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The ability of the Data Set 202 to 
transmit information over the regular 
telephone network makes it one of the 
most flexible and economical instru
ments of modern communications.

An FM Data Set for 

Voiceband Data Transmission

S. T. Meyers

I N THIS AGE of automation, computing machines 
are performing more and more of our routine 

business and scientific chores with unmatched 
speed and accuracy. Data-handling and data- 
processing have become large, complex fields and 
are daily becoming ever larger and still more 
complex. The increasing use of digital equipment 
requires communications techniques which en
able machines to “ talk” to machines in a variety 
of ways and at any distance apart. This, in turn, 
creates an area of vital interest to the telephone 
system where there exists an extensive nation
wide communication network ready to serve a 
wide variety of new data needs.

The FM data set developed at the Laboratories 
is one of several data sets designed to transmit 
information over the voice-band telephone net
work. In its role as coupling unit between the 
business machine and the telephone line, it op
erates on binary sequential data; the output at 
the receiver appears as a recovered copy of the 
data input at the transmitter. The bit (binary

digit) speed, within broad limits, is entirely un
der the control of the business machine.

Frequency moduation is used because it allows 
signals to be correctly recovered despite sudden 
amplitude changes of the carrier during wire-line 
transmission. Any signal-to-noise advantage re
sulting from the use of frequency modulation in 
this application is usually small because of the 
character of wire-line noise and because of the 
small deviation ratio usually used to obtain the 
utmost in transmission speed.

The frequency deviation itself, however, is rel
atively large— nearly two to one— with the modu
lated signal swinging between so-called “mark” 
and “space” frequencies of 1200 and 2200 cycles 
respectively. Furthermore, with a modulating'rate 
exceeding 1200 bits per second, a mark bit con
tains less than one cycle of the mark frequency. 
This genei ates a carrier interference problem in 
the lower sideband requiring special design con
sideration in the data set.

Operational requirements such as these are
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necessary to insure high efficiency in the use of 
voice-frequency telephone circuits for data trans
mission. The most economical design of a set to 
meet such requrements involves the use of rela
tively simple circuits. Accordingly, in desiging 
the FM data set, Laboratories engineers made 
extensive use of digital techniques to attain the 
necessary accuracy. They designed the set so that 
no adjustments would be needed even in manufac
ture.

The data set is extraordinarily versatile. It may 
be installed for two-wire or four-wire operation 
with or without a telephone and with manual or 
automatic answering of data calls. The data set 
can be tested from a central test location in the 
telephone plant. Customers have a choice of two 
transmitting levels (0 and —6 dbm), two line 
impedances (600 and 900 ohms), and they have 
the option of having the set operate with or with
out delay or amplitude compromise equalizers.

There are two types of FM data sets: one— 
with the telephone as an integral part of the set

— is known as the Data Set 202A and operates on 
a two-wire basis; the other— where the telephone 
is separated from the data set— is known as the 
Data Set 202B and operates in either a two-wire 
or four-wire arrangement. In two-wire operation, 
both types generally work on voice channels in the 
switched telephone network with data speeds 
presently limited to 1200 bits per second. How
ever, on private lines—where the communication 
link is fixed and the amplitude is equalized by 
using special delay circuits —  a maximum speed 
of 1600 bits per second is expected to be offered.

The data set is made up of three basic circuits: 
the transmitter, the receiver, and the control 
circuitry. These circuits are shown on page 5. 
The transmitter and receiver are transistorized 
and use simple modulation and demodulation 
techniques; that is, voltage control of a multi
vibrator frequency at the transmitter and zero 
crossing detection at the receiver. The control 
circuitry is composed mostly of relays, which, 
when used with suitable strapping arrangements

E. R. Bay and Miss G. B. Newmier demonstrate 
how the Data Set 202 A is used to transmit infor
mation between two data points. Both parties are 
about to press the data button which permits the 
transfer of information. A t the end of transmis
sion, the data set is automatically turned off.



or with pushbuttons associated with the tele
phone, allows for changing the modes of terminal 
operation. The data set operates within close tol
erances on plus and minus dc voltages derived 
from a simple unregulated 115-volt 60-cycle pow
er supply.

Data sets with telephones have four pushbut
tons which control the modes of operation. When 
a customer presses the TALK button, the tele
phone can be used in the usual way for dialing 
and talking. When he presses the DATA button, 
the set changes to the data mode. With the tele
phone on hook, interlocking safeguards prevent 
the accidental operation of any of the buttons 
from interrupting a data call. Only by lifting the 
telephone and pushing the talk button can a data 
call be interrupted.

An AUTO button switches the data set from a 
manual to an automatic mode for answering data 
calls. It too, has interlocking safeguards which in
sure that the terminal and data-processing equip
ment are in operational readiness. A  test button 
switches the set to a mode which permits testing 
from a central test location in the telephone plant. 
There are two extra buttons which permit the tele
phone to be used for talking on other telephone 
lines at the data-set location. These buttons may 
be operated without interrupting data transfer.

The block drawing on page 5 shows the data 
set in the two-wire configuration. The four-wire 
configuration is obtained by rearranging certain 
connections in the control circuit and splitting 
the line connections between the transmitter and 
receiver to allow independent transmit and re
ceive paths. A  four-wire telephone may also be 
used in this configuration.

The transmitter circuitry is shown in block 
form at the top of the drawing on the next page. 
Transmitting starts when a business machine 
initiates a request-to-send signal by switching 
from —3 volts to -(-3 volts on the interchange 
lead assigned to this function. The request-to- 
send control in the data set is a transistor switch 
which closes and starts the multivibrator and the 
clear-to-send circuit. The clear-to-send circuit con
sists of a two-stage transistor amplifier and a 
resistor-capacitor timing ne two rk .  About 200 
milliseconds after the request-to-send operates, 
the timing network switches the clear-to-send 
output from —8 volts to -|-8 volts, at which time 
the business machine may start sending data 
on the data-in lead. During this time, the com
munication channel is prepared for data transmis
sion.

The multivibrator uses two transistors and 
precision resistor-capacitor cross-coupling net

works. Its frequency depends on the voltage ap
plied at the junction of the two network resistors 
leading to the transistor bases. A  typical range of 
frequency variation versus voltage input is shown 
on page 6. The characteristic is substantially 
linear.

To shift the frequency of the multivibrator 
precisely between mark and space frequencies, a 
mark-to-space control is interposed between the 
send-data input and the voltage input to the 
multivibrator. This control circuit consists of a 
two-stage transistor gate in which a send-data in
put voltage of at least —3 volts and -|-3 volts 
(representing respectively mark and space in
puts) causes the gate output to go from a low to a 
high-impedance condition. This causes precise 
changes in output voltage of a resistance-divider 
network at the input to the multivibrator.

To make frequency control independent of sup
ply voltage changes, the divider network is placed 
across ground and the power supply to the multi
vibrator. A  resistance-capacitor pulse-shaping 
network is interposed between the divider and 
the multivibrator. This network limits higher 
data-pulse frequency components thereby reduc
ing certain disturbing eifects of the correspond
ing lower sideband frequency components appear
ing in the carrier band.

The multivibrator output is isolated from the 
transmission line by a single transistor amplifier. 
The amplifier is followed by a low-pass filter 
having only sufficient attenuation to suppress 
harmonics of the carrier to tolerable levels on 
the telephone line. The filter output circuit is 
high impedance so that it may, in two-wire appli
cations, be bridged across the receiver input 
without serious loss of receiver sensitivity. The 
sending level may be wired for 0 dbm or —6 dbm 
output.

The receiving circuit is shown in block form in 
the lower part of the drawing opposite. The 
FM signal received from the line passes through 
a repeating coil and a constant-resistance receiv
ing band filter with a pass-band characteristic 
centered around the mean of the 1200- and 2200- 
cycle mark-and-space frequencies. The signal then 
passes through a constant-resistance line-delay 
equalizer and slope equalizer circuit to the input 
of the limiter. All of this circuitry terminates 
the repeating coil in a fixed resistance. Taps on 
the repeating coil allow the line to be terminated 
in 600 or 900 ohms.

The remainder of the receiving circuit consists 
of the following components: a limiter, which 
converts the received sinusoidal input to a cor
responding square-wave output; a differentiator.
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Over-all block diagram of the Data Set 202 A and
B. The set can transmit information over the 
regular switched telephone network or over pri

vate lines. I t  is readily adaptable and economical 
for both commercial and industrial applications 
involving data transfer over any distance.

which provides a voltage output only at the tran
sitions of the square wave; a monopulser, which 
measures out a fixed amount of energy for every 
transition of the square wave developed by the 
differentiator; a low pass filter, which clears away 
all unwanted frequency components leaving an 
average voltage output which varies in propor
tion to the received frequency input; an output 
slicer-amplifier which makes a decision at a speci
fic value of the average filter ouput voltage to 
indicate mark or space and then saturates corre
spondingly to give, at the received-data output.

—8 volts for mark and -|-8 volts for space.
The received data output is a copy of signal in

put to the transmitter. It is applied to an inter
change lead assigned for the purpose and passed 
on to the business machine. To prevent trouble
some outputs caused by sporadic noise hits while 
the receiver is on line and no received carrier is 
present, a “clamping” or inhibiting circuit holds 
the data output in the —8 volt marking condition. 
When steady carrier has been received for 40 mil
liseconds, the holding condition is removed. The 
clamp stays off until carrier is removed for 15
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Curves show linearity of the modulation and 
demodulation processes in terms of voltage input 
at modulator and voltage output at demodulator.

milliseconds or more. The 15 millisecond hold
over prevents clamping on occasional short inter
ruptions of the carrier tranmission.

On two-vrire circuits without echo suppressors 
or where echo suppressors have been disabled for 
data transmission, some form of echo suppression 
must be provided in the data terminal. This is re
quired when a customer has just finished trans- 
miting from a two-wire terminal and wishes, for 
example, to receive some sort of confirming signal 
from the distant terminal. Upon termination of a 
transmission cycle, the request to send is operated 
from a positive to a negative voltage causing the 
transmitter to go off and the clear-to-send output 
to go immediately from -|-8 to —8 volts. This 
initiates a “ squelch” , or blanking action in the 
receiver data output and echo voltages from the 
transmission cycle appearing at the receiver in
put are prevented from giving a received data 
output for about 80 milliseconds. The time is long 
enough to insure echo suppression over the long
est round-trip echo path in the switched tele
phone network.

The control circuit is a complex of relays and 
pushbuttons interconnected to provide the means 
for controlling the terminal. As described previ
ously, the circuit performs several more or less 
unrelated functions.

There are two ways of answering a data call 
at the receiver. Attended answering is manual; 
a person first has to answer the telephone and 
then, upon verbal arrangement with the call
ing party, switch from the talk-mode to the

data-mode by pressing the data button on the 
phone. In the data-mode, the data set is nornoally 
in the receiving condition. The transmitting con
dition is established when the data-processing 
circuitry, after receiving a positive interlock volt
age from the data set, places -|-3 volts or more on 
the request-to-send input. Data transmission may 
then proceed after a minimum delay for line 
conditioning. Thereafter, transmission in either 
direction may take place automatically in ac
cordance with instruction codes in the message 
and the states of the interchange control leads 
set by the data-processing equipment and the 
data set.

Unattended answering is an automatic receiv
ing function which is established by the opera
tion of the AUTO button or by a permanently 
wired-in automatic condition. When a call is 
received in this mode, the received ringing cur
rent pumps a resistance-capacitor tank circuit 
until enough current is available to operate a 
ringing relay. The pumping is required to insure 
against operation of this relay on unw'anted in
terference. The operation of this relay provides, 
among other things, a closure on the ring-indica
tor leads to the data-processing equipment so 
that this equipment may be set in motion in an
ticipation of the data to follow.

To indicate a ready condition, the data-proc
essing equipment provides a closure between the 
three leads called ready, remote-control-common, 
and remote-release. Under these conditions, after 
ringing has been received, a 1200-cycle tone is 
then sent to the transmitting terminal at the far 
end signifying to the attendant there that the re
ceiver is ready to receive data. Transmission 
may then take place in the usual manner with 
alternate transmission and reception controlled 
by the data-processing equipment. Upon com
pletion of a call, a code word can cause the 
receiving data-processing equipment to open 
the remote release lead and drop the receiver off 
the line, or the carrier may be removed for the 
same purpose. I f  either should fail, an automatic 
feature in most central offices causes a disconnect 
about 30 seconds after the transmitting terminal 
has gone off line.

Another feature of the data set is remote test
ing. When trouble is suspected, remote techniques 
can be used to check out the equipment for any 
gross malfunction before a telephone craftsman is 
dispatched to the site. The testing is done at a con
trol testing location in the telephone plant by 
means of tones sent over the telephone line. To 
check the Data Set 202, the attendant at the test 
center first makes telephone contact with someone
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at the data terminal. He then places a 1200-cycle 
test tone on the line which is the cue to push the 
test button and place the terminal in the test mode. 
In this mode, all important interchange leads to 
the data-processing equipment are disconnected 
from the data set with all output leads given neg
ative or idle mode potentials. At the same time, 
suitable interconnections are made between re
ceiver output, transmitter input and certain con
trol functions. The connections are made so that 
the largest number of data-set functions are test
ed. Maximum load is placed on all output leads 
and minimum input is applied to all input leads.

When the test button is pressed and the as
sociated lamp remains lighted (indicating test in 
progress), the attendant hangs up and waits 
for a call from the test center informing him of 
the test results. The tester may now proceed with 
the testing. The 1200-cycle tone from the test 
center (the mark frequency) is derived from a 
calibrated oscillator. The tester listens for the 
transmitted tone as well as for the tone com
ing back from the data terminal. To ascertain 
whether there are any defects in most of the in
terface inputs and outputs as well as to determine 
the receiver slicing and the accuracy of the mark 
and space frequencies coming from the data set, 
the tester slides the oscillator frequency up and 
down in prescribed sequences between mark and 
space frequencies. The tester may also estimate 
transmitter send level and receiver sensitivity if 
he knows the line loss. By suitable filtering and 
test tone offset, he may select the specific tone 
from the data set and measure its level. Similar
ly, he may measure the oscillator level at which 
the data set drops off the line (it is held on line 
through the “carrier-on” indicator).

During the testing, the tones from the data 
set are interrupted internally by means of a 
“ flasher” or timer circuit which switches the 
tones “ on” and “off” at about one second inter
vals. This prevents the data set from locking 
itself into one state during testing.

The Data Sets 202A and 202B are designed for 
use in the medium speed range of approximately 
200 to 1600 bits per second. An effort has been 
made to incorporate as much flexibility as possible 
for coupling business machines together through 
a voice-frequency channel. The unattended, receiv
ing mode is part of the step required for ma
chines to “ talk” to machines without human inter
vention. The development and widespread use of 
these and related sets brings closer the day when 
communication facilities may handle more data 
than voice calls and “ conversations” between ma
chines may exceed in bulk those between people.
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Telstar II to be 
Launched in S pring

A second Telstar will be launched in the spring 
of 1963, according to a recent announcement by 
the A.T.&T. Co. An important objective of Tel
star II is to learn how to extend satellite life by 
avoiding or overcoming radiation damage. It was 
radiation which disabled Telstar I ’s command 
circuit after four months of successful operation 
(see story on page 22).

Telstar II  will be launched for A.T.&T. by the 
National Aeronautics and Space Administration, 
with the company paying all costs for launching 
as it did for Telstar I.

Bell Laboratories, creator of Telstar, has been 
studying various means of reducing the radia
tion damage from the time its intensity became 
apparent. Among the possibilities are additional 
shielding for the satellite, and placing it in an 
orbit more suitable than the orbit of Telstar I.

In providing additional shielding, special at
tention will be given to insuring greater pro
tection for the command circuit. This circuit 
receives a series of coded signals from the ground 
stations and “ readies” the satellite for communi
cations —  the last signal, in effect, turns on the 
receiver and transmitter. Radiation damage to 
this command circuit was the reason that no 
communications functions were carried on via 
Telstar I for six weeks.

The availability of a modified Thor Delta 
Rocket, more powerful than that used for Tel
star I, makes possible a higher and more suitable 
orbit. The altered orbit could be meaningful, Bell 
Laboratories believes, if Telstar II  could be ex
posed to less of the high energy levels of the elec
tron radiation in the inner Van Allen Belt.

Also, a modification will be made in the radia
tion package to be used in Telstar II, and this 
should give additional information on radiation 
in space.

Under terms of the launch agreement, A.T.&T. 
will provide NASA with complete scientific data, 
much of which may be valuable in planning com
munications satellites programs. Also, all ex
perimental data and progress reports will be made 
available to the general scientific community by 
Bell Laboratories.

Telstar I was launched July 10, 1962. Since 
that date, it has been furnishing telemetry infor
mation on its own condition as well as measure
ments on radiation and the space environment. 
Such information is important to the planning of 
any operable satellite system.



Technician initiates test of a stabilized platform on high 
performance servo table; controls are in background.
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C. W . Spencer

Instrument Evaluation for 
Missile Application

Du r in g  the middle 1940’s Bell Telephone Labo
ratories became involved with a number of 

missile guidance system projects requiring flight 
control instruments such as gyroscopes, acceler
ometers, and pressure transducers. It quickly be
came apparent that the instruments then available 
would not withstand the temperature, shock, vi
bration or acceleration environment of a missile, 
nor the rough handling which could be expected 
under tactical conditions. This situation was prob
ably natural, since prior to that time, these in
struments had been used in manned aircraft, 
where environments were comparatively mild. 
Also, they were normally maintained and checked 
out under favorable conditions in a repair depot.

An additional weakness of the available instru
ments lay in their low degree of reliability. For 
missile application, these instruments are re
quired to possess a reliability level never before 
achieved, since compensation for gross errors in 
instrument performance or for catastrophic in
strument failures would not be practical when a 
missile was in flight.

A t that time, test facilities were not adequate 
to evaluate the probability of successful operation 
of these units in this new application, and there 
were no accepted standards by which the opera
tion or quality of these instruments could be 
measured. In view of this situation, Bell Labora
tories organized a group to specialize in flight 
instrumentation; its function was to formulate 
requirements and test procedures and to assure 
a quality of instruments completely acceptable in

vital missile applications under investigation.
To supplement this engineering effort, a labo

ratory was established to confirm that the re
quirements and test procedures specified were 
appropriate, and that the instrument designs be
ing considered were adequate for the application. 
It was planned that most instruments would be 
manufactured by any of several established in
strument companies to designs approved and con
trolled by the Laboratories. This required a lab
oratory with highly flexible facilities to test prop
erly the large variety of instruments involved. 
Because of the ever-increasing precision and 
complexity of flight control systems, this labora
tory has since been expanded materially and now 
occupies a 40 by 160 foot building at Whippany,
N. J.

The building was erected especially for instru
ment work and is arranged as shown on page 10. 
It houses over half of the 44 Laboratories people 
now engaged in instrument and allied work, as 
well as the wide variety of equipment which is 
required. About one-quarter of the building area 
is air conditioned to provide the constant temper
ature conditions required for precise measure
ments. Included in the air-conditioned area is a 
16-foot square room specially equipped with en
trance and air Altering arrangements to provide 
a superclean area where instruments may be 
opened for examination, or assembled and sealed 
without excessive dirt contamination. Even here, 
a special booth is provided for jobs where the 
ultimate in cleanliness is necessary, since even the
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Floor plan of Inertial Instrument Laboratory at Whippany, N. J. shows functional arrangement.

most elaborate “white” rooms cannot completely 
eliminate airborne contaminants.

Both the mechanical and the electrical facilities 
required for instrument work are unusual. In 
general, the inputs to instruments are mechanical 
in nature, and are difficult to measure, but must 
be precisely known and carefully controlled. Be
cause of the extreme sensitivity and precision of 
many of these instruments, electrical measure
ments of performance must be very accurate to 
be meaningful. Since we are often interested in 
the dynamic characteristics, measurements dur
ing a transient condition are essential.

Among the special facilities to provide the re
quired mechanical inputs are a 36-foot diameter 
centrifuge, a torsional vibrator, an optical divid
ing head, a gyro servo test table, a Scorsby test 
table, a 5-foot diameter centrifuge which is being 
replaced in the near future with a more flexible 
unit, a precision rate-of-turn table, and shock and 
vibration machines, as well as a variety of hold
ing and positioning fixtures. The large centrifuge, 
located in the Environmental Test Laboratory in 
another building at Whippany, has a precision 
contrarotating table to be used in high accelera
tion tests of precision instruments sensitive to 
rotation. The torsional vibrator provides a rota
tional sinusoidal input to instruments at con
trolled amplitudes in the frequency range of 5 to 
1200 cps. It has an electromagnetic pickoff (out
put signal device) so that the input to an instru
ment can be compared to its output, to determine 
dynamic response characteristics. The gyro test 
table is a high performance servo table. The 
Scorsby table supplies a sinusoidal oscillation

simultaneously about three orthogonal axes dur
ing free gyro drift tests.

Measuring the performance of an instrument 
during its testing requires a wide variety of elec
tronic testing equipment, including precision 
power supplies, oscilloscopes, precision a-c or d-c 
voltmeters, recorders, wave analyzers, oscillators, 
amplifiers, counters and bridges. On instruments 
such as precision accelerometers, voltage meas
urements down to 0.000,000,1 volt are necessarj" 
in order to obtain meaningful data on instrument 
performance near the null or zero point. Similar
ly, precision integrating gyros may be required 
to have drift rates of only 0.01 degree/hour or 
even 0.001 degree/hour. Measuring the actual 
capabilities of an instrument to such precision 
requires extreme mechanical stability and control 
and the ultimate in electrical measurements.

Since these instruments are seldom used under 
ideal conditions, their capabilities can only be de
termined by simulating operating environments. 
Testing such devices as four-gimbal stable 
platforms requires many simultaneous precise 
measurements. Such tests may require up to a 
half-dozen bays of electronic testing equipment.

The wide variety of the tests and measurements 
made during instrument evaluation requires ex
tremely complicated data recording equipment. 
The most complex recording equipment used in 
the instrument laboratory is an analog-to-digital 
data system which is used to acquire and record 
data taken on instruments operating in various 
environments and under dynamic conditions. This 
facility can measure voltages to an accuracy of
0.15 per cent on each of ten input channels, at
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a measurement rate of 625 times per second. It 
then converts these measurements to digital form 
and records them on magnetic tape for subsequent 
processing by a high-speed computer. At the 
completion of a recording, the tape can be played 
back and monitored on an oscilloscope as a “quick 
look” confirmation that the test Avas valid.

In addition to the 10 analog inputs, this device 
accepts a 24-bit code word which can be used to 
record information such as date, specific test con
ditions or other coded information. Precision am
plifiers have been provided at the inputs so that 
the scale factors can be set, and so that the full 
input voltage range can be used to achieve maxi
mum recording accuracy. Special computer pro
grams have been written to permit the informa
tion on the tapes to be fed directly into the IBM 
7090 computer at Whippany.

Another analog-to-digital facility used in the 
instrument laboratory consists of three single
channel recorders equipped to convert voltages to 
digital form and to control an IBM cardpunch. 
The recording rate is limited by the % second full 
scale response time of the recorders. This system 
also permits the accumulation of data in a form 
convenient for computer processing. Other re
corder facilities include X-Y recorders for plot
ting calibration curves or making error plots, and 
a variety of variable-speed strip chart recorders 
for plotting events against time.

When a need arises for instruments for a new 
application, the instrument group with the co
operation of the over-all systems project engineer

Thirty-six foot centrifuge, located in Environ
mental Test Laboratory, is used in high-accelera- 
tion tests of instruments and other rotation-sensi
tive devices. Here it is shown before a Telstar test.

determines and defines the performance charac
teristics required of the individual instruments. 
The market is surveyed for available instruments 
of such characteristics. I f  a commercial instru
ment which essentially meets the requirements is 
in production, it is usually more economical to 
design around such an instrument incorporating 
the necessary minor modification. I f  an instru
ment is not available, then the choice of develop
ing internally or subcontracting the development 
must be made. In either case, a thorough evalu
ation of representative models of the final instru
ment is made by Bell Laboratories.

On many of our past instrument applications, 
the Western Electric Company has acted as a 
second production source. This has permitted us 
to have direct control of manufacture and intro
duction of changes, and to enable us to arrive at 
a proven, high quality, reliable instrument design.

Since flight control instruments are usually 
very expensive components, test programs must 
be planned to give a maximum amount of infor
mation while destroying a minimum number of 
instruments. This concept must not be pushed too 
far— judging a design on the basis of a “ sample of 
one” is almost sure to lead to unpleasant surprises. 
I f  an instrument has adequate capability margins 
in the design, a sample of four test units is usu
ally sufficient to prove in a design. When a new 
instrument design is involved, the manufacturing 
group usually goes through a learning period be
fore instruments free of serious production prob
lems are produced and a true evaluation of design 
capability can be made. If, after all of the testing 
problems are solved, instrument troubles are en
countered, an investigation to pinpoint the weak
ness is required, and new instruments with cor
rections introduced as required must be produced 
and reevaluated. Even after an instrument is in 
production, sensitivity to manufacturing imper
fections requires a continuing extensive test pro
gram by the manufacturer, confirmed by the cus
tomer, to achieve needed reliability for missile use.

The facilities and program outlined above have 
made it possible for the Bell Laboratories devel
opment work on missile systems to push forward 
at a fast pace, confident that these critical com
ponents will withstand the stresses of a missile 
environment without being hampered by obscure 
instrument problems.

Over 140,000 inertial instruments have been 
produced for use in missile systems delivered by 
Western Electric during the past ten years. The 
painstaking effort to obtain reliable instruments 
has “paid off”— very few missiles have failed in 
test firings because of instrument malfunction.
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S. B. Weinberg

New Range Charts 
For PBX Operation

Every day, more than one quarter of all tele
phone calls placed in the Bell System origi

nate from or terminate at a private branch ex
change, or PBX. The nearly 200,000 Bell System 
PBX installations throughout the country vary 
in size from single position switchboards serv
ing a few extensions to large multiple switch
boards, assocated with dial equipment, serving 
several thousand extensions. With this size of 
plant, it is essential that each installation be 
engineered to provide the best possible service 
to the customer in the most economical manner.

Because of the many variations in PBXs in 
service, and since each PBX must be able to op
erate into everj type of central office, the engi
neering problems presented by any given PBX 
installation can be many and varied. One of the 
primary considerations is that the PBX, when in
stalled, will have adequate signaling ranges. 
Without this capability, the PBX equipment 
would not function in the best manner.

Signaling, as applied to PBX ranges, includes 
the functions of supervision, ringing and dialing. 
Supervision includes the ability to respond to off 
or on-hook conditions of the PBX extension, and 
the operation of line relays, cord circuit super
visory relays and ring-trip relays. Ringing sig
nals in some cases operate a ringer by ringing 
current for an audible signal; in other cases they 
operate a relay which controls a lamp to signal 
an attendant at a PBX visually. Dialing refers to 
response to a dialing operation by both dial equip
ment at the PBX or central office and circuits such 
as a PBX dial trunk.

Signaling range, which is measured in ohms, 
represents allowable electrical length of the con

ductor loop between a PBX extension and a PBX, 
or between a PBX and a central office.

The engineer laying out a PBX installation 
must know the limitations imposed upon the par
ticular job by the signaling ranges. He must make 
sure that the individual and combined conductor 
loops do not exceed the permissible range for the 
PBX and central office. He must know the maxi
mum conductor loop resistances that may be used 
and still permit a connection through the PBX to 
another extension. He must also know the maxi
mum allowable trunk conductor loop between the 
PBX and the central office. Also, he must be aware 
of the limitation placed on the combined station 
and trunk conductor loops. I f  any of the required 
conductor loops exceed the signaling range limit, 
the engineer must know what can be done to 
increase the limit or how he can use the longer 
conductor loop and still achieve proper signaling.

A t one time the only range information avail
able to the engineer appeared as notes on the 
drawing for each circuit associated with the 
PBX. This information was limited and defined 
for specific conditions. For instance, one of the 
requirements imposed on the circuit designer was 
the resistance of the loop over which the circuit 
would have to operate. The designer would check 
a circuit for proper operation over the required 
loop and enter that range on the drawing as the 
working limit for the circuit. The telephone com
pany engineer, having only this limited informa
tion available, would have to install long-line or 
long-trunk equipment for all loops that were to 
exceed the listed range information, or select 
plant facilities having lower resistance values. In 
many instances, the circuits were actually capable
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of operation over loops exceeding that on the 
drawings.

To provide the operating telephone company 
engineer with more exact and complete range in
formation, PBX range charts were pi’epared prior 
to World War II. These charts showed permissible 
trunk and station conductor loop resistances for 
the many combinations of PBXs and central of
fices then in general use. Each chart listed the 
pertinent information for a particular central 
office and gave a maximum conductor loop range 
for each PBX that would operate into that central 
office. In addition, information as to how addition
al ranges could be obtained was given with the 
range information for each PBX.

The continuing development of means for ex
tending the central office customer-loop ranges, 
especially between 500-type telephone sets and 
No. 5 crossbar and long range step-by-step offices, 
has out-dated these early range charts. As part of 
the process of catching up, a new, uniform and

practical set of principles was developed at Bell 
Laboratories, whereby signaling ranges could be 
engineered to be as great as possible, while still 
providing satisfactory service.

The original range charts had been calculated 
on the basis of “ all worst circuit conditions” . In 
these calculations, the resistive elements in the 
circuit are assumed to be at a value to reflect re
sistance variations due to heating, aging, and 
manufacturing tolerances. Also, voltages were 
calculated at the minimum tolerable values, and 
current requirements were increased to compen
sate for stiff relays and increased resistances. 
Ranges based on a combination of the “worst” 
conditions, although sure to permit satisfactory 
operation, were necessarily shorter than they 
needed to be.

To avoid, as far as possible, the extra expense 
of installing long line circuits, which function to 
extend the signaling range of station line or cen
tral office circuits, and to keep pace with the long

Author S. B. Weinberg checks data on a PB X  cord 
circuit drawing. The hook held by L. Mark (fore

ground) contains data gathered from new calcula
tions and information.



customer loops being installed from the newer 
central offices, a more liberal approach to range 
calculations was worked out. The new approach 
recognized that there are many variable com
ponents such as lamps, relays, transmitters and 
voltage variations. Also, the new approach as
sumed that it was highly improbable that all 
“worst circuit conditions” would exist in a circuit 
at one time. Therefore, if average, or nominal, 
values were given to the variable components, 
longer calculated ranges would result for most 
of the circuits, while giving reasonable assurance 
of proper equipment operation. The telephone 
companies could thereby realize substantial sav
ings by avoiding the use of unneeded long line 
circuits or by providing larger gauge conductors 
than actually required.

In the treatment of the circuit parameters and 
components to obtain longer ranges, a dual ap
proach has been taken— updating some of the ex
isting information, and taking a more practical 
and realistic approach to the use of other data. 
For example, switchboard lamps are limiting 
factors in many cases in determining PBX 
station conductor loop ranges. Considering that 
the only purpose of a switchboard lamp is to at
tract the attention of the switchboard attendant, 
its effectiveness is dependent on the general level 
of background illumination around the PBX. A ft
er various tests. Laboratories engineers recom
mended that the acceptable level of switchboard 
lamp illumination should be a minimum of 20 end 
foot candles (a measure of the amount of illumi
nation delivered at the end of the lamp), provided 
that the background illumination at the PBX was 
7.5 foot candles or less.

The parameters for these lamps used in previ
ous range calculations were taken from data 
obtained 20 years ago. Also, these parameters 
were for a high illumination level; Information 
for the lower illuminations required by PBXs 
was not too detailed or exact. New tests were 
made for the lamps at the proper illumination 
levels and the resulting data were incorporated 
into the present range calculations.

Another important factor in range calculations 
is the proper operation of the relays in the PBX 
and central-office circuits. The resistance of the 
windings of each of the relays is generally ac
cepted to be the nominal value stated by the 
manufacturer for the relay at 68 degrees F. How
ever, the resistance of the winding will increase 
by about 1 per cent for each 8 degree rise as its 
temperature goes up because of ambient tempera
ture changes or heating caused by previous

Graph shows variations in end-foot-candles and 
current af attendant alerting lights, one of the 
variable factors in PB X  installation engineering.

operation of the relay. The “ test-operate” current 
values used in the range values are shown on the 
circuit requirement tables on the circuit draw
ings. Test-operate current values are obtained for 
each relay by taking 105 per cent of the re-adjust 
value for single relay operation and 110 per cent 
for relays which must operate in multiple. These 
currents do not take into account the heating of 
the winding as previously discussed.

The increased resistance of the winding due 
to heating will increase the total resistance of 
the circuit in which it appears. With the circuit 
voltage supply remaining constant, the increased 
circuit resistance will cause a corresponding de
crease in the current through the circuit. The 
current may, therefore, drop below the test-op
erate value for the relay, and the relay will not 
operate. To compensate for this condition, a 
“worst circuit current” allowance of 5 per cent is 
added to the test-operate current for range calcu
lations. This rule applies to most relays.

Another factor that must be considered in 
range calculations is the resistance presented to 
the circuits by the telephone set, most of which 
occurs in the transmitter. In order to function as 
a transmitter, the resistance of this component 
must necessarily be variable. The variations in 
transmitter resistance due to speech occur at 
voice frequencies and do not, therefore, affect dc 
signaling ranges. Other transmitter characteris
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tics, however, do result in a wide variation of re
sistance which does affect the signaling ranges. 
For instance, the resistance of the carbon tele
phone transmitter will vary from one instrument 
to another due to differences in the packing of 
the carbon granules. The resistance will also vary 
depending on the position in which the transmit
ter is held. In connection with the extension of 
central-office ranges and the introduction of 500- 
type sets. Bell Laboratories engineers made tests 
and studies to determine the average resistance 
of a transmitter used by a central-office cus
tomer. An average resistance was thus deter
mined for a transmitter with an average current 
flowing through it. Since the resistance of the 
carbon transmitter varies inversely with the 
amount of current through it, and since PBX cur
rents are variable, a table showing transmitter 
resistance for various current levels was pre
pared for use in PBX range calculations.

To complete the picture of the factors that are 
involved in PBX signaling range calculations, the 
voltage variations of the power plants for the 
PBXs and central offices involved must be con
sidered. This is because the operating range of a 
relay or a lamp is related directly to the available 
voltage. In most central offices today, a battery 
is “ floated” on a regulated charger and prolonged 
power failures are rare. Because of this, there is 
little probability of circuit failures due to a com
bination &f high-resistance apparatus together 
with a stiff relay during infrequent short inter
vals when the voltage is below the value of the 
minimum floating voltage. Therefore, it has be
come customary to engineer ranges on the basis 
of the central-office floating voltage. When the 
central-office battery is not floated, the voltage is

subject to wide fluctuations during normal condi
tions. In these cases, range calculations are based 
on a minimum non-floating voltage.

Local battery power for the PBX may be ob
tained from several different types of power 
plants. Small PBXs are sometimes supplied with 
rectifiers and batteries containing from eight to 
twelve cells. When this type of power plant is 
used, the voltage is considered to be two volts per 
cell. For larger PBXs, 48-volt battery power plants 
are used. Several rectifier-type power plants, 
without batteries, operating from commercial 
power are also available to provide power for 
PBXs. These rectifiers range in capacity from 16 
to 48 volts and the output specified by the manu
facturer is the value used in range calculations.

Another source of power for the PBX is that 
obtained from the central office or from a build
ing battery and brought to the PBX by cable pair 
feeders. Voltage provided by this method depends 
upon the central office or building battery voltage, 
resistance of the cable pair feeders, and the total 
instantaneous current drain. Voltage data is 
based on the nonfloat or power failure minimum 
voltage at the central office. However, since PBX 
ranges are based on central office floating voltage 
values, which are a few volts higher than the non
float values, it is assumed that the voltage is two 
volts higher than the engineered value for PBXs 
supplied by cable pair feeders.

In view of the number of different types of 
power plants and the voltage variations of each of 
them, it is essential that the engineer be aware 
of the exact type of power plant in the central 
office and in the PBX, so that he can best cal
culate the effects of the voltage fluctuations on the 
signaling ranges.

PB X  range information 
and calculations are need
ed for engineering typical 
PB X  installations, such as 
the one shown.
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One factor which may limit signaling ranges 
is the voltage of ringing current supply at the 
central office and the type of ring-up circuit and 
relay at the PBX. When the central office seizes 
the PBX trunk, it sends ringing current over the 
trunk conductor loop to the PBX to operate a 
ring-up relay. The operation of the relay lights 
a lamp at the switchboard.

The central-office ringing current supply pro
vides direct current with ac superimposed. The 
minimum ac component of this ringing current is 
used in range calculations. The existing data on 
the operation of ring-up relays was based on the 
“worst circuit’’ conditions under which the ring- 
up relays would be expected to operate.

Ringing ranges, however, cannot be calculated 
simply, because of the combinations of electrical 
factors and mechanical variations presented by 
the ring-up circuit. To determine these ranges, 
laboratory tests were made and the results were 
made available for use in range calculations.

Station ringing in most manual PBXs is 
achieved by the operation of a ringing key at the 
switchboard. In the 608A, 607A, and 756A PBXs, 
automatic machine ringing is used to ring a sta
tion. In automatic machine ringing, a relay op
erates to trip the ringing when the station an
swers. I f  a station answers during the ringing 
cycle, the ac voltage super-imposed on the dc 
component of the ringing current is sufficiently 
high to allow tripping over an extremely long, 
nonlimiting, station loop. However, if the sta
tion answers during a silent interval, only the 
PBX battery voltage is present and the station 
conductor loop may be limiting.

The new data that have been compiled for the 
circuit components, and the new, liberal approach 
to range calculations, equations and other circuit 
factors have now been made available to operat
ing telephone company engineers in the Bell Sys
tem. This information provides the engineer with 
a technique that will enable him to establish work
ing limits for circuit combinations which are not 
specified in existing range charts. All the neces
sary information, including assumptions, circuit 
parameters, equations and circuit arrangements 
for commonly used PBXs and central offices, to 
allow range calculations is included. Also, a new 
set of range charts has been prepared for most of 
the important central-office and PBX combina
tions using the new information and methods.

Through the use of the new range charts and 
the other published information, much engineer
ing effort and expense will be eliminated, while 
supplying improved service potential to the PBX 
customer.

Range C harts-H ow  They’re Used

A typical range chart is shown opposite. Range data for eacli 
PBX situation is shown in a double column of figures. The left 
column ("T rk " )  contains trunk conductor loop ranges; the cor
responding perm issible station conductor loop ranges are shown 
at right ( " S t a " ) .  Tables consisting of a varying number of 
double columns under each PBX listed allow for a ll possible PBX 
power supply arrangem ents and circu it options. Footnotes cover 
deviations from the basic range data w here required.

A check mark shown on the tab les re fe rs  the chart user to 
a note explaining, in effect, that the sum of the trunk conductor 
loop resistance and the station conductor loop resistance, for 
all trunks and stations falling betw een the values above and 
below the check mark, may be equal to the su bscriber conductor 
loop range of the central office less the resistance value of all 
se rie s relays.

The asterisk  refers the chart user to a note explaining the 
use of an interm ediate table to find conductor loop values for 
all trunks and stations falling between the values above and be
low the a ste risk , and re fle cts  the limitation placed on the con
ductor loop range by PBX supervision.

In a typical exam ple, suppose that a 555 PBX was to be in
stalled at a d istance of 270 ohms from a No. 5 Crossbar central 
office with a su bscriber conductor loop range of 1360 ohms. 
The engineer in charge of the installation would know the type 
of power supply to be used and the various circuit options in 
the PBX. Assume that this PBX will have an 11-cell local battery 
and that the line circu its will be equipped with UA 97 line re
lays. Also, assum e that the cord circu its will contain a 150 ohm 
cord bridge without a se rie s pad resistor.

To determ ine the maximum allow able station conductor loop 
resistance for the installation, the engineer would refer to the 
table between line number 21 and 25 (the line numbers are 
located at the extrem e le ft side of the p a g e ), and read the 
double column under " 1 1 -cell b attery ."  For all trunk conductor 
loop ranges over 50 ohms and below 1325 ohms, the engineer 
is referred  to the interm ediate table. He would check the in
term ediate table and locate 270 ohms under the "T rk "  column, 
which is the given trunk conductor loop for this problem. The 
maximum station conductor loop resistance associated with the 
270 ohm trunk loop will be found in the ad jacent column headed 
" S ta ,"  and reads 520 ohms. This value would be the maximum 
station conductor loop resistance that may be used with a trunk 
conductor loop resistance of 270 ohms.
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SECTION 534-362-076
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555 PBX (Cont)

PBX CONDUCTOR LOOP RANGES 
FOR 1360-OHM NO. 5 CROSSBAR OFFICES

STATION LINES EQUIPPED WITH UA97 LINE RELAYS
Direct Feeders From Central Office or Building Battery Engineered for a Minimum PBX Voltage of:

(with a 150-ohm cord bridge only)
1 6  V O L T S 1 8  V O L T S 2 0  V O L T S 2 2  V O L T S A N D  U P

T rk S ta Trk S ta Trk S ta Trk S ta

0 475 0 660 0 855 0 965
315 475 160 660 50 855 *

* * * * * * 1325 0
1325 0 1325 0 1325 0

Direct Feeders From Central Office or Building Battery Engineered for a Minimum PBX Voltage of: 
(with a pad resistor added in series to the 150-ohm cord bridge) #

13. 1 6  V O L T S 1 8  V O L T S 2 0  V O L T S 2 2  V O L T S 2 4  V O L T S 2 6  V O L T S  A N D  U P

14. Trk S ta Trk S ta Trk S ta T rk S ta Trk Sto T rk Sto

15. 0 475 0 660 0 855 0 1040 0 1235 0 1325
16. 850 475 665 660 470 855 285 1040 90 1235 V V
17. V V V V V V V V V V 1310 15
18. 1310 15 1310 15 1310 15 1310 15 1310 15 1310 0
19. 1310 0 1310 0 1310 0 1310 0 1310 0

Powered by Local PBX Power Plant (with a 150-ohm cord bridge only)
9 - C E L L  B A T T E R Y 1 0 - C E L L B A T T E R Y 1 1 - C E L L B A T T E R Y 1 0 1 G  R E C T IF IE R K S - 1 5 6 6 8 R E C T IF IE R

Trk S ta Trk S ta T rk S ta T rk S la T rk S ta

0 475 0 660 0 855 0 475 0 965
315 475 160 660 50 855 315 475 * *

* * ★ * ♦ ♦ * 1325 0
1325 0 1325 0 1325 0 1325 0

Powered by Local PBX Power Plant 
(with a pad resistor added in series to the 150-ohm cord bridge) #

29. 9 - C E L L  B A H E R Y 1 0 - C E L L B A T T E R Y 1 1 - C E L L B A T T E R Y 1 0 1 G  R E C T IF IE R K S - 1 5 6 6 8 R E C T IF IE R

30. T rk S ta Trk S ta Trk S ta Trk Sta T rk Sta

31. 0 475 0 660 0 855 0 475 0 1325
32. 850 475 665 660 470 855 850 475 V V
33. V V V V V V V V 1310 15
34. 1310 15 1310 15 1310 15 1310 15 1310 0
35. 1310 0 1310 0 1310 0 1310 0

#These columns show how the station range may be increased for a given trunk by connecting a 
pad resistor in series with the 150-ohm cord bridge. Provide a 100-ohm pad for trunks greater 
than 1100 ohms, or a 200-ohm pad for trunks smaller than 1100 ohms.

VDeduct the known trunk conductor loop resistance from 1325 ohms to obtain the permissible 
station conductor loop resistance. Where the station conductor loop resistance is known, deduct 
this value from 1325 ohms to obtain the permissible trunk conductor loop resistance.

*Find the trunk value nearest the known trunk conductor loop resistance in the Intermediate 
Table and read the corresponding station value. Or, if the station conductor loop resistance is 
known, find the nearest station value and read the corresponding trunk value.

♦INTERMEDIATE TABLE



Strain Waves in Crystal 

Rotated B y M agnetic Field

Scientists at Bell Telephone Laboratories have 
rotated the direction of polarization of a trans
verse ultrasonic wave traveling in a crystal by 
causing the wave to interact with a magnetic field. 
Their work is significant because the rotation is 
nonreciprocal, that is, when the wave is reflected 
at the end of the crystal and travels back to the 
input it does not rotate back to its original direc
tion of polarization.

A new family of ultrasonic devices, such as 
circulators and isolators, now appears possible. 
An ultrasonic isolator, for example, might be 
used in ultrasonic delay lines to suppress reflec
tions which occur when a wave encounters a dis
continuity in a system. The isolator would work 
this way: An ultrasonic wave leaves the input of 
a system and travels through the isolator, which 
rotates the direction of polarization of the wave 
45 degrees. When the wave is reflected back to 
the isolator it is rotated an additional 45 degrees. 
A  device in the isolator absorbs the energy of 
waves polarized at 90 degrees; thus the reflected 
wave is prevented from reaching the input.

Herbert Matthews and R. Conway LeCraw of 
The Solid State Device Laboratory recently de
scribed their experiment in Physical Review Let
ters, a Journal of the American Physical Society.

They bonded a quartz disk to one end of a cylin
der of single crystal yttrium iron garnet and 
applied a dc magnetic field parallel to the axis 
of the cylinder. The magnetic moments of the 
iron atoms in the garnet then lined up parallel 
to the field.

Next, they applied a pulsed radio frequency 
electrical field to the quartz disk generating (by 
the piezoelectric effect) an ultrasonic wave pulse. 
This 500 megacycles per second pulse was polar
ized parallel to the (100) quartz axis.

The ultrasonic pulse traveling down the garnet 
cylinder strained the crystal lattice so that the 
iron atoms were alternately pulled apart from 
each other and squeezed together in a direction 
perpendicular to the magnetic field.

Straining the atoms created a second magnetic 
field, called an rf field because it varied with the 
frequency of the 500 megacycle ( r f )  pulse. The rf 
field was perpendicular to the applied (dc) mag
netic field. A component of the r f field interacted 
with the lined-up iron atoms and changed the di

rection of their magnetization. (This process is 
the inverse of magnetostriction whereby ferro
magnetic materials such as iron elongate in the 
direction of a dc magnetic field and contract in a 
direction perpendicular to the field.)

The change in the direction of the magnetic 
moments of the iron atoms affected the direction 
in which they moved as the pulse strained the 
YIG  lattice. (The motion of the iron atoms was 
linearly polarized in a plane perpendicular to the 
wave’s direction of travel.) The initial group of 
iron atoms moved up and down in this plane. The 
next group of atoms moved at an angle to the 
previous group in the perpendicular plane. This 
rotation was caused by interaction of the r f field 
and the lined up iron atoms and is analogous to 
the Faraday rotation of electromagnetic waves 
in ferrites. Each group of atoms was strained 
at an angle to the previous atomic strain and thus 
the direction of motion was rotated continuously.

When the wave was reflected at the end of the 
YIG cylinder, rotation of the strain polarization 
continued in the original direction since the inter
action between strain and the lined up iron atoms 
was independent of the direction in which the 
wave traveled. The amount of rotation depended 
upon the distance the wave traveled and the 
strength of the dc field.

As a strain wave travels down the crystal, it is 
rotated Jt5 degrees by a magnetic field. Below, the 
reflected tvave receives additional rotation.
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In the past few years, the traveling-wave 
tube has performed with outstanding 

success in military systems. Recently, 
Bell Laboratories developed a 

rugged, lightweight tube to help in 
the vital task of guiding a missile.

A Missile-Borne 

Traveling-Wave Tube

W . D. Apgar and C, E. Bradford

T he Bell Laboratories Command Guidance Sys
tem, developed for the United States Air 

Force, has successfully guided over 100 flights of 
missiles and space vehicles. One of the major 
components in the receiver of that system is a 
traveling-wave tube that can amplify a guidance 
signal over twenty thousand times. As the success 
of the system attests, the tube functions with high 
reliability under the extreme acceleration strains, 
shock amplitudes, and temperatures of missile 
guidance and flight. Recently the Laboratories 
has developed an advanced version of that tube 
for the lightweight missile-borne guidance equip
ment now being put into the Delta space vehicle.

The unique quality of a traveling-wave tube is 
its ability to greatly amplify microwave signals 
over a wide band of frequencies. Its superiority 
over other types of ampliflers in this respect stems

from its principle of operation which can be 
called “ traveling-wave interaction.” A  signal 
wave and an electron beam traveling at nearly the 
same velocity continuously interact over a com
paratively long distance. In other microwave am
plifiers, such as the klystron, the interaction 
region may be only a hundredth that of the travel
ing-wave tube at the same voltage and frequency. 
To obtain appreciable amplification the klystron’s 
electric field must be very high. This can be ob
tained only in a resonant cavity which, in turn, 
limits the tube’s bandwidth to a few per cent of 
the center frequency. The traveling-wave tube 
does not have this limitation. The tube described 
in this article, for example, provides a gain at 
midband of 37 db, and has a 3 db bandwidth equal 
to more than 24 per cent of the midband fre
quency. Its gain can be controlled by varying the
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A cross-section of the traveling-wave tube pack
age showing the tube and its helix and gun struc-

voltage at the first grid, or beam-forming elec
trode. Also, the control action of this electrode 
can be used for automatic gain control by arrang
ing to sample the output of the detector following 
the traveling-wave tube, amplifying it, and feed
ing it back to the grid to maintain a constant 
output. Gains from 37 db to — 35 db can be 
obtained.

Design for Ruggedness
To withstand the hazardous environment of 

missile launching and flight, the new device has 
been made extremely rugged. One thing that has 
been done to achieve this is the joining of the tube 
and its focusing magnet in an inflexible unit. The 
magnet itself is a rigid support, a sort of back
bone for the package; the tube and many other 
parts are cemented to it with a low-density epoxy 
adhesive that forms a bond with a shear strength 
approaching that of aluminum. Cementing the 
parts together eliminates many screws and bolts 
and helps to achieve a lightweight structure— one 
of the requirements of this device. The entire 
assembly is encased in low-density foam plastic 
which prevents contact between the magnet and 
other magnetic materials that would disturb its 
field and keeps out dirt and magnetic particles. 
The outer surface is plastic and has openings for 
input and output waveguides. The whole structure 
weighs only a little over two pounds and is less 
than eight inches long.

The heart of the tube itself consists of an elec

tures, the focusing magnet, and other details. 
The outer casing is a low-density foamed plastic.

tron gun and a wire helix which serves as a slow- 
wave circuit. The electron beam developed by the 
gun passes coaxially down the center of the helix 
which intercepts less than two per cent of the 
beam current. An r f signal is coupled to the helix 
through an input waveguide near the gun. The 
signal and beam interact in such a way that the 
signal is amplified at the expense of the kinetic 
energy of the electrons. The amplified signal is 
coupled to an output waveguide at the end of the 
helix opposite the electron gun.

In line with the requirements for extreme 
ruggedness, the components of the tube are also 
joined in a tightly-knit assembly. Three ceramic 
rods are glazed to the helix as a support. This 
assembly fits snugly into a glass bulb. The cathode 
and other electrodes of the electron gun are also 
supported by ceramic rods. These rods are held 
by two metal discs which, in turn, are brazed to 
the inside of the metal part of the tube.

An Alnico magnet surrounds the tube. It pro
vides a nearly uniform axial magnetic field of 500 
oersteds over the length of the helix. This field 
prevents the electron beam from spreading and 
striking the helix. Actually, the diameter of the 
beam is 0.031 inch, and the inside diameter of the 
3 inch long helix is 0.035 inch. The beam cannot 
be focused properly unless the force on the elec
trons from the radial component of the magnetic 
field is very small at any given point. A “ field 
straightener” minimizes the radial component of 
the magnetic field at the axis of the tube. It con-
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sists of a number of permalloy discs with center 
holes through which the tube passes. The discs, 
separated by aluminum spacers and mounted per
pendicular to the axis of the tube, act as “equi- 
potential planes” in the long longitudinal field and 
help keep the transverse field small.

Another important design consideration was 
the prevention of feedback of r f output power to 
the input. This may cause oscillations which, 
though they are sometimes far removed from 
signal frequencies, may reduce the power of the 
amplified signal. Freedom from oscillation is diffi
cult to achieve in a high-gain, broad-band device. 
The input and output waveguides each contain a 
shorting plunger to help establish r f coupling be
tween the waveguide and the helix. To help pre
vent oscillations, these plungers contain r f chokes. 
There is also r f absorbing material around the 
glass envelope of the tube inside the field straight- 
ener, and r f absorbing material and chokes around 
the dc leads to the electrodes.

Design for Low W eight

Because very low weight was a basic require
ment for the new device, all components were 
made as small as possible without jeopardizing 
their ruggedness. In this respect, the magnet is 
the greatest concern. It comprises more than half 
the weight of the device— weight largely deter
mined by the length of the helix and the axial 
magnetic field requirements. In a traveling-wave 
tube, a short section of the helix near its center is 
coated with “ lossy” material to prevent feedback 
from output to input. In the new tube, this sec
tion (called the helix loss section) is divided into 
two parts, each only 0.15-inch long— much shorter 
than in other traveling-wave tubes. The divided 
loss results in better match performance, but each 
part can provide enough loss to prevent oscillation.

Because the helix loss section is shorter, the 
helix itself can be shorter, and the weight of the 
magnet can be reduced. Furthermore, the helix 
can be made still shorter if  a low-voltage electron 
beam is used, as this yields higher gain per unit 
length of the helix. However, the magnetic field 
must be increased as the beam voltage decreases, 
and this tends to increase the weight of the 
magnet. Accordingly, the beam voltage and the 
axial magnetic field were calculated to allow mini
mum weight for the magnet. Among the possible 
magnet materials that were considered, Alinco V 
was found to offer the required field with the 
least weight.

A  rigorous test program was carried out at the 
Laboratories to make sure that the device would

A plot of gain versus frequency. This figure 
shows a part of the bandwidth of the new tube.

Gain of the traveling-wave tube versus the volt
age applied to the first grid. For this plot out
put power of the tube was kept at —20 dbm. Gain 
for the tube can be obtained over a range that is 
dependant on output power and beam current.

4 5 1

- 3 0  - 4 0
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- 7 0

withstand the vibrations it will be subject to in 
missile launching and flight. Each device was 
tested for one hour under constant vibrational 
acceleration of 20 g at frequencies varying from 
50 to 2000 cycles per second. Samples have sur
vived accelerations up to 60 g and shock ampli
tudes up to 40 g.

The full useful life of this tube is only a few 
minutes during missile flight, but it must be 
ready for those few minutes and it must function 
when it is called on. All the design effort was 
directed toward those few minutes to make sure 
that the tube will deliver perfect performance 
during its paradoxically short life.
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Telstar Transmits Transatlantic Pictures Again

Telstar transmitted television pictures on Jan
uary 4 after being out of operation for six weeks. 
During the intervening period, engineers at Bell 
Laboratories diagnosed the difficulty and found 
a way to restore normal operation.

Transatlantic pictures were seen in New York 
at a press briefing and were made available to 
television networks for broadcast.

The day before, test patterns were received and 
transmitted by Telstar, the first signals relayed 
by the Bell System’s experimental satellite since 
November when its command circuit stopped 
working and its communications equipment could 
not be turned on.

Scientists and engineers at the Laboratories 
explained that studies and experiments had pin
pointed the malfunction to one particular tran
sistor in one of Telstar’s command decoders and 
to a few possible transistors in the second de
coder.

The difficulty in the transistors was diagnosed 
as a surface effect of radiation, discovered by 
Walter M. Gibson of Bell Laboratories and G. 
Lorimer Miller of Brookhaven National Labora
tory in October 1961. (These surface effects can 
apparently occur at lower levels of radiation than 
the better-known internal effects.)

In these studies it was found that transistors 
sometimes recover when the radiation intensity 
is reduced. During December, Telstar had been 
at its highest point, where the Van Allen radia
tion is weaker, while over the southern hemi
sphere. Therefore, an attempt to command Tel
star was made earlier from the NASA Minitrack 
station at Johannesburg, South Africa. These 
tests were unsuccessful.

Meanwhile other engineers looked for some 
way to reduce the bias on the decoder transistors. 
This appeared at first glance to be virtually im
possible, since the only means known to do this— 
disconnecting the satellite batteries or by circuit 
operation— called for an ability to command the 
satellite, at least in some small degree. The

search was therefore started to find a way to trig
ger the command decoder circuits into operation 
despite the inoperative transistors.

In the laboratories a command decoder similar 
to that used in Telstar, with its normal voltage 
applied, was placed in a radiation environment. 
The decoder developed symptoms similar to those 
of Telstar’s decoders. Detailed testing then re
vealed which portions of the circuit were most 
sensitive. Particularly sensitive was a transistor 
in the “zero gate” , a circuit that recognizes the 
“zeroes” in the one-and-zero code used to com
mand the satellite.

Deducing also from circuit behavior that this 
transistor was affected in at least one of the two 
command decoders, the engineers then applied 
themselves to finding some way to by-pass the 
ailing transistor, by using a special form of com
mand signal. Spearheading this effort w’ere Rob
ert H. Shennum, Head of the Satellite Design De
partment; Henry Mann, of the Exchange Trans
mission Laboratory; and John S. Mayo, Head of 
the Pulse Code Modulation Terminal Department.

In the code used by the satellite, a “ one” is 
a long pulse; a “ zero” is a short pulse. The prob
lem the men faced was to send some sort of signal 
that would register as a zero. The solution hit 
upon was to send as a “ zero” a long pulse with a 
dip, or notch, in the middle. This was successful 
in registering a “zero” , in the laboratory.

Two racks of equipment w’ere put together for 
sending “notched pulse” commands, capable of 
sending only two of the fifteen commands to the 
satellite during a single pass, but sufficient for a 
trial of the method. On the first attempt, on pass 
1492 at noon December 20, the command worked. 
It turned a switch, and indication of this was re
ceived from the satellite by telemetry.

The engineers planned to prepare a complete 
program of all 15 commands on tape. Eventually 
and with due caution they would send a com
mand to Telstar to disconnect its storage bat
teries. During eclipses power would then be off
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the satellite. This would remove the bias from the 
transistors, allowing the surface effect to dis
sipate and restore the regular command function.

But the “ trick” commands in use at Andover 
were on two occasions misinterpreted and Tel- 
star disconnected its batteries ahead of time. 
A fter the eclipses that followed, it was found 
that normal command performance was partially 
restored. The treatment was purposely repeated 
on January 2 and 3 with complete restoration of 
the normal command function.

The radiation effects are believed to have 
been produced when high energy radiation pene
trated the enclosure of a semiconductor device 
and ionized gases and other substances within 
the enclosure. The ions thus created can collect 
on the surface and cause detrimental electrical 
changes. Under reverse bias (or voltage), these 
effects are greatly accelerated.

Semiconductors are known to recover toward 
their original operating condition when the radia
tion levels are decreased or when the reverse bias 
is decreased or removed, although they remain 
more sensitive to a subsequent exposure.

The semiconductors in Telstar were selected 
to perform satisfactorily at the radiation levels 
expected in its orbit from data available at that 
time. However, it is now known that Telstar en
countered a very high density of electrons hav
ing much higher energies than expected, result
ing in the radiation intensity inside the satellite

100 times greater than that anticipated.
Transistors in the command decoders are re

ceiving radiation more intense than those in the 
telemetry circuits and the receiver because of 
less metal shielding— and many of them are nor
mally under continuous reverse bias. This com
bination of conditions is believed to be the reason 
for the failure of the decoders.

During the days in November when the com
mand circuit began to operate intermittently, 
the satellite was in view of Andover, Me., during 
a series of four successive passes and then out of 
view during five.

The command function would fail to operate 
during the first pass or two in the series. Appar
ently the continuing command signals sent from 
ground helped to restore the response. This was 
consistent with the belief that the difficulty was 
caused by the surface effects or radiation, since 
processing of commands greatly decreases the 
reverse bias on many of the transistors and allows 
for partial recovery of degraded units.

Bell Laboratories will publish a scientific paper 
on the subject in the January, 1963 issue of the 
Bell System Technical Journal. It is written by 
D. Stewart Peck, Head of Semiconductor Relia
bility Department; Royer R. Blair, of the Military 
Data Systems Department; Walter L. Brown, 
Head of Semiconductor Physics Research Depart
ment ; and Friedolf M. Smits, now with the San- 
dia Corporation.

A Telstar command de
coder unit, containing 37 
transistors and 191 di
odes, is 'prepared for 
a gamma radiation test 
at Bell Laboratories by 
William Gianopulos, left, 
and Frank J. Witt.
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I
M etals Joined to Thermoplastics 
With Single Layer of Molecules

A  new method of bonding metals to thermo
plastics with a single layer of molecules as an 
adhesive has been developed at Bell Laboratories. 
A  bond so formed between aluminum and poly
ethylene is more permanent than any previously 
achieved and more resistant to tearing and pull
ing than the plastic itself.

Previously it had not been possible to form a 
direct bond between metals and polyethylene that 
would withstand mechanical stress when humid
ity and temperature were high. Dr. Harold 
Schonhorn of the Chemical Research Laboratory 
now reports that an aluminum-polyethylene-alu
minum bond, prepared by the new method, has 
held up for months under 600 pounds per square 
inch of tensile-shear stress at 100 per cent rela
tive humidity and 80-120 degrees F. Dr. Schon
horn bonded these materials together with a 
monolayer of stearic acid (CHsCCHo) leCOOH). 
A paper describing his work is to be published in 
The Journal of Polymer Science.

Acid molecules, hydrocarbon part outward, adhere 
to a metal plate as it is drawn through the mono- 
layer. Below, diagram shows chemical bond to the 
metal and physical bond to the thermoplastic.

His method could find a number of applications 
in the electronics industry. For example, a per
manent bond between polyethylene insulators and 
copper conductors could improve the mechanical 
properties of telephone cables or increase the 
reliability of a printed circuit.

Dr. Schonhorn applied a technique developed in 
1935 by Irving Langmuir and Katherine Blodgett 
and used since by chemists to study the structure 
of single molecules. The technique, which enables 
scientists to deposit a single layer of molecules 
( “ monolayer” ) of a substance on a water surface, 
had never been applied before to adhesion.

I f  certain long chain hydrocarbon acids are 
used as the monolayer. Dr. Schonhorn demon
strated in his experiment, the acid end of the 
molecule will form a chemical bond with the metal 
and the hydrocarbon part will form a physical 
bond with the thermoplastic. One end of the 
stearic acid formed aluminum stearate with the 
metal plate; the other end became immersed in 
the polyethylene. These reactions account for the 
permanence of the bond.

To prepare the monolayer. Dr. Schonhorn dis
solved the stearic acid in benzene and spread the 
solution on water contained in a long trough. The 
volatile benzene evaporated and left a monolayer 
of stearic acid on the surface. The hydrocarbon 
portion of the stearic acid is insoluble in water 
and tends to stand up straight when the film is 
compressed. The acid portion dissolves and lies 
just below the surface of the water.

Next, Dr. Schonhorn lowered an aluminum plate 
through the monolayer into a rectangular well. 
When he raised the plate it contacted the acid 
poi'tion of the molecules at the underside of the 
layer, forming a chemical bond. The molecules 
adhered to the sides of the plate with the hydro
carbon part facing out.

Once coated with such a monolayer, metals 
cannot absorb appreciable amounts of water or 
gases from the atmosphere and can be stored for 
months before they are bonded to thermoplastics. 
Unprotected metals become contaminated by the 
atmosphere in a short time and must be specially 
treated before they are suitable for bonding.

In the final stage of his experiment. Dr. Schon
horn melted polyethylene onto the monolayer. The 
hydrocarbon portion of the stearic acid molecule 
became immersed in the polyethylene, itself a long 
chain hydrocarbon. This completed the bond.

Dr. Schonhorn has also bonded aluminum, stain
less steel and copper to polypropylene and poly
styrene using octadecylamine and octadecylphos- 
phonate. By varying the adhesive, he can in prin
ciple bond other thermoplastics and metals together.
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P A T E N T S

Following is a list of the inventors, titles and patent numbers
of patents recently issued to
Bouton, G. M.—Soldering of Alu

minum—3,063,145.
Bullock, D. B., Cocker, J. T., and 

Back, A. J.—Variable Fre
quency Pulse Generator—3,- 
064,208.

Butler, T. T.—Parallel In-put 
Fast Carry Binary Counter 
with Feedback Resetting Means 
—3,064,890.

Chegwidden, T. H.—Magnetic 
Amplifier—3,064,181.

Cirone, F. P.—Transistor Scan
ner Network—3,061,682.

Cocker, J. T., see Bullock, D. B.
Coleman, S. B.—Selective Signal

ing Systems—3,064,236.
Cook, J. S.— Traveling Wave Tube 

—3,060,341.
Crater, T. V.—Error Detection in 

Pseudo-Ternary Pulse Trains— 
3,061,814.

Crawford, E. V.—Adjustable Mo
tor Speed Control—3,065,397.

Dacey, G. C., and Wallace, R. L., 
Jr.—Modulated Oscillator and 
Low Impedance Diode Construc
tion Therefor—3,063,023.

Ellis, B. C., Jr.—Connection of 
Insulated Wire—3,066,274.

Farrow, C. W.—Oscillator Syn
chronizing System—3,063,021.

Ferguson, J. G.—Magnetic Gradi- 
ometer System—3,064,185.

Ferguson, J. G.—Magnetic Gradi- 
ometer System—3,065,413

Graff, H. J., Kleinfelder, W. C., 
and Schwartz, P. C.—Connec
tor for Insulated Conductors— 
3,064,072.

Hamori, A.—Pulse Repeater Test
ing Arrangement—3,062,927.

members of the Laboratories.
Hersey, R. E.—Line Testing Cir

cuit—3,064,090.
Howard, B. T.—Vapor-Solid D if

fusion of Semiconductive Mate
rial—3,066,052.

Hussey, L. W., and Saal, F. A.— 
High Current Transistor Pul- 
ser—3,060,324.

Jackson, H. M.—Automatic Mag
netron Control Circuits—3,063,- 
012.

Kleinfelder, W. C., see Graff, H. J.
Mason, W. P.—Electromechanical 

Wave Transmission Systems — 
3,064,213.

Mann, H., and Mayo, J. S.—Syn- 
chronization of Pulse Com
munication Systems—3,057,962.

Mann, H.— Testing the Perform
ance of PCM Receivers—3,- 
057,972.

Mayo, J. S., see Mann, H.
Meacham, L. A.—Telephone Sub

station Apparatus—3,064,084.
Miller, S. E.—Microwave Ferrite 

Switch—3,064,214.
Montgomery, H. C.— Torpedo 

Control Circuit—3,064,610.
Muller, G. G., and O’Brien, W. D. 

—Semi-Automatic Relay Test 
Circuit—3,058,055.

Newby, N. D., and Sturiale, P. J. 
—Magnetic Core Arithmetic 

3,061,193.
O’Brien, W. D., see Muller, G. G.
Peek, R. L., Jr. — Electrical 

Switching Device—3,059,075.
Peek, R. L., Jr.—Switching De

vice—3,061,696.
Pfann, W. G.—Pressure Trans

ducers—3,065,636.
Rack, A. J., see Bullock, D. B.

Rea, W. T., and Roberts, A. W.— 
Transmission System-Selection 
by Permutation of Parity 
Checks—3,064,080.

Remika, J. P.—Boron Oxide-Lead 
Oxide Etchant and Etching 
Process—3,063,886.

Roberts, A. W., see Rea, W. T.
Robertson, S. D.—High Fre

quency Apparatus of the Trav
eling Wave Type—3,065,373.

Saal, F. A., see Hussey, L. W.
Schwartz, P. C., see Graff, H. J.
Schneider, H. A.—Data Storage 

System—3,064,241.
Sherwood, R. C., and Williams,

H. J.—Magneto-Optical Infor
mation Storage Unit—3,059,- 
538.

Smith, A. R.—Compensating Ar
rangements—3,060,583.

Smith, J. L.—Magnetic Memory. 
Circuits—3,060,411.

Sturiale, P. J., see Newby, N. D.
Wallace, R. L., Jr., see Dacey, G.
Wallace, R. L., Jr.—Negative Re

sistance Diode Building Block 
for Logic Circuitry—3,062,971.

Warner, R. M., Jr., see Spector, 
C. J.

Weiss, M. T.—Enhanced Gyro- 
magnetic Effect in Nonrecipro
cal Wave Transmission—3,063,- 
028.

Wernick, J. H.—Ferromagnetic 
Material—3,065,071.

White, S. D.—Preset Call Trans
mitter—3,062,921.

Wilcox, A. S.— Test Socket— 
3,065,443.

Williams, H. J., see Sherwood, R.
Williford, 0. H.—Automatic Call 

Recording System—3,062,918.
Wrathall, L. R.—Regenerative 

Pulse Repeater—3,065,297.

P A P E R S

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

tiferromagnetism in Molyb
denum, J. Phys. Chem. Solids, 
23, p. 1348, Sept., 1962.

Abrahams, S. C., Programmed 
Electronic X-Ray Automatic 
Diffractometer, Rev. Sci. Instr.,

33, pp. 973-7, Sept., 1962. 
Anderson, L. K., Optical Interac

tion with Ferromagnetic Reso
nance, Appl. Phys. Letters, 1, 
44-6, Oct. 1962.

Andreatch, P., see Sikorski, M. E. 
Batterman, B. W., An Effect of

Dynamical Diffraction in Flu
orescent X-Ray S ca tte rin g , 
Appl. Phys. Letters, 1, 68-9, 
Nov. 1962.

Berry, E., see Buehler, E.
Bogert, B. P., Correction of Seis

mograms for the Transfer 
Function of the Seismometer, 
Bull. Seismological Soc. Am.,

January 1963 25



PAPERS (C O N T I N U E D )

52, pp. 781-92, Oct., 1962.
Boyd, G. D., see Johnson, L. F.
Brady, G. W., see Frisch, H. L.
Buehler, E., and Berry, E., Float 

Zone Refining of Palladium, 
Trans. AIME, 224, 874, Aug. 
1962.

Burrus, C. A., Indium Phosphide 
Esaki Diodes, Solid State Elec
tronics, 5, 357-8, Sept./Oct.
1962.

Calhoun, E. T. D., Why Machines 
will Never Think, in—“Auto
mation — Implications for the 
Future”, ed. by Phillipson, M., 
Vintage, N. Y., 1962, pp. 180- 
212.

Christensen, H., see Sikorski, M. E.
David, E. E., A Review of “Digi- 

tal-To-Voice Conversion” by 
Evan Ragland, IRE Trans, on 
Electron. Computers, EC-11, 
424, June 1962.

Deutsch, M., Cooperation and 
Trust—Some Theoretical Notes, 
in Symp. on Motivation, Univ. 
of Nebraska Press, 1962, p. 275- 
319.

Dietz, R. E., Thomas, D. G. and 
Hopfield, J. J., “Mirror” Ab
sorption and Fluorescence in 
Zinc Telluride, Phys. Rev. Let
ters, 8, 391-3, May 15, 1962.

Dillon, J. F., Ferromagnetic Re
sonance in Rare-Earth Doped 
Y ttrium Iron Garnet, Phys. 
Rev., 127, pp. 1495-501, Sept. 1, 
1962.

Dorros, I., Performance of a Bi
nary FM System as a Function 
of the Channel, SCD Thesis, 
Columbia Univ., 1962, 162 pp.

Enloe, L. H., The Synthesis of 
Frequency Feedback Demodula
tors, Proc. Natl. Electronics 
Conf., 18, pp. 477-97, Oct., 1962.

Frisch, H. L. and Brady, G. W. 
On Small Angle Critical Scat
tering, J. Chem. Phys., 37, 
1514-21, Oct 1, 1962.

Geballe, T. H., see Puri, S. M.
Gerard, H. B., and Greenbaum, C. 

W., Attitudes Toward an Agent 
of Uncertainty Reduction, J. 
Personality, 30, pp. 485-95, 
Sept., 1962.

Gilbert, E. N., Random Subdivi
sions of Space into Crystals, 
Ann. Math. Statist., 33, 958-72, 
Sept. 1962.

Graney, E. T., see Kern, H. E.
Greenbaum, C. W., see Gerard, 

H. B.
Grieco, A., see Sikorski, M. E.
Hannay, N. B., The Solid-State, 

Ann. Rev. Phys. Chem., 13, 305- 
24, 1962.

Harmon, L. D., Comments On— 
“Analog Computer Simulation 
of a Neutral Element”, IRE 
Trans, on Bio-Med. Electron., 
BME-9, pp. 210, July, 1962.

Harmon, L. D., Natural and Arti
ficial Synapses, in—Self-Organ
izing Systems, W ashington, 
D. C., Spartan, 1962, pp. 177- 
202.

Hauser, J. J., Anisotropy in the 
Superconductivity of Deformed 
Rhenium Single Crystals, J. 
Appl. Phys., 33, 3074-7, Oct. 
1962.

Hauser, J. J. and Helfand, E. 
Critical Field of Thin Super
conducting Shapes, Phys. Rev., 
127, 386-90, July 15, 1962.

Helfand, E. see Hauser, J. J.
Herber, R. H., see WeiTheim, G. K.
Hopfield, J. J., see Dietz, R. E.
Hopper, A. L., An Experimental 

Fast Acting AGC Circuit, IRE 
Intern. Conv. Record, 10, Pt. 8, 
13-20, 1962.

Johnson, L. F., Boyd, G. D., Nas
sau, K. and Soden, R. R., Con
tinuous Operation of a Solid- 
State Optical Maser, Phys. Rev. 
126, 1406-9, May 15, 1962.

Kahng, D., Thomas, C. O. and 
Manz, R. C., Anomalous Im
purity Diffusion in Epitaxial 
Silicon Near the Substrate, J. 
Electrochem. Soc., 109, 1106-8, 
Nov. 1962.

Kennedy, R. A., Mechanized Title 
Word Indexing of Internal Re
ports, in — Machine Indexing; 
Progress and Problems. Pa
pers presented at the 3rd Inst, 
on Inform. Storage and Retriev
al, 1961, the American Uni
versity, Washington, D. C., 
1962, p. 112-32.

Kern, H. E. and Graney, E. T., 
Thermionic Emission and Dif
fusion Studies on Zirconium- 
Doped Nickel Cathodes, in Rept. 
on the 22nd Ann. Phys. Elec
tronics Conf. at MIT. Cam
bridge, Mass., 1962, p. 47-56.

Klauder, J. R., Covariant Quanti
zation of the Gravitational 
Field, Nuovo Cimento, 25, 542- 
64, Aug. 1, 1962.

Klauder, J. R., Leutwyler, H. and 
Schaer, J., Gamma-5-Ambiguity 
in the Generally Covariant Spin 
Affine Connection, Nuovo Ci
mento, 23, 1099-101, Mar. 16, 
1962.

Kurland, D., and Montesano, 
A. J., Flow Diagrams and Docu
mentation, Data Process Sci. 
Engrg., 1, pp. 7, Sept., 1962.

Lander, J. J. and Morrison, J., 
Low-Energy Electron Diffrac
tion Study of Silicon Surface 
Structures, J. Chem. Phys., 37, 
729-46, Aug. 15, 1962.

Leutwyler, H., see Klauder, J. R.
Lewis, J. A., Comment on “Gravi

tational Torque on a Small Rig
id Body in an Arbitary Field”, 
Am. Rocket Soc. J., 32, 1301, 
Aug. 1962.

Liehr, A. D., Quantum Theory— 
An Essay on High-Order Vi- 
bronic Interactions, Ann. Rev. 
Phys. Chem., 13, 41-76, 1962.

Liehr, A. D., Forbidden T '̂ansis- 
tions in Organic and Inorganic 
Systems, Advan. Chem. Phys., 
5, 241-59, 1962.

Linax-es, R. C. and Mills, A. D., 
Gro^vth of Zinc Antimony Spin
el Crystals, Acta Cryst., 15, 
1048, Oct. 1962.

Manz, R. C., see Kahng, D.
Mayo, J. S., Pulse Code Modida- 

tion, Electi'o-Technol., 68, 87- 
98, Nov. 1962.

Mills, A. D., see Linax-es, R. C.
Mox-gan, S. P. Transient Response 

of a Dipole Antenna, J. Math. 
Phys., 3, 564-5, May-June, 1962.

Mox-rison, J., see Lander, J. J.
Nanney, C. A., A Thermal Ex

planation for the New Effect in
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the Magnetoresistance of Anti
mony, Appl. Phys. Letters, 1, 
71-3, Nov. 1962.

Nassau, K., see Johnson, L. F.
Neumann, P. G., Encoding and 

Decoding for Cyclic Permuta
tion Codes, IRE Trans, on Elec
tron. Computers, EC-11, 507-11, 
Aug. 1962.

Onoe, M., and Sawabe, M., A 
Piezoelectric-Piezomagnetic Gy- 
rator, Proc. IRE, 50, pp. 1967- 
73, Sept., 1962.

Paul, B., A Compilation of Evap
oration Coefficients, Am. Rocket 
Soc. J., 32, pp. 1321-8, Sept., 
1962.

Pierce, J. R., Communication in 
the International Sphere, in— 
“The Eighth Art,” N. Y., Holt, 
Rinehart and Winston, 1962, P. 
183-95.

Puri, S. M. and Geballe, T. H., 
Quantum Transport in n-Ger- 
manium, Phys. Rev. Letters, 9, 
378-81, Nov. 1, 1962.

Riesz, R. P., High-Speed Semi
conductor Photodiodes, Rev. 
Sci. Instr., 33, 994-8, Sept. 1962.

Robinson, W. M., see Wertheim,
G. K.

Rosenberg, S., Two-Person Inter
actions in a Continuous-Re
sponse Task, in-“Mathematical 
Methods in Small Group Pro
cesses.” Stanford, Stanford

Univ. Press, 1962, Chapt. 19, pp. 
282-304.

Rothkopf, E. Z., Programmed 
Self-Instruction Booklets, Mne- 
momic Phrases, and Unguided 
Study in the Acquisition of 
Equivalences, J. Programmed 
Instruction, 1, 19-28, Winter 
1962.

Sawabe, M., see Onoe, M.
Schaer, J., see Klauder, J. R.
Schonhorn, H., Generalized Ap

proach to Adhesive via the In
terfacial Deposition of Amphi- 
pathic Molecules, Part-1, Adhe
sion of Polyethylene to Alumi
num, Gordon Research Conf. on 
Adhesion, New Hampton, N. H.

Sikorski, M. E., Andreatch, P., 
Grieco, A. and Christensen, H., 
Transistor Microphone, Rev. 
Sci. Instr., 33, 1130-1, Oct. 1962.

Slepian, D., The Threshold Effect 
in Modulation Systems That 
Expand Bandwidth,IRE Trans, 
on Inform. Theory, IT-8, 122-7, 
Sept. 1962.

Soden, R. R., see Johnson, L. F.
Thomas, C. 0., see Kahng, D.
Thomas, D. G., see Dietz, R. E.
Van Bergeijk, W. A., Variation 
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S. T. Meyers joined Bell Tele
phone Laboratories in 1927 follow
ing graduation from Stevens 
Institute of Technology with the 
degree of ME. He participated in 
early work on feedback amplifiers 
and later designed feedback ampli
fiers for program, voice and car
rier frequency repeaters. During 
World War II he worked on field 
communications and underwater 
sound detection. Since then he has 
engaged in studies of transmission 
in trans-atlantic radio circuits, 
methods of error control in data 
terminals and the design of data 
terminals for voice-frequency 
transmission. He is the author of 
“An FM Data Set for Voiceband 
Data Transmission” in this issue.
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C. W. Spencer, author of “ In
strument Evaluation for Missile 
Application,” was born in Chica
go, Illinois, but has been a resi
dent of New Jersey most of his 
life. He received his B.S.M.E. 
from Newark College of Engi
neering in 1934, and spent a year 
in roller bearing design and anoth
er in machinery insurance under
writing before joining Bell Lab
oratories. Until World War II, he 
worked in apparatus development 
on studies of precious metal con
tacts. During the war he was in
volved with various computer and 
radar projects. After the war, 
Mr. Spencer worked on AMA ap
paratus evaluation. He was later 
put in charge of the Precision

C. W. Spencer

Measurements Laboratory, which 
led to the Nike Project in 1951. 
He has been a supervisor of the 
group working on flight control 
instrumentation since 1953, and is 
responsible for the operation of 
the instrument laboratory dis
cussed in his article. Mr. Spencer 
is a member of the American So
ciety of Mechanical Engineers and 
the American Scientific Affilia
tion.

Seymour B. Weinberg, author 
of “New Range Charts for PBX 
Operation,” is a native of Bronx, 
New York and a resident of Old 
Bridge, New Jersey. He served in 
the U.S. Army, Combat Engineers 
from 1943 to 1946. Mr. Weinberg 
joined Bell Laboratories in 1953, 
after graduation from the Ad
vanced Technology Course at 
RCA Institute in New York City.

He was originally assigned to sys
tems engineering, and has worked 
in manual and dial PBX systems. 
He was responsible for develop
ment of “ Seeing Aids” for blind 
PBX attendants He also worked 
to develop the new method for 
calculating PBX range informa
tion described in his article. Mr. 
Weinberg is presently concerned 
with telephone answering service 
improvements, hotel-motel PBX 
and hospital communication sys
tems.

Waldo “Walt” Apgar, a native 
and present resident of Phillips- 
burg, N. J., joined Bell Labora-
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tories in 1954. All his time at the 
Laboratories has been devoted to 
work on traveling-wave tubes for 
both military and Bell System ap
plications. While working at the 
Laboratories Mr. Apgar attended 
Lafayette University at night and 
in June, 1962, received the B.S. 
E.E. as a member of the first eve
ning college graduating class.

An assistant member of Tech
nical Staff at Allentown, he is the 
second member of his family to 
work for the Laboratories; his 
brother, Clayton Apgar, also 
works at the Allentown Branch 
Laboratories. Mr. Apgar is the 
co-author of “A Missile-Borne 
Traveling-Wave Tube” in this 
issue.
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