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calling and called numbers. This concept is so vital
to telephony that the first crude telephone switch-
ing system was placed in service within a vear of
the invention of the telephone in 1876.

Early in telephone history, all connections were
made manually through crude rotary switches. As
the demand for telephones mnushroomed, however,
it was soon realized that some automatic method
would ultimately be required to provide fast, high-
quality service. During the past eighty vears, much
has been done to design, manufacture, install and
operate more highly efficient switching systems —
ranging from improved manual PBX’s to large,
automatic crossbar systems for both local and long-
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One of the earliest telephone exchanges (New York City, 1879) gives measure of eighty years of prog-
ress when compared to modern automatic systems. Need for automatie siwitching was recognized early.

have consequently stimulated a review of the con-
siderations that make for the design of good auto-
matic tv]oph(mv svstems and service.

Speep anp Fusncrional, CONCENTRATION

The “new art” devices are basically electronic,
and as a group they are symbolized by the transis-
tor. anmounced by Bell Laboratories in 1948, Like
the transistor, many are solid-state devices — semi-
conductor diodes and magnetic cores, for example
— which operate many times faster than their elee-
tromechanical counterparts. The new art uses this
additional speed to advantage in achieving svstems
that operate more efficiently and that require fewer
functional units to handle a given amount of tele-
phone traffic. The new art devices are also smaller
in size and require less power, so that telephone
central offices employing them, in addition to bene-
fiting from such advantages as potentially long ser-
vice life, could effect savings in floor space and
power drain,

The idea of a new switching art has been even
turther refined. however, by a concept known as
“functional concentration”. In brief, this means, for
example, the incorporation of widely scattered digi-
tal storage functions into one very large “memory.”
That is, instead of storing pieces of information re-
lating to telephone calls in many places throughont
a svstem, a single functional unit mav perform
simultancously all memory operations for many
calls. Functional concentration has become a real
possibility only in recent vears with the develop-
ment of storage units such as the “flying-spot”.
“magnetic-core” and others that can remember large
amounts of information in a relatively small volume
of equipment.

Functional concentration is applicable to other
techniques  besides memory, however. It can be
used, for example, in the switching network itself.
With new devices and techniques, it is now pos-
sible to increase the speed of establishing and re-
moving connections between l)iu'ticulur inputs and
outputs, Such actions are performed “on command”
from a control unit, which similarly orders actions
by other parts of the system. Concentration of such
control functions results in many advantages: faster
devices in similar circuitry can do more jobs, includ-
ing operations that are unrelated but of the same
general tvpe.

The art of transmission has also grown since the
invention of the telephone. But because of the dif-
ferent nature of this phase of the telephone busi-
ness, transmission specialists learned vurl_\' how to
make measurements of quality and how to apply
these measurements directly to the design of trans-
mission svstems. As a result, we have progressed
from the elementary single-wire, ground-return tele-
phone line to the modern carrier. coaxial-cable and
microwave relay svstems. These have enabled us to
minimize the effect of distance — to provide large
numbers of communication channels over many
miles with a minimum amount of equipment,

INFORMATION THEORY

In the past decade, switching engineers have seen
the first glimmerings of this type of measurability.
Theoretical studies have been gathered together
into a form known collectivelv as “Information
Theory.” With this theory, the switching-svstem de-
signer of the future can contemplate a more scien-
tific approach to his problem. and this new approach
should result in a much more rapid application of
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new techniques and devices, and i a better appre-
ciation of what is required and what can be done,

Interestingly, one also finds in the application of
Information Theory a common meeting-ground for
transmission and switching‘ As a result, these two
fields mav merge in the future, but there are other
reasons why integrating may occur. The speed fac-
tors for clectronic switching indicate the need for
emploving the same design techniques and devices
that are used for transmission, Switchin‘gr NOW uses
two-state devices. To secure high-speed  devices
with continunous characteristics, signal-to-noisc level
and bandwidth must be given greater considera-
tion. as in transmission systems.

This new art, along with an appreciation of how
it can affect our business, has stimulated a more
scientific approach to determining what a switching
svstem must be able to do. With the aid of Infor-
mation Theorv, the problem for analvsis can be
stated more clearlv. New service features can be
studied and evaluated more readily and with a
greater depth of understanding of the inter-action
of the new features with the various parameters of
a switching system. Future needs and changes can
he anticipated and, in effect, evaluated. Thus, we
are finding that before a svstem is designed, swe may
more precisely state in terms of charts, graphs and
actions what the svstem must be capable of doing.
The result should be better planning. With func-
tional concentration and with higher-speed opera-
tion, new services may be offered and greater prog-
ress i switching mav be expeeted.

GuNeraLized  CIRCUITS

In addition to plans for the over-all svsteni. indi-
vidual eircuits must of course be designed to per-
form specific functions. With concentration. these
functions may be stated more generallv. Thus, cir-
cuits and devices do not need to he closely conpled
to their ultimate application: instead. they may be
designed to secure the best compromise between
the device and the circuit cost. If the requirements
of a device can be divorced from its application, the
device becomes more universal and lends itself
more to mass production.

With electronice devices. new concepts in equip-
ment design are likelv. The mechanical process of
making devices, circnits. and equipment units can
be integrated with the most economical manufac-
turingr arrangements, Automation is the key to the
mass production of new systems that will provide
the best telephone service at lowest cost. When the
hasic cquipment units become disassociated from
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the requirements of a specifi: svstem, the same
“building block™ can be used to provide different
communications services.

To this point, we have discussed several impor-
tant new-art concepts. The description would be
incomplete, however, without mention of a tech-
nique known as the “stored program”™. This derives
from the digital-computer field and involves apply-
ing digital techniques to specity a wide variety of
problems without changing the equipment that car-
ries out the computations. It is another step toward
providing different services with the same basic
svstem components.

We spoke earlier of the “command orders™ re-
(uired in telephone switching, and it is well to con-
sider processing such orders with an information-
handling svstem having a stored program. With the
stored-program technique, the svstem is given cer-
tain information. after which it can “process data”
according to the “coded rules” of the program. The
“rules” of a telephone switching system are gov-
erned by the nature of the system itself and by the
services it supplies. The “coding”™ of these rules —

Eleetronie sicitehing incorporates efficient memory

svstems: a “harrier-grid store” under test at the

Laboratories for use in experimental equipment.



the phrasing of the rules in a numerical language
the system can understand — is guided by Informa-
tion Theory. The “data processed” are the data of
telephone calls — dialed digits and other information
having as an end product successful telephone con-
nections and services.

Niw FLEXIBILITY

This may sound like a discussion of old ideas
with new words, but the difference is this: present
systems code data with relatively inflexible wiring
arrangements, while possible new systems with
stored programs could code data merely by feeding
a paper or magnetic tape into the information-
handling equipment. Present systems are limitec by
the fact that any but fairly minor changes often
require considerable modification of equipment, re-
arranging of wires, and reassembly. Stored-program
systems could have more latitude; a wider depar-
ture from initial plans could be made before re-
quiring physical changes in the equipment and cir-
cuitry. Sometimes, even a major change might be
made merelv by plugging in additional general-
purpose units and by giving the svstem a new set
of instructions.

What do these new art ideas mean to the future
of telephone service? Electronic switching has not
vet progressed to the point where we can state
deﬁmtely that certain improvements could be of-
fered, but we can state the general type of thinking
going on at Bell Laboratories. Consider, for ex-
ample, some of the implications of having a very
]arge-capacity but compact memory device in a
telephone office. Depending upon how successfully
the new art theory is applied. such a memory could
be used in many ways that have so far been im-
practicable. The memorv might be large enough
that customers could give to the office information

THE AUTHOR

other than the usual dialed digits of a single called
number. This “extra” information might consist of
instructions for setting up a conference call among
several telephones or for placing a series of calls
sequentially at stated intervals, or it might consist
of simpler numbers to represent numbers called
frequently. All of these services are closer to being
realized technically and economically by applica-
tion of the new art.

When new techniques are introduced, they must
be tested adequately to ensure serviceability and
maintainability. The more changes or advances in
the art, the more likely that these tests will be
extensive. Generally, the new ideas and devices will
have to mature before they gain wide acceptance.
More than ever, it will be necessary to make cer-
tain that new ideas are channeled toward the pri-
mary goal of good telephone service at reasonable
cost to the customer.

In some of the early switching offices, the young
men who were the first telephone operators often
had to search frantically for the correct terminal
jack while they dragged their cords behind them.
Today, we look at the amazingly subtle No. 4 and
No. 5 crossbar systems, and at experimental elec-
tronic switching equipment at the Laboratories, and
we realize that we have indeed come a long way.
In one sense, progress has been continuous, but
every so often there seems to occur a resurgence of
ideas. The new arts of switching the channels of
telephone communications will ]\eep generations of
skilled technicians busy improving service and pro-
viding new services that were formerly difficult to
rendler or obtainable only at great cost. To realize
these goals, the team effort in research, develop-
ment, manufacturing and operation must continue.
This effort will ensure a promising new future in
telephone switching.

A. E. JoeL, |r.. a native of Philadelphia, received the B.S. degree from Massa-
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chusetts Institute of Technology in 1940 and the M.S. degree, also from M.LT..
in 1942, After joining Bell Laboratories in 1940, Mr. Joel worked for a time in
the fields of relay engineering and crosshar testing, and later engaged in funda-
mental development studies, work on circuits for relay computers, and the teach-
ing of switching design. Subsequently, he was concerned with designing AMA
computer circuits and making fundamental engineering studies on new switching
svstems, and presently is Switching Svstem Development Engineer responsible
tor svstems coordination of the exploratorv development of an experimental elec-
tronic switching svstem. Mr. Joel, who holds some fortv patents for his work at Bell
Laboratories, is a member of the A.LE.E.. LR.E., Slgma Xi and the Association
for Computing Machinery
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Brittleness in

Poly-ethylene

I. L. HOPKINS Chemical Research

Polyethylenes used for Bell System cable sheaths must have great strength

and high ductility for long service life. Because early polyethylenes some-

times showed a surprising brittleness, the Laboratories’ chemical research

group set out to find the cause. A biaxial elongation test and other experi-
mental work showed that cable sheaths were improved by specifying poly-
ethylenes of higher molecular weight. This research also related other

structural properties of polyethylenes to their mechanical performance.

Polyethylene — the familiar waxy, strong mate-
rial — is generally so tough that it is at first surpris-
ing to find that it can occasionally be broken with
a brittle fracture. Yet early in the use of polyethy-
lene for cable sheath, such fractures did occur, some-
times at bends or twists where the cable was fitted
to the inside of a manhole, or in more extreme cases
when the cable was straightened on removal from
a reel. Many ruptures resulted from exposure to
unfavorable environments, but some probably oc-
curred without contamination. Such ruptures are
intolerable, since the polyethylene sheath is the
first and principal line of defense against water in
the cable.

An immediate test of failed sheaths for confor-
mity to the specifications — which included a re-
quirement that the material stretch to five times its
original length before rupture — proved that it did
conform. This elongation test was performed in a
simple “one-way” stretch, as one stretches a rub-
ber band. But when the polvethylene was stretched
two ways simultaneously, drumhead manner, it was
found that brittle failures occurred. Since most
stresses in the sheath during handling of the cable

JANUARY, 1958

are more complicated than simple tension, the dis-
covery of brittleness of some polyethvlenes under
complex stresses was significant.

Brittleness under complex stress is not a univer-
sal property of polymers, as consideration of inflat-
able rubber articles will show, and indeed it is not
always true for polyethylene. It therefore seemed
appropriate to consider what special ductile and
brittle properties polyethylenes might possess.

A single polyethylene molecule is, with adequate
reason, considered in the ideal case to consist of a
long chain of carbon atoms, analogous to a string
of beads, with two hydrogen atoms attached to each
carbon. The carbon-carbon attachments, as indi-
cated in Figure 2, are such that although the chain
is highly flexible, the structure is slightly “zigzag.”
In the actual case, the molecules of the early poly-
ethvlenes were complicated by the fact that at ran-
dom places along the chain, a hydrogen atom would
be missing, and in its place. the end of another
polvethvlene molecule, called a branch, would be
attached. Figure 2 also illustrates the formation of
such a branch. Further, in bulk polvethvlene, which
is composed of millions of these polymer molecules,



Fig. 1 — By applying water pressure to one side of samples, polyethylene 1cas biaxially strai

there are myriads of places at which several adja-
cent chains find themselves zigzagging in parallel.

When this happens, the tiny aggregate of paral-
lel segments comprises a minute crystal, or crystal-
lite. Then, the different chains “wander off,” each
taking part in other crvstallites. This structural fea-
ture is in fact so prevalent that perhaps 60 per cent

i CARBON

BRANCH ATTACHED
IN PLACE OF MISSING ~
HYDROGEN ATOM

HYDROGEN

Fig. 2 — Essential structure of polyethylene mole-
cule — (a) a long chain of carbon atoms, slightly
“zigzag,” and (b) branch chain attached in place
of hydrogen atom missing from the long chain.

6

of all the polyethylene in a given piece of the mate-
rial is in crystallite form. The remaining 40 or so
per cent comprise the comparatively random amor-
phous constituent. Further, there is a tendency for
the crystallites to arrange themselves in groups
around a common center. These groups, which mayv
be a thousandth of an inch in diameter, are called
spherulites.

If the polyethylene is heated above room tem-
perature, the thermal energy in the molecule causes
the degree of crystallinity to lessen, until, at about
15°C, it completely disappears (along with the
characteristic milky appearance — the material De-
comes quite transparent). Now the totally amor-
phous polyethylene is soft and rubbery. A knowl-
edge, then, of the structure of the material at any
temperature involves knowing how many carbon
atoms there are in a typical or average chain, how
broad is the distribution of numbers of atoms
around this average, how many branches there are
and their average length, and how much of the ma-
terial is in the form of crvstallites, This is a formid-
able list, and is known only in part. Nevertheless,
comparison can be made between materials and the
influence of these factors can be assessed. This was
the avenue through which brittleness in polvethy-
lene was investigated.

The chief tool was an apparatus for testing under
conditions of drumhead tension. The specimen — a
disc about three inches in diameter and a tenth of
an inch thick — had a grid with a spacing of 0.1
inch stencilled in contrasting paint on one side
(Figure 3). This disc was then clamped in a holder,
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various degrees of elongation or to point of rupture. llustrations show sample with mirror above.

4

leaving a free circular area with a diameter of 1.8
inches in the center, in which the grid could be
scen. Water under pressure was brought in under
the specimen, causing it to bulge and stretch (Fig-
ure 1). This was done gradually, and a motion-pic-
ture camera recorded the details of the grid distor-
tion, the radius of curvature of the polvethylenc
dome, and the pressure. After development, the film
was projected, and measurements were made to
permit calculation of the progress of both stress
and strain during the test and up to the point of
rapture. It was found that polyethyvlene which had
conformed to the “onc-way” stretch specification.
but which nevertheless failed in cable, ruptured at
low values of biaxial elongation — 28 per cent in
one case,

In further tests, the polyethvlene material wuas
divided into three groups of differing molecular
weight by dissolving it in hot trichlorethylene and
then harvesting the precipitates at different tem-
perature ranges as the solution cooled. The three
groups consisted of a waxy substance too weak to
test, a second which ruptnred at about 30 per cent
elongation, and a third which ruptured at about 80
per cent elongation. This last figure is about the
minimum for a satisfactory material. Also, when the
weak, waxy, low-molecular-weight material was
combined with one known to be satistactory, the re-
sulting polyethylene was quite brittle. This showed
that the low-molecular-weight fraction having short-
chain molecules was causing the brittle fractures.

A striking confirmation of these results was af-
forded by experiments on a series of special poly-

JANUARY. 1958

cthylenes provided by Imperial Chemical Indus-
tries, Ltd. In the polyethviencs of this serics, the
main (and so far as possible the only) variable was
molecular weight. The data from these experiments
were clear proof that the percentage of elongation
at rapture from biaxial, extensional stress increases
with molecular weight. The value of elongation
either approaches an upper limit or passes through

PRESSURE ./
GAUGE

POLYETHYLENE
SAMPLE

i\'.\..ul = _4?(_‘%/

WATER
PRESSURE

Fig. 3 — Method for biaxial stressing of polyethyl-

ene samples to test for brittleness.
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Fig. 4 — Research on polyethylenes established re-
lationship beticeen  maximum  elongation  and

PER CENT ELONGATION

molecular weight of various samples.

a broad maximum at the highest molecular weights
considered in the tests (Figure 4).

In addition, the effect of crystallinity was tested
using both annealed and quenched samples of the
same material. The annealed samples were raised to
a temperature somewhat over 115°C — the melting
point of the crystallites —and were then cooled
slowly. The crystallites had time enough to re-form,
and the resulting specimens usually were about 60
per cent crystalline. The quenched samples, on the
other hand, were raised to the same temperature,
and then cooled as quickly as possible in liquid
nitrogen. They were consequently somewhat less
crvstalline, but the main structural difference was
that the spherulites were of much smaller size. In
the biaxial stress-strain test, it was found that they
were less stiff and that they broke at greater exten-
sions than the annealed samples. The association of

THE AUTHOR

decrease of strain at rupture with increase of crys-
tallinity and spherulite size was corroborated with
similar work on other polymers.

This work demonstrated, then, that there are two
principal parameters influencing the biaxial brittle-
ness of polyethylene — molecular weight and crys-
tallinity. The degree of potential crystallinity in the
materials which were available for use was, how-
ever, not significantly variable. Also, the manufac-
turing methods insured that this potential was ap-
proximately realized. The suppliers of polyethylene
for use in cable sheaths were then asked to increase
the molecular weight — the only important variable
which could be changed. Cable sheaths have thus
been assured of freedom from brittleness under ad-
verse stress conditions. This, combined with the
prevention of degradation by oxidation * and sun-
light,# provides a material which can confidently
give trouble-free service for many vears.

The relationships among Crvstalhmtv spherulite
size and brittleness have subsequentl_\ been con-
firmed by the properties of the ncewly available un-
branched polyethylenes. Absence of branches per-
mits a close alignment of molecules, and the dircct
result is an increase in crystallinity from about 60
per cent to over 90 per cent. These materials rup-
ture at low levels of biaxial strain, and even the
limit of uniaxial strain becomes low (material can
be stretched only 100 per cent or less) if the speed
of straining exceeds a rather low value.

® Recorp, January, 1956, page 1. 1 Recoro. July, 1957,
page 246.

I. L. Horkins, born in Plymouth, Maine, was graduated from M.ILT. in 1927
with the degree of B.S. in Mechanical Engineering. He joined the Apparatus
Development Department of the Laboratories on ]uly 1 of that vear. Mr. Hopkins
has been concerned with the phvsical properties of plastics, and has been respon-
sible for the design of testing methods and machines. Several machines of his
design are being manufactured by testing-machine manufacturers and are In use
throughout the plastics industry. For the past nine vears Mr. Hopkins has been
associated with the polvmer research division of the Chemical Research Depart-
ment, with paltlculal interest in the viscoelastic and associated plopeltles of
polviners, and more latelv, of glass. He is a licensed Professional Engineer in
New York State, and a member of the Societv of Rheology.
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Pocket-Radio
Signaling

W. STRACK Special Systems Engincering |

Salesmen, doctors, and others who are frequently away from their tele-

phones may find very eonvenient a small, pocket-radio reeeiver that will

signal them when someone calls. Personal radio service has great potentiali-

ties, but at present there are many unknowns. A recent trial and laboratory

work have given valuable information on the technical arrangements

required for efficient transmitting and receiving equipment,

Citv-wide personal radio signaling is a potential
new service now being tested in the Allentown-
Bethlehem arca of Pennsylvania. Basically, the sys-
tem serves to indicate to a particular customer —
perhaps a doctor or a salesman — that his secretary
or some other party is trying to reach him. The cus-
tomer carries a small radio receiver slightly larger
than a kingsize package of cigarettes in his pocket
or clipped on his belt. On receiving a radio signal
with the proper code, the radio will emit an audible
tone of sufficient loudness to inform the user that he
is being called. He then goes to a telephone and calls
his office or other pre-designated number where he
is given the message. Fundamentally, personal radio
signaling is thus an extension of the telephone hell.

One of the primary purposes of the Allentown in-
stallation is to answer various operational and tech-
nical questions. Operationally, the trial is providing
valuable information on the reaction of the public
to the service and is also establishing the require-
ments of various groups of users. In addition, tests
are under way to obtain technical data, particularly

JANUARY, 1958

with regard to the attenuation or loss which takes
place when a radio signal travels from a fixed-sta-
tion transmitter to a p()ckvt-czn‘rie(] radio receiver.

To call a customer located somewhere within the
coverage arca, a person dials a particular telephone
number and is connected with a personal-signaling
operator. The operator responds with “signaling-
service operator — number  please.” The  calling
party gives the operator a 4-digit number which
corresponds to the code associated with the radio
receiver assigned to the called party. With present
cquipment, the operator then places this number
into the svstem by setting a series of four rotary
switches. A total of 24 such codes may he set up at
any one time.

The codes are scanned at a rate of about 16 per
minute and are translated into combinations of four
out of nine audio frequencies. A total of about 3.500
codes can be assigned on a single radio channel.
Each number in the code corresponds to a particu-
lar audio frequency — No. 1 is a frequency of about
160 cveles, No. 2 about 170 cveles, and so on up

9



Franzblau test-

Fig. 1 —The author (left) and J.

ing experimental receiver in the laboratory.

to No. 9 which is a frequency of about 300 cycles.

These audio frequencies sequentially modulate a
250-watt AM transmitter which operates on one of
the common-carrier mobile telephone frequencies at
about 35 me. Each tone is sent for about four-tenths
of a second—four tones (one code) requiring a total
of 1.6 seconds. The spacing between code transmis-
sions is approximatelv 2 seconds. Thus the total
time per signal is about 3.6 seconds.

When the RF signal is picked up by the receiver.
it is demodulated and the audio tones are recov-
ered. These tones are amplified and used to energize
a group of four highly sclective vibrating reeds
which will respond onlv if the proper fleqnonc ies
are applied. If, during anv coding interval. all reeds
in a particular receiver are energ]zo(l in the proper
sequence, an audio oscillator is triggered, and an
alerting tone informs the customer that he is being
called. By depressing a small push button, the user

35MC
RADIO SIGNAL
— . SUPER-
s | REGENERATIVE R s
! DETECTOR ————  AMTT
(SURFACE-BARRIER (P
| TRANSISTOR) TRANSISTORS)
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can silence the oscillator and ready the receiver for
the next call.

One of the major equipment problems associated
with providing such a service is that of obtaining
suitable radio receivers. These units must be small
and light in weight if they are to be carried on the
person. The model shown on page 9 is now in
use in Allentown. These receivers, manufactured by
the Stromberg-Carlson Company, weigh approx-
imately eight ounces and will fit conveniently into
a coat pocket. They employ a single 4-volt battery
having a life of about 900 hours. This is sufficient to
provide about six months of service under normal
operating conditions.

A block diagram of a receiver is shown in Figure
2. The circuit employs four transistors —a surface-
barrier transistor as a super- legeneratlve detector,
two pnp junction transistors as audio amplifiers, and
one npn junction transistor connected as a blocking
oscillator, which is triggered when the proper code
is received.

A block diagram of the transmitting station
equipment used at Allentown is shown in Figure 3.
The installation consists primarily of niemory
bank, a tone generator and encoder, a director and
identifier, and the radio transmitters. Except for the
radio transmitter, the equipment in use at Allen-
town was manufactured by the Scantlin Electronics
Company. The memorv bank — which consists of 24
groups of rotary switches, four switches per group
—is used for setting up the various codes. Tt is lo-
cated in the operator’s room at the Allentown cen-
tral office. The other equipment is located elsewhere
in the same building. The tone generator, as the
name implies, qupphcs the nine precise audio fre-
quencies used for signaling. These are all derived
from a single crystal oscillator by using frequency-
dividing circuits.

The encoder controls the scanning of the memory
bank and the translation of the switch positions into
a sequential code of the proper audio frequencies.
To comply with FCC regulations, the identifier is
used to send out the station call letters automati-
cally at particular intervals. The director is used to
route the coded audio signals to the various trans-
mitters when more than one is necessary to obtain

MIDGET
SPEAKER
BLOCKING -
SELECTIVE OSCILLATOR
REED ————— (n-p-n TONE
DECODER | TRANSISTOR)
|- —]

Fig. 2— Block diagram of the receiving circuit employing four transistors.
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satisfactory radio coverage of an area. Two 250-watt
AM transmitters are used for the trial — one located
in Allentown and the second in Bethlehem, Pennsyl-
vania, about five miles away.

The service range varies, depending upon whether
a customer is in an open area or is partiallv shielded
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TRANSMITTER

Fig. 3 — Block diagram of central office arrange-
ments as used in  Allentown-Bethlehem trial.

by a building or an automobile. It is estimated that

ranges of db()ut two to four miles from each trans-
mitter will be experienced in the Allentown-Beth-
lehem area. This will be adequate to cover all of the
business districts and the major portion of the sur-
rounding suburbs. When larger areas are to be cov-
ered, it is expected that additional “satellite” trans-
mitters will be employed.

Extensive studies and tests were conducted at the
Laboratories in advance of the Allentown installa-
tion to establish the probable area of coverage and
to realize the best performance possible from the
cquipment. Information on coverage was obtained
by measurements of the field-strength of signals in
Allentown and Bethlehem using measuring equip-
ment shown in Figure 4. Special testing arrange-
ments were devised whereby plant operating forces
will be able to calibrate the sensitivity of the
receivers and check performance in other respects.

Experience gained at Allentown has served to
highlight those arcas requiring further develop-
ment. For instance, a number of improvements
would be desirable in the central-office arrange-
ments. In particular, the rotary switches now being
used in Allentown to set up the codes have been
tound to be awkward and time consuming. Plans are
underway to allow an operator to place a call by
dialing the number or by using a conventional I\ev
set. ’Ilus information will then be stored in 1elay
and will be read out automatically bv a scanning
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device. To compensate for variations in radio propa-
gation, any given code may be transmitted ap-
praximately three times from cach radio transmitter.
At the end of the last of these transmissions, the
code will be “wiped off” the storage unit, which
will then be available for service to another cus-
tomer.

Control facilities will be included so that a par-
ticular radio channel may be used exclusively for
selective signaling, as in the Allentown area, or
used jointly by selective signaling and standard
two-way mobile telephone service. With this ar-
rangement, the signaling calls will be transmitted
only when the mobile telephone service is idle.

Fundamental study and development are also in
progress to improve recciver performance. Much of
this effort is aimed at the possibility of a transis-
torized receiver operating at 150 me in conjunction
with mobile telephone systems which operate in
this frequency range. 1’1ellmnmly studies  have
shown that these frequencies may be more desirable
for the radio-paging tvpe of transmission.
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Fig. 4+ -—Tests performed in the Allentown-Bethle-
hem area. Portable antenna was used to measure
the radio-frequency field strength of test signals.

11



