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Rubber products used in the Bell System 
shown with a model of the natural rubber 

monomer, range from tires and splice 
cases to sleeves for concrete conduit 

and recorded announcement machines.

G. N. Vacca

Rubber and Its Use In the Bell System

Generally, the word “ rubber” connotes a nat- 
lU'al product and brings to mind textbook pic

tures of tropical natives collecting latex from 
rubber trees. Actually, today, instead of being the 
name of just one product, it describes a class of 
materials which includes not only natural but 
synthetic products.

Natural rubber was the only rubber available 
until the early 1930’s, and up until World War II 
it was the most extensively used rubber. It can 
be obtained from many plants, shrubs and trees, 
including members of the dandelion family and 
goldenrod. However, the principal source of nat
ural rubber is the Hevea Ijrasiliensis tree, a native 
of the Amazon jungle. Early explorers found the 
natives wearing shoes fashioned from rubber 
and playing with rubber balls. The shoes did 
keep their feet dry and the balls did bounce, but 
neither lasted very long— the rubber became soft 
and sticky and it had a tendency to flow. The
U. S. War Department, however, was extremely 
interested in rubber for weatherproof gear. Until
1839,, all efforts to produce such gear w’ere unsuc

cessful. In that year, Charles Goodyear discov
ered that when rubber was heated with sulfur, it 
became much stronger and lost all tendency to 
flow and its sensitivity to temperature. It re
mained dry and free from tack and retained its 
strength and elasticity in summer or winter. This 
process, named vulcanization or curing, was the 
breakthrough that permitted the production of 
useful rubber products, although by modern stand
ards such articles still had rather poor keeping 
qualities.

For a time, improvements in rubber resulted 
only from changes in mixing equipment, and 
from determination of the effects of the addition 
of varying amounts of an array of filler mate
rials such as clay, limestone and talc. Then in the 
early 1900’s, chemists discovered that certain 
organic materials would vastly accelerate the 
vulcanization of rubber. Benefits were twofold: 
A substantial reduction in the time needed for 
vulcanization and a mai'ked improvement in dura
bility of rubber products, because less sulfur was 
needed to achieve the desired propertie.s.



Much of the impetus for improved rubber com
pounds came from the rapidly expanding automo
tive industry and its urgent need for satisfactory 
tires. Between 1920 and 1930, for example, there 
were two outstanding developments. First was 
the discovery that carbon black— basically, soot 
from a gas flame— would remarkably increase the 
toughness and abrasion resistance of rubber. 
Second, materials were found which when added 
in small quantities substantially increased the 
resistance of rubber to the degrading effects of 
oxidation. The tire tread formulations shown in 
the table below reflect the progress in technology. 
Although progress in technology went forward, 
natural rubber remained the sole source of rub
ber until the early 1930’s. Pressure created by 
the increasing demand for rubber for automobiles 
and widely fluctuating price of the rubber, as 
well as by some attempts by rubber planters to 
control prices, however, resulted in intensive 
efforts to produce a synthetic rubber between 
1910 and 1912. (In 1910 the price of natural 
rubber was $2.88 per pound.) However, as the 
price of rubber became more realistic, these 
efforts to produce synthetic rubber were dropped.

Meanwhile, possibilities of producing a useful

1905 1912 1918
Cur
rent

Rubber 50 50 90.3 100
Reclaimed

Rubber 100 100 19.4
Zinc Oxide 30 89 40 5
Sulfur 20 3.75 6.3 3
Whiting 20 — — —

Magnesium Car
bonate _ 3.5

Lamp Black — 0.3 — —

Carbon Black — — - 12.4 50
Litharge 30 — — — •

White Lead 29 — _ __ __
Blue Lead — ______ 10 ...

Lime 6 1.25 ... __
Aniline _ 2.5 ______ __
Hexamethylene

tetramine 1
2 Mercaptobenzo- 

thiazole 1.25
Pine Tar — — ______ 4
Asphalt — - — . 15.5 ______

Fatty Acid — — — 3
Phenyl /3 

Naphthylamine — — — 1

Formulations for tire tread compositions reflect 
the changes in rubber compounding technology.

rubber appeared in results of studies not origi
nally undertaken for this purpose. Thus, J. C. 
Patrick was investigating means for using waste 
refinery gases with the hope of producing glycols 
which could be used as antifreeze. This work 
resulted in the development of Thiokol rubber in 
1930. Thiokol, though deficient in mechanical 
properties, has important advantages, including 
resistance to oil and solvents. While it has not 
approached other synthetics in tonnage, it still 
finds use in critical specialty applications.

Similarly, reports of Fr. J. Niewland’s study of 
the reactions of acetylene led du Pont chemists 
to the development of Neoprene rubber, which 
was announced in 1931. Neoprene is a polymer 
of chloroprene, similar to isoprene, the monomer 
of natural rubber, but it contains a chlorine atom 
in place of a methyl group (CHg). Compared to 
natural rubber, neoprene products have much 
greater resistance to oils, fats and waxes, out
standing resistance to ozone and weathering as 
well as resistance to flame propagation. From an 
initial 250 tons in 1932, production of neoprene 
has grown to 118,000 tons in 1961.

The most intensive development efforts on syn
thetic rubber were being made by German chem
ists, who had settled on butadiene as the most 
suitable monomer. They used sodium as a catalyst 
to develop a class of “Buna rubbers” during the 
1930’s.

The major rubber companies in the U. S. had 
been following developments in Germany, and by 
1939 several of them had pilot plants in operation 
producing Buna and similar rubbers. As the pos
sibility of a rubber shortage in the U. S. became 
more likely, plans to produce Buna S, or GR-S 
for “Government Rubber-Styrene,”  were put into 
effect. (This rubber is now called SB-R.) Pro
duction rose from 1750 tons in 1939 to 820,000 
tons in 1945. This fantastic performance kept the 
Armed Forces and essential civilian services on 
wheels. Another Buna rubber, based on acryloni
trile, was also produced in this country during 
the war. It was designated GR-A then, now 
NB-R. Natural rubber imports meanwhile rose 
to a high of 989,000 tons in 1941 and then fell 
to 50,000 tons in 1943.

Also in the United States, a new synthetic 
rubber called Butyl rubber was announced in 
1940. This rubber was prepared from isobutylene, 
which cannot be vulcanized, plus a small amount 
of isoprene which can, producing a polymer which 
was more stable than natural rubber in many 
respects. In addition, permeability to air was 
much lower than that of natural rubber: this 
property naturally lead to the use of Butvl rub-
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RUBBER CHEMICAL
FORMULA

OUTSTANDING
PROPERTIES

Silicone
(Silastic)

R R
1 1

- O - S i - O - S i -  
! 1 
R R

Stability at high 
temperatures. 
Resistance to 
weather.
Low temperature 
flexibility

Chloro-sulfonated
Polyethylene
(Hypalon)

H H
i 1 

-C -(C H 2 ~ C H ,)x - C -
i 1

Cl so .
1

Cl

Excellent resistance to:
Weathering
Oxidation
Heat
Abrasion

Fluorocarbon Rubber 
(Kel-F, Viton)

Copolymers o f ; 
CHzt^CFa and 
CF3-CF=CF2

Resistance to:
Heat
Corrosive Chemicals 
Fuels
Lubricants

Polyui’ethanes

j
R R 
1 H 0 H O I

_ N -  N - C  - R -  N - C  - N -  
i 1 

CO CO

0 0

High Strength,
Excellent resistance to:
Abrasion
Oxygen
Ozone

Synthetic Natural 
Rubber:
Cis polyisoprene

CH,,

-C H . -C  =rCH— CHa—
Same as Natural

Ethylene Propylene 
Terpolymer

Copolymer o f :
60% CHa^CHa 
40% CH3-CH=CHa 

Small amount of diene.

Excellent resistance to:
Oxygen
Ozone
Heat

COST COM PARED TO 
NATURAL RUBBER

15X

1.5-2.5X

40X

4 to 6x

The major rubher-like materials developed since 
the end of World War I I  show broad promise

ber in automobile inner tubes.
Since the war, synthetic rubber production has 

gradually increased to 1,400,000 tons in 1960; 
world production of natural rubber in the same 
year was about 2,000,000 tons.

Post-W ar Synthetic Rubbers
In the years since World War II, increased 

research activity has resulted in a large number 
of new, rubber-like materials, some of which show 
great promise. The most important are listed in 
the table above. Of all the postwar developments 
in synthetic rubber, probably the most important 
is that of the stereospecific polymers. Under 
normal polymerization conditions, the molecules 
of isoprene can combine in several different ways, 
since the two “ ends” of the molecule are different.

Same

Same

for general and special-purpose application. Table 
lists outstanding properties and relative cost.

Thus, they can join head-to-head, tail-to-tail, head- 
to-tail, or head-to-center. In most variations, two 
spatial arrangements are also possible. Only one 
of these matches natural rubber. With new 
catalysts, the polymerization of isoprene can be 
directed to produce a highly ordered structure— 
truly a remarkable achievement. Tests have 
shown that the new cis-polyisoprene rubber gives 
results practically identical to those obtained with 
natural rubber.

The national importance of this development 
is great. For example, it can replace natural 
rubber in the production of bus, truck, and air
plane tires, where no other presently-available 
synthetic rubber can be used.

Rubber is seldom, if  ever, used by itself as an 
end product. As evidence of this, we speak of
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rubber heels, rubber soles, rubber tires and rub
ber mats, and while a rubber serves as the basic 
ingredient in such products, it is often not the 
major ingredient. Rubber content ranges from 
more than 90 per cent in some specialty items to 
60-65 per cent in tires. It may actually go as low 
as 5 per cent in some floor tiles. The rubber 
content is dictated primarily by design intent but 
economics also plays a part.

Although the vulcanization reaction is irre
versible, a usable product can be reclaimed from 
rubber scrap through mechanical working, heat 
and addition of plasticizers. Reclaimed rubber 
has respectable properties of its own and helps 
in processing rubber compositions.

Though perhaps technically somewhat incor
rect, a mixture of rubber with other materials is 
called a rubber compound. Typical factors which 
influence the design of a rubber compound for 
Bell System applications, as for others, are listed 
in the table below. Obviously, not all of these 
properties are considered in every rubber com
pound, but in all cases the compound must com
prise the best possible combination of properties 
for the intended service. Economics must of 
course not be neglected.

The compounder has at his disposal the twelve 
or so available varieties of rubber, plus a variety 
of other materials which produce necessary effects

A. Mechanical Properties
1. Hardness
2. Tensile strength and elongation
3. Stress at a specified elongation 

( Modulus)
4. Compression Characteristics
5. Abrasion Resistance
6. Tear Resistance
7. Flame Resistance
8. Miscellaneous special requirements, 

such as “ feel” in rubber gloves

B. Electrical Properties
1. Dielectric strength
2. Dielectric constant
3. Volume resistivity'
4. Dissipation factor

C. Service Environments ( Expected useful 
life)
1. Weathering

a. Re.sistance to light and heat-induced 
oxidation

b. Resistance to ozone.
2. Resistance to oils and solvents
3. Resistance to heat
4. Low temperature
5. Humidity and water immersion

Typical considerations in rubber compounding.

or properties. These are listed and shown on the 
opposite page. Though there has been great prog
ress in establishing a scientific basis, rubber com
pounding is still something of an art. The com
plexity and the infinite number of combinations 
possible can be gleaned from the table. Adding 
to the complexity is the fact that some ingredi
ents do not perform the same function in different 
varieties of rubber.

While rubber compounds are listed and pre
pared on a parts-by-weight basis, weight of the 
finished compound is seldom significant. Density, 
however, is important. Whether it is molded or 
extruded on wire, the volume used, not the weight, 
governs the cost. Therefore the cost-per-pound 
of a rubber compound will only give a rough idea 
of cost. By the expedient of multiplying the cost 
per pound by the density, the compounder arrives 
at a pound-volume cost which can be used in com
parisons and in estimating costs.

Bell System  Applications
Probably the first use of rubber in the tele

phone system was as insulation on wire and as 
hard-rubber piece parts. Hard-rubber parts were 
made at the Hawthorne Works of W''estern Elec
tric in the early 1900’s, and included plug and 
jack mounts, key shelves, switchboard lamp 
mounts, and mouthpieces and receiver shells for 
the desk stand telephone. Gradually, soft-rubber 
piece parts were added to the manufacture, and 
in the early 1920’s development work on continu
ous vulcanization of rubber-covered wire began. 
In 1930, a plant built in Baltimore for the pro
duction of rubber-covered wire using the continu
ous vulcanization process began operation.

Prewar drop wire consisted of two rubber- 
insulated conductors, each circular in cross sec
tion and joined together by a thin fin of rubber. 
The pair was covered with a cotton braid which 
was then saturated with asphalts and steam 
pitches for weatherproofing. This structure had 
poor resistance to abrasion and weathering. Rub
bing on trees and other obstructions soon re
moved the weatherproofing and insulation, leaving 
the conductors bare. Sun and rain would deteri
orate and remove the weatherproofing, leaving 
the insulation exposed to air and ozone. Since 
the rubber was under stresses imposed during the 
braiding and weatherproofing operations, it was 
susceptible to attack by ozone. Corrosion of the 
conductors, loss of adhesion between insulation 
and conductor and loss of insulation resistance 
soon followed and the drop wire was in trouble. 
There were too many of these troubles.

I
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Constituents o f Rubber Coiii]jouncb

M ATERIAL FUNCTION EXAMPLE ADVANTAGES

Rubber Natural and Synthetic

Vulcanizing Agents 
(Curing Agents)

To promote cross- 
linking (vulcani
zation ,)

Sulfur, peroxides
Reduce plasticity 
Increase elasticity 
Increase strength

Accelerators Speed up vulcaniza
tion

Organic sulfur and 
nitrogen compounds

Reduce amount of 
sulfur and time required. 
Can also permit low 
temperature cure

Activators React with accel
erators

Zinc Oxide, 
Stearic Acid

Enhance effects of 
accelerators

Retarders Delay action of 
accelerators

Salicyclic Acid, 
Phthallic Anhydride

Prevent premature 
curing during processing

Protective Systems: 
Antioxidants 
Antiozonants 
Light Absorbers 
Waxes

Protect integrity 
of compounds

Substituted phenols 
and aromatic amines

Generally restrict 
aging process. In
crease service life

Fillers

Reinforcing Carbon Black Improve mechanical 
properties

Non-reinforcing Clay, whiting Dilute compound, reduce cost

Extenders Vulcanized vegetable oils Permit greater loading

Peptizers Chemical softening 
of rubber Thiols Decrease mixing time

Softeners Aid to dispersion 
of fillers

Petroleum oils, Pine 
tar Cumar resins

Reduce mixing time 
Improves processing

Colorants Dyes and Pigments

Special Effects 
Ingredients

Flame proofers
Antimony Trioxide, 
Chlorine-containing 
Waxes & Chemicals

Decrease flammability

Odor maskers Perfumes Conceal or change odor

Blowing agents Sodium bicarbonate 
Organic Nitrogen Compds.

Production of sponge fM 
& foam rubber f l

Low temperature 
plasticizers Alkyl & aryl Esters

Improve flexibility...- ■  
at low temperature 9



Intensive consideration was given to changes 
in design which would drastically reduce the 
trouble rate. The design developed for post-war 
production emphasized toughness in the insula
tion at the expense of some electrical qualities 
which were not very significant in the short 
lengths in which drop wire is used. The tough 
ozone-resisting insulation was applied in a “D” , 
shape over each conductor, with the flat sides of 
the “D’s” joined together by a fin. The fin was 
of such size as to permit separation of the insu
lated conductors without tearing insulation. A 
cotton braid or serving was applied over the twin 
insulated conductors. This added reinforcement 
to the structure and at the same time facilitated 
removal of the jacket at terminations.

Synthetic Rubber Insulation and Jacket
The new insulation was based on SB-R instead 

of natural rubber. The use of SB-R has been 
continued because its aging characteristics indi
cate that its service life will be considerably 
longer than that obtainable with natural rubber.

For the jacket a tough neoprene compound was 
selected. Evidence gathered from trial lots of 
neoprene-jacketed wire installed early in 1942 
in hard service areas in the Atlantic City, N. J.

Radome over horn antenna at Andover is made 
of Dacron coated with Hypalon synthetic rubber.

area, in Florida and in California indicated that 
the neoprene jacket would have the wear resis
tance and weatherability desired.

The wedge-action clamps used for supporting 
drop wire depend on adhesion of the insulation to 
the conductor for successful operation. Adhesion 
must be good originally and it must endure. While 
this quality of adhesion may be achieved by vari
ous means, brass plating of the conductor is used 
and adhesion is no longer a problem.

Production of drop wire of the new design was 
started in 1945. Today practically all of the old 
wire has been replaced. Over nine billion linear 
feet of the new wire have been installed, enough 
to encircle the earth almost seventy times. Tests 
indicated that the new wire would have a useful 
service life of about 20 years. The limiting 
factor would be a gradual hardening of the jacket 
with consequent loss of elongation. Samples 
which have been in service in the Los Angeles 
area for over 16 years look as good as new wire. 
The jacket has hardened, but elongation is still 
far above that at which the jacket would crack 
if the wire were bent back upon itself. It appears 
that the original estimate of useful service life 
may have been quite conservative.

Drop wire troubles have dropped from 8 to 4 
per hundred due to the elimination of failures 
due to weathering and abrasion. In the latter case 
plastic guards and a program of tree trimming 
have also been helpful. Practically all of the 
troubles presently encountered are due to wire 
breaks caused by storms and construction or 
other accidents.

In keeping with advancing technology changes 
have been made in both the insulation and jacket 
to improve processing or reduce costs. However, 
in all cases rigorous maintenance of quality has 
been the prime consideration.

Sleeves for Concrete Conduit

Another interesting application of rubber in 
the Bell System lies in concrete conduit which is 
attracting attention as a replacement for clay 
conduit for underground telephone cables. In 
both concrete and clay conduit, the conduit is 
laid in sections and the sections must be joined 
together so as to exclude silt. With clay conduit, 
mortar “bandages” are used; these require 10 to 
15 minutes of a skilled operator’s time for each 
application. With concrete conduit, the design 
provided shoulders and tapering ends, so that 
sections could be forced into a rectangular sleeve 
for joining. Assembly time could thus be cut 
considerably.
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Roy Werner, Western Electric Co., checks a batch of newly-formed rubber “ loaves,” fresh from the mixer.

The success of this method depended on the 
choice of a material for the sleeves. The sleeves 
would have to be rigid, and for this reason sev
eral plastics were tried. However, the stress 
imposed by the tapering ends caused plastics to 
relax and the joint was no longer tight. Various 
rubber materials were tried but all proved too 
flexible; they would buckle when attempts were 
made to push two conduit sections together. At 
this point, it was decided to try the recently 
announced chemically cross-linked polyethylene. 
Sleeves made from this material possessed the 
dimensional stability, low relaxation, rigidity for 
successful installation and resistance to micro
biological organisms present in the soil. In addi
tion they resisted swelling by oils commonly 
found in soils in the Southwest and were not 
subject to the stress cracking which could be 
induced by these oils.

Several trial installations of concrete conduit 
with cross-linked polyethylene sleeves have been

made and results indicate a bright future for 
the new product.

Rubber in Telstar Radome

Perhaps one of the most dramatic recent ap
plications of synthetic rubber in the Bell System 
was its use in the radomes which shelter the 
Telstar horn antenna at Andover, Me., from 
wind, snow, and differential temperature changes.

The structure was fabricated and erected by 
Bird A ir Structures, and is the largest inflated 
shelter ever built— 210 feet in diameter and 161 
feet high. It was constructed of two plies of 
Dacron coated with Hypalon synthetic rubber, 
and is l/16th inch thick. The radome is large 
enough to cover three acres if laid out flat, and 
weighs thirty tons. In spite of its great weight 
and size, it is supported by less than one-tenth 
pound of air pressure over atmospheric, not even 
noticeable to workmen and operators inside the 
radome.

February 1963 41



"Talking" Rubber
One final example represents a successful 

use of a rubber derived from a plastic to gain de
sirable properties of each. Telephone answering 
sets, weather and stock quotation reporting ma
chines, as well as some machines used in telephone 
traffic require storage and reproduction of speech 
and the facility for changing the stored speech 
rapidly and easily. Magnetic recording and repro
duction was chosen as most feasible for these 
uses, but materials were needed which would 
survive millions of operations under conditions 
where coated tapes would wear out in a few thou
sand operations. (Metal tapes were not suitable 
because record and playback heads would tend to 
bounce with consequent noise, loss of speech and 
wear of the heads or scanners.)

Design considerations led to the conclusion that 
the magnetic recording media should be in the 
form of sleeves or bands which could be slipped 
over metal cylinders or wheels, and that the ma
terial should be Vg-inch vulcanized soft rubber 
— rubber which could store speech and talk back 
whenever needed. Duration of storage time could 
range from a few minutes to several years.

The development of this talking rubber pre
sented an intriguing challenge. The sound prop
erties demanded incorporation of a fairly large 
volume of magnetic iron oxide. Special physical 
requirements also existed, including resilience, 
hardness, permanent set, ozone and abrasion 
resistance, low coefficient of friction and a surface 
which would not cause undue wear of the heads 
(scanners) nor show any bloom (migration of 
substances to the surface) for at least ten years. 
Proper resilience permits the scanning head to 
make the required contact at low head pressures. 
Hardness can influence friction of the scanning 
head over the sleeve as well as noise as the head 
glides over the rubber. Permanent set must be 
low since the success of the system depends on 
the sleeve or band clinging tightly to the steel 
cylinder or wheel. Sleeves and bands are of such 
dimensions that a 6 per cent stretch is needed to 
put them in place. This stress immediately makes 
ozone resistance important, because rubber under 
stress is rapidly attacked by ozone. Resistance 
to abrasion is important because of the long 
service desired, and a low coefficient of friction 
reduces frictional noise.

Natural rubber, neoprene and Butyl were un
suited for use as the base rubber because of poor 
abrasion and frictional noise. Addition of waxes 
and oils of limited solubility helped matters, but 
since the rate of migration was not controllable.

■'Armored Wire for 
Submarine Cable 

I Ready-access Terminals 
Core Wrap Tape 
Telephone Feet 
Recording Bands 
Insulating Gloves 
Insulating Blankets 
Floor Mats for Booths 
Sleeves for Concrete 

Conduit 
B Cups
Hard-Rubber Piece Parts 
Automobile Tires 
(about % million tires)

Neoprene
.Neoprene
SB-R
Neoprene
Polyurethane
Natural Rubber
Hypalon, Polyurethane
NB-R
Cross-linked 

polyethylene 
Neoprene 
Natural Rubber 
SB-R and Natural 

Rubber

Several typical Bell System products and the 
basic rubber from which each is compounded.

wax piled up under the head and contact was lost.
Hypalon proved to be much more suitable and 

was chosen as the base rubber and a satisfactory 
composition was achieved. A  very acceptable low 
level of noise from various sources has been 
attained and in all respects it has provided 
trouble-free performance. This talking rubber 
has proved truly garrulous. In a five-year period 
over automatic machines, the same announcement 
has been repeated over 3,000,000 times without 
failure! New requii'ements now call for seiwice 
life of twenty years; moldable polyurethanes are 
being considered for this application.

In 1941, aside from purchased items such as 
tires, the Bell System was consuming 3.000,000 
pounds of natural rubber annually. 2,700,000 
pounds were used in rubber-covered wire, while 
the rest went into hard and soft-rubber piece 
parts. Currently drop, block and HD wire require
3,000,000 pounds of SB-R and 6,000,000 pounds 
of neoprene annually.

Rubber is also used in a variety of other Bell 
System items. Some of the big runners are listed 
in the table above, together with the type of rub
ber used for making them.

While other materials have come along which 
can serve some purposes better, there still exists 
a wide ai-ea of application for a material with 
the unique properties of rubber. New develop
ments, such as the exciting stereospecific poly
mers and new chemicals for rubber, offer a con
tinuing challenge to the rubber chemist to 
improve existing compounds, and to fashion rub
ber compounds which may advantageously re
place other materials.
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A fast new electronic switching 
system, which combines flexibility 

with electromechanical compatibility 
has now been designed, primarily 

for use as a business PBX .

707 ESS; A More Flexible 
Telephone Service for Business

A  new electronic telephone switching system 
that operates in microseconds, provides new kinds 
of telephone service, and is compatible with exist
ing electromechanical switching systems was de
scribed at the annual meeting of the Institute of 
Electrical and Electronic Engineers in New York.

Designed by Bell Laboratories, the No. 101 
Electronic Switching System (ESS) was devel
oped primarily for use by businesses as a private 
branch exchange (P B X ). It will soon be given 
a field trial in the plant of a New Brunswick, 
N. J., company.

Flexibility is a keynote of the new system, C. 
Breen and 0. Williford, of the Switching Sys
tems Engineering Division, told the meeting. It 
is designed so that services can be easily changed 
and expanded to accommodate future growth and 
a company’s changing requirements. Also, un
like conventional PBX equipment, switching and 
special features in the new system are controlled 
by electronic equipment located in the telephone 
company’s central office. Therefore, only a small 
amount of switching equipment is installed on 
the business premises and floor space can be 
saved for other uses.

W. A. Depp and M. A. Townsend of the Elec
tronic Switching Division told the meeting that 
these innovations are brought about chiefly by the

use of small high-speed electronic devices, by 
data-processing-system-like arrangements to con
trol switching, and by the use of time-divided 
electronic switching.

The No. 101 ESS does not simply substitute 
high-speed electronic devices for slower-operating 
electromechanical ones. The Laboratories engi
neers pointed out that the new system takes 
advantage of the high speed of electronic circuits 
to process a great many calls quickly— so quickly, 
in fact, that the system can have many circuits 
which are used in common by a large number of 
lines. Connections for calls are made so rapidly 
that the equipment can be released to make con
nections for other calls without keeping anyone 
waiting for service. To get the greatest utility 
from this ability of electronic devices, the 101 
ESS has been designed as a common control, 
stored program system.

Two groups of equipment make up the system 
—a switch unit in a PBX customer’s office, and a 
central control unit in a central office. A switch 
unit can handle 200 telephone lines. However, as 
many as 32 switch units can be connected to and 
controlled in common by one central control unit. 
Actual switching actions take place in the switch 
unit, but they are directed by the central control 
which contains a series of stored programs that
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F. Tendick (1) and R. Wiese of Bell Laboratories 
discuss switching unit circuit module of 101 ESS.

detail each step needed to set up a call or direct 
a special service feature.

Each switch unit contains the time-division 
switching network, the line circuits, and the trunk 
terminal equipment for one customer business 
office. One cabinet, about the size of three ordi
nary 5-drawer filing cabinets standing side-by- 
side, contains all the equipment. It needs only 
about one-quarter the floor space of a conven
tional PBX and it can be plugged into a 110-volt 
wall outlet. Its operating power is only about 600 
watts, less than that of a home toaster.

Time-Division Switching

J. A. Herndon and F. H. Tendick, Electronic 
PBX Laboratory, described how time-division 
switching works in the unit. The essence of this 
technique is that periodic samples of an informa
tion signal will completely define that signal. In 
this way samples from a number of conversations 
can be transmitted over a common path. In the 
No. 101 ESS, the common path is a single lead 
called the “ common bus.” A cycle of time for the
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bus is divided into discrete intervals. The same 
interval, prepared in each successive cycle, is 
called a “ time slot.”  A  call connection can be 
assigned to each time slot. In this system, there 
are 50 time slots and thus 50 connections can 
exist simultaneously.

The switch unit keeps a continuous check on 
all the telephone lines associated with it; at any 
moment it knows which lines are busy with a 
call, and it informs the control unit of any change. 
The control unit sends data messages to the 
switch unit that tell it what actions it must take 
in setting up a call and when to take down the 
connections.

Two M em ories

The control unit acts according to information 
in both its semipermanent (program) and vari
able ( “scratchpad” ) memory systems. E. A. 
Irland and J. H. Vogelsong, also of the Electronic 
PBX Laboratory, said that the permanent magnet 
twistor used for the program memory is an 
economical device to store information that the 
system will use over and over again to process 
calls. The scratchpad memory, a ferrite sheet 
device, stores more volatile information concern
ing the prograss of a call through the system.

E. L. Seley and F. S. Vigliante of the same 
Laboratory discussed the common control unit 
and its programming.

Instructions on how the control unit should 
process calls are embodied in magnetized spots 
on metallic cards in the twistor memory. Any 
program card can be replaced, and simple changes 
in its magnetic pattern change switching actions. 
The scratchpad memory governs the selection of 
the particular card program that is required at 
any stage of a call. To do this, it inserts a 
“progress mark” in each time slot which indi
cates when a telephone is not being used, when 
it goes off hook to begin a call, when it is being 
dialed, when it is connected, and when it is 
hung up.

These programming techniques are the road to 
some new service features. For example, a con
ference call may be set up after two parties are 
talking if  one of them “ flashes” the switch hook 
to get dial tone and then dials the number of a 
third party. Any one of the three may bring a 
fourth party into the “ conference” and any party 
may hang up without disturbing the others. 
Another feature permits a customer to hold one 
call while making a second, after which he can 
return to the first. The system will also permit 
customers to dial three digits to reach frequently-
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called seven or ten digit numbers, and to use 
pushbutton as well as standard rotary dial tele
phones. Any of these or other features available 
now or in the future can be added to the system 
merely by changing or adding program cards.

Reliability, as the Bell Laboratories engineers 
pointed out, is a rather difficult quality to achieve 
in any switching system made of a large number 
of new types of components. First these com
ponents must be highly reliable. Components for 
the No. 101 ESS were carefully selected and 
rigorously tested to insure a high degree of re
liability. Then, with a foundation of long-lived 
components, other techniques can be used to in
sure a trouble-free system. Redundancy is one 
technique that was used to give No. 101 ESS a 
high degree of reliability. For example, the 
switch unit has two 25 time-slot buses rather than 
one 50 time-slot bus. The two buses each have 
separate switches to every line in the PBX, and 
each bus has its own memory and control circuits.

The control unit is divided into three major units 
and several minor units, and each is designed 
with an effective amount of redundancy.

To back up this plan, the new system was 
designed to detect ti’ouble quickly and to switch 
defective units out of service and duplicate units 
in. The control unit is programmed to send test 
calls continually— about one a minute— through 
the system. I f  a test fails, redundant units are 
immediately switched in to restore service. In
formation on the part of the system that has 
failed is printed-out on a teletypewriter at the 
control unit. Tests are also made on the control 
unit, and any defective units are switched out 
of service until repairs by maintenance person
nel are made.

It is expected that the field trial of No. 101 
ESS will continue for about a year and that com
mercial systems, manufactured by the Western 
Electric Company, will be available toward the 
end of 1963.

Pushbutton console is used with 101 ESS; cabinets at rear contain switching network and circuits.
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Tan ta lu m  T h in -F ilm  
C ircu itry  and  C o m p o n e n ts

R. W . Berry

T he scientific impetus towards miniaturization 
began during the second world war in order 

to cope with the complexity of electronic systems. 
This trend has proceeded with increasing vigor 
into the 1960s. Small components have become, 
in turn, miniature, subminiature, and micro
miniature. One of the latest technological ap
proaches to the development of small electronic 
elements is thin-film “ two-dimensional” circuitry. 
In this area of research, Bell Laboratories scien
tists have investigated the properties of the tran
sition metal, tantalum, and its compounds.

The major uses of tantalum in the past have 
been for the fabrication of hardware for the 
chemical industry, in incandescent lamps and vac
uum tubes, and for electrolytic capacitors. Each of 
these uses has usually taken advantage of just 
one of the properties exhibited by the metal. For 
example, the chemical hardware industry took 
advantage of tantalum’s extreme inertness to 
chemical attack; its high melting point was ad
vantageous in manufacturing electron tubes and 
lamps, and its capability of having a controlled 
thickness of oxide grown on its surface by anod
ization made the metal ideal for fabricating elec
trolytic capacitors. It is the combination of all 
these properties in a single material which makes 
tantalum interesting from the point of view of 
the component development engineer.

There are several reasons for this. First of all, 
the refractory nature of the metal implies a high

recrystallization temperature. This means that 
tantalum’s structural features (on a near atomic 
scale) are not annealed out at normal operating 
temperatures. This is an important factor in 
fabricating resistors, because resistivity is strong
ly influenced by the amount of disorder in a 
crystal structure. Tantalum’s inertness to chemi
cal attack makes it possible to manufacture a 
stable unit without using an hermetic seal. Third
ly, anodic oxide films may be grown on a tanta
lum surface; this technique has been used suc
cessfully in the fabrication of capacitors, and 
this leads to the possibility of being able to manu
facture capacitors based upon the same technology 
as that used for resistoi's. The anodizing process 
is basic to the formation of the dielectric of tan
talum electrolytic capacitors and tantalum thin- 
film capacitors.

I f  certain metals, such as tantalum, are used 
as the anode in an electrolytic cell, oxygen is not 
given o ff; rather, a thin oxide film grows on the 
surface of the anode until the thickness of this 
film blocks the flow of current and the reaction 
halts. To obtain more current flow, the voltage 
must be increased; the oxide will continue to grow 
until its thickness is sufficient to block the current 
and the reaction again stops. At room tempera
ture, fields of the order of 7 million volts per 
centimeter are required to cause current flow. The 
thickness of the oxide film grown in this way is 
proportional to the “ anodizing” potential. This
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Mrs. J. A. Frohboese examines a tantalum thin- 
film circuit. In  fabricating circuits, tantalum is

voltage dependence precisely controls the thick
ness of the film which is almost perfectly uniform. 
During this process, metallic tantalum is con
verted to the oxide; and, as will be explained 
later, it is this conversion phenomenon that makes 
possible the precise adjustment of resistors.

The tantalum films used as the starting mate
rial for the production of either individual compo
nents or integrated circuits are prepared by the 
technique of “cathodic sputtering.” This involves 
creating a low-pressure glow discharge in an inert 
gas atmosphere using a tantalum cathode. Ionized 
gas molecules bombard the tantalum cathode and 
dislodge its atoms which redeposit on a substrate. 
The process is shown schematically on page 48. 
Despite the exceptionally low vapor pressure and 
high melting point of tantalum, deposition is

deposited molecule by molecule on substrate by 
bombarding tantalum cathode with ionized gases.

achieved with the cathode remaining essentially 
at room temperature. The properties of the film 
may be altered by introducing active gases into 
the gas stream. For example to produce superior 
resistive films, small amounts of nitrogen are in
troduced into the chamber.

The anodically grown tantalum oxide is the di
electric used for capacitors. The voltage used 
during anodization controls precisely the thick
ness of the dielectric. The tantalum substrate 
forms one electrode, and the second electrode is 
formed by depositing gold on the oxide, thus com
pleting the capacitor. This structure is shown on 
page 49. The properties achieved in capacitors 
of this type include low leakage current, low 
dissipation factor, high dielectric strength, and 
high capacitance per unit area of substrate.

February 1963 47



BELL JAR

QUARTZ 
B A C K IN G -  

PLATE

TANTALUM
CATHODE_

( - 4 0 0 0
VOLTS)

Schematic diagram of bell-jar apparatus used for “cathodic s p u t t e r i n g T h e  photograph (right) 
shows R. D ’Angelo removing a sheet of tantalum-coated slides from bell jar at the Laboratories.

To illustrate these statements quantitatively, 
let us consider a unit made with a dielectric thick
ness of 2000 A (0.000008 inch) and an area of
0.3 sq. cm. (0.05 sq. inch). Such a capacitor has 
the following approximate properties:

• leakage current— (75 volts)— 1 x 10 ® ampere
• dissipation factor— 0.01
• breakdown strength— 100 volts
• capacitance— 0.03 microfarads

The capacitance value is proportional to area and 
inversely proportional to thickness. With the ex
ception of the smallest sizes, area may be con
trolled to better than one per cent, and for all 
sizes, thickness control to one per cent is easily 
achieved.

Although satisfactory resistors may be made 
from films of the same quality as those used to 
fabricate capacitors, considerable improvement in 
the stability and reproducibility of resistor prop
erties is achieved by adding one to five percent 
nitrogen to the argon used as the sputtering at
mosphere. Although nitrogen is present in the 
atmosphere in these relatively small quantities, 
the films produced in this fashion are principally 
a mixture of two different tantalum nitrides. The 
properties of these films are quite superior to 
those of normal sputtered tantalum. The tempera
ture coefficient of resistance is lower (i.e., 25 to 
125 parts per million negative) and more repro
ducible than the normal tantalum films. The spe
cific resistivity is also more reproducible than in

normal films, and lies at a level of about 250 
microhm-centimeters.

These films permit the manufacture of resistors 
with reasonably high values without resorting to 
extremely thin films and exceptionally fine lines. 
The most significant effect of the added nitrogen, 
however, has to do with the stability of resistors. 
In this instance, the change in resistance after 
1000 hours on load is reduced from the order of 
from 1 to 2 per cent change for tantalum films to 
the order of 0.01 to 0.05 per cent for nitride films. 
As a result, tantalum-nitride-resistor stability is 
considerably better than that of deposited carbon 
resistors.

Tantalum nitride films retain the ability of 
tantalum to be anodized in a controlled fashion. 
This permits the precise adjustment of resistors 
to their nominal value, since conductive metal is 
uniformly reduced in thickness and replaced by 
insulating tantalum oxide during anodization. By 
monitoring the resistance during anodization, the 
process may be terminated automatically when the 
proper value is obtained. Precision of the order of 
.01 percent has been achieved using these tech
niques. The tantalum resistor manufactured in 
this way has high stability, low temperature coeffi
cient, and the capability of adjustment to high 
initial precision.

Since both capacitors and resistors can be fab
ricated by using essentially the same technologies, 
the next step is to produce circuit modules con
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taining all resistors, capacitors, and as far as 
possible, interconnections. What additional pro
cedures are required, then, to make circuits which 
can take full advantage of the properties of the 
individual components?

In the individual resistor, pattern precision was 
of no great importance, since the value desired 
was obtained by adjustment. In the case of cir
cuits which have many resistors of either the 
same or different value, it becomes advantageous 
to depend upon the pattern for resistance ratios, 
with the adjustment becoming circuit wide for 
the proper level of resistance. This calls for the 
generation of patterns whose precision is better 
than the tolerance asked for in the circuit. Labo
ratories engineers have developed techniques 
which allow for the production of line patterns 
in tantalum with a tolerance of ±  0.0001 inch on 
line width. Thus, with 0.010-inch line width, a 
pattern precision of ± 1  per cent is achieved, or 
for 0.0050, ± 2  per cent etc.

These patterns are made by photolithographic 
techniques. Tantalum is deposited over the entire 
substrate and a photosensitive “ resist” is applied 
to the surface. The pattern is then developed in 
the resist, and the substrate etched in hydrofluoric 
acid. The limits in resolution mentioned above 
are dependent upon the production of the master 
pattern through which the resist is exposed. The 
master pattern is reproducible in the tantalum to 
smaller tolerance limits. The initial art work and 
its photographic reduction to full scale are then 
the steps which set the geometric precision.

The initial master is made on an x-y plotter 
with a precision of ±0.001 inch. By making the 
master 10 times full scale, this then becomes 
equivalent to an error of ±0.0001 inch. By using 
good control on the photography, this precision 
is transferred to the master photographic plate. 
I f  the initial tantalum nitride film were perfectly 
uniform, resistance ratios on a given substrate 
could be determined to the order of one per cent 
by geometrical control alone, and the over-all level 
of resistance would be adjustable by anodizing. 
Unfortunately, tantalum nitride films are not per
fectly uniform, and variations in resistivity do 
occur on a single substrate. The magnitude of the 
variations depend upon the size of the substrate. 
Over an area approximately 1-inch square, varia
tions of about two to three percent may be ex
pected. With a linear dimension of about 5 inches, 
the total variation may be as much as ±10 per 
cent. Because of the high stability exhibited by 
the films, however, these initial variations are 
not appreciably changed at “ end-of-life.”

I f  a particular circuit requires higher precision.

Side and top views of a tantalum thin-film ca
pacitor. Each layer is approximately 2000-A thick, 
making a total thickness of less than one micron.

each resistor may be individually adjusted. An
other alternative for large substrates is selected 
area adjustment, where the total circuit may be 
broken into sections for the purpose of adjust
ment. The method chosen would depend upon the 
actual tolerance required by the circuit. Labora
tory researchers are attempting to control the 
uniformity of the initial tantalum to within 
closer limits.

Several all-resistor circuits are being devel
oped; the most ambitious is a portion of an arith
metic unit based on direct-coupled transistor logic. 
One of the substrates, shown on page 50, 
has 48 resistors. Circuit requirements in this 
case were for ± 8  per cent limits on the resistor 
values. The dimensions of the substrate are 
1.7 X 3 inch; the resistors are scattered over the 
entire area. The film uniformity was sufficient to 
allow for the adjustment of all resistors with a 
single anodization. This particular circuit is an 
excellent example of one of the aspects involved 
in strictly two-dimensional circuitry. I f  the active 
components had to be mounted completely ex
ternal to the substrate, there would be insufficient 
edge areas available to bring all the required 
leads off the substrate. Consequently, the efficient 
use of area exhibited in two-dimensional circuits 
would be completely lost.

An experimental transistor package was devel
oped at the Allentown and Laureldale Labora
tories which does permit transistors to be directly 
applied to the substrate. This eliminates many 
edge terminations, and an even larger number of 
connections which would have to be made in the
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The two thin-film circuits 
shown here are part of an 
eight-bit arithmetic unit 
fo r a computer. Each cir
cuit contains A8 resistors; 
lower circuit shows tran
sistors bonded in position.

final assembly of a computer. Approximately 40 
such slides with transistors bonded to them were 
fabricated to form an eight-bit arithmetic unit.

To fabricate networks containing both capaci
tors and resistors requires a few additional proc
essing steps, but does not alter the over-all process. 
The first consideration is the thickness of the 
tantalum film. In general, the capacitor anode 
areas should be thicker than the resistive areas. 
By simple masking techniques during film deposi
tion, additional tantalum is deposited in these 
particular areas. The other additional process re
quired is the capacitor anodization. Consequently, 
the resistor areas and wiring must be isolated 
from the electrolyte. This is done by the use of a 
grease, silk-screened onto the substrate to prevent 
the electrolyte from contacting any area other 
than the capacitor anodes. The capacitors, and 
therefore the circuits, are completed by evap
orating the counter-electrodes through mechan
ical masks.

A representative circuit of this type is the 
modulator pad in the modem unit of the A-5 chan
nel bank which was designed to be compatible with 
existing equipment. It consists of 10 resistors 
ranging in value of 65 ohms to 5000 ohms, and 
two capacitors of 0.02 pii each. Even in the case 
of this small bit of circuitry, the number of 
external connections required is cut by a factor 
of two. The inherent increase in reliability re
sulting from this reduction is one of the major 
advantages of this approach. A large number of 
these circuits have been fabricated, and 500 of

them are operating in field equipment on a trial 
basis.

Another circuit which has been fabricated is 
a portion of a clock for an experimental switch
ing system. In this case, equipment design had 
not been completed, so greater freedom was per
mitted in the design of the layout and the pack
age. The clock consists of a multivibrator, two 
binary counters and 16 phase generators. The 
layout was designed so the multi^^brator and 
binary counters were on two identical substrates 
and the clock phase generators on four identical 
substrates. These were terminated so they could 
be mounted on a printed-wiring board for inter
connection to the active devices for the circuit. 
The fabrication of the complete clock was a joint 
effort with the Transistor Development Labora
tory. The active devices for this clock were multi- 
encapsulated, so that the clock— consisting of 88 
resistors, 14 capacitors, 60 transistors, and 4 
diodes— was fabricated from a total of only 44 
packages.

Initial estimates indicate that tantalum thin- 
film components and circuits will be competitive 
with their conventional conterparts. This ap
proach presents the system designer with a means 
to incorporate increased reliability in complex 
systems without a cost disadvantage, with the 
possibility of reduced size, and with a real advan
tage in the simplicity of assembly. It also pro
vides systems with devices having superior elec
trical characteristics relative to conventional 
components.
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A. E. Bachelet and H. J. Michael

S S I  S e le c t iv e  S ig n a lin g  S y s te m

OVER THE PAST DECADE, the use of multiparty 
long-distance private-line telephone facili

ties in the Bell System has increased a great deal. 
A typical reason is illustrated by the commercial 
airlines which provide transportation between 
many cities. Airline representatives in each city 
must communicate with personnel at other loca
tions for ticket reservations, information for 
flight plans and many other purposes. The Fed
eral Aviation Administration, pipeline and trunk
ing companies, utilities, and others also have 
similar requirements.

These communications needs are generally sat- 
isfled by the use of one or more multistation pri
vate lines. Such lines require special signaling 
arrangements for selectively calling stations on 
the line or to perform a multiplicity of control 
functions at remote points on the line. These 
arrangements must be simple, inexpensive and 
fast.

To meet the needs of these customers. Bell 
Laboratories engineers developed the SSI Selec
tive Signaling System as a standard Bell System 
service offering. Considering the important char
acteristics such as signaling speed, flexibility, 
engineering effort required by the Operating 
Companies, and cost, this system has several ad
vantages over other systems which have been 
used to provide multiparty selective signaling. 
These are:

1. Faster service— requires dialing only two 
digits per function.

2. Economy— achieved by using low-cost high- 
demand apparatus, like wire-spring relays 
and single frequency (S F ) signaling units.

3. Building-block design— permits the use of 
minimum equipment at all installations.

4. Packaged design— reduces job-engineering 
effort.
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The SSI system allows personnel at stations 
bridged to a four-wire private line circuit to 
selectively signal other stations bridged to the 
line. The system operates over voice-frequency 
facilities on an SF basis and uses frequency-shift 
signaling to minimize the effect of line echoes.

T. A. Smith uses a dial test set to check out 
operation of the SSl unit at the Laboratories.



Block diagram of the SSl Selective Signaling 
System showing how subscribers are connected 
along the backbone circuit. The frequency shift 
keyer converts dial-pulse to frequency-modulated

signals for transmission over the backbone cir
cuit. These signals are recovered by SF receiver, 
demodulated, and passed on to decoder, which 
selects correct signals for a particular station.

In addition to selective calling, SSI systems in 
service include other useful features, such as the 
ability to correct dialing errors by canceling 
previously-dialed digits, and controlled privacy 
and lockout. Future systems will include the 
capability of duplicating codes in SSI-equipped 
lines which may be connected together. These 
will be described later.

The diagram above shows a multistation line 
communication system using the SSI pulse sig
naling technique. A “back-bone” transmission 
facility provides two one-way transmission line 
pairs. Two-way stations are connected to the 
backbone facility by two one-way local loops, each 
pair of local loops terminates in a four-wire 
telephone set.

Transmission Equipment
The transmission facility often interconnects 

many telephone offices and associated stations 
which are sometimes widely separated geograph
ically. The communication links may be made up 
of voice transmission lines, carrier transmission 
lines, radio relay links, or a combination of these 
telephone facilities.

Each station has a conventional telephone dial 
and an oscillator keying unit. A single frequency 
signaling unit and a decoder are used to receive 
the dialed digits. The keyer unit is a two-fi'e- 
quency oscillator (2400 and 2600 cps) which is 
shifted in frequency by dial pulses. It is adapted 
to convert dc dial pulses to equivalent tone signals 
for transmission over the backbone facility.

The heart of the system is the SF unit wffiich 
is widely used in the message telephone plant. 
With SSI signaling, the SF unit is not used in 
the same manner as in message service. The 
receiving equipment functions in the usual way, 
however, a separate sending circuit, arranged for 
frequency-shift operation, replaces the regular 
sending circuit. The SF receivers, except during 
dialing, are therefore always in the “high-guard,” 
or talking, condition to prevent interference from 
speech. In the high-guard condition, the SF 
sensitivity is low to tone signals and the receiver 
requires pulses to be of longer duration to be 
recognized as legitimate pulses. Hence, it is not 
possible to dial reliably in the high-guard con
dition. To obtain reliable dialing, the SF receivers 
are shifted into the dialing or low-guard con
dition upon receipt of the first pulse of 2600 
cycles. This is accomplished by lengthening the 
first pulse of each digit to insure the operation of 
the SF receiver.

The system is ready for dialing as soon as the 
handset is picked up. I f  the line is free, the call
ing party dials two digits to call any one of 81 
codes. The keyer converts the dial pulses to 2400- 
and 2600-cps tone pulses and sends them to all 
other points where they are received by SF units 
and then decoded.

The decoder contains pulse-counting, translat
ing and registering equipment for decoding and 
recognizing any one of the codes dialed from any 
one of the station circuits. Each decoder regis
ters all codes but is wired to produce an output
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only when the digits received correspond to the 
code identification of the associated telephone 
station. When this code is received, a direct- 
current pulse actuates other signaling or control 
equipment associated with the station terminal.

Upon receiving the first pulse of any digit, the 
decoders at all locations, except the sending sta
tion, open the transmitting circuit and apply 
a busy tone to the receive line. This busy signal 
persists until two digits have been received or 
for six seconds following receipt of the first 
digit, which is the time allowed for dialing the 
second digit. Thus, if another party picks up the 
phone during the dialing interval, he hears a busy 
tone and cannot interrupt the signaling by talk
ing or attempting to dial.

The 81 codes for identifying the stations or 
functions are made up of various combinations 
of the digits except “ 1.” Because it is not possi
ble to use standard “ off” signals to release the 
decoders at the control points along the backbone 
route, the digit “ 1” is used as an error-correction 
signal. All decoders are wired so that the receipt 
of the digit “ 1” will release them. Thus, if  a mis
take is made in dialing, the customer dials the 
digit “ 1,” thus erasing the erroneous digit and 
the decoders are restored to their normal condi
tion immediately without waiting for the six- 
second timeout.

Special Features
The flexibility of the SSI system is enhanced by 

(1) the capability of dialing from one system 
to another, (2) the capability of increasing the 
number of stations within such an interconnected 
system, and (3) an automatic lockout circuit to 
insure privacy as well as an unlocking circuit for 
use in emergencies.

By dialing a code to set up a transmission 
path and then following the usual procedure.

personnel at one SSI system can dial into a sec
ond system. At the end of such a conversation, a 
code is dialed to release the interconnection. 
Systems connected in this way cannot have con
flicting codes. In some situations, the 81 codes 
are inadequate to serve an entire interconnected 
network. More stations could be added by merely 
increasing the number of digits in the signaling 
codes beyond two. Such an increase, however, 
requires that each of the decoding circuits at the 
control points be capable of registering the larger 
number of digits. However, as the number of 
digits to be registered increases, the amount 
of equipment required to do the registering may 
be uneconomical compared with other types of 
communication systems.

A feature is presently being developed so that 
by utilizing a simple pulse-deletion circuit, the 
number of stations which can be selectively sig
naled over a common transmission line is doubled 
without a significant increase in the amount of 
equipment required. Two identical 81 station 
systems can then be interconnected.

The use of the interarea switching and deletion 
circuit will permit increasing the number of sta
tions which can be accommodated in a single inter
connected system. One group of stations, identi
fied by various two-digit code combinations, is 
signaled in the conventional manner by dial 
pulsing. A second group of stations outside of 
that area may have the same codes as the first 
group. This second group of stations is sig
naled by interposing the error-correction digit 
“ 1” between the first and second digits. The two 
groups are interconnected by dialing a special 
interarea code.

For example, to reach a station in area B from 
area A, where codes in two networks have been 
duplicated, the procedure is as follows; to reach 
code 7-3 in area B, we first dial an interconnect-

This diagram shows how two areas equipped with 
SSI units can he interconnected. To tie the two 
areas together, the customer first dials a connect

code. To reach code 7-3 in area B, a customer in 
area A dials 7-1-3. The deletion circuit drops out 
the 1 and sets up connection to the 7-3 station.
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ing code which ties the two networks together. 
Then, instead of dialing 7-3, we now dial 7-1-3 
to reach the code 7-3 in area B. The interposed 
digit “ 1” is automatically deleted by the deletion 
circuit associated with the interconnecting switch 
between the two areas. The digit “ 1” also cancels 
the initial “7” in area A and when the “3” is 
received, nothing happens and the circuit times 
out and restores to normal. To break such a con
nection, a customer uses a disconnect signal. To 
reach a station within an area, the usual two- 
digit codes are still used. This dialing system is 
shown on page 53.

Lockout Circuit
Privacy is another feature which has been 

included in the system design. This system incor
porates this feature to permit a customer to lock 
out all but the party he is calling. Either party, 
by dialing, may add others to the connection as 
desired. When the originating party hangs up, 
a long tone pulse is transmitted automatically 
to all stations as an unlock signal.

Certain designated stations may be equipped 
to break privacy for emergency calls. This is done 
by operating of a local key to perform the un
locking function. When this is done, a tone is 
simultaneously applied to the line as a warning 
that a previously locked out station is now con
nected to the line.

Each station on the SSI circuit may be arranged 
to send only, receive only, or send and receive. 
Each receiving station may be called individually 
or in groups. Group and conference calls may be 
set up by dialing a two-digit group code to call a 
predetermined number of stations simultaneously, 
by dialing a number of different station codes in 
any sequence without a waiting period, and by 
dialing other station codes during an existing 
call to add stations.

The equipment has been arranged for either 
central-office or station installation. A  building- 
block design permits use of only those units re
quired for a particular station application. The 
photograph on page 51 shows a typical pack
aged station installation including both send and 
receive capabilities.

Many terminals of SSI equipment are now in 
service. Reports from customers and telephone 
operating companies alike indicate that perform
ance is uniformly good and that the system has 
become an important adjunct to Bell System ser
vice. It is a measure of the flexibility, economy, 
and convenience that the telephone industry has 
been able to pass on to further the business needs 
of its customers.

Telstar Report

Telstar detected large increases of localized 
radiation in space following the Russian high- 
altitude nuclear tests of October 22 and 28, 1962, 
according to a recent report by a Bell Labora
tories scientist to the annual meeting of the 
American Physical Society in New’ York City.

Two concentric belts of intense radiation, the 
Van Allen belts, bulge upward from the earth’s 
atmosphere for thousands of miles. Walter L. 
Brown, Head, Semiconductor Physics Research 
Department, reported that immediately after the 
blasts, the “ gap” or “ slot” between the two belts 
was nearly “ filled up” with energetic electrons. 
There w’as a concurrent increase of electrons in 
the belts themselves, but less than that in the slot.

The number of electrons added by the blasts 
gradually diminished during succeeding weeks. 
However, the decrease in the center of the slot 
was more rapid than it was on the sides of the 
belts, and more rapid than would have been ex
pected. Scientists do not yet know the reason for 
the existence of the natural gap in the intense 
radiation betw^een the tw’o Van Allen belts— 
that is, they don’t know' why the region of radia
tion is not one continuous belt.

Mr. Brown and John D. Gabbe, of the Satellite 
Systems Engineering Department, have deduced 
from the rapid decay in the slot that some sort 
of yet-unknowm “ slot-cutting mechanism” is at 
w'ork, in addition to “ atmospheric scattering.” 
Particles throughout the radiation region are
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From the almost two million measurements 
on radiation which Telstar has sent 

back from space. Laboratories scientists 
have now reported on the effects of 

the Russian high-altitude nuclear tests.

yh Russian Blasts
used Surge of Radiation in Space

scattered when they impinge on molecules of the 
upper atmosphere. This tends to balance the 
gradual, natural increase of particles in the belts.

Telstar showed that the October 22 blast nearly 
filled up the slot, increasing the number of elec
trons there a hundred- to a thousandfold. The 
electrons then decreased in the center of the 
slot at the rate of 50 per cent per day, but much 
more slowly elsewhere. The October 28 blast 
again nearly filled up the slot, and again the 
number decayed at approximately the same rate 
as before.

Scientists are not agreed about the precise re
sults of the U. S. nuclear test in space on July 9 
(called “ Starfish” ) at altitudes above 600 miles 
because there were no radiation-measuring satel
lites in orbit that high at the time of the test.

After Telstar was put into its 600-to-3500-mile 
high orbit on July 10, however, it measured an 
electron intensity in July in the slot even higher 
than the intensity later recorded after the Rus
sian blasts— but how much of the July intensity 
was produced by the Starfish test is still a sub
ject of debate. Large fluctuations are known to 
occur naturally. From July until October the elec
tron intensity in the slot showed a decay rate 
somewhat slower than that after the Russian tests.

The Bell System’s experimental communica
tions satellite in its elliptical orbit passes through 
portions of both the belts. Since its launching by 
the National Aeronautics and Space Administra

tion, it has sent telemetry data on radiation to 
the Bell System station at Andover, Me., to the 
Bell Laboratories station at Cape Canaveral, and 
to NASA ’s worldwide tracking stations (RE C
ORD, November, 1962).

As demonstrated graphically by the interrup
tion in Telstar’s command function (RECORD, 
January, 1963), radiation in space can produce 
severe effects in electronic equipment. The Van 
Allen radiation can be considered somewhat like 
a vast uncharted ocean of protons and electrons; 
it is, however, an ocean whose very presence was 
discovered only recently and whose properties 
are not yet completely understood. Moreover, the 
study of radiation in space is difficult for several 
reasons. First, the region is still not easy to 
reach. Also, satellites, which are always in spe
cific orbits, obviously cannot be everywhere at 
once when changes take place rapidly in the 
character of the radiation, such as the changes 
brought about by events on the sun and by man
made nuclear explosions.

The Van Allen belt radiation is made up of 
fast-moving, or high energy, electrons and pro
tons trapped by the earth’s magnetic field. How 
they got there is still not completely known. 
Some of the particles apparently come as ionized 
gas from the sun, for increased radiation has 
been observed following nuclear “storms” on the 
sun’s surface. It is believed also that some of the 
particles are produced by the interaction of cos-
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Artist’s conception shows inner and outer Van Allen Belts and the “slot” hetiveen, in which increased 
radiation was detected following the Russian tests. Typical Telstar orbit shoivs extent of measurements.

mic rays with the outer atmosphere. Secondary 
particles that go back out into space are called the 
“ albedo” . The neutrons in the albedo decay into 
protons and electrons, some of which are trapped.

The trapped particles travel spirally along the 
earth’s magnetic field lines, which arch high over 
the equator and come back to earth. As a particle 
nears the earth, the magnetic field around it in
creases. As the field strength increases, the spiral 
becomes flatter until eventually the particle is 
reflected and goes back out along the magnetic 
line of force. The process is then repeated on the 
other side of the magnetic field. The points of 
reflection are called mirror points.

Mechanisms are also at work removing the 
particles from the belts. There are still a few 
molecules of very rarefied atmosphere in the Van 
Allen belt region, and the energetic particles 
impinge on these gas molecules. The molecules 
then scatter the particles and release them from 
entrapment in the magnetic field.

Other mechanisms are also apparently at work 
reducing the number of trapped particles in some 
regions of space around the earth to create a 
gap, or slot, of lesser radiation intensity and 
thus separate radiation into inner and outer belts. 
Telstar data show that the number of electrons 
in the slot decreased more rapidly after the Rus
sian high altitude tests than would be expected if 
atmospheric scattering were the only effect re
ducing the number of particles.

Knowledge of trapped radiation in space is 
very recent indeed. It was discovered only in 
1958 by Dr. James A. Van Allen, of the State 
University of Iowa, for whom the radiation belts 
are named. The discovery was made through ex
periments carried out by the satellites Explorer 
I and Explorer II, with additional information 
from Explorer IV and Pioneer I I I  and general 
confirmation by Russian satellites. The artificial 
addition of electrons to the radiation belts by 
high altitude nuclear explosions was predicted
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by N. C. Christofilos of the Atomic Energy Com
mission, and demonstrated in the Argus high-al
titude explosion of 1958.

The flux and spectrum of Van Allen belt radia
tion are known to vary from one region of space 
to another, and to vary in each region from one 
time to another. The aim of space radiation ex
periments is to try to measure these properties 
with appropriate instruments placed aboard sat
ellites and probes. The measurements are then 
analyzed in an attempt to arrive at charts of the 
Van Allen belts and eventually an understanding 
of the mechanisms that produce them. With 
greater understanding, the deleterious effects of 
radiation on equipment can be minimized, and 
long-lived satellites can be built and orbited.

Basically the instruments attempt to separate 
the particles into different energy ranges and to 
count the numbers of particles in each of these 
energy ranges being encountered at that time 
and at that location in space. To do this, the 
scientists and engineers who design the in
struments must make assumptions about the 
kinds and energies of particles expected, and 
then design and calibrate instruments accurate
ly. When the measurements are received on earth, 
these men must take into consideration the loca
tion and orientation of the satellite at the time 
of each measurement; the measurements must 
then be translated into terms compatible with 
measurements obtained from other satellites. 
This can become a massive project— Telstar, for 
example, has already reported almost two million 
measurements of radiation in space.

Further, the instruments in one satellite re
port in terms different from the instruments of 
another. Their orbits also differ. Proper inter
pretation of the data frequently is a subject of 
scientific debate.

The measurements from Telstar showed that 
prior to the Russian nuclear tests in October, 
fluxes of electrons were relatively stable in Tel- 
star’s orbit. The flux was about 3 million elec
trons per square centimeter per second on a mag
netic field line that crosses the equator at 4,500 
miles altitude. A fter the second explosion the 
flux there was about 500 million electrons per 
square centimeter per second. This line is on the 
high-altitude side of the inner Van Allen belt.

The relative increase was even greater in the 
center of the slot region between the two belts. 
Electrons in the slot increased about 1000 times.

In July, when Telstar went into orbit, radiation 
was also high. Then the flux of electrons at 
the peak of the inner Van Allen belt was about 
800 million per square centimeter per second.

The energy spectrum of the added electrons 
is roughly what would be expected from a nu
clear fission explosion, but is apparently slightly 
“softer,” or of lower energy, than the spectrum 
in some parts of space before the October tests.

The over-all change of spectrum as a result 
of the October tests had the peculiar effect of 
raising the net flux in the middle of the spectrum 
— at about 0.5 Mev— with respect to the upper 
and lower ends of the spectrum.

A detailed scientific report of some of Tel- 
star’s measurements will appear in an article by 
Brown and Gabbe in the February issue of the 
Journal of Geophysical Research.

RADIATION GLOSSARY

Over the years a special vocabulary, based on 
the physics and mathematics of radiation, has 
been evolved among scientists and engineers to 
describe radiation generally, and some of the 
terms have a special utility in discussing radia
tion in space.

The electron volt is a unit used to describe the 
energy of a particle. It is the energy transferred 
to or from one electron when it passes between 
two regions having a difference of electric po
tential of one volt. Particles with greater amounts 
of energy have greater instantaneous velocity.

The electrons that strike the face of a typical 
television picture tube to produce the picture each 
have an energy of about 15,000 electron volts. The 
particles in the Van Allen belts have energies in 
the millions of electron volts, abbreviated “Mev.” 
Other units sometimes used are a thousand elec
tron volts, “kev,” and a billion electron volts, 
“Bev.”

Flux of particles in space refers simply to the 
number of particles that pass through a given 
surface (o f given area and orientation in space) 
per unit of time.

The particles in a flux may have many different 
energies. The distribution of energies of particles 
in this flux is referred to as its spectrum.

The intensity of radiation is the total energy 
of particles flowing through a unit area per unit 
of time, and is dependent on both the flux and 
the spectrum of the flux.

The direction of movement of a particle is im
plied in velocity, and the direction in which 
particles are moving in various parts of space 
is important to an understanding of the Van 
Allen belts.
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Modern applications of circuit components 
are more demanding than ever before.
To meet the need for sealed contacts that 
can bear the tilt and vibration of mobile 
installations. Bell Laboratories engineers 
are now developing . . .

Position-Independent 
Mercury Contacts

C. E. PoUai-d

Relays employing mercury wetted sealed con
tacts have been in Bell System use for many 

years. The exceptionally long life and favorable 
load capability of these contacts have invited an 
extension of their use. Present models are lim
ited by their sensitivity to position and shock; 
they must be mounted in a substantially vertical 
position and cannot be fitted to vibrating units. 
In order to overcome these limitations and extend 
their use, engineers in the Switching Apparatus 
Laboratory at Bell Laboratories began an inves
tigation into contact design principles. This study 
has now resulted in the development of an experi
mental mercury contact which is position-inde
pendent, as well as quite resistant to shock.

The new contact, while embodying several im
provements, still operates on the same principles. 
The contacting surfaces are thin films of mercury 
adhering to a substrate of solid metal. As the con
tacts close, the mechanical impact forces excess 
mercury out of the interface in the form of 
minute globules which impinge upon the glass 
walls and internal metal parts. When the contacts 
open, the mercury at the interface is drawn into 
a thin ribbon, which is eventually ruptured by the 
surface tension forces. A mercury cusp momen
tarily forms on each contact face and a free glo
bule of mercury flies away from the gap. In a 
conventional, vertically mounted contact, the mer
cury lost at each operation returns by gravity to
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A conventional mercury contact (le ft ) contains liquid mercury which limits its tilt. A t right, the new, 
'position-independent contact with no free volume of mercury. Both models are about one inch tall.

the bottom of the enclosure. From this reservoir 
it is returned to the contact interface by way of 
capillary paths through the armature.

Function of Reservoir
The reservoir is the chief factor distinguishing 

old contacts from new. In conventional contacts, 
this reservoir serves two functions. Not only does 
it replace the mercury lost at each operation, it also 
determines the hydraulic forces at the interface. 
These forces are opposed by surface tension, 
which is itself controlled by contact geometry. 
The balance between surface tension and hydrau
lic forces determines the amount of mercury at 
the interface, and thus the operating properties 
of the device. At the time when some mercury is 
returning from the walls of the capsule to the 
reservoir and some is returning to the contact

area, enough mercury must remain in the reser
voir at all times to maintain the necessary hy
draulic forces.

To insure that operating characteristics remain 
stable, the design of the reservoir includes a 
generous volume of mercury. This liquid, how
ever, limits the permissible tilt of the sealed 
contact from its vertical axis: Excessive tilt 
would create excessive changes in the hydraulic 
forces at the interface, thus destroying the bal
ance. Restricting the tilt has generally been 
acceptable in connection with stationary installa
tion, but it excludes mobile applications where 
tilt, shock and vibration may be encountered. A 
development program was initiated to overcome 
this limitation.

One of the first methods explored for achieving 
position independence is that of reducing the vol-
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A greatly expanded vietv of the contact armature 
or “reed” shows the tiny capillary paths which 
carry the mercury to the contact area.

ume of mercury in the contact to the point where 
none remains freely movable. In the completed 
device there is only enough mercury to wet spe
cific metal parts of the contacting mechanism and 
only to the degree desired. I f  only the stationary 
contacts of precious metal and the moving arma
ture are coated with mercury, the mercury is 
held in place by adhesion to the metal surfaces 
and by the surface tension. Forces due to gravi
tational hydraulic effects are negligible in com
parison with these forces and the device becomes 
position independent.

In the operation of a contact with this design, 
as with previous designs, a small amount of mer
cury is lost from the contacting surfaces at each 
operation. Since no reservoir is provided, most of 
this mercury cannot return to the contacts. The 
life of the device is therefore largely limited by 
the amount of mercury initially provided. As 
these contacts operate, the lost mercury is re
placed from that adhering to the armature. The 
decrease in volume increases the surface tension

tending to hold the mercury to the armature and 
the armature to either of its fixed contacts. The 
surface tension configuration is also changed.

Changing Sensitivity
This has two consequences in terms of contact 

performance. First, the ampere turns required to 
operate a relay having such a contact will change 
with use. As mercury is lost, more power is re
quired for operation. Second, the device will be 
sensitive to acceleration forces in proportion to 
the amount of mercury initially supplied: The 
more mercury, the greater the sensitivity. As the 
contact is used and the amount of mercury de
creases, the resistance of the device to shocks and 
vibration improves. Thus, increasing mercury ex
tends contact life and improves operational stabil
ity while decreasing mercury improves shock 
resistance and position independence. In order to 
attain desired device characteristics for a partic
ular application, we must therefore control the 
amount of mercury included.

Many ways can be conceived to effect this con
trol. For example, the desired amount of mercury 
could be established by weight or volume before 
its insertion into the sealed contact. Then again, 
a distillation process could be adapted to increase 
or decrease the amount of mercury. In our experi
mental work, however, we have elected to insert 
more than the required amount of mercury ini
tially and then to centrifuge off the excess. Cen
trifugal forces are readily adjustable to any de
sired value, thereby providing close control of the 
amount of residual mercury.

Two-Bulb Assembly Technique
For this technique, the contact is assembled as 

a two bulb unit, one bulb containing the contact

The new coyitact is initially assembled as this 
two-bulb imit. When the internal parts have been 
properly coated, excess mercury is centrifuged off 
into reservoir bulb, which is then removed.
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4 6 8 ,
NUMBER OF OPERATIONS

Graph shotvs the variation in ampere-turns re
quired to operate the new contact as its “ life” in
creases. Power demands can be anticipated

and applications chosen accordingly. Improved 
models and more precise control of manufacture 
should bring future tests into closer agreement.

and the other a mercury reservoir. The mercury 
flows freely between them through a connecting 
tube. The whole assembly is pressurized, then 
sealed by closing the reservoir bulb. After 
processing to cause the mercury to wet the appro
priate parts of the flnished, sealed contact, the 
assembly is centrifuged to the desired degree, 
excess mercury collecting in the reservoir bulb. 
The tube between the bulbs is then closed by weld
ing and the reservoir cut oif. The short spring 
welded to the center of the reed and the contoured 
shape of the reed constitute a substantially bal
anced armature structure which is desirable if  
the contact is to have good resistance to shock 
and vibration.

Extensive Test Program
Numerous test runs were performed on con

tacts assembled in this manner. Centrifugal forces 
from 10 to TOG were applied for periods of one 
minute. The amount of residual mercury varied 
between 5.5 and 35.0 milligrams, with an appar

ent logarithmic dependence on applied force over 
the range considered. Tests on the progressive 
change in operate-and-release ampere turns with 
life show a considerable spread in behavior, as 
shown in the graph above. The irregularity in 
these data probably results from differences in 
manually-prepared samples, but the expected 
trends are nevertheless evident. More information 
on these trends and their reproductibility will be 
available as the construction and testing of addi
tional models continues.

The early results from this continuing program 
have confirmed our objective of designing a con
tact with significant new characteristics. Resis
tance to shock and vibration as well as position 
independence can now be controlled within a 
given range. Contact life and stability can also be 
regulated according to the amount of residual 
mercury present. Thus not only can we increase 
the selectivity for particular applications, but 
we can also considerably broaden the overall 
range of applications.
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Christmas week saw a group of 
university and college professors 
gathered at the Holmdel and Murray 
Hill locations, for a . .  .

Science and Engineering 
Symposium Held at Laboratories

On December 27th and 28th, the Laboratories 
was host to a group of 128 professors and instruc
tors from the engineering and science depart
ments of 94 different colleges and universities. 
These men spent a day each at Holmdel and Mur
ray Hill listening to papers on the general subject 
of “ Science and Engineering in Communication 
and Military Systems.” Demonstrations and tours 
of pertinent areas at each location were also ar
ranged.

The symposium was designed to foster a great
er understanding in academic circles of Bell 
Laboratories’ over-all aim in the advancement of 
communication systems and related military tech
nology. The relationship between academic pro
grams and basic research and device design 
programs at the Laboratories is well understood. 
Somewhat less clear, but equally important, is the 
need to couple closely the work on the design of 
large scale systems with the scientific and engi
neering concepts coming from the colleges and 
universities. Hopefully, the symposium will lead 
to an exchange of ideas in this field.

Transmission System  Design

After a brief welcome by J. B. Fisk, President 
of the Laboratories, C. H. Elmendorf introduced 
the first morning session, devoted to transmis
sion. In the first talk, R. W. Hatch discussed the 
general approach to the design of a transmission 
system, using as a particular example the design 
of a satellite communication system. First, an ini

tial determination of the objectives is made in 
terms of the type and quality of service to be 
provided. Then, specific system configuration that 
look promising are considered, and an evaluation 
of the various possibilities is made. The initial 
evaluation is normally based primarily on tech
nical considerations, but economic, legal and sched
ule factors also play an important role in the 
final choice. Detailed block diagrams and system 
requirements are then prepared to guide the 
development work which follows.

In the satellite communication system used as 
the example, there are Hvo quite different ap
proaches which have been proposed— medium al
titude satellites in random orbits and high alti
tude satellites in “24-hour” orbits. Each presents 
advantages and disadvantages. For example, 
while the high altitude system could provide 
world-wide coverage with only three satellites, 
in contrast to the 30 to 50 required in the medium 
altitude system, there would be concurrent prob
lems of “ station-keeping” to keep the satellite 
properly positioned in orbit. Of particular con
cern is the need for a reliable, long-life means of 
propulsion. There is also the inherent transmis
sion delay implied by the altitude— 22.400 miles 
— amounting to 600 milliseconds per round trip, 
which would give rise to problems in echo sup
pression.

For the purposes of illustration, the decision 
was made to provide enough bandwidth to carry 
television; this bandwidth would automaticallv
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provide enough capacity to carry all other types 
of communication signals envisioned at the time. 
The quality of performance desired was set at a 
weighted signal-to-noise ratio of 55 db. Be
cause of the extreme distances involved, and the 
consequent weak received signals, this particular 
objective has a major effect on system design and 
was therefore selected for specific consideration 
in this example. Mr. Hatch showed graphs in
dicating the effects of variations in various sys
tem parameters, including the effects of satellite 
altitude, communication frequencies, and the type 
of modulation. He also discussed the various pos
sible combinations which could be built into a 
medium-altitude satellite system using frequency 
modulation to achieve the desired 55 db S/N, as 
shown in the chart at right.

In conclusion, Mr. Hatch pointed out that the 
design approach is similar for all transmission 
systems. However, each has its own unique and 
challenging problems.

Submarine Cable Laying
In a paper on submarine cable laying R. D. 

Ehrbar discussed the rapid expansion of repeat- 
ered submarine cable systems for multichannel 
telephony during the past decade. Radical new 
methods which have recently been developed for 
laying such systems were described, along with 
possible approaches for even more advanced tech
niques. The problems associated with laying the 
new non-armored cable and its companion two- 
way repeaters (Record March 1962) were detailed.

The major criterion in laying cable, according 
to Mr. Ehrbar, is that it must cover the botton 
exactly: i f  the cable it too tight, it “hangs up” 
and is subject to damage from any dragged ob
ject, as well as to breakage; if  it is too loose, cable 
is wasted and excessive attenuation results. An
other major problem is that the cable must not be 
damaged during the laying process, either during 
the time that the cable engine is “pushing out” 
the cable in shallow water or holding it back in 
deep water, or when the engine comes to the dis
continuity of the repeater.

The major problems in cable laying lie in the 
lack of knowledge of the environment, in the 
motion of the ship, and in the fact that cable, 
once laid, cannot be adjusted or repaired easily.

In discussing the current development pro
grams in cable laying, he then discussed the 
fundamental forces acting on the cable during 
laying procedures, and the difficulty of obtaining 
meaningful data from scale model towing tanks. 
Some of these data were found to vary by as 
much as 30 per cent from the results obtained

Satellite Power 
in Watts
Orbit Altitude 
in miles
Satellite Antenna 
Gain in db
Ground Receiver 
Antenna Gain 
in db

System Noise 
Temperature 
in Degrees K
Peak Frequency 
Deviation in me
IF Bandwidth 
in me
FM Breaking 
Margin in db 
(with Conventional 
Receiver)
TV S/N 
in db

Weighted S/N 
in db
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0 0 10 10

57 57 57 54

50 50 50 100

7 15 15 15

25 40 40
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h

’ 6 6

34 46 46 46

43 . 55 ■■' 55 ' 55

Chart shows “trade-offs” possible in design of a 
communication satellite to achieve a desired S/N.

during sea trials. To try to find out why, a special 
sea trial will be made this summer with instru
ment packages built into a cable section. These 
instruments will measure such variables as pres
sure, tension and acceleration as the cable is laid, 
and hopefully will provide more precise knowledge 
of actual laying conditions than has been avail
able heretofore. An illustration of the instru
mented cable is shown on page 64.

Mr. Ehrbar also briefly described tentative 
design work being conducted on methods for bury
ing submarine cable on the ocean floor, either as it 
is laid or afterwards, as a second operation. Such 
burial, to a depth of perhaps 12 inches, would 
eliminate much of the problems of breakage now 
associated with dragging operations of trawlers 
or anchoring ships. Little knowledge is available 
on methods for trenching under water, or even on 
the characteristics of the ocean bottom which 
would bear on such an operation. Only very tenta
tive work has been done in this field so far, but 
indications are that such efforts will prove ex
tremely valuable in submarine cable systems of 
the future.
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Schematic of cable instrumentation for sea trial, to determine meaningful cable-laying data.

Digital Transmission

W. 0. Fleckenstein then presented a paper 
on the subject of digital transmission in communi
cations, including both the transmission of typi
cal analog signals encoded in digital form, and 
the transmission of data initially generated in 
digital form. An important consideration in 
meeting the data need is the existing communi
cation network, including the nationwide switched 
network, which has evolved primarily to satisfy 
voice communication requirements but has much 
more general capabilities. Mr. Fleckenstein men
tioned the background of communication theory 
that has built up to deal with these problems. He 
emphasized some of the factors which make it 
difficult to apply this theory to the practical 
situations encountered. One of the outstanding 
ones is the difficulty in characterizing the “chan
nel” when dealing with any one of a large number 
of switched connections. He discussed various 
different modulation and detection techniques and 
their general speed capabilities.

These techniques include binary frequency mod
ulation, a good choice for moderate speed trans
mission. This technique is embodied in the 
presently-available FM Data Sets which transmit 
at the rate of up to 1200 bits per second over the 
switched network and up to 1600 bits per second 
over private lines (Record December 1962).

For higher speed transmission, Mr. Flecken
stein indicated that theory suggests a technique 
which is efficient of bandwidth such as vestigial 
sideband transmission with coherent detection. 
Quaternary phase modulation, however, gives 
the same performance under ideal conditions and 
has two important practical advantages: 1) it is 
somewhat more tolerant of transmission distor
tions normally encountered, and 2) it can, at a 
small penalty in signal-to-noise ratio, avoid the 
problem of recovering a demodulating carrier by 
coding successive symbols into changes of phase 
rather than absolute phase. Mr. Fleckenstein sug

gested that the 4-phase data set represents a good 
balance of speed, performance, and complexity, 
and discussed the characteristics of the PM Data 
Set, (2000 bits per second over the switched net
work, 2400 bits per second over private lines). 
He also commented on the extension of these 
techniques to very much higher speeds on wide
band channels.

Mr. Fleckenstein then turned to a discussion 
of the various methods of coding for error de
tection and correction that are possible in data 
transmission systems. This included a discussion 
of the statistics of errors as thej’' occur in data 
transmission— whether they occur singly or in 
bursts—  and how this affects the conception of 
the error detection or correction system being 
used. He reviewed the results of some recent 
experiments made over regular switched net
work connections with a partciular code involv
ing error detection with retransmission of sec
tions of the data in which errors are detected. 
He also reviewed the important parameters (e f
ficiency, delay, and memory) of an error control 
system involving error control by detection and 
retransmission but with input and output at es
sentially fixed speed.

In the final section of his talk, Mr. Flecken
stein reviewed the principles of pulse code modu
lation, and described its current status in the 
transmission of analog information. The PCM 
technique is attractive for reasons of both econ
omy and performance, he said. For example, the 
terminal equipment can be made economical by 
time-sharing complex equipment among a large 
number of channels. Also, since the signal being 
transmitted is a binary signal, capable of being 
regenerated, the system is very rugged in the 
transmission sense. For example, the T1 Carrier 
System described can operate over ordinary 
paper-insulated copper wires at speeds of over 
1,500,000 bits per second with regenerative re
peaters spaced at 6000 foot intervals. A third 
important point is that the digital line can be used
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for various signals such as voice and data, up to 
the limit of its capability.

As in every type of transmission system, of 
course, PCM is not without its problems. Pulses 
cannot continue to be regenerated indefinitely, 
since in practise some degradation builds up due 
to imperfect timing of the regenerative repeater. 
There is also some “ quantizing noise,” which re
sults from the discrete encoding of each sample 
to convert the analog signal into digital form. 
Also, as the techniques are extended to handle 
very wideband signals, the speeds and accuracies 
involved become severe. Mr. Fleckenstein com
mented on exploratory work being done on ex
tremely highspeed PCM systems involving, for 
example, sampling times of less than one-half 
nanosecond— the length of time it takes light to 
travel about five inches! Obviously, the equip
ment involved in such systems must be extremely 
precise and the circuits very short to accomplish 
the required functions.

Speech Transmission
In the last paper of the morning session, E. E. 

David discussed the characteristics of human 
speech which suit it so admirably for communi
cation. Not only does it incorporate an efficient 
linguistic code, but it defies the inroads of babble, 
reverberation and noise. Today, electrical com
munication devices and systems have extended 
its utility far beyond the speaker’s immediate 
environment. However, speech in its raw form, 
according to Mr. David, requires a large trans
mission bandwidth and signal-to-noise ratio. For
tunately, speech can be represented in a more 
efficient form; significant bandwidth reduction 
can be realized by transmitting not speech itself, 
but a description of it, based on a knowledge of 
its production mechanism, the human voice tract. 
Mr. David described and illustrated a number of 
the methods of describing the vocal tract in a 
way useful for electrical transmission. He then 
showed how speech could be recreated at the re
ceiver, from these descriptions, by a synthetic 
“ talker.”

He also described research aimed toward cre
ating artificial speech from an input of phonetic 
symbols, and played samples of audio tapes pro
duced in these experiments. The results, he said, 
have given us confidence that we now understand 
speech well enough to utilize artificial speech for 
voice read-out from information storage systems.

Telephone Switching System s
Following lunch and a tour of the Holmdel 

laboratories, R. W. Ketchledge opened the after
noon session on Switching. In the first paper of

Typical inputs for digital transmission system.

the afternoon session, William Keister presented 
a broad-brush picture of telephone switching 
systems —  how they are organized, how they 
have evolved, and what is in store for them in 
the future. With block diagrams and photographs, 
Mr. Keister showed how the first type of switch
ing system—step-by-step— operated to connect 
a relatively limited number of telephone cus
tomers. He pointed out how, in the 1920s, the 
panel system—with more centralization and a 
decoder (for translating digits to a systems code) 
— achieved considerably more flexibility than the 
step-by-step system. The biggest advance in 
electromechanical telephone switching, accord
ing to Mr. Keister, came with the advent of cross
bar systems in the late 1930s. With crossbar 
systems, small relay switches are able to make 
as many as 20 simultaneous connections. Great 
flexibility was achieved through a “marker” , or 
central control which contains the logic of the 
interconnections made by the system.

Mr. Keister then explained how— with the 
discovery of the transistor in 1948—the door 
opened to electronic switching systems. “ The 
trend in the evolution of telephone switching 
systems,” said Mr. Keister, “has been to central
ize functions.”  Electronic switching systems ex
emplify such centralization. A  central processor 
routes information from a scanner through a
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SECOND FORMANT FREQUENCY IN CPS

Comparison of the formant frequencies of typical 
vowel sounds contrasted with t o u c h - t o n e  Signals.

temporary and semi-permanent memory to a 
distributor and into the telephone trunks.

Electronic Switching
This briefing on the general aspects of elec

tronic switching systems was followed by Mr. 
R. W. Ketchledge’s talk on system techniques in 
electronic telephone switching. In designing an 
electronic system with stored program control, 
Mr. Ketchledge emphasized dependability as an 
absolute requirement. In this regard, he was re
ferring not to the failure of a particular com
ponent, but to “outage”— that period of time dur
ing which a system is not functioning. “ The most 
difficult thing the machine has to do is to stay 
alive,” said Mr. Ketchledge. And he added, “Here 
we are talking about machine immortality.”

Mr. Ketchledge discussed the trial of the ex
perimental electronic central office in Morris, 
Illinois, and commented briefly on stored pro
gram control, automatic diagnostic techniques, 
duplicate switching organization, programming 
strategy, and hardware considerations.

TOUCH-TONE Signaling
As the last speaker of the afternoon at the 

Holmdel session, L. A. Meacham discussed a re
cent basic study related to t o u c h - t o n e  Calling. 
He explained how the signaling system, although 
using signals in the same frequency band as 
voice, is protected against digit simulation by 
speech. Although t o u c h -t o n e  field trials have

shown that a false digit is registered by speech 
or other sounds only about once in 10,000 
telephone calls and no longer represents a serious 
problem, Mr. Meacham stated that an examina
tion of such simulations (1) provides a direct 
check on the performance of the receiver, (2) de
termines the accuracy of certain voice wave 
theories, (3) presents an opportunity to elimi
nate simulation completely, and (4) may turn 
up information useful in the development of 
other signaling systems.

He then reviewed the organization of the 
TOUCH-TONE system and told how the receiver 
distinguishes between speech and wanted signals. 
Using what we know about the formation of voice 
sounds, Mr. Meacham showed how qualitative and 
quantitative tests were used to analyze 57 speech 
simulations of TOUCH-TONE digits recorded on 
tape at the Laboratories. In some cases, voice 
sounds were converted to digital data and analyzed 
on a computer. The results of these investiga
tions proved that the receivers are performing 
as intended, and confirmed the theory on wLich 
TOUCH-TONE signaling is based.

Defense Projects
The following morning, the scene again shifted, 

this time to the Murray Hill location, where W.
E. Danielson opened the morning session on de
fense systems with a discussion of defense work 
and contrasted today’s technological defense 
problems with those of the second world war. 
“ Today, ballistic missiles travel at 4 miles per 
second compared to World War I I  aircraft trav
eling at 0.1 of a mile per second. The destructive 
capability of weapons has increased about one 
million times and the range of weapons carriers 
has gone from 500 to 5000 miles.” This tremen
dous change in weapon capability, he pointed out, 
necessitates a considerable difference in the tech
nological approach to defense problems. The three 
basic aspects of such an approach involve an 
evaluation of (1) the nature of the threat, (2) 
the requirements for effective defense, and (3) 
system “ trade offs.”

The physical constraints placed upon defense 
systems were considered by Mr. Danielson to be 
governed by the reaction time and the limitations 
involved in the nature of the ballistic threat. 
Here, the trajectory route plays an important 
part in determining what kind of warning sys
tems and what kind of interceptoi's will be effec
tive in the case of attack. The potential use of 
decoys along with armed ballistic missiles poses 
another serious problem. Mr. Danielson dis
cussed the need to distinguish the armed missiles
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from the decoys within a period of less than 30 
seconds before impact. In this time interval, the 
effects of the re-entry environment on the at
tacking missile must be analyzed and the inter
ceptor launched. He stated that the successful 
interception of a target requires the absolute 
coordination of the detection radars, the attack 
verification equipment, the high-confidence dis
crimination apparatus, the precision track radar, 
and the interceptor itself.

The broader system problems he mentioned 
concern the location of radar equipment as well 
as the location of the interceptors. Such deci
sions are, in turn, based on strategic, political, 
and economic factors. “ The threat we face,” said 
Mr. Danielson, “ is not a static one, but an evolv
ing one; we must meet it with forethought, be
cause there is no room for hindsight.”

Information Gathering in Missile Detection
In discussing the engineering solution to effi

cient surveillance, J. W. Schaefer, the second 
speaker, discussed the requirements of surveil
lance by the n i k e - z e u s  anti-missile system and 
the manner in which they are fulfilled by the 
“Acquisition Radar” . The Luneberg lens re
ceiving antenna employed in this radar received 
special emphasis. The function of such equip
ment is to detect the position of the target and 
automatically establish a “ track” so that the rest 
of the system can effect an intercept.

Mr. Schaefer used the basic radar performance 
equation to illustrate the constraints on the de
signer of a scanning-type surveillance radar. The 
design process is a long series of compromises 
between many desirable characteristics. It was 
clear that there is no “pat” solution to a radar 
design, but only an optimum balance of com
peting attributes.

Many configurations of radars were proposed in 
the early days of the n i k e -z e u s  project to meet 
the requirement of surveillance. Some of these 
were illustrated and described to show how the 
concepts evolved to the track-while-scan solu
tion finally chosen. A unique application of the 
Luneberg lens as the receiving antenna for the 
system was described in some detail as well as 
the actual installation of the completed radar on 
Kwajalein Island.

According to Mr. Schaefer, the criteria for 
measuring the excellence of a radar system “ is 
how far away can an incoming missile be identi
fied as a target to be engaged, and this is 
dependent on the characteristics of the data pro
cessing gear as well as the radar proper.” Mr. 
Schaefer demonstrated how the n i k e -z e u s  system 
rejects huge amounts of uncorrelated noise data

to discern the trajectory of an attacking missile. 
With slides, he showed how the total number of 
reports decreases as data is processed by the 
NIKE-ZEUS logic equipment and a proven “ track” 
is obtained. He also pointed out the need for 
ultra-reliability and infrequent adjustment of 
equipment, and discussed the testing and calibra
tion of the NIKE-ZEUS system.

Pulse-Com pression Radar

The third speaker during this second morning 
session was C. W. Hoover, who talked about 
pulse compression radar, and how the flexibility 
which this technique provides is one of the means 
of keeping up with the rapidly evolving threat in 
the ballistic missile defense problem. He devel
oped the analogy between the pulse compression 
process and the processes of beam formation and 
steering in array antennas, and derived the ap
propriate parameters characterizing the perform
ance of both systems.

Following lunch and a tour of the Murray Hill 
facilities, K. G. McKay, Executive Vice President, 
contrasted systems engineering in the power, 
chemical, and aerospace industries with sys
tems engineering in the communication in
dustry. “ Systems engineering in the communi
cation industry,” said Mr. McKay, “ is influenced 
by (1) complexity and the need for integration 
and (2) the fact that the communication industry 
chooses to sell a service rather than a product.” 
In the first case, Mr. McKay pointed out that 
complexity involves not only the number of cus
tomers served, but also the variety of services 
which they require and the need to integrate 
both the communication network and the services 
that network carries. In the second case, he ex
plained that “ the feedback from customer to the 
systems design engineer poses a continuous 
problem of anticipating future needs by a 
thorough knowledge of existing systems.

In considering the organizational features of 
systems engineering, Mr. McKay mentioned four 
steps which must be taken to satisfy most com
munications problems: (1) defining the objec
tives, (2) specifying the requirements for the 
system, (3) considering alternative proposals, 
and (4) writing a prospectus containing the over
all requirements for the system. Once these steps 
are accomplished, development can be started and 
field trials initiated. In touching on the similari
ties of systems engineering and what is termed 
“ operations research,” Mr. McKay remarked that 
“ In both cases, it is necessary to know the prop
erties of existing systems, because this is the 
environment in which future systems must work.”
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Following is a list of the inventors, titles and patent numbers 
of patents recently issued to members of the Laboratories.

Barrett, W. A., Jr. — Magnetic 
Memory Circuits—3,067,408.

Bobeck, A. H.—Magnetic Memory 
Circuits—3,069,665.

Bowers, K. D., Kompfner, R, and 
Mims, W. B.—High Frequency 
Generator—3,067,379.

Brooks, C. E., Crofutt, G. B., and 
Henry, J. L.—Distributed Line 
Concentrator System— 3,070,- 
666.

Butenbach, R. W.—Radiant-En
ergy Translation System—3,- 
069,546.

Ciccolella, D. F., Forster, J. H., 
and Rulsion, R. L.—Semicon
ductor Diode—3,067,485.

Crofutt, G. B., Jr.— see Brooks, 
C. E.

David, E. E., Jr.—Autocorrela
tion Vocoder—3,069,507.

DeLange, O. E.—Signal Trans
lating Circuits Employing Two- 
Terminal Negative Resistance 
Devices—3,069,564.

DeMonte, R. W. and Kopp, W. J. 
—Negative-Impedance Repeat
er—3,068,329.

Feder, H. S. and Manasse, F. K. 
—Switching System—3,068,322.

Feinstein, J.—Electron Discharge
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Devices—3,069,594.
Fleckenstein, W. O.—Pulse Fre

quency Divider—3,067,363.
Forster, J. H.—see Ciccolella, D.

F.
Fuller, C. S. and Whelan, J.M.— 

Treatment of Gallium Arsenide 
—3,070,467.

Fuss, P. S.—Junction Transistor 
Pulse Generator—3,069,563.

Gianola, U. F.—Magnetic Mem
ory Devices—3,069,661.

Gilman, G. W., Pullis, G. A., and 
Spack, E. G. — Transmission 
control in Two-Way Signaling 
Systems—3,069,501.

Gyorgy, E. M. and Nesbitt, E. A. 
—Permalloy With Gold Addi
tions—3,067,029.

Haas, H. H.—Order Wire and 
Alarm Circuits—3,070,672.

Hamilton, B. H.—Current Supply 
Apparatus—3,069,612.

Harry, W. R.—Signal Translat
ing Systems—3,066,633.

Held, H. C.—Automatic Control 
in Fabrication of Printed Wir
ing Boards—3,068,733.

Henry, J. L.—see Brooks, C. E.
Holding, A. R. and Oliver, B. B. 

—Inaudible Supervisory Sig

naling System—3,070,667.
Kompfner, R.—see Bowers, K. D.
Kopp, W. J.—see DeMonte, R. W.
Lowry, T. N.—Switching Device 

—3,070,677.
Manasse, F. K.—see Feder, H. S.
Mims, W. B.—see Bowers, K. D.
Nesbitt, E. A.-----see Gyorgy, E.

M.
Oliver, B. B.—see Holding, A. R.
Pullis, G. A.—see Gilman, G. W.
Roscoe, L. C.—Sequential Pulse 

Generator Employing Two Se
quentially Actuated Monosta
ble Multivibrators—3,067,343.

Rulsion, R. L.—see Ciccolella, D.
F.

Smith, K. D. — Proximity Fuze 
with Electro-Optical Apparatus 
—3,060,857.

Spack, E. G.—see Gilman, G. W.
Spector, C. J., and Warner, R. M., 

Jr. — Field Effect Avalanche 
Transistor Circuit with Selec
tive Reverse Biasing Means— 
3,062,972.

Suhl, H. — Gyromagnetic Para
metric Amplifier—3,066,263.

Villars, C. P .— Nonlinear PCM 
Encoders—3,065,422.

Whelan, J. M.—see Fuller, C. S.
White, P. R.—Soldering of Zinc- 

Containing Surfaces — 3,066,- 
406.

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

Allen, F. G., see Gobeli, G. W.
Ballentine, E. E., Saari, V. R. 

and Witt, F. J., The Solid-State 
Receiver in the TL Radio Sys
tem, BSTJ, 41, 1831-63, Nov. 
1962.

Bennett, W. R., see McFarlane, 
R. A.

Bishop, L. R., Experimental Eval
uation of an Approximate Solu
tion for the Response of a 
Fixed-End Beam to Dynamic 
Loading, MS Thesis, Ohio State 
Univ., 1962, 37 pp.

Boddy, P. J., see Brattain, W. H.
Bodtmann, W. F., see Ruthroff, 

C. L.

Bowyer, L. R. and Highleyman, 
W. H., An Analysis of Inherent 
Distortion in Asynchronous 
Frequency Shift Modulators, 
BSTJ, 41, 1695-736, Nov., 1962.

Boyle, W. S. and Nelson, D. F., 
Continuously Pumped Solid - 
State Optical Masers, Proc. 
Natl. Aerospace Electronics 
Conf., May, 1962, pp. 14-16.

Branower, M. R., The Inversion 
of Time Series, MS Thesis, New 
York Univ., 1962, 49 pp.

Brattain, W. H. and Boody, P. J., 
The Interface Between Ger
manium and a Purified Neutral 
E lectro ly te , J. Electrochem.

Soc., 109, 574-82, July, 1962.
Broyer, A. M., see Nassau, K.
Chapin, D. M., Energy from the 

Sun, Bell System Sci. Kit, 
Expt. No. 2, Baltimore, Waver- 
ly Press, 1962.

Chaudhuri, A. R., Patel, J. R. and 
Rubin, L. G., Velocities â id 
Densities of Dislocations in 
Germanium and Other Semicon
ductor Crystals, J. Appl. Phys., 
33, 2736-46, Sept., 1962.

Chaudhuri, A. R., see Patel, J. R.
Dai'lington, S., Some Properties 

of Multiterminal RC Networks, 
IRE Intern. Conv. Record, PT 
2, 36-48, 1962.

Embree, M. L., see Gateka, E. A.
Ending, J. W., Conquest of Dis

tance, IRE Student Quarterly,
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8, 3-12, May, 1962.
Faust, W. L., McFarlane, R. A., 

Patel, C. K. N. and Garrett, C.
G. B., Gas Maser Spectroscopy 
in the Infrared, Appl. Phys. 
Letters, 1, 85-8, Dec., 1962.

Faust, W. L., see McFarlane, R.
A.

Faust, W. L., see Patel, C.
Faucett, E., The Magnetoresis

tance of Molybdenum and Tung
sten, Phys. Rev., 128, 154-60, 
Oct. 1, 1962.

Feder, H. S. and Spencer, A. E., 
Telephone Switching, Sci. Am., 
207, 132-43, July, 1962.

Feynman, R. P., see Platzman, 
P. M.

Flanagan, J. L., A Computational 
Model for Basilar Membrane 
Displacement, J. Acoust. Soc. 
Am., 34, 1370-6, Sept., 1962.

Freeland, P. E., see Trumbore, 
F. A.

Frey, H. C., see Nelson, C. E.
Galt, J. K. and Spencer, E. G., 

Loss-Mechanism in Spinel Fer
rites, Phys. Rev. 127, 1572-6, 
Sept. 1, 1962.

Garrett, C. G. B., see Faust, W.
L.

Gateka, E. A. and Embree, M. L., 
Semiconductor Modulators for 
Modern Magnetrons, Electron
ics, 42-5, Sept. 14, 1962.

Germer, L. H. and Macrae, A. U., 
Oxygen-Nickel Structure on 
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J. Appl. Phys., 33, 2923-32, 
Oct., 1962.

Germer, L. H. and MacRae, A. U., 
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(110) Nickel Surface, J. Chem. 
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State Electronics, 5, 313-29, 
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D. L., Sharp Line Fluorescence, 
EPR and Thermoluminescence 
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126, 1684-6, June 1, 1962.

Geynet, R., see Holt, V. E.

Gobeli, G. W. and Allen, F. G., 
Work Function and Photoelec
tric Measurements on Cleaved 
Silicon Surfaces, Phys. Rev., 
127, 150-8, July 1, 1962.

Gordon, B. F. and Ross, I. C., 
Professionals and the Corpora
tion, Research Management, 5, 
493-505, Nov., 1962.
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Wernick, J. H., Nuclear Mag
netic Resonance in Uranium 
Aluminum (2), Phys. Rev., 128, 
1038-43, Nov. 1, 1962.
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Gummel, H. K. and Smits, F. M., 

Solar Power System—Calibra
tion and Testing, Proc. Solar 
Working Group Conf., Wash
ington, D. C., Feb., 1962. Phila., 
Power Inform. Center, 1962. 
Vol. 2, P3.l-3.17.

Harary, F. and Ross, I. C., Com
munication to the Editor. (Cut- 
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ment Sci., 9, 157-61, Oct., 1962.

Hebei, L. C., Impurities and Nu
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minum, Phys. Rev., 128, 21-30, 
Oct. 1, 1962.

Hellwarth, R. W., see Platzman, 
P. M.

Highleyman, W. H., see Bowyer,
L. R.

Holt, V. E., Grosh, R. J. and Gey
net, R., Evaluation of the Net 
Radiant Heat Transfer Between 
Specularly Reflecting Plates, 
BSTJ, 41, 1865-74, Nov., 1962.

Hopfield, J. J., see Thomas, D. G.
Howarth, L. E., see Spitzer, W. 
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Jaccarino, V., see Gossard, A. C.
Johnson, L. F., Continuous Opera

tion of the Calcium Fluoride- 
Dysprosium (II) Optical Maser, 
Proc. IRE, 50, 1691-2, July, 
1962.

Kahng, D., A Hot Electron Tran
sistor, Proc. IRE, 50, 1534, 
June, 1962.

Kamimura, H., The Anisotropic 
Spin-Orbit Coupling of D-S and 
D-8 Solutes in Corundum, Phys. 
Rev., 128, 1077-84, Nov. 1, 1962.

Karlin, J. E., Human-Factors En
gineering and Research in Tele
phone Systems Engineering,

IRE Trans, on Educ., E-5, 71-5, 
June, 1962.

Kinariwala, B. K., Timing Errors 
in a Chain of Regenerative Re
peaters, Part-1, BSTJ, 41,1769- 
80, Nov., 1962.

Kinariwala, B. K., Timing Errors 
in a Chain of Regenerative Re
peaters, Part-2, BSTJ, 41, 
1781-97, Nov., 1962.

King, J. C., Electrolysis of Syn
thetic Quartz — Effect Upon 
Resonator Performance, Proc. 
Inst. Elec. Engrs., 109, PT. B, 
Suppl. 22, 295-301, Feb., 1962.

Kisliuk, P., see Geschwind, S.
Kitsopoulous, S. C., Analysis of 

Electric Networks by the Sig
nal-Flow Graph Method, Tech. 
Ann., 39, 151-5, June, 1962 (in 
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Klein, M. P., see Geschwind, S.
Kleinman, D. A., Nonlinear Po

larization in Optical Media, 
Phys. Rev., 126, 1977-9, June 
15, 1962.

Kleinman, D. A., see Spitzer, W. 
G.

Kuebler, N. A., see Nelson, L. S.
Kyi, R., Paramagnetic Resonance 

of Molybdenum (V) in Titanium 
Dioxide, Phys. Rev., 128, 151-3, 
Oct. 1, 1962.

Lowry, W. K., Attacking the En
gineering Information Prob
lem, N. Y., Engrs. Joint Coun
cil, 1962, P17-18.

Lucky, R. W., On the Optimum 
Performance of n-ary Systems 
Having Two-Degrees of Free
dom, IRE Trans, on Commun. 
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MacChesney, J. B. and Sauer, H. 
A., The System Lanthanum- 
Sesquioxide - Titanium - Dioxide 
Phase Equilibria and Electri
cal Properties, J. Am. Ceramic 
Soc. 45, 416-22, Sept., 1961.

MacRae, A. U., see Germer. L. H.
Matthias, B. T., Geballe, T. H., 

Compton, V. B., Corenzwit, E. 
and Hull, G. W., The Super
conductivity of Chromium Al
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Maser Transitions, Proc. IRE, 
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