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Organic

Corrosion

B. S. BIGGS

Chemical Research

The deterioration of rubbers, plastics, textiles, and surface coatings in

service is a serious problem in industry, probably equal in dollar value to

corrosion of metals. Particularly in the Bell System, where apparatus fre-

quently is expected to last thirty or forty years, it is obviously essential that

the causes and mechanisms of organie corrosion be understood. One or

another aspect of such deterioration and methods of preventing or retard-

ing it have been under study in the Laboratories for years. The result has

been a eonstant general improvement in the life expectancy of organic

compounds in systems applications,

In the search for materials that will give long,
trouble-free life to apparatus, many designers, fa-
miliar with the easy rusting of some metals, turn to
plastics or rubbers with the expectation that these
organic compounds will be immune to corrosion,
They discover that although such obvious chemical
changes as rust on a “tin” can or the green film on
copper cannot readily be detected as the early cor-
rosion products of a plastic or a rubber, in their later
stages of deterioration many plastics and rubbers
are as irreparably damaged as some rusted metals.

One of the agents through which chemical de-
terioration of organic compounds is brought about
is oxidation — reaction with the oxvgen of the air.
Because reaction with oxygen can be activated by
both heat and light, the terms “thermal oxidation”

and “photo-oxidation™ are frequently used in de-
scril)ing it. Reactions indoors at room temperature
are usually slow and ordinarily cause little trouble,
but outdoor exposure is a severe condition, the
ultraviolet component of sunlight being a very ener-
getic initiator of chemical reaction — sunburn, for
example,

The mechanism by which oxygen damages a
plastic or rubber is still a research problem. Studies
reveal that oxidation of organic substances is nsually
a free-radical chain reaction — a reaction of molec-
ular fragments with oxvgen in such a manuer that
new centers of attack are produced in chain-like
fashion as  decomposition  progresses.  Although
many of the details are not vet known, the damage
can be appraised in its general aspects.
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Plastics, rubbers, and textiles are composed of
large molecules, “many
units,” and their value as structural materials is de-
pendent on this large size or high molecular weight.
One of the principal effects of oxidation is to cut
these large molecules into smaller pieces, thereby
weakeniag the whole structure. Another effect may
be to lower the value of a polymer as electrical in-
A third may be to introduce more ties or
“cross-links” than were originally present, thus im-
pairing <he flexibility and toughness afforded by a
nice balance in the inter-molecular forces. Increas-
ing greatly the number of cross-links tends to make
the material glassier or more brittle, particularly
when accompanied by a shortening of the average
length of the molecules. Ultimately the material may

known as polymers or
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Fig. 1 —V.T. Wallder at an outdoor exposure plot exam-
ines part of the original sample of black polyethylene
that has been cxposed since 1941,

craze, or crack, and the surface may chalk away.
Erosion of the surface of polymers outdoors occurs
particularly in those materials which, at very low
molecular weight, tend to be soluble in water — the
cellulosics, for example.

Since weather damage may render the polymer
unfit for service, the 1)1(mest problem in materials
engineering of organics is to develop compounds
which will maintain adequate properties for the

desired length of time under service conditions. The
safest course has been to recognize that changes are
going to occur and to trv to determine whether the
rate of change will be low enough to permit the ap-
paratus to have the required service life.

The only sure way of learning how a material
will age outdoors is to expose it outdoors and wait.
This is an excellent procedure for screening out
those materials which deteriorate rapidly (and un-
fortunately many polymers tall in this category),
but it is obviously impractical to wait the required
number of vears for the evaluation of compounds
which are usefully resistant to outdoor exposure.
It is only when a new material becomes available
in experimentul (uantities years before it reaches
commercial production or before it is needed in sys-
tems apparatus that a reassuringly long history of
outdoor exposure can be obtained in time to be
usetul, and cven then this information must be rein-
forced with results from accelerated tests. The story
Poly-

cthylene became available in limited quantities just

of black polycthylene is a good illustration.

before the war, and many compounds of it, includ-
ing one containing carbon black, were exposed out-
(10()15 by W. T. C arke of the Chemical Research
DLPJItIDCIlt All samples tailed within a year or two
except the black one. By 1947, when polyethylene
was available in quantity and when a substitute was
needed for lead cable sheathing, six years of favor-
able outdoor experience had been obtained on the
black compound. This fact, coupled with equally
encouraging from accelerated tests,
made possible the immediate launching of the plas-
tic sheath program. The original sample has now
undergone favorably almost fourteen years of out-
door cxposure, and thus has come to have truly
historical significance for plastics engineers.

The experience with polyethylene makes it cvi-
dent that there is great value in the early outdoor
exposure of every new polymer which comes to
hand, and the Laboratories has for years main-
tained in several locations outdoor exposure plots
like the one shown in Figure 1. It is also evident,
however, that outdoor weathering is too slow to be
used as the sole guide for an application which re-
quires long life. Once it has been determined that
a certain type of material is potentially suitable
for years of outdoor service, the refinements of
compounding must be pushed rapidly. In this work
accelerated laboratory tests are invaluable.

Ovens operated at elevated temperatures and sun
lamps or carbon arcs are devices commonly used in
accelerated aging. One of the ways this is donc is

information
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oxidant mayv be less than 1/100 of that of the pure
material. The volumetric oxvgen absorption method
is an excellent one for evaluating anti-oxidants and
for determining relative susceptibility to oxidation.
Obviously it cannot be applied to field samples.

A method which is now coming into use for
measuring the extent to which oxygen has com-
bined with organic material is that of direct anal-
Vsis for oxygen content.  Until recently oxygen
was determined in organic substances by differ-
ence; that is, analyses were made for all other ele-
ments present and the difference between the total
percentage of these and 100 per cent was assumed
to be oxygen. In recent years, direct methods based
on quantitative conversion to carbon monoxide have
been perfected so that it is now possible to measure
the oxvgen content of deteriorated material with-
out including the errors in the analyses of all the
other compohents. Figure 3 shows the oxygen con-
tent of successive layers beneath the surface of
polyethylene after irradiation with a carbon arc for
1000 hours. In onc case the polvethylene con-
tained no additive and in the other it contained 2
per cent of well-dispersed carbon black. The

—ig. 2— Apparatus for volumeiric measurement of ab-
rbed oxygen. W. L. Hawkins adjusts some samples being
casured as he checks the level of the gas in the bureites.

shown in the illustration at the head of this article.
With such apparatus it is sometimes possible to
produce in a week or two in the laboratory a state
of deterioration reached outdoors after a year or
more. Changes are detected by very careful meas-

urement of physical and electrical properties. 10
| Another accelerated method which can be used
in a laboratory is volumetric measurement of the 9
oxygen absorbed. If the sample is maintained at an
elevated temperature in a closed system which 6
includes a gas burette, and the system is filled with
oxygen, the consumption of the gas can be meas- u% 7
ured by the change in level in the burette. Figure 2 v CLEAR
shows some samples being measured with the ap- E) s
! paratus. This method is particularly useful for de- z
tecting the time of onset of rapid reaction which ko ||
: marks the beginning of the end, and which usually ‘%’ 1
‘ comes after a period of very slow reaction known 9 4
as the “induction period.” It has been known for z
many vears that certain chemicals added to the g )
polvmer are capable of prolonging the induction 5
. period. These substances, called anti-oxidants, are )
! “getters” or traps for free-radicals, and in effect WITH 2%
| interrupt the chain reaction in an early stage. Each , S LLLLRBLIE S
; molecule of anti-oxidant, in its sacrificial reaction
with a free-radical, may thus save as many mole- o

cules of the substance being oxidized as would © 25 50 15 100 125 150 175 200
. W . . DEPTH IN MILS

otherwise have been attacked in the chain reaction

started by that particular radical. This saving  Fig. 3— Oxygen content of polyethylene at vary-

sometimes runs into hundreds of molecules for  ing depths after 1,000 hours under a carbon arc.
+cach free radical canght, which means that the Acknowledgment is made to the National Bureau
rate of thermal oxidation in the presence of anti-  of Standards for these analyses.
. JANUARY, 1956 3
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successive lavers were sliced oft with a micro-
tome. The data in Figure 3 not only illustrate the
usefulness of this method i detecting the extent
of oxidation but re-emphasize the value of opaque
substances in protecting organic materials from
photo-oxidation.  Anti-oxidants are of only small
benefit liere. The only eftective method vet found
for protecting organic polymers from sunshine for
long periods of time is the incorporation of light-
absorbing substances. Althongh in general the best
protector is carbon black, several other pigments
and a few organic light absorbers have been found
helpful in special cases.

While oxvgen is the most prevalent enemy of
()1'gzmic matter, there are other substances in the
normal atmosphere which are sometimes important
—ozone and water vapor. Several polymers in
commercial use, notably natural rubber and the
svnthetics based on butadicne, contain a type of
chemical grouping referred to as “unsaturation” in
which one carbon atom is depicted by chemists
as tied to another by two bonds instead of one.
This is a reactive arrangement, particularly with
ozone, and rubbers containing such groupings,
when stretched in the presence of even the minute
amounts of ozone found in the air, are apt to de-
velop many cracks running transverse to the direc-
tion of stretch. Almost everyone has seen such
cracks along folds in rubber gloves or old inner
tubes, at bends in laboratory rubber tubing, or in

THE AUTHOR

garden hose. A discussion of this reaction has been
published previously.®

The other most common degradative reaction,
and again one which affects only certain types of
chemical groups, is hydrolysis or reaction with
water. Esters, amides and a few other chemical
groups are subject to this reaction particularly in
the presence of acid or alkali. The widely publi-
cized sudden disintegration of nylon hosiery during
certain smog conditions is an example; in this case
acid vapor in the smog is responsible for the hydrol-
vsis of the polyamide (nylon).

Not all the changes that occur in plastics and
rubbers during service are chemical. Although they
have not been reviewed here, such physical changes
as the soaking up of oils and the loss of plasticizers
by leaching or by evaporation are also of great
engineering importance.

Giving up the use of all such vulnerable materials
is obviously no solution. Rubbers and plastics have
engineering propertics which frequently cannot be
duplicated with other materials. In fact, they have
achieved their present wide industrial use by uphill
competition with older materials. When properly
chosen, properly compounded, and properly used
they can have characteristics which are invaluable.
Continuing research at the Laboratories has as its
purpose the proper choice, compounding, and ap-
plication of these materials for the Bell System.

* Recorp, March, 1948, page 119.

B. S. Brcos received his M.A. and Ph.D. degrees from the University of Texas
in 1931 and 1933, and from 1933 to 1936 he was a member of staft of the Coal
Research Laboratory at the Carnegic Institute of Technology. He joined Bell
Telephone Laboratories in 1936, At the Laboratories he has worked on the
composition of wood presorvutives, on the synthesis of dielectric materials and
polvmers, and on other phases of organic chemistry. In recent years he has
engaged principally in rubber and plastics engineering, dealing especially with
deterioration problems. In March, 1954, Mr. Biggs was appointed assistant
chemical director. He is a member of the American Chemical Society and of
the Society of Chemical Industry.
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One facet of modern American business is the use of
dictation machines that permit dictation for later tran-
scription, without requiring the presence of a stenog-
rapher. Greater efficiency is achieved when a pool of
such machines is made available as needed to a large
number of people, and this is further enhanced if access
to the machines is through regular Bell System PBX
extension telephones. A recorded telephone dictation
cireuit developed at the Laboratories permits users of
dial PBX extensions to control a dictation machine by
dialing special code digits.

Recorded Dictation Using

PBX Extension Telephones

MISS JOAN H. COYNE Special Systems Engineering

From all appearances, this telephone user is
merely carrying on a normal telephone conversation
— discussing a business transaction, confirming an
appointment, or chatting with a friend. Iie may be
doing any of these things. Or, he may be dictating
a letter to a dictation machine — over the telephone.
This has recently been made possible for users of
dial PBX extensions by the development at the
Laboratories of a special switching circuit that auto-
matically connects an extension telephone to a dicta-
tion machine through the dial PBX.

Over the vears, there has been a constant search
for more cfficient ways of providing stenographic
service. Requirements for such service vary greatly,
depending upon individual needs or the typc of
business organization. Obviously, in some situations
the volume of dictation is sufficient to warrant the
employment of full-time secretaries. Sometimes,
stenographic pools are a satisfactory solution to the
problem. The development of dictation machines,
on which dictated material is recorded for later
transcription l)y a typist, has pavcd the way toward
greater efficiency by permitting material to be
dictated without a stenographer actually being
present. Ilowever, the use of such machines has
been limited to those persons or groups having a
sufficient volume of dictation to justify the cost of
individual machines.

Greater economies and better efficiency in the use

JANUARY, 1956

of dictation machines are possible it cach machine
is available to a large number of people. Various
manufacturers of dictation equipment have taken
steps in this direction by offering remote-control
svstems that permit a centralized pool of dictation
machines to be operated from a private network of
telephone sets.

Still turther savings can be realized if regular Bell
System PBX extension telephones are used for such
purposes in place of the privately-owned telephone
sets. This eliminates both the special wiring arrange-
ments and the extra telephones on each user’s desk
required for isolated systems. To permit Bell Sys-
tem PBX extensions to be connected with and send
control signals to a customer’s dictation machine,
the Laboratories has developed a recorded tele-
phone dictation circuit to be used in conjunction
with a dial PBX. This new circuit has been de-
signed to operate with dictation machines that are
presently available for privately-owned remote-
control systems. Furthermore, it is thought that new
designs of dictation and recording equipment could
be adapted readily to work with the special circuit.

The present recorded telephone dictation circuit
can be used with dial PBX’s only; no provision is
made for direct connection to Bell System telephone
facilities other than the dial PBX with which it is
associated. Central-office trunks cannot be con-
nected to the circuit and any attempt by the PBX

www americanradiohistorv com


www.americanradiohistory.com

i e

.,

) .
cheaa"a

" .

Fig. I — R. D. Williams discusses a feature of the circuit

with the author. Equipment for four cireuits is shown.

operator to monitor a line will antomatically stop
the dictation machine being used. All connections
between the special circuit and customer-owned
dictation equipment are made at a terminal box
provided by the local Bell System company.

In a typical installation, Figure 2, any telephone
user connected to the dial PBX can take advantage
of recorded telephone dictation by using his regular
extension telephone. A one- or two-digit code is
assigned to the service so that dialing of the code
connects the user with the appropriate level on the
first or second selector switch of the PBX.* FEach
dictation machine in the pool connects to one ter-
minal of this switch level through its own individual
recorded  telephone  dictation cirenit. The PBX
cquipment will therefore choose the first idle ma-

® The type of connection between the telephone user and
the special recorded telephone dictation circuit depends upon
the switching arrangement employed in the PBX, Tu this dis-
cussion, step-by-step PBX equipment is assumed.

RECORDED
~E - TELEPHONE
——— DICTATICN
CIRCUIT

[ s e e -
TO OTHER
RECORDED
DICTATION
LINE FIRST SIS

FINDER SELECTOR
DIAL PBX

TERMINAL

chine as it “hunts™ across the switch level assigned
to the service, If all machines are in nse, the regu-
lar “busy™ tone will be heard. When the circuit is
comected to an idle machine, a distinctive “ready”
tone is sent back to the person wishing to dictate.

Once a telephone user has been connected to a
dictation machine, he has exclusive use and control
of that machine until he releases it by replacing his
handset in the cradle. All functions of the machine
arc controlled by the telephone user: he simply
dials any one of five single-digit codes. To start
dictating, he dials 1 and begins to talk, If he wishes
to dictate more than one letter or message, and the
dictation machine is one of those arranged to indi-
cate an “end-of-message,” he dials 4 after dictating
the first message. This tells the machine to indicate
that one message is finished and another is begin-
ning, The various machines use dilterent methods,
such as marking an associated indicator strip or
leaving a blank space on the recording medium. for
making this imdication. To stop the recording ma-
chine temporarily and still retain control of it, the
telephone user again dials 1 as for starting a mes-
sage. Thus, 1 is a combination start-stop signal.
The “ready” tone is present whenever the circuit is
in the stop condition.

Should a correction be necessary during a - re-
corded message. the telephone user dials 2. This
tells the dictation machine to indicate to the tvpist
that a correction is to be made but does not stop
the machine. As with an “end-of-message” signal,
the method of indication depends upon the arrange-
ment provided by the customer’s machine. When
plav-back is desired. the telephone user dials 3 to
hear a play-back of at least part of his recorded
message. The amount played back again depends
on the particular machine.

If for any reason, such as to request that the ma-
terial be typed immediately, the telephone user
wishes to speak to the machine attendant or tvpist,
he dials 0. Since the digits 1 through 4 are used for
other control purposes, it might seem more logical
to use 5 for this function. The reason why 0 is used.,

— Fig. 2 — Each exten-

DICTATION
MACHINE

80X sion has access to the

switch level set aside

for recorded tele-
CUSTOMER’S

EQUIPMENT phone dictation.
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RECORDED TELEPHONE DICTATION CIRCUIT

]
= - oy fos
- 3 || | |
S i |
2 il !
i L p TERMINAL DICTATION |
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Fig. 3 — Relavs and a @ o L
. : = - SR | i
resetiing-ty pe selector
g i i St
swetteh control the ma- [
hi ording 1o th - CONTROL ! -
chine according to the L RELAYS I —
digit dialed. (AN RS EEA23

of course, is that the digit 0 is associated in most
telephone user's minds with an operator — to give
any assistance necessary. This dialing of 0 causes
the dictation machine to stop, rings the attendant’s
telephone, and returns an audible ringing signal to
the calling telephone. \When the attendant answers,
the incoming line is transferred from the dictation
machine to the attendant and ringing ceases. After
speaking with the  telephone user the attendant
hangs up her telephone, automatically reconnecting
the telephone line to the machine and leaving the
system in the “stop” condition with the “ready” tone
on the line.

Phvsicallv, the svstem is quite small, occupying
onlv a few inches on a standard telephone equip-
ment bayv, Figure 1. Control relavs, Figure 3, con-
nect the particular calling line from the PBX
sclector switch to translating relavs through a 10-

THE AUTHOR

N

TRANSLATING
RELAYS

ATTENDANT'’S
TELEPHONE

point resetting-type rotary switch. At the same
time, the talking path is connccted through to the
dictation machine and a “ready” tone is sent back
to the person wishing to dictate. \When he dials
1, the rotary switch steps to p()sition 1, cunsing the
translating relays to start the machine, and then
returns to normal. Dialing any of the single-digit
codes steps the switch to the corresponding level
and causes the translating relays to send the appro-
priate control signals to the dictation machine and,
in the case of the digit 0, to the attendant.
Recorded telephone dictation offers particularly
attractive possibilities for more eflicient steno-
graphie service in business organizations where a
large number of employees cach have individual
dictation requirements of too small a volume to
warrant the use of individual dictation machines.

JANUARY. 1956

Joax H. CoynE received a B.S. degree from Chestnut Hill College in 1952,
and immediately joined the Laboratories. For about a year she was involved
with the preparation of descriptive information on PBX and Community Dial
Office svstems. Since that time Miss Coyne has been engaged in engineering
studies on special systems, including development coordination, the formulation
of requirements, and the preparation of general descriptive practices. She has
been concerned with load-dispatching equipment for right-of-way companies,
switchboards and the concentrator-identifier for telephone answering service,
and other PBX systems.
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Alloyved-Junction
Transistor

Development

J. J. EBERS Transistor Development

The search for new methods of producing transistor structures has bheen

under way since the day the transistor was invented. Each new method is

carefully investigated for useful electrical characteristics, ease and economy
of fabrication, and potentialities for reliability and long life. Alloying layers

of high-conductivity material onto a body of germanium results in a set

of properties particularly suited to switching applications.

At the present time there are two widely used
methods of producing triode junction transistors
of either the n-p-n or the p-n-p variety. One
method consists of growing a single crystal of
germanium and doping the melt from which the
crystal s grown at appropriate times with the
proper impurity atoms. This growing operation
produces a crystal with, say, a p-type layer sand-
wiched in between two n-type layers. Such transis-
tors have been described in previous articles.®

The other method is to produce the junctions by
an alloying process. A small pellet of a donor (n-
type) metal, or of a mixture of metals containing a
donor metal, is placed in contact with the surface
of a p-type germanium body. The two are then
heated together, and a small pool of molten ger-
manium-metal mixture forms at the place of con-
tact. Upon cooling, the germanium from this
mixture recrystallizes onto the parent material, but
retains enough of the donor metal in solid solution
to become converted to n-type. The excess metal
is rejected to form a button on the surface (see the

* Recoup, June, 1954, page 203; October, 1953, page 374.

cross-section of this structure in the right part of
Figure 2).

In practice, the various process steps in the
fabrication of an alloyed-junction transistor are as
follows.
controlled amount of conductivity-producing im-
purity is prepared by crystal-pulling or zone-level-
ing. This germanium, of n- or p-type, depending
on whether it is desired to make p-n-p, or n-p-n
transistors, is cut into slices which are then ground
to a thickness of seven or eight thousandths of an
inch. These slices are cut into wafers about one-
cighth of an inch square, then etched down to
three or four thousandths of an inch in thickness.
The wafers are placed in jigs which locate them
relative to holes in which small pellets of the
alloying metal are placed in contact with the
wafer surfaces. Such a jig can be seen in Figure
3 — the rectangular carbon blocks into which cylin-
drical wells and tiny holes are drilled. For p-n-p
transistors, indium or lead-indium is used as the
alloying material; for n-p-n transistors, lead-
arsenic or lead-antimony is used. The jigs are
placed in an oven containing the appropriate

Single crystal germanium containing a

BELL LABORATORIES RECORD
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atmosphere, and are heated to 500-750°C, depend-
ing on the alloying material. The indium or lead
dissolves germanium in the area where contact is
maintained to a depth of one to three thousandths
of an inch, depending on the quaatity of alloying
material, the area of the contact, and the alloying
time and temperature.

Thus, to control the thickness of the buase layer
between emitter and collector junctions, it is nec-
essarv to control all of thesc factors, as well as the
initial thickness of the base laver itsclf. The final
thickness of the base laver between the emitter and
collector is, of course, the distance hetween the two
junctions. The alloving material diffuses through
the position of farthest advance of the liquid-solid
interface, so that the junction will actually lie a
small distance beyond this interface. As the tem-
perature of the oven is lowered, germanium begins
to treeze out and to recrystallize at the interface.
If the temperature is lowered sufficiently slowly,
most of the dissolved germanium regrows as single-
crystal material on the original single-crystal base
wafer, with the excess metal appearing as a button
on the surface. Enough of the alloying material
is retained in the recrystallized germanium, how-
ever, to change its conductivity type and depress
its resistivity to a value in the neighborhood of
0.001 ohm-centimeter or less, so low as to have
almost metallic electrical behavior.

After alloying, the alloyed wafers are ctched to
remove condensed foreign material from the sur-
faces (sec Figure 5). Such material, if permitted
to remain, would short-circuit the junction or de-
grade the subsequent performance and reliability
of the Both acidic chemical etches and
alkaline electrolvtic etches have been used. The
wafer is then alloyed to a gold-platedd, ring-shaped
base contact, which surrounds the emitter button.
Contact is made to the emitter and collector buttons.
Some of the fabrication stages can be seen in Figure
3. At the right of this illustration, tubes are shown

units.

COLLECTOR COLLECTOR
BASE
BASE
o R—_
|
EMITTER EMITTER
Fig. 1 — Left: conventional junction transistor

symbol; right: equivalent circuit behavior of a
transistor when used as a switch.

JANUARY, 1956

leading into the transistor enclosure. Thesc are
uscd for some transistor types to control or chzmge
the ambient conditions surrounding the transistor
element after the unit is enclosed in the can.

A comparison of the electrical properties of an
alloyed-junction transistor with those of its prede-
cessor, the grown-junction transistor, reveals a4 num-
ber of interesting similarities and differences. As
a switch, for example, the alloved-junction transistor
has a distinct advantage over the grown-junction
transistor. This switching behavior is illustrated
in the two diagrams of Figure 1. On the left is
the conventional circuit symbol for a transistor,
with the three terminals marked base, collector and
emitter. When used in a switching circuit, as
shown at the right of the figure, the transistor can
be considered as having — between the collector
and emitter terminals — a simple switch. This
switch is closed by the application of the proper

C

RING-SHAPED

CONTACT

=

~COLLECTOR JUNCTION-
i/
/ £
n ¢ B £
{
{ 01
’gs i ole!
B ¥ o RO ACRILE
5 e p r 77} o ST
‘r\ —_ /4—
AN BASE LAYER ~
n AN -
“-—EMITTER JUNCTION -~
lE E
Fig. 2 Left: section through grown-junction n-p-n tran-

sistor element; right: section through alloyed-junction

n-p-n transistor element showing alloved layers.

electrical stimulus to the base terminal; removal
of the stimulus opens the switch. In this applica-
tion, a transistor may have an open impedance of
many megohms, a closed impedance of only one
to ten ohms, and an operate time in the micro-
second range. The body resistance of the emitter
and collector regions of a grown-junction transistor
may result in a resistance in series with the switch
of fifty ohms or more. In alloyed-junction tran-
sistors, the collector and emitter regions are essen-
tially metallic and have practically no resistance.
Other differences also exist which throw the scales
decidedly in favor of alloyed devices for switching
applications.

Another significant property of these junction
transistors is the ratio of minority-carrier or emit-
ted current crossing the collector to the total current
across the emitter — the current multiplication fac-
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tor, alpha. In a grown-junction transistor, alpha is
primarily determined by the thickness of the base
laver. However, in an alloved structure, much
minority-carrier current can be lost in and on the
surface of the base wafer, resulting in a severe
reduction of alpha. For low-power alloyed devices
it has been found that this loss can be largely
prevented if the diameter of the collector is made
approximately twice that of the emitter. Values of
alpha comparable with those of grown-junction
devices are thus obtainable, provided the thick-
nesses of the base lavers between the junctions are
comparable. The thickness of the base layer also
controls the frequency behavior of the device. For
n-p-n alloyed-junction transistors, an emitter-to-
collector spacing of one thousandth of an inch
causes the output power to drop to one-half of its
maximum low-frequency value at about 4.5 mega-
cycles. Such spacings are obtainable in alloyed
transistors, of both the n-p-n and p-n-p types.
To obtain a small base layer thickness and the
attendant good frequency performance, the junc-
tions must be verv ncarly parallel planes. Con-
sidering the way most melting operations on the
surfaces of materials tend to result in hemispherical
puddles of the melt, this would seem to be almost
an impossible requirement to place on an alloy
structure. Fortunately, however, the crystal struc-
ture of germanium provides a solution. Through
the crystal, there are planes in which the ger-

10

Fig. 3 — Pellets and
(left)y are

placed in large rec-

wafers

tangular jigs and
heated in an oven to
form
right are shoun par-

junctions. At

tially assembled and
completely assembled
alloyed transistors.

manium atoms are most densely  packed — the
(111) planes. These are the planes that are ex-
posed if, in a cubical array of atoms, we cut off
a corner of the cube along a plane perpendicular
to a diagonal running through the body of the
cube. Thus, if we cut the crystal surfaces to coin-
cide with the (111) planes, the molten material
will have less tendency to penetrate these densely
packed lavers and will instead tend to spread out
longitudinally. As a result it has been possible to
obtain junctions thirty thousandths of an inch in
diameter which are fat within one ten-thousandth

p-TYPE
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REGROW'/I'H LAYER
/

INCLUSIONS ~
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Fig. +— Micrograph section of an alloyed-junction
transistor element (magnification about 60 diame-
ters). Note flat planes of junctions and thinness of
the base laver of n-type germanium.
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of an inch. A photographic cross-section of an
alloved transistor prepared in this manner is shown
as Figure 4. Note the plunarity of the junctions
and the extremely small spacing between the emitter
and collector buttons.

Another interosting point of com])urison between
alloved-junction and grown-junction transistors lies
in the properties of the junctions. Because of the
nature of the alloving process, alloyed junctions are
very abrupt transitions — that is, the electrical re-
slstlvltv che mnges shar pl\ from the semi- Con(lnctm(r
base ](1\01 to the almost metallic emitter and C()]-
lector Alloyv(l regions. In comparison, grown junc-
tions are usually more gradunal, and for this reason
their capacitances per unit area are smaller, and
higher voltages can be applicd in the reverse diree-
tion betfore such junctions break down. The high
junction capacitance limits the usefulness of al-
loyed junction transistors at high frequencies to
some extent. this effect is compensated
by a lower resistance, obtained
with the large-area, ring-shaped  base contact
around the entire peripherv of the wafer. This tvpe
of base contact also improves the power dissipation
ability of the transistor. If the tramsistor can is
filled with a heat-conducting medium, the tempera-
ture of the unit will rise only about 0.3 to 0.4°C
per milliwatt of power dissipated.

Table 1 compares the characteristics of two al-
loved transistor tvpes and one grown-junction type,
for both small-signal and switching applications in
amplifier,

However,

base which is

oscillator. or other small-signal electronic
circuits. It is scen that alloyed units compare quite

TasLe 1
Alloyed — Alloyed Grown

Small-Signal p-n-p n-p-n. - n-p-n
Characteristics M-ITTS  A-1853 W.E. A
Current gain (alphaj....... .. 0.985 0.99 0.98
Collector reverse leakage

current in microamps....... 25 3 1
Collector capacitance

in micro-microfarads. .. .. ... 23 5 11
Cut-off frequency, me. .. ... .. 4.0 N5 2.0
Noise figure indb. .. ... .. 20) 14 17.5
Gain per stage in db. ... ... 40 40 40
Switching
Characteristics
Max. collector current

in milliamps.. .. 100 100 5/
Closed-switeh impedunce

in ohms.......... ... .. ... 5) 3 30
Open-switch impedance

inmegohms. ... ... .. .. .. 30 30 10
Turn-on time in microseconds 0.5 0.8 1
Turn-off time in microscconds 1 2 10

JANUARY. 1956

Fig. 5 —W. P. Herzer etching germanium wafer to remove
debris from the alloying operation and to improve surface

properties of this material.

tavorably with the grown-junction unit. o switch-
ing applications, the table shows that the alloved-
junction nnits are superior.

For some time it has been thought that one of
the chief advantages that alloved transistors have
over grown-junction transistors is the case of fabri-
This advantage waxes
provements are made in the technology of first one
other. A significant factor is
that single-resistivity tvpe germanium is needed for
alloved devices,
material with the junctions already grown in for
grown-junction transistors.

cation, and wanes as im-

tvpe and then of the

whereas it is necessarv to have

One of the problems that continuonsly confront
is that of reliabilitv. The reli-
ability of a device must always be expressed in terms
of the conditions under which the device is called
upon to operate. For oxample. transistors mayv have
practically mfinite life in hearing-aid circuits but
very short life if the operating voltage is close to
the limiting voltage, and if the devices are subjected
to an environment having a temperature of about
65°C. In the Bell System, the problem has been
to build transistors to operate at this temperature
and at moderately high voltage and power levels.

The reliability of transistors is defined with ref-
erence to the slow changes in electrical characteris-

the device engineer
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tics that take place with time. When the value
of one of these characteristics falls outside its
acceptance range, the transistor is said to have
failed. There is no appreciable evidence that fail-
ure results from processes occurring within the body
of the semi-conducting element. Instead, aging is
usually associated with slow changes in the surface
of the transistor, particularly in the vicinity of the
junctions. Solution of the reliability problem, there-
fore, consists of obtaining and then maintaining
the desired surface conditions during the life of
the device by appropriate fabrication and encapsu-
lation techniques. Results of recent improvements
in etching and final sealing indicate that satisfac-
tory reliability can be obtained, even under adverse
operating conditions. For example, p-n-p transistors
have been life-tested at temperatures up to 65°C,

THE AUTHOR

and at collector bias potentials up to 28 volts, with
a power dissipation of 40 milliwatts. The manner
in which these transistors aged seems to have been
governed by the same law that describes chemical
changes on the surface. This is an indication that
transistor technology is coming to the point where
devices can be produced which will age in a
predictable manner.

The alloyed-junction transistors described here
were developed as prototype units intended for
cither transmission or switching applications. Addi-
tional types have been and will continue to be
developed for more specific uses. Although the
transistor art is fast-moving, it appears that for
some time, at least, alloyed-junction devices will
hold advantages that will be particularly usetul in
the field of switching applications.

]J. James EBers received a B.S. degree from Antioch College in 1946, an
M.S. degree from Ohio State University in 1947, and u Ph.D. from the same
school in 1950. After serving as an assistant professor of Electrical Engineering
at Ohio State, Dr. Ebers joined the technical staff of the Laboratories in 1951.
His early work with the Laboratories was concerned with the development of
transistors for switching applications, and for the past several years he has been
principally engaged in the development of the alloyed junction transistor. Dr.
Ebers is now based zt the Allentown Laboratory. He is a member of the Amer-
ican Physical Society and the Institute of Radio Engineers.

Dr. Kelly Honored by Sweden’s Royal Academy of Sciences

Dr. Mervin J. Kelly has been elected a Foreign
Member of the Swedish Royal Academy of Sciences,
one of the world’s foremost learned societies. In
his letter, the Secretary of the Academy declared:

“Our Society is most happy in conferring on you
this token of profound respect, called forth by your
masterly researches in the domain of Electronics
and Electrotechnics, which have forever enrolled
your name in the Annals of these Sciences.”

The Swedish Royal Academy of Sciences was
founded in 1739 by Carl Linnaeus and others for
the encouragement of the natural sciences and
mathematics. It awards two of the prizes of the
Nobel Foundation, in Chemistry and Physics.

The Academy, which is associated with a num-
ber of Swedish museums, carries out its work
mostly through scientific institutions, publication
of scientific pamphlets, and in providing funds to
outstanding scientists and authors.

Dr. Kelly is one of 108 foreign members from
countries outside Sweden. This number is constant.
Swedish membership consists of a maximum of 140
and a minimum of 108 members.

Among the distinguished Americans who are
members of the Swedish Royal Academy of Science
are Irving Langmuir, Harlow Shapley, Harold C.
Urey and E. O. Lawrence. The late Dr. Albert
Einstein was also a member.

BELL LABORATORIES RECORD
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Pulse Lquipment
for Microwauve
Antenna Tests

1,000,000,000,000 to 1 is the ratio of power transmitted by one of the
antennas, shown above, to the level of crosstalk received by the adjacent

antenna. Measurements of this magnitude can be made with equipment
employing radar pulse techniques. Useful not only in measuring antenna

performance characteristics, but also in accurately evaluating minor changes

in design, this pulse test equipment has contributed to the development of

improved antennas for “backbune” microwave routes.

E. J. HENLEY anp L. G. YOUNG Transmission Systems Development |

Development of the KS-15676 lLorn-reflector an-
tenna® for the TD-2, TH and T] microwave systems
posed a problem of measurement. What test equip-
ment and techniques could be used to measure an
antenna’s relative response in different directions
or the crosstalk response of one antenna to an adja-
cent one — how could one measure antenna direc-
tivity patterns with ratios up to 90 decibels and
crosstalk ratios up to 140 db at frequencies in the
4,000,- 6,000- and 11,000-mc comman-carrier bands?
Radar supplied the answer.

The development of equipment employing radar
pulse techniques permits more accurate measure-
ment of intrinsic antenna properties than conven-
tional continuous-wave methods. It has already
been established that foreground reflections, even
from relatively distant objects, may limit the effec-
tive directivity of an antenna.t If an antenna’s
characteristics are to be accurately determined, the
effects of these reflections must be eliminated from
the measurements. Conventional methods, using a

* Recorp, November, 1955, page 401. + REcorp, Decem-
ber, 1953, page 486.

JANUARY, 1956

continuous-wave test signal, do not furnish the
required information. Figure 1 illustrates a tvpical
reflection condition and shows how it can interfere
with a continuous-wave measurement of the rear-
ward response of an antenna.

The relationship between the forward and rear-
ward responses of an antenna is known as the front-
to-back ratio, and may he expressed in decibels.
Continuous-wave measurement of an 80 db front-to-

STANDARD
ANTENNA

DISTANT
BUILDING

TEST
TRANSMITTER

i
REFLECTED SIGNAL
WHICH INTERFERES
WITH MEASUREMENT

ANTENNA _
UNDER TEST

TO RECEIVER

Fig. 1 — Interference with antenna measurements caused
by reflection from surrounding objects.
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back ratio would require a clear arca with a radius
100 or more times the distance between the test
transmitter and receiver. Of course, not all objects
are eflicient reflectors, nor are they necessarily
located on the axis of the antenna under test, but
it is still possible for objects many miles away to
interfere with accurate measurement of minor lobes
in the antenna response.

Pulse techniques, increasingly useful in the lab-
oratory® as well as in the field of radar, provided
the basis for a new antenna test set. Desired signals
can be displaved on an oscilloscope and visually
separated from undesired ones. Resolution of the
desired signal on a time basis is made possible
oths are short compared with

<

because the pulse len

Fig. 2 — Oscillogram of typical test signal observed
under conditions illustrated by Figure 1.

the difference in travel time between direet and
reflected signals. The use of very short pulses per-
mits a great reduction in the clearance require-
ments for the test range. A clearance of about 200
feet bevond the antenna is all that is required for
sutisfalct()ry resolution when using test signuls 0.25
microsccond long. Figure 2 is an oscillogram of a
tvpical signal measured at the Hohndel antenna
test range.

Another ;1(1\‘;111t;1g(’ of pulso equipment is the
availabilitv of high power. Magnetrons similar to
those commonly used for radar are emploved to
deliver pulses of radio-frequency energy with a
peak power of 753 kw or more at the frequencies

® Recorv, December. 1954, page 457,
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used in these tests. Sincee it is the amplitude of the
pulse peaks that establishes the lmit of measure-
ment, much greater front-to-back and  crosstalk
ratios can now be measured thun would be pos-
sible using any continnous-wave signul source pres-
ently available.

Design of satisfactory equipment included con-
siderations of safety, portability. availability of
standard components, shielding, accuracy of meas-
urements, and stability during a long series of tests.
These were not unusual problems. except  that
magnetrons for two ot the three trequencey ranges
did vot even exist: the only standard type which
could be used wus a 4J39 opcerating at 6,325 mec.
The solution to one problem was obtained by mak-
ing a few minor modifications to a 4]36 magnetron
to raisce its frequency to 3.740 mc. The last problem
was solved by the Laboratories” Tube Department
at Allentown, where a 4]52 magnetron was suceess-
fully modified to operate at 10,960 mc. wie inerease
of more than 1,500 mc above its normal operating
frequency. With these critical items as a nucleus.
the balance of the test set was assembled with
standard components.

The pulse transmitter shown in Figure 3 consists
of five separate portable units and associated inter-
connecting cables: a control and modulator unit,
a high-voltage rectifier unit, and three radio-fre-
quency units operating, at 3,740, 6.325. and 10,960
me. respectivelv. Pulse lengths are 0.25. 0.19, and
0.17 microsccond, and the peuk powers are 300, 150,
and 75 kw. All units are equipped with interlock
circuits so that primary power will be disconnected

Fig. 3—The pulse transmitter. L. G.

Young makes

voltage adjustment in the control «nd modulator un
below is the high-voltage rectifier unit. and at the left

one of the radio-frequency units.
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‘”".Q;; ] it cutoft” with respect to the operating frequency of

the magnetron.

The pulse receiver shown in Figure 4 consists
of four portable units; a power supply for the re-
ceiver local oscillator, an oscilloscope for viewing
the detected pulses, an intermediate  frequency
amplifier and power supply unit, and a cabinet
which houses the 4,000.- 6.000- and 11.000-mc con-
verter-preamplifier assemblies. When in use, the
required converter assembly is removed from the
cabinet and connected to the antenna by means of
flexible waveguides. Shields over the preamplifiers
reduce spurious responses to a value 65 db below
normal input. At this point microwave leakage at
the input waveguide flange connection becomes the
limiting factor. In tests where very high ratios are
to be measured, it is possible to reduce the stray

“ig. 4 —The pulse receiver. E. J. Henley adjusts the at- pickup an additional 15 db by packing “lossy” ma-
IIvnuat()r in the power sllp[)ly unit, on whreh 1s resting one terial around all \Vil\’(‘gllide Hunge connections.

of the converter-preamplifier assemblics. The oscilloscope One of the principal uses of the pulse test equip-
w the far left stands beside an intermediate frequency ment is to obtain a polar plot of the response of an
fmphﬁer and power supply unit. antenna. The one shown in Figure 5 is but one of

many required to define fully the performance of

it a door or cover on anv unit is apened or if anv . L
¢ o I < the KS-15676 horn-reflector antenna. Characteristics

plug is removed from a socket.

Tl ]“ oy l l oy f . . Lo ANGLE IN DEGREES

1e electrica design o the transmitter is con- 20 10 o 10 20

\./vntmnu.l, but the t‘(illl])l]l(‘]}t lavout was planned - - == ] i -
for maximum utility in making antenna tests, This s / R ;
applies particnlarly to the design of the radio-fre- o Y - } T
(quency units, cach of which contains a magnetron, - HORIZONTAL DIRECTIVITY

X - < VERTICAL 2OLARIZATION
a filament transformer. a pulse transformer, a pulse 5 10,960 MC
. . 5 b -10
shaping network, a cooling blower, and metering | ”|
o o] :‘ — . ¢ ~ . * - 1'\. I:'
facilities. Each of the radio-frequency units may be 40 | '
operated as much as 125 feet from the control unit e \
to which it is connected by suitable cables. This i Pt
provides a high degree of flexibility and permits . /
the radio-frequency unit to be hoisted to the top b
of a tower while the balance of the equipment re-
mains at ground level near a source of primary SO 7
power. 2 #

50

60

Careful fitting of the cabinet and access cover 700/
were required to keep the leakage to a value about | i o
65 db below full output. Two clusters of small brass 80| ]
tubes mounted on the top surface of the cabinet
constitute “waveguides below cutoff” which permit
circulation of air to cool the magnetron without Ly
allowing radio-frequency energy to escape. This :
may be explained by the fact that for a given radio ; ' ?
trequency there is a minimum cross-section which [ ~
a hollow conductor (waveguide) must have in |/""-./ ; _ : o .
order to pass energy without high attenuation. In 12— 136 10 150 160 1767180 170 160 156140130 ~120
this case, the brass tubes which pass the cooling  Fig. 5— Polar plot of the response of a KS-15676 horn-

air have small diameters and are verv far “below  reflector antenna.
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THE AUTHORS

vary considerably with frequency and polarization
of the test signal. Equipped with these data, the
systems engineer is in a better position to evaluate
potential interference from converging routes or
reflections from surrounding objects.

Another useful measurement is the ratio of cross-
talk coupling between two antennas at the same
location. This might at first appear to be simply the
sum of the antenna responses, but it must be re-
membered that the angle subtended by each an-
tenna encompasses many minor lobes of response
of the adjacent antenna. These combine in random
phase to produce the envelopes of cross-talk re-
sponse peaks shown in Figure 6. This figure illus-
trates only the maximum values measured as the
receiving antenna was rotated on its axis. The
responses are shown for two orientations of the
transmitting antenna. Finely detailed plots would
show that at most points the crosstalk was far
below the values indicated.

Fig. 6 — Measured crosstalk betwween tiwo KS-15676
broadband microwave horn-reflector antennas.

Epwanrp J. HENLEY was employed by the Illinois Bell Telephone Company
in 1936 and served in a number of capacities in the plant department until
1942 when he transferred to the Long Lines Department of the American Tele-
phone & Telegraph Company. During the following years his work included
operation and maintenance of overseas radiotelephone equipment, toll testroom
facilities, and microwave radio relays. In 1952 he transferred to the Labora-
tories where he has worked on the design of microwave test equipment and
seals for the seams of microwave antennas. He also participated in the prepara-
tion of maintenance instructions covering mobile radiotelephone equipment.
In July of 1955 he transferred to the Western Electric Company where he is
currently engaged in work on special communication systems. Mr. Henley is

an associate of the Institute of Radio Engineers.
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L. G. Younc was graduated in 1919 from the Carnegie Institute of Tech-
nology with a B.S. in electrical engineering. He joined the Western Electric
Company in 1920 and transferred with the group that became Bell Telephone
Laboratories in 1925, Until 1926 he was engaged in coil and impedance-bridge
design and later did design work on broadcast transmitters and on long-wave
transoceanic transmitters. From 1940 to 1952 he was engaged principally in
military work having to do with short-wave transoceanic transmitter design.
Currently, Mr. Young is engaged in the TH radio relay system project.
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In the past few years, negative-impedance voice-fre-
Juency repeaters have become increasingly popular
vith the Operating Companies. Their relatively low cost

mnd small size, together with simplicity of installation

-ind maintenance, have proved major factors in the
-apid growth of exchange area plant. These repeaters
sperate on a different principle from that of conven-

—ional repeaters, and a simple means of testing them was
resired. The Laboratories has developed a versatile new
est set that provides not only for testing the repeaters
ut also for measuring the transmission and impedances
f the lines used with them.

L-Repeater Test Set

J. O. SMETHURST Transmission Systems Development

Many thousands of repeaters are used in Bell
System voice-frequency lines, and equipment must
be available to check these repeaters for transmis-
sion efficiency. Several transmission measuring sets
have been developed in the past for use with con-
ventional repeaters but the newer negative-imped-
ance repeaters require a different approach. The
E2 and E3 are the latest versions of this type of
repeater, and a new test set has been developed at
the Laboratories to check their performance.

A conventional repeater for two-wire operation
consists of two one-way amplifiers and two hybrid
coils with line-balancing networks. The balancing
networks are adjusted to approximately equal the
line impedances, and the amplifier gains are set to
a predetermined value low enough to avoid “sing-
ing”. Once these adjustments have been made, the
repeaters may be divorced from the knes and their
gain performances checked in a conventional trans-
mission measuring set.

Negative-impedance repeaters operate in a dif-
ferent manner, involving a more intimate association
with the telephone lines. Every telephone line offers
series and shunt impedances that attenuate the

JANUARY, 1956

speech currents. If, in the ideal case, equivalent
values of negative series and shunt impedances
could be provided, the speech energy would be
transmitted with zero loss. Negative impedance
repeaters do just this. They do not function as
conventional amplifiers; they simply act as series
and shunt types of negative impedances to offset
a large portion of the positive impedances.

Two basic types of negative-impedance repeaters
are used on telephone lines. The EL*® and its newer
counterpart the E2, are series repeaters having
negative resistance and negative reactance which
combine to minimize the attenuation and equalize
the transmission over the voice-frequency band.
The E3 repeater is a shunt type, for bridging across
a telephone line, that provides gain in much the
same way as a series repeater. While a shunt re-
peater does provide gain, another useful function
is its use in combination with an El or E2 series
repeater for impedance-matching purposes.

The introduction of a series negative impedance
in an otherwise uniformly-loaded line causes an

* Reconp, February, 1952, page 56.
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impedance discontinuity that reflects a substantial
amount of cnergy as “echo.” On long inter-office
or toll-connecting lines, the magnitude of the imped-
ance irregularity caused by the repeater increases
with the gain and the “ccho” may become intoler-
able. In such cases, a combination of scries and
shunt negative-impedance repeaters can be used to
minimize the “echo” cffect. The E-repeater test set
can measure the gain and stability of imdividual
repeaters or any of their possible combinations.
Repeater gain could be determined, for any par-
ticular trunk, by making transmission measurements
between the two ends of the trunk. with and with-
out the repeater. The difference between the mea-
surements would be the repeater gain. However,
the originating office. terminating office, and repeat-
er points are often several miles apart and the
services of a man at cach location would be re-
quired for long periods of time. A more economical
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Fig. 1 — Insertion gain is determined by comparing a refer-

ence measurement (a) and «a second measurement with the

repeater in the circuit (b).

approach is to adjust the gain directly at the re-
peaters to a value suitable for a specific length and
type of line.

When a conventional repeater with a certain gain
is inserted in a telephone line, the insertion gain
is primarily that of the repeater as measured in a
test circuit. However, when a given value of nega-
tive impedance is inserted in a line, the insertion
gain depends on the actual impedance values of the
connecting lines, 1f a conventional  transmission
measuring set is used to test a 11egative-impedance

#* RECORD, August, 1954, page 281,
bl = [=)
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Fig. 2 — A special plug-in adapter permits the set to
g I ptug P L

be connected in place of the repeater during tests.

repeater, the correct value of insertion gain will be
measured only when the test set is terminated by
impedances duplicating those ot the actual line.
Many different types of lines are used in the ex-
change arca plant with various lengths, types of
loading, and sizes of wire, and characteristic im-
pedances varving between wide limits. Determining
the insertion gain of negative-impe(lzmce repeaters
with a conventional measuring set would require
that terminating impe(lzmces covering wide range
of resistive and reactive values be included. Since
it is impracticable to furnish such a large number
and varicty of test terminations for cach measuring
set, a different approach is required.

In mecasuring the insertion gain of negative-im-
pedance repeaters with an E-repeater test set, the
telephone lines themselves are used as terminating
impedances. The test voltage and current-measuring
detector connected in the line
through very small impedances so as not to aftect
the gain and stability of the repeaters. The low-
impedance voltage source is an oscillator working
through a  step-down transformer with an im-
pedance ratio of 600/2 ohms. The low-impedance
side, consisting of two equal, well-balanced wind-

are series with

ings, is inserted into the line on one side of the
repeater, to form a balanced-to-ground circuit,
Fig. 1(a). The current-measuring detector is con-
nected in series with the line through an identical
transformer on the opposite side of the repeater.
The insertion gain of an E-tvpe repeater is mea-

BELL LABORATORIES RECORD
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sured by first establishing a reference condition
without the repeater, and then measuring the in-
crease in transmission when the repeater is inserted
in the line. The change in line current is a mea-
sure of the insertion gain, and the current-measuring
detector is provided with a db scale so that the
change in transmission can be read directly in db.

Simplicity of operation is attained by using a
multi-position rotary switch to make all connections
necessary for the various tests. Five positions of the
switch are used for transmission purposes: one
reference and four measure conditions are required
for determining the gain (or loss) of an individual
repeater or any combination of them used in the
tel('pll()nc l)lzlnt. Counections to El repeaters are
made through appropriate cords and plugs while
E2 and E3 repeaters are plugged directly into the
test set. While the E-repeater test set was designed
primarily for testing and maintaining E-tvpe re-

NETWORK

OsCIL-
LATOR

v 3
Rl

coil or a missing repeating coil. In certain of these
cases, it may be expedient and less costly to trim
up the network design at reduced gain than to open
up the cable to correet the difficulty. Trial strapping
awrrangements ot the  built-in networks
would require many soldered connections. There-
tore, identical jack-ended networks have been in-
cluded in the test set so that trial gain-adjusting
networks can be easily and quickly patched up.
Occasionally, at re-
peater points will limit the gain so that transmission

repeater

low valies of return loss®

objectives of a line cannot be met. Low return losses
are caused by large impedance discontinuities in
the line, such as defective loading coils, faulty re-
" the joining together of two nnlike

Since these conditions must be

peating coils, or
wire facilities.
cleared, it is important to know exactlv where the
tronble spots are located along a line. Their loca-
tion can be determined quite accurately if the im-
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OSCIL- I é i IDETEG
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/
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DECADE

(a) RESISTANCE (a)

] NETWORK
oscu_— | DETECS DETEC-
LATOR 2 __ TOR | 5
‘—_d\p%,j‘:
DECADE (b) DECADE ()
RESISTANCE RESISTANCE

2.3 — The magnitude of an unknown impedance is deter- Fig. 4— Phase angle of an impedance is proportional to

the difference in transmission through two equal magni-
tudes for additive (a) and subiractive (b) polings of one

transformor l(’fll(li'l,’{.

ned by adjusting the decade resistance until transmission
ough it (b) is the same as that through the neticork

‘ng measured (a).

peaters, convenient jacks have heen added to make
the test set adaptable for general field usage. With
the jack-ended connections, it is possible to measure
insertion gains or losses in lines using other tvpes of
telephone repeaters.

pedance characteristics of the line are known over
the \'()i(-e—frequ(‘n(-_v spectrum. As an aid in 10cuting
these irregularities, an impedance-measuring  cir-
cuit is included as part of the E-repeater test set.

In measnring impedances, the tost-voltuge source

and current-measuring detector are connected to
the 600-ohm windings of the two step-down trans-

Sometimes a purticn]ar E-tvpe repeater connected
in a line will not meet transmission objectives with
the predesigned configuration of the repeater im-
pedance networks. This failure to meet require-
ments is, in general, caused by an impedance ir-
regularity in the line,

? Return loss is a measure of the equality between the out-
put impedance of a line or network and its terminating im-
pedance. For equal impedances. the return loss is infinite; it

such as a niissing ]Ozl(lmg decreases as the impedances become further mis-matched.
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formers used for making transmission tests. The
unknown impedance is connected between the two
transformers, Figure 3(a), and a reference measure-
ment established. The decade resistance is then sub-
stituted for the unknown, and its value adjusted
until the measured current is the same as the refer-
ence current. The ohmic value of the impedance
is that rcad from the dials of the decade resistance.

With the magnitudes of the decade resistance
and the unknown impedance equal, the phase angle
of the unknown impedance can be determined by
comparing the transmission for two polings of one
of the low-impedance transformer windings. The
reference poling, Figure 4(a), is a measure of trans-
mission where the unknown and standard branch
currents in the detector winding are additive. In
Figure 4(b), one of thesc two currents is subtracted
from the other. The difference between the two
detector indications is the return loss between two
impedances equal in magnitude but differing in
phase-angle. Since the phase angle of the resistance
standard is zero, the return loss is a function only
of the phase angle of the unknown impedance. A
chart, Figure 5, is supplied with the test set for
finding the phase angle.

Once the value of the phase angle is found, it is
necessary to determine the “sense” — that is,
whether the angle is positive or negative. With the
test set in the condition of Figure 4(b), a new
reference-current value is set up by connecting a
small capacitor across the resistance standard. The
capacitor is then switched across the unknown im-
pedance. A decrease in transmission indicates a
positive impedance angle while an increasc indi-
cates a negative angle. For a positive return loss, the
phase angle is between 0 and 90 degrees; for a

THE AUTHOR

90

70

60 N

50 AN

40 S

30 N

N

PHASE ANGLE IN DEGREES

™,
10 N

N
20 25 50

0 1 2 3 4 5 6 7 8 910 12 1416
RETURN LOSS IN DECIBELS

Fig. 5— Phase angle is proportional to return loss.

negative return loss, the angle is between 90 and
180 degrees.

Physically, the test set is a portable unit 12 by 15
by 8% inches in size. The multi-position switch and
decade resistance standard are mounted on a slop-
ing part of the front panel for convenience; the
main jack field is below on a vertical front section
of the panel. Connections to E1 repeaters, E2 and
E3 repeater lines, and power facilities are made
through reccptacles on the right side of the test
set. The E2 and E3 repeaters plug into sockets at
the rear of the top plate, as in the headpiece.

The increasing use of negative-impedance re-
peaters in the telephone plant makes the new test
set an ever more valuable tool. In addition, its
adaptability to various transmission, return loss,
and impedance measurements makes the E-repeater
test set a useful adjunct to other testing and measur-
ing equipment.

[

w
i

]. O. SMETHURST, after receiving the degree of B.S. in Communications from
Tufts College in 1929, joined the Laboratories that same year. For many years
he was concerned with overseas telephone circuits, concentrating especially on
control terminals for such circuits. He was associated with Government projects
during World War II, and subsequently was engaged in the NIKE guided
missile project. Since 1953, Mr. Smethurst has concentrated on E2 and E3
negative-impedance repeaters for voice-frequency lines.
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New Military

Carrier Telephone

Svstems

C. W. SCHRAMM

Military Communication Development

Because military carrier telephone systems proved their worth during World

War II and in the Korean campazaign, Bell Telephone Laboratories was given

the job of developing new and much improved equipment for such service.

As a result of this development work, the armed services now have available

four- and twelve-channel cable carrier systems that can operate together

and ecan be used with companion radio-relay links.

The military organization is quite cognizant of the
importance of carrier telephone systems and is rely-
ing more and more upon this communication means.
Such carrier systems played an important part dur-
ing World War II and were used even more exten-
sively in the Korean campaign. The CF-1 carrier
telephone terminal was used in providing the carrier
communications during these periods. Recently,
however, two new and much improved carrier Sys-
tems have been developed by the Laboratories for
tactical operation in combat areas. This is part of
an extensive program intended to increase the flex-
ibility of the military communications network.
These systems consist of a four- and a twelve-
channel carrier telephone system developed for
operation over a new type of spiral-four cable re-
cently designed for military use.

The four-channel system was designed to operate
over loaded cable for distances up to 100 miles, with
repeaters spaced at about 25-mile intervals. The
frequency range used by the four carrier channels
is 4 to 20 ke. There is, in addition, an order wire
channel using frequencies below 4 ke.

The twelve-channel system was designed for
operation over a nonloaded cable for distances up

JANUARY, 1956

to 200 miles with attended repeaters spaced at
intervals of about 40 miles, and unattended repeat-
ers about every 6 miles. The frequency range used
by the twelve carrier channels is 12 to 60 ke and
there is, again, an order wire channel using fre-
quencies below 4 ke.

The four-channel terminal is a self-contained, ac
operated unit. It is assembled in two man-trans-
portable, shock-mounted cases. The larger case
houses the common amplifying and equalizing
equipment, carrier supply, power supply and aux-
iliary circuits. These auxiliary circuits consist of
alarm, ringing, and measuring circuits, and wide-
band connecting and switching facilities. The
smaller case contains the four individual channel
modems (modulator and demodulator units). Each
channel contains a transmitting and receiving sec-
tion, and a flexible switching circuit. This arrange-
ment provides the means of meeting a wide variety
of operating conditions.

The four-carrier channels use lower side-band
transmission with the carrier suppressed. Each of
the channels is capable of carrying one voice
circuit, or up to sixteen Teletype circuits. The fifth
channel (order wire) is a voice circuit used for
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maintenance purposes by operating personnel.

Each four-channel repeater is a self-contained
unit. assembled in a single shock-mounted transit
casc. Such a repeater provides equalization and
amplification for signals received from either direc-
tion over the spiral-four cable. Tt also contains an
order wire, measuring circuit, and ringing circuit.
These cireuits have similar functions in both the
terminal and the repeater. The measuring circuit
is nsed for equalizing the system and for testing
circuit performance. The ringing circuit is provided
for (‘stuhlishing contact to repeater or terminal
attendants. 7

The transmission medium over which this svstem
will generally operate hus the characteristic of in-
creasing loss with higher frequencies. Therefore,
some “equalization” must be introduced into each
line section to complement the line losses so that
transmission levels at all frequencies in the band
will be approximately equal. This is done by add-
ing adjustable equalizers, and the range of these
controls gives considerable flexibility as to the tvpe
and length of lines over which the svstem can
operate.

Correcting the loss adjustinents with time and
temperature is called “regulation,” and in some
tvpes of svstems this is a separate operation. In the
four-channel svstem, however. both equalization
and regulation are accomplished by one set ot
manual controls which are adjusted by an attendant
as he observes the transmission over the several
channels. In fact, the regulation is accomplished on
an “in service” basis by adjusting a control while
the transmission is being observed on the order-
wire channel. This equalization and regulation of
the four-channel system depends largely on the
sclection of a particular loading inductance. By
using a value of 6 millihenries, it was possible to
secure the desired attenuation, and also to provide
a transmission characteristic that could be equal-
ized by simple line-loss compensation and control.

The twelve-channel carrier svstem, consisting of
two terminals and a number of attended and un-
attended repeaters, is capable of operating over
distances up to 200 miles on the new nonloaded
spiral-four cable. This svstem provides twelve voice
frequency message channels, derived from three of
the telephone modem units previously mentioned.
It also has an order wire circuit and facilities for
transmission of wide-band signals over any four
adjacent channel bands or over the entire band
occupied by the twelve channels.

The twelve-channel system uses a band of fre-

Fig. | — Four-channel modem unit mounted above

its associated amplifier-power supply,

quencies 48 ke wide. Three steps of modulation are
used to develop the frequencies within this band.
The first step occurs in all three telephone modem
units where @ band of frequencies from 4 to 20 ke is
developed. A second step of modulation, using the
upper side-band frequencies, raises the channels to
the 60- to 108-ke band. This is done by modulating
cach one of the three telephone modem units with
a different carrier frequency: carriers of 56, 72, and
88 ke are used. In the third modulation step, a
120-ke carrier modulates with the 60- to 108-ke band
to translate the channels to their Iine frequencies
between 12 and 60 ke. This frequency range is the
same as that used in the Bell Svstem multichannel
facilitics and has been selected to simplify the line
regulation and equalization problems to the greatest
possible extent.

To demodulate the 12- to 60-ke band in the
receiving direction, these same modulation steps are
reversed. All of the carrier frequencies for the three
modulation and demodulation steps are derived
from a 64-ke crystal-controlled oscillator stabitized
by thermistors.

The equalization of this system has been wrranged
to provide a flat response over a 200-mile svstem
with all cable sections and repeaters at a tempera-
ture of 45 degrees Fahrenheit. When the tempera-
ture varies, the cable attenuation changes in a
predictable manner. Automatic regulation supple-
mented by mannal adjustments compensates for

BELL LABORATORIES RECORD

www americanradiohistorvy com


www.americanradiohistory.com

these  attenuation changes duc to temperature.
Because the recently designed spiral-four cable has
a more uniform loss-frequency characteristic than
previously used cables, only one pilot tone is re-
quired for automatic r(‘guluti(m. Transmission for
a 200-mile system over the 48-ke band may he equal-
ized well within =2 db, and the automatic regula-
tion will hold this to less than =3 db for at least a
30 (legree temperature change.

Equalization of the twelve-channel svstem s
somewhat more complex than that of the four-
channel svstem. The larger
equalizer at the terminal. and at both the attended
and unattended repeaters. This equalizer provides

svstem uses a basic

loss which compensates for transmission variations
in the five-and-three-quarter-mile  cable lengths
(distance between unattended repeaters ). In addi-
tion, a deviation equalizer is located in each ter-
minal and in the attended repeaters. This cqualizer
corrects the various deviations at the attended
points, and also corrects any failure of the basic
equalizers to compensate exactly for the cable loss.
At the attended points, adjustable cable loss is
made available in steps corresponding to a range
from one-quarter to five and one-quarter miles.
These so-called allow flex-
ibility in the positioning of system attended points.
Each attended point also has flat, slope and bulge
equalizers. The slope and bulge eqnalizers provide
control of the equalization at 68, 28 and 12 ke.
These controls are necessary to correct for the
departures of the cable and the cquipment from
their design center

“building-out-networks”

values, and to compensate for
temperature variations.

Power for each attended point is supplied from
its own regulated power supplv. In addition, these

THE AUTHOR

attended points deliver power over the cable for a
maximum of three unattended repeaters. At ter-
minals this power is supplied in one direction and
at the repeaters, in both directions. The supply
delivers a constant current of 100 milliamperes at
600 volts de to the line. High- and low-voltage
alarm circuits remove the power from the cable
trouble conditions for the protection  of
personnel and equipment.

under

Terminals and attended repeaters also have com-
plete transmission testing facilities. These measur-
ing sets, plus a portable set for in-service testing of
the unattended points, make available a means for
complete system line-up and maintenance. Using
this cquipment, it is also possible to locate un-
attended repeaters that are in trouble.

A unique feature of the portable test sct is a
transistor oscillator used as a 1600-cps signaling
source. The unit is powered from the rectified out-
put of the lineman’s hand-operated generator. This
arrangement makes use of the rapid starting prop-
erty of the transistor and is probably one of the first
applications of a transistor in quantity-produced
militury equipment.

The military carrier telephone svstems described
in this article have been developed to meet the
necds of military service in global warfare. These
needs have imposed severe requirements on  the
desion of the equipment in many respects. As a
result, cirenits have been developed for great reli-
ability with simple operating procedures, automatic
alarms for good maintenance practices, and great
flexibility as to usage. In addition, the equipment
has been made lll”'("e(l compact, light in weight and
capable of operating over a very wide range of

temperatures and humidities,

CrHARLES W, ScHravi received his degree of B.S. in E.E. from the Armour
Institute of Tu]mo]ov\ now known as the Illinois Institute of Technology, in
Schramm was associated with the Toll Transmission Enmnvelmﬁ
Department of the Tllinois Bell Telephone Company from 1927 to 1929. He
joined Bell Teleplmno Laboratories and has assisted in the development of a
number of carrier svstems for te lephone message circuits as well as for the
transmission of radio programs. During World War 1T he was engaged in the
development of microwave resonant cavities and their military apph(atmnc
Since the war he has been conceried with coaxial transmission svstems and
military carrier telephoue svstems. He is a member of the American Institute of
Electrical Enginecrs. Institnte of Radio Engineers and Eta Kappa Nu.

1927, Mr.
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Relay operation depends to a large extent on the
magnetic properties of the relay structure. Relay
armatures and cores, for example, can have vastly
different magnetic properties, even though made
from the same lot of ferromagnetic material. Con-
ventionally, magnetic properties are determined in-
directly from studies of the hysteresis loop of a ma-
terial, measured on an especially-made ring sample.
Once this curve has been determined for a specimen,
three points are of interest: (1) the magnetic flux
density at some fixed value of magnetizing ampere-
turns in the region of magnetic saturation, (2) the
maximum permeability, and (3) the coercive force.

When measurements are made on a relay with a
fixed magnetizing current, the magnetization is
greatly affected by the air-gap between armature
and core. The parts must be carefully set and
aligned to determine accurately the magnetic con-
tribution of the material alone; this is not conven-
ient for large-scale testing. Furthermore, the air gaps
tend to mask the magnetic contribution due to the
material, resulting in reduced accuracy of the meas-
urements. Only the coercive force remains un-
affected by changing air gaps; the same negative
magnetomotive force value on the decreasing mag-

24

Magnetic 1est

for
Relay Cores

B. Stauss holds the armature clamped against a
relay core being tested while he operates the test
switch. After operating the switch to the left, back
to normal, then to the right, releasing the armature
will complete the test.

netization curves applies for all gaps when the flux
is exactly zero.

In the development of the wire-spring relay, it
was desirable to have a simple, rapid test of arma-
ture and core properties that would provide a
reasonably accurate classification of their general
magnetic qualities. Since a high value of maximum
permeability is usually associated with a low coer-
cive force, a measurement of the coercive force

+ O—

1.5v

- b o= P

& S S —<)
v % A

+

REVERSE
CURRENT
METER

0-20 MA DAMPING

RESISTOR ) 5

\\SOAK" FLUX_
SHETER T YT e
TEST KEY

Fig. 1 — Circuit of the test set. The test key is oper-
ated to the left, to normal, and then to the right for
the indication on the fluxmeter.
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alone was considered a satisfactory screen to indi-
cate whether a more exact examination of the mag-
netic properties would be necessary. A test set was
therefore designed for use with AF, AG, and A
wire-spring relays that provides the necessary in-
formation on coercive force quickly and easily.

When a piece of iron or other terromagnetic ma-
terial is magnetized, it retains a small amount of
residual magnetism after the magnetizing energy
is removed. To remove the residual flux completely,
an opposing magnetic field is required. The value of
this field is equal to the coercive force, as shown in
Figure 2. Since the magnetizing force H is equal to
a constant times the ampere-turns NI divided by
the length of the magnetic path, the coercive force
(in terms of H) is directly proportional to some
value of NI for a given core length L.

The test set. Figure 1, uses a fixed coil with two
low-resistance windings. Wound together, they pro-
duce identical fields when the currents through
them are equal. They have 1,000 turns each and
therefore current values in milliamperes give a di-
rect indication of the number of applied ampere-
turns. A core is slipped into the fixed coil, and the
armature is then clamped tight to the core. The
test key is first operated to the “soak” position,
where a large magnetizing current is applied
through one coil winding. When the key is returned
to normal, a small reverse current is applied to the
same winding, in such a direction as to cancel any
residual magnetism. Finally, the key is operated to
connect the flux-meter in series with the second
winding, while maintaining the small reverse cur-
rent in the first winding. If the reverse current was
not of the correct value, some residual magnetism
will remain; there may even be a small amount of
magnetization in the reverse direction.

The armature, previously held tight against the
core, is then mechanically opened. Any residual
magnetism remaining will be indicated by some
movement of the flux-meter pointer. The test pro-
cedure is repeated with different values of reverse
current until the flux-meter shows no movement,
and the reverse current in milliamperes then indi-
cates the coercive force in ampere turns.

The advantage of this type of measurement is that

JANUARY, 1956

it is a null balance and is nearly independent of the
mechanical fit of the relay parts and the velocity
with which the parts are separated. When the re-
verse current is just sufficient to demagnetize the
core, there is no magnetic flux through the pole-face
gap, regardless of the position of the armature. This
permits large-scale testing without requiring ad-
justment for fit of the pole-face pieces.

When large-scale testing of magnetic properties
is desired to determine tolerance within specified

SLO™E OF
N TANGENT IS N
T MAXIMUM
PERMEABILITY

~., POINT OF |
TANGENCY

|
i

+! N
! RESIDUAL

MAGNETISM St

e S i 0
,Q‘\:

B) COERCIVE x
FORCE

MAGNETIC FLUX DENSITY, B

Frivsisiiesnisa i

R SOV

= 0 +
MAGNETIZING FORCE, H

Fig. 2 The magnetic conditions of interest are
shown by a hysteresis loop.

limits, standard test armatures and cores are used.
A standard armature is used when testing cores, and
vice versa. The reverse current is preset to a stand-
ard value; a deflection of the flux-meter then indi-
ates that the part under test varies from standard,
and in which direction. The test set can, of course,
be used for similar measurements on other magnetic
structures by simply changing the size and shape
of the coil and its mounting.

B. Stauss

Switching Apparatus Development
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A New
EA Type Relay

F. A. ZUPA Component Development

Better performance and lower cost of telephone apparatus and equipment

are constant objectives of Bell Telephone Laboratories. In cooperation with

the Western Electric Company, it has frequently been possible to make

design modifications in existing apparatus which achieve these objectives.

An example of this is the E type relay, which appears in almost all telephone

customers’ line circuits. Changes in design since World War H have pro-

duced the EA type relay, and recently, further improvements have resulted

in a still more efficient and lower cost EA type design.

One of the widelv used tvpes of relavs in the
Bell System is the EA tvpe relay. Amual produc-
tion of this tvpe is now about 2,600,000 — because
almost all telephone customers’ line circuits re-
guire either one or two of these relays. In recent
new installations of equipment for the crossbar sys-
tems. one EA tvpe relay is used as the line relay:
in new step-by-step systemns, one is used as the
line relay and one as cutoff relay.

The EA type relay was introduced after World
War 11, when large production of E tvpe relavs
followed rapidly increasing demands for telephone
service. Modifications proposed for the E tvpe prior
to the war were then introduced to obtain very
substantial savings, and the redesigned relav be-
came known as the EA tvpe.® Several new designs
of line and cutoff relays were also evaluated at this
time, but none was found that would warrant the
replacement of the EA type. This inspired further
efforts to improve the EA design, with the result
that additional gains of considerable magnitude
have been obtained, both in reduced manufacturing

° Recorb, August, 1948, page 340.

cost and in the over-allimprovement of performance.

Busically, the EA type relay design is still the
same as the flat type relay design introduced many
vears ago by the late E. B. Craft, then Chicf Engi-
neer of the Western Electric Engineering Depart-
ment, the forerunner of Bell Telephone Labora-
torics, and subsequently Executive Vice President
of the latter. In both the E and EA type designs,
the relay core and armature are simple punchings
from 0.109-inch thick sheet iron. The rear end of the
core has two Ings. formed at right angles to the
core. which serve to mount the relay. The rear end
of the core, just forward of the mounting lugs. is
also widened to permit the attachment of two
separate contact spring pileups. The armature is
supported by a thin soft iron reed in the E type
and in the older EA tvpe design, which serves as
the hinge for the armature. In the new EA design
the hinge material is stainless steel. to withstand
the greater forces developed by virtue of the hinge
gap magnetic shunt to be described later. Contact
springs are flat reeds of nickel silver and the elec-
trical contacts. arranged on them in single pairs for
each switching element, are welded to the springs.

BELL LABORATORIES RECORD
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Palludium
the EA relavs becanse these relavs are generally

('ilpl)(‘(l contacts ()lll\‘ are ('llll)l()\'(‘(l on

used in tulking circuits. Each stationary spring

has an adjustable tab which rests on a sp()()lh(nl(l
notch, from which the name “spoolhead spring” is

derived. The spoolhead is a phenol fibre punching

with a centrally located rectungular slot making a
tight fit on the knurled portion ot the core just in
front of the coil. The moving contact springs are
actuated by the armature through hard rubber
studs: some of the studs have a brass wire insert
for added strength,
capacity of operating 12 contact springs. six in cach

Although a single relay has a

pileup. some of the relay: codes have onlv one
pileup of three contact springs. The coils for EA
type relavs, as already deseribed in a previous arti-
cle,® are form-wound with cellulose acetate insula-
tion between cach laver of wive. Each coil is slipped

lock nut onit was used as the adjustable backstop
for the armature. The position of the backstop nut
determined the distance that the armature would
travel during the operation of the relav. and the
nmgnitu(lc of the armature travel was a roquirc-
ment fixed by the tvpe of contact spring combina-
tion to be actuated,

To adjust the mitlions of EA tvpe relavs manu-
Factured cach vear, therefore, the practice has been
to insert a preseribed thickness gauge, the thickness
varving with the spring combination, between the
armature and the core, and to turn the backstop
nut until the gange just fitted. Since the armature
travel was a specified engineering requirement. cach
rcluy wis sul)jv(-t to inspvctiun for that roquirvnwnt
during manutacture of the relay and at later stages
of the assembly of the equipment using the refavs,
Consequently, from a manufacturing cost stand-

.

Fig. 1 Larlier A relay using the adjustable armature backstop nut tleft). compared with the new |4

relay using the fived spoolhead backstop and the magnetic shuni.

over the front end of the core und bonded to the
cellulose acetate facing on the rear spoothead. The
rear spoolhead is also phenol fibre and is secured to
the core in the same manner as the front spoolhead.

As illustrated by Figure the recent changes
that have been made on the carlier BA design are
(1) the elimination of the adjustable backstop stud
and nut for the armature, (2) the addition of arma-
ture backstop lngs as an integral part of the front
spoolhead. (3) bridging the hinge gap at the rear
end of the armature legs by iagnetic shunt, and
(+4) changing the wrmature hinge material from zine
plated magnetic iron to stainless steel.

On the carlier EA relay design. like that of most
ot the various tvpes of neatral relavs, aserew stud
was riveted to the front end of the core and a special

Reconrn, Augnst. 1948, page 310,
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point. the armature travel requirement has been an
appreciable item in the adjustment cost of cach EA
relave henee the climination of this reguirement
represents an important cost saving, In addition to
this adjustment cost saving. there is also the redue-
tion in cost derived from the elimination of the
adjusting stud. the backstop nut, the broaching
operation on the stud hole in the core. the stud
riveting operation, and the initial assembly of the
backstop nut.

The engineering basis upon which climination
of the adjustable feature of the armature travel on
the A relav design s justificd, was deternmined
by the followi ing analvsis.

When the relay coil is ene ragized by the operating
current. the nsnltm«' magnetic forces exert a pull
on the armature. The magnitude of that pull. plotted
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graphically in Figure 2, follows a typical curve
P-P’ for the earlier EA type design. This shows that
as the armature moves from its backstop toward
the core, the pull on the armature rises at an in-
creasing rate. The load corresponding to the con-
tact spring tensions of a frequently used combina-
tion as the armature actuates the springs, changes
in value as indicated by the broken lines L-L.". The
load values represented by the lines L-L, the lower
boundary of the shaded area, are the averages of
the load values that can be actuated by the earlier
EA design. Frequently, with the older EA type
relays, the nominal spring load is much less than
the pull at any point in the travel of the armature.
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Fig. 2 — Typical magnetic pull curves and contact
spring load characteristics for the new and old EA
type designs of relays.

It is shown, therefore, that the armature travel can
be increased considerably beyond the value re-
quired for the specified contact gaugings, as long as
the load due to the springs is not greater than the
available magnetic pull at any instantaneous gap.
This analysis shows that the armature backstop
can be a fixed point, such as a projecting lug on the
front spoolhead, provided the fixed point will assure
the minimum armature travel required by the con-
tact spring arrangement on the relay. This is accom-
plished on the new EA type relay by locating the
lug relative to the core poleface at a distance which
takes into account all the manufacturing variables in

Fig. 3— New EA relay coil assembly, spoolheads
with backstop lugs, and the magnetic shunt.

producing the assembled relay. The contact spring
arrangements used on all the EA type relays were
analyzed for the minimum number of fixed armature
travel values required for satisfactory adjustment,
and it was found that three different fixed travel
values would be sufficient. Only three front spool-
heads, therefore, each of which represents a differ-
ent travel, are required. Although only one lug on
each spoolhead is needed for the armature backstop,
two have been provided. The geometry of their
location is such that any misalignment of the arma-
ture or the spoothead will reduce the resulting
armature travel. That is, the maximum travel is
obtained only when the parts are in perfect align-
ment with each other.

With the fixed armature travel arrangement, the
travel that may be encountered on a relay may be
considerably greater than the former maximum
travel provided by the adjustable backstop. The
added travel results from compensating for the
misalignment of the spoolhead and armature relative
to the core and for the dimensional tolerances of the
spoolhead backstops. All of these tolerances have
to be added to the minimum travel necessary to
meet the contact spring adjustment requirements in
establishing the distance of the backstop lugs from
the core pole face. When the misalignments are not
present, the resulting travel will consequently be
equal to the minimum travel plus all the tolerances.
To avoid the necessity of having very light forces
returning the armature to the fixed backstop, when
the backstop is at a maximum distance from the core
pole face, the magnetic pull of the relay has been
increased by providing a magnetic shunt across the
armature hinge gap. This magnetic shunt, as shown
in Figure 3, is a simple low-cost punching of sheet
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iron mounted in the spring pileup assembly. Its
effect is to reduce the magnetic reluctance between
the rear end of the core and the armature legs, and
therehy increase the magnetic flux in the working
air gap. Since the magnetic pull varies directly as
the square of the flux density in the working air gap,
and the hinge gap reluctance on the earlier EA type
relay is an appreciable part of the total reluctance, a
marked gain in pull capability was obtained. The
net gain was found to be from 25 to 35 per cent, as
indicated by the pull curves of Figure 2. With the
improved magnetic pull, the permissible load range
that can be actuated by the relay is therefore much
greater, as indicated in Figure 2.

From a manufacturing cost viewpoint, the design of
the magnetic shunt was carefully worked out so that
it would not impose any added restriction on the
simple soft iron reed hinge already in use. The legs
of the magnetic shunt are offset to make an angle of
about 1% degrees with the longitudinal axis of the
core so that they will not touch or interfere with the
armature legs. The angle of the offset represents the
maximum angle which the armature subtends at its
maximum open gap position.

Since the basic cost of the EA relay structure is
appreciably lower than that of the larger neutral
relays, its large demand is expected to continue.
Design changes which lower its manufacturing and
maintenance costs with no sacrifice of its operating
range or service performance are, therefore, of espe-
cial interest to the Bell System. To safeguard the
service performance expectations for this relay, con-
clusive laboratory tests were made to determine the
characteristics of the spoolhead backstop from the
standpoint of wear and stickiness — especially the
latter — since line relay armatures had been known
to stick against the backstop nut before the use of
chromium finish. Test results show that the spool-

THE AUTHOR

Fig. 4 — Evelyn Winkler measures the distance be-
tween the spoolhead backstop and core pole face.

head backstop compares very favorably with the
older EA relay design that made use of the chro-
mium plated backstop nut.

The earlier EA type relay design and its redesign
have been obtained with very little manufacturing
preparation expense. For the older EA relay, tools
were already available, except for the front and rear
spoolheads and for the core; the redesign required
only a new front spoolhead tool and one for the
magnetic shunt. Consequently, manufacturing costs
of both EA designs have been kept relatively low.
so that, although newer designs have been proposed
for performing its duties, the EA type design, be-
cause of its very satistactory performance and low
cost, continues to maintain its position in the Bell
System. The improvement in operating capability
provided by the magnetic shunt also makes it feas-
ible to use the new EA type design in place of some
codes of more costly relays, such as the R tvpe.
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Frank A. Zupa joined the Physical Laboratory in 1918. He was engaged in
the testing of component apparatus and materials, including photomicrograph
work, until 1924. Then he transferred to the Apparatus Design Department
where he was engaged in design and development work on neutral and polar
types of relays, particularly in the design of the U, Y and UA types. During the
war, Mr. Zupa carried out the design of packaging the optical proximity fuse,
and was in charge of a group engaged in testing of the magnetic mine mecha-
nism. Presently he is in charge of the group engaged in the engineering of relays
and message registers. Mr. Zupa attended C.C.N.Y. and Cooper Union, at night.
He received the degree of B.S. in E.E. from Cooper Union in 1922.
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Harmonic
Generators for
Telephone

Tones

Telephone users hear dial, ringing. and busy tones, bul many other tones

are also needed in a central office. Recent developments have made avail-

able a new line of tone generators that have no moving parts or electron

tubes. These units are small, efficient, and low in cost, and they produce

stable. high-quality tones for various telephone uses.

A. B. HAINES Power Apparatus Development

Audible tones and signals of various types play an
important role in the operation of the modern tele-
phone system. We are all familiar with some of the
tones used to advise the telephone customer of the
functioning of the svstem — such as dial tone, which
tells the calling customer that the “mechanical”
operator is ready to handle the call: audible ringing
tone, which tells him that the called partv’s bell is
being rung: and busy tone, which tells him that the
called party’s phone is in use. Other tvpes of tones
with which most of us are perhaps not so familiar
are those employed by operators for checking
trunks, routing calls, handling coin collections and
returns on pay station phones, and the like.

In the past, these tones have been generated in
telephone ringing plants by various mechanical
means. In very small offices, such tones as dial and
busv tones and operator’s tones were produced
through the use of vibrating relavs or reeds. These
operate from dc battery in combination with other
circuit elements, such as coils and capacitors. to
produce the audible signals, In larger offices, rotary

drum interrupters have been used tor interrupting
battery to produce high frequency tones. In the still
larger offices, rotary tone alternators have been
emploved. These various tone-generating mecha-
nisms, with the possible exception of the tone alter-
nator, arc characterized by relatively high initial
cost as well as Dy high maintenance expense for
contact cleaning, replacement, and care of moving
parts. In addition, the tones produced. particularly
from the vibrating relays and rotary interrupters,
involve problems in controlling the quality and
stability. In most instances, in older-type offices,
audible ringing tone was obtained bv using the high
frequency noise or ripple produced from the genera-
tor slots of the machines used to supply 20-cvcle
ringing current. This svstem is difficult to control
and it results in low quality of tone and other un-
desirable performance characteristics.

In recent vears, a new type of tone generator
operating on magnetic principles has been devel-
oped to produce many of the tones used in tele-
phone offices. This new tvpe of generator has no
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moving parts or electron tubes and is therefore
completely static.  Depending upon the  design,
these generators can produce a single frequency,
say 600 cvcles. or a combination of frequencies with
a desired low frequency modulation or sideband
pattern when operated from 60- or 20-cvele power
sonrees. The units are characterized by low initial
cost, freedom from maintenance, and long life. In
addition, the quality and stability of the tones have
been substantiallv improved.

A\ number of different arrangements have been
emploved in these generators, but the basic prin-
ciple of operation can be explained with the aid of
Figure 1. At the top of this illustration are two
circnits of the sort nsed in the lower-power tone
generators. We use a transformer (1) whose core
is highlv saturable magnetically, and in series with
the primary circuit we place cither a lincar inductor
(L1) or a lincar capacitor (¢1). The current which
flows from the source through the circuit is con-
trolled by the non-linear impedance characteristic of
11 and is highlv non-sinusoidal, even though the
driving voltage at the input is of sinusoidal form of
frequency fi. The voltage drop across the linear
clement (L1 or 1) then produces a non-sinusoidal
voltage across 1. This voltage will consist of the
input trequencey fi plus its odd harmonies 3, fs, {7,
fo, and so on. Sometimes a capacitor (dashed lines
in the figure) is placed in the secondary cireuit to
increase the amplitudes of the harmonice frequency
components. For higher-power generators. a more
novel arrangement has been used. All functions of
the elements in the above lower-power unit are
performed by a single transformer. in which in-
ductor L1 is replaced by a third winding on the
center leg of @ three-legeed core structure. Such an
arrangement has a number of advantages, including
increased power. efficieney and regulation as well
as size and weight reductions.

A typical complete tone generator circuit is indi-
cated in block form in the lower part of Figure 1

[

After the harmonic gencrator (). a froquvm-_v
doubler (a rectifier arrangement s circnit (B) s
used if it is necessary to convert the odd harmonices
to even harmonics. A selective network (C) then
filters or shapes the train of harmonics into the

102 TYPE l

101 TYPE

[

ouTPUT .
TONE ’
Fig. 2 — Input and output voliagrs of the 101- and

102-1vpe tone generators for use in small dial offices.

desired tone pattern. Finally, an output transtormer
(D) provides necessary levels of tone and matches
the impedance of the generator to that of the load
to obtain maximum efficiency.

A line of these larmonic generators has been
developed and is now in manufacture by the West-
ern Electric Company. These censist of units of
various sizes. tone power ratings, and output tone
characteristics. The 101- and 102-tvpe generators are
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employed primarily in small dial offices such as the
355 and 356 types and are part of the 806D, E, and
F ringing power plants. They operate from com-
mercial 60-cycle power and produce about 25
milliwatts of useful tone energv. The 101-type
produces a 600-cycle tone modulated at 120-cycles
for dialing and busy tones. The 102-type produces
540-cycles (ninth harmonic of the fundamental) for
operator’s trunking and “zip” tones. Figure 2 indi-
cates the input and output voltage wave-forms of
these tvpes of generators. DC output is also avail-
able in each of these generators for the operation
of transfer and alarm relays. Each of the units is
assembled in a small metal case for panel mounting
and is equipped with input cord and plug and

—
Fig. 3—W. T. McMahon changing connections on tone

generator in preparation for measuring harmonic output.

solder-type output terminals.

Larger generators, such as the 104 and 105 tvpes,
have been developed to produce the same tones as
described above but with substantially larger tone-
power capacity, about 500 milliwatts output. These
generators are mounted on 23-inch relay racks with
suitable covers, and they weigh about 20 pounds
each. They are designed primarily for use in the
805C ringing power plant for No. 5 crossbar offices
and provide adequate tones to handle from 12,000
to 15,000 busy-hour calls or to serve about 20,000
directory numbers.

Additional harmonic generators, the 103 and 106
types, are available for operation from 20-cycle
ringing machines. These produce tones of 420
cycles modulated at 40 cycles to be superimposed
on the 20-cvcle ringing current for audible ringing
tone. The 103 type was developed primarily for
use in No. 5 crosshar ringing power plants and has
an output power of about 75 milliwatts. The 106

THE AUTHOR

type is for use in larger plants such as the 840C
p]ant for large crossbar ofﬁces, step-by-step systems,
and the No. 11 manual system. It has a tone capac-
ity of about 400 milliwatts.

All of these harmonic generators have been de-
signed with major emphasis on low cost, and they
utilize standard parts and components and low-cost
magnetic materials as far as possible. As to future
development in this new field of apparatus, progress
is being made in the study and use of new types of
magnetic materials and improvements in circuitry
to obtain impr()ved performance, increased tone
efficiency and ratings, as well as reductions in size
and cost. It is anticipated that frequency generators
will be developed in the near future for many types
of tones with outputs in the order of several watts
of tone power, which will be competitive with the
rotary-type tonc alternators now used in larger tele-
phone offices.

A. B. Haixes received a B.S. degree in Electrical Engineering from Virginia
Polytechnic Institute in 1930 and joined the Transmission Apparatus Depart-
ment at the Laboratories in that same year. He was engaged in the design of
power transformers, inductors and harmonic generators, and in fundamental
studies on power devices until 1945 when he was put in charge of a group
engaged in these activities. In 1947, Mr. Haines was made responsible for the
design and development of all tvpes of power apparatus for military and Bell
System uses. In 1953 he was appointed Transmission Apparatus Engineer.
Mr. Haines is a member of the American Institute of Electrical Engineers, the

Institute of Radio Engineers, and Phi Kappa Phi.
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Dr. Kelly- Sees Bright F'uture for Communications

The transistor is destined to be the giant of the
coming electronic age and will have far-reaching
effects not only in telephony but in almost every
area of industry, business and military weaponry,
Dr. M. J. Kelly declared recently.

He spoke on “Contributions of Research to
Telephony — A Look at the Past and a Glance into
the Future,” before the Franklin Institute in Phila-
delphia, where he delivered the first Philip C.
Staples Annual Lecture.

Dr. Kelly described the transistor as one of those
big break-throughs in science which occur only
at rare intervals. Just as the vacuum tube and the
relav symbolize the past era of remarkable expan-

—r. Mervin J. Kelly being greeted by Wilfred D. Gillen,
-esident of the Bell Telephone Company of Pennsylvania
enter), and S. Wyman Rolph, President of The Franklin
stitute (right), on the occasion of the first Philip C.
aples Annual Lecture.

sion in communications, so the transistor, which
overcomes the inefficiency of the vacuum tube and
the slowness of the relay, will symbolize the era
beginning to unfold.

Intercontinental television transmission over tran-
sistorized submarine cable, electronic switching cen-
ters about one-fifth the size of corresponding electro-
mechanical relay systems, and the application of
carrier telephony in local plant circuits are among
the revolutionary advances the transistor will make
possible, Dr. Kelly stated.

“It is definitely to be expected,” he said, “that
transistors will some day provide the amplification
for submarine telephone cables, where submerged
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vacuum tube repeaters are just now being applied
in the first transatlantic telephone cable. The tran-
sistors will permit much wider frequency bands,
giving more telephone channels, and should also
make it possible ultimately to transmit television
between continents.”

In the field of local transmission, Dr. Kelly pre-
dicted that carrier systems using transistors will be
economical for shorter distances than are now con-
sidered desirable.

“Heretofore, the costs of vacuum tube operation
have limited the economic field of carrier to trans-
mission distances greater than some fifteen miles,”
he declared. “In time, transistor economics will
remove all barriers to carrier systems applications.
The use of transistorized carrier in local plant trunk
circuits, in subscribers’ lines, and in station sets will
bring lowered costs, improved transmission and op-
portunities for completely new services.”

Turning to the arca of teleplmne switching, Dr.
Kelly pointed out that, despite the many func-
tional advantages of electronics as contrasted with
electromechanical switching, the application of the
clectronic art to switching had to await the advent
of the solid-state eclectronic devices, spearheaded
bv the transistor.

“The small size of these devices, their low power
consumption and reliability with indefinite lite,
combined with the higher speeds of electronic oper-
ation, provide the framework for a revolution in
switching technology,” Dr. Kelly declared. “This
revolution will provide large economies and make
possible services of broader scope over the tele-
phone network.

“The space required by the first electronic switch-
ing centers will be about one-fifth that of the cor-
responding  standard relay or electromechanical
system. The enormous decrease in size of equipment
is due not only to the thousandfold increase in speed
of operation made possible by electronics, but also
to the miniature size of the transistors and associated
circuit components. The power C()nsumption of
the clectronic central office will also be greatly de-
creased, since the power required to close a relay
contact is some hundredfold more than that re-
quired for the corresponding function when per-
formed by a transistor or other solid-state elec-
tronic devices.”

In addition to its impact on communications,
Dr. Kelly predicted that solid-state clectronics,
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coupled with the application of the information
theory, will greatly accelerate the applications of
automation in Dbusiness and in industry. An in-
creasing amount of the routine operations of the
office dn(l the factory will be done automatically
under the progl(unm(’(l control of large-scale solid-
state computers.

“This wholesale application of automation to busi-
ness and industry will place new and added demands
on the transmission networks of the nation.” Dr,
Kelly said. “The transmission between units of busi-
ness and industry of suitably digitalized bhusiness
and industrial data will be mmedsmrrlv required in
the new era of automation. lnventm). 1)1()(luct10n,
pavroll and industrial control information, for ex-
ample, will flow between the headquarters of a cor-
poration and its widelv separated branches. Many
of the widelv separated operations involved in these
procedures can be effectively and cconomically done
by transmitting coded data to a central data process-
ing center where essential operations will be per-
formed on the data. The processed information will
then be transmitted to its source and to other centers
interested in its use.”

Dr. Kelly termed the expected advances in tele-
phone usage and scope of service a “revolution by
evolution,” for the changes will not come overnight.

“Challenging and most difficult tasks await tlle
men of research and engineering in the integration
of the facilitics of the clectronic era with the facili-
ties of the past in such a way that there is com-
patible, trouble-free and effective interconnection
of the old with the new.” he said. In the coming
electronic era —as in the past decades of remark-
able growth — expansion in quality, variety and
economy of telephone service will be paced by
progress in converting 1ew scientific knowledge
into communications technology through research
and development.

H. I. Romnes Elected to Board

H. I. Rommes, Vice President in charge of the
Operation and Engineering  Department of the
A. T. & T. Co., has been elected to the Laboratories
Board of Directors. He succeeds Eugene . McNeely,
Executive Vice President of the A. T. & T. Co.

Mr. Ronmes was elected a Vice President o-
A. T. & T. on October 19, 1955. He had served as
Chicf Engincer since 1952, Mr. Rommnes began his
telephone career in 1928 as an installer tor the Wis-
consin Telephone Co. Since then he has held vari-
ous engineering posts with the Laboratories, Tlhi-
nois Bell and the A. T. & T. Co.
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MacNair Named Vice President
of Laboratories
Walter A. MacNair, for many vears a member of
the Laboratories and since Mav, 1952, Vice Presi-
dent in charge of Research of the Sandia Corpora-
tion, returned to the Laboratories as a Vice Presi-

W. A. MacNair

dent on December 1. Mr. MaceNair is now in charge
of Switching and Transmission Development, suc-
ceeding (,01(1011 N. Thayer. who was recently named
Chief Ell("lll(‘el of tho American Telephone and
Telegr aph Company.

Mr. MacNair was associated with the Labora-
tories from 1929 until he joined the Sandia Corpora-
tion in 1952. He specialized in various fields of
physical rescarch, and he served as Commercial
Products Engineer from 1937 to 1941 and as Re-
search Phvsicist from 1941 to 1947, when he became
Assistant Director of Switching Research. In 1949
he assumed the post of Director of the same de-
partment. He was named Director of Military Svs-
tems Engineering in January, 1951, and Director
of Svstems R(‘Smuch for Sandia in February, 1952,

Since 1941 Mr. MacNair has devoted much of
his time and effort to various military and civilian
government agencies and has contributed to the
stud) of fire- (.Ol]tl()l pml)lems and guided missiles.
For his contributions in World \Val 1I, he was
awarded the Presidential Certificate of Merit.

He received a bachelor of science degree from
Colgate University in 1920 and a Ph.D. h()m Johns
Hopkins University in 1925, and was a National
Rescarch Fellow in physics for two years thereafter.
He completed other studies at Cornell and the
Michigan College of Mines. He is a Fellow of the
American Physical Socicty and the Acoustical So-
cietv of America.
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Continued Advances by Dell Svstem in 1955

Bell Telephone Companices added nearly 50 per
cent more telephones in 1935 than in 1954, Long-
distance calling increased. Eamings improved. To
expand and hntlle improve service, the companies
spent a record st on new construction. These are
highlights of a vear-end statement by Cleo F. Craig.
President of the American Telephone and Telegraph
Company,

“This has been a vear of progress for the Bell Svs-
tem with big ¢ains in service to the public and a
very desirable strengthening of our share owners’
position,” Mr, Craig said.

“We added about 2,850,000 telephones in 1955,
close to 50 per cent more than in 1954, Long-dis-
tance conversations increased neurly 12 per cent.
which is well above the average yearly growth.

“To enlarge and improve scrvice the Svstem spent
nearly $1.7 billion for new construction. or about
$80(),()()() every \\ml\mg hour. This was the lurgest
construction program we have ever had.

“But we expect to do even more in 1956, The
country keeps right on growing. Americans need and
want more communication service of top quu]ity.
We are going tull speed ahead to provide it.”

Bell Svstenr telephones  totaled 46,200,000 by
vear’s end — more than double the number in 1945,
People are talking more; the average daily number
of telephone conversations was 169 million, up al-
most 10 million a day from the previous vear, The
number of dial-operated phones in the Bell Svstem
climbed to nearly 87 per cent, from $4 per cent at
the beginning of the vear.

In many arcas. telephone users are dialing their
own calls within an increasingly wider range. In 65
places. they are able to dial directly to anv one of
18 million telephones located in various citics from
coast to coast. While telephone mechanization con-
tinued, Bell Svstem emplovment increased from
686,000 to 740 ()()() during 1955.

Progress was made on improving communications
across oceans as well as within the country. The task
of bridging occans with telephone cables is one of
the most dramatic in telephone history. First leg of
a transatlantic telephone cable was laid this past
summer. The second link in the transatlantic svstem
will be laid this vear. By December, the c able SVs-
tem is expected to be hnmshm(r 36 tel(’ph(m(* chan-
nels to supplement 1(1(110telephon(‘ facilities between
North America and England. It will make overscas
telephoning more reliable, since it is not subject
to the atmospheric disturbances that sometimes
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affect radiotelephone services over long distances.

Work procceded on two other transoceanic cable
svstems. One. to Alaska, is also scheduled to be com-
pleted late this vear. The other to ITawaii is in the
p]anm’ng stage. It is expected to go into service in
the year 1958,

“Earnings to date in 1935 average about $13 a
share on A, T. & T. stock. This improvement is both
encouraging and necessary. It provides needed pro-
tection for the share owners™ investment and will
help furnish funds for construction to meet the
growing volume of business we expect in 1956
Mr. Craig said.

Most of the new capital required for 1955 con-
struction came from the sale of stock and convertible
debentures. Financial history was made during the
vear when AT&T. issued $637,163.800 in converti-
bles — the largest offering of new securities ever
made by a private company. It is expected that al-
most half were exchanged for stock by vear's end.
This would result in an increase of about 6.1 million
shares of stock during the vear and would bring the
total number outstanding to around 54 million.

Share owners of AT.&T. Co. have increased by al-
most 100,000, bringing the total to a new high of
approximatelv 1.400,000.

Dr. Bown Named Chairman of
Patent Office Committee

Dr. Ralph Bown, Vice President of Bell Tele-
phone Laboratorics, has been named by Secretary
of Commerce Sinclair Weeks to serve as Chairman
of the Advisory Committee on Mechanization of
the Patent Office. Establishment of this Committec
followed a recommendation of the Advisory Com-
mittee on A])plicution of Machines to Patent Office
Operations, Dr.
continuing advisory group be attached to the Office
of the Secrctary of Commerce to stimulate and co-
ordinate an inter-agency program to develop ma-

Vannevar Bush, chairman, that a

chines and techniques spccnﬁcally adapted to Patent

Office operations.

Other members of the Committee are: Donald
Harrison, General Patent Counsel, Union Carbide
and Carbon Corporation; Dr. Warren Weaver, Vice
President, Rockefeller Foundation; John von Neu-
mann, Commissioner, U. S. Atomic Encrgv Com-
mission: and \Melvin R. Jennev, of Kenway, Jenncy,
Witter & IHildreth.
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Bell System to Test New All-Electronic Switching System

The revolutionary recent advances of modern
clectronics will be put to work within the next few
years to streamline the Bell System’s gigantic task
of interconnecting millions of teleplmne users,
whether across the street or across the nation. The
world’s first electronic telephone exchange — fore-
runner of a radically improved and faster means of
routing telephone calls — will go into experimental
operation in Morris, Ilinois, in two or three years,
Bell Telephone Laboratorics announced recently.
It will provide telephone scrvice to about 2,500 cus-
tomers. Bell System engineers said that installation
of the new exchange would mark the start of a
gradual change to all-electronic switching systems
throughout the country over a period of years.

Dial switching systems in use throughout the
country today use electro-mechanical switches,
called relays, which, at the command of the cus-
tomer’s dial, automatically connect the customer
with the telephone being called. These relays, or
switches, operate in about a thousandth of a second,
but the elements in the new electronic switching
system are expected to operate a thousand times
as fast — in a millionth of a second. This tremen-
dously fast operation will not only provide speedier
service, without sacrificing reliability, but, because
of its speed, fewer units of equipment will be re-
quired to serve a standard-sized exchange.

A kev part of the all-electronic system will be the
transistor, also invented at the Labomt(nlcs which
does most of the things an clectron tube can do and
has many advantages for the telephone business.
The transistors and other modern electronic de-
vices to be used in the new system — resistors,
varistors, capacitors and other components which
affect the flow of electricity in various ways — are
very small in size, so small as to make considerable
space saving possible. Not onlv will there be fewer
units of equipment because of fast operation, but
the 1nits themselves will be much smaller in size.
Eventually, the result will be a saving in the build-
ing space needed.

Creation of electronic switching systems is not
simply the substitution of new devices for present
switching mechanisms. Whole new systems involv-
ing complex circuitry must be devised. Planning
and development are required to insure that Bell
Svstem objectives of service reliability and economy
will be met.

“Packaged units” of com-

comprising  groups
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ponents and their circuitry are foreseen as systemn
building blocks. Transistors are expected to have
relatively long life, but to make maintenance easier
it is probable that these packaged units will be
built so that they may be plugged in place or re-
moved from the cquipment easily. Automatic indi-
cators will signal an attendant in the event of trouble
and indicate the cause so that faults can be cor-
rected quickly.

The average telephone user will probably never
realize that his call is going over the new electronic
system, except for the increased speed with which
the connection is made — and for one other thing.
As part of the changeover to electronic switching,
the familiar telephone ring will probably be replaced
by a distinctive musical tone to signal the called
party. The musical tone will be heard through a
small loudspeaker built into the base of the tele-
phone. It has been found pleasing, and as effective
as a bell. The musical tone is better suited to elec-
tronic switching because it uses considerably less
power than is needed to ring a bell.

Telephone Statistics

With one telephone, on the average, for every
three persons, the United States had more than
half of the world’s 94.5 million telephones on Jan-
uary 1, 1955. About 5.3 million telephones were
added throughont the world in 1954. This informa-
tion was published recently by the American Tele-
phone and Telegraph Company in its annual sur-
vey, “Telephone Statistics of the World.”

Iceland has replaced the United States as the
second talkingest nation in the world, the compila-
tion revealed. Canada, with 417 conversations per
capita, is in first place for the third consecutive year.
Iceland with 394 conversations per capita, nosed out
the United States, which had 393. More than half
of Iceland’s telephones are in its capital city, Reyk-
javik, as is 40 per cent of its population.

These figures are for the year 1954, since it takes
almost a year to collect information from more than
250 governments and companies in other parts of
the world. Telephone service in the United States
is supplied by some 4,800 private companies, to-
gether with thousands of connecting rural or farm
lines and systems.

The Netherlands installed its one millionth tele-
phone in 1954, bringing the total number of coun-
tries on the “more than a million list” to 12—The
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United States, the United Kingdom, Canada, Ger-
man  Federal Republic, France, Japan, Sweden,
Italv, Australia, Switzerland, Argentina and  the
Netherlands, in that order.

Prior to 1927, the telephones of onhy three other
countries could be connected with Bell System tele-
phones. Those countries were Canada, Mexico and
Cuba. Canada and Mexico were connected by land-
line, Cuba by cable. Then, in January 1927, the first
overseas radiotelephone circuit was established —
between New York and London.

At the beginning of 1955 a customer in the United
States could call any one of 91 million telephones
in more than 110 countries or arcas, including the
United States. Overseas service was extended to
three new points during 1954 — Goa, in Portuguese
India: British Malaya (including Singapore): and
Thailand. In 1955, Ascension Island, in the South
Atlantic, and French Equatorial Africa were added.

“Wide-Screen” Antenna
for the Air Force

Veteran radio fans who remember stringing a
wire from a house to the nearest tree could hardly
be expected to recognize the massive structure in
the accompanying illustration as a radio antenna. It
looks more like the latest stvle of wide screen for a
drive-in movie. Yet the Laboratories has designed
and developed this huge reflector and feed horn to
transmit and receive radio signals “over-the-horizon.”
It is to be a part of a communications network now
being built in Alaska by Western Electric for the
U. S. Air Force. Western is the prime contractor for
the initial phase of this project — known as “White
Alice” — which will integrate the communications
serving Government agencies in Alaska.

In standard line-of—sight transmission, stations are
so placed that the main beam of radio waves can be
used. Some signals, however, drop off this main
beam, just as some light from a searchlight is scat-
tered to the ground by the atmosphere. The greater
power and larger antennas of the “over-the-horizon”
system permif recapture of a part of these signals
and make them useful earriers. Scientists at Bell
Telephone Laboratories and the Massachusetts In-
stitute of Technology recently demonstrated  that
telephone conversations and television pictures can
travel by ultra-high-frequency radio waves far be-
vond the horizon.

Distances of 200 miles between stations — across

JANUARY, 1956

water or over rugged terrain —are thus possible.
Television was first successfully transmitted by this
technique in 1954 between the Holmdel, N. |, loca-
tion of Bell Laboratories and an M.LT. station ncar
New Bedford, Mass., a distance of 188 miles.

The design incorporates many interesting mechan-
ical and clectrical features. For efficient transmission
and reception, the reflecting surface is parabolic in
contour, and the curvature must be held within very
close limits of tolerance. The antenna has been built

A 60-foot parabolic reflector for receiving and
sending radio 1wcaves “over-the-horizon.”

to withstand winds of 150 imph. Where there is dan-
ger of icing. the supporting members behind the
reflecting surface are enclosed (as in the illustra-
tion). and the entire structure is heated from with-
in. The antenna is constructed principally from
galvanized steel.

The antenna was constructed by a Western Elec-
tric sub-contractor (the Blaw-Knox Corporation)
near Pittsburgh, and both mechanical and electrical
tests were conducted by Laboratories engincers be-
fore antennas were shipped to Alaska. The trial in-
stallation was made with the assistance of the Bell
Telephone Company of Pennsylvania.
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Talks by Members of the Laboratories

During November, a number of Laboratories people gave talks before professional and
educational groups. Following is a list of the speakers, titles, and places of presentation:

AMERICAN Puysicar SocieTy MeeTING, CHICAGO

Brown, W. L. see Penman, S.
Feldmann, W. L., see Read, W. T, Jr.
Haynes, J. R., Recombination Radiation from Silicon.

Jacobs, 1., Perturbation Calculation of the Volume Exclu-
sion Effect.

Pearson, G. L., see Read, W. T, Jr.

Penman, S., and Brown, W. L., The Field Effect in
Silicon.

Read, W. T., Jr., Feldmann, W. L., and Pearson, G. L.,
Mechanical Propertics of Si, Ge, and ZnO Whiskers.

Shulman, R. G., Valence Bond Calculations of Acceptor
Euergies in Silicon and Germanium.

Shulman, R. G., and Wyluda, B. J., Copper in Germanium:
Recombination Center and Trapping Center.

Wyluda, B. ], sece Shulman, R. G.

OT1uER TALKS

Ambrose, J. F., The Angstrom Approximation as a Possible
Method for the Spectrophotonetric Determination of Carbon
Black, A.S.T.M. Task Group 1, Subcommittee VII, Commit-
tee D20, Cincinnati.

Anderson, J. R., Digital Memory Devices and Their Appli-
cations, University of New Hampshirc, Durham.

Arnold, S. M., scc Treuting, R. G.

Beck, A. C., Waveguides for Long-Distance Communica-
tion, LR.E. Professional Group on Microwave Theory and
Techniques, Long Island Chapter, Garden City, L. L.

Bennett, W. R., Mathematics of Noise Analysis — T1: Corre-
lation Method, Wiener-Khintchine Relations, A.LLE.E. Basic
Science Division Series on Fundamentals of Noise Analysis,
R.C.A. Institute, New York City.

Bogert, B. P., Acoustics of Speech, National Council of
Teachers of English, New York City.

Boyet, H., Gyromagnetic Resonance in Ferrites at Micro-
wave Frequencies, Physics Department Colloquium, New
York University.

Budlong, A. H., Control Circuits, Passaic County Engineer-
ing Society, Paterson, N. J.

Bullington, K., Results of Propagation Tests on 505 Mc
and 4090 Mc on Beyond-Horizon Paths, Communication by
Scatter, 1.LR.E., George Washington University, Washington,
D. C.

Chapin, D. M., The Bell Solar Battery, Perrydale High
School, Oregon; Oregon State College, Corvallis; University
of Oregon, Eugene; and Willamette University, Salem, Ore-
gon; Silicon p-n Junction Solar Converters, University of
Oregon, Eugene; and Some Observations from a Year of
Solar Battery Testing, Conference on Solar Energy, Tucson,
Ariz.

Dacey, G. C., Bell Laboratorics Diffused Base Transistors,
American Ordnance Association, Guided Missile and Rocket
Divisions, White Sands Proving Ground, N. M.

David, E. E,, Jr., Distortion in Specch Processing Systems,
Speech Communication Rescarch Symposium, San Diego.

Eberhart, E. K., The Bell Telephone Laboratories, Past
Masters Association, Masonic Lodge, North Andover, Mass.

Fisher, C. E., A Quality Assurance Program, American
Society for Quality Control, Binghamton, N. Y. Section,

Flaschen, S. S, see Sauer, 11. A.

Fuller, C. S., The Bell Solar Battery, New Jersey Mineral-
ogical Socicty, Plainfield, N. J., and American Chemical So-
ciety, Rutgers University, New Brunswick; and Silicon and
Some of its Applications in Communications Devices, duPont
Experimental Station, Wilmington, Del.
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Hannay, N. B., Diffusion Techniques for the Bell Solar
Battery, American Chemical Society, New York City.

[art, 1. C., The Art of Communicating Complex Patent
Matters, Practicing Law Institute, New York City,

Herring, C., Thermoelectricity and Thermal Conduction
in Semiconductors, Physics Colloquium, Purdue University,
Lafayctte, Ind.

Keister, W., Mechanized Intelligence, AJLEL. Student
Brarch, Newark College of Engineering.

Kevser, C. J., Control Charts for Defects, American Socicty
for Quality Control, Metropolitan Section, New York City.

Kohman, G. T., Chemistry of Quartz Crystal Growth,
American Chemical Society, New York City.

Lumsden, G. Q., Timber and Its Preservation, Navigator’s
Club, New York City.

Matlack, R. C., The Role of Communications Networks in

Digital Data Systems, The Eastern Joint Computer Confer-
ence, Boston.

Meyer, F. T., Improved Detached-Contact Type Schematic
Circuit Drawing, Standards Engineers Society, New York
City.

Moll, . L., Large Signal Operation of Junction Transistors,
A.LE.E., New York City.

Moshman, J., Making Computers Serve Statisticians, Com-
puter Conference, Oklahoma A. and M. College, Stillwater.

Pearson, G. L., Electricity from the Sun, A.LE.E. San
Francisco Section, and World Symposimn on Applied Solar
Encrgy, Phoenix, Arizona; and Silicon in Modern Commu-
nications, Electrical Engincering Seminar, California Insti-
tute of Technology, Pasadena, and Pacific Telephone and
Telegraph Company, Portland, Oregon.

Pfann, W. G., Zone Melting Techniques, American Chem-
ical Socicty, Trenton; and Ultra-Purity Materials for Tran-
sistors by Zone-Meclting, American Chemical Society, New
York City.

Pike, V. B., Some Fundamentals Involved in Corrosion
Testing Underground Cable Plant, National Association of
Corrosion Engineers, Niagara Frontier Section, Niagara Falls.

Prince, M. B., Silicon Power Rectifiers, LR.E. Phoenix Sec-
tion; The Bell Solar Battery, A.LE.E. Basic Sciences Division,
Los Angeles; and Diffused Silicon Diodes for the Telephone
Plant, Pucific Telephone and Telegraph Company, Los
Angeles.

Purvis, M. B., Temperature Distribution in the Journal
Bearing Lubricant Film, American Socicty of Mechanical
Engincers, Chicago.
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Raisbeck, G., Recent Developments in Transistors, U.S.
Naval Reserve Rescarch Company 11-6, Naval Training
Center, Phoenix; and The Sort of Rescarch Which las
Brought Forth the Bell Solar Battery, Rotary Club, Phoenix.

St. John, G. E., Low-Noise Traveling-Wave Tubes, LRE.
Professional Group on Microwave Theory and Techniques,
Northern New Jersey Section, Murray I1ill, N. ],

Sauer, H. A.; and Flaschen, S. S., Oxide Thermistors with
Large Positive Temperature Coefficients of Resistance, Rut-
gers University, New Brunswick, N. |.

Schawlow, A. L., Structure of the Intermediate State in
Superconductors, Physics Colloguivm, University of Pennsyl-
vania, Philadelphia.

Sumner, E. E., Transistor Circuits — Digital Applications,
LR.E. Student Branch, New York University.

Taylor, R. 11., Some Aspecets of Transoceanic Telephony,
A.LE.E/LRE. Joint Mceting, University of Idaho, Moscow;
ALE.E. Student Branch, Washington State College, Pull-
man; ALE.E/LRE. Joint Meeting. Seattle; and ALE.E,
Student Branch, University of Washington, Seattle.

Tendick, F. H., Jr., Transistor Feedback Amplifiers, LR.E.
Professional Group on Circnit Theory, Philadelphia Chapter.

Terry, M. E., Analysis of Planned Experiments, American
Society for Quality Control, Cleveland Section.

Thayer, P. IL, Jr,, NIKE I, A Guided Missile System for
AA Defense, A.S.M.E. Plainficld, N. J. Section.

Treuting, R. G., and Arnaold, S. M., Orientation Determina-
tions in Whisker-Like Metal Crystals, Thirteenth  Annual
Pittsburgh Diflraction Conference.

Ullir, A., Some Recent Developments in Semiconductor
Diodes, LR.E. Indianapohs Section.

von Aulock, W., Measurement of Ferrite Properties of
Microwave Frequencies and Phase Shifting with Ferrites,
U.S. Naval Ordnance Laboratory, White Oak, Md.

Wertz, 1L S., Know-ITow and Pitfulls of Interference Prac-
tice, Practicing Law Institute, New York City.

Winslow, F. 11., Corrosion of Organic Materials, American
Chiemical Society, New York City.

Papers Published by Members of the Laboratories

Following is a list of the authors, titles, and place of publication
ot recent papers published by members of the Laboratories

Anderson, J. R., Brady, G. W., Merz, W. ., and Remcika,
]. P., Effects of Ambient Atinosphere on the Stability of
Barium Titanate, J. Appl. Phys., Letter to the Editor, 26, pp.
1387-1388, Nov., 1955,

Anderson, P. W, and Hasegawa, ., Considerations on
Double Exchange, Phys. Rev., 100, pp- 675-681, Oct. 15,
1955.

Anderson, P, W., Electromagnetic Theory of Cyclotron
Resonance in Metals, Phys. Rev., Letter to the Editor, 100,
pp. 749-750, Oct. 15, 1955,

Barstow, J. M., The ABC’s of Color Television, Proc.
LR.E,, 43, pp. 1574-1579, Nov., 1955,

Bemski, G., Lifotime of Electrons in p-Type Silicon, Phys.
Rev., 100, pp. 523-524, Oct. 15, 1955.

Bennett, W. R., Steady State Transmission Through Net-
works Containing Periodically Operated Switches, Trans.
LRE., P.G.CT, 2, pp. 17-21, Mar., 1955.

Bommel, H. E., Ultrasonic Attenuation in Superconducting
and Normal-Conducting Tin at Low Temperatures, Phys.
Rev., Letter to the Editor, 100, pp. 758-759, Oct. 15, 1955,

Bommel, H. E., Mason, W. P, and Warner, A. W., Jr., Ex-
perimental Evidence for Dislocation in Crystalline Quartz,
Phys. Rev., Letter to the Editor, 99, pp. 1895-1896, Sept. 15.
1955.

Brady, G. W, see Anderson, J. R.

Brattain, W. H., see Buck, T. M.

Brown, W. L., Surface Potential and Surface Charge Dis-
tribution from Semiconductor Field Effect Measurements,
Phys. Rev., 100, pp. 590-591, Oct. 15, 1955.

Buck, T. M., and Brattain, W. H., Investigations of Sur-
face Recombination Velocities on Germanium by the Photo-
clectric Magnetic Method, J. Electrochem. Soc., 102, pp.
636-640, Nov., 1955.

Celtin, B. B, sec Galt, J. K.

Corenzwit, E., sce Matthias, B. T,

Dail, 1. W., Jr, see Galt, J. K.

JANUARY, 1956

Dillon, J. F., Jr., Geschwind, S., and Jaccarino, V., Ferro-
magnetic Resonance in Single Crystals of Manganese Ferrite,
Phys. Rev,, Letter to the Editor, 100, pp. 750-752, Oct. 15,
1955.

Fagen, R. E., and Riordan, ]., Queueing Systems for Single
and Multiple Operation, J. S. Ind. Appl. Math., 3, pp. 73-79,
June, 1955.

Fine, M. E., Erratum: Elastic Constants of Germanium
Between 1.7° and 807K, J. Appl. Phys., Letter to the Editor,
26, p. 1389, Nov., 1955.

Fletcher, R. C., Yager, W, A,, and Merritt, F. R., Observa-
tion of Quantum Effects in Cyclotron Resonance, Phys. Rev.,
Letter to the Editor, 100, pp. 747-748, Oct. 15, 1955,

Galt, J. K., Yager, W. A, Merritt, F. R., Cetlin, B. B., and
Dail, H. W., Jr., Cyclotron Resonance in Metals: Bismuth,
Phys. Rev., Letter to the Editor, 100, pp. 748-749, Oct. 15,
1955.

Geller, S., and Thurmond, C. D., On the Question of a
Crystalline SiO, Am. Chem. Soc. J., 77, pp. 5285-5287, Oct.
20, 1955.

Geschwind, S., see Dillon, J. F.

Hayues, J. R., and Hornbeck, J. A., Trapping of Minority
Carriers in Silicon — II: n-Type Silicon, Phys. Rev., 100, pp.
606-615, Oct. 15, 1955,

Hornbeck, J. A, see Ilaynes, J. R.

Jaccarino, V., see Dillon, J. F.

James, D, B., see Neilson, G. C.

Kohn, W., and Schechter, D., Theory of Acceptor Levels
in Germaninm, Phvs. Rev., Letter to the Editor, 99, pp. 1903-
1904, Sept. 15, 1955.

Law, J. T., and Meigs, P. S., The Effect of Water Vapor
on Grown Germanium and Silicon n-p Junction Units, J.
Appl. Phys., 26, pp. 1265-1273, Oct., 1955.

Lewis, T1 W., Search for the Ilall Effect in a Supercon-
ductor — I: Theory, Phys. Rev., 100, pp. 641-645, Oct. 15,
1955.
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Papers Published by Members

Linvill, J. G., and Mattson, R. H., Junction Transistor
Blocking Oscillators, Proc. LR.E., 43, pp. 1632-1639, Nov.,
1955.

Logan, R. A., Precipitation of Copper in Germanium,
Phyvs. Rev,, 100, pp. 615-617, Oct. 15, 1955,

Logan, R. A., and Schwartz, M., Restoration of Resistivity
and Lifetime in Teat Treated Germanium, J. Appl. Phys,,
26, pp. 1287-1289, Nov., 1955.

McCall, D. W, see Shulman, R. G.

Mason, W. P sce Bommel, H. E.

Matthias, B. T., and Corenzwit, E., Superconductivity of
Zirconinm Allovs, Phys. Rev,, 100, pp. 626-627, Oct. 15,
1955.

Mattson, R. 1L, see Linvill, J. G.

Mays, J. M., sce Shulman, R. G.

Meigs, P. S.,

Merritt, I. R, see Galt, ]J. K.

Merritt, F. R, sce Fletcher, R. C,

Merz, W, J., sec Anderson, J. R.

Neilson, G. C., and James, D. B.. Time of Flight Spec-
trometer for 1Tast Neutrons, Rev. Sci. Tostr. 26, pp. 1018-
1023, Nov., 1955,

Neshitt, E. A, and Williams, 11, J., New Facts Concerning
the Permanent Magnet Allov, Alnico 5, Conf. Magnetism and
Magnetic Materials, pp. 205-209, Oct., 1955.

Neshitt, E. A., und Williams, H. J., Shape and Crystal
Anisotropy of Alnico 5, J. Appl. Phys., 26, pp. 1217-1221,
Oct., 1955.

see Law, J.T.

of the Laboratories, Continued

Remeika, J. P., sce Anderson, J. R.
Riordan, J., sce Fagen, R. E.

Schelkunoff, S. A., On Representation of Electromagnetic
Ficlds in Cavities in Terms of Natural Modes of Oscillation,
T. Appl. Phys,, 26, pp. 1231-1234, Oct., 1955.

Schwartz, M., see Logan, R. A,

Shalman, R. G., Mays, J. M., and McCall, D. W., Nuclear
Magnetic Resonance in Semiconductors — I: Exchange Broad-
cning in InSh and GaSh, Phys. Rev., 100, pp. 692-699, Oct.
15, 1955,

Thurmoud, C. D., see Geller, S.

Ullir, A, Jr, Micromachining with Virtual Electrodes,
Rev. Sci. Instr,, 26, pp. 963-968, Oct., 1935.

Ulrich, W, sce Yokelson, B. J.

Vun Uitert, L. G, Dircct-Current Resistivity in the Nickel
and Nickel Zine Ferrite System, J. Chem. Phys., 23, pp.
1883-1887, Oct., 1955.

Van Uitert, L. G., Low Magnetic Saturation Ferrites for
Microwave Applications, J. Appl. Phys., 26, pp. 1289-1290,
Nov., 1955.

Warner, A, W,, Jr., sece Bommel, 11. E,
Williamns, . J., sce Neshitt, E. A,
Yager, W. A, sce Fletchier, R. C., Galt, J. K.

Yokelson, B. J., and Ulrich, W., Engineering Multistage
Diode Logic Circuits, Elec. Engg., 74, p. 1079, Dec., 1955.

Patents Issued to Members of Dell Telephone Laboratories
During the Month of October

Avery, R. C. — Line Selection System — 2,721,903,

Avery, R. C.— Routine Line Insulation Testing Circuit —
2,721,910.

Bachelet, A. E., and Pullis, G. A. — Alarm Sending System —
2,719,960,

Braga, 1. ]. — Relaxation Oscillator — 2,721,937,

Dorff, L. A. — Duplex Radio Telephone System — 2,721,935,

Dubuar, A. S., and Riddell, G. — Line Finder for Step-by-
Step Telephone System — 2,719,881,

Edson, W. A, and Lange, R. W.—Orifice Coupling to
Resonant Cacities — 2,720,629.

Erving, C. 11, Jr. — Stylus Assembly — 2,719,775,

Goodall, W. M. — Time Division Pulse Code Modulation Sys-
tem Employing Continuous Coding Tube — 2,720,557.

Hopper, A. L. — Oscillator System — 2,721,980,

Kannenberg, W, ¥, and Wilson, L. G. — Orifice Coupling for
High Q Cavities — 2,720,630,

Karnaugh, M. — Electrical Circuit Employing Magnetic Cores
— 2719773,

Karmaugh, M. — Electrical Circuit Employing Magnetic Cores
— 2,719,961.
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Karnaugh, M. — Electrical Circuit Employing Magnetic Cores
— 2,719,962,

Lange, R. W., sce Edson, W. A,

Llewellyn, F. B. — Impedance Matching Networks — 2,720,-
627.

McGuigan, J. ., and Vaughan, H. E. - Magnetic Surface
Writing Circuit Utili;ing Magnetic Cores — 2,719,964,

McKim, B., and Neely, T. H. — Electrical Transmission Test-
ing System — 2,721,235,

Neely, T. H., see McKim, B.

Oliver, B. M. — Non-Lincar Encoded Transmission — 2,721 -
900,

Pullis, G. A, sce Bachelet, A. E.
Riddell, G., se¢ Dubuar, A. S.

Schueckloth, H. . — Carrier Wave Communication System —
2,721,897,

Shoflstall, 1. G. — Intertoll Trunk Testing System — 2,719,-
886.

Vaughan, 11, E., sce McGuigan, J. 1L

Wilson, 1. G., sce Kannenberg, \W. F.
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