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The Ca]

As the Delta launch vehicle carrying the Bell 
System’s Telstar communications satellite lifted 
off the launching pad, thousands throughout the 
Bell System held their breath. The small group of 
Bell Laboratories people nearest to the event, 
hovcever, were too busy doing their normal guid­
ance job to even go outside and watch it. To these 
men, members of the Cape Canaveral Labora­
tory, this was in a sense only another in the 
series of over sixty successful guidance operations 
accomplished in the past 4 years at the Cape.

The highly successful guidance system, basi­
cally unchanged from its first use in 1958, was 
finally paying off in a big way for the Bell Sys­
tem, after having performed yeoman service in 
a variety of suborbital and orbital flights. These 
include many shots of the Titan I ICBM; experi­
ments on re-entry vehicles; four Tiros weather 
satellites; Transit 4-B, the navigational satellite; 
Explorer XII, which probed the Van Allen belts; 
the orbiting solar observatory, OSO; Ariel I, the 
first International Satellite; and the earlier, pas­
sive communication satellite, Echo I.

The Laboratory at Canaveral is located about 
two miles back from the beach, within sight of 
the Military and Space Program launching pads 
which stretch from one end of the Cape to the 
other. This line-of-sight position is essential, 
since the Bell Laboratories Guidance System has 
been used to guide missiles launched from the 
Titan I pads to the north and the Thor-Delta pads 
to the south, as shown on the map at left and the 
photo on page 354. The men that make up the

Location of Bell Laboratories facilities and the 
launching pads involved in guidance operations.
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anaveral Laboratory

J. B. D ’Albora, Jr.

Cape Canaveral Laboratory are relatively few, 
and many of them have been stationed there since 
its beginning. The technical and administrative 
staff is made up of twenty-one Laboratories em­
ployees, twelve field engineers assigned to the 
Laboratories by Western Electric, and twenty- 
eight resident visitors w’ho provide the basic 
plant, procurement, mechanical, electrical shops, 
and the clerical services. This group is swelled 
presently by engineering and administrative per­
sonnel concerned with the Telstar communications 
satellite project.

Historically, the Cape Canaveral Laboratory 
(CCL) was established to field test and evaluate 
the performance of the Command Guidance Sys­
tem designed by the Bell Telephone Laboratories 
for the Air Force and manufactured by the 
Western Electric Company. The Laboratory came 
into being in 1957 with the arrival of the first 
engineering model of the guidance equipment at 
its newly built facility on the Cape. The system 
was put through a comprehensive testing period 
from which a number of design improvements 
resulted. On January 22, 1959 the first “ closed 
loop” guidance of a Thor-Able missile was ac­
complished. During this “ closed loop” operation, 
all orders and commands were transmitted and 
received properly, and the missile was guided to 
the desired impact point. The precise impact pre­
diction data obtained permitted the first recovery 
of a re-entry vehicle at I CBM ranges.

In November 1958, an improved pre-produc­
tion model of the Guidance System, System No. 
3, was shipped to the Cape from the Western 
Electric plant at Burlington, N. C. It was in­
stalled and checked out within two months. Initi­

ally, it was “slaved” to System No. 1 to provide 
duplicate or redundant data on each guidance 
operation so that its own operation could be 
studied and evaluated. Not until almost a year 
later, in March 1960, did System 3 guide its first 
missile, a Titan I ICBM. During these initial 
tests at the Cape, Bell Laboratories engineers at 
Whippany were completing the design of an op­
erational version of the system and Western Elec­
tric was going into production. To field test and 
evaluate the operational concepts, reliability, and 
guidance accuracy of the production system with 
actual Titan missiles, one of the production sys­
tems was ear-marked for the Canaveral location. 
This system. No. 7, replaced System 1 and suc­
cessfully guided twelve Titan I missiles into the 
MILS network downrange (Record, July, 1961). 
Having satisfactorily completed its evaluation 
tests. System 7 was removed from the Cape, re­
turned to Burlington, N. C., for refurbishing, 
and delivered to the Air Force for reinstallation 
at an operational site.

The o v e r - a l l  responsibility for the Cape 
Canaveral Laboratory rests with the Resident 
Technical Director, J. B. D’Albora, Jr., who re­
ports to E. P. Felch, Director of Guidance Systems 
Laboratory at Whippany. The technical staff is di­
vided into a number of task groups, each of which 
is responsible for specific aspects of the guidance 
operation. The Ground Guidance Group, for in­
stance, is responsible for the operation, main­
tenance, improvement, and field evaluation of the 
ground guidance system. Any modifications re­
quired in the guidance system are accomplished 
and documented by the mechanical and electrical 
personnel with the aid of the drafting group. The
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Aerial view of Cape Canaveral Laboratory, with antenna ramp in foreground, launch pads in background.

Test Planning and Data Analysis Gx'oup performs 
the functions its name implies. Mr. R. G. Kimmell, 
the Western Electric Supervisor assigned to this 
location, heads three other groups concerned with 
checkout of the missile-borne equipment (MBE), 
reliability, quality control, and periodic main­
tenance procedures. All staff services are provided 
by G. J. Mihm, Resident Administrative Manager. 
Remington Rand UNIVAC has a resident staff to 
operate and maintain the “ Athena” computer used 
in conjunction with the ground guidance system.

In principle, the Command Guidance System is 
quite simple. Missile position is continuously de­
termined by a precise ground-based automatic 
tracking radar. A ground-based transistorized 
digital computer accepts the position data in suit­
able form and derives missile velocity (in a three 
rectangular coordinate system) by noting the 
change in position as a function of time. The 
missile position and velocity data so obtained are 
compared automatically with pre-calculated values 
frepresenting the desired trajectory) which have 
been stored in the computer prior to the flight. 
Coded steering commands based upon deviations 
between the actual and desired values are com­
municated to the missile over the radar beam. An 
engine cut-off command is sent to the missile when

the ground-based computer is satisfied that ap­
propriate conditions for the desired free-flight 
trajectory have been met.

The accuracy of this Command Guidance Sys­
tem results primarily from the combination of 
precise radar tracking and a unique computation 
process involving Darlington’s radio-inertial prin­
ciples for determination of velocity.

Perhaps the flavor of activity at the Canaveral 
Laboratory may be derived from the highlights 
of a typical space vehicle guidance operation. 
Obviously, much preparation is needed both at 
Whippany and at the Cape to culminate in a five- 
minute period of guidance. Basic requirements 
are provided in a number of Air Force and NASA 
documents applicable to a specific operation. 
Whippany then generates guidance equations to 
satsify the trajectory requirements. These equa­
tions are implemented in the form of a program 
tape for the computer by UNiVAC headquarters at 
St. Paul, Minn.

Test plans are prepared at CCL which specify 
the operational requirements of the ground guid­
ance system and the guidance equipment in the 
missile. Approximately one week before launch, 
the guidance program tape is checked out, using 
the ground guidance equipment, Athena corn-
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puter, and an analog computer to simulate the 
dynamic characteristics of the missile. These 
checks assure that the system and the program 
aie compatible and operation is normal.

Checks of the missile-borne equipment installed 
in the vehicle are made in the hangar to insure 
pioper operation. Similar tests are performed 
when the missile is erected on its launch pad. A 
number of tests are conducted between the mis­
sile equipment and the ground guidance station 
prior to launch. These tests include a “ quick 
look,” RF Interference test, T-minus-6-day ac­
ceptance test, T-minus-3-day combined systems 
test, T-minus-l-day pre-launch countdown, and 
T-minus-0 launch countdown.

During a launch countdown, one man, desig­
nated Radar Control, is responsible for the co­
ordination of all checks performed at the Ground 
Station. Another, designated Guidance Control, is 
responsible for coordinating tests between the 
ground station and missile-borne equipment as 
well as providing liaison with the test conductor 
in the block-house.

All areas in the system have been carefully 
checked and adjusted beforehand to provide the 
best possible equipment performance. In the an­
tenna area, where adjustments of level and bore­
sighting are critical for accuracy of guidance, ex­
treme care is exercised. Optical and RF align­
ment of the antenna and boresight telescope are 
accomplished by using a test mast located 750 
feet in front of the antenna mound.

After the boresight telescope optical alignment 
is completed, the antenna is rotated to a mono­
lith, another optical target located close to the 
test mast. The location of this monolith has been 
accurately surveyed by the U. S. Coast and Geo­
detic Survey Group, and its azimuth relative to 
true north is used by the computer as the stan­
dard azimuth reference. The monolith is also used 
to align optically the boresight movie camera used 
for photographing all flights and the “monitor­
ing” TV camera mounted on the elevation shaft 
of the antenna.

During the guidance system terminal count, 
final checks are made on the entire guidance 
system. After the MBE is turned on, a standard 
program of pitch and yaw orders is transmitted 
from the Ground Station to insure proper opera­
tion of the missile equipment. Responses to these 
orders are monitored at the RIME (Radio Iner­
tial Missile Equipment) Monitor, located in the 
block-house, via leads in the umbilical cable con­
nected to the missile.

If all tests indicate that the systems are “Go,” 
the guidance program is started and the com-

R. G. Kimmel, Western Electric (left), and Larry 
Gant, Bell Laboratories, watch as the Delta vehicle 
track is traced automatically on plotting board.

E. A. Baker checks out the missile-borne guidance 
equipment installed in the missile prior to launch.
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J .  C. Crowley and R. J .  Tellman check level indicators inside the tracking antenna at Cape Canaveral.

puter is ready to guide—the test phase is over 
and the pre-guidance phase begins. In this phase, 
Guidance Control, Radar Control and the console 
operators constantly monitor the status of their 
equipment. As the count proceeds towards zero, 
all subsystems are placed in a state of final readi­
ness and are so indicated on the status board.

The status board includes the block-house and 
missile guidance equipment status as well as 
ground station status. When the missile is trans­
ferred from ground power to airborne power all 
lights must be green, indicating a “ Go” condition. 
Word of this “Guidance Go” condition is trans­
mitted to the Test Conductor’s status board. If, 
after this time, any subsystem goes out of the 
“ ready” state, and is not restored quickly, an 
automatic engine shutdown will result when the 
count reaches “zero.”

As the missile lifts off its launching pad, the 
plotting board in the control room comes to life. 
The actual elevation and range of the missile 
derived from the radar tracking data are con­
tinuously plotted on a chart and visually com­
pared with a pre-traced programmed trajectory.

Deviations from the programmed path are an in­
dication of missile performance. A second pen on 
the plotting board simultaneously plots deviations 
from the desired launch azimuth. In addition to 
the traces of trajectory and launch azimuth on 
the plotting board, indications of pitch and yaw 
orders and command signals which are trans­
mitted to the MBE are also displayed. Such sig­
nals include orders to gimbal the engines in the 
yaw or pitch plane, and discrete commands for 
engine cut-off.

The missile position information supplied to 
the plotting board at Bell Laboratories Guidance 
Center is simultaneously transmitted to the 
Range Safety Officer (RSO). The RSO has the 
responsibility of determining that the missile is 
within established safety limits and, if not, de­
termining at what point it should be destroyed. 
In addition to the plotting board positional infor­
mation, the guidance system also furnishes data 
to the IBM 7090 Impact Predictor computer 
which supplies information to the RSO regard­
ing wheie the missile would fall if the engines 
were cut off at any given time. The data sup­
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plied to the RSO by Bell Laboratories is used as 
a back-up for information normally supplied by 
tracking radars under the direct control of the 
Range Safety Officer.

The initial period of tiight is controlled by a 
programmer installed in the missile. As the space 
vehicle leaves the atmosphere, the ground guid­
ance system starts guiding the first stage. If the 
missile position and velocity are not those de­
sired, corrective orders are issued. No attempt is 
made to return the vehicle exactly to the original 
trajectory, but rather computations are made to 
choose the trajectory closest to it which will still 
insure that the satellite will arrive at a desired 
insertion point for the designed orbit. The time 
of sustainer engine cut-olf is as vital as the 
attitude of the vehicle, since this determines the 
terminal velocity. The need for accuracy in a 
ballistic missile system can be appreciated if one 
realizes that a variation of one foot per second 
from the desired velocity (approximately 18,000 
feet per second) would result in an error in range 
of one mile at ICBM ranges. Once the sustainer 
engine cut-off is commanded, the guidance func­
tion is completed.

After the flight, but before sending all data to 
Whippany for reduction, study and analysis, the 
local Data Analysis Group reviews the data to 
determine if anomalies exist which would require 
further explanation. Some of these data include 
a strip chart recording from a twenty-four chan­
nel “ Events Recorder” of signals and data indi­
cating system performance during the flight. 
This recording includes automatic gain control 
level, range errors, azimuth and elevation errors, 
magnetron current, transmitted pulses, the time 
and duration of orders and commands, as well as 
a record of pulses received from the MBE. Also 
included are coded Atlantic Missile Range timing 
pulses, so that these records can be compared 
with those recorded by others during the flight. 
The computer records on magnetic tape all data 
supplied to it from the radar as well as informa­
tion on orders and commands transmitted to the 
missile. Whippany processes the magnetic tape 
and returns a printed copy to the Data Analysis 
Group at Cape Canaveral for their information 
and additional study.

Although far removed from the metropolitan 
headquarters of Bell Telephone Laboratories, 
and even from the Western Electric Company 
manufacturing plants, the Cape Canaveral Branch 
Laboratory is performing an essential mission in 
support of the national military and scientific 
space exploration program.

Thor-Able, first vehicle to he guided by Command 
Guidance System, blasts off from the Cape.
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A new exchange area carrier system  
has promise of great economic importance. 
By taking advantage of modern solid- 
state digital circuit techniques, it provides 
high-quality transmission at low cost.

The T1 Carrier System

D. F. Hoth

I 5

Th e  T i  CARRIER SYSTEM, which went into pro­
duction this year, is a new departure in tele­

phone communications. It is the first widespread 
application of time division multiplexing and 
pulse code modulation in commercial telephony. 
The new system will carry 24 telephone conversa­
tions over two ordinary cable pairs. Customers’ 
voices are multiplexed by interleaving them in 
time rather than by the usual technique of modu­
lating them into separate frequency bands. The 
signals are then encoded into a train of binary 
pulses which are transmitted over the cable at 
the rate of 1,544,000 bits per second.

Pulse code modulation of telephone signals 
was invented in France before World War II. 
It was immediately recognized as having two im­
portant advantages. First, because it transmitted 
information in the form of binary pulses it was 
able to tolerate very large amounts of noise, inter­
ference and distortion without impairing the sig­
nal being transmitted. Second, regenerative re­
peaters, similar to those which had been used 
for many years in telegraphy, could almost com­
pletely remove these effects, thus preventing their 
accumulation in long repeatered systems.

As a result, PCM very soon became a subject of 
research at Bell Laboratories and elsewhere. Dur­
ing World War II, the Laboratories developed an

experimental PCM radio system for military use. 
It came too late in the war to be significantly 
applied, but it was the basis of later military 
exploitation of PCM. After the war, research in 
PCM continued at the Laboratories. New knowl­
edge was gained and several experimental sys­
tems were built.

During the late forties and early fifties, sev­
eral systems engineering studies of PCM were 
made. It was considered as a possible modulation 
method for the TD-2 microwave system. How­
ever, it had two strikes against it for commercial 
telephone applications. First, it required complex 
high speed logic circuits and with only electron 
tubes available at that time practical systems 
would have been too expensive. Second, it re­
quired around ten times the bandwidth of con­
ventional analog systems.

The invention of the transistor and the subse­
quent development of efficient high speed tran­
sistor logic removed the first objection. The 
second still prevents its use in most commercial 
radio applications, but does not apply with the 
same force to cable transmission. In microwave 
radio, PCM requires much more bandwidth than 
the usual FM without providing sufficient com­
pensating advantages. In cables, the lower fre­
quencies are the best for communications. As fre-
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quency increases, attenuation, crosstalk, and noise 
gradually increase, placing a limit on useful band­
width. PCM is relatively tolerant to crosstalk and 
noise and can utilize higher frequencies, and thus 
wider bandwidths, than analog transmission. The 
bandwidth penalty is not so important since fre­
quencies not previously useful can be employed.

Origin of the T1 System
During this period, the Bell System telephone 

operating companies were expressing an interest 
in obtaining a new facility for exchange trunks 
—the circuits interconnecting switching centers 
in and around cities. The Bell System uses about 
2 million of these trunks. Their average length is 
about 6 miles and very few of them are longer 
than 25 miles. In addition to speech, the trunks 
must carry signals to control the switching 
equipment.

The operating companies needed the new facil­
ity to provide more cheaply for the rapid growth 
of the plant and at the same time to provide for 
transmission improvements. This need had been 
partly met by 1955 with type E repeaters which 
permit low loss trunks with small, and thus rela­
tively cheap, cable conductors. Type N carrier 
(Record, July 1952) had also been used to a lim­
ited extent on some of the longer trunks. During

Repeaters between T1 terminals installed in a 
manhole near Skokie, Illinois. Two repeater 
cases are installed here; the one behind the 
craftsman is shown with its cover in place.

this time, systems engineering studies were made 
to find new ways to further economies. Several 
different carrier techniques were studied and 
PCM was found to be the most attractive.

Fundamentally carrier saves money by trans­
mitting several telephone channels over a single 
pair of wires and thus making more efficient use 
of cables in which a great deal of money is 
invested. However, terminal equipment is needed 
to combine the voice channels and to convert 
switching signals for carrier transmission. Be­
cause of the terminal equipment, carrier systems 
tend to be more expensive than voice frequency 
circuits for short distances but much cheaper for 
long distances. Since exchange trunks are short, 
the problem in achieving an attractive carrier 
system was primarily to devise one with low cost 
terminals.

This factor led to the selection of PCM rather 
than more conventional techniques. In a PCM 
system most of the equipment is common to all 
channels and relatively little individual channel 
equipment is needed. The cost of common equip­
ment is shared between all channels and terminal 
costs tend to be low if the system transmits a suffi­
ciently large group of channels. Also, many of 
the expensive channel filters needed for conven­
tional analog systems are eliminated. These ad­
vantages apply to signaling as well as to speech; 
built-in signaling can be provided very econom­
ically with PCM.

As a result of the systems engineering studies, 
exploratory development of a PCM system was 
started in 1955. An experimental system was 
tried out on a cable between Summit and South 
Orange, N. J. in 1958. This test turned up a num­
ber of deficiencies which led to further develop­
ment. In 1961 and early 1962 a very successful 
field trial of prototype equipment was carried out 
on a route between Newark and Passaic, N. J. 
(Record, August, 1961). Regular production was 
started by Western Electric early this year and 
a number of operating telephone companies are 
now installing commercial systems.

G eneral Principles and Features
The drawing on page 360 is a very much sim­

plified block diagram of the T1 system. Only the 
voice channel features of the terminal are shown. 
Voice signals from the central office switching 
equipment enter the T1 terminal through a 
hybrid which isolates the transmitting and re­
ceiving parts of the terminal. The signal is then 
passed through a low-pass filter which eliminates 
frequency components above 4000 cps, and into 
a sampling gate which is operated 8000 times
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A simplified block diagram of the T1 Carrier 
System showing only the voice channel features. 
From the coder, outgoing signals pass through

a number of regenerative repeaters on their way 
to the distant terminal. Repeaters amplify the 
signal, retime it, reshape it, and send it on.

per second under control of a timing wave genera­
tor. The gate’s output is a train of pulses whose 
amplitudes are proportional to the amplitudes of 
the input speech signal. According to sampling 
theory, this output completely represents the 
input signal.

By operating the gates of each of the 24 chan­
nels in turn at a combined rate of 192,000 times 
per second (8000 X  24), samples from the vari­
ous channels are interleaved in time to produce 
a time division multiplexed signal. This signal is 
fed into an instantaneous compressor which am­
plifies the weak pulses more than it does the 
strong ones. The reason for this will be discussed 
later.

From the compressor, the pulses are transmit­
ted into the coder, a logic circuit whose output 
is a series of seven binary digits for each input

pulse. By the laws of binary arithmetic, there are 
2̂  =  128 possible codes. Thus, a unique code can 
be assigned for each of 128 discrete input am­
plitudes. In between values of input amplitudes 
are approximated by assigning the nearest codes. 
This process, known as quantization, is equiva­
lent to the rounding process of arithmetic where 
a limited number of digits represents a value.

Voice signals leaving the coder are in binary 
form, and are completely represented by the pres­
ence or absence of pulses in particular time slots. 
The only thing significant about the pulses is 
whether they are there or not; their exact am­
plitudes and shapes are not important. Consider­
able noise and distortion can be tolerated before 
the information the pulses contain is lost.

An eighth binary digit is added to each group 
of seven voice digits at the coder output. This
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digit carries the signaling for its associated voice 
channel.

The output signal from the T1 terminal is illus­
trated in the drawing on this page. It consists 
of a train of pulses in which the binai’y digit 
“ zero” is represented by a space (or no-pulse) 
and the binary digit “ one” is represented by a 
positive or a negative pulse. (The rule is that 
pulses always alternate in polarity.)

A bipolar pulse train has several advantages. 
First, the dc component is eliminated from the 
pulse signal, thus simplifying repeater design and 
improving repeatered line performance. Secondly, 
a bipolar pulse train contains less energy at high 
frequencies. The bulk of the energy is centered 
at 772 kilocycles (one-half the pulse repetition 
rate). If pulses of only one polarity were trans­
mitted, the energy would be distributed over a 
broader frequency spectrum with important com­
ponents extending to above 1.5 me. Hence, cross­
talk interference is less for a bipolar pulse train 
then it would be for a unipolar train. Finally, the 
unique characteristic of this bipolar pulse train 
is useful for maintenance because errors caused 
by trouble in a repeatered line tend to cause vio­
lations of the rule of alternating polarity. A 
simple logic circuit which will give a measure of 
performance can be bridged across the line at 
any point.

As the diagram below shows, a frame which 
represents one sample from each speech chan­
nel, together with a signaling digit for each 
channel, consists of 192 bits. One bit is added for 
framing to enable the receiving terminal to 
identify the beginning of the frame and to cor­
rectly sort out the received pulses. This bit is 
alternately present and absent in successive

frames, a situation which will not occur for sus­
tained periods in the other time slots. The com­
plete frame lasts 125 microseconds (1/8,000 
second) and thus the signal transmitted to the 
cable contains 1,544,000 bits per second.

The binary signal is transmitted over ordinary 
paper or plastic insulated cable pairs. Regen­
erative repeaters at intervals on the cable pairs 
receive the pulses, amplify them and equalize 
them for cable distortion. A timing wave is de­
rived by converting the incoming bipolar pulse 
train to a unipolar pulse train by full-wave recti­
fication. The unipolar pulse train has a strong 
discrete frequency component at the pulse re­
petition rate (1.544 megacycles) which is filtered 
out, amplified, and shaped into sharp timing 
pulses. This timing wave is smoothed with re­
spect to the pulse train; short term time varia­
tions have been removed.

The main signal and the timing wave pulses are 
applied to a pair of regenerators—one for positive 
and one for negative pulses. When an input pulse 
of corresponding polarity that exceeds a preset 
value is applied to its input, the regenerator puts 
out a clean pulse whose time is controlled by the 
timing wave. Thus, the effects of noise, cross­
talk, and distortion are virtually eliminated from 
the signal. Some time jitter does accumulate in 
the pulse train (i.e. pulses may be displaced from 
their correct time positions) which will eventu­
ally cause signal impairment for very long lines. 
However, lines with as many as 150 repeaters 
have been operated with low error rates and no 
detectable impairment in the speech signals.

In the receiving terminal, the framing pulse 
is detected and used as a reference in sorting out 
the pulse train. Signaling pulses are stripped off.

Configuration of the binary out-put sig-nal fro-m a contains seven voice digits and a signaling 
T1 terminal. A frame, consisting of 193 bits,
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W. Whistler (left) and
F. Martzell of Illinois 
Bell 'performing installa­
tion tests on T1 equip­
ment. Repeaters are in 
the bay at the far left; 
the other bays contain 
terminal equipment for 
six systems.

signaling information is converted to dc form 
and applied to each of the two-wire outputs. The 
remaining pulses are transmitted into the decoder 
whose output is a train of pulses with amplitudes 
in accordance with the received codes. The pulses 
pass through the expander which complements 
the compressor mentioned previously, thus pre­
serving the overall linearity of the system. Gates 
distribute these pulses to the individual channel 
outputs. Each channel contains a low-pass filter 
which removes components in the pulse train 
above 4000 cps. The resultant signal, which closely 
resembles the original speech signal, then passes 
through the hybrid to the two-wire line and on to 
the switching equipment.

The T1 system is designed so that, for its major 
applications, it can directly replace voice fre­
quency trunks without auxiliary equipment or 
modifications of the switching equipment. Be­
cause it is completely transistorized, equipment 
size and power requirements are minimized. 
Three complete T1 terminals—a total of 72 chan­
nels—can be mounted on a standard 11% foot 
bay. They operate on 48-volt office batteries and

require only 220 watts per system terminal.
A selection of different types of plug-in channel 

units have been developed to meet a number of 
different signaling and voice channel terminating 
conditions. Additional channel units are being 
considered to meet other conditions and will be 
developed if there is enough need for them.

Repeaters are small transistorized units. Re­
peaters for 25 systems are contained in apparatus 
cases which can be installed in manholes or on 
poles. Defective repeaters can be identified with­
out visiting repeater locations by a fault location 
arrangement which is part of the system. Power 
for repeaters is supplied over the transmission 
cable pairs.

Repeatered Line Engineering
Two ordinary plastic or paper insulated cable 

pairs are required for a T1 system, one for each 
direction of transmission. While the system is 
intended primarily for use on 22-gauge high- 
capacity cable, almost any type or gauge of stag­
gered twist cable (which has been standard for 
about forty years) can be used. The type of cable
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determ ines the spacin g  o f  the repeaters. F or ex­
ample, the norm al spacing fo r  22-gauge h igh- 
capacity  cable is 6000 f t ;  fo r  19-gauge low- 
capacity  cable it is 10,300 f t ;  and fo r  24-gauge 
h igh -capacity  cable it  is 4500 ft . B uild-out net­
w orks are available to perm it shorter spacings. 
A d ja cen t to  central offices, the spacing m ust be 
shortened to  reduce the effects o f  im pulse noise 
a risin g  in sw itch in g  equipm ent.

The principa l transm ission  lim itation  on T1 
repeatered lines is crossta lk  interferen ce  between 
system s op era tin g  in the same cable. Because o f 
the nature o f  the signal, this crosstalk  is not 
intellig ib le  but it can produce d ig it  errors in the 
transm itted  pulse tra in  and appear as noise in 
the d isturbed  system .

C rosstalk  places lim itations on the num ber o f  
system s w h ich  can be operated in a single cable. 
The exact lim itations depend on the type o f  cable 
and the degree to w h ich  it is practica l to m ain­
tain  separation  betw een oppositely  directed  pairs 
w ith in  the cable. U nder favorab le  conditions, it 
is possible to operate up to 200 system s (4800 
channels) in a single cable w ith  fu ll repeater 
spacings. U nder less favorab le  conditions, few er 
system s can be installed or  shorter repeater 
spacings can be used. F o r  large installations, it  
w ill o ften  be desirable to  use separate cables fo r  
the opposite d irections. In this case there is no 
lim itation  due to  crosstalk.

The ■widespread use o f  T1 is expected to re ­
sult in  a com plex netw ork  o f  repeatered lines. 
F or  flexib ility , to  s im p lify  m aintenance and ad­
m in istration , and to m in im ize the num ber o f  fau lt 
location  pa irs  and spare repeatered lines, it is 
planned to  install the lines in grou ps between 
central offices w h ich  m ay becom e nodes in the 
netw ork, a lthough they need not contain ter­
m inals. R epeaters w ill be pow ered fro m  these 
points. L ines in various spans can be connected 
together to build  up lines betw een term inals as 
they are needed. Spare lines can be patched in 
when w ork in g  lines fa il.

Transmission Perform ance
The T1 system  is designed  to p rovide low  loss 

trunks o f  h igh  quality. I t  w ill handle sa tis fa c­
torily  all signals fou n d  on sw itched telephone 
circu its . It  w ill also be usefu l f o r  m any private 
line applications. H ow ever, because o f  the use 
o f  PCM , it has certa in  ch aracteristics  that d iffer 
fro m  analog type ca rr ie r  system s.

F o r  one th ing , unlike conventional analog 
ca rrier  system s, the attenuation  o f  the repeatered 
line has no effect on the loss o f  a voice  channel. 
Thus, channel loss varies less in the T1 system

than in analog system s. N oise is low and tends to 
be independent o f  system  length.

N oise and crosstalk  picked up on the cable 
pairs do not appear d irectly  in the voice chan­
nels. In fact, up to fa ir ly  h igh  levels, noise and 
crosstalk  have no effect at all. A bove these levels, 
d ig it  errors start to occur w hich  will appear as 
fa in t clicks in the telephone channels. A n  occa ­
sional sustained noise burst m ay cause the system  
to lose synchronism , w hich it  recovers a fter  a 
b r ie f  period. D uring the field tria l in N ew  Jersey 
such interruptions w ere rare, and when they did 
occu r they ord inarily  lasted fo r  only a small fr a c ­
tion  o f  a second.

A nother effect peculiar to PCM  is due to 
quantization. In a PCM  system , the output signal 
is not an exact replica o f  the inpu t; there is a 
small am ount o f  d istortion . C om pressing the s ig ­
nal be fore  coding, however, w hich  makes the 
quantization steps smaller fo r  weak signal com ­
ponents than fo r  strong ones, keeps this effect 
m inim al. Roughly, the percentage error, and thus 
the signal-to-d istortion  ratio, rem ains constant 
over the im portant levels o f  speech signals. Sub­
jective  tests have shown that, fo r  telephone 
speech, d istortion  in the T1 system  is undetectable 
by  acute observers over the norm al range o f  the 
speech volumes.

Field of Use
The T1 System , then, is an econom ical, h igh  

quality transm ission system  fo r  the expansion o f  
exchange area telephone service. Prim arily , it 
w ill be used to interconnect central office trunks 
in m a jor m etropolitan areas, but it should also 
be quite useful fo r  such special services as fo r ­
eign  exchange lines, P B X  tie lines, and W A T S  
access lines. A t present, 50 m iles is considered the 
m axim um  lim it fo r  w hich  it should be used al­
though experience m ay show that this lim it can 
be increased.

T1 is m ost econom ical on routes w here from  
perhaps 10 to several hundreds o f  ca rrier sys­
tem s are required or w here grow th  rates are 
high. A ll system s need not interconnect the same 
pair o f  central office bu ild in gs; in general they 
w ill not. On such routes, T1 will generally prove 
m ore econom ical than other ca rrier  system s and, 
in  a large num ber o f  situations it  w ill prove-in  
over voice  frequency  circu its  fo r  distances longer 
than 10 to 12 m iles. In som e situations it w ill be 
a ttractive fo r  “ th inner”  routes or shorter d is­
tances. Since it exploits new  techniques, it opens 
the door to the developm ent o f  still new er d igita l 
transm ission  system s. Bell L aboratories engineers 
are now  exp lorin g  a num ber o f  such possibilities.
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A new concept in printed circuitry 
promises increased flexibility in 
the field of equipment packaging, 
economy, and an over-all simplification 
of the manufacturing processes involved.

Sintered Circuits

IN RECENT YEARS, there have been several d iffer­
ent approaches to the m anufacture o f  print­

ed-w iring boards. O f course, the basic ob jective 
rem ains the sam e: to fo rm  a conducting circu it 
pattern on an insulating base which holds the con­
ductors in place and acts as a supporting mem ber 
fo r  other circu its and com ponents. Conductors 
have been made by chem ical etching o f  copper 
fo il, and by “ d inking,”  or punching, the circuits 
from  metal fo il and bonding them to the substrate 
w ith  adhesives. Other m ethods fo r  m aking con­
ductors include sprayed metal techniques, elec­
troplating, and high-tem perature firing.

There are, however, several practical difficulties 
inherent in each o f  these processes. F or example, 
attem pts to bond only the desired conductors to 
the substrate have had lim ited success because o f 
die problem s. Furtherm ore, the adhesives used in 
these processes deteriorate w ith exposure to ele­
vated tem peratures such as those required fo r  
soldering. Since the practical lim it fo r  heating 
the adhesives is approxim ately 20 seconds at 500 
degrees F, such bonding techniques impose severe 
lim itations on the am ount o f  soldering and repair 
w ork  that can be done. In addition, there is a 
long-term  degradation o f  the adhesive bond i f  
the assem bly is operated near 175 degrees F.

Now, a new technique, in w hich sintered copper 
conductors are m echanically bonded to a plastic 
substrate, holds the prom ise o f  m aking highly 
durable and reliable circu its that can be econom ­
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ically m anufactured. Conductors are form ed  in 
flat metal dies in w hich the circu it configuration 
has been m achined. These circu it grooves hold 
powdered copper fo r  pressing and sin tering op­
erations. Then, the circu it die w ith  the sintered 
copper in the grooves is placed as an insert in a 
plastic m olding die. D uring m olding, the sintered 
circu it is m echanically bonded to the p lastic base 
and is subsequently released fro m  the circu it die.

As illustrated on the right, the sin tered-circu it 
process consists o f  these basic steps:

3.

1. The circu it grooves m achined in the die are 
filled w ith  copper powder.

2. A  th in  rubber m at is placed over the metal 
die.
The copper pow der is com pressed at ap­
proxim ately 50,000 psi.
The pressed pow der circu it is sintered in 
place in the metal die in a furn ace  fo r  ap­
proxim ately 15 m inutes at 930 degrees F  in 
a reducing atm osphere.

5. The m olded assem bly is form ed  by  pressure­
m olding an insulating m aterial, such as 
plastic, to the sintered-copper circu it.

4.

This technique does not involve photographic 
processing, chem ical etches, or g r in d in g  off o f  
unwanted conductor m aterial fro m  the individual 
boards. The entire process consists o f  steps that 
are simple mechanical, m etallurgical, and p lastic­
m olding operations.
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1. P lacing p ow d ered  copp er in circuit die plate.

— -4‘

» 3. Powdered copper is compressed at 50,000 psi.

2. R u b ber  m at is placed directly  over circuit die.

4. C ircuit is sin tered  in a reducing atm osphere.
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With these simple mechanical, metallurgical, and 
plastic-molding operations, copper circuits 0.025- 
inch high can be bonded to insulating boards.

The grooves in the average circu it die should 
preferably  be no less than 0.025-inch deep. The 
cross-section  o f  the conductor groove, although 
not a critical factor, should have a d ra ft angle 
o f  about 5 degrees to help release the circu it from  
the die a fter  m olding. The bottom  corners o f the 
grooves can be sharp or rounded, but there should 
not be any undercuts.

D uring the pressing step, the copper powder 
is com pacted to almost one-half o f  its original 
thickness in the grooves. The w ay the rubber mat 
deform s under pressure results in some o f  the 
copper pow der being le ft on the walls o f  the 
groove. The copper powder, w hich is forced  
against the polished circu it grooves under high 
unit pressures, form s sm ooth conductor surfaces 
w hile the back o f  the copper pow der (w hich is in 
contact w ith  the rubber m at) is le ft rough and 
slightly porous. This rough surface is the 
basis fo r  the strong m echanical bond between the 
sintered conductors and the molded plastic base. 
Thus, the p lastic during the first stage o f  the 
m olding step is quite fluid and— under pressure—  
penetrates into the interstices o f  the rough sur­
faces o f  sintered copper. Since the bond is m e­

chanical, the back o f  these conductors can be 
oxidized during the m olding operation  w ithout 
having any detrim ental effect on the bond. W ith  
certain  plastics, an oxidized copper su rface  may 
actually increase the bond strength. Therm oplas­
tic  as well as therm osetting m olding com pounds 
can be used fo r  the insulating substrate.

C om pacting pressures o f  50,000 psi are neces­
sary to produce dense conductors having high 
conductivity  and ductility. A lthough  conductors 
could be m ade by  using m uch low er pressures, 
they would not be as strong nor as conductive as 
desired. The conductivity  o f  the sintered conduc­
tors is equivalent to that o f  2 oz. copper fo il.

The pressed copper is sintered in a furnace 
containing a heat-resistant alloy m uffle through 
w hich hydrogen is passed. C ircu it dies are pulled 
through the m uffle on a nickel sheet. A fte r  15 
m inutes in the h igh  heat zone (930 degrees F )  the 
die is pulled into a w ater-cooled  cham ber until it 
reaches room  tem perature.

W hile this is the w ay the experim ental w ork 
was done, actual production  could be done in 
other atm ospheres and furnaces. A n y  atm osphere 
that will reduce the copper oxides at 930 degrees F 
should be satisfactory . F orm in g  gas and various 
com m ercially-produced atm ospheres are suitable.

S intering action takes place when the copper c ir ­
cu it gets above 750 degrees F. H ow ever, a large part 
o f  the total furnace heating tim e is used in get­
ting the mass o f  the die up to this tem perature. 
Cycle tim e m ay be reduced, i f  necessary, by  in­
duction heating or  by using a high-tem perature 
preheat zone. The longer the copper is sintered 
and the h igher the tem perature, the m ore dense 
and m ore ductile the conductors becom e. I f  the 
tem perature is too high, however, the metal die 
m ay soften. Since the cost o f  dies is not usually 
very high, the sim plest arrangem ent w ould be a 
continuous belt furnace taking the dies through 
the controlled atm osphere furnace, then cooling 
them  to the tem perature desired fo r  use in the 
m olding die.

Conductors produced by this process are raised 
approxim ately 0.025 inch from  the su rface  o f  the 
molded plastic. They can th ere fore  be readily 
cleaned by m echanical cleaning m ethods such as 
rubbing w ith steel wool, glass fiber brushes, w ire 
or rubber wheels or abrasive paper. The rubber 
wheel appears to be the m ost feasib le  m ethod. 
They should not be cleaned by chem ical m ethods 
because ionic contam inants m ay be trapped in 
the conductors. A fte r  cleaning, the boards are 
fluxed w ith  a noncorrosive rosin  flux and solder- 
coated by floating them  on top o f  a 60 :40  tin- 
lead solder bath at 475 degrees F. The excess m ol-
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C i

Completed molding ivith raised sintered-copper 
conductor for the E6 telephone repeater. This 
is the first full-scale trial of sintered circuits

ten solder can then be readily  shaken off. S ince the 
bond is m echanical and the therm osetting p lastic 
is not very  susceptib le to degradation  durin g  the 
short tim e at th is so lderin g  tem perature, the 
boards can be soldered and resoldered several 
tim es w ithout a ffectin g  the circu it or the bond. 
This is a d istinct advantage over conventional 
adhesive-bonded p rin ted -w irin g  boards.

A  fu rth er  advantage over conventional m ethods 
is that the c ircu it  dies can be designed so that 
all the com ponent lead w ire  holes w ill be auto­
m atically m olded into the assem bly. N o drilling 
or punching w ill be  required. T h is can be done by 
having a small p in  in the center o f  the land area 
contact a tapered pin  in the p lastic-m olding die 
as shown on page 365. A n y  small am ount o f  flash­
ing can be rem oved w hen the assem blies are 
cleaned.

The s in tered -circu it process can be readily  auto­
mated. F u rth erm ore, only the desired copper 
circu it is bonded to the insu lating base. N o un­
wanted m aterial has to be rem oved by  chem ical 
etches or  m achining. T h is means that the h igh - 
resin content on the su rface  o f  the m olded plastic 
base is retained and that this su rface  is not con -

and results indicate that this process can he 
easily automated and that it has many advantages 
over conventional printed-wiring techniques.

tam inated by any chem ical etchants.
Sintered circu its  w ill be particu larly effective 

w here assem blies m ay have to be repeatedly re­
soldered and subjected  to h igh m echanical stres­
ses and h igh  operating tem peratures. In ad­
dition, the sintering process is adaptable fo r  
designs requ iring conductors or other parts o f  
the circu it at different elevations. B y placing 
special inserts in the grooves p rior  to filling w ith  
copper pow der it is possible to obtain w ear re­
sistant contacts and even perm it the conductors 
to go  around corners. W here m echanical details 
such as cavities to hold com ponents, guides fo r  
attachm ent to other apparatus or identification 
m arkings are desired in  addition  to the circu itry , 
this process w ill find extensive application.

The first Bell System  application o f  th is p roc­
ess is shown above. The E6 repeater netw ork part 
fo r  field tria ls was p r o d u c e d  by an outside 
supplier w ork in g  closely w ith  the Laboratories 
M etallurgical R esearch D epartm ent and W . C. 
Schm idt o f  the L aboratories branch location  in 
M errim ack Valley, Mass. The sin tered-circu it 
process has proven its feasib ility  and is available 
fo r  exploitation  by the designer.
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The world’s largest capacity communication 
system—the TH System— is now in service. 
The design and development of the TH  
terminals represents a major contribution 
to the over-all efficiency of the system.

TH Radio Terminals

H. Maimsell and J. Schill

T o SUPPLEMENT existing telephone and tele­
vision  transm ission facilities  across the 

U nited States, Laboratories engineers have de­
signed and developed a new m icrow ave radio sys­
tem. This is the TH  System — now in operation be­
tween Denver and Salt Lake City. The TH  System 
has nearly three tim es the com m unication capac­
ity  o f  any previous m icrow ave system  ( R e c o r d , 
F e b r u a r y , 1961). This article describes tw o very 
im portant parts o f  the system : the term inal trans­
m itter and the term inal receiver.

W hen you speak on the telephone, your voice 
travels over the same circu its as hundreds o f 
other conversations. W ith  the TH  System , your 
voice is com bined w ith as many as 1860 other 
telephone callers and assigned to one o f  the eight 
radio channels o f  the system  as shown in the 
draw ing on page 369. M ultiplexing equipm ent 
com bines all these calls and transm its them 
sim ultaneously. The com posite signal m ight be 
envisioned as a long array o f  voiceband signals

stretching from  0.3 to 8.25 me. T h is com pos­
ite signal is called the baseband frequency. A t 
this point, although 1860 individual circu its  may 
exist on one pair o f  w ires, each circu it occupies 
a slightly d ifferent part o f  the frequency  spec­
trum. The telephone signals are com bined on a 
tw o-w ire transm ission line connected to the ter­
minal transm itter.

A t the output o f  the term inal transm itter, the 
last rem nant o f  a signal’s ind ividuality is lost. 
The entire com posite signal exists as an FM  s ig ­
nal centered at an interm ediate frequen cy  o f  74 
me. The signal consists o f  h igh ly  com plicated 
groups o f  sideband frequencies, and it w ould be 
im possible to iden tify  any particu lar telephone 
conversation. The output signal is amplified and 
sent along on a coaxial cable to  the input o f  the 
radio transm itter. The radio transm itter sh ifts  
this IF  signal to a specific frequen cy  in one o f  
the eight channels in the 6000-m c com m on-car­
rier band. A fte r  am plification, the signal is trans-
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Diagrams illustrate importance of the FM  termi­
nals in TH System. Terminal connections to radio

m itted w ith  the signals fro m  the seven other TH  
radio transm itters.

A t the fa r  end o f  the system , a radio  receiver 
sh ifts  the 6000-m c signal back  to an interm ediate 
frequency o f  74 me and then am plifies it. T h is IF  
signal is sent to  the term inal receiver w here it is 
amplified and dem odulated. A t  the output o f  the 
FM  term inal receiver, there now  exists a base­
band signal identical to  that w hich  appeared at 
the input o f  the F M  term inal transm itter. M ulti­
p lexing equipm ent sorts out the individual voice 
signals and routes them  to  the called -party ’s tele­
phone.

Increased m essage-carry in g  capacity  and h igh - 
quality transm ission  have both  been achieved 
w ith  the T H  System . S ince as m any as 16 FM  
term inals m ay be used in tandem , the perm issible 
d istortion  fo r  one set o f  F M  term inals m ust be 
extrem ely low . T h is exceptional p erform an ce is 
basically attributable  to  the design  o f  the ter­
minal equipm ent.

A t the F M  tran sm itter term inal, the m ulti­
plexed signals pass th rou gh  a video am plifier con ­
sisting  o f  tw o balanced am plifier stages. These 
stages, w hich  contain  specia lly  designed, h igh - 
perform ance tubes m ust m eet strin gen t specifi­
cations o f  lin earity  and frequ en cy  response. Good 
linearity is necessary to prevent crossta lk  fro m  
one telephone channel to  another. The am plitude-

system  are shown above; lower diagram depicts 
multiplex connections to TH terminal equipment.

frequency characteristic o f  the am plifier is essen­
tially flat out to  10 me. This avoids d istortion  o f  
the input signals and helps insure that all the fr e ­
quencies at the input o f  the video am plifier are 
fa ith fu lly  reproduced at the output.

The output o f  the video am plifier is connected 
to the repeller o f  a k lystron oscillator. This k ly­
stron is designated the deviation oscillator. The 
klystron rest frequency is tuned to 6174mc but, 
since the frequency o f  the klystron is a function  
o f  the repeller voltage, the output o f  the klystron 
is a frequency-m odulated signal o f  6174 me. A  
second klystron oscillator o f  the same type oper­
ates at 6100 me. It is designated the beat oscil­
lator because when its output is com bined w ith 
the output o f  the deviation oscillator in a m ixer 
circu it, a low  level “ beat”  frequency  o f  74 me 
is generated. This heterodyne signal still carries 
all the orig inal telephone signals in frequency- 
m odulated form .

The 74-m c signal passes through an IF  am pli­
fier to b r in g  it to a h igher pow er level; this 
com pletes the prim e fun ction  o f  the term inal 
transm itter. The IF  signal is sent through a radio 
transm itter w here it is sh ifted  up to a frequency 
o f  6000 me and transm itted to the antenna. Tw o 
rem ain ing fun ction s m ust be perform ed in the 
tran sm itter term in a l: it m ust hold the 74-m c ca r­
rier to w ith in  ± 0 .1  me, and provide adequate
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transmission path and the circuits which keep the 
74-mc intermediate frequency closely controlled.

alarm  facilities  to report any m alfunctions in 
the equipment. The form er strict requirem ent is 
necessary to keep interchannel interference w ith ­
in acceptable lim its. This type o f  frequency con­
trol, however, is com plicated by several problem s.

F or example, the klystron frequency is subject 
to change w ith  variations in tem perature and ap­
plied voltage. In addition, the autom atic f r e ­
quency-control system  m ust not d istort the inten­
tional m odulation in any manner. To prevent 
this from  happening. Laboratories engineers de­
signed an autom atic frequency control that can 
correct as m uch as a 10-mc d r ift  in the klystron 
oscillator frequency.

In the autom atic frequency-control system, a 
sample o f  the IF  output signal o f  the FM  ter­
minal transm itter is sent through an IF  am pli­
fier w hich is sw itched on and off at a 30-cps rate. 
Sim ultaneously, a crystal-controlled 74-m c re fe r ­
ence oscillator is alternately switched off and on 
at a 30-cps rate. These signals are sent alternately 
through a lim iter-d iscrim inator circu it, thus 
prov id in g  a com parison o f  the two frequencies.

I f  the average frequency o f  the transm itter

output is exactly the same as that o f  the re fe r ­
ence oscillator, there w ill be no output fro m  the 
discrim inator. Let us suppose, how ever, that the 
average frequency o f  the output is not exactly 
that o f  the reference oscilla tor; the output o f  the 
d iscrim inator during one-half o f  the 30-cps period 
will d iffer slightly fro m  the output durin g  the al­
ternate half period. In th is case, there is a square 
wave at the output o f  the d iscrim inator. A  fr e ­
quency-com parator c ircu it senses and amplifies 
this square wave.

The sensing device consists o f  a relay w hich  
acts in synchronism  w ith  the relay that alternate­
ly sw itches the A F C -IF  and the reference oscilla­
tor signals on and off. The dc voltage at the output 
o f  the frequency-com parator circu it changes the 
bias voltage on the repeller o f  the beat oscillator 
klystron, sh iftin g  its frequency to com pensate fo r  
the orig inal frequency error. In th is w ay, the 
autom atic frequency control reduces all frequency 
errors by a fa ctor  o f  100.

The signal at the output o f  the radio receiver 
is sent to the FM  term inal receiver w hich  is 
shown above. C ircuits in the FM  term inal re-
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ce iver recover the orig in a l m ultiplex in form ation  
fro m  the 74-m c signal. F irst, the signal passes 
th rou gh  a lim iter w h ich  elim inates variations in 
signal am plitude caused prim arily  by im perfec­
tions in the rad io  paths and in the repeaters. The 
lim iter em ploys new and im proved circu its  in 
w hich  solid -state diodes are used in com bination  
w ith  electron-tube am plifiers. The output o f  the 
lim iter, a pure frequency-m odulated  signal free  
fro m  variation s in  am plitude level, passes through 
a variab le  a ttenuator to the input c ircu it o f  the 
d iscrim in ator.

A  d iscrim in ator w ith  a w ide bandw idth  and low 
d istortion  w as needed fo r  sa tis fa ctory  transm is­
sion. L aboratories  engineers determ ined that its 
perform an ce could  best be achieved by  very  care­
fu l control o f  three separate cii’cu its isolated 
fro m  one another by electron  tubes. These c ir ­
cuits, the IF  bu ffer stage, the h igh -frequ en cy  d is­
crim inator, and the low -frequ en cy  d iscrim inator, 
are individually very  sim ple. T ogeth er, they make 
an FM  receiver h av in g  the h igh -qu ality  p erfo rm ­
ance dem anded b y  the T H  System . The outputs 
o f  the d iscr im in ator c ircu its  feed  a final balanced 
video amplifier w here the pow er level is increased. 
This am plifier has been designed w ith  local feed ­
back to  ensure low  d istortion , low  hum, and low 
susceptib ility  to  pow er-supp ly  variations.

A larm -in d ica tin g  devices have been designed 
fo r  the F M  term inal equipm ent. These alarm s 
will operate i f  there is a m alfunction  in the auto­
m atic frequ en cy-con tro l system , the transm itter 
or the receiver v ideo am plifiers, or i f  there is a 
loss o f  IF  input to  the F M  term inal receiver.

The perform a n ce  o f  the term inals has been 
kept so close to  the ideal that on each radio path, 
m any m ore h igh -qu ality  telephone circu its  can be 
carried  across the con tin en t than ever before . 
The extrem ely strin gen t requirem ents on each 
term inal ensure that the over-all system , w hich 
may include as m any as 16 term inals in tandem, 
has a m inim um  o f  over-all d istortion .

FREQUENCY M ODULATED 
SIGNAL FROM 
RADIO EQUIPMENT

AMPLIFIER
LIMITER

ATTEN­
UATOR
0-15D B

DISCRIM­
INATOR
VIDEO

AMPLIFIER

S im p lified  d ia g r a m  o f  th e  F M  te r m in a l r e c e iv e r  
w h ich  d e m o d u la te s  a n d  a m p lifies  in c o m in g  s ig n a ls .

Canadian 'Alouette' Satellite  
Guided Into Orbit By 
Command Guidance System

The “ A louette”  Topside Sounder satellite, built 
by Canada’s D efense Research Board, was launch­
ed on Septem ber 22 from  Pt. A rguello, C alif., by 
the N ational A eronautics and Space A dm in istra ­
tion  in N A S A ’s first W est Coast orbital launch. 
The satellite was guided into its near-circular 
earth orb it by the Bell Laboratories R adio Com ­
m and Guidance System . The 320 pound, alm ost 
spherical “ A louette”  w ill probe the ionosphere to 
m easure electron distribution  and density.

M a jor guidance system  elements— radar and 
com puter —  w ere ground b ased ; m issile-borne 
guidance equipm ent was carried  in the first stage 
o f  the T h or-A gena-B  launch vehicle. P r io r  N A S A  
launches w ith  the B T L  Guidance System  used a 
T h or booster first stage and Delta or A ble-S tar 
upper stages.

The T hor booster’ s m ain and vern ier engines 
burned fo r  some 2^^ m inutes fo llow in g  lifto ff. 
D u rin g  this tim e, the entire vehicle was under 
control fro m  the ground, w ith  the guidance sys­
tem  feed in g  the vehicle com m ands on yaw , pitch, 
and, at the appropriate tim e, engine cutoff. A fte r  
m ain and vern ier engine cutoff, the vehicle coast­
ed fo r  approxim ately 30 seconds. Then, through 
a sequence o f  events initiated  by the ground- 
based com puter, retrorockets slowed the Thor 
booster and the A gena-B  stage separated. From  
that point on, the A gena engines functioned  au­
tom atically, burn ing tw ice : fo r  2 %  m inutes 
shortly a fter  booster separation, and fo r  several 
seconds som e 48 m inutes later fo r  insertion  into 
its orbit.

The Laboratories Command Guidance System  
has been used in over 100 U .S. m issile and space 
launches w ith  only one failure, as discussed in 
the article on page 352 o f  this issue.

The “ A louette”  launch m arks one part o f  
N A S A ’s Topside Sounder P rogram  to investi­
gate electron density d istribution  and variation  
in the ionosphere, that portion  o f  the atm osphere 
fro m  about 50 to 250 m iles above sea level. The 
ionosphere is, in effect, an electrical conductor 
which, because o f  its shape and com position , has 
the properties o f  a spherical reflecting m irror 
fo r  radio w aves. The Sounder P rogram  is under 
the m anagem ent and t e c h n i c a l  d irection  o f  
N A S A ’s G oddard Space F ligh t Center at Green- 
belt, M aryland.
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For thousands of years, plowing 
has been an “art” performed by farmers. 
Now, Laboratories engineers are 
turning this art into a science.

Evolution of 
Cable-Laying Plows

J. C. Maclay

Buried telephone cable is becom ing an increas­
ingly im portant part o f  the com m unications fa ­
cilities installed by the Bell System. F or example, 
the sheath miles o f  cable buried yearly increased 
from  2000 in 1955 to 13,000 in 1961; additionally, 
the annual installation rate o f  buried facilities  to 
residences has nearly doubled every year, from  
less than 4,000 in 1955 to over 185,000 in 1961.

Cable is buried by one o f  two m ethods— trench­
ing or plowing. Trenching is tim e-consum ing and 
relatively expensive because it involves three 
separate operations— d igg in g  a ditch, placing the 
cable, and filling the ditch. O perating tele­
phone com panies use this m ethod when special 
conditions exist, such as a need fo r  m ore than 
one w ire or cable in the same trench. P low ing, on 
the other hand, is one operation and reduces both 
tim e and cost. Here, a m otive force  pulls a cable 
plow  through the soil w ithout disturbing the soil 
excessively, and a cable runs through a feed  tube 
on the plow  into the soil.

In 1957, Laboratories engineers made a study 
o f  the conunercially available plow  equipment fo r  
burying cable. The study showed that very little 
was known about plow ing from  a scientific point 
o f  view , and that m ost o f  the plows available were 
“ rippers,”  norm ally used fo r  breaking up the soil, 
w ith  cable feed  tubes attached. The basic as­
sum ptions used in design ing the plows often

differed  fro m  one m anufacturer to another. Some 
m anufacturers believed that the relationship be­
tween draw bar pull and disturbed soil depth was 
directly  proportional, w hile others thought the 
relationship to be exponential. It also appeared 
that very little consideration  was ever given  to 
m aking the plows easy to pull. R ather the intent 
was to make the blade o f  the plow  stron g  enough 
to w ithstand the largest fo rce  ever to be im posed 
on it. Because o f  these findings and the grow in g  
trend to greater use o f  buried cable, the Labo­
ratories started developm ent o f  a m ore suitable 
cable-laying plow.

A t that time, it was estim ated that cable sizes 
up to 1 inch would fulfill 90 percent o f  the ex ­
pected needs o f  the Bell System  fo r  buried plant. 
A lso the investigations showed that m ost o f  such 
cable would be placed at soil depths o f  cover from  
16 to 30 inches. F rom  this in form ation  the L abo­
ratories was able to lim it the in itial testing  to 
relatively small equipm ent.

The developm ent included m easuring the effects 
on a plow  share cu tting through soil and the 
effects on cable as it passed through the feed  tube. 
A  typical cable plow  share is shown on the oppo­
site page. Some o f  the design features investi­
gated were the point, the leading edge (s h in ), the 
share’s cross-sectional shape, the share’s w idth 
( fr o n t  to b a ck ), and the shape and length o f  the
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feed  tube. The engineers also tested the necessary 
tractive  fo rce  to m ove plow s through different 
types o f  soil at d ifferen t depths. This in form ation  
facilita ted  the selection  o f  tractors having ade­
quate draw bar pull f o r  various p low ing cond i­
tions. F inally , they hoped to evaluate any other 
fa ctors  w hich  m igh t a ffect the p low ing operation. 
This included testin g  fo r  the advantages, i f  any, 
o f  attach ing the plow  d irectly  to the prim e-m over 
or tra ilin g  it behind, and checking the effects o f  
the prim e-m over condition , operator skill and 
cable reel handling m ethods.

The tests started  w ith  m odel plow  shares o f  
approxim ately one-eighth  scale. The m odels were 
pulled th rou gh  m oist clay to find w hat forces  w ere 
required to m ove each share. W ith  the data thus 
obtained, the testin g  w ent on to fu ll scale shares, 
attached to a 4-w heel tra iler and draw n by a 
winch. A  w inch  line dynam om eter m easured the 
horizontal fo rces , p rov id in g  the draw bar-pull 
m easurem ents fo r  each o f  the d ifferent share con ­
figurations.

H ow ever, th is equipm ent did not provide in ­
form ation  about the vertica l forces  im posed on 
the plow  share by  the soil. T o  obtain  this in form a­
tion, the engineers constructed  a special test 
fram e w ith  instrum ents to m easure not only 
draw bar pull but also the dow n dra ft and m om ents 
on the shares. The test fra m e was attached di­
rectly to a tractor as show n on page 374.

F rom  the tests run w ith  th is equipm ent, they 
collected a great deal o f  valuable in form ation . 
The engineers fou n d  that the angle o f  attack o f  
the share’s leading edge has a significant effect 
on the draw bar pull required. Three different 
angles, as show n at the top  o f  page 375, w ere 
tested. A ngles A  and B required m uch less draw ­
bar pull than C and tended to stay in the ground 
better than C. B ecause angle B w as only slightly 
in fe r io r  to  A  in the tests and also sim plified the 
feed tube design, B was used th rou ghou t the rest 
o f  the tests. The engineers foun d  that as long as 
the leading edge was not blunt, the cross-section  
o f  the share m ade very  little d ifference in the 
plow ’s perform an ce. T h ey  then adopted the sim ­
plest shape, a broad  V  w ith  the altitude o f  the 
triangular-shaped leading edge equal to the 
share’s thickness.

The tests show ed that tw o fa c tors— the p ro ­
portions and the angle o f  attack  o f  the point—  
have the greatest effect on redu cin g  draw bar-pull 
and increasing  dow n draft. It also show ed that the 
resultant o f  all the fo rce s  on the share w as at a 
point very  nearly at the bottom  o f  the share and 
that the line o f  action  o f  the resultant fo r ce  in ­
tersected the grou nd  about three to fo u r  fe e t  in

T h e  a b o v e  d ra w in g  o f  a ty p ic a l ca b le -p lo w  sh a re  
s h o w s  th e  d e s ig n  fe a tu r e s  a ffe c tin g  its  o p era tio n .

fro n t o f  the plow. This meant that rather than 
lift in g  the wheels o f  the tractor a properly de­
signed plow  actually pulled the wheels down, thus 
increasing the tractor ’s effective w eigh t and 
available traction . These tests also indicated that 
craw ler tractors are much m ore suited to cable 
plow ing than the rubber tire  farm  type, because 
the craw lers translate their w eight into draw bar 
pull m ore efficiently.

The next series o f  tests was run to obtain 
com plete in form ation  on how  variations o f  the 
poin t configuration affect draw bar pull and down- 
dra ft. A  trailed-type plow  arrangem ent was used 
in all the rem aining tests because d irectly-coupled 
plows had produced problem s in controlling the 
depth o f  the plow  when the tractor went over 
bum py or  irregu lar ground. The engineers tested 
each o f  five different plow  shares, vary in g  in 
thickness from  1 %  to 4 inches, w ith  37 different 
points. The tests ran at soil depths o f  18, 24 and 
30 inches in three different type soils. The data 
received conclusively defined the best point d i­
m ensions fo r  shares up to 2 inches thick— three 
inches w ide, 14 inches long and m ounted 25 to 
30 degrees fro m  the horizontal. This poin t re-
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T h is  t e s t  eq u ip m e n t w a s c o n str u c te d  b y  L a b o ­
r a to r ie s  e n g in e e r s  to  m ea su r e  d ra w b a r-p u ll,

d o w n d r a ft , and m o m e n ts  o n  v a r io u s  p lo w sh a re  
co n fig u ra tio n s d u r in g  th e  e x te n d e d  t e s t  p r o g r a m .

quired the m inim um  draw bar pull and produced 
the m axim um  dow ndraft in all three soils under 
all m oisture conditions. The principal advantage 
o f  this point was that no com prom ise was neces­
sary in its design to favor either draw bar pull or 
dow ndraft. The limited data obtained thus fa r 
about the 3 and 4 inch shares did not provide 
conclusive inform ation .

A ll the tests up to this point had been on rather 
small plows. But since the operating telephone 
com panies were rapidly increasing the amount o f 
larger buried cable, there was a great deal o f 
interest in equipment capable o f  laying larger 
cable at deeper depths. Therefore, tests were be­
gun to obtain m ore in form ation  on plow shares 
between 2 and 4 inches thick.

A  large trailed plow, bottom  o f  page 375, on 
w hich 2, 3, and 4 inch shares could be mounted 
was used. Each share was tested w ith  30 different 
points at soil depths up to 42 inches. M ore than 
450 separate tests w ere made, requiring almost 
21 acres o f  land at the Chester Laboratory. Each 
test run was approxim ately 100 feet in length so 
as to reduce the effects o f  soil variations from  
test to test. In b rie f, the results o f  the tests sub­
stantiated the earlier data taken on 2 inch shares. 
It also established the best point configurations 
fo r  3 and 4 inch shares, w hich are respectively 
5 inches wide, 14 inches long w ith a 30 degree

angle o f  attack, and 6 inches w ide, 14 inches long 
and 30 degree angle o f  attack.

As an integral part o f  the plow  tests, different 
types o f  feed  tube designs w ere investigated. 
Cable was passed through the feed  tubes and 
buried under actual p low ing conditions. Tests 
w ere made to find the best d iam eter and position 
fo r  the guide rollers in the tubes, the proper rad i­
us o f  the cable as it bends fro m  the vertical to the 
horizontal, and the am ount o f  tension placed on 
the cable. A ir  dielectric coaxial cable, used fo r  
closed circu it television, was used in tests to 
evaluate each o f  the feed  tubes. This cable is 
relatively fra g ile  and any deform ations occu rrin g  
in its outer tube were easily detected by the re­
sulting changes in the electrical characteristics 
o f  the cable.

W hen the testing was com pleted, the engineers 
knew a great deal about m any oth er fa ctors  a f­
fectin g  plow ing operations. The data show ed that 
both directly-coupled and trailed plow s trans­
ferred  dow ndraft to the tractor. This increased 
the tractor s effective w eigh t and, th erefore , in ­
creased the draw bar-pull obtainable fro m  the 
tractor. Thus, a cable-laying plow  is one earth 
m oving tool w hich  helps its prim e m over develop 
m ore pulling effort. The d iscovery that the trailed- 
plow  transfers w eight to the tractor elim inated 
one o f  the presupposed disadvantages fo r  it.
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T h r e e  a n g le s  w e r e  t e s te d  to  find th e  b e s t  ov er -a ll  
a n g le  o f  a tta c k  f o r  ca ble  p l o w s ; B  w a s  a d o p ted .

T h erefore , the sam e size tractor could be used to 
pull e ither a d irectly-coupled  o r  tra iler-type plow. 
Consequently the only advantage o f  a d irectly- 
coupled plow  is its com pactness. On the other 
hand the trailed -type plow  offers the fo llow in g  
a dva n ta ges :
►Lower investm ent cost— no need fo r  an ex­

pensive tractor to stand idle when not placing 
buried  cable and w ire.

►Less tension  in the cable (o r  w ire ) .
►Less likely to dam age the cable (o r  w ire ) . 
►More u n iform  depth o f  cable (o r  w ire ) in roll­

ing terra in .
►Can be w inched  th rou gh  stream s, swam ps, etc. 
►Requires less detailed design.
►Need not be restricted  to any particu lar prim e 

m over.
The m any inherent advantages o f  trailed-type

plows coupled w ith the newly proven fa ct that 
they could be pulled by the same size tractor as 
a directly-coupled unit, resulted in a decision to 
concentrate on the developm ent o f  trailed plows.

The first plow designed is now available to the 
operating telephone com panies. Basically, the 
unit is a m odified com m ercial plow  chassis w ith  a 
Laboratories designed share attached. It has all 
the features already found to be im portant from  
the tests, and should reduce the tractive effort 
required fo r  pulling by at least 25 per cent o f  the 
am ount required by com m ercially available plow 
shares. The back o f  the feed tube can be opened 
fo r  rem oval o f  the cable. Three share sizes are 
provided to accom m odate cable up to 3.1 inches 
and place the cable at a m axim um  depth o f  36 
inches. This plow  had extensive field trials during 
1961 and was well received by the field forces. 
The Laboratories is now design ing a smaller 
trailed plow  fo r  cable up to 1.5 inches.

W hat then has been accom plished by the L abo­
ratories investigation o f  cable p low in g? This 
field, an art fo r  so long, now  has a solid base o f 
technical in form ation . N o theories on soil m e­
chanics o f  plow ing have been proposed because it 
was fe lt  that this was not the prim e function  o f 
the study. Rather, its intent was to rem ove m ajor 
uncertainties in a scientific, experim ental man­
ner so that cable or w ire  could be placed in the 
ground undam aged. This has been done, and the 
prom pt translation o f  these efforts into usable, 
efficient tools w ill allow the telephone com panies 
to reap significant cost savings in construction  
and maintenance, and the public-relations bene­
fits o f  buried cable.

- •y-'''." " " “ - / ’“ S ' . * - ' . '  . '

T h e  la te r  v e r s i o n  o f  th e  in s tr u m e n te d  t e s t  f r a m e  le m s  o f  d e p th  c o n tro l e n c o u n te r e d  w h e n  p lo w s

w a s  tr a ile d  b eh in d  th e  tr a c to r  to  r e d u c e  th e  p r o b -  w e r e  d ir e c t ly  a tta c h ed  to  th e ir  “ p r im e  m o v e r .”
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M r s . M . R . A r l i tz , N e w  Y o r k  T e lep h o n e  C o m p a n y , d e m o n s tr a te s  th e  
n e w  s u p e r v is o r ’s  con sole  a s i t iv o u ld  be u sed  in  a typ ica l o p e r a tin g  ro o m .
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R. M. Kriegel

Centralized  
Supervisor Facilities

IT has been said that i f  the Bell System  had 
not gon e over to dial sw itch in g  system s, and 

we had the sam e num ber o f  operators per 10,000 
telephones that w e had fo r ty  years ago, w e would 
need about 1,000,000 operators to  make all o f  
today’s connections by  hand! A s  a result o f  this 
conversion , how ever, the routine duties o f  the 
operator have decreased, and her duties now  en­
tail special assistance to  a custom er in com pleting 
his call. This, coupled w ith  an expansion  o f  direct 
distance d ia lin g  and the use o f  local and central­
ized autom atic m essage accounting, has resulted 
in an extension  o f  the duties o f  the supervisor, 
and developm ent o f  new  equipm ent fo r  her use.

Today, supervisors are assigned fo r  sw itchboard 
operators at a ra tio  o f  one supervisor fo r  each 
nine to fifteen  sw itchboard  positions and desk po­
sitions. S ince operators now  handle an increased 
num ber o f  situations w ith ou t assistance, a new 
centralized su pervisory  system  has been devel­
oped w hich  perm its a su pervisor to  w ork  w ith  as 
many as seventy operators fro m  one operating 
console.

A t present, the su pervisor p erform s her fu n c­
tions at the sw itchboard  or  desk position  and 
uses the fa c ilities  at these locations fo r  receiv ing 
or orig in a tin g  calls. The new ly designed fa cilities  
perm it her to be seated at a console w ith  telephone 
trunks to each position  that she su p erv ises ; thus, 
she w ill be able to fu n ction  w ith  m uch grea ter effi­
ciency than by  m ovin g  up and dow n a long line o f  
sw itchboards or  desks, as show n in the fro n tis ­
piece photo.

The su pervisory  fu n ction s  w hich  are provided 
in the new  centralized  fa c ilit ie s  perm it the super­
visor to ;

► R eceive incom ing calls fro m  operators who, 
fo r  exam ple, need som e in form ation  to  help

them  com plete an unusual type o f  call or to 
assist in the com pletion o f  a call in w hich  diffi­
culty has been encountered along the line.

► Receive incom ing calls from  custom ers who 
m ay not be satisfied w ith  the answers received 
fro m  the operator.

► Receive incom ing calls from  m aintenance men 
w ho m ay w ish  to obtain m ore in form ation  
about a particu lar case o f  trouble they are 
w ork ing  on, or to g ive the supervisor an “ O K ” 
on a previous case o f  trouble they have cleared.

► Make calls to the operators w hom  she super­
vises to pass on new instructions and perti­
nent in form ation  relative to the day-to-day 
job .

► Make ou tgoin g  calls to custom ers in response 
to their earlier calls fo r  in form ation  a fter  she 
has obtained the desired answers.

► Make outgoing calls to plant craftsm en to 
report trouble conditions on circu its  or to re­
quest in form ation  on new  lines or circu its.

► M onitor on the operators she supervises to 
check the quality o f  service rendered to the 
custom er.

These new arrangem ents replace the existing 
supervisory circu its  found  in the large variety 
o f  ex istin g  sw itchboards and desks, including 
Sw itchboards N os. 1, 3, 3C, 3CF and 3CL, Sw itch­
boards N os. 13C, 13D, 14C, 14D, 15C and 15D, 
O perating R oom  Desks N os. 2, 3, 6, 7 and 23 
and the new lOOA Traffic Service Position .

The supervisor at her centralized console can 
orig in ate  connections to a m axim um  o f  seventy 
positions by depressing one o f  seventy nonlocking 
push buttons. She answers calls from  the posi­
tions over a m axim um  o f  six  trunks by pressing
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O NE C O N S O L E -7 0  POSITIONS

CONSOLE

TELEPHONE M O N ITO RING  
TRUNK AN D  

LINE EQUIPMENT

SUPERVISOR
CO NNECTIO N

EQUIPMENT

POSITION
SELECTION
EQUIPMENT

TRUNK-JACK
CO NNECTIO N EQUIPMENT

SWITCHBOARDS 
13C 13D
14C 14D
15C 15D

TOLL
SWITCHBOARD 

N O , 1

TOLL
SWITCHBOARDS 

3, 3C, 3CF &  3CL

INFO RM ATIO N DESKS 
2, 3, 4 , 6 A N D  7 

OPERATOR ROOM  DESKS 
23 TYPE

lOOA TRAFFIC SER. POS.

S ch em a tic  d ra w in g  sh o w s  typ ica l e q u ip m en t con fig u ra tion , u sin g  o n e  con sole  w ith  7 0  p o s itio n s .

a nonlocking illum inated key associated w ith 
each trunk. The console is equipped w ith  a 
dial, a handset, and a pilot lamp fo r  calling the 
supervisor’s attention to incom ing calls at the con­
sole. It is also equipped w ith  headset telephone 
jacks fo r  a 52 type headset fo r  use during extend­
ed periods at the console when the handset would 
be cum bersom e. In addition, it  has illum inated 
nonlocking keys fo r  holding calls at the console, 
fo r  in itiating calls to a dial office fo r  local or  DDD 
com pletion, fo r  connection to a toll office fo r  non- 
dialable toll calls, and fo r  recalling the operators 
on transferred  calls (except fo r  the Nos. 2, 7 and 
23 type desks, whose operators can not be recalled 
on transferred  ca lls ) . Tw o sets o f  auxiliary tele­
phone jacks m ultipled at the console can be p ro ­
vided at the supervisor’s desk i f  required, fo r  
sim ultaneous headset m onitoring.

F acilities are also provided at the sw itchboard 
or desk so that the supervisor m ay answer and 
hold calls at that location. These facilities  are 
provided at a m axim um  o f  fou r  positions in the 
sw itchboard or desk lineup. The flashing signal 
lamps at the sw itchboard or desk lineups are 
arranged to call the supervisor’s attention to in­
com ing calls at that lineup or other lineups under 
her supervision when she is on the floor and not 
at the console.

T w o centralized supervisory consoles may be 
provided fo r  large installations when required.

and may be associated in several patterns. W hen 
there are no m ore than seventy positions in the 
supervised unit, the consoles m ay be w ired  fo r  
jo in t access to and fro m  the positions over the 
same orig in atin g  and incom ing paths. W hen there 
are m ore than seventy positions in the supervised 
unit, the orig in atin g  paths are divided between 
the consoles. The incom ing paths, how ever, can 
be m ultipled partially or com pletely by  provid ing 
an extra six button illum inated key unit at either 
or both consoles. W ith  com plete m ultip ling o f  the 
m axim um  num ber o f  positions, each console can 
have orig in atin g  access to seventy positions and 
can answer calls from  one hundred fo r ty  posi­
tions. Typical equipm ent conflgurations are shown 
above.

The associated relay rack  equipm ent contains 
the units fo r  the telephone m onitoring  trunk and 
line equipment, supervisor’s connection  equip­
ment, position  selection equipm ent, and trunk to 
ja ck  connecting equipm ent.

The new centralized supervisory plan and fa c il­
ities results in im proved operator tra in in g  and 
development, perm itting the supervisor to give 
sufficient uninterrupted tim e to the operator, thus 
im proving the quality o f  service through  better 
trained and m otivated operators. It w ill also 
m aterially fill the need in operating room s fo r  
efficient, attractive and com fortab le  equipm ent 
fo r  supervisors.
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Brief accounts of recent technical developments 
at Bell Telephone Laboratories News Briefs

NEW SURFACE ANALYZER
A simple and inexpensive method of detecting extremely 

small variations in the surfaces of polished flat semiconduc­
tor materials has been devised by Miles V. Sullivan of the 
Metallurgical Research Laboratories. Making use of principles 
known in the field of optics for over 1000 years, he is 
able to discern surface roughness and small defects more 
readily with the new analyzer than with normally-used inter­
ferometers and high-powered microscopes.
Light from a small tungsten-filament lamp is made to 

shine on the surface of the material and is reflected onto a 
screen or ground glass. Ripples or defects in the surface 
are enlarged and accentuated in the image on the screen. For 
example, a defect about 0.25-mm wide may easily be magnified 
to 6.3 mm when projected onto a screen 20 mm away. The rela­
tive position of any defects on the specimen can easily be 
determined because the entire surface can be viewed at one 
time. No lenses are needed for forming, examining or photo­
graphing the image.

The new surface analyzer has been particularly useful 
in the development of new chemical and electrochemical semi­
conductor polishing techniques.

HIGH-SPEED X-RAY SPECTROGRAPH
Bell System telephone poles are normally protected from the 

ravages of decay or termite attack by pentachlorophenol preserva­
tive used either alone or with creosote, and tested periodically 
for preservative loss. Up to now. Bell Laboratories has used 
conventional X-ray machines to analyze small borings from test 
poles in these tests. One sample every three minutes could be 
analyzed this way.

Now, the Laboratories has developed a new X-ray spectograph 
attachment that analyzes one sample every 43 seconds. The unit, 
designed by Stephen De Bala with Thomas Loomis and Keith H. Storks, 
all of the Chemical Research Laboratory, bombards the chlorine 
atoms in the preservative. These atoms fluoresce, giving off X-rays 
of a characteristic wave length. These X-rays enter an analyzing 
crystal and then a tube where they are converted into electrical 
pulses. The pulses are amplified, counted, and the 
result is tabulated on a printer.
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Data on the radiation encountered by Telstar 
are now being processed by Laboratories 
scientists, and will be made available 
to others. One important fact: damage to 
solar cells is within the range expected.

Telstar Provides 
High-Altitude Radiation Data

The Bell System ’s experim ental com m unica­
tions satellite, Telstar, has encountered a large 
am ount o f  h igh-energy electrons in space. W heth­
er the am ount represents an unusually high con­
centration o f  Van Allen belt electrons or results 
from  the United States’ h igh-altitude nuclear 
bom b test o f  July 9 is still being debated, accord­
ing to a recent report by Laboratories scientists.

They said also that radiation dam age to Tel- 
star ’s pow er plant— caused by both electrons and 
protons— is w ithin the range originally  expected 
in the Van Allen belt w ithout any nuclear tests.

Telstar, launched on July 10 by the N ational 
A eronautics and Space A dm inistration , is re­
portin g  a wealth o f  in form ation  on radiation in 
its h igh orb it— from  600 to 3500 statute miles 
above earth. The orb it passes through the heart 
o f  the Van Allen belt, a natural band o f  radiation 
extending upward from  the earth ’ s atm osphere 
fo r  thousands o f  miles. The belt is made up o f 
energetic electrons and protons trapped by the 
earth ’s m agnetic field.

Telstar’s radiation test package counts particles 
in several energy levels to provide one o f  the m ost 
thorough radiation  m easurem ents by  any satel­
lite at these altitudes. The m easurem ents are 
virtually the only ones now being reported  from  
the h igher altitudes. Bell Laboratories is process­
ing the abundant data and m aking an analysis 
available to the nation ’s scientists.

An increase in radiation  resu lting fro m  the 
governm ent’s nuclear test is fa ir ly  well establish­
ed fo r  the low er altitudes. B ut ju st w hat hap­
pened in the h igher reg ion  covered by T elstar’s 
orb it is still being debated— because o f  the un­
certainty as to ju st w hat radiation  intensity 
existed in the region  be fore  the nuclear test.

Post-test conditions reported  by T elstar’s solid- 
state detectors show that the num ber o f  protons 
is about the same as expected, but the num ber o f 
en e igetic electrons is about ten tim es as large as 
had been anticipated.

Total radiation dam age to the vital solar cells 
(w hich convei't the sun’s energy into electric
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D r a w in g  o f  r a d ia tio n  d e te c to r  s h o w s  d eta il o f  e x te r n a l s tr u c tu r e  an d sh ie ld in g  o f  a c tiv e  e le m e n ts .

pow er fo r  the satellite) is w ith in  the range o f  
dam age anticipated  fro m  natural conditions. Up 
to now, output o f  the solar cells has been reduced 
by radiation  and oth er effects to 85 per cent o f  
the in itial pow er. The rate o f  dam age to solar 
cells by  rad iation  decreases w ith  tim e, and it is 
estim ated that at the end o f  tw o years the solar 
cell output w ill still be about 68 per cent o f  the 
initial am ount. B ecause Telstar was designed to 
operate w ith  a 50 per cent degradation  in its 
pow er supply, the pow er level w ill still be s u f­
ficient to  perm it Telstar to p erfo rm  its role.

Telstar ow es its good  solar-pow er con d ition  to 
heavy sh ield ing o f  the cells by w indow s o f  clear, 
artificial sapphire and especially to a new  kind o f  
solar cell, used in a satellite fo r  the first tim e. 
N egative-type silicon  is on top  instead o f  under­
neath positive-type silicon  as in other satellites. 
The low er sen sitiv ity  to radiation  dam age in this 
type o f  cell was first dem onstrated by  the A rm y 
Signal Corps R esearch  and D evelopm ent L abora ­
tory. H ad these developm ents not been used in 
Telstar, the satellite ’s pow er output w ould have 
been reduced w ith in  tw o weeks to the level now  
expected a fte r  tw o years.

A  conservative pow er-p lant design , w hich  p ro ­
vides a large m arg in  fo r  solar-cell decay b e fo re  
threaten ing the pow er needs o f  the satellite, was 
used in an e ffort to poin t tow ard  developm ent o f

operational com m unications satellites w ith  an 
econom ical long life.

Telstar continues also to perform  well its 
prim ary fun ction — the experim ental relay o f  
com m unications signals. It was used this sum m er 
fo r  the first experim ental transm ission by w ay o f  
satellite o f  overseas telephony, data and facsim ile 
pictures, and the first transoceanic transm ission 
through any medium  o f  live black-and-w hite and 
color television.

All transm ission m easurem ents planned o r ig i­
nally have been carried  out w ith results close to 
those predicted, yet one o f  Telstar’s im portant 
scientific tasks will not be fulfilled until it fails. 
The d iscovery o f  com ponent fa ilures as they oc­
cu r w ill be o f  great value in the design and 
developm ent o f  com ponents and circu its  fo r  fu ­
ture operational com m unications satellites.

One small m alfunction  has occurred in the 
satellite. Command receivers and decoders trans­
late coded radio m essages into action in the satel­
lite. Tw o receivers and decoders are used as a 
precaution  against the fa ilu re  o f  one. A  special 
c ircu it  in the satellite tests the individual de­
coders on com m and from  the ground. This test 
com m and has failed . The fa ilu re  does not affect 
the operation  o f  Telstar but sim ply means that 
now  no one can confirm  that both o f  the decoders 
are still operating.
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F i b e r  O p t i c s  A i d s

H i g h - S p e e d

P h o t o g r a p h y

F iber optics and the m otion-picture cam era 
have jo in ed  forces  in a new w ay to produce p ic­
tures o f  rapidly changing phenomena. Scientists 
in the M echanics Research L aboratory recently 
com pleted experim ents w ith  a fiber optics im age- 
dissection cam era w hich can take a sequence o f  
75 X -ray  pictures at a speed o f  400,000 fram es 
per second and still produce good resolution.

A t the 6th International C onference on H igh- 
Speed Photography, recently held at The Hague 
in the Netherlands, J. S. C ourtney-Pratt de­
scribed the cam era, w hich uses an assembly o f 
glass fibers embedded in a m atrix to conduct 
light to a photographic plate. The fibers are 
coated at one end w ith a phosphor that converts 
the X -rays to visible light. The m atrix and the 
rapidly m oving plate beneath it act as a h igh ­
speed recorder.

H igh-speed cinem atography is an im portant 
tool fo r  research into many physical phenomena. 
X -ra y  pictures are particularly needed fo r  study­
ing actions like that o f  a m elting fuse or o f  an 
electrical contact inside a sealed relay system. In 
rocket propulsion. X -ra y  pictures are useful fo r  
determ ining the mass and velocity distribution  o f  
particles in the com bustion process.

Conventional high-speed cam eras are lim ited by 
the speed o f  their m echanical shutters. A  w ay to 
overcom e this barrier is to use some form  o f 
im age-dissection plus a continuous m ovem ent o f 
the film plate.

Basically, the arrangem ent consists o f  the 
phosphor as a light source, the ob ject to be photo­
graphed, the fiber-filled m atrix and the movable 
photographic plate. The m atrix is approxim ately 
three inches square and one inch thick. Each fiber 
consists o f  an inch-long, 0.001 inch-diam eter, rod 
o f  flintglass surrounded by a thin sheath o f  
crow n glass w hose low er index o f  re fraction  pro­
vides total internal reflection. This sheath is 
coated w ith a second sheath o f  opaque glass and 
the closely packed array o f  32,000 fibers is held 
in the m atrix  by an opaque epoxy resin.

Thus arranged, the fibers efficiently transm it 
light from  the im age to the photographic em ul­
sion held close to the opposite side o f  the m atrix. 
U nder continuous illum ination, each fiber p ro ­
duces a line w hose density varies w ith  the illum i­
nation on the im age. The film needs to be displaced 
only the w idth o f  a fiber to perm it subsequent 
exposure o f  entirely new patterns o f  ligh t and 
dark areas. This short distance (about 1 m il) 
com bined w ith  rapid m ovem ent o f  the film plate 
(a  m axim um  o f  36 ft . per second) g ives the ex­
trem ely h igh-speed action.

The film plate is m ounted on a trolley w hich 
moves in a track by a com pressed-air arrange­
ment. D espite acceleration and deceleration ex­
ceeding 100 g, the plates do not break.

To get recognizable photos it  is necessary to 
“ decode”  the pictures from  the com posite plate. 
This is done by re-a lign ing the plate in accordance 
w ith  a recognizable pattern orig in ally  exposed 
and slowly pulling it through the same physical 
sequence. The result is a “ slow  m otion”  reproduc­
tion  w hich  can be observed d irectly  or copied by 
conventional cam era techniques.

O p tica l analog o f  fib e r  o p tic s  im a g e  d is s e c tio n  
c a m era  d e v e lo p e d  a t B ell L a b o r a to r ie s  to  s tu d y  
h ig h -s p e e d  X -r a y  p h e n o m e n a . C a m e r a  p r o v e d  
fe a s ib i l i ty  o f  u sin g  fib e r  o p tics  c in e m a to g r a p h y  
f o r  h ig h -s p e e d  e x p o s u r e s  o v e r  e n tir e  v is ib le  s p e c ­
tr u m . A p p a r a tu s  f o r  m o v in g  film  p la te  in c o r ­
p o r a te s  c u sh io n in g  d e v ic e  to  a v o id  p la te  b re a k a g e .

382 Bell Ldboratories Record



Whippany Laboratory 
To Be Expanded

Bell Laboratories has announced 
that the Whippany Laboratory 
will be expanded by $1 million in 
new construction. The project will 
include a 90,000-square-foot, two- 
story extension to Building 1, and 
a 10,000-square-foot boiler house 
to consolidate heating facilities 
for the entire location.

The boiler house also will be 
used for additional office and lab­
oratory space for the staff and 
technical organizations and for 
machine, coil and printed circuit 
shops. The building will be desig­
nated ID. The existing shipping 
and receiving facilities will be 
renovated as part of the over-all 
project. The new buildings will 
enable the Laboratories to aban­
don and remove several temporary 
structures which were built dur­
ing World W ar II.

Occupancy installations in the 
new building are expected to start 
in March, 1963; full occupancy 
will be completed by the end of 
June.

President Appoints 
Satellite Company 
Incorporators

President Kennedy named 13 
prominent Americans to set up 
this country’s new satellite com­
munications c o r p o r a tio n . H is  
choices, who must be confirmed 
by the Senate, were drawn from 
business, labor, and professional 
groups.

The incorporators will set up 
the private corporation, which 
will be under government regula­
tion, and make plans for the ini­
tial public stock offering.

The first Board of Directors will 
be named after the organization 
has been incorporated and charter 
and bylaws have been drawn up.

Two Labs Men 
Receive ASTM Award

Two Laboratories men were 
among twenty leaders in the field 
of engineering materials recent­
ly honored by the American So­
ciety for Testing and Materials. 
The Award of Merit was present­
ed to W . Babington, of the Metal­
lurgical Engineering Department, 
and W . A . Evans, who retired 
from the Laboratories in 1945.

The awards were made at the 
65th Annual Meeting of the ASTM  
held in New York City on June 
27. This award is given to men 
who have rendered outstanding 
service to ASTM , particularly in 
the Society’s technical committee 
work.

Mr. Babington received the 
award in recognition of his “ long 
and constructive participation in 
the work . . .  on Die-Cast Metals 
and Alloys.” Mr. Evans award 
was for recognition “ of active pro­
ductive service and leadership in 
the standardization of test meth­
ods and specifications . . .  on 
electrical insulating materials and 
. . .  on plastics.”

AT&T To Spend $3 Billion 
For Construction

AT&T will spend $3 billion for 
construction during 1962, F. R. 
Kappel, Chairman of the Board, 
announced recently. The figure is 
the largest sum any company has 
ever spent on expansion in a 
single year.

This will mark the seventh con­
secutive year in which the Bell 
System will have spent more than 
$2 billion in a single year. No 
other company has even ap­
proached this figure. The previous 
high of $2.7 billion was set by the 
Bell System in 1961.

Mr. Kappel announced the con­

struction figures at the meeting 
of the Telephone Pioneers of 
America in Dallas, Texas. He 
pointed out that the record sum 
would be spent despite the fact 
that 1962 would not be the biggest 
growth year for the System. He 
told the Pioneers that AT&T was 
able to undertake such a program 
“ because we are in good shape 
financially . . . and by so doing 
can make an important contribu­
tion to the country’s over-all 
economic welfare right now.”

Telstar Relays Tape 
Schirra's Launch 
to Europe

Telstar relayed to Europe a 
tape of Commander Walter M. 
Schirra, Jr.’s lift-off from Cape 
Canaveral. The tape was trans­
mitted 45 minutes after the launch.

The Eurovision network, which 
serves 17 nations outside the So­
viet block, carried the TV scenes 
throughout the area it services. 
News agencies reported the tape 
also was seen in nine eastern 
European countries, including 
part of the U.S.S.R.

Reports from England are that 
the Telstar picture was “clear” . 
There was some interference 
caused by a ground loop in the
U.S. It blocked out the picture 
between Schirra’s entering the 
van which carried him to the 
rocket and his arrival at the 
rocket. The tape was sent twice 
via two separate passes of Tel­
star.

Commander Schirra’s flight is 
— like earlier space trips by as­
tronauts Sheppard, Grissom, 
Glenn, and Carpenter— part of 
the National Aeronautic and Space 
Administration’s Project Mer­
cury. Western Electric Company 
led the industrial team that engi­
neered and built the original net­
work for tracking and providing 
communication with the astro­
naut. Three stations recently have 
been added to the network.

Design and installation of the 
operations control room at Cape 
Canaveral were headed by Bell 
Telephone Laboratories.
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P A T E N T S

F ollow ing is a list o f  the inventors, titles and patent num bers
o f  patents recently issued to
Albersheim, W . J.— Scanning A n­

tenna System— 3,056,129.
Ashkin, A. and Gordon, E. I.—  

Low Noise Electron Beam—  
3,054,964.

Bjornson, B. G.— Optical Pulse 
Echo System— 3,053,134.

Bobeck, A. H.— Magnetic Memory 
Circuits— 3,052,873.

Boyd, G. D., Fox, A. G. and Li, T. 
— Optical Maser Cavity— 3,055,- 
257.

Braun, H. J., Mallina, R. F. and 
McKenzie, R. W . Modifying the 
Terminations of Electrical Com­
ponents— 3,054,165.

Chynoweth, A. G., Feldman, W . L. 
and Pearson, G. L.— Three Sta­
ble State Semiconductive D e­
vice— 3,053,998.

Cook, J. S. and Louisell, W . H.—
Low Noise S u p e r c o n d u c t iv e  
Ferromagnetic Parametric Am ­
plifier— 3,056,092.

Cutler, C. C.— Horn Radiator For 
Spherical Reflector— 3,055,004.

m em bers o f  the Laboratories.
Feldmann, W. L.— see Chynoweth,

A. G.
Fox, A. G.— see Boyd, G. D.
Gordon, E. I.— see Ashkin, A.
Hagelbarger, D. W.-—Accumula­

tor— 3,052,413.
Hagelbarger, D. W.— Telephone 

Handset— D-193,662.
Hagelbarger, D. W.— Telephone 

Handset— D-193,663.
James, D. B. and W olfe, R. M.—  

Communication System Employ­
ing Pulse Code Modulation—  
3,056,085.

King, B. G.— Negative Resistance 
Pulse Regenerator with Uni­
directional Reflector— 3,054,906.

Lee, C. A.— Negative Resistance 
Semiconductive Device— 3,054,- 
972.

Li, T.— see Boyd, G. D.
Louisell, W. H.— see Cook, J. S.
Lozier, J. C.— Torpedo Steering 

System— 3,054,370.

Mallina, R. F.— see Braun, H. J.
McKenzie, R. W .— see Braun, H. J.
Meyers, S. T.— Binary Counter 

Employing Multiregion Bistable 
Semiconductive Devices— 3,054,-
000.

O’Brien, W . D. and Pollard, C. E. 
Jr.— Liquid-Contact Switch—  
3,054,873.

Pearson, G. L.— see Chynoweth, 
A. G.

Pferd, W .— Card Holder F or Card 
Dialer— 3,055,679.

Pollard, C. E., Jr.— see O’Brien, 
W . D.

Seidel, H.— Traveling W ave Maser 
— 3,056,091.

Tendick, F. H.— Logic Circuit—  
3,054,002.

Warner, R. M., Jr.— Temperature 
Compensated Field E ffect R e­
sistor— 3,056,100.

Weiss, M. T.— Gyromagnetic Har­
monic Generator— 3,054,042.

Wight, F. P.— Private Branch 
Exchange ConsoZe— D-193,513.

Wolfe, R. M.— see James, D. B.

P A P E R S

Follow ing is a list o f  the authors, titles, and places o f  publica­
tion  o f  recent papers published by m em bers o f  the Laboratories.

Alexander, S., Symmetry Consid­
erations in the Determination 
of Magnetic Structures, Phys. 
Rev., 127, pp. 420-32, July 15, 
1962.

Bellman, A . A ., see King, J. C.
Batterman, B. W ., Effect of 

Thermal Vibrations on Diffrac­
tion from  P erfect Crystals, 
Part-1. The Case of Anomalous 
Transmission, Phys. Rev., 126, 
pp. 1461-9, May 15, 1962.

Batterman, B. W ., Effect of 
Thermal Vibrations on Diffrac­
tion from  P erfect Crystals, 
Part-2. The Bragg Case of R e­
flection, Phys. Rev., 127, pp. 
686-90, Aug. 1, 1962.

Batterman, B. W ., and Chipman, 
D. R.*, Vibrational Amplitudes

in Germanium and Silicon, 
Phys. Rev., 127, pp. 690-4, Aug. 
1, 1962.

Bennett, W . R., Hole Burning E f­
fects in a Helium-Neon Optical 
Maser, Phys. Rev., 126, pp. 580- 
93, Apr. 15, 1962.

Bennett, W . R., Optical Spectra 
Excited in High-Pressure Noble 
Gases by Alpha Impact, Ann. 
Phys., 18, pp. 367-420, June, 
1962.

Blatt, J. M., see McKenna, J.
Bod.ly, P. J., and Brattain, W . H., 

Effect of Cupric Ion on the 
Electrical Properties of the 
Germanium-Aqueous Electro­
lyte Interface, J. Electrochem. 
Soc., 109, pp. 812-8, Sept., 1962.

Brattain, W . A., see Boddy, D. J.

Brugger, K., see Mason, W . P.
Buchanan, D. N., see Wertheim,

G. K.
Chipman, D. R.*, see Batterman,

B. W .
Chynoweth, A. G., see Rowell, J. 

M.
Dillon, J. F., Kamimura, H., and 

Remeika, J. P., Magnetic Rota­
tion of Visible Light by Ferro­
magnetic Chromium Tribromide, 
Phys. Rev. Letters, 9, pp. 161-3, 
Aug. 15, 1962.

Douglas, D. C., see McCall, D. W .
Fagen, M. D., see Green, E. I.
Fraser, D. B., A  Special Indium 

Seal fo r  Cryogenic Use, Rev. 
Sci. Inst., 33, pp. 762-3, July, 
1962.

Germer, L. H., see MacRae, A . U.
Germer, L. H., and MacRae, A . U., 

Surface Reconstruction Caused 
by Adsorption, Proc. Natl.
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Acad. Sci., 48, pp. 997-1000, 
June, 1962.

Graham, B. E., Sno%v Removal—
A  Noise-Stripping Process fo r  
Picture Signals, IRE Trans, on 
Inform. Theory, IT-8, pp. 129- 
44, Feb., 1962.

Green, E. I., and Fagen, M. D., 
Good Research Doesn’ t Just 
Happen, Trusts and Estates, 
101, pp. 743-8, Aug., 1962.

Griffiths, J. E., Srivastava, T. N.*, 
and Onyszchuk, M .*, The Vibra­
tion— Rotation Spectra o f Ger- 
anyl Fluoride and Bromide, 
Can. J. Chem. 40, pp. 579-89, 
April, 1962.

Haard, R. H., No More Doubts, 
No M ore W orries. Autom atic 
Printing at M urray-Hill, Ind. 
Phot., 11, pp. 27, Aug., 1962.

Haugk, G., see Hoover, C. W .
Haworth, F. E., Electronic Lar­

ynx, IN — Susskind C. ED., En­
cyclopedia of Electronics, N. Y ., 
Reinhold, 1962, pp. 408-9.

Herber, R. H .*, Kingston, W . R.*, 
and Wertheim, G. K., Moss- 
bauer E ffect in Ferrocene and 
Related Compounds, IN— Proc. 
2nd Intern. Conf. on the Moss- 
bauer Effect, Saclay, France, 
1961, N. Y ., Wiley, 1962, pp. 
105-11.

Hoover, C. W ., and Haugk, G., 
The Flying-Spot Store, IN—  
Yozits, M. C. Ed., Large Ca­
pacity Memory Techniques for 
Computing Systems, N. Y ., 
MacMillan, 1962, pp. 79-98.

Hrycak, P., E ffects o f Secondary 
Radiation on an Orbiting Satel­
lite, Am. Rocket Soc. J., 32, pp. 
1294-5, Aug., 1962.

Irish, D. E .*, see Walrafen, G. E.
Jaccarino, V ., and Wertheim, G.

K., Calibration o f the Isom er i 
Shift U s i n g  “ A lm ost-F ree”  • 
Atom s, IN— Proc. 2nd Intern. 
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hagen, 1962, Amsterdam, El­
sevier, 1962.
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1962.

Schroeder, M. R., Natural Sound­
ing Artificial Reverberation, J. 
Audio. Engrg. Soc., 10, pp. 219- 
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V J -, Aug. 20, 1962.
Srivastava, T. N.*, see Griffiths, 

J. E.
Sturge, M. D., The Optical A b ­

sorption of Gallium Arsenide 
Between 0.6 and 2.75EV, Phys. 
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Wertheim, G. K., see Wernick, J. 
H.

Wertheim, G. K., and Buchanan,
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Benes, V. E., Frequency Modula­
tion, Feedback Demodulation, 
and Fixed Points in Function 
Space, Part-1, Intern. Symp. 
on Inform. Theory, Brussels.

Benes, V. E., On Rearrangeable 
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Eisinger, J., Proton Relaxation 
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Flanagan, J. L., Perceptual Cri­
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lation of Basilar Membrane 
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Watson, B. J., Physiological 
Correlates o f Binaural Lateral­
ization, 4th Intern Cong, on 
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Fraser, D. B., High-Tem perature 
Internal Friction o f Quartz

Subjected to an Electric Field, 
Am. Phys. Soc., Seattle.

Fratiello, A., see Douglass, D. C.
Fuss, P. S., and Lauver, R. M., 

Cause and Correction o f Phase 
Distortion in Pulse Excited  
Long Ultrasonic Delay-Lines, 
Western Electronics Show and 
Conv., Los Angeles.

Geballe, T. H., and Matthias, B.
T., The Isotope E ffect in Super­
conducting Transition Metal 
Elements and Compounds, 8th 
Intern. Conf. on Low Temp. 
Physics, London.

Geballe, T. H., see Matthias, B. T.
Geller, S., Crystal Chemical and 

Magnetic Studies of Garnets, 
Gordon Research Conf. on In­
organic Chem., New Hampton, 
N. H.

Gerstenberg, D., The Effects of 
Nitrogen and Oxygen on Struc­
ture and Electrical Properties 
o f Thin Tantalum Films, Conf. 
on Thin Films, G len  wood  
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Gilbert, E. N., Models o f Poly­
crystalline Solids, Intern. Cong, 
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Gillette, D., An Introduction to 
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Technol., Storrs.

Giordmaine, J. A., New Modes of 
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Gossard, A. C., Jaccarino, V., and 

Wernick, J. H., Ytterbium-171 
NMR  —  Nuclear Moment and 
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Am. Phys. Soc., Seattle.

Hammock, J., Educational Ills 
and Patent Medicines, Conf. on 
Programmed Learning for 
Teachers, Univ. of Tennessee, 
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Hammock, J., Machines— What 
Can They Teach Us? Natl. 
Council of Teachers of Math., 
Univ. of Wisconsin, Madison.

Hanson, D. C., see Uenohara, M.
Hanson, R. L., see David, E. E.
Hawkins, W . L., and Sautter, H., 

The Mechanism of Stabilization
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with Organo-Sulfur Compounds, 
11th Canadian High Polymer 
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Haynes, J. R., Recombination 
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Gordon Research Conf. on Phys. 
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John B. D ’Albora, Jr., author 
of the article on the Cape Canav­
eral Branch Laboratory in this 
issue, is a native of Brooklyn, 
N. Y . He received his S.B. in E.E. 
from the Massachusetts Institute 
of Technology in 1934. Prior to 
joining the Bell System, he was a 
research assistant at MIT and 
senior radio inspector with the 
Inspector of Naval Material in 
New York. He joined the West­
ern Electric Company field engi­
neering force in 1941 and worked 
on installation and maintenance 
of Navy shipborne radar, with a 
field test group on new radar sys­
tems, and was a Section Chief as­
signed to the Charlestown Navy 
Yard. He transferred to the Labo­
ratories in 1945 and worked on 
many phases of a number of Navy

J. B. D'Albora, Jr.

radar systems. After a two year 
assignment on the Dew Line 
Search Radar development pro­
gram, he was appointed Super­
visor in 1956 and assigned the 
responsibility of the ground guid­
ance equipment at Cape Canav­
eral. In 1961, he was put in 
charge of the Cape Canaveral 
Laboratory. He has been a Senior 
Member of the IRE since 1948.

Daniel F. Both  received the de­
gree of M.E. from Stevens Insti­
tute of Technology in 1935. The 
following year he joined Bell Lab­
oratories where he was initially

D. F. Noth

concerned with various transmis­
sion studies. In 1942 Mr. Hoth 
joined the Signal Corps where he 
was responsible for planning mili­
tary communications systems and 
attained the rank of captain. Since 
his return to the Laboratories in 
1946 he has been responsible for 
studies and planning of develop­
ment projects for wire and radio 
systems including mobile radio 
systems, microwave systems, PCM 
systems, and a number of others. 
In 1952 he supervised a group in 
the engineering planning of the 
initial DEW  line installations.

At present Mr. Hoth is the di­
rector of the Transmission Stud­
ies Center and is responsible for 
planning a number of new kinds 
of communications systems. A  
senior member of the IRE and a 
member of the A IE E , Mr. Hoth is 
the author of the article on the T1 
Carrier System in this issue.

P. R. White, a native of New 
York City, returned from Army 
service in World W ar II to at­
tend Columbia University, where 
he received the B.S. degree in 
Metallurgical Engineering in 1948 
and the M.S. degree in 1949. A f­
ter employment at the General 
Motors Research L a b o r a t o r i e s ,  
where he was a research metal­
lurgist on ferrous and non-fer­
rous alloy development problems, 
he joined Bell Laboratories in 
1955. Since that time he has been 
engaged in research on low-melt­
ing alloys, soldering, welding and 
special metallurgical problems. 
Mr. White, co-author of “ Sintered 
Circuits” in this issue, is a mem­
ber of the American Society for 
Metals and the American Weld­
ing Society.

P. R. White

R. F. Jack

R. F. Jack, co-author of “ Sin­
tered Circuits” in this issue was 
born in Newark, N. J., and edu­
cated in that city’s schools. After 
attending Cooper-Union, he was 
employed by the H. A. Wilson 
Company and conducted develop­
ment work in their Precious Met­
als and Duplex Metals Contact 
Division. He later was concerned 
with the establishment of their 
Rolled Gold Plate Division. In 
1946, he became associated with 
Majestic Metal Specialties, Inc. 
as superintendent to set up a com­
plete new Precious Metals Pro­
cessing Plant. Mr. Jack came to 
the Laboratories in 1950. He is

390 Bell laboratories Record



A U T H O K S  iC O N T I N U E D )

now supervisor in the M e t a ls  
Processing- Laboratory of the 
Metallurgical Research Labora­
tory engaged in a variety of 
projects. Among these are the 
development of straight, strain- 
free conductor s u b s t r a t e s  for 
plated memories, clad niobium-tin 
composite superconducting wires, 
and fine wires and ribbon for 
magnetic-memory applications.

Ian Mannsell, co-author of “ TH  
Radio Terminals” in this issue, 
comes from Southern Rhodesia. 
When released from the R.A.F. 
at the end of the war, he attend­
ed the University of the W it- 
watersrand in Johannesburg,  
South Africa, where he earned 
the degree of B.S. (Eng.) in

Ian Maunsell

1950. He then completed a post­
graduate course under the aus­
pices of M a r c o n i  C o l le ge  in 
Chelmsford, England. Since that 
time he has been engaged in the 
development of broadband micro- 
wave communication systems, first 
in England and more recently in 
the United States. Mr. Maunsell 
joined Bell Laboratories in 1957, 
and worked on both the FM ter­
minal equipment and the protec­
tion switching circuits for the TH  
Radio System. Recently, he has 
been engaged in working on the 
microwave communication circuit 
in the Telstar satellite. He is a 
member of the IRE.

Joel Schill

Joel Schill was born in Newark 
and now resides in Verona, N. J. 
During the Korean W ar, he served 
in the U. S. Marine Corps as a 
radar technician and instructor 
at Quantico, Va. Mr. Schill holds 
an Associate Engineering degree 
from Newark College of Engi­
neering and is completing his 
senior year there. In 1954, Mr. 
Schill joined the Laboratories and 
worked on the evaluation of porta­
ble m ic ro w a v e  equipment for 
black and white and color televi­
sion transmission. Later, he trans­
ferred to the TH radio group 
where he worked on the develop­
ment of the TH terminal trans­
mitter and receiver. Mr. Schill, 
co-author of “ TH Radio Termi­
nals” has recently been engaged 
in the development of the ground 
transmitter for Project Telstar.

John C. Maclay received his 
B.M.E. in 1958 from Cornell Uni­
versity, where he held three schol­
arships. He obtained his M.S. in 
Engineering Mechanics in 1960 
from N .Y.U . while in the CDT 
Program. Upon graduation from 
Cornell, he came to the Construc­
tion Methods group of the Outside 
Plant Laboratory where he has 
been engaged primarily in the de­
velopment of methods and equip­
ment for buried urban and rural 
plant. The author of “ Evolution 
of Cable Laying Plows” in this 
issue, he is a member of Tau Beta 
Pi, Pi Tau Sigma, and the Society 
of automotive Engineers.

Roland M. Kriegel, author of 
“ Centralized Supervisor Facili­
ties,” was born in New York,

Roland M. Kriegel

and received the B.S.M.E. de­
gree from Polytechnic Institute of 
Brooklyn in 1949. He served in the 
Army Chemical Corps working on 
biological warfare research and 
development. Mr. Kriegel joined 
the Laboratories in 1960 and is 
now working on equipment design 
and development for common sys­
tems local switching laboratory.

Mr. Kriegel has taken graduate 
courses at the Drexel Institute of 
Technology and is now completing 
work at the Polytechnic Institute 
of Brooklyn for a degree in elec­
trical engineering. He is a licensed 
professional engineer, member of 
the ASME, and an audiophile.
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New high-purity 
alloys make better 
electron tubes

In g o t  o f  h ig h - p u r i t y  n ic k e l  a l lo y  is  r e m o v e d  f r o m  c o n t r o l le d  a tm o s p h e r e  m e lt in g  f i  

A l lo y  is  v i r t u a l ly  f r e e  o f  im p u r i t ie s  w h ic h  in h ib i t  e le c t r o n  e m is s io n .  T h e  n e w  a llo y in g  te c  

a n d  th e  m e th o d s  f o r  m a k in g  c a th o d e s  a n d  e v a lu a t in g  t h e i r  e le c t r o n - e m it t in g  p r o p e r t ie  

d e v e lo p e d  b y  K . M . O ls e n  a n d  H . E. K e r n .

Scientists at Bell Telephone Laboratories have developed 
new high-purity nickel alloys which are proving highly 
effective in lengthening the life of advanced-design elec­
tron tubes used in the Bell System. This development 
meets the demand of new electronic technology for long 
life and high reliability in electron tubes.

One of the new alloys is now providing the outstand­
ing performance required in the electron-emitting cathode 
of the traveling wave tube in the Telstar satellite.

The first step was to devise new means for the fabri­
cation of ultra-pure nickel to eliminate those impurities 
harmful to cathode performance. It was then possible 
to add to the ultra-pure nickel the alloy constituents and 
activating agents desired for optimum cathode perform­
ance, and at the same time to hold the undesirable 
impurities at levels below 50 parts per million. These 
techniques involved purifying the nickel raw materials 
and melting, alloying and casting in controlled atmos­
pheres of hydrogen and helium.

This development is an example of how metallurgical 
scientists work to improve communications. The new 
nickel alloys are now being produced by the Western 
Electric Company, manufacturing unit of the Bell System.

Bell Telephone Laboratories
World center of communications research and development


