
esis loops which approximate the rectangle shown
in Figure 2 (b). This is an important rcason for
their usefulness in magnetic-core. memories and
other clectronie computer applications; the rec-
tangularity means that there is a sharp diserimina-
tion between one direction of magnetization and
the reverse, which is the property used in memory
devices to switech between the “zero” and “one”
(or “ves” and “no”) conditions.

One of the less familiar properties for which fer-
rites and ferromagnetic metals have similar values
is the Curie point —the temperature above which
the material is no longer ferromagnetic and where
the saturation induction drops sharply to values
near zero. Typical values of the Curie point for
ferrites are 100° to 600°C. A second is the crystal-
line magnetic anisotropy — the energy rcquired to
turn the magnetization away from certain crystal-
lographic directions along which it prefers to lie.
Another is the magnetostriction, or strain that oc-
curs in a magnetic material when the induction
changes. This property is of interest for transducers
w]n(-h transform  clectromagnetic into mechanical
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or acoustic energy. Cobalt ferrite is an example of
a material with an extremely large magnetostric-
tion, the fargest known, in fact. Under suitable con-
ditions, the dimensions of a sample of this material
can change by as much as 0.08 per cent as a result
of changes in its induction. Further, the clastic
constants of many ferrites change relatively little
with frequency, and the ac()ustlml losses are not
excessive.  Recent 1n\’ost1gat1(ms indicate that a
ferrite can be fabricated with a combination of
these properties, which would be very useful in an
electromechanical transducer.

If we now turn our attention to ac pr()portios,
the differences between ferrites and the ferromag-
netic metals become more apparent. When induc-
tion changes quickly, either in magnitude or direc-
tion, the speed of the change is limited by energy-
loss mechanisms that tend to slow it down, In the
ferromagnetic metals, the most imp()rtant of these
losses is the energy dissipated by “eddy currents”
induced in a sdmp]o by any Cl]dl]ﬂ‘(’ in induction.
The importance of the Territes rests fundamentally
on the fact that their clectrical resistivity is so many
orders of magnitude higher than that of metals that
this mechanism is substantiallv absent, (Other loss
mechanisms act in the ferrites, but as explained
later, their effects are smaller.)

As a result, ferrites are useful up to much higher
frequencics in such components as transformers
and induction coils.® Materials, to be useful in such
components, must have a high permeability — that
is, an applied field H at the operating frequency
must cause the induction to change by many times
H. Further, these large changes in induction must
ocenr wlthout (llbhll)(ltlllg excessive amounts of
energv. If. as in Figure 1, we plot the typical be-
havior of permeability versus frequency, we sce
that it remains constant up to a certain freqnencv
after whiclu it drops off rapidly. Also, energy losses
reach a maximum where the fall-off i pe lmeal)lllt\/
ocenrs. As a result. a magnetic material is not very
useful above the point at which the permeability
starts to dr()p. It we compare a ferr()nmgnetic

Recorn, May, 1951, page 203.

Fig. 1 —Typical
permeability
versus frequen-
cy curve; awith
ferrites, fall-off

occurs at higher

o PERMEABILITY =—»

frequencies.

[e]

FREQUENCY =
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metal and a ferrite of the same permeability, the
permeability of the ferrite does not drop off until
a much higher frequency is reached (sometimes
many megacveles ). To say it another way, the fer-
rite has much lower losses at the higher tfrequencies
in the usetul range. For certain app]icutions, in
fact, the advantages of the ferrites are substantial
even at frequencies as low as 10-50 ke.

Ferrites are also very usctul in the microwave
frequency range, from 1000 to 30,000 mc, an area
in which both scientific understanding and tech-
nological development are expanding especially
dpl(”\/ Devices in this mngo have been described
clsewhere in the Rrcorp®, but liere we mention
merely that in most cases, their operation depends
on the fact that the ferrites in them have different
characteristics for similar waves traveling in oppo-
site directions — that is, they are nonreciprocal. Fer-

et s et b

SATURATION INDUCTION =REMANENT INDUCTION

K |

¢
SATURATION INDUCTION
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Fig. 2 — (a) Hysteresis loop identifying significant quanti-

ties used in studving properties of magnetic materials;

(b) ideal rectangular loop for ferrite memory devices.

rites make such devices practicable becanse they
perform the nonreciprocal function with only a
small encergy loss, which means a small attenuation
of the electromagnetic wave.

Chemically, the ferrites are metal oxide com-
pounds. Their basic chemical formula may be writ-
ten MFe.OQy. where “NM” represents a divalent metal
ion (valence of +2) and the two iron ions are
trivalent (valence of £3). This formula is often
written MOFe,0; to emphasize the valences of the
different metal ions. If the divalent ion, “N7,
iron, the ferrite may be called iron ferrite: it has
been known throughout history as lodestone or in
mincralogical circles as magnetite. Historically and
chemically, this is the parent of all the ferrites.

® Rieconn. October, 1955, page 385; November, 1933,

page 419,
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(O OXYGEN ION

® METAL ION

Others of the "M or divalent ions used to make
different ferrites include nickel, cobalt, manganese,
magnesium, mixtures of zinc and manganese, and
mixtures of zince and nickel. The mixtures of zinc
and manganese, and of zine and nickel, give ferrites
that arc especially important for applications.
Crystallographicallv, the ferrites mav be  de-
scribed as a close-packed cubic array of oxvgen
atoms (sce Figure 3) with the much smaller metal
atoms tucked into various interstices; the details
arc the same as those in a common mineral struc-
The interstices are divided
into two groups, in one of which the metal ion is
at the center of an octahedron with an oxygen ion

ture called “spinel”.

at cach corner. In the other, the metal ion is at
the center of a tetrahedron. The terminology “octa-
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Fig. 4 — Domain-wall velocity vs applied magnetic
field in (NiO),:;(Fe0), 45Fc,0; at 201°K : viscous
damping of wall is inversely proportional to steep-
ness of the line.

is much more complicated than that in the ferro-
magnetic metals, where all the dipole moments are
parh]lel and the saturation induction is simply the
number of atoms times the contribution of each
atom. The anti-parallel arrangement of the ele-
mental magnets at octahedral and tetrahedral sites
explains why saturation inductions in the ferrites
do not in general exceed about one-third the values
for the ferromagnetic metals. Néel has called the
territes ferrimagnetic materials as distinct from
ferromagnetic, and this is the terminology which
is now widely used.

Aside from this and the other complexities in the
atomic structure of ferrites, the materials are also
complicated magnetically by the way in which they
are produced. Usually, a mixture of dry powdered
oxides is allowed to react at about 1,100°C; in this
process nuclei of the ferrite reaction product are
formed which grow together and join as the rcac-

Fig. 3-— Crystal structure of ferrites, with details showing
how metal ions are situated at a tetrahedral (bottom right)
and an octahedral site (upper right.)

tion proceeds. Sometimes pores are left in the final
product, and these in turn introduce inhomogene-
ities in the direction of the magnetic induction and

hedral sites” and “tetrahedral sites” is therefore used
in discussing the crvstal structure of ferrites.

At temperatures below the Curie point, all the
elemental “magnets” associuted with metal jons at
octahedral sites are lined up parallel with each
other; similarly, all “magnets” associated with metal
ions at tetrahedral sites are also lined up parallel
with each other. But the two groups or sublattices”
are oppositely  directed — that is, they are anti-
parallel — so that the magnitude of the net satura-
tion induction in a ferrite is the difference between
the saturation inductions of these two sublattices.
This arrangement of dipole moments was first
postulated by the French physicist L. Néel in 1948,
and has since been confirmed experimentally. It
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impediments to changes in it. The resultant effects
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Fig. 5— Two curves show ferromagnetic resonance
line aidth vs temperature for ferrites of different
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on the ferrite material are very important, of course,
and mnch development and research work has been
done at Bell Laboratories and elsewhere to control
and understand them. The more porous ferrites
have low magnetic losses but tend to break casily.

We have mentioned carlier that in the ferrites,
the energy loss that accompanices rapid changes in
induction is small.  Nevertheless, it is very im-
portant, and we shall discuss here work done in
studving dynamical energy losses in ferrites. This
work was done on single-crystal samples, rather
than on the more complex polycrystalline ferrite
structures, since it is easicer to extract fundamental
information from data taken on the more uniform
single-crystal material.

We find in general that a ferromagnetic or ferri-
magnetic sample is broken up into small units
called domains, in each of which the induction
uniformly points in one direction. The inductions
in different domains. however, point in different
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Fig. 0 — Rotational motion in ferrites: — induction
. 113 . a9 . .
precesses like a “wobbling” spinning top.

directions, and between the domains are thin sheets
about 10—% c¢m in thickness in which the direction
of the induction changes. One way in which induc-
tion changes under the influence of a magnetic field
is that these sheets, or “domain walls”, move in
such a manner as to enlarge domains whose induc-
tion is closest to the direction of the magnetic field,
at the expense of the other domains. Rectangular
hysteresis loops occur almost exclusively when the
induction of a magnet sample changes by means
of domain-wall motion.

H. J. Williams® and others at the Laboratories,
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Iig. 7 — W. 4. Yager adjusting the automatic fre-
quency control of equipment used for ferromag-

netic resonance experiments.

in carlv work on domain walls, have cut samples
from single crystals of silicon iron which have just
one movable domain wall. The author has used
such samples cut trom ferrite crystals to obscrve
domain-wall motion in these materials. The details
of this work will not be given here, but such experi-
ments make it possible to plot domain-wall velocity
against the magnitude of the steady applied field
causing it to move. Such a plot, Figure 4, shows
that as the applied magnetic field increases from
zero, nothing happens until we reach a field com-
parable with the coercive force. This is becausc
interaction of the domain wall with imperfections
prevents it from moving. When the field exceeds
the coercive force, however, the domain wall moves
with a velocity that increases linearly with the
strength of the field, and therefore with the pres-
sure on the wall. We may therefore say that the
domain wall motion is viscously damped in this
range of fields and velocities. Figure 4 shows data
for a sample of (NiO)o5(FeO)2sFe0s, where
the “M” or divalent metal ion is 75 per cent nickel
and 25 per cent iron. It has been found that domain
walls in several ferrites show similar behavior to
that indicated in this illustration.

In a graph like Figure 4, the slope of the line
reflects the extent of damping — a steep line means
that the loss mechanisms are ineffective, and a
flatter line shows that damping is larger. For the
material used in plotting this figure, the slope
varies from about 30,000 cm/sec/oersted at room
temperature down to about 150 ¢cm/sec/oersted at

® Rucorn. Octaber, 19532, page 385,

wwwW americanradiohistorv com


www.americanradiohistory.com

(7°K. Thus, like most viscous damping mechan-
isms, those damping domain-wall motion in this
ferrite become more effective at low temperatures.
This is also true for other ferrites, but the change
is often not so great. Clearly, ferrite devices that
depend upon domain-wall motion will not work as
fast at very low temperatures as thev do at room
temperatures.

We may also observe dynamical energy losses in
connection with the other well-defined mode of
motion of the induction in a magnetic material —
a rotational motion in which the induction of a
saturated sample changes its direction but not its
magnitude. Such motion occurs in the nonrecip-
rocal devices mentioned earlier which operate in
the microwave range.

The motion of magnetization involved here is
called a “rotational” motion bhecause, as illustrated
in Figure 6, it consists primarily of a precession of
the induction of the sample about an applied steady
field. This is just like the motion of a spinning top
when its axis of rotation is not vertical — that is,
when the axis itself is rotating. If the motion could
occur without energy loss, it would occur at a single
frequency for any given field applied to the sam-
ple, and once started would continue indefinitely,
But, as we might expect, energyv is dissipated
during the motion, so it will not continue unless
it is continuously excited. At the given frequency,
such excitation is possible over a range of applied
magnetic fields —a range which is termed the
“ferromagnetic resonance line width,” Now this
range of fields or line width will be larger or smaller
according to whether the encrgy dissipated in the
course of the precessional motion is large or small.
Consequently, we can determine the losses asso-
ciated with the rotational tvpe of motion in fer-
rites by measuring line width.

Figure 5 shows line width as a function of tem-
perature (solid curve) for the same material used

THE AUTHOR

with Figure 4 to describe the domain-wall damping
type of losses — the ferrite in which the “M” in-
gredient is 75 per cent nickel and 25 per cent iron.
The impressed frequency is 24,000 me. It is clear
that the bulk of the energy loss over the whole
temperature range is closelv associated with the
presence of a maximum in the loss at 160°K. The
dashed curve in Figure 5 gives similar line-width
data for a ferrite with “\” consisting of 95 per cent
nickel and 5 per cent iron. Here the mechanism is
much reduced in effectiveness, but it is not en-
tirelv absent, and the maximum, so far as it is
detectable, seems to lie in about the same tempera-
ture region. Since the only apparent difterence he-
tween the two materials is the difference in divalent
iron content, we are led to the conclusion that the
presence of divalent iron ions in the material gives
rise to the loss mechanism we are considering. Ex-
periments on polveryvstalline ferrites at Philips Re-
search Laboratories in Eindhoven, Holland, at fre-
quencies below 10 me suggested this conclusion
also. It seems likely that the valence electrons on
the divalent and trivalent iron ions rearrange as the
saturation induction changes direction. Further ex-
perimentation and theoretical analysis have shown
that broadly speaking, this mechanism fits the be-
havior observed experimentally.

The results of this work on domain-wall motion
and rotational losses add much to our understand-
ing of ferrites, but there is much that we do not
yet know. For instance, we have no very satisfac-
tory picture of the precise way the valence elec-
trons rearrange geometrically or of their quantum-
mechanical cnergy levels. The loss mechanisms
discussed here are important in the materials for
which we have given data, but there are other loss
mechanisms acting in these materials, and probably
still others in other materials. We are just begin-
ning to understand this very important aspect of
the behavior of ferrites.

Sy

o
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A Wire-Spring
Multicontact Relay

R. STEARNS  Switching Apparatus Development

Through adaptations and improvements in established principles, Labora-
tories engineers are frequently able to fulfill current Bell System needs.
New wire-spring multicontact relays, for example, that perform better,

require less maintenance and are easier to manufacture have been designed

based on improved wire-spring technology. Innovations in this new design

permit these new relays to be used as direct replacements for flat-spring

multicontact relays on common control circuits in crosshar systems.

In a modern telephone office the common-con-
trol principle of switching permits one it of
cquipment to serve many separate circuits because
it is needed for only a fraction of a second on cach
call. A marker in a crossbar office, for example,
might be connected to different crosshar frames
several times in one sccond. To make these rapid
interconmections, relays  with  large numbers of
“make-contacts” are used. These are known as
multicontaet relays.

These relays present a difficult engineering prob-
lem because of the many conflicting requirements
thev must meet. They should have large numbers
of contacts, yet operate at high speed and be easy
to wire: they must operate as many as 200 million
times during an anticipated 40-vear life, vet show
little wear and recuire a minimum of maintenance;
most important, thcy must be economical to manu-
facture. The carlier flat-spring multicontact relay®
met most of these requirements and performed
satisfactorily for a number of years, although it did
require apprccinb]c maintenance.

* Reconn, May. 1939, page 301,
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In recent vears, intensive effort to inercase the
speed of common control circuits in modern cross-
bar offices has resulted in the use of wire-spring
general-purpose relays and  dry-reed switches.
These components operate at higher speeds and
require less maintenance than their predecessors.
Taking advantage of this increased specd, the num-
ber of markers required to serve a given number
of lines can be reduced, thereby saving consider-
able expense. Holding time can be further reduced
if the connector circuits can also be speeded up.
For this reason, experience in the wire-spring de-
sign was used to advantage, and a wire-spring
multicontact relay was developed.

This relay, shown in Figure 1, embodies many
features of the wire-spring general-purpose relay,
such as operation by an insulating card, a flat mag-
netic structure, and pre-formed wire springs. All
parts are either punched or molded, and the entire
relay consists of only 18 parts or sub-assemblies.
Four molded blocks contain all the wire springs to
which the relay’s 30 contacts are welded: relays
are made by semi-automatic machinery designed
by Western Eleetric engineers. Thus, the compli-
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Flg I —The new high-speed multicontact relay
with the luecite contact cover removed.

cated ussembly operations and skillful adjustiments
NCCeSSATY on the flat- spring multicontact relay have
largelv Deen eliminated in the present wire-spring
version of the relay.

The older relavs cach used two coils and two
magnet assemblies to actuate them.  NMost relays
provided 60 contacts by having 30 on cach half,
while others provided fewer; in all cases, two
assemblies were used on cach relav. The wire-
spring version has 30 contacts but uses onlv one
coil and magnet assembly. Tt is equivalent to one-
half the older relav, but is more flexible in mount-
ing. Two of the new relavs take less space than
one older relay while providing an equivalent num-
her of contacts.

To discontinue the manufacture of the older
relav for additions and replacements in older of-
fices, a replacement relay has been designed that
consists of two 30-contact wire- sl)nntr rek avs mount-
cd on a common bracket, Figure 2, and inodified
to make them slower to operate. The modifications
consist of special actuating card to provide a
l()nger armature travel, coils with a larger number
of turns to increase the r('lzl_v inductance, and
special magnetic shunt to by-pass some of the mag-
netic flux, In other
of the high-speed relav has purposelv been de-

words, the mugn(‘tic structure

Fig. 2—The new replacement relav shown at-
tached to a common mounting bracket,

graded for this application, to obtain a wire- -spring
Ieplacement relay that is electrically and mechan-
ically interchangeable with the flat-spring type.
Since the multicontact relay has so many con-
tacts, considerable attention was given to the design
of the terminal end of the relay so as to avoid wir-
ing congestion and to speed installation. Connector
circuits require a great many common leads, so
arrangements were made for horizontal strapping
of the single-wire terminals of the multicontact
relay as sho\vn in Figure 4. The twin-contact ter-
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Fig. 3—The heel of the armature continues to
move after the card is stopped by the core and the
front of the armature is stopped by the core plate.

minals are specially formed by twisting each pair
of wires together and coining them to a trapezoidal
shape that is suitable for achieving reliable solder-
less wrapped connections.

Although the initial wiring of multicontact relays
has been simplified, the replacement of a damaged
relay is a time-consuming procedure because of the
horizontal strapping and the numerous leads that
must be changed. Under ordinary circumstances,
very few of the new relays should require replace-
ment or even extensive maintenance. However,
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under verv severe conditions, all parts subject to
wear or damage can be replaced without removing
the rclay from the frame or disturbing the main
portion of the wiring. Special tools have been de-
veloped to replace the coil and actuating card:
should it be necessary, new contacts can be welded
on with a specially-developed hand tool.

From a performance standpoint, the new relav
has many significant advantages. In operate and
release times it is at least twice as fast as the older
flat-spring relay for the same input power. It has
superior contact-chatter and rebound performance,
is subject to much less wear, and is more stable
than the earlier relay. The high operating specd
is due principally to the use of a light and as short
an armature travel as possible, consistent with al-
lowances for wear of contacts in the opecrated posi-
tion and adequate separation of contacts in the un-
operated position.

Contact chatter, present to some extent in all re-
lays, is the high-frequency vibration of the con-
tact springs duc to the sudden impact of the con-
tacts when the relay operates. This vibration causes
the contacts to “chatter” upon closure and may
result in circuit failures if the duration of the chat-
ter is too long. This is reduced to a minimum in
wirc-spring relays because the low stiffness and
mass of wire springs result in a very rapid decay in
the amplitude of vibrations. The use of inde-
pendent twin moving contacts to mate with each
single fixed contact helps to reduce the effect of
chatter on circuit operation because the twin wires
seldom vibrate exactly in phase; when one con-
tact is open, the other is likely to be closed, and
the effect of chatter is Lirgely masked. As a result
of this, most of the contact chatter on the wire-
spring multicontact relay occurs in the first 100
microseconds of contact closure and has a negligible
effect on circuit operation,

THE AUTHOR

Fig. 4 — The new relays were designed to use strap

wires molded into plastic separators, as shown here.

Armature rebound has also been reduced to a
negligible amount. This has been accomplished by
a special mechanical arrangement of the card,
armature and core assembly. Figure 3 shows a
cross-section of the moving system of the relay in
various stages of rclease. The armature is on the
side of the core opposite to that of the moving
card, primarily to make the removal of the coil
assembly easier, but also to provide a mecans of
improving rebound performance.

When a relay of this size is operated, consider-
able energy is stored in the springs. Ordinarily.
this energy would cause the armature to bounce off
the backstop during release and would cause some
of the contacts to reclose. resulting in undesirable
pulses that could cause serious circuit trouble. The
construction of the wire-spring multicontact relav
is such that this energy is rapidly dissipated. When
the relay is released, the restoring spring causes
the card to accelerate towards the core, at the same
time carrving the armature away from the corec.
When the card strikes the core, the armature has

R. STEARNS joined the Laboratories as a technical assistant in 1952 following
his service in the Signal Corps. While in the service he was concerned with the
development of high-powered public address systems at the Signal Corps Engi-
neering Laboratory, F't. Monmouth, N. J. Since coming to the Laboratories he
has been principally concerned with the magnetic design of all types of wire
spring relays, and related capability studies, and is currently engaged in the devel-
opment of techniques for measuring the quality of welded connections between
wires and terminals. Mr. Stearns, a senior technical associate, is attending eve-

ning sessions at the Polytechnic Institute of Brooklyn.
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gained considerable kinetic energy and keeps on
traveling until it hits the backstop formed by the
curved edge of the opening in the core plate. Since
the armature loses only part of its energv upon hit-
ting the backstop, there is a tendency for the arma-
ture to pivot about the backstop, causing the rear
legs or “heels™ of the armature to move away from
the core and strike the heclstops. The front of the
armatnre re-strikes the bearing surfaces of the card,
but by this time most of the kinctic energy in the
armature has been imparted to the core structure
and is rapidly dissipated. The small amount of
energy remaining in the low-mass armature is not
sufficient to overcome the rather large force of the
card against the core. Thus there is very little likeli-
hood of false actuation of the contacts due to arma-
ture rebound under normal operating conditions.

To provi(le the proper wear characteristics, con-
tacts have Dbeen made sufficiently large and all
mating surfaces of moving parts have been made
broad so that the wear is distributed over a large
area. lor (’.\'mnplc, the usual non-magnvtic stop
disc used on the armature of an ordinary relav to
prevent sticking on release has been replaced with
a large nickel-silver stop plate that has shown ex-
Stability of adjust-
ment has been assured by the careful selection of
molding compounds for the plastic parts of the
relay so as to provide a minimum of deformation
with variations in temperature and humidity.

As a result of these improvements, the new wire-
spring multicontact relay will provide better per-
formance, require less maintenance, and be easier
to manufacture than the older flat-spring type.

cellent wear characteristics.

Record Year in 1956 for

Western Electric Company’s Annual Report to
Stockholders describes the year 1956 as outstanding
in volume of production, in sales and in services
rendered. Among highlights of the Annual Report,
Western stated that commitments to all customers
in 1956 were met, even though demand for nearly
every product classification reached new peaks.
Product guality and employee efficiency continued
at high levels. Prices were maintained at essen-
tially 1955 levels despite increases in wage rates
and cost of materials,

Sales $2,372,726,000, about one-fourth
greater than in the preceding year, the Report
continued. Sales to Bell Companies totaled $1,648,-
§75,000. Equipment sufficient to serve 3,530,000
dial central office lines was shipped in 1956. This
is about the combined total of lines now providing
dial telephone service to the public in 10 large
cities — Philadelphia, Washington, Columbus, Chi-
cago. Milwaukee, Minneapolis, Dallas, Los Angeles,
San Francisco and Seattle. Some 6,600,000 tele-
phone instruments were produced and shipped
—equal to one-seventh of all the Bell System
telephones in service at the start of the vear. In
addition, 7,600,000 instruments were reconditioned
and made available for further use in telephone
service. The Government’s requirements for elec-
tronic equipment and specialized services important
in the nation’s defense plans were higher than in
any previous post-war year.

were
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Western FElectric Company

Activity in the installation organization increased
sharply in 1956, keved to the volume of central
office equipment flowing from Western Electric
factories. The number of dial lines installed and
turned over to the telephone companies ready for
service was ahmost 50 per cent greater than 1955.
About one-quarter of the installers” work involved
the expansion of many types of facilities for long
distance telephone and television service.

Emplovees in the Company’s distribution and
repair centers shipped larger volumes of products
and supplies to telephone companies and recondi-
tioned more worn telephone equipment than in any
previous vear. An average of 12,000 items ordered
by the Bell Telephone companies was shipped from
local stocks every working hour throughout the
vear, 97.5 per cent of them on the date wanted.

An amount equal to nearly 60 cents of every
sales dollar was paid last year by Western Electric
to some 31,500 other businesses, suppliers and
sub-contractors located in 3,200 U. S. cities and
towns. More than 28,000 of these firms, or nearly
90 per cent of the total, were small businesses hav-
ing fewer than 500 employees.

By the end of the year, the Report added, the
number of the Company’s emplovees had reached
an all time high of 138,520. This, of course, meant
a steadyv increase in training activities for those
newly employed and for others who moved up to
jobs of greater responsibility.
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Sometimes the obvious solution to a problem is
neither the best nor the most econonmical. This
was true recently when the obvious answer to
badly needed additional telephone serviee be-
tween San Franeiseo and Oakland was to follow
the old cross-bay cable route with a second

loaded cable.  Instead, E-type repeaters were
used on nonloaded cable following a new and
longer route. ‘'The new route facilitated main-
tenance and resulted in a saving of nearly one-

half million dollars.

I-Type Repeaters:

San I'rancisco to Oalland Circuils

W.J. KOopPP

Transmission Engineering

To conmect tcl(-p]mno customers with their own
and other central offices, exchange-area transmis-
sion facilities in and around cities usually consist
of underground or acrial cable. In locations such
as the San Francisco Bay arca, however, certain
interollice cables are under water. These cables
arc more expensive to build and install, and are
often subject to mnusnal hazards — for example.
dragging anchors of hoats using the waterwav, A
need for more service between San Francisco and
Ouklund furnished an interesting plant and trans-
mission problem in which the Laboratories par-
ticipated.  An unusual application of E-tvpe re-
peaters provided a solution with savings of nearly
once-half million dollars over alternative proposals.

E-tvpe negative impedance repeaters® are being
used inexchange-area circuits in rapidly increas-
ing numbers because they provide an economical
method of reducing the transmission loss of existing
circuits and permit the use of smaller gauge con-
ductors for new lavouts.  Conventional repeaters
require hybrid cirenits, balancing networks, ampli-
fiers and gain controls for cach direction of trans-
mission, as well as special bvpassing circuits for

® Reconn. February, 1952, puge 56.
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de signaling and supervision.  E-tvpe  repeaters.
however. are inherently two-wav devices in which
networks, adjusted by cross-conmections on a ter:
minal board. serve primarilv to fix the gain and
frequencey response of the cirenit. Instead of am-
plifving voice currents to overcome line loss, “E”
repeaters act as “negative” impedances inserted i
the line, effectively cancelling out some of the posi-
tive line impedance. No additional rrangements
are necessary to handle de signaling, which passes
through the repeater with @ minimum of distortion.

A cable was laid across San Francisco Bay some
vears ago to provide telephone service hetween
San Francisco and Oakkmd. The cable route, Fig-
nre 1, runs from the Main central office in San Fran-
cisco, touches Yerba Buena Island, and continues
to the East Bay Main office in Oukland. The cable
lies in shallow water and is brought to the surface
every 6.000 feet where loading coils have been in-
In a few
places. man-made iskands were built at considerable

serted to reduce the transmission losses,

expense to accommodate the loading-coil vaults,
The cable is subject to a certain amount of hazard
from ship anchors. In addition, the route required
digging a trench in the Oakland Harbor channel
to clear dredging operations,
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Fig. 1 — Map of San Francisco Bay showing the location of the old cable route (dashed

line) and the location of the new route (solid line).

Telephone traffic between the two cities and sur-
rounding areas has grown considerably since the
cable was laid and an extended customer-dialing
program employing CAMA was to be added to tele-
phione services in the area. Both these conditions
increased the requirements for more trunks between
the cities, and an additional cable was necessary.
Following the old route and using loading coils
would have been very expensive. With E repeaters
at both central offices, it was possible to consider a
new cable without loading coils, following the
longer route in Figure 1. The diversity provided
by this route offered considerable advantage from
the standpoint of service protection.

Savings were realized in several ways. Since the
repeaters pormittod a new route in docper water
that avoids the Oakland channel. no trench had to
be dug. The gains possible by using the repeaters
made it feasible to dispense with loading and to use
smaller conductors. The new cable provides 1219
pairs — twice as many as was possible hefore in the
same size cable —and is believed to have the larg-
est capacity of any underwater cable of this length
in the world. Eliminating the loading-coil con-
struction alone saved over $100,000.

The E1, and the electrically equivalent E2 plug-in
repeater that was developed later, are series-type
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repeaters. The E3, available only as a plug-in unit,
is a shunt-type repeater. In each type, the useful
negative impedance obtained is controlled by the
elements of the network; these are connected to
provide the desired characteristics. To produce
low-loss transmission with the best possible im-
pedance match, an E3 repeater is connected to the
line coil of an El or E2 repeater to form an E13
or E23 repeater. The combination shown in Fig-

ure 2 is, in effect, a negative-impedance network
E1 SERIES REPEATER  E3 SHUNT REPEATER
ADJUSTABLE ADJUSTABLE
NETWORK NETWORK .
CONVERTER CONVERTER
=000~ T T
== <BO0 00 =
TO CENTRAL
© ORPICE TO CABLE
EQUIPMENT i
-
- <000 STO0™ =

Fig. 2 — Block diagram of connections of a combination
E13 repeater. The El is effectively in series with the line
while the E3 is across the line.
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that is inserted in the line to provide two-way gain
and a good impedance match swhen connected to a
loaded cable pair.

When E-tvpe repeaters are applied to loaded
facilities. the networks are connected by the Tele-
phone Company to provide a given gain, using a
series of charts. These connections are computed
and checked initially at the Laboratories on arti-
ficial cable networks. No standard charts are avail-
able for cases involving appreciable lengths of non-
loaded cable since the general problem would
require data for many combinations of loaded and
non-loaded cable facilities. The San Francisco
cable project was theretore handled as a special
problem requiring the help of the Laboratories.

Gain is difficult to achieve for nonloaded facili-
ties since the repeater must, to a largc extent,
equalize the rising loss-with-frequency characteris-
tic, and also provide a better impedance match
than is obtained by direct connection of the non-
loaded and connected facilities without gain. A
poor impedance match results in echo effeets® that
are detrimental when the circuits are used in long
toll connections. Accuracy of the impedance match

“ REcORrD, August, 1954, puge 281.

Fig. 3 — The Oakland installation, 1with El repeat-
ers at the left and plug-in E3 repeaters at the right.

APRIL, 1957

ATTENUATION IN DECIBELS

Y
10,000

0 500 1000 2000 4000 6000
FREQUENCY IN CYCLES PER SECOND
Fig. 4 -~ Loss-versus-frequency characteristic of re-

peatered and nonrepeatered nonloaded cable.

is measured by return loss, which indicates the
ratio of e¢nergy returned as echo to the applied
energv. Because of the difficulty in solving the
general case, only special installations of non-
loaded cables handling toll tralfic, such as the San
Francisco Bay cable, have been worked out.

E13 repeaters are connected at each end of the
San Francisco Bay cable. EL repeaters were used
because E2 units were not available at the time of
the cut-over. Tigure 3 shows the installation at the
Oakland Office, with the El repeaters at the left
and the plug-in E3 units at the right. The result
of applving repeuaters to the 22-cauge nonloaded
cable is shown graphically in Figure 4, which indi-
cates the loss reduction and improved frequency
respouse.  The improved frequency characteristic
approaches that of the older 19-gauge loaded cable.

Before the San Francisco installation, networks
for the repeaters were worked out in the Labora-
torics to provide the desired gain-frequency char-
acteristies and impedance transformation. In addi-
tion, stability margins against self-oscillation had
to be obtained for both busy and idle circuit con-
ditions. The network design for this project was
further complicnted since recpeaters were required
at both ends of the cable and it is not always ap-
parent how the gain should be divided between
repeaters to obtain the best result. These network
arrangements were tried out and refined on arti-
ficial cable networks built up to represent as nearly
as possible the Bay cable pairs.
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On location, the networks were optimized after
connection to the actual cable pairs to provide the
best gain-frequency and return-loss characteristics.
Gains of individual or combination repeaters at
cach location were measured with the repeater test
set.® In the usual case, the average gain of a re-
peater can be subtracted from the over-all comn-
puted net loss of the nonrepeatered line to give the
loss of the repeatered line. In the case of the Bay
cable. however, repeaters at cach end made it diffi-
enlt to caleulate the over-all loss using measure-
ments of repeater guin. IEnd-to-end measurements
were therefore snbstituted, using the test only to
check the individual repeaters. A test of repeater
stability (absence of singing or self-oscillation) in-

° Reconn, January, 1956, page 17,

THE AUTHOR

cludes checks with trunks in an idle condition —
that is, disconnected from all other circuits — as well
as trunks that are in a busy condition.

Many of the new cable cireuits provide telephone
communication between Oakland and the Main
central office in San Francisco. Other circuits in
the cable are extended at cach end to other cen-
tral offices within a seven-mile radius, forming per-
manently-connected  cross-bay - trunks,  Repeaters
on these pairs required slightly different gain ad-
justments from those on the Main to East Bay Main
circuits to provide additional gain. Of the 1219
pairs available in the cable. 630 pairs were orig-
inallv equipped with an E13 repeater at each end,
nsing a total of 2600 repeaters. Additional circuits
with repeaters have been added since then, and
by 1957 all pairs will be in service.

WiLniaae J. Korr joined the Laboratories in 1929, and was concerned with
transmission measuring  apparatus in - connection with studies on  transmission
standards and effective transmission rating svstems. Just prior to and after World
War 11 he investigated the transmission aspects of certain PBX's. During World
War H he worked on wire and radio networks, Following the war, Mr. Kopp
also worked on system aspects of the early mobile radio telephone equipment.
Since 1947 he has been mainly concerned with negative impedance repeaters
and their applications to telephone lines. Mr. Kopp reccived a B.S. in E.E. de-
gree from New York University in 1937,

Lditors Named for the Record and B.S. T. ).

George E. Schindler, Jr.. Associate Editor of the
Recorp, has been named  Editor,  effective with
this issue. He succeeds William D, Bulloch, who
has been named Editor of Tuk Bew. Systeat Tecn-
NICAL JOURNAL.

Mr. Schindler, who studied chemical engineering
at Carnegic Institute of  Technology,  graduated
from the University of Chicago and has a master’s
degree in English from the University of Pittsburgh.
He taught technical writing at both the University
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of Pittsburgh and Carnegic for several vears, and
did additional graduate work at Chicago before
joining the Laboratories,

A graduate of Dartmouth College, with his mas-
ter’s degree in physics from the University of North
Carolina, Mr. Bulloch tanght courses in phyvsics,
mathematics and astronomy at the latter institution
tor a number of years. He was also Assistant to the
Director of the Morchead Plnetarium at Chapel
1ill. North Carolina,
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One major advantage of the No. 5 crosshar sys-
tem is its flexibility. In some areas, for example,
political or geographic boundaries influence the
rate treatment on calls to and from various
customers. A single No. 5 switching unit can
serve up to 40.000 such customers divided
aniong as many as six central office codes, With
this arrangement, a customer’s directory num-
ber can be used by the automatic switching
equipment to insure that the proper rate treat-
ment is applied. With the continuing growth of
direct distance dialing, this flexibility makes
the No. 5 crosshar system even more versatile

in serving the operating telephone companies.

Dirvisions of Teleph()ne Numbers

in the No. > Crosshar System

R. C. AVERY

The standard Bell Svstem  numbering  plan
consists of a group of (hmts used to l(lGl]tlfV the
office in which the called customer line is located.
and four additional digits for locating the line
within that office. This latter condition limits the
size of an office to 10,000 numbers — 0000 through
9999. In manv cases, however, it is economical to
build “wire centers™ for more than 10,000 numbers.
Such wire centers must therefore have more than
one office name associated with them.
mon control switching systems are used, a single
group of control circuits and test facilities may
serve several offices in one center.

The telephones associated with the lines served
by a No. 5 crossbar central office mav be concen-
trated within a few blocks in the business section of
a large city, or they may be spread out over a much
111‘(*01‘ area in the rural scctions of the country.
Sometimes rate houndaries may run through such
an arca. dividing it into sections which require dif-
ferent rate treatments for the calls to and from
other central offices. Since the charges for these calls
vary with the distances involved, and the political
boundaries crossed. and since these charges are de-
termined by identifving the office code involved.
different codes must l)e assigned to the wvarious

Where com-
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Switehing Systems Development 1

sections served by the  telephone  central office.

Also, in planning tor future expansion ot tele-
phone facilities, it is sometimes desirable to assign
more than one office code to o single central office.
Projected growth in a particnlar arca mav indicate
that an additional central office should be installed
in the future, although immediate demands may
be met by existing equipment. By assigning a new
office code to the group of lines serving a particular
arca, and by providing the proper arrangement of
switching equipment, this group of lines may be
transferred when necessary to a new central office
without the need for directory changes.

A switching unit (marker ¢roup) in the No. 5
crosshar system is designed to accommodate a
maximum of 40,000 numbers, and these must be
identified by not more than six office codes as
shown in Figure 1. For identification within a
switching unit, the numbers are divided into two
major subdivisions known as number series groups
A and B, Groups A and B consist of blocks of
30,000 or fewer numbers each, and each group can
consist of from one to three series of 10,000 num-
bers. Althongh a number series may consist of the
10,000 numbers identified by an office code, a par-
ticular code may sometimes be used for less than
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coming register link to the incoming register and
then to the marker.  Another signal, transferred
through the trunk link connector, m(hcatcs the par-
ticular number series of the number series group.
Together. these signals control the selection of the
required number series. A signal from the trunk
link frame also indicates whether the incoming
trunk is restricted to reach only certain of the of-
fice codes within the number series group. This
latter signal is compared with information returned
by the number group and the call is completed
only if these two signals match.

In certain cases a 10,000 number series may he
divided into office subdivisions hecause of rate dif-
ferences for calls from one locality while calls to
these particular subdivisions from another locality
will have the same rate. In the latter case, trunking
efficiency can be increased by using one trunk
group to reach all subdivisions with appropriate
signzlling arrangements.

On calls from vevertive pulse offices such as
panel and No. 1 crosshar which transmit the four-
digit number in the form of five revertive pulse
scelections, o combination of directing signals and
trunk grouping can be used. For these revertive
pulse offices
cach office code in the No. 5 crosshar office, or the
number of trunk groups can be reduced by employ-

a trunk group can be provided for

ing a special signaling feature® which (H(‘(tl\clv
adds a central office designation. With this ar-
rangement, a trunk group can he made to serve
two offices, one of which will be in number series
group A wand the other in group B.

The possible divisions of numbers in the No
crosshar
tem. Since a marker group can handle up to 40,000
numbers identified by as many as six office codes.

svstem make this a very versatile sys-

it is suitable for application in any arca. and ideal
for rural and suburban arcas.
“The

High Five”

incoming brush feature,

Laboratories Announces Tuition Aid Plan for College Study:

A college taition aid plan has heen established
by Bell Telephone Laboratories to assist emplovees
in furthering their education. The plan provides
@ maximum of $250 in tuition per school vear for
undergraduate studies which emplovees pursue on
their own time.

Announced on March 13 by Dr. M. | Kelly, the
plan is available to all n-g_,u]ar full-time (mpl()\'u-
The courses clected under the program must he
ones for which the college grants credit toward
degree and must be of henefit to the emplovee’s
work. The selected institution must be an aceredited
college or another institution approved by the
Laboratories, and the cemplovee must be aceeptable
to the college for undergraduate study. The max-
imum of $230, which is to cover tuition but not
registration or laboratory fees and other expenses,
will be refunded by Bell Laboratories to cach par-
ticipating emplovee. One-half the tuition will be
pitid at the start of the course and the other upon
its successful completion.

In his statement describing the plan, Dr. Kelly
said, “We Dbelieve college educational training s
beneficial both to the company and to the individ-
ual. The contributions of Bell Laboratories to the
communication needs of the nation and to our na-

tional defense system depend upon the combined
efforts of many well-trained people — people trained
not only in scientific subjects but also many other
disciplines of the mind.

“To solve the complex technical and human prob-
lems facing business todav,” Dr. Kellv said, “indus-
trv must direct greater attention than ever before
to the development of its human resources. The in-
dividual. of course. must accept final responsibility
for his own development, but his company can help
him grow in many ways.

“At Bell Laboratories we have for many vears
provided emplovees with a variety of opportunitics
for education and training, Educational assistance
for graduate study is available through tuition re-
funds and also through company training courses
on a graduate level. At the undergraduate level we
have already both in-hour aud out-of-hour training
programs C()\'cring a wide range ot su})jcct matter.

“Now we are extending tuition aid to those in-
terested in outside undergraduate study wherever
this promises to contribute to the employee’s ef-
fectiveness on the job. T feel that this support of
undergraduate study is a substantial step forward
in developing to the maximum the capabilities of
our people.”
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Pl Rural Carrier:

fquipment Features

A. J. WIER

Transmission Systerns Development |

F. H. KING

Merrimack Valley Laboratory

The new rural carrier telephone system, designed at the Laboratories, makes
use of new transmission devices, novel assembly techniques and improved
manufaeturing facilities. Transmission devices include transistors, semi-
conductor diodes, dry tanmtalum capacitors, and newly designed transform-
ers and induectors. Assembly technigques include the plug-in mounting of
apparatus boards, the new wire-grid concept that makes sueh mounting
practical, and the arvangement for quickly and easily replacing an entire
terminal unit. Improved mannfacturing facilities essentially consist of some
mechanized units which automatically assemble the component apparatus
onto the printed wiring boards.

Final development of a four-channel rural car- veloped will make it possible to further extend the
rier svstem is now heing completed at the Mer- length of these lines by distances equivalent to 30
rimack V allev ],(l])()l(lt()l\ of Bell Telephone Lab- db per repeater, with a maximum of four repeaters.
oratorics. This new wstem known as P11, was de- Designed to serve all tvpes of multi-party service,
signed  to fill the need for a rural carrier svstem the s_VSfcm provides ringing options for four-party
that may in time be cconomically feasible for dis- full-selective, and  cight-party semi-selective, di-
tances as short as five miles und as great as twenty vided-code, or tull-code ringing. Therefore, when-
ntiles. The new svstem transmits both sidebands ever the present S-party service is considered ade-
and the carrier on each of four independent two- quate, this svstem can add up to thirtv-two more
way channels. The additional carrier channels can custoniers on a single two-wire line, using semi-
he added to a given rural line pair, cither one chan- selective ringing. Morcover, with the new carrier
nel at a time or anv number of channels up to four, svstem, it will be possible to carry on five simulta-
The channel carriers are spaced about 12,000 cveles neous conversations over a rural open-wire circuit.
apart. The four channels mav be applied to the The P1 svstem uses transistorized circuitry and
line in two wavs —“grouped”™ as to direction of trans- the new technique of printed wiring. These fea-
mission or “stacked™ as to carrier frequency. tures have been introduced with a view toward

Transmission is over open-wire lines plus‘ regu- providing the lowest p()ssible first cost and sim-
lar non-loaded entrance cables. Terminal equip- plified maintenance operations. The uvse of tran-
ment has been designed to take care of a line loss sistors also means lower power requirements and
of approximatelv 30 db. Repeaters now being de- makes possible a reduction in the size of compo-
APRIL, 1957 143
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assigned to positions A through | in the connector
from the top down. Al boards are coded as
networks.

Each channel consists of two terminals — one at
the central office and one at a remote location —
both of which are the same except for the carrier
frequency filters and the signaling-equipment
boards. A complete terminal box can be easily fas-
tened either to an office mounting bracket or to an
outer weatherproof case by means of two screws
near the top of the box. The “line connector” (the
top printed wiring board ), its associated cable, and

Fig. 1 — Examples of equipment for terminal mounted on
printed-wire boards.

nents such as inductors and capacitors; the result
is a relatively small over-all size for the equipment.

All equipment for a terminal is mounted on eight
printed wiring boards, approximately 5 inches by
8 inches in size, Figure 1. These in turn are located
by self-aligning slides in an enclosed terminal box,
Figure 2, that locks the boards in place and serves
as a connector between the boards and the line. A
wire grid arrangement within the box consists of
thirtv-six wires that interconnect the eight printed-
wiring boards through small terminal connectors,
overlaid with paladium on one side, mounted as
required on each of the boards. The boards are

Fig. 3— The aircell power supply requires a much

larger box than the terminal on the other side of
the telephone pole.

an external terminal block connect the outside line
to the terminal equipment at cither location. There-
fore, it trouble exists within a terminal unit at any
time, it is onlv necessary to remove and temporarily
relocate the line-connector board below the hous-
ing and then replace the entire terminal, box and
all, with a good one. Service is automaticallv re-
storcd by replacing the line-connector board in its
proper p]ace in the new terminal.

Mounting brackets have been designed for use
at a central-office location to mount the terminals
for two channels side by side in a 19-inch rack.
This mounting also includes the necessary line fil-
ters, and terminal blocks for transmission and power
wiring to connect from either the 24-volt or 48-volt
regulated office battery. With this mounting ar-
Fig. 2— Terminal box (laboratory set-up) includes rangement, one or two terminals will use the same
boards illustrated in Figure 1. 21 inches of vertical mounting space. These mount-
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ings mav be stacked to fill any standard size ot rack.

In P1 carricr. except in long entrance cables, the
same  transmission lines will be used jointly for
voice and carrier transmission, requiring an addi-
tional lowpass filter network at each voice drop to
reduce carrier-frequency loss. The network, mount-
ed on a pole at the point where the customer’s drop
wire connects to the carrier line, is cast as a small
resin-block unit with tapered self-locking  slots
to fit an aluminum bracket. Screws are used to
mount the bracket to the pole but no screws are nec-
essary in mounting the block to the bracket. Light-
ning protection is provided by carbon-block pro-
tectors included as part of the network. A weather-
protecting flexible rubber jacket covers the cntire
face and sides of the block.

The remote terminal, Figure 3, is designed to op-
crate over an ambient temperature range of —40
to -}-140° Fahrenheit. To operate satistactorily over
this temperature range and not have the effects of
humidity impair the system’s performance, a her-
metically-scaled outer case is used. Two similar
dic-cast aluininum shells, in conjunction with an
O-ring gasket that fits between the shell flanges,
are clamped together by sixteen captive screws
along the flange, one for cach four inches of periph-

Fig. 4+ Ac-operated supply and remote control

housings mounted on pole.

the box is kept dry. Two special loose-pivot hinges
allow ample freedom of movement in three direc-
tions for line-up purposes before the halves are
clamped. The outer surfaces of the case are painted
white for reflective purposes, to keep the inner
temperature close to the ambient. In desert loca-

erv. A desiccant insures that air remaining in tions. the additional use of sunshades mav be

THE AUTHORS

AnTHoNY . Wier joined the Western Electric Company Installation Depart-
ment in 1911, and later transferred to the New York Telephone Company where
lhe engaged in central office maintenance. After serving in France during World
War 1, and further service with both the New York Company and various engi-
ncering departments of Wetern Electric, he joined the Laboratories in 1928,
Since that time he has been concerned chiefly with transmission development
problems. Recently, he has spent most of his time on broadband carricr telephone
svstems and type-N and O carrier terminals. In 1935, Mr. Wier received the
L.L.B. degree from the New Jersev Law School.

F. H. Kinc joined the Laboratories in 1929 and he became a technical assistant
in the Transmission Systems Development Department, associated with trans-
mission development laboratory test cquipment in 1936. He was given responsi-
bility for maintenance and repair of this equipment, in 1941. Mr. King became a
Member of the Technical Staff in 1943. He was later assigned to N and O car-
rier development and in 1952 became involved with several government projects,
including the NIKE missile. He is presently concerned with development of the
P-1 carrier system at the Merrimac Valley Laboratory. Mr. King received an asso-
ciate degree in electrical engineering from Newark College of Engineering in
1941. He is a member of the I.R.E.
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nessary to realize the temperature I‘equirements.

External wire connections — power, carrier, and
voice —are brought to the outer side of a scaled
terminal block, mounted on the top of the case.
This terminal block provides both line protectors
and through terminals to the inside of the case. A
cover over the block for weather protection is
hinged for ease of maintenance. Some of the through
terminals of the block are used for test purposes to
determine if the channel terminal contained with-
in is in trouble. Because of this arrangement, it is
believed that the outer sealed case will rarely have
to be opened except to replace the terminal. The
entire assembly is complete in itself and mounts on
a pole usually within reach of the ground.

Each terminal at a remote Iocation dissipates ap-
proximately 0.6 watt of power during idle (on-
hook) periods. Nominal voltage for each terminal
is 225 volts de. Power at these remote locations
will be supplied to cach channel terminal indi-
vidually by one of two methods:

I. An ac-operated supply using germanium  di-

odes for rectification, a silicon junction diode as a
voltage standard, and three transistors for voltage
regulation. Two small lead-acid storage batteries
will provide standby power for about six davs.

2. Aircells where ac power is not available. These
cells can be used within a temperature range of
—40°F to -140°F and have a capacity of 1000 am-
pere-hours. The battery will supply a terminal for
zlpproxinmtely three years,

The ac-operated supply contained in a die-cast alu-
minum case is practically identical with the remote
terminal outer housing (both arc made from the
same basic dic) and will mount on the same pole
as the terminal, Figure 4. Connections between the
cases and the transmission line are made bv four-
teen-gauge wire enclosed in flexible conduit, The
aircell arrangement 1‘eqnires a spociell steel cabinet
approximately three to four times the size of that
required for the ac-operated supplv and will be
mounted near the base of the pole to make the cells
easily accessible for periodic maintenance.

Program to Train Specialists in Digital Techniques

Plans for an educational program to train spe-
cialists in digital computer tcc-hhiques and digital
data processing have been announced by the Lab-
oratories. The program calls for the establishment
of a Digital Techniques Laboratory (DTL) which
will take men with first vear Communications De-
velopment Training or its cquivalent and give them
additional training in computer work. The level
of training will be comparable to a graduate school
thesis assignment. Al men who are nominated for
DTL are pr('ct(’d to mect standards that are re-
quired of candidates for graduate research in ac-
credited colleges or umiversities.

The decision to establish DTL, is a recognition
of the increasingly apparent fact that future tele-
phone switching and transmission systems will he
based on digital techniques. The DTL program
will qualify a number of Laboratorics people to
augment the limited supply of personnel from uni-
versities who are trained in this field.
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General guidance of the program will be pro-
vided by an Advisory Committec made up of J. .
Felker, chairman, R. L. Dietzold and W. T. Rea.
This group will function as a subcommittec of the
Educational Policy Committee. The program will
be conducted at the Whippany Laboratory under
the direction of J. A. Baird. Professor R. E,
Meagher, director of the Digital Computer Lab-
oratory at the University of lllinois, will act as a
consultant in  planning  research projects  and
organizing lectures and  seminars.

The first group of trainces, expected to total
12 to 20 men, will be assigned to DTL on July 1,
1957, Enrollment in the program will be handled
like a long rotational assignment. Credits will be
granted toward a CDT certificate, and the DTL
work will substitute for either the second or third
vear of the Communications Development Training
program. At the end of the full vear in DTL,, the
trainee will return to his sponsoring department.

BELL LABORATORIES RECORD
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U. S. Army Photograph

Nike Hercules, more powerful and faster than the

original Nike. is now undergoing  final tests,
tal - & h

An improved version of the Nike missile, re-
cently designated as Nike Hercules, with many
times the destructive power of the original Nike.
is undergoing final tests uc(-()r(ling to a recent
announcement by the U. S, Army and Western
Electric Company. prime contractor for the Nike
System. Known as Nike B during its development
stage, Nike Hercules is substantially faster and has
a much greater range than Nike Ajax, which has
guarded key cities and strategic areas of the nation
for the past three vears. Mt s expected that the
new missile will be in the hands of operational
Nike batteries strategically located around the coun-
try in the relatively near future.

Although longer, heavier and more than double
the diameter of Nike Ajax, the Herenles model will
have extreme mancuverability at altitudes far in
excess of those capable of being reached by Ajax.
Its higher velocity will permit swifter interception
of the most advanced types of aircraft, and its
increased lethality will make Nike Herenles one
of the most effective weapons in America’s defense
arsenal of interceptor-tvpe missiles.

Certain modifications in existing ground control
equipment make it possible for Nike Hercules to
be integrated into existing Nike batteries through-
out the nation. Both Nike Ajax and Nike Hercules
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Nike Hercules

Uh(lel'(.g'oing Final Tests

can then be fired with the same svstem. The
cquipment changes also add to the effectiveness of
Nike Ajax. )

Rescarch and development studices were begun
on the improved version of Nike in 1953 by the
same Army-Industry team which assumed respon-
sibility tor the original Nike missile. This included
the U S Army Ordnance Corps, Bell Telephone
Laboratories,  Western  Electric - Company  and
Douglas Aircratt Company. The ground gnidance
and control equipment and missile guidance are
being manufactured by the Western Electric Com-
pany at its Burlington and Winston-Salem plants
in North Carolina, while Hercules missiles will be
produced initiallv at the Douglas Aireraft Santa
Monica plant and followed with additional pro-
duction at the Douglas-operated Charlotte Ord-
nance Missile Plant at Charlotte, North Carolina,
Components of the associated laumching equipment
are also the responsibility of Douglas.

The first prototype production model of ground
equipment has been released for testing at the
Armiy's White Sands Proving Ground in New
Mexico. According to a special announcenment by
Secretary of Defense Charles E. Wilson. nuclear
capability will be incorporated into the  Nike-
Hercules surface-to-air guided missile svstem.

A test firing of the Nike Hercules missile.
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A relay s generally thought of as a fast-acting
device. The time between the application of power
to a relav coil and the opening or closing of the
contacts - the operate time — is ordinarly held to
as low a value as possible. Sometimes, however,

circuit requirements are such that the operate
time of a relay must be comparatively long — from
several scconds in some circuits to minutes in
others.  Relays that satisfv these conditions are
known as timo-delu_\' l'elzlys. Man_v ingenious mech-
anisms have been used in time-delay relays hut
the simplest and most common is the thermal or
heat-actuated tvpe.

Probably the oldest thermal time-delay relav in
the Bell System is the 235-tvpe. It uses the mount-
ing structure of an E-type relay to support the con-
tact springs and heating element, but without the
conventional coil and armature. The heating ele-
ment is wound around a bi-metallic spring, and
when heated, this spring bends toward its mating
spring to close the contacts. This relav was first
manufactured in 1935, but the first three codes
(A, B, and C) saw little service and the use of these
types has since been discontinued.

About 1950, a redesign resulted in several new
235-type relays. The 235E provides a single make
contact and was originally used in the No. 5 cross-
bar svstem to prevent a circuit from being held if
either party failed to restore the handset after com-
pleting a call. The 235D relay provides two inde-
pendent “make” contacts with different time delays.
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Thermal
Time-Delay
Relays

One pair of springs performs a disconnect function
similar to that of the 235E while the second pair,
with a shorter delav time, prevents additional over-
time charges on AMA® calls if a disconnect entry
is not made within the delay period. Both reclays
ase a heating element wound on a flat mica bobbin
which is wired to the bi-metallic spring instead of
heing wound around the spring itself. The 235D is
supplied with a regular E-type relay cover to min-
imize time-delay variations due to air currents,

* RECORD, September, 1931, page 401.

Photograph shows 235E-type relay with wound
heating element wired to relav spring.

BELL LABORATORIES RECORD
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and to keep out dust. The G and II codes are similar
respectively to the E and D codes but with different
time-delay ranges. The ] code is a single “break”
instead of a “make” contact type. (The photograph
at the top of the opposite page shows J. Jucobsen
checking thermal time-delay relavs to see if they
meet “mmake” contact or “break” contact times speci-
fied for the various relavs.)

Development of the key telephone equipment
in the mid-thirties 1)1011ght about another problem
that was solved by the use of the 271A time- delay
relav. In this system. when an incoming call rings
the customer’s l)ell, a lamp lights at the kev equip-
ment and remains lighted until the call is ‘IIIS\VGI(‘(].
If no one answers, the lamp could remain lighted
for quite some time, possibly as long as an entire
weekend. A switch is usnally provided to disconnect
the lamp when the telephone is expected to be un-
attended for any length of time, but office per-
sonnel sometimes forget to operate the switch. A
time-delay relay is therefore provided to disconnect
the lamp if the telephone is not answered within
a given period. This time-delay relay not only saves
frequent replacement of burned-out bulbs, but
protects the batterv power plant from depletion
through needless lamp drain.

The 271A thermal relay was developed specific-
ally for this purpose. To avoid extra space require-
ments, it is built as part of a U-type relay that is
already included in the kev equipment. A pair of
bi-metallic springs is mounted in place of some of
the regular U-type springs, and a heating element
is mounted alongside one of the pair. The heating
element is wound around a copper strip that makes
mechanical contact with one of the bi-metallic
springs in the relav (copper is used because of its
high heat condnct1v1tv ) Heat is transferred to the
spring throngh the copper strip and through the
small air space between the spring and hcatmg
clement. Some heat is also transferred to the second
bi-metallic spring, bnt the amount is negligible.

Another thelmnl time-delay relay, coded 2824,
has the same thermal element as the 271A relay
except that the thermal element is built as part of
a Y-tvpe relay. Time delay in all these relays is
set by adjusting the contact springs. On the “make”
contact relays, the larger the contact separation the
longer the time delay, and on the “break” contact
relays, the greater the contact pressure the longer
the time delay.

The operating voltage for the 271A and 2824
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relays is usually supplied from the central office
over various lengths of loop. The available voltage,
which is nominally 24 volts, mayv vary from 16 to
26 volts dc. Most of the 235-tvpe relays are designed
to operate on a nominal voltage of 48 volts dc. In
the central office this voltage may vary from 45
to 50 volts dc. The exception is the 235H relay
which operates on a nominal 24 volts de.

Thermal relays are always adjusted so that the
minimum permissible time delay will occur with
the highest available voltage. Lower voltages, as

The 282

near pair of springs. leat is transferred to the

relay has the heating element mounted

spring by contact and through airspace.

long as they are sufficient to eventually operate the
relay, snnplv mean a somewhat ]()11<T01 time delav.
Ambient temperature also has an cffect on the de-
lay, but this is minimized by making both springs
of the sume bi-metallic material, the same let ngth,
the same width and the same thickness. Ambient
temperature changes cause both springs to bend in
the same direction at the same rate, maintaining
the desired contact spacing or pressure.

One problem with all thermal relays is the need
tor a “cooling-off”™ period or recvele time. After a
relay has operated, the heated clements must cool
off Defore being heated again or the time delav will
be much too short. Two minutes is considered the
minimum  time permissible before reoperation of
a 235-tvpe relay and five minutes for a 271A or
282A relayv.

J. Jacossen
Switching Apparatus Development
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Television was  transmitted over a substantial
distance for the first time thirty vears ago this
month using equipment developed by the Labora-
torics. Recognizable, moving images were sent by
wire from Washington, D. C.. and by radio from
the Whippany, N. |, Laboratories location to a pub-
lic demonstration in the West St. Auditorium in
New York City on April 7, 1927, This event not only
established the Bell System’s vital part in the growth
of television, but also helped significantly to estab-
lish Bell Telephone Laboratories as a center of
basic scientific research.

Communications scientists had for some vears
dreamed of “ideal” personal communication, where
the speaker could be scen and heard at the same
time. In 1924, transmission of a still photograph
from Cleveland to New York proved successful and
the following vear this svstem became commercial.
Similar systems are in use today by the national
press associations. The transmission of a transient
visual image — television — scemed a logical next
step in the program.

Dr. Herbert E. lves, of the Electro-optical Re-
search Department, who had directed the still pic-
ture transmission program, immediately proposed
that a study pointed toward long distance television
be undertaken. Basic to such a program in 1925 was
the design and construction of terminal equipment
to generate and transmit, and to receive and dis-

Television:
30 Years of Progress

The historic 1927 television transmitter, Light com-
ing through holes in scanning disk was reflected
from subject and picked up by highly sensitive
photocells framing her face. As the scanning spot
was detected, the signal 1cas then transmitted to the
receiving equipment and displayed.

however, that in many ways and in duc time it will
be found to add substantially to human comfort and
happiness.”

Following this historic demonstration, the light
gathering capacity of the original television equip-
ment was greatly increased and davlight television
was demonstrated in 1928, A two-wayv television
circuit was set up between the West St. Laboratories
and A.T.&T. headquarters at 195 Broadway in 1930,
and was used by some 10,000 people before it was
dismantled a vear later.

During this period of exploring the possibilities
of picture transmission, a system of color television
was worked out and demonstrated in 1929, The
light reflected from the image to be transmitted
was broken down into red, green and blue light, the
three signals transmitted simultaneously, and dis-
plaved as a full color picture.

Of even greater importance to television as we
now know it have been the continuing advances
made by the Bell System in broadband transmission
svstems. These broadband svstems were originally
developed to provide more telephone cirenits at
lower cost. The first coaxial cable was installed on a
“ficld laboratory™ basis between New York and
Philadelphia in 1936, and through experimental
television broadeasts was found to be suited to the
broadband requirements of television,

pluy, a television image. About a year later pre-
liminary terminal equipment had been devised that
was good enough to give room-to-room television.
This was not the original intent of the program,
however, and significant refinements and improve-
ments were made in the terminal svstems prior to
the public demonstration,

Walter S. Gifford, then president of the A T.&T.
Co., was onc of the many distinguished participants
in the historic 1927 demonstration. Speaking of tele-
vision, he said, “What its practical nse mav be 1
shall leave to vour imagination. T am confident,

Coaxial cable is laid by huge, 27-ton cable plows and cable
bALLLE
reels as shown below. These machines plow a furrow and

simultaneously lay the cable. sometimes burying it as deep

as five feet into the ground. !
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Another system of broadband transmission —
radio relay — has had an equally important effect on
long distance television transmission. These linc-of-
sight radio links, based on the great advances made
in microwave transmission (luringr World War 1T at
the Laboratories and clsewhere, had developed into
an important communications tool by 1947, Tabora-
torics engineers, through long experience in radio,
were able to adapt the broadband advantages of
microwave radio-relay for both multiplex telephony

S ]

and television.
The interconmection of these two long-distance
systems with local channels made inter-citv televi-

Television operating center in Chicago. Standard operating
center equipment was designed to coordinate program ele-
ments and monitor video quality jor both incoming and

sion possible, and the original demand for long-dis-
tance television service built up rapidlv. Concur-
rently, the need for a nationwide transmission svs-

e —-: t.. k=2

Newe, cornucopia type antenna on its way to the
top of a radio-relay tower at Plainviewe, Long Island.
Telephone and television transmission quality and
capucity are constantly being increased through
improvements in antenna design,

tem to accommodate the tremendous telephone ex-
pansion then under way was very apparent. A plan
tor a network of greatly increased telephone ca-
pacitv. also capable of carrying high quality tele-
vision, was worked out.

In 1948, the vear the Bell Svstem television net-
work was first opened for commercial service, trans-
mission was largely handled by coaxial lines. with
only a relatively small proportion by microwave
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outgoing television transmission.,

radio-relay. By 1951, the vear coast-to-coast televi-
sion transmission was inangurated. radio-relay had
increased (rrcutlv in importuncv, and s‘ul)s‘e({uentlv
has exceeded coaxial cable in ov erall transmission
capacity. During this same period, 1948-1951, the
number of chaimel-miles of the television network
had increased some twentyfold, and the number of
stations and cities linked by the network had in-
ereased by a factor of ten,

Accompanving this tremendous growth in size
have been important improvements in the transmis-
sion quality and versatility of this vast network.
Long-life electron tubes developed at the Labora-
tories are now being used instead of tubes which
formerly required frequent replacement. Since 1953,
a large proportion of the network has been altered
to handle the more exacting transmission require-
ments of color television. In addition, most of the
radio-relay systems now in use have a capacity of
six channels in cach direction, compared with just
two on the original, experimental Boston-to-New
York link, so that most links now have a protection
or emergeney standby channel in each direction
as part of the system. To make the tullest use of
automatic 5\\1tchm<f tedmlque
have been developed for radio-relav which can, in
case of trouble, switch service to another channel
in a fraction of a second. \Iam‘ new transmission de-
velopments have also been (leswned specifically to
improve local transmission. The latest of these is
the A2A video transmission system for local, in-
tracity television.

Several new systems embodving the latest de-
velopments in antenna design and waveguide tech-
nology are in the final stages of development at the
Laboratories.
temns will be installed on all new main routes and

such ])r()t('cti()n

These improved horn antenna SVs-
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will also altimately replace many of the antennas
now in use. This new equipment is designed to
transmit and receive three wide ranges of wave-
length instead of onlv one. New facilities of this
tvpe will enable the Bell Svstem to furnish closed-
circuit television with about a ten-megacyele band-
width to theatres. Auother recent development
pointing toward maintaining better picture quality
in trausmission has been the introduction of new
equipment in Television Operating Centers. Moni-
toring and maintaining high quality transmission
have alwavs been an important part of the Bell
Svstem transmission responsibility, but the develop-
ment of standard TOC equipment permits incr cased

Motion picture film is frequently used as a source of picture

signals for transmission studies. This continuous film scan-
ner, developed in the Laboratories, provides signals of suf-
ficiently high quality for advanced visual research. Left.
to right, C. F. Matthe, A. G. Jensen and R. E. Graham.

cfficiency of both mannal and electrical switching
operations. This equipment was developed to stand-
ardize and facilitate the switching of video signals
through centralized transmission facilities.

A television topic of much current interest and
experimentation is educational television. The in-
terest and support of the Bell System in this impor-
tant ficld have been expressed through participa-
tion in educational television experiments now be-
ing conducted in Washington County, Maryland.
This educational television program — the first at-
tempt to furnish superior instruction in certain sub-
jeets ona county-wide basis — is being carried out by
county education officials with the support and help
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of the Ford Foundation, the Radio, Electronics and
Television Manufacturers Association (RETMA),
and the Bell System. As interest in this program
grows and more definite information on the merits
of such a program becomes available, additional
work at the Laboratories may be required to de-
velop special equipment and circuits for such closed
circuit systems.

Closed circuit television has also received a great
deal of recognition for the many aund varied jobs
it is performing in business and industry. Closely
allied to closed circuit systems, and intimately re-
lated to both telephony and television, is the Pic-
ture-Phone.  This explorutory voicc-and-inmge
transmission system operates through standard tele-
phone circuits, and consequently appears to have
possibilities not afforded by broadband visual sys-
tems. The Pictnre-Phone, however, is still very
much a laboratory device, and considerable further
investigation and evalnation will be required to
determine where such a system will ultimately fit
into the future of the Bell System,

But even more basic to the future of television
transmission are the statistical and physiological
foundations of sight and sound. How can signals
of a given quality be transmitted more econom-
ically? What are the actual information-bearing as-
peets of speech and hearing? Is it possible that by
encoding picture signals according to the tencts of
Information Theory, the Bell System can furnish
more and better picture information over a nar-
rower band? What are the characteristics of picture
quality and picture sharpness? These are some of
the basic questions concerning sight and sound that
the Audio and Visual Re%mch Depnutments at the
Laboratories are attempting to answer through sub-
jective studies of speech and the visual process.
Such studies have already yielded significant find-
ings concerning the sub]ectlve sharpness of color
television pictures — findings directly translatable
into bandwidth problems. Digital ccmputer studies
of signal encoding svstems, where the computer is
ploglamvd to 1(*plesu1t the terminal equipment
and the associated transmission system, have re-
vealed at least some preliminary findings on the
merits of various bandwidth compression schemes
for picture signals. Similar studies in the field of
speech and hearing are being conducted, and the
data being gathered in this area also shows great
promise of qpphcatum Undoubtedly qomewhcre in
these basic studies of sight and sound lies the key
to the telephone and television transmission systems
of the future.

BELL LABORATORIES RECORD
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1.7 — A New Microwarve Relay System

To provide a highly reliable yet inexpensive
short-haul microwave relay system, Bell Telephone
Laboratories engineers have developed  the “TJ”
system. This system can provide up to six broad-
band radio-frequency channels on the same route
in each direction of transmission. Each channel can
be used for either telephone or television (mono-
chrome or color) service. As many as nine repeaters
can be connected in tandem. A single dual polar-
ized antenna is used in cacli direction for simul-
taneous transmission and reception.

The equipment, developed under the direction
of J. W. Fitzwilliam of the Laboratories, operates
in the 1l-kme common-carrier band. Frequency
modulation is employed, and is obtained by im-
pressing the modulating signal on the reflector
electrode of a Klystron.  Frequency stability s
assured by a reference cavity system which, as
part of a microwave discriminator, pr()vides an
error voltage when the frequeney is incorrect. An
electromechanical servo system, controlled by this
error voltage, keeps the klystron mechanically tuned
to the correct frequency.

Antenna Feed

Output of the klystron is fed to a dual polarized
paraboloidal antenna. The rectangular waveguide
from the klystron is connected to the circular wave-
guide of the antenna by means of a polarization
separation network. Reflections due to slight
irregularities in this guide or due to a mismatch
at the antenna will give the klystron a nonlinear
modulation characteristic. To avoid this possible
source of trouble, a Laboratories development
known as a ferrite isolator is included in the wave-
guide system. This isolator, consisting of two
criticallv spaced  slabs of magnetized ferrite in-
stalled inside the connecting waveguide, permits
the direct signal to pass through with only a 15
per cent loss, while attenuating the reflected signal
by a factor of one million.

In the receiver, the RF signal is passed through a
channel separation network and mixed with the out-
put of a klvstron local oscillator in a balanced
silicon diode mixer to produce an IF signal centered
at 70 me. This IF signal is then amplified, limited,
and demodulated to baseband. The baseband intel-
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ligence, after further amplification, may be used to
modulate the transmitting klystron at an inter-
mediate repeater station, or may be connected to
the local carrier terminal or television link at the
termination of a microwave link.

Channel Bandwidth and Separation

Each of the broadband channels is 20 mc wide,
and channel separation in a particular direction is
80 mc. Channel allocations arc such that there is a
minimum of adjacent channel interference, and
regeneration, which might occur if the same fre-
quency were used for both transmission and recep-
tion, is eliminated.

To reduce adjacent-channel interference further,
the RF signal associated with each channel is
polarized in such a manner that the polarization
vectors on adjacent channels are at 90 degrees with
respect to cach other. These individual polarized
signals are then combined for transmission and
separated out at the receiver. Discrimination be-
tween adjacent channels due to this technique
alone may be as high as 25 db.

Alternative use of several types of antennas is
planned, but the present system consists of a five-
foot paraboloidal dish antenna pointed upward
toward a plane reflector mounted at the top of the
relay tower. This reflector, either six-by-eight feet
or eight-by-twelve feet, depending on tower height
and path length, is mounted at a 45-degree angle
and reflects the signal horizontally toward the
distant station. Such an arrangement eliminates
the appreciable losses which would be encountered
if a dish antenna were mounted at the top of the
tower and fed by a long run of waveguide. Gain
of the paraboloidal antenna itself is 42.1 db, and
the use of a plane reflector provides an additional
gain of about 1 db for tower heights of 200 feet
or more. Beamwidth of the whole antenna system,
including the reflector, is about 0.7 degree at —3
db points.

Normal signal level at the receiver is such that
the system can operate through fades of as much
as 40 db. This tading margin will take carc of
the attenuation in the 11 kme band due to absorp-
tion and scattering of the signal by raindrops dur-
ing severe rainstorms.
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A view of the telephone echibit area shows panel displavs. Bust of 4lexander Graham Bell stands at far
I I ptay

end of corridor in front of historical section showing early transmission instruments and developments.

The Smithsonian Institution in Washington, D.C.
opened a new industrial exhibit on March 11. This
exhibit features both a historv of telephone develop-
ment and a presentation of the most recent advances
in communication technologv. The opening cere-
monies were planned to coincide with the eightv-
first anniversary of the first successtul telephone
conversation carried over Alexander Graham Bell’s
basic instrument.

Dr. Melville Bell Grosvenor, president of the
National Geographic Society and grandson of Alex
ander Graham Bell, formally opened the exhibit.
Presentation was made hy James 8. Morrison, Presi
dent of the Chesapeake and Potomac Telephone
Companies, on behalf of the Bell System, and by
L. F Roberts, director of information for the United

Participanis in the ribbon entting ceremonies in-
cluded, lefr to right: R. V. Fleming, Chairman, Isx-
ceutive Commitiee of Board of Regents. Smrithsoni-
an Institation and Director of Chesapeake and
Potomac Telephone Companies; Dr. Leonard Car-
michael, Seeretary of the Smithsonian; L. I, Rob-
erts, Director of Information, U. S. Independent
Teleplone Association: J. B. Morrison, President
of C.& I’.; Dr. Melville Bell Grosvenor. President,
National Geographic Society, Director of €. & I,
and grandson of VMr. Bell,
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Smuithsonian Institution Opens New Telephone F.ehibit

States Independent Telephone Association, on be-
halt of the independent telephone industry. The ex-
hibit was accepted bv Dr. Leonard Carmichael
Searetarv ¢f the Smithsonian [nstitution. Present at
the ceremonies were a number of Bell Svstem rep-
resentatives from the A.T.&T. Co. and the Chesa-
peake and Potomac Teleplione Corpanies. Bell
Telephone Laboratories representatives were R. K.
Honaman, Dircctor of Publication, and 1. ]. Kost-
kos, Exhibit Supervisor.

The exhibit is located on a halconv of the
Arts and Industries building. Display panels. each
depicting a different phase of telephone develop-
ment, form a corridor on the balcony. One end of
this corridor contains the early historical group and
the sides are devoted to research and development



www.americanradiohistory.com

Wttty o e R R R

A bust of Alexander Graham Bell
stands at one end of the corridor.

Elementary transmission tools, such as the mega-
phoune and tin-can and string telephone, and early
sound transmission developments, such as those of
Wheatstone and von Helmholtz, comprise the intro-
ductory panels of the exhibit. Alexander Graham
Bell's development of the first practical telephone
is shown in detail. A number of carlv commercial
telephones are also shown in this area.

The principles of telephony are expliined in a
group of six pancls which include several spectator-
operated demonstrations.  This portion of the ex-
hibit is divided into four catagories. The first
features the concept of interconnecting telephones
with manual and automatic switchboards.

demonstrations,

includ-

ing both step-by-step and crossbar. The use of am-
plifiers in telephone lines comprises the second cata-
Following are displays devoted to carrier

g()l"\’.

EVOLUTION OF TELEPHONE RELAYS
@ Wi o e tany

1890. This group is followed by a panel of tele-
phone instruments developed during the twentieth
century.  World-wide  telephony, including Dboth
transoceanic radio-telephony and the underseas tele-
phone cable, is the subject of the neighboring dis-
plav. In the final two panels are demonstrated some
refinements of telephony — the quartz crystal, minia-
turization and printed circuit techniques.
Preparation of the exhibit was under the overall
supervision of a Bell Svstem committee including
representatives of  C.&P.. AT&T., Long Lines,
Western Electric and Bell Laboratories. Most of
the exhibit was designed and constructed under
the direction of the Laboratories exhibit group com-
prised of H. ]. Kostkos, Exhibit Supervisor, E. A.
Bowles and R. W. Smith. This group worked closely
with R. P. Multhanf. acting head curator of Smith-
sonian’s Department of hnmne( ring and Industries.
Considerable effort was md(lc to enhance the dem-

MﬁT.‘r{IqunE DlnLiNG

A typical 41131)Iav panel f('uturl's demonstration nf cro sslmr (Imlm ¢ at left and a demonstration of auto-
matic alternate routing for selection of telephone conversations on the map at right.

svstems and multiplexing as applied to the problem
of carrving many voices over a single path. Recent
deve l()l)mvnts ])\7 Bell Telephone Laboratories are
shown in the u)n(ludmg panel of this group. These
inclide the use of solid state devices and the Pos-
sible direet application of solar cnergy to new
advances in telephonv.

On the opposite side of the corridor is a group
of four pancls which depict development of the
t(‘leph(me mstrument  from  its conception until
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onstration nature of some of the displavs by appli-
cation of simple clectrical and electronic controls.
These devices will allow spectators to operate sim-
ple circuits and observe certain engineering con-
cepts in action. N, C. Treadon of Ohio Bell. in ad-
dition to constructing part of the historical section,
took charge of the necessary structural changes of
the 1)111](lmtf in the exhibit arca. Maintenance of
the (llhl)ld}.\ is to be undertuken by the Chesa-
peiake and Potomac Companics.
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Dr. Kelly Helps Formulate Plan
for High School Science Majors

Dr. M. J. Kelly in his position as chairman of a
New York City Board of Education subcommittee
has been instrumental in developing a plan to in-
terest high school students in careers in science.
mathematics and engineering.

This subcommittee of the Board of Education’s
“Advisory Committee on Scientific Manpower” has
recommended that industries in the New York arca
engaged in laboratory work undertake to provide
suitable summer jobs for selected high school
juniors and seniors. About 100 pupilsi who are
majoring in science or mathematics will be selected
tor these laboratory-type summer jobs.

It is expected that this summer employment
program will attract voung men and women who
have demonstrated a lngh order of ability in science
and mathematics.  The program is intended  to
widen the interests of the students in science and
to encourage them to seck careers in the scientific.
the mathematical or enginecring fields.

New Directors Elected to
Western Electric Company Board
At the regulur meeting of Western Electric Com-

panv’s Board of Directors on February 14, Florian
J. Andre and Dr. John T. Rettaliata were elect-
ed members of the board. Their election brings
Western Electric’s board to a total of thirteen
directors. Mr. Andre is president of Congolenm-
Nairn Inc. of Kearny, New Jersev. and Dr. Ret-
taliata is president of the Ilinois Tnstitute of
Technology in Chicago. Both men also are directors
of scveral other companies and hold prominent
positions in civic and industrial organizations.

H. G. Arlt Elected President of
Standards Engineers Society

Herbert G. Arlt, Laboratories Materials Speci-
fications Engineer, has been elected President of
the Standards Engineers Socicty for 1957. The
Standards Engineers Society is an organization
which functions through local and national meet-
ings in the United States and Canada to provide
Standards Engineers with an opportunity to cx-
change information on techniques of standardiza-
tion in different fields of endeavor and to promote
the use of available standards.

Mr. Arlt joined the Bell System in 1923 and
since that time, except for a period during World

War I, he has been engaged in materials engineer-
ing work. His primary concerns have been with
finishes and organic materials, and he was in
charge of finish development work for many years.

Contents of the March 1957
Bell System Technical Journal

The March, 1957, issue of Ture Brrr SysTEM
TecnNicaL JourNaL contains the following articles:

A New Carrier System for Rural Service by R. C.
Bovd, J. D. Itoward, and L. Pedersen.

An Experimental Dual Polarization Antenna Feed
for Three Radio Relay Bands by R. \W. Dawson.

Sensitivity Considerations in Microwave Para-
magnetic Resonance Absorption Techniques by
G. Fcher.

Measurement of Dielectric and Magnetic Prop-
erties of Semi-Conducting Ferromagnetic Materials
at Microwave Frequencies by Wilhelm von Aulock
and John H. Rowen,

The Character of Waveguide Modes in Gyromag-
netic Media by H. Seidel.

The Determination of Pressure Cofficients of
Capacitance for Certain Geometries by D. W,
McCall.

Reading Rates and the Information Rate of a
Human Channel by |. R. Pierce and J. E. Karlin.

Binary Block Coding by S. P. Lloyd.

Selecting the Best One of Several Binomial Popu-
lations by Milton Sobel and Marilyn J. Huvett.

50-Millionth Bell System
Telephone Presented

The man who has been working for Bell longer
than anvone else, James S. Russell of Sahsl)my,
Md.,, 1ecmved, on March 12, the 50-millionth Bell
System telephone from Frederlcl\ R. Kappel, Presi-
dent of A. T. & T. Co. Mr. Russell began working
for the Bell System as a boy telephone operator in

Salisbury ﬁftv three years ago. He is now a district
plant engineer of the Chesapcake and Potomac
Telephone Company of Maryland.

In making the presentation at the A. T. & T.
offices in New York, Mr. Kappel noted that the
Bell Svstem had not quite two million telephones in
service when Mr. Russell started to work in 1904,
“Then we had 77,000 employees,” Mr. Kappel said,
“and today we have nearly 800,000. In 1904, 17,000
people had invested savings in our business, while
today we have a million and a half share owners.
Our service progress has been brought about by
all three groups — customers, employees and share

BELL LABORATORIES RECORD
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crossbar switching equipment. Western has ac-

owners.  But todav we pav particular honor to
telephone emplovees.” quired options to purchase 250 acres of farmland
The 50-millionth telephone, in beige and with a for the proposed 1,500,000 square foot factory. 1f
suitably inseribed plaque, will later be installed in zoning and other problems are satistactorily re-
Mr. Bussell’s home in Salisbury. solved, ground will be broken in May with initial
occupancy carly in 1959. Emplovment is expected

to be about 4,000 when full production is reached.

Crossbar Equipmenl Plant In Mayv, Western hopes to start a pilot shop in
Planned by Western Electric the area to. train a I]llC].(‘HS of al?out 600 to SO0
v emplovees in manufacturing techniques. The new
factory is needed because of the continuing heavy
demand of the Bell telephone companies for cross-

bar switching equipment.

Western Electric has announced pluans to build
a  $50,000,000 munufuctnring plunt on the out-
skirts of Columbus, Ohio, for the production of
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Talks by Members of the Laboratories

During February., a number of Laboratories people gave talks before professional and

educational  groups,

Ahearn, A, )., Mass Spectrographic Studies of Bulk Impuri-
ties and Surface Contaminants of Metals, Semiconductors
and Insulators, Cleveland Society of Speetroscopy, Cleve-
land, Ohio.

Anderson, P W Interactions of Donor Spins in Silicon.
Solid State Seminar, RCA Laboratories, Princeton, N. J.

Bavelas, A, Organizational Conmumunication: Structure and
Funetion, Mid-Carcer Conrse on Foreign Affairs, Foreign
Service Institute, Dept. of State, Washington, 1. C.

Becker, Jo A, Study of Surfaces by Using New Tools, Uni-
versity of Marvland, College Park, Md., and Catholic
University, Washington, D, C. Also, Revclations of the
Field Emission Microscope, Burcan of Standards, Wash-
ington, D. C.. and Stuyvesant 1ligh School, New York
City.

Benson, K. L., see Pfann, W. G.

Booth, Dorothy P.. Programs for Crystal Structure Calcula-
tions on the I1BM 650 Magnetic Drum Calculator, Confer-
ence on the Use of the IBM 650 for Crystal Structure
Analysis Computations, University of Pittshurgh.

Bradley, W. W, Metallic Coatings — Their Selection and
Use, Moutreal Section of National Association Corrosion
Fngineers. Engincering Institute of Canada, Montreal,

Brattain, W. H., Demonstration-Lecture on Circuit Aspects
of Transistors, Chalmers Technical Institute, Giteborg.
Sweden. This talk was given by Mr. Brattain while he
was in Sweden to reccive the Nobel Prize.

Breidt. P, Jr.. see Greiner, E. S,

Brill, M. D., Introduction to and Applications of Scattering
Matrices, Syracuse University, Syracuse, N. Y.

Burgess, M. S., Research and Development at Bell Telephone
Laboratories, Mincola 1ligh School Combined  Seience
Classes, Minecola, Long Island.

Chapin, D. M., Direct Concersion of Solar Energy into Elee-
trical Energy, A.LE.E., Oklahoma City, Okla., Oklahoma
City Enginecers’ Club, Oklahoma City, Okla., and Tulsa
A.LE.E, Technical Discussion Group, Tnlsa, Okla.

Chase, 1. E.. A Lead Engineer’s Responsibilities in Perform-
ing Technical Writing Assignments, Society of Technical
Writers, Colombia University, N. Y. C.

Dodge, . F., Sampling in Quality Control Work, Montreal
Chapter of the American  Statistical  Association, and
Chain and Skip-Lot Sampling Plans, Montreal Section of
the American Society for Quality Control, Montreal,

Dorros, 1., Large Scale Testing of Switching Speeds of Junc-
tion Transistors, 1957 LRE.-ALE.E. Conference on
Transistor and Solid State Circuits, University of Peun-
svlvania, Philadelphia.

Easley, J. W.. and Dooley, J. A, Irradiation of Germanium
Alloy Transistors, Nuclear Radiation Effects on Semi-
conductor Devices and Metals Symiposinm, N. Y. C.

Fisinger, |., Nuclear Experiments Employing Paramagnetic
Substances, Phys, Colloq., Rice Institute, Houston, Texas.

I1lis, W. C., sce Greiner, E. S.

Ferrell, E. B., Control Chart — Modifications and Extensions,
Mid-Hudson Section, American Society of Quality Coutrol,
Kingston. N. Y.. and Fundamental Concepts of Statistical
Analysis. Thirteenth Annual Quality-Control Clinic of the
Rochester Society, Rochester, N, Y.
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Following is a list of speakers. titles. and places of presentation.

Fleckenstein, W O, Treads in Communication Systems,
;\:l.l':.l'f., Commumication Scction, Massachusetts Institute
of Technology, Cambridge, Mass.

Ford, R. N., Problems in the Use of Attitude Surceys, Tren-
ton State Teachers College, Trenton, N, J.

Fox, A. G, The New Field of Microwave Magnetics, Dun-
working Club, Montclair, N. J.

Greiner, E. S, Breidt, P, Jr., Hobstetter, . N., and Ellis,
W. C., Effects of Compression and Annealing on the Struc-
ture and  Electrical Properties of Germanium, Annual
Meeting of American Institute of Mining, Metallurgical
and Petroleum Engineers, New Orleans, La.

Gupta, S. 8., and Sobel, M., On Selecting a Subset Which
Contains all Populations Better Than a Standard, Univer-
sitv of North Carolina, Chapel 11ill, N. C., and Columbia
University, N. Y. C,, (Presented by M. Sobel).

Hansen, R. 11, sce Hawkins, W, L.

Harvey, F. K.. Speech, Hearing and Music, Joint Meeting
Acoustical Society of America and LR.E. Professional
Gronp on Audio. W.C.A.U. Stadios, Philadelphia, Pa.

Hawkins, W. L., Hansen, R, 1, Loeffler, B. B., Lanza, V. L.,
Matrevek, W., and Winslow, F. 1., New Thermal Anti-
oxidants for Polyethylene Containing Carbon Black, Gen-
cral Eleetric Company. Schenectady, N.Y.

Hines, M. E., General Principles of Traveling Ware Tube
Operation, Lehigh Valley  Chapter, ALE.E., Western
Electrie Plant. Allentown, Pa.

Hittinger, W, C.. Diffused Silicon Transistors, Rescarch
Seminar, IBM Rescarch Center, Poughkeepsie, N. Y.

IHobstetter, J. N, sce Greiner, E. S,

loward, B. T.. Semiconductor Developments, Naval Reserve
Headquarters, Stunford. Conn,

Ingram, S. B.. Round Tuable Discussion on Engineers in In-
dustry. Engineering Night, Northern Valley Regional 1igh
School, Damarest, N. [.

Ratz, D, Magnetic Regulated Power Supplies, L. 1. Lecture
Series on Magnetic Devices, Stratford Ave, School, Garden
City, L. L.

Kruger, M. K., Distribution Requirements in Terms of Qual-
ity Control Procedures, Metropolitan Section, American
Society for Quality Control, N, Y. (.

Lanza, V. L., se¢ Hawkins, W, L.

Lax. M., 'I'r(l{)ping and Recombination Processes in Solids.
Physics Collogquim, Massachusetts Institute of Technology,
Cambridge, Mass.. Sylvania Electric Company, Bayside,
N, Y., and Syracuse University, Syracose, N. Y.

Lebert, AL AV Transatlantic Cable System, West Hudson
Kiwanis Club, Arlington, N, IE

Loefller, B, B.. see Hawkins, W L.
Matrevek, W, see Hawkins, W, L.

MeMillan, B., A Theory of Communication, University of
Pennsvlvania, Philadelphia, Pa.

Meszar, .. Telephone Switching as Information Processing
Technology, 1RE-ALEE. Stadent Branch, New York
Universitv, N. Y. C.

Meszar, J.. Telephone Switching Today and  Tomorrow,
A.LE.E., Washington, D. C.
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Millman, S., Careers in Physical Research, Bronx Tigh School
of Sciences, Bronx, N. Y.

Morin, F. |, Interactions Among Defects in Semiconductors,
American Institute of Mining, Metallurgical and Petroleum
Engineers, New Orleans, La.

Pearson, G. L.. The Conversion of Solar to Electrical Energy,
American Association of Physics Teachers, N. Y. C., and
Electricity from the Sun, Scientific Research Socicty of
America, South Plainficld, N. T.

Ptann, W. G., Production and Removal of Imperfections in
Semiconductor Crystuls, American Physical Society Sym-
posium, N. Y. C.

Ptann, W. G., Beuson, K. E., and Wernick, J. H., Some
Aspects of Peltier Heating at Liquid — Solid Interfaces in
Germanium, Meeting of  American Iistitute of Mining,
Metallurgical and Petroleun Engineers, New Orleans, La.

Phair, R. J., Measurcment of Adhesion of Organic Coatings,
New York Paint and Varnish Production Club, N. Y. C.

Pierce, |. R., Fancies and Fallacies of Space Travel, Mon-
mouth County Subsection LR.E., Red Bank, N. J.

Ralston, A., Error Detection and Error Correction in Real
Time Digital Computers, 1957 Western Joint Computer
Conference, Los Angeles, Calif.

Read, W. T., Dislocations in Semiconductors, Metallurgy
Colloquim, Massachusetts istitute of Technology, Cam-
bridge, Mass.

Ritchie, \W. |., Electronic Switching, Joint LR.E.-A.LE.E.
Student Branch, Michigan State University, East Lansing,
Mich.

Ruatter, V. B, The Traveling Ware Tube, Western Electric
Company, A LLE. Study Group, Allentown, Pa.

Schroeder, M. R., Information Theory Aspects of Speech,
Joint Mecting LRIE.-A.LE.E., Pittsburgh, Pa.

Smith, K. D., A Status Report on Transistors, A LE.E. New
Jersey Section, Newark, N .

Sobel, M., see Gupta, S, S.

Talpey, T. L., Decelopment of 175 11Q Submarine Cable
Tube, Graduate Student Seminar Facnlty, Comell Univer-
sity, Hthaca, N. Y.

Thorpe, G AL An ustrumentation Program for Guided Mis-
siles, LIS, Subsection, Winston-Salem, N. C.

Thurston, M. O, Diffusion in Semiconductors, Metallurgical
Symp., Ohio State University, Columbus, Ohio,

Vogel, F. L., Dislocations in Semiconductor Crystals, Physics
Colloguim - Westinghouse  Rescarch  Laboratories,  Fast
Pittshurgh, Pa.

Waldhaver. F. D., Wide Band Feedback Amplifiers, 1957
LRE-ALEE. Conference on Transistor and Solid State
Physics, University of Pennsylvania, Philadelphia.

Wermick, J. . see Plann, W. G.

Weinrcich, G., Acoustodynamic Effects in Semiconductors,
Phys. Collug., Ohio State University, Columbus, Ohio.

Winslow, F. H.. see Tawkins, W, L.

Wolle, R. M., Counting Circuits Using Ferroeleetric Devices,
1957 LR.E-ALEE. Conference on Transistor and Solid
State Physics, University of Pennsylvania, Philadelphia.

Wooley, M. C., Passive Components for Submarine Cable
Telephone Repeaters, LRE,, Philadelphia Section,

Papers Published by Members of the Laboratories

Following is a list of the authors, titles. and places of publication
of recent papers published by members of the Laboratories:

Aaron, M. R., The Use of Leust Squares in Network Design,
Trans. LR.E., PGCT, CT-3 pp. 224-231, Dec., 1936.

Andreatch, P., Jr., and Thurston, R. N., Disk-Loaded Tor-
sional Wave Delay Line. I — Construction and Test, |
Acous. Soc. Am., 29, pp. 16-19, Jun., 1957.

Bond, W. L., see McSkimin, H. J.

Bozorth, R. M., Magnetic Properties of Materials, Amy. Inst.
Phys. Handbook, Chapter 5, pp. 206-244, Feb., 1957.

Dillon, J. F., Jr., Ferrimagnetic Resonance in Yttrium Iron
Garnet, Phys. Rev., Letter to the Editor, 105, pp. 739-760,
Jan. 15, 1957.

Doba, S., Jr., The Measurement and Specification of Non-
linear Amplitude Response Characteristics in Television,
Proc. LR.IS., 45, pp. 161-163, Feb., 1957,

Evans, D. I1., A Positioning Servomechanisim With A Finite
Time Delay and A Signal Limiter, Trans. LR.E., PGAC,
AC-2, pp. 17-28, Feb,, 1957.

Fuller, C. S., and Morin, F. |., Diffusion and Electrical Be-
havior of Zine in Silicon, Phys. Rev., 105, pp- 379-384,
Jan. 15, 1957.

Fuller, C. S., sec Reiss, 1.

Geballe, T. 1., sce Kunzler, . E.

Cibbons, J. ¥.. A Simplified Procedure for Finding Fouricr
Coefficients, Proc. LR.E., Letter to the Editor, 45, p. 243,
Feb., 1957.

APRIL, 1957

Cross. W. A, The Second Fundamental Problem of Elasticity
Applied to a Plane Circular Ring, J. Appl. Math. and Phys.,
8, pp. 71-73, 1957.

Gould, 11. L. B., and Wenny, D. H., Supermendur — A New
Rectangular-Loop  Magnetic Material, Elec. Fngg., 76,
pp- 208-211, March, 1957.

Hagstrnm, 1L D, Effect of Monolayer Adsorption on the
Ejection of Electrons from Metals by Tons, Phys. Rev., 104,
pp- 1516-1527, Dec. 15, 1956.

Hamming, R.W., Harnessing the Digital Computers, Colun-
bia Engg. Quarterly, 10, pp. 16-19, 54, March, 1957.

Hanson, R. L., and Kock, W. E., Interesting Effect Produced
by Two Loudspeakers Under Free Space Conditions,
1. Acous. Soc. Am., Letter to the Editor, 29, Jan., 1957.

Herring, C., Theoretical Ideas Pertaining to Traps or Centers,
Photoconductivity Counference (hook), pp. 81-110, 1956,
John Wiley & Sons, New York.

Hull, G. W, sec Kunzler, J. F.

King, B. G.. Discussion on “An Investigation into Some
Fundamental Properties of Strip Transmission Lines with
the Aid of an Electrolytic Tank”, Proc. Inst. Elee, Engi-
neers, 104, p. 72, Jan., 1957, )

Kock, W. E., sce Hanson, R. L.
Kowalchik, M., see Thurmond, C. D.
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Papers Published by Members

Kunzler, J. E., Geballe, T. I, and Hull, G. W.. Germanium
Resistance Thermometers Suitable for Low-Temperature
Calorimetry, Rev. Sci. Instr., 28, pp. 96-98, Feb., 1957.

Luander, ]. [., sce Thomas, D. G.

McSkimin, 1. ]., and Bond, W. L., Elastic Moduli of Diu-
mond, Phyvs. Rev., 103, pp. 116-121, Jan. 1, 1957.

Mendizza, A., The Standard Salt Spray Test —Is 11 A Valid
Acceptance Test? Plating, 44, pp. 166-175, IFeb,, 1957,

Mendizza, A., The Standard Salt Spray Test —Is 1t A Valid
Aceeptance Test® Symposium on Properties, Tests and
Performance  of  Electrodeposited  Metallic  Coatings,
AS.T.AL Special Tech. Publication 197, pp. 107-117, 1957,

Morin, F. ], sce Fuller, C. S.

Pictruszkicwicz, A, ]., sce Reiss, 11.

Read, M. 11, see Van Uitert, L. G.

Read, W. T., Jr., Dislocation Theory of Plastic Bending,
Acta Met., 3, pp. 83-88, Feb., 1957,

Reiss, 1L, Theory of the Tonization of Hydrogen and Lithium
in Silicon and Germaninm, |. Chem. Phys., 25, pp. 681-
G686, Oct., 1956.

Reiss, 1., Fuller, C. S., and Pietruszkiewitz, A. .. Solubility
of Lithium in Doped and Undoped Silicon, Ecidence for
Compound Formation, J. Chem. Phys., 25, pp. 650-6553,
Oct., 1956.

of the Laboratories, Continued

Rose, D. [.. Microplusmas in Silicon, Phys. Rev., 105, pp.
413-418, Jan. 15, 1957,

Schinettler, I [, sce Van Uitert, L. G.

Scidel, I1., Ferrite Slabs in Transverse Electric Mode Wave
Guide, ]. Appl. Phys., 28, pp. 218-226, Fcb., 1957.

Subl, I1., The Theory of Ferromagnetic Resonance at 1ligh
Signal Powers, ]. Chem. and Phys, of Solids, 1, pp. 209-
227, Jan., 1957.

Thomas, D. G., und Lander, ]. J.. Hydrogen as a Donor in
Zince Oxide, . Chem. Phys., 25, pp. 1136-1142, Dec., 1956.

Thurmound, C. D.. Trumbore, F. A., and Kowalchik, M.,
Germanium Solidus Curces, J. Chem. Phys., Letter to the
Editor, 25, pp. 799-800, Oct., 1956,

Thurston, R. N., Disk-Louaded Torsional Wace Delay Line,
11 — Theoretical Interpretation of Results and Design In-
formation, J. Acous. Soc. Am., 29, pp. 20-25, Jan,, 1957.

Thurston, R, N.. sce Andreatch, P, ]r.

Trombore, F. A.. sce Thurmond, C. D.

Van Uitert, L. G., Read, M. ., and Schnettler, F. J.,
Permanent Magnet Oxides Containing  Divalent Metal
Tons (1), ]. Appl. Phys., Letter to the Editor, 28, pp. 280-
281, Feb., 1957.

Wenny, D. H,, see Gould 1. L. B.

Patents Issued to Members of Bell Telephone
Laboratories During January

Awron, M. R. — Distortion Correction in l{('[)(’(llcre([ Cuarrier
Transmission Systems — 2,776,344,

Albersheim, W. J.—Spurious Mode Suppressing Wave
Guides — 2,779.006.

Anderson, J. R. ~ Delay Lines — 2,776,411

Andrews, F. T., Jr. — Electrical Circuits Employing Magnetic
Cores — 2.776,380.

Baldwin, 5. G. — Multielectrode Semiconductor Circuit Ele-
ment — 2,776,381,

Black, 11. S. — Magnetically Loaded Composite Conductors
— 2.777,896.

Black, 11. S. — Composite Coaxial Resonator — 2,779,925,

Bowman, B. N, — Method of Making Electrical Carbon-Film
Resistors — 2,778,743,
Brattain, W. 1., and Garrett, C. G. B. — Protection of Semi-
conductive Devices by Gaseous Ambients — 2,777,974,
Buhrendorf, F. G. — Indexing Means for Signal Recording
and Reproducing Apparatus — 2,776,142

Clogston, A. M., and Uarrison, C. W. — Quantizing System
Employing Cathode Ray Tube — 2776371,

Dacey, G. C., and Ross, L M. — Semiconductor Signal Trans-
lating Decices — 2,778,9506.

Darlington, S. — Multiple Code Wheel  Analogue-Digital
Translator — 2,779,339,

Doherty, W. 11, — Electrical Conductors IHaving Transposed
Conducting Elements — 2,779,814,

Drew, G. G. — Multivibrator Load Circuit — 2, 778,978.

Flammer, 1. A. — Stapling Machine — 2,775.763.

Gammie, [., and Lovell, G. I1. — Distortion Correction in
Repeatered Carrier Transmission Systems — 2,776,343,
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Garrett, C. G. B., sce Brattain, W. 11,

Graham, R. E., and Mattke, C. F. — Light Servo System for
Non-Intermitient Projector — 2,779,819,

Harrison, C. W., sce Clogston, A. M.

Ketchledge, R, \V. — Communication Switching System Em-
ploying Gas Tubes — 2,779,822,

Kretzmer, E. R. — Square Wave Generator — 2.777,956.

Linvill, J. G. — Branching Circuit — 2,777,115,

Lovell, G. 1., see Gammiie, J.

Malthaner, W. A., and Vaughan, H. E. — Repetition Tele-
phone Dialing by Pulse Code Modulated Carrier
—2.778,878.

Muattke, C. F., see Graham, R. E.

Minnick, R. C. — Switching Circuits — 2,779,934,

Mischler, W. Do — IFrequency Conversion Cireuils
—2776,373.

Moore, E. F., and Shannon, C. E. — Electrical Circuit Ana-
lyzer — 2,776,405,

Morton, J. A. — High Frequency Amplifier — 2,779,891,

Remeika, J. P. — Method and Apparatus for Processing Ferro-
electric Crystal Elements — 2,777,188,

Ross, I. M., see Dacey, G. C.

Shannon, C. E., sce Moore, E. F,

Shockley, W. — Asymmetric Wave Guide Structure

— 2,777,906.
Shocklev. WL — Semiconductor Signal Translating Devices
— 2,778,885,

Vaughan, 11. E., see Malthaner, W. A.
Willard, G. W. — Frequency Discriminator Employing Multi-
ple Resonant Piezoelectric Vibrator — 2,779,191
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