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E. G. ANDREWS

Military Systems Engineering

During the past fifteen years a revolution has taken place in communica-
tions, atomics, ballistics, electronics and aerodynamics. The rapid advance
in these arts has been accompanied by an avalanche of problems which
required the evaluation of enormously complicated equations and a stagger-
ing amount of computation. Bell Telephone Laboratories mathematicians
were early to take up the challenge of finding a way to relieve man of this
exacting and time-consuming burden. Telephone switching techniques were
the basis for the early clectromechanical computing machines which have
culminated in electronic automatie digital computing systems able to outper-

form the human mind in many respects. The modern digital computer is

now a truly indispensable tool on the frontiers of science and technology.

Supposing a group of noted mathematicians de-
cided it would be more convenient to have 400
degrees in a circle than the present 360 degrees.
By using a modern digital computer, new sine and
cosine tables could be prepared in a single day.
Without such a
tremely tedious process.

computer, this would Dbe an ex-
Although this is a highly
improbable example, it does give some indication
of the type of problem that could be solved readily
by a digital computer.

The original computers designed at Bell Tele-
phone Laboratories were intended for similar pur-
to increase the speed and accuracy of mak-
ing the complex caleulations required in circuit
design, and to eliminate the tedium and errors in

poses:

making these computations using desk calculators.
Digital computer technology has now advanced to
the point where it is possible to perform compu-

tations that were formerly considered impractical
hecause of the volume of hand calculating involved.
Such things as simultaneous differential and partial
differential equations are now almost routine prob-
lems, done nsually in a small fraction of the time
previously required.

From this start, as a device for performing more
or less direct numerical calculations, the use of the
digital computer has spread to many other fields.
It is now used as a control device for the analysis
of svstem performance, for statistical and scientific
and in industrial and administra-

In the Laboratories and the Bell
Svstem, applications for the modern computer in-
clude their use for the so-called “throwdown ma-
chine”® for indicating the optimum amount and

data reduction,
tive automation.

® Recorb, January, 1933, page 2.
) Yy )
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arrangement of S\\'it(-hing equipment in machine
central offices: and the AMA computer used to de-
termine customer charges on direct dial local and
stuburban traffic.

Basically the digital computer is a machine which
solves problems using arithmetic operations — addi-
tion, subtraction, multiplication and division. The

Fig. 1 — Remote operating station and storage in-
put tables for the Network Problem Computer
(Model V1). Originally installod at the Murray
Hill Laboratory in 1949,

analogue computer, on the other hand, solves prob-
lems by mathematical analogy.

In its broadest sense, the digital computer differs
from the ordinary desk calculator only in that its
arithmetic operations are performed according to a
prescril)e(l sequence uutomaticul]y. As experience
was gained from simply “doing arithmetic auto-
matically,” wider applications for the computer
become apparent.  Many modern computers are
actually data processing machines, where little
arithmetic as such is done. The machine receives
a mass of data, reduces it, analyzes it and presents
it in a more usable form. The AMA computer is
such a device. It accepts raw data of three sepa-
rate types and converts this into one item of billing
information. In doing this, a few arithinetic opera-

Tasri 1 — SrtaristicaL INnroraaTION ABOUT BELL LaABORATORIES Contrutrrs, MobeLs 1 1o VI

Model Model Model Model Model Model Model
I 11 11 e Vv \% Vi
LOGICAL DESIGN FEATURES
Number of built-in routines . .............. 3 0 0 0 0 4 200
Pecimal point ... ... . o L Fixed Fixed Fixed Fixed Fixed Floating  Floating
Discriminating action ... . o oL None Note 1 Note 1 Note 1 Note | Exten. Yes
Multiplication .............. ... ... ..... Yes Note 2 Yes Yes Yes Yes Yes
Division ......... . .. .. Yes No Yes Yes Yes Yes Yes
Square Root . ......... ... ... ... . No No No No No Yes Yes
Indeterminate arithmetic . ................ No No No No No Yes Yes
Special trigonometric features ... L. No No Note 1 Note | Note 1 Yes No
Special logarithmic features ... ... .. .. No No No No No Yes No
Round off — automatic or program ......... No Pro. Pro. Pro. Pro. Auto. Auto.
Subscript knowledge ... ... oo o0 No No Yes Yes Yes No No
Number of addresses in code ... ... ... ... 1 lor?2 lor2 Lor2 3 3
Self checking ........................... No 90% 100% 99% 100% 100% 100%
PHYSICAL DESIGN FEATURES
Number of relays . ... oL 450 440 1,400 1,425 9,000 4,600
Pieces of teletype equipment ..o 0L 4 5 7 N 55 16
Numiber of number registers ... ... . 4 7 10 14 10 15 12
Number of digits per number .00 00000 8 2tob 1to6 lto6 1to6 1to7 3,6, 10
Multiplication time in sec. per 5 digit number . 1 1 1 0.8 0.8
Number of problem stations ... .. ... i) 1 1 1 1 3and 4 2
Arranged for unattended operation ... ... No No Yes Yes Yes Yes Yes
Number notation with self-checking bi-quinary No Yes Yes Yes Yes Yes Yes
“2outof 3 No No Yes Yes Yes No No
“3 out of 57 No Yes Yes Yes Yes Yes Yes
® This column applies to the Model HI after its modification in 1949,
Note 1. Very limited application,
Note 2. With multiplier specified in program.
82 BELL LABORATORIES RECORD
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tions are performed, redundancy is eliminated and
data not recuired are discarded.”

Bell Telephone Laboratories and its predecessor
have been engaged in the design and development
of automatic data processing svstems — a fair de-
scription of a telephone  switching  svstem — for
It was not until 1937,
ever, that George R. Stibitz, a Laboratories rescarch
mathematician. noted that many of the design tech-
niques emploved in dial svstem switching were
applicable to the design of an automatic computer.
The “Complex Number Computer” took about three
vears to (losign, (*ngin(*(*r, and test and was intro-
duced i January, 1940, at the Fall Meeting of the
American Mathematical Society.
duced by t()](*p]mn(‘ at Hanover, N. 11.,
of the conference, were computed in New York
and the answers sent back to the teletyvpe answer
printer in about a minute.

Since this event, Bell Telephone Laboratories
has designed and built six more digital computers.
The important design features of these computers
The “Complex Number
Computer” was redesignated as Model T and was
replaced by Model V1 in 1949, These two models
are the only computers which were built for the

more than fifty vears. liow-

Problems intro-

the scene

are summarized in Table {

Laboratories own use.
Models IT throngh V were designed and built
for national defense agencies of the Government at

¢ Ricorp, July, 1953, page 53.

Fig. 2— Vivian J. Alling preparing punched tape
for a problem on the Model 11 Computer.

MARCH. 1957

i

a
i
i

Fig. 3

installed at Ballistics Research Laboratories.

various times between 1943 and 1947, The basic
construction principles of relay computing frames
and te]('t_\rl)e answer print(‘rs renained pretty much
the same in all models. such as
paper tape inputs and outputs, complete sclf-check-

ing of all operations, stopping on failure, bi-quinary

Improvements,

number notation. unattended operation, subscript
notation and permanent wiring of functions. along
with a general increase in size and versatility, were
incorporated in succeeding models as the computing
As these physical improvements in
computer technology evolved, three basic design

art developed.

considerations also hecame ver v apparent.

The most important of these de sign features was
simplicity in the introcdhiction of data, or program-
ing ease. Even with this factor uppermost in the
designer’s mind, most problems require consider-
able preliminary mathematical work before the
an be introduced to the computer. A second im-
portant design consideration is provision for ade-
quate and accurate storage of intermediate results.
The third tactor which proved to be basic to “auto-
matic arithmetic” was control of the sequence of the
mathematical operations within the computer neces-
sary to obtain a solution.

The vital part of the computer is the electro-
mechanical {relay) type equipment. In the case
of the Model V. relav racks occupy the space of
several large rooms. Size of such an order and the

83
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I'ig. 4 — Punched instruction tape being loaded in-
to an input station of the Model VI Computer by
Ann Madden.

finite operating time of clectrochemical relays have
(lisu(lvuntuges in certain  computer upplicutions.
Target selection and automatic control of fairly
simple machinery are examples of such applica-
tions. For these two reasons — size and computing
speed — most of the current design and research
effort on computers in the Laboratories is being
spent on electronic digital computing.  Electronic
computers are available and many are currently
in use. Reliability, however, using standard vacuum
tubes is still a problem in the electronic computer.
Further advances in electron devices such as the
barrier grid tube,® magnetic core memory devices,
the ferrite bead and extremely reliable electron

® Recorn, June, 1956, page 261. 1 Recorn, April, 1955,
page 155,

tubes are having a profound influence on the devel-
opment of digital computers.

The transistor is un obvious choice for overcoming
the problem of computer size. The TRADIC (TRan-
sistor-Dlgital-Computer )t developed recently by
the Laboratories for the Air Force, contains about
800 transistors and 11,000 germanium diodes in
about 3 cnbic feet. The 250 §teps in a typical com-
putation on the TRADIC can be performed in 0.015
of a sccond. Other transistor computers are being
devcloped in the Laboratories and improvements
are constantly being made in this area. A conserva-
tive prediction concerning the use of transistors
would be that no digital computer application of
acceptable reliability need be shelved because of
lack of space. In fact, a computing system with the
extreme versatility afforded by thousands of tran-
sistors is already an actuality.

The digital computer has a tremendously wide
scope. As a research tool, as a system control ele-
ment and as a data processor it has recently come
Its resources for industrial and ad-
ministrative automation are Currently bemg har-
nessed. Recently a digital compnter was program-
ed to design another computer, and did it. Serious
consideration is also being given to using a digital
computer for the development of some parts of the
electronic central office. The modern computer is
fast becoming the perfect wedding of the sciences
of mathematics and logic. The onlv platean on the
present horizon of computer progress is an eco-
nomic one. Eventually a point will probably be
reached, where the curve will go upward again as
computer technology is further explored.

into its own.

THE AUTHOR

E. G. ANxnrews joined the Western Electric Company as an inspector of panel

machine switching svstems at Kansas Citv in 1922,

Since the war, he has been concerned with various phases of planning and pro-

gruming for C()ll]l)llt(‘l's llSt‘(l in Il]ilitill'\' systems.
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He served in the same capacity
in Atlanta and New York City until he transterred to the W.E. Engineering De-
partment in 1924, When the Laboratories were formed from that dopa]tment in

1925, Mr. Andrews joined a group responsible for writing engineering and main-
tenance specifications for central office equipment. During World War 11, he was
engaged in the development of radar training devices and relay digital computers.
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R. W. EDMONDS

Performance
of the A21 Video

Transmission System

Transmission Lngineering

In addition to long-distance transmiission systems required for nationwide

monochrome and color television, as many as twelve short-distance or local

links may be involved in a typical e¢oast-to-coast TV network. To maintain

high-fidelity TV at all points, the distortions inevitably introduced by each

link must be kept to extremely small values. The new A2A local video

system has heen designed to meet these requirments and has given excellent

service in both a field trial and in several operating installations.

As part of an over-all improvement program in
the Bell Svstem’s television services, the new A2A
local video transmission system® has been designed
for short-distance links. Local svstems are needed,
for example. to provide links from a TV studio to
a broadcaster’s control center, from a control center
to a transmitter, from one studio to another, or from
a control center to a Bell System operating center
where connection might he made to long-distance
transmission routes.

The new svstem is a broadband wire-transmission
svstem designe(l to mect requirements necessary
for the transmission of monochrome and color tele-
vision. 1t pr()\'i(les video transmission for fr(‘quen-
cies up to 4.5 mc over halanced pairs of conductors
designed for such nse. As manv as twelve AZA
links in tandem may be involved in a coast-to-coast,
4.000-mile hookup, and the various distortions that
are inevitably introduced must be kept to a low
over-all level. This means that the tolerance limits
of cach local section must be especially rigid. The
left part of Figure 1 shows how a local television
setup might require several A2A systems in tandem
at a city where the picture is originated, and the
right part of Figure 1 illustrates how additional A2A

° Reconn. April. 1956, page 126.

MARCH. 1957

svstems would be required for a transcontinental
television transmission network.

A large number of variables must be considered
in designing a video transmission system. but this
discussion will deal mainly with three of the more
important. These are the trzmsmission-froquency
characteristic. the signal-to-noise performance and
the modulation characteristics.

The trunsmission-frequency characteristic  re-
quired for television presents a distinct chal-
lenge; it must encompass a band of frequencies
extending from near zero to more than four mega-
cveles, a range of over seventeen octaves. All fre-
quency components  within this band  must he
transmitted faithfullv with respect to amplitude and
relative time-delay. To insure that an extremely
good frequency response exists over the usetul video
range, uniform transmission is pmvided up to 4.5
me, rather than to the 4.2 mc nominally required.
Such a transmission characteristic reduces the pos-
sihility of a type of picture impairment that results
from an extremely sharp cutoff at the upper edge of
the useful band. Many types of degradation in
picture transmission may result if the transmission-
frequency characteristic fails to meet the above
conditions closelv enough.

Sccond, the signal-to-noise performance of the

www americanradiohistory com
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system should meet over-all network requirements.
On the television screen, noise can result in moving
spots, bars, “salt-and-pepper” effect, or erratic syn-
chronization. Interference may be of the cross-talk
type, where an unwanted signal is introdnced trom
another transmission system, or may result from a
variety of other sorts of “noise” —for example,
that from power mains or automobile ignitions.
The third consideration, modulation characteris-
tics, is perhaps a little more difficult to appreciate,
but is very important to the successful transmission
of color television signals. Modulation effects, called
“differential gain” and “differential phase,” are tvpes

iy

carrier frequency. Amplitude modulation of the
color carrier is the principal factor that determines
saturation, while hue is determined chiefly by phase
modulation. The phase- and amplitude-modulated
color carrier is added to the luminance component
to form the complete color signal.

Differential gain and differential phase may now
be defined in terms of thesc components of the
signal. Differential gain is that type of distortion
introduced if the gain of the transmission circuit at
the carrier frequency of the color signal (satura-
tion) varies with the amplitude of the luminance
signal. Differential phase is the distortion intro-

4 ORIGINAL BROADCASTER
& SIGNAL TELEVISION
TRANSMITTER
——7 MICROWAVE
=i RADIO - RELAY MICROWAVE
E ROUTES TERMINALS
1
A2A r f
LOCAL [ TLocAL T T | BROADCASTER
VIDED | MICROWAVE I < R avion]
LINKS | RECEIVING = / CENTER |
| BUILDING y |
F |' !
g & |
S wsma p—— |
| BROADCASTER i BROADCASTER
TELEVISION =i || 4 CONTROL  rA |
TRANSMITTER ol CENTER : S 0
: 7
JI\ CITY 1 cITY 2 / cmy 3 [ [
i EAST) BELL SYSTEM (WEST) ’
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= =i CENTERS
\_______"_____'___"_'JE' |
BROADCASTER l
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STUDIO l
C | LOCAL I
l+ : a VIDEO )I
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Fig. 1 — Left, typical intra-city television network, showing how several A24 links might be used; right, typical

coast-to-coast television hookup, showing role of numerous 421 links in over-all connection.,

of distortion that may degrade color TV picture
quality, but to describe them we must first consider
the makeup of a color signal.

A color television signal consists basically of
three major components: the parts of the signal that
determine hue, saturation and luminance. Hue
describes the actual color — whether it is red, green,
blue. and so forth —and saturation describes its
strength or “vividness” in such terms as pale, deep,
pastel, and the like. The luminance component is
similar to the monochrome signal used for black-
and-white television and determines general bright-
ness. Hue and saturation are transmitted by varying
both the amplitude and phase of a 3.538-mc color-

86

duced if the phase of the system at the color carrier
(hue) varies with the amplitude of the luminance
signal. The control of these two types of distortion
within close limits is very important in circuits
transmitting color signals. Otherwise the hues and
intensities will not be satisfactorilv reproduced on
the receiving picture tubes.

The above are. in general. the more important
transmission requirements for any monochrome
and color video transmission system, and we mayv
now look at the A2A system to see how these
standards have been met. A field trial of A2A
equipment was conducted in New York Citv to
insure that the requirements established for this

BELL LABORATORIES RECORD
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new system were realized in practice. The circuit,
Figure 2, extended from 30 Rockefeller Plaza to 32
Avenue of the Americas.

The measured gain-frequency  performance of
the field-trial circuit is shown in Figure 4. Residual
gain ripples are less than plus or minus 0.04 db up
to about 45 mec. Above this frequency, response
of the circuit gradually rolls off, the 6-db loss point
occurring at about 7 me. The gain-frequency per-
formance of the new system is well within the
design objectives for satistactory use as part of a
transcontinental network.

In an A2A circuit, the gain-frequency character-
istic mav be adjusted with fixed cable equalizers
and a number of manually adjustable variable
equalizers provided in the receiver.® The variable
cqualizers have a total of nine different “shapes”
{ gain or loss characteristics) that enable the trans-
mission path to be equalized regardless ot how the
flexible office cable and the interoffice cable vary
from the average. Tt was found in the field trial
that after the iuitial lineup of the system, the only
variable equalizer setting that needed to be changed
appreciablv was the cable-length equalizer.  This
equalizer produced the inverse of cable-shape loss,
caused by a variation in the loss of the underground
video cable due to temperature variation.

The A
low value of random noise — a type of interference
that produces an effect on a picture tube called

SNOW.

2A svstem was also designed to have a

Random noise is of the general tvpe
obtained by clectron tube amplification of thermal
noise, but is not necessarily confined to that source.
It covers a wide band of frequencies, but is pre-
dominant at the top of the frequency band ot the
AZ2A svstem. The allowable  distance
between A2A repeaters is primarily restricted by
this type of noise.

maxinum

random
noise is expressed in terms ot a signal-to-noise ratio
— the ratio of what is termed the “peak-to-peak”

The performance of a video circuit tor
° Recorp, September. 1936, puge 346,

A2A
TRANSMITTER

A2A REPEATER
(IN TELEPHONE CENTRAL OFFICE)

== - -

Fig.3— R. . Clausen, New York Telephone Com-

pany,

inspecting amplifier circuit of A24 equip-
ment nsed in New York City field trial.

of the signal to the
weighted noise. Noise power is weighted to give
more prominence to the lower-frequency compo-
nents, because noise at the higher-frequency end ot
the band has less effect on picture quality. Measure-
ments on the field-trial circuit were made with a
noise meter designed for exploratory work. und these
measurcments indicated the signal-to - weighted-
random-noise ratio to be approximately 71 db. This
noise performance was in good agreement with the
aleulated signal-to-noise ratio tor the specific cable
leneths of the field-trial circuit.

Impulse noise is another tvpe ot interference that
was taken into consideration in the A2A design. It
is nsually composed of intermittent bursts of volt-
age. On home television viewing sets it is com-
monly caused by the ignition systems of passing
automobiles. In transmission of the signal through
the telephone svstem it may come from several
sources, the most common being operation of alarms

value “root-mean-square”

A2A RECEIVER
(IN TV OPERATING CENTER AT TELEPHONE CENTRAL OFF.IC.:E)

: k F i
i §e2 £
¢ , i G
FIXED CABLE 2.6 MILES OF 2.25 MILES OF ADJUSTABLE
EQUALIZER VIDEO CABLE VIDEO CABLE EQUALIZERS
(15D8 OF (50 DB LOSS (43 DB LOSS AT 4,5MC)
CABLE AT 4.5MC)
EQUALIZATION)
Fig. 2 — Circuit for A2 A video transmission system performance tests used in New York City field trial.

MARCH, 1957
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IN DECIBELS

RELATIVE GAIN

and relavs in telephone central offices. Picture
impairments resulting from impulse noisc are some-
times called “pigeons,” since the spots seem to fly
across the picture.

The performance of a video cirenit for impulse
noisc is expressed in terms of another tvpe of
signal-to-noise ratio; in this case, the ratio in decibels
ot the “peuak-to-peak” signal to the “peak-to-peak”™
impulse noise. The objective, at the receiving end
of a video circuit, is to have a signal-to-noise ratio
several decibels better than a value determined
subjectively for the threshold impulse noise limit,

0.4 " e

| V7 p 7 #s 4/ COLOR Y7
2L 4 & /%//Q/ rSiiaton O o
-0.2| //////// ’ 1 ‘ y 7
-0.4f % ¥ 5 %SESARC - ﬂ% %%

. %//////% CARRIER {/////%//&/
-0.6f- g . 4 Y/ ;- ///
-0.8 i }///////%F ICR R PN /T////./% |E

0.1 1.0 10 100 200 1000 2000 2000 8000

FREQUENCY IN KILOCYCLES PER SECOND
Fig. 4 — Actual measured performance of the 124 video

transmission system ficld-trial circuit.

Measurements on the field-trial circuit indicated this
signal-to-noise ratio to be 20 db, which is appre-
ciably Detter than the minimum noise-performance
level for this tyvpe of circuit.

An important feature of the A2A system is the
low response to microphonics, a third type of noise
and one which results from mechanical disturbances

THE AUTHOR

that cause the elements of an electron tube to
vibrate. The resultant variation in tube characteris-
tics will cause any signal being handled to be
modulated at the vibration rate. In the case of video
transmission, the effect on pictures is to add a series
of horizontal bars to the picture. These usuallv
move and change in size in accordance with the
amplitude and frequency of vibration. During
the ficld trial. it was found that mechanical jar and
acoustical noise had much less effect on the newer
A2A svstem than on the older A2 svstem.

Finally, the differential gain and phase proper-
ties were also measured in the field trial of the A2A
equipment. The perfonmmcc of a video circuit with
respect to differential gain is expressed as the ratio.
in db, of the change in circuit gain at 3.6 mc when
the luminance signal is varied from black to white.
Measurements of the field-trial circuit showed the
differential gain to be 0.3 db, which is within the
(]csign requirement. The second of these two prop-
erties, diflerential phase, is expressed as a change
of phase, in degrees, of the color carrier as the
lnminance signal is varied from Dblack to white.
Measurements of the performance showed that dif-
terential phase was also within the design require-
ment, less than plus or minus 0.25 degrees.

The performance of the new video transmission
system, as indicated by the results of the field trial,
shows that the system meets the design objectives
for satisfactorv use as part of a transcontinental
network for the transmission of monochrome and
color television signals.

88

R. W. Eparonps joined Bell Telephone Laboratories in 1935, and received his
B.S. degree in E.E. from the Newark College of Engineering. Until 1942 he
worked on local transmission engineering problems, including transmission engi-
neering work on the New York City weather-announcing svstem. During World
War 1T he was concerned with special coding svstems for military applications.
In 1947, Mr. Edmonds became a member of a group formed to handle television
systems transmission enginecring, and since that time has been concerned with
transmission engineering problems in connection with the use of the L1 carrier
svstem for television signals, and with the A2 and A2A local video svstems, He has
also engaged in work on the characteristics of video cable. He is presently econ-
tinuing work on the A2A system and on field problems of television test eqnipment.
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Conversion of

Automatic Ticketing

o AMA

A.S. MARTINS

The automatic message accounting system. developed by the Laboratories

after World War I for use with crossbar switching systems, is being adapted

for still wider applications. As direct distance dialing becomes more and

more prevalent, older billing systems which require hand processing. such

as Automatic Ticketing, are being converted to AMA. Such conversions,

carried out in working central offices, present a number of intricate problems

to be solved by joint efforts of the American Telephone and Telegraph

Company, the Operating Company eoncerned, the Western Eleetrie Company

and Bell Telephone Laboratories.

Automatic ticketing® for step-by-step offices was
introduced in 1944 with an installation in Culver
City, a suburh of Los Angeles. 1t was the first step
toward antomatic processing of hilling information.
Instead of hand-written charge tickets for extra-
charge calls, tickets were automatically printed from
information derived from the calling and called
telephone numbers and from timing cirenits. Fur-
ther development of automatic processing apparatus
wats deferred until after World War 11, Much of the
post-war development effort was devoted to local
and toll crossbar systems, and the development of
mechanical  processing  equipment for antomatic
ticketing (AT) was abandoned.

In 1948, the capacity of the antomatic ticketing

° Reconn, July 1944, page 445; October 194, page 330
and December 1944, page 633.

MARCIH, 1957

system was expanded from 200 toll-ticketing trunks.
20 senders, and 3 identifiers to 1000 trunks. 100
senders and 10 identifiers. Many new installations
were put into service in and around Los Angeles
and San Francisco. and the number of ticketed calls
increased tremendously. For example, 29 million
billable tickets were processed in 1930, 78 million in
1952, and it is estimated that by 1958 this figure witl
reach 280 million per vear.

Figure 1 is a block diagram of the major circuits
of the automatic ticketing svstem. A message tick-
eter and mechanical timer are permanently asso-
ciated with cach trunk circuit. The identifier deter-
mines the calling number, the called-office code and
certain other information required for proper charg-
ing. This is passed along to the sender. which con-
trols the printing of the details of the call. At the
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proper time, the sender calls in a day-and-hour cir-  shown in the block diagram of Figure 3. The tick-
cuit to secure the originating time of the call. After  eter and timing switches are removed from the
all details of the call except the conversation time  trunk, the ticket-printing control features are re-
have been printed on the ticket, the sender releases.  moved from the sender, and the dav-and-hour tim-
The timer in the trunk circuit starts when the called '

customer answers., When disconnect occurs, the

»
*
. . . . I3 LA F
conversation time is automatically printed. The Fmsi ‘%fé
Sl
. - . . o . . o b _ A % o TN
completed ticket, which is shown in Figure 2, re R A 24 CALLING NUMBER

% T

quires manual processing.
Subsequent development of automatic message
accounting (AMA)* for thc No. 1 and No. 5 cross-
N . *Fe ¥ F M
bar systems led to a study of the possibility of con- <f I =

MONTH, DAY & HOUR

#

[0=LE050E0= 22T 10n

EQUIPMENT USED

verting automatic ticketing installations to AMA "—i‘; T oV THIS cat
. . . i . .3, :, L] e
f)peratlon. This studv showed that snbstantial sav- ) 7 LcaLLeo numeer
ings wonld result from modifving the equipment in 2, % R
; b ! %~ = ) cLASS OF SERVICE
order to perforate the charge information on ANMA o .~ RATE FOR
¢ o E_—"/INITIAL INTERVAL

paper tape, as shown in Figure 2.

Since the antomatic ticketing equipment would
be undergoing mujor revisions during the conver-
sion to AMA operation, it was decided to include
in the new design facilities for direct distance dial-
ing and multifrequency outpulsing.

Reduced maintenance effort, faster and more ac-
curate testing, and better coverage of trouble con-
ditions are also realized by replacing the manual
trunk-test circuit and lamp-tvpe trouble indicator
with an automatic trunk-test circuit and a mechan-
ical trouble recorder.}

Modification of the automatic ticketing system is

=2 MINUTES OF
£ J—CONVERSATION [

asam Lnn
15141 :t ;:...':.,.-_,.m ‘,u: &
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c1onf o mis e bt
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Fig. 2— Comparison of two printed tickets with a per-
forated AMA tape carrying the information listed on the
ticket for many more calls.

STEP-BY-STEP OFFICE
CALLING ing circuit is climinated. Standard AMA circuits.
CUSTER SELECTORS sucll as the call identity indexer, recorder, recorder

THROUGH ~) DIRECT TRUNKS TO connector and master timer, are added with onlv
LINE FINDERS OFFICES WITHIN . L . -
OR LINE LOCAL CHARGE AREA minor modifications to accommodate them for use
in step-by-step offices. The master timer takes over
i the functions formerlv performed by the day-and-
DIRECT OR o T - ] . .
e TANDEM TRUNK hour circuit. New transverters using wire-spring
—-To . .o
< TRUNK (CIRCYIT | eV ke Gl relavs are provided, and a new connector gives the
CHARGE AREA 1
& senders access to the transverters.
l l ] As in automatic ticketing, the identifier deter-
ey MANUAL mines certain charge information and passes it
= ¢ Loy along to the sender; however, instead of controlling
l = — the printing of a ticket, the sender now waits until
[ ienTiFER ] . it has sufficient information to make an initial entrv
SENDER ] ; .
NUMBER AND CLASS DIGIT REGISTRATION - DAYAND and calls in a transverter. The sender then trans-
IDENTIFICATION [ |CONTROL OF . . . ) 8

ROUTING INFORMATION O A [ ralRieREu mits all details of the call to the transverter, which
| attaches a recorder to perforate the initial entrv on
- | — AMA tape. When the transverter has completed its
TROUBLE ENCE e functions, it sends a release signal to the sender and

INDICATOR TEST CIRCUIT N

* REcORD, September, 1951. page 401. } Recorn, May,
Fig. 1 — Block diagram of the automatic ticketing system. 1950, page 244
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also releases itself. The trunk circuit, the call iden-
tity indexer, and the recorder control the perfora-
tion of answer and disconnect entries on the same
strip of AMA paper tape.

As might be expected, the time required to per-
forate an initial entry on the AMA tape is consider-
ably less than that required to print the correspond-
ing information in sequence on a ticket. In auto-
matic ticketing, printing takes place while the
sender is outpulsing. Field experience has proved,
however, that in almost all cases printing continues
for seveml seconds after outpulsing is completed.
In the modified system, the initial entry is usually
completed before ontpulsing, resulting in reduced
holding time for the sender.

The circuit arrangement of the new transverter,
shown in Figure 4, is similar to that of other AMA
systems. Because the first digit dialed into the
sender may be the 3rd, 4th, or 5th digit dialed by
the customer, depending on the number of step-by-
step sclectors used before the trunk is reached, the
kind of information on a particular set of leads be-
tween the sender and the transverter varies from
call to call. This new transverter therefore recog-
nizes control signals from the sender and rearranges
the information as required. Since the sender trans-
mits the calling-line information to the transverter
in directory-number form, transverter access to a

STEP-BY-STEP OFFICE

translator, as done in other systems, is unnecessary.

To arrange for direct distance dialing, relays are
added in the i(lontiﬁor to furnish routing informa-
tion for the X0X and X1X area codes.® The sender,
Figure 5, is modified to register the extra digits, pass
the additional information to the transverter, and
control the outpulsing sequence. For compatibility
with local and toll crosshbar offices to which the
equipment must connect, a multifrequency {MF)
outpulsing class in the sender is used when called
for bv the routing information from the identifier.
The sender, when rvquircd, can outpulse code dig_)-
its on a loop basis (dc pulses) to control step-by-step
routing selectors, and then shift to MF pulsing for
the remainder of the digits.

To prevent an overload condition in a distant
office from “backing up” and creating a false over-
load condition in the local office, an inter-sender
timing interval is provided that is considerably
shorter than the regular sender time-out interval. I
a “sender attached” signal is not received from the
distant office within the allotted time, the local
sender is released and the calling customer is given
a reorder signal. If the distant sender is attached
soon enough, the inter-sending timing interval is
cancelled and the regular sender time-out interval
takes over.

° Recorp, May, 1951, page 197,

CALLING
CUSTOMER
SELECTORS
—3
THROUGH == DIRECT TRUNKS TO OFFICES
LINE FINDERS ZZ WITHIN LOCAL CHARGE AREA
OR LINE —
SWITCHES _J_
—)_——> _DIRECT OR TANDEM TRUNK TO
AMA OFFICES BEYOND LOCAL CHARGE AREA
TRUNK
CIRCUIT
TRUNK I AL
AUTOMAT[C | CALL
l l FINDER T ! | IDENTITY
1 ITEST FeiReuT INDEXER
-
IDENTIFIER [ MASTER
SENDER | RECORDER eR
SENDER- '
BERTIE R ' TRANSVERTER s
TRANSVERTER [~ [
TEST CIRCUIT )
—. NEW EQUIPMENT
Fig. 3 Block diagram showing the arrangement of a step-by-step office of Fig-

ure | for AM A operation after conversion.
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Fig. 4— Two frames of AMA transverters, and re-
corder frame (left) installed in La Brea Office.

One party of a two-party flat-rate line is dis-
tinguished for charging pnrposes by having the sta-
tion ringer connected directly to ground when the
receiver is off the switch-hook. To make certain that
the ground condition is not a trouble ground, a test
is made at the end of the call to determine whether
the ground has been removed. In automatic ticket-
ing, it the ground is not removed in 10 seconds. a
longer ticket than usual is printed and an audible
alarm is sounded, permitting a maintenance man to
check the line in trouble. In the modified svstern, it
ground remains on the line, the sender calls in an
identifier after the 10-second waiting period, a trou-
ble record card is punched, and an andible alarm is
sonnded to call attention to the situation,

Changes required in the senders and trunk cir-
cuits are so extensive that it is im])r;lctica])lc to ar-
range modified and unmodified cireuits to work to-
gether during the transition period. The new trunks
and senders. therefore, are arranged to operate as

)2

a separate subgroup within a sender group. For-
tunatelv, changes required in the identifiers are not
(quite so extensive, Since all identifiers must work
with both old and new senders and trunks, the
sender transmits a signal to the identifier to tell it
which billing svstem requires information. Snitable
switching then takes place in the identifier to ac-
complish the changeover. When the conversion s
completed, the temporary switching equipment nsed
for this purpose is removed.,

The sender-identifier test cirenit s expanded to
include tests of all transverter features and the addi-
tional digits required for direct distance dialing, A
relay matching cirenit is nsed to check the ANMA
output information. Any mismatch of information

i

Fig. 5—Trunk test frame at Culver City 1will be
replaced by automatic trunk test frame at end of
conversion job. Message ticketers (right) will be

removed from the trunk circuits.
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calls in the trouble recorder and a trouble card is
punched. An MF receiver checks MF outpulsing
from the sender.

The original lamp-tvpe trouble indicator is too
small to include trouble displays for the added
AMA cquipment. An unxiliur)' ]amp-type indicator
could be provided, but the cost of transcribing lamp
records more than justifies the installation of a
trouble recorder. This device can handle all trouble
records for the modified system, so that the lamp-
tvpe trouble indicator is removed after conversion.
Since the trouble recorder produces a record much
faster, more complete trouble records will he ob-
tained for detailed trouble analysis.

The completely automatic trunk-test circuit used
to test AMA trunks replaces the original trunk-test
circnit, Figure 5, in which manual operation per-
mitted observation of hoth the ticketing mechanism
and the ticket itself during the progress of a test.
The printed ticket is now eliminated and the auto-
matic test circuit provides significantly more cffi-
cient trunk testing.

Fach automatic ticketing installation handles the
short-haul toll traffic from a number of central-
office units within a telephone building, up to a
maximum of 10 units. At present, 22 such installu-
tions in the Los Angeles and San Francisco arcas
arc to be converted to AMA operation. Culver City
will be the first to be modified for AMA operation.
and the proposed completion date is about the mid-
dle of 1957, The Mutual Building central office. one
of the largest installations in Los Angeles, is sched-
uled for completion carly in 1958.

The Pacific Telephone and Telegraph Company
plans to arrange 24 additional telephone buildings in
[.os A\ngv](’s and Sun Francisco for AMA operation,

THE AUTIIOR

‘ KEEES 4 03mmm i
ERSEB IS I e R AT
FIBMIS ] T R
UBOMEEEN | sy 2

e
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e

Fig. 6 — A swcitchman tests a sender at the La Brea
central office.

Sitice these l)uildings do not now have automatic
ticketing equipment, they will be egquipped initially
with the lutest AMA circuits. The first such installa-
tion, in the La Brea Building, Los Angeles, was
placed in service August 7, 1936, Over-all plans
anticipate conversion of the 22 existing units and
installation of the 24 new automatic message ae-
counting units before the end of 1961,
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AL S, Martins joined the Laboratorics in 1928 and completed the Laboratories
student engineering course in 1932, In 1936, he joined the step-by-step systems
laboratory testing group. During World War I1, Mr, Martins took part in the devel-
opment of electrical gun directors, and in the construction and testing of the carly
models of a submarine radar system. Since the war he has been concerned with
the design of step-by-step systems cireuits, He is now engaged in the development
of centralized automatic message accounting for step-by-step intertoll offices. M.
Martins received the B.E.E. degree from Brooklvn Polvtechnic Institute in 1942,
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A Transistor
Gating Matriv for
a Simulated
Warfare Computer

W. H. MaeWILLIAMS, JR. Military Systems Engineering

The transistor’s two niost important capabilities — switching and the ampli-
fication of electrical signals — were put to use almost immediately after its

invention at Bell Laboratories. A ecircuit using the early point-contact
transistors was incorporated into laboratory equipment designed for the
military. This cireuit is believed to be the first to use transistors to perform
a practical function in operating laboratory equipment, and it made an
important contribution in answering the question — how lethal are anti-

aireraft guns in fending off an enemy attack?

This article describes what is believed to be the
first working application of transistors. The carly
point-contact transistors (Type-A), announced by
Bell Telephone Laboratorics in 1948, were used
em‘ly in 1949 to perform a circuit function essential
to a laboratory simulated warfare computer devel-
oped in the course of a contract with the Burcau of
Ordnance, Department of the Navy. The computer
was called the Gunnery System Simulator, and was
used to simulate the action of a warship’s guns in
fending off an enemy air attack.

The problem of assigning a warship’s guns to the
proper attacking airplanes is a complex one.  As
the individual aircraft approach a warship, they
follow different flight paths and travel at different
speeds. With high-speed planes, the tactical situa-
tion changes very quickly, and the plane that is
now the most threatening may be superseded by
another in only a few seconds.

A warship contains many groups of guns, and
many controlling radars.  Each gun group must
have a radar to track its target. and a computer to
predict the target’s future behavior and calculate
where the guns must fire for their projectiles to
burst near the target. In 1)1‘zlctico, more than one
group of guns can be fired from orders calculated
bv the same computer. To simplify this descrip-

94

tion, however, the combination of radar, computer,
and group of gun mounts will here be considered
an indivisible fire unit, and will be called a “di-
rector” for the purposes of this article.

Since cach of a warship’s directors can fire at only
one target at a time, the ship must divide its di-
rectors among the attacking planes, sometimes as-
signing more than one to the same plane. After a
director has shot down a plane, it must be reas-
signed immediately to another target.

In addition to this problem of the airplane’s mo-
bilitv, the job of assigning directors to targets is
complicated by two factors. First, one doesn’t know
when a director will be free for another assign-
ment, since the time until a target is shot down
can only be predicted statistically. Second, the clear
arcs of fire in a director (those not hidden by the
ship’s superstructure) change rapidly, since a ship
imder air attack usually maneuvers radically to
avoid being hit. The whole situation changes so
fast that cven the best officer is hard pressed to
assign the directors quickly and accurately.

The task of the Laboratories was to help the
officer assigning directors to targets by developing
equipment to compute and display information to
help him make his decisions, and by studying vari-
ous logics for carrying out the defense.

BELL LABORATORIES RECORD
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One obvious approach is to build experimental
equipment suitable for installation in a warship,
go to sea and test it, and make the indicated
changes. The test program would require a great
mauny mock attacks, because of the statistical nature
of gunfire lethality, and conditions could not be
controlled closely. A further difficulty is the great
expense, since it would occupy many aircraft and
ships with many men. Finally, it would be impos-
sible to fly aircraft at the hwh speeds expected in
the future. This inability to make the attack go
tast enough is critical in testing a device designed
to aid a human being, since the time-pressure on
him is a vital part of the problem. It is clear that
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wartare computer, called the Gunnery System
Simulator, which would enable arbitrary mock at-
tacks to be Hown against human beings equipped
with luboratory-constructed aids. The simulator was
designed to represent the statistical nature of gun-
fire lethality, and to keep score of the results. A
given attack could be flown as often as required
to obtain statistical reliability, and the aids could
be tested with different observers under the same
set of conditions.

The man being tested was at a console where he
assigned directors to targets on the basis of infor-
mation showing the threats of the targets and the
present state of the directors. The behavior of
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Fig. I — Gunnery-simulation circuits set to
read: “Gun director No. 2 is to firec on Tar-
get No. 1, and the probability that Target
No. 1 will be shot down is to be calculated
by p-Computer No. 4.7 Transistor gates ai

lowcer right amplify and channel pulses.
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a seagoing test should only be the lust phase of a
program. because of its overriding expense and
Hmited usefulness.

An alternative approach is to compute the sta-
tistical and human effects, and thus to design an
effective equipment the first time. This approach
was examined, but the problems were bevond the
power of the available mathematical tools.

Accordingly, it was decided to build a simulated
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future high-speed aircraft could be represented as
desived.  The simulator was thus the laboratory
equivalent of being able to test proposed aids in
extended tactical fleet exercises with gunfire.
against targets expected to be available only in the
future, and at comparatively low expense.

The Transistor Gating Matrix was developed to
perform a function required for the Gunmery Svs-
tem Simulator, connected with computing  the

95

www americanradiohistorv com


www.americanradiohistory.com

lethal effect of individual projectiles fired from
simulated guns against their simulated targets. The
matrix was required to channel pulses correspond-
ing to individual projectiles into appropriate cir-
cuits for computing kill probability. These circuits
were culled “p-computers,” since “pis the sy‘ml)()l
used to represent the probability that a single shot
would knock down the target. The p-computers
permitted calenlation of the number of targets
shot down.

Broadly speaking. the Simulator resembles a pin-
ball machine. In such a machine a ball bounces off
the pins set in an array on the plaving surface, and
there is a certain chance that the ball will fall into
any particular hole. The array of pins is analogous
to the probabilistic portion of the Simulator, and the
array of lights is analogous to the score-keeping

PROJECTILE
PULSE INPUTS

3 B o

“PROJECTILE" i
PULSE INPUT w1
TO INPUT
LEADS OF
OTHER
GATES IN
THE ROW
OUTPUT PULSE
TO p-COMPUTER
= | TO OuTPUT
GATE CLOSED LEADS OF
OTHER
GATES IN
GATE OPEN THE COLUMN

Fig. 3 —Schematic diagram  of arrangement of gates
{above) and individual transistor gate (below): switeh S
closes and opens the gate to “projectile” pulses,

portion. In this sense, the transistor gating matrix
serves as a connecting link between the array of pins
and the scoreboard.

The relation of the transistor gating matrix to the
targets, directors, and p-computers is shown in
Figure 1. The assignment of directors to targets
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Fig. 2 — The transistor gating matrix, The array of
switches in the background is the Target-by-p-Com-

puter swcitch of the gunnery svstem simulator.

is represented by the Target-by-Director Switch,
which was controlled either by an operator or auto-
matically. All of the directors could be used simul-
tancously. Of course, it was not known in advance
which director(s) would be assigned to a particu-
lar target. Before a series of simulated attacks, it
was stipulated that each target be associated with
a p-computer appropriate to its flight path. This
was done by manually pre-setting the Target-by-
p-Computer Switch. In this switch, the target co-
ordinate is depressed, so that its output at any
instant represents the desired conuections of direc-
tors to p-computers.

From these control signals, the Director-by-p-
Computer Matrix (the transistor gating matrix)
receives low-level binary (on or oft) pulses repre-
senting the projectiles, amplifies them, and chan-
nels them into the proper p-computer circuits. The
director circuits were so designed that only one of
them could send a pulse to the matrix at any in-
stant, and thus a pulse in a p-computer could be
identified with the director that initiated it.

A single-channel example of the relationships
among the three components is represented in Fig-
we 1. The Target-by-Director Switch shows that
Director 2 has been selected to fire on Target |
and the Target-bv-p-Computer Switch shows that
p-Computer 4 has been selected to determine the
chance that any one projectile kills this target.
The Transistor Gating Matrix then channels pro-
jectile pulses from Director 2 to p-Computer 4 as
long as Director 2 is assigned to Target 1. The
actual computer, of course, represented a number
of simultaneous assignments great enough to be
significant operationally.

BELL LABORATORIES RECORD
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In the term “Transistor Gating Matrix.” the word
matrix clearly indicates the two-coordinate array of
rows of directors and columns of p-computers. The
circuit is a gating matrix because the channeling s
done by logical gates that either transmit (and
amplify ) an incoming pulse or reject it. Finally,
the active amplitying and switching element of each
gate is a Type-A transistor.

The Matrix consisted of 4 rows and 10 coliimns
of gates (40 in all), as shown in Figure 2. The
array of wired and ganged wafer switches scen in
the upper part of the photograph is the Target-
])_\'—l)-(}()mput('r Switch.

In describing the operation of an individual mat-
rix gate, we will say that the gate is open when it
is transmitling (as when a pretty girl comes through
a garden gate), and is closed or shut when it is
nontransmitting. The reader should avoid thinking
of a gate as an on-off switch, since the words OPC{]
and shut would then have the opposite meaning,

Figure 3 shows the arrangement of gates and a
schematic of a single gate. The active clement of

is open or closed according to whether S performs
a grounding function or not. The input consists
of 3-volt positive pulses of about 5 microseconds
duration from the input lead, which is connected
to the emitter through resistor r3 and capacitor ci.
The output is developed across the load resistor r+,
and consists of a pulse of negligible magnitude it
the gate is closed (non-transmitting ), or an ampli-
fied pulse of substantial magnitude it the gate is
open (transmitting ).

The characteristics of the circuit operation of the
transistor may be seen from the two groups of
curves in Figure 4. Figure 4(a) plots the Type-A
transistor emitter voltage (V.) versus emitter cur-
rent (1,) for different values of collector current
(I.). Figure 4(b) shows collector voltage (V.)
against the same values of emitter current, and
various curves are again drawn for dilferent values
of collector current. Resistor R4 in the circuit has a
value of 27,000 ohms, which determines the “load
lines” in the two graphs — the heavy lines superim-
posed on the groups of curves. These lines define

1.0
o o] — —
COLLECTOR
CURRENT,
COLLECTOR
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EMITTER CURRENT, Ie, IN MILLIAMPERES

Fig. 4 — Emitter and collector load lines of Type-A transistor in gating matrix.,

showing open- and closed-gate conditions

the gate is a Type-A transistor whose base is
grounded. The transistor is normally held in a non-
conducting condition by a substantial negative volt-
age on the emitter. However, this bias voltage may
be reduced to zero by making a ground contact
with switeh S, which in the actual circuit represents
an extended network of relay contacts. The gate

MARCH, 1957

of each gate in the circuit.

the operating point of the transistor for specific
conditions. For example, in Figure 4(b) we sec
that it the emitter current is 0.5 milliampere, the
intersection of this ordinate with the collector load
lines shows the collector voltage to be about minus
31 volts and the collector current to be about minus
2.2 milliamperes.

Z.4
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In these graphs the collector resistance (which
determines the output resistance of the gate) is
measured by the vertical spacing between the col-
lector-current curves. In the region of a collector
potential of minus 30 volts, for instance, this spacing
is seen to be fairly large, which means a relatively
high resistance, while a lower resistance is indi-
cated by the closely spaced lines shown at the top
of the illustration.

The open- and closed-gate operating points are
indicated on both load lines in Figure 4. The large
negative emitter voltage of minus 18 volts used to
render the transistor non-conducting is indicated
at the lower left part of Figure 4(a). In Figure
4(b), the closed-gate portion of the load line is
essentiallv horizontal, which shows that therc is
little change in collector voltage with a change in
emitter voltage such as would be cansed by an
input pulse. In this region, the output resistance
is high, about 20,000 ohms.

When the gate is opened by closing switch S,
the negative emitter bias voltage is removed, and
the emitter circnit now acts as a conducting diode.
The operating point shifts off the closed-gate lines
and passes to the left end of cach of the gate-open
parts of the load lines (as indicated by the heavy
black dots in Figure 4). Then, when an input pulse
appears at the emitter, the transistor conditions
change to those at the right ends of the load lines.
As seen from Figure 4(b), this means that the col-
lector voltage rises from about minus 45 volts to a
value near zero volts. In this region, the 1. lines are
closely spaced, and the output resistance is there-
tore low, onlv about 3,000 ohms.

Let’s consider the properties of this gating cir-
cuit which muke it suitable to combine the gates
into a matrix array. The mput circuit resistance

THE AUTHOR

is high when the gate is closed. \When the gate is
open, the resistor R3 keeps the resistance seen by a
pulse from being too low, and ordinarily onlv one
gate is open per row. These two properties mean
that an input pulse is not attenuated appreciably,
even by a matrix of gates.

Turning now to the output circuit, we have al-
ready mentioned that when the gate is closed, the
output resistance is high. Moreover, the output re-
sistance remains high even when the gate is open,
except when a pulse is being transmitted. That is,
in Figure 4(b) the left end of the collector load
line is still in the high-resistance region. When a
pulse is transmitted, however, the transistor condi-
tions change to the upper right or low-resistance
region. For this reason, a number of such gates may
be arrayed in parallel with little reduction of the
amplitude of the ontput pulse.

As seen in Figure 2, a matrix of 40 gates was used
in the simulator. The measured outputs of the
gates (with an input of 3-volt, 5-microsecond pulses
occurring at a 3-kc repetition rate) gave a maxi-
mum signal for a closed gate of 0.1 volt, and a
minimum signal for an open gate of 16 volts, which
represents a voltage discrimination of 44 db. In
use, the matrix was qnite successful. It was oper-
ated with the simulator for somewhat over a vear
and a half, and during this period only one tran-
sistor had to be replaced.

It is clear that a rectangular array of gates is also
adapted to use when the inputs may appear simul-
taneously, although in this case usually onlv one
output circuit is connected to a single input circuit.

The gates may also be used as linear amplifying
gates by connecting the junction of rt and r2 in
cach individual crosspoint to a moderately posi-
tive value of emitter voltage for the open condition.

W. H. MacWirriaas, Jr., received the degrees of B.E. and Dr. Eng. from
Johns Hopkins University in 1936 and 1941 respectivelv, He joined the Laborato-
ries in 1946, after five years’ service in the Navy in research and development
on anti-aircraft fire control equipment. His Laboratories work has included plan-
ning and developing military air defense systems, automatic decision-making com-
puters, and lul)()rnt()ry equipment for simulating large weapon assignment svstems.
Since 1953 he has been in charge of a Sub-Department concerned with Military

Svstems Studies at the Laboratories.
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The gate then operates along the linear portion
of the load line in Figure 4(bh). This connection
suggests using the matrix for telephone conversa-
tions, and this was indeed tried with a rectangular
4 x 4 array, and found satisfactory on an experi-
mental basis.

Speaking more generally, transistors and diodes
are very well adapted for use in complex digital
circuits such as occur in telephone central office
switching and digital computers. for several rea-
sons. First, thev are solid state devices, which arc
potentially more stable than thermionic tubes, and
also they have the advantages of smaller size and
lower power Consumpti()n ti1an cither tubes or re-
lays. Of the solid state components. the transistor
shares with the diode its ability to perform the

logical functions useful in digital crremts. and in
addition, it has the ability to provide amplification.
In many complex applications subsequent to the
circuit described above. diodes have heen used to
provide the logical functions passively, and tran-
sistor circuits have been used to produce the re-
quired amplification (albeit with some diodes to
casc the transistor circuit pr()l)l(‘ms). However, in
simple circuits like the one described here, the same
transistor can be used to obtain both logical func-
tions and gain.

The enrrent trend has returned to circuits in
which logic and gain are combined, with the direct-
coupled transistor logic (DCTL) cirenits, in which
a high degree of de stability makes the coupling cir-
cutits exceedingly simple,

Supermendur—An Improced Magnetic Alloy

Substantial improvements in magnetic amplifiers,
switching and memory devices. pulse transformers,
and power tr ‘msfolmels are now possible as a result
of a new magnetic alloy which has been developed
at Bell Telephone Laboratories. This material will
permit reductions in the size of magnetic com-
ponents without any sacrifice in pmfmm imce, and
will facilitate the (1es1g11 of new components having
arcatly improved performance characteristics.

Called Supermendur, the allov has a number of
exceptional properties, includilw higher permeabil-
ity and lower hvsteresis losses at ligher flux densi-
ties than any material heretofore available. The
composition of Supermendur (49 per cent iron,
49 per
similar to 2V-Permendur,

cent cobalt and 2 per cent vanadium) is

a magnetic allov devel-

oped at Bell Laboratories many years ago. Tlow-
ever. 1L L. B. Gould and D. H. Wemnyv have
improved the characteristics of the alloy to a

remarkable degree. The hysteresis losses have been
reduced by a factor of ten. Maximum permeahility
iIs now 66, 000 at 20,000 gausses; remanence, 21,500
gausses; coercive force. 0.26 oersted; and satura-
tion, 24,000 gansses. Core losses are less than 6
watts per pound at 400 cveles at a fux density of
100,000 Tines per square inch. The hysteresis loop
is rectangular with a flux swing of 45500 gausses
from minus remanence to plus saturation.

These outstanding properties have been achieved
by using commercial materials of the highest purity,
melting in a controlled atmosphiere furnace, and
subjecting the resulting allov to a prescribed sched-
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ule of rolling and heat treatment in a magnetic
ficld. The material is so malleable that it can be
cold-rolled from 0.090 inch to 0.0003 inch without
intermediate anneals and withont losing its dnctility.

Power transformer cores of 0.004 inch or ()()0'7
inch Supermendur tape can provide an output
more than 30 per cent greater than comparable
grain-oriented silicon steel cores, the hest previously
available material. Advantages on an ampere turn
excitation basis are even greater percentage-wise.
This permits a reduction in core size and weight
of at least 30 per cent for the same output, a
significant factor in many applications. Flux density
can exceed 140,000 lines per square inch without
excessive losses.

Characteristies of this material make it ideally
suited for power transformers, pulse transformers,
and magnetic amplifiers. The precipitous sides ot
the hysteresis loop indicate that the gain of a
magnetic amplifier can be increased as much ag
S0 per cent over that obtainable with grain-oriented
Other
telephone receiver diaphragms, and switching and

silicon steel. possible applications include

memory devices. The material may be especially
useful where miniaturization is desired. or where
high temperature operation is contemplated.

The Western Electric Company does not plan to
produce Supermendur for commercial consumption.
A number of companies, however. have expressed
an interest in the material and it probably will be
manutactured by several of these companies under
Western Electrice license in the near future.
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Fig. 4 — The 15308 inductor, used on phantom cir-

cuits, contains four coils in a molded plastic unit.

taken, the required low-band difference frequencies
can also be produced by extraneous frequencies in
a band above the frogging oscillator frequency
by the right amount as well as by the wanted band
at 164-268 ke, Noise or radio interference in the
band between 340 and 444 ke, just below the radio
broadeast band, can produce so-called “image”
interference in the N-carrier low band. Since the
N-system repeater does not include a “roof” low-
pass filter,” mnoise in the high-band range (164-
268 ke) and the image band range (340-444 ke)
will he picked up and transmitted as low-band
signals by a high-low repeater.

Obviously, if remedial measures similar to those
applied to K-carrier systems were to be used. the
inductors would have to achieve a satisfactory loss
over the complete band from 30 to 444 ke, To
determine the practicability of such a suppression
technique, a trial of experimental narrow-band
noise-suppressing inductors was held at Sunbury,
Pennsvlvania, during the summer of 1951 and at
Annapolis, Marvland, during the spring ot 1952. The
Sunbury tests demonstrated that suitable inductors
instatled at junctions of cable and open wire could
adequately suppress noise due to atmospheric static
—"I;: repeaters include a “roof” filter that reduces image
response but has little effect on noise in the high-bund range.
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Fig. 5 — Plot of inductor characteristics shows thai
performance surpasses the design objective.
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on channels of an N svstem operating on other
pairs in the same cable. Two channels of all N
systems the  Annapolis-Baltimore-
Washington area had been turned down because
of severe radio interference. The Annapolis tests
indicated that with proper suppression devices all

operating m

channels could be used.

While the narrow-band suppressors were effec-
tive in reducing noise within their limitations, they
did not produce the required loss over the N trans-
mission and image bands of frequencics. This defi-
cieney in loss necessitated the development of a
new suppressor specifically for N cables.

Guided by information obtained during the Sun-

ro
OPEN WIRE e (o152

TO OPEN
WIRE PAIRS

TO CABLE
QUAD

15308B

Fig. 6 — Schematie diagrams of the new inductors.,

Protectors on the open-wire side are not shown.

bury and Annapolis trials. design objectives were
formulated for two new broad-band suppressors
capable of reducing noise from open-wire or drop-
wire pairs exposed to radiation or induction fields.
The 1530A inductor, Figure 3, consists of a two-
winding coil on a toroidal permalloy tape core and
two 1078 protectors, all assembled with the nec-
essary screw-tvpe bindingr posts and a mounting
plate in a block of molded synthetic resin com-
pound. The 1530B inductor, Figure 4, is a four-
winding coil for use between transposed open-wire
and  quadded cable pairs used on “phantoin”®
cirenits. A schematic diagram of these inductors is
shown in Figure 6, and the longitudinal insertion
loss measured in the laboratory between 360-ohm
load impedances is shown in Figure 5.

Tests to determine the perforinance of the 1530A
mductor under ficld conditions were conducted in

* A phantomn circuit is a third telephone or telegraph cir-

cuit derived from two individual metallic circuits.
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the Annapolis to lHyattsville, Maryland, N-carrier
cable. The tests showed that sufficient longitudinal
loss was provided to reduce 122-ke radio interfer-
ence to satisfactory levels. The loss compared favor-
ably with laboratory measurements of insertion loss.

The 1530A or 1530B inductor is inserted in the
open-wire pair or customer drop wire at a point
close to the cable-pair extension terminal. The built-

THE AUTHOR

in protectors are connected on the open-wire or
drop-wire side of the suppressor to prevent light-
ning damage to the inductor. The suppressor adds
little or no loss in the metallic circuit but presents
a high impedance to the unwanted longitudinal
currents. These new inductors are comparable in
size to and less expensive than the existing inductors
used on tvpe-K cables.

J. L. Linpner joined the Development and Research Department of the AT.&T.
Co. in 1930 and transferred to the Laboratories with that department in 1934, As
a member of the interference prevention group he participated in field tests and
studies of noise and crosstalk currents for open-wire and cable broadband systems.
During World War 11, Mr. Lindner worked on several projects for the Office of
Scientific Research and Development as well as doing considerable work at the
Eatontown Signal Corps Laboratories and the Patuxent River Naval Air Station. In
1953, Mr. Lindner transferred to the Special Systems Engineering Department
where he is currently concerned with the satistactory transmission of the SACE

data signal over existing Bell System facilities.

Patents Issued to Members of Bell Telephone
Laboratories During December

Brown, C. B., Hampton, L. N, and Thiel, F
Translator — 2,774,821,

Burton. |. A. — Process of IFabricating Germanium Single
Crystals — 2,774,695.

Dunlap, K. S,
— 2,744,822,

Elliott. S. ]., Thomas, F. M., and Worley, O. C.
and Breakma System for Reeling Mechanism — 2,775,407,

Feleh, E. P.- 775.699.

Fine. M. E. — Bodies Having Low Temperature Coefficients
of Elasticity — 2.775,536.

A, Jr. — Card

and Lovell, C. A. — Communication System
— Driving

Crystal Oscillator Apparatus — 2

Friis, 1. T. — Transmitting and Receiving Circuits for Wave
Transmission Systems — 2.773,978.

Goodall, W. M. — Amplitude-Sensitive Multistate Device —
2,773,981,

Hampton. L. N.| see Brown, C. B.

C. — Electrical Key — 2,775,662,

Howson, L. — Phase Shifting Circuit — 2,774,872,

Israel, ]. O.— Frequency Controlled Oscillation System —
2775701,

Harrison, 1.

Jakes, W. C., ]r. — Microware Antenna System — 2,775,761,

Kernahan, J. J. J.. and Lozier, |. C.— Digital to Analoguc
Conrerter w :Hz Digital Feedback C ontrul — 2775,72%.

Laico, ]. P.— Manufacture of Traveling Wave Tubes —
2,772,939,

Lovell, C. A.. see Dunlap, K. S.
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Lozier, . C.. see Kernalan, [L] ]

Mason, W. P.. and McSkimin,
Ware Filter — 2,774,042,

\Mason, W. P., and Thurston, R. N. — Ferroelectric Recording
and Reproduction of Speech — 2,775.650.

Mason, W. P and Shockley, W.—
Amplifiers — 2,775,638,

MeSkimin, f. ., see Mason, W. P.

Melick, J. M. 2,774,963.
Miller, S. F.— Methods and Apparatus for Transmitting
Circular Electric Waves in Wate Guides — 2,774,945,
Oliver, B. M. — Amplitude Seusitive Multistate Device —

2,773,980,
Oliver. B. M. — Directional Coupling Systems — 2.775,740.
Ricke, |. W. — Bridge Stabilized Oscillator — 2,774.873.
Ring, D. 1. — Frequency Stabilized Oscillator — 2.775.700.

]. — Electromechanical

Negative Resistance

Electromechanical  Translator —

Sammel. A, L. — Transmitting and Receiving Circuils fm
Wace Transmission Systems — 2,77-4,066.

Semmelman, C. L. — Nonreciprocal Transmitting Devices —

2,774,890.
Shockley, W, see Mason, W. P.
Thicl. F. ALl Jr., see Brown, C. B.
Thomas. T. M., see Elliott, S, .
Thurston, R. N.. see Mason, W, P,
Worley, O. C., sce Elliott, 5. .
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One-\Van

Aertal Tent

Peak-roof wall tents are familiar sights along
acrial telephone cable routes. for they protect men
and equipment from the weather while construction
and maintenance work s in progress. However.
since many of these operations can be performed by
one man, and since the peak-roof tent is too bulky
for a one-man job, a new lightweight aerial tent
has been provided for the Bell System.

This item, designated the "C Ladder Tent” is an
adaptation of one that originated in the Hlinois Bell
Telephone Company. It is used in conjunction with
the standard extension ladder, the upper end of
which is suspended  from the cable-supporting
strand by a wire-rope sling. A small wood platform
attached to the ladder rungs at a convenient height
permits the workman to sit or stand between the
cable and ladder within casy reach of the cable.

The tent has a collapsible frame of three flexible
steel strand bows, attached at the ends to clamps
tor sccuring the frame to the cable suspension
strand. Over this frame, a fire-, water-, and mildew-
resistant canvas cover is sewed in place. The as-
sembled tent, which weighs only 22 1bs,, can be
collapsed into a roll sufficently small to permit
safe handling by one man.

In use, the workman first places the extension lad-
der with its associated support and platform at the
desired location. Then, while sitting on the platform
and sccured to the strand by his safety strap, he
hoists the collapsed tent by means of a handline
and attaches the frame clamps to the suspension
strand. Because of the flexible nature of the tent
frame. the spacing of the clamps may be adjusted
to provide suitable working space. After the frame
clamps are tightened, the frame of the tent is opened
and the cover allowed to drape from it. The two
outer bows of the frame, being hinged to the clamps,
fall to positions permitted by the cover, while the
center bow, which is fixed in an approximately ver-
tical position by the clanps, provides the necessarv
head room. The rear of the cover is draped over the
upper end of the extension ladder. and the ladder
thus provides additional support for the cover. To

104

Side view of ladder tens. front apron raised.

give stability to the erected tent, guy ropes attached
to the bottom of the cover are tied to the ladder
rungs. The side openings of the tent are closed by
nsing interlaced rope loops provided for the pur-
pose, and in cold weather the bottom of the tent
can be gathered about the ladder by means of the
rope running through the bottom hem of the rear
apron. In warm weather the front apron of the tent
can be rolled up and secured with short ropes run-
ning through grommets just below the front how.
To remove the tent, the workman unlaces the side
openings, removes the guys from the ladder, and
gathers the cover around the frame as it is collapsed.
He then ties the tent in a bundle with the front guv
ropes. Finally, he releases the clamps and lowers the
folded tent over the strand to permit attaching the
handline for lowering the tent to the ground.
E. L. Avrrorp, Outside Plant Development
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Vodernized
Line-linder Units

for Step-DBy-Step

A. S. KING Special Systems Developnienl

Line finders, used in step-by-step oftices to locate a

alling customer’s line

and connect it to other equipment. consist primurily of slep-l)y-slep switches.

In keeping with the Bell System policy of utilizing the most modern ap-

paratus and the latest manufacturing techniques, the associated relays, jacks.

fuses, and other apparatus have been relocated on a smaller, less expensive

mounting framework. The result of this modernization program is that four

basie line-finder codes ean now replace a tetal of nineteen previons codes.

The prevailing high production level for step-by-
step dial cquipment is a singu]‘.lr aspect of system-
wide efforts to mect unprecedented demands for
telephone service. Naturally, perhaps, some diminu-
tion could have heen expected in the production of
older dial systems, such as step-by-step and panel,
as manufacturing programs for the more modern
crosshar dial systems gained momentum. Prodigious
as these latter programs have been, tremendous cus-
tomer demands, the expansion of direct distance
dialing, and widespread conversion from manual to
dial operation, have required that virtually all fa-
cilities for the manufacture of step-by-step equip-
ment continue to operate at maximum capacity. This
sustained demand for step-by-step equipment made
it desirable to redesign certain portions of the
central-office equipment. to utilize modern appara-
tus to the best advantage and to inject the latest
manufacturing techniques for fabrication and wir-
ing. A typical example of this modernizing proce-
dure is the line-finder unit.

A line finder mav be considered as the “front
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door” to a dial central office since, when a cus-
tomer lifts the handset to initiate a call, the line
finder locates the particular calling line and con-
nects it to subsequent switches that are in readiness
to receive the dialed digits and route the call to its
Existing line-finder units. Figure 1,
were designed more than 25 vears ago when the
stcp-l)y-step machine-switching system was expzm(l—
ing the ficld of dial operation in the Bell System.
They were made zlvailal)le in three different sizes,
r 30 line-finder switches, to

destination.

accommodating 16, 20, «
provide the necessary H(‘\ll)]lltv for traflic require-
ments. Each size of unit was dl]dll”’(‘(l with either
3 or 4 multiple banks of contacts to care for various
classes of service. In addition, cach unit contained
relavs for 200 customer lines.

These early units, intended only for the larger
central offices, were designed in an cra when frame
space, floor space, ironwork, and materials in gen-
eral were not nearly as expensive as they are today.
Subsequently, when small unattended dial offices
were developed for rural communities, the original
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Fig. 1 — A typical line-finder frame of the older

design

showing excessive space requirements.

units were supplemented by an entirelv new series
of line-finder units for the 355A dial office.® All told,
a total of 19 standard line-finder codes are presently
turnished by the Western Electric Company. In
addition, three different widths of switch frames, all
11 fect, 6 inches high, are furnished for mounting
the units in the larger offices while a fourth swltch
frame, 9 feet ]ngh, is used for the smaller offices.
The three larger frames are suitable for mounting
line-finder umits only but the smaller frame, widely
kuown as the “universal switch frame,” is used for
mounting all types of switches, including line find-
ers, in a 3554 office. This permits complete flexibility
in cquipment layouts for the most economical floor-
plan arrangements.

It addition to the foregoing differences, which are

e Reconrn. June, 1941, page 316.

RS «sw 3 Wdy RGN, 4 oy

&5 4%

2—The modernized line-finder unit showing how

space was conserved by rearrangement ()f component parts.
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purely physical, the existing line-finder setup is fur-
ther complicated by fundamental circuit variations.
These were introduced in the units for the 355A
dial office, to reduce prices sufficiently to make it
cconomically possible to extend dial telephone serv-
ice to rural areas. For example, units for the larger
offices employ the conventional two-relay (line and
cutoft) line circuit whereas those for the smaller
offices nse a single two-step relay frequently re-
ferred to as a combined line and cutoff relay, In the
larger units, each individual line-finder switch uses
relavs that control such functions as vertical and
rotary stepping. As many as ten finders can be
started searching for calling lines simultaneouslv. In
the 355A units, the individual relays are omitted and
the switches operate in sequence under control of a
common allotter circuit. Not more than two finders
can hunt simultancouslv and this, of course. can
have an effect on the hunting time.

Simplification of this claborate line-finder setup
was precipitated by the program for using longer
customer loops. Application of this important econ-
omy measure was limited in areas served by 3557
offices because the combined line and cutoff relay
lacked the capabilities necessary to operate satis-
[Lactorily with longer loops.

Accordingly, it was decided to abandon the
single-relay line circuit and use the two-relav line
circuit in all cases. This would require increasing
the over-all size of the 353A units, however, which
in turn would prohibit the preferable layvout of units
on the switch frames for the most economical ca-
bling and floor-plan arrangements. Consideration
naturally turned to using the same line-finder ar-
rangement for the smaller 355A offices that is used
for the larger offices. to save the space occupied by
the allotter equipment. Basically, such a move re-
quired that the various components of the tvpical
large umit shown in Figure 1 he concentrated suffi-
ciently to fit on the smaller universal switch frame
without increasing the height of the unit. The result
of this development effort is the new modern unit.
Figure 3. which can be used in either a large office
or a 355A office.

Not only does the new smaller unit provide the
two-relay line circuit required to pave the way for
loop extension on all lines in 335A offices but. of far
greater economic importance. it reduces the line-
finder frame and floor space requirements for the
larger offices by about 20 per cent. In addition to
this 20-switch unit that can be equipped with cither
3 or 4 contact banks, two other units of similar
design and construction have been made available.
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One is a 30-switch, 3-bank unit for use in areas
where unusually heavy traffic must be handled. The
other is a 20-switch unit with a special feature that
mav be furnished on any desired percentage of the
lines served by the nnit for locking out of service a
line on which a permanent-signal trouble condition
has occurred. A line in trouble is thus prevented
from unduly holding a line-finder and selector
switch out of service. This unit is for use only in
355A offices; these offices normally do not have a
maintenance man in attendance.

The mechanical problems attending this develop-
ment are ot general interest from the design stand-
point. At the outset, the over-all dimensions were
irrevocably fixed. The unit had to be no wider than
the existing nuniversal switch frame to permit mount-
ing it on the same frame with other units already
designed to that width for the 355A office. In height,
it was mandatory that it be possible to mount three
units on a frame 11 feet, 6 inches high. These limit-
ing dimensions appeared prohibitive in the early
st;ig(‘s ot development.

Since a line-finder unit is rather large and weighs
approximately 600 pounds, the physical framework
on which the equipment is mounted must be fairly
substantial to meet handling and shipping require-
ments. However, when the two principal equipment
components — the  line-finder  switches and line-
circuit relays — were mounted in the usual manner,
less than 1 inch of space was left for the vertical
members of the unit framework ussembly.

No hold stroke could clear this initial hurdle,
but eventually the cumulative effect of a number
of lesser design steps did bring forth the
necessary  additional space. As a first step, the
mounting plate for the line-circuit relays was short-
ened from the enstomary 23 inches to 21% inches.
This space saving resulted from using a new guide
for positioning the common cover. The new one-
picee cover guide, secured by the mounting serews
of the adjacent relav, not only saves space but
eliminates a variety of small parts previously re-
gnired. This single innovation indicates the magni-
tude of production involved, since it alone climi-
nates a total of over 7 million parts annually,

By utilizing the space pared from the line-cirenit
mounting plates as meagerly as possible and aug-
menting it in every conceivable manner, a new unit
framework assembly was cvolved. It bore little, if
anv, resemblance to its predecessor. A number of
structural members had been eliminated by making
other parts do double or even triple duty, and
formed sheet-metal parts had been substituted for
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heavier standard structural shapes. The new frame-
work was substantially lighter in weight but amaz-
ingly rigid, and subsequent laboratory tests have
indicated that it is actually stronger.

Now, if the remaining auxiliary equipment com-
ponents could be fitted within the confines of the
new unit framework assembly. the battle was won.
Each. in turn, was examined to determine if it could
be eliminated or reduced in size. The line finder
switches have always been individually fused but it
was found that one fuse for two switches would be
adequate — ten fuses were dropped out. A terminal

Fig. 3 — The new design permits simple, eficient
g 3

cabling and uses available space economicaliy.

strip was eliminated by terminating the ovtgoing
switchboard cables from first selectors or trunks
directly on the line-finder switch jacks. This is now
the accepted  practice for virtually all switch
shelves or mits of the universal type.

Since space requirements for terminals madle sol-
derless wrapped connections necessary, a new: cast-
resin terminal strip, which could be mounted1 hori-
zontally and accommodate the recquired 800 leads
from customers’ lines in a minimum of space, was
requested from the apparatus designers. Tae en-
suing 252-type terminal strip not only saved space
but contributed to the cost reduction by re lucing
the size of the unit local cable. It also provisled an
ideal wiring condition, with the heavy concentra-
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tion of leads traversing the shortest possible route
from the terminal strip, through the line circuits,
and thence to the switch banks. These refinements
and savings were further augmented by reducing
the gauge of wire from 22 to 24 except for a to\v
battery and ground feeders.

Despite all the forc-(foinor moves, a shortage of
space still persisted. To gain the final square 1nch
an asbestos composition fuse and jack panel was
disposed of and the associated apparatus  dis-
tributed more advantageoualv and economically.
The 35-tvpe or “agrasshopper” fuses were 1eplaced
with new alarm-type cartridge fuses ( 70-tvpe) that
can be arranged with individual mountings on con-
ventional apparatus mounting plates. A little space
was saved. The test jacks that had previously been
concentrated on the fuse and jack panel were re-
located by placing cach jack directlv on its associ-
ated switch. This could not be (lccomphshed by
moving the jack bodily to its new location since
there was not sufficient space to receive it. How-

ever, inasmuch as these were dual-purpose jacks,
the functions could be segregated —a small 570-
tvpe key was used for the make-busy feature and
the routine testing feature was taken care of by
;1dding extra springs to an existing monitor jack on
This expedient also contributed a
small bonus from the maintenance standpoint, since
the self-contained make-busy keys are somewhat
more convenient than external plugs.

With the final hurdle cleared, the long-standing
drcam of a universalized line-finder arrangement for
a large segment of our step-by-step dial network
l)ecamc a lealltv Not onlv are considerable annual
savings ant1c1pated from the new strcamlined fa-
cilitics but, since they take cognizance of current
traffic requirements, it is expected that thev will
scrve the needs of the svstem better than the wide
variety of units they 101)L1ce Thev represent a sig-
nificant stride toward ideal 1sseml)l\' line operation
in which large quantities of equipment can be pro-
duced prior to receipt of the customer’s order,

each switch.

THE AUTHOR

A S. KNG reecived an MLE, degree from Lehigh University and joined the
Laboratories in 1928, e has been cl()se]\ ldcntlfle(l with the (lt‘wfn and develop-
ment of step-by- -step and crosshar dial s\\ltclml" equipment for (entml office and
PBX applications with particular emphasis on the economical introduction of these
systems as unattended commnunity dial offices in rural and suburban arcas. Special-
ized endeavors have included the dev elopment of centralized testing facilities for
the L1 carricer svstem and a unique PBX equipped with Braille (h aracters that
permitted its operation by a blind attendant. During the War, he p: articipated in
the development of Air Raid Warning facilities for l)()t]] civilian and military use,
portable radar svstems for invasion purposes, airborne communications centers
and radar test sets. Mr, King is a member of Tau Beta Pi.
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New Solid-State Oscillator for Microwarves

The first successtul operation of a completely new
solid-state device which will oscillate at microwave
frequencies has heen achieved at Bell Telephone
Laboratories I)y Derrick Scovil, George Feher and
Harold Seidel.

The idea for this new clectronic device was first
proposed by Professor N. Bloembergen of Harvard
University, in a recent paper in The Physical
Review. Its theory was described by him recently
at a meeting of the American Physical Society in
New York City,
Wi vnlurged upon by Mr. Scovil.

or. M. ] Kelly ('mp]msl/e(l the significance of
tll(‘ new deviee in oan address ])(h)lo the annual

The idea was also conceived and

dinner meeting of the American Physical Society.
The device, which might be called a spin oscillator,
will also operate, in principle, as an amplifier. This
significant  advance
arising from research in solid-state phyvsics at Bell
Laboratorics.

One of the outstanding characteristics of the new

development marks  another
Telephone

device is that it is expected to have very low noise
compared with  conventional microwave  devices.
Thus. in theory, it could markedly extend the range
of radio astronomy und could result in radically new
svstems to
television  programs and telephone  calls across

]()ng-(hstdnw communication carry
the continent.

The experiment demonstrating the operation of
the new devices was pcrformvd at the Laboratories
in Murray Hill on November 27, At that time,
Messrs. Scovil. Feher and Seidel, using a crystal
containing a small amount of a paramagnetic salt,
produced  continuous  oscillations at 9,000 mega-
(-_vclvs with a power output of about 20 microwatts.

Thus. a completelv new source of microwave

Harold Seidel, Derrick Scovil and George Feher, left to

with microwave apparatus used to test the solid

state devices inoa strong magnetie field.

power operating under new physical principles was
and scientists believe it is onlv a
question of time until microwave amplification can
be obtained employing such crystalline materials
and operating under the same physical principles
as the oscillator.

Although this cxperimental result is completely
new, the possibility of such an occurrence has been
the subject of studies and speculative discussion by

demonstrated,

a number of physicists for some time. The devel-
opment represents the first successtul application
to u solid-state device of a relatively new prin-
ciple, which has been called the “maser” principle.
“Maser” was first demonstrated for molecular heams
in gases in 1954 by Professor C. I1. Townes and his
ct)”dl)()mt()ls at Columbia University.
which stands f01
amplification by stimulated cmission of radiation.”
Recently there has been steadily increasing excite-
ment among physicists, who have been trying to
apply the “maser” principle to solids. Combrisson,
Honig, and Townes at Lcole Normale Supericure
in Paris, attempted one such application, which
was partially successful,

Theyv coined

the word “maser, microwave

This device, which is still in an early research
stage, is expected to have novel and useful char-
acteristics. Because it operates with electron spins
in a paramagnetic crystal, theory predicts that it
shonld have very low inherent noise compared to
ordinary clectronic oscillators or amplifiers which
depend on the motion of charged particles at high
temperatures.  Therefore, it may be possible to
amplify extremely weak  radio signals — signals
which may be several hundred times weaker than
those usable at present,

Potentialities appear to exist for useful and novel
microwave devices operating in the centimeter and
millimeter wave region, although these experiments
on a solid-state device are still in a very carly
As an amplifier, it should have a
of 100 megacveles. Also.
it should be tuned casily since its frequency s
proportional to an applied magnetic field.

Preliminary theoretical estimates indicate that a
noise figure corresponding  to thermal noise at
perhaps 5 or 10 degrees Kelvin should be attainable.
This is hundreds of times better than is now avail-
able with conventional microwave circuitry and il
realized in practice will open wide new vistas in
the microwave field,

rescarch stage.
bandwidth of the order

109

bhnradiohistorvy com


www.americanradiohistory.com

Dr. Kelly

Addresses the
American Physical Society

“The physicist of today lives and works in the
midst of the fast moving currents of our society
and, like it or not, the ivory towered existence is
no more,” Dr. Mervin |. Kelly declared recently in
an address before the American Physical Society.
“Today the physicist participates at the policy
making level in the problems of our socicty, and
the new knowledge derived from his researches is
tront-page news in our daily press.”

Dr. Kellv spoke on “The Work und Environment
of the Physicist — Yesterday, Today and Tomor-
row” at the annual dinner meeting of the Physical
Society in New York City on Feb. 1

The physicist’'s new role results from the steadily
increasing importance to society of the discoveries
and researches of the physicist, as well as the rapid
impact of this new knowledge upon social and
economic problems.

Russian Science

“The dynamic policies of Communist Russia in
the postwar period have accelerated this trend,”

r. Kelly said. “To build its military and industrial
5trenvth rapidly, Russia has placed great emphasis
on science and technology. Our country, as the
leader of the free \Vestem World, has also empha-
sized selected arcas of science and technology to
best insure that, through maintenance of our
superior strength, warfare and communist world
domination be prevented. Physics, as perhaps the
most rewarding science for this purpose, is at the
very spearhead of our nation’s effort to increase
its economic and military might.”

In the current effort to maintain our leadership
in the economic and military spheres, nuclear
science and technology play a leading role, Dr.
Kellv pointed out. Because of the compellmtr im-
portance of nuclear phen()mena to warfare and to
the peacetime ecomomy, our government has
assumed the direct responsibility for a large part
of the science and technology.

“It is mv conviction that thc pmgl am has been,
over all, admlmblv administered,” he said. “A good
balance has been maintained between basic science
and technology. The progress in basic science,
military and peaceful applications has been phe-
nomenal. We have maintained world leadership.
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This has been made possible by the capacities of
our scientists and technologists, the large financial
support provided by government, largely through
the Atomic Energy Commission, and the wisdom
shown in the ()rgunizati()na] patterns in which the
work is done.”

“Russia has also given large financial support and
emphasis to nude(n science and development.” Dr.
Kelly continued, “and has developed much com-
petence in them. There is cvidence that Russia
may, temporarily at least, surpass us in the pure
science area. A recent study of the financial needs
of our research in this area — perhaps the most
challenging and important at the trontier of physics
— indicates that the construction of the required
ultra-high energy machines and the research pro-
grams employing them will, within five vears,
require annual expenditures reaching about ninety
million dollars, approximately twice the present
annual rate.”

Aromic ENERGY

“The programs in peaceful applications of atomic
energy have also made great progress,” Dr. Kelly
said, “and there is increasing puarticipation, with
their own tunds, by interested industry. We have
now arrived at the point where verv large expan-
sion of nuclear science and technology in industry
can be foreseen. The rewards to our socicty and
to the industries will be of huge proportions.
Basic and applied physicists, in large numbers. will
be required to staft these programs. Industry must
build a capacity in basic research in nuclear science
as well as in the technology of the many areas of
application. This gives promise of hecoming the
most rapidly growing area of research and devel-
opment in industry during the next decade or so.”

In other areas of science and technology, includ-
ing both military and civilian programs, the con-
tributions of physicists have been so great that the
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demand is now much greater than the supply. This
is also true for other scientists and for engineers
entering development, he said.

“There is no question of the compelling value to
our culture of physics, as well as of all science,”
Dr. Kelly declared. “The training to and beyond
the doctorate level of an adequate number of
physicists is essential to our economic and military
strength, but our society is not providing adequate
financial support for this need.

“Despite these unfunded needs, we must not be
blind to or lacking in pride of the great progress of
the past decade. We have trained —and trained
well — more physicists to the doctorate level in thesc
ten vears than in the previous fiftv. Research in
phvsics in our academic institutions has increased
greatly in amount and has comprised a growing
fraction of the additions to knowledge of all the
physicists of the world.

“The academic community is, and must continue
as, the primary source of progress in basic physics,
as well as the place for training the ever-growing
number of physicists that our nation must have if
its culture and its way of life is to endure.”

Puysicists IN INDUSTRY

In discussing the remarkable growth in industrial
research and development during the past decade,
Dr. Kelly pointed out that in 1954 about 60 per
cent of the nation’s physicists were in the labora-
tories of industrv. A large fraction of them, in
common with almost all physicists in  military
laboratories, are working in applied physics or
development and not in basic physics. In our
present technical education pattern, the presence
of significant numbers of physicists and other scien-
tists in applied areas of research and development
is essential. Enginecrs, who occupy a large majority
of the nation’s professional positions in development
have, in general, inadequate training in science to
carry the full development responsibility.

Howcver, it is contrary to the best interests of
the nation’s progress in science and its application
for so large a fraction of its deeply trained physicists
to be lost to basic physics, even though they are
highlv productive in the applications area,” Dr.
Kelly said. “A change in the pattern of our engi-
neering education that provides deeper training in
science with a significant fraction of engineers
trained to the doctorate level, and all with a
minimum training period of five vears, will lessen
the need for physicists in development work.

“While there is basic phvsics work of excellent
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quality in some industrial laboratories,” he con-
tinued, “its amount has increased all too slowly in
this decade of rapid expansion of applied physics.
Since there is national need for a larger volume of
research in basic physics, and since it can be of
large economic value to corporations, we can rea-
sonably expect that basic physics in industrial
laboratories will rapidly increase during the next
few decades.”

Because of the relatively small amount of rescarch
in basic science in industry, there are many who
hold the view that industry cannot provide a
stimulating environment and lifetime carcers in
basic research. This view is refuted, Dr. Kelly
said, by the history of the few industrial laboratories
that have maintained significant programs in basic
research over a long period of time, for example,
Bell Telephone Laboratories and the General Elec-
tric Company.

“This dedication to basic rescarch at Bell Lab-
oratories has been most rewarding to the Bell Svs-
tem and to our socicty generally” Dr. Kelly
declared. “The application of the new knowledge
obtained by the Laboratories from its rescarches
in phvsics, and those in chemistry and mathematics
as well, has been the central element in the Lab-
oratories’ large contributions of the past 40 vears to
communications technology.

“I am, therefore, on very firm ground in my
assertion that basic science can thrive in industry
and is most rewarding to it as well to our society.
I am confident that its arca will expand greatly in
the decades ahead and that industry in time will
make contributions to basic science in amounts
comparable to those of the academic world.

Furure oF THE PHysicist

“Looking to the future, there is increasing need
for the physicist in basic physics in our society, and
with the changes T have mentioned in the educa-
tional pattern of the engineer, the need for
phvsicists in development should become relatively
less. The academic world will continue to be the
physicist’s place of origin and his most stimulating
environment. Industry, however, will provide an
ever-expanding area for careers in research in basic
physics. While the environment cannot be made
in every respect as attractive as that of the uni-
versity, it can be made so nearly the equivalent
that a happy, stimmlating and productive life in
basic physics can be foreseen for the ever-growing
number of physicists whose carcers will be in the
laboratories of industry.”
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AMEIRICAN TELEFHONE ANP TELEGREAFH COMPANTY

In the 1956 ammual report issued rcc(‘ntly, Ired-
erick R, Kappel, President of the A, T. & T. Co., said
that earnings of the Bell Svstem in 1956 were equal
to $13.16 u share of stock compared with $13.10 in
1955. The 1956 carnings were on 57,423,000 average
shares outstanding, an increase of 6,717,000 from the
average number of shares in the previous vear, Bell
System carnings on total ('alpitnl were 6.8 per cent,
the same as in 1955,

The AT, & T report was mailed to about 1,500,
000 share owners, nearly two and a half times as
many as those in any other company. It summed up
a year of record fm(mun(y and construction by the
Bell Companies. The B(‘ll System spent more than
$2.2 billion for construction last year and will need
to spend more in 1957, Mr. Kappel said.
times of unprecedented growth, with the need to
obtain billions of dollars of new capital from in-
vestors, c;u‘nings above the present level are re-

“In these

quired.” Increases in telephone rates are needed in
many arcas, he said.

“Right now, in common with all other business,
we are experiencing highcr costs of operation, in-
cluding higher wage costs. We cannot escape this.
for we must have able people and pay to get them.
We have continmms]y better equipment and operat-
ing methods, but the costs that arise from inflation
are much greater than these savings.”

4.1.&7T.
1956 Annual Report

Issues

The report included a nmnber of statistics which
indicated the progress of telephone service dm‘ing
1956. For example, the Bell System added 3,227,-
000 telephones — almost as many as the record gain
in 1946. By the end of the vear, the number of Bell
'lelcphones in service was muul\ 49,500,000, Also,
long-distance conversations were up nearlv 10 per
cent over 1955, Some 11,000,000 customers can now
dial ncalb\' cities and towns directly, and 2,700,000
can dial as many as 20 million other telephones all
over the nation. In addition, since the opening of
the transatlantic telephone cable last fall, calls to
and from Great Britain have nearly doubled.,

The annual report indicated that, “\WVestern Elec-
tric’s production for the Bell System was the largest
in history and Bell Telephone Laboratories has
stepped up research and development programs
which will contribute greatly to telephone progress
President Kappel cited a
number of new telephone services under develop-
ment. He said, “We are testing a simple new home
communicating svstem. This will offer new con-
venience in answering calls, or in talking from room

in the vears ahead.”

to room. Also a person in the house will be able to
talk trom any telephone with a caller at the door,
through a small loudspeaker. \We are also develop-
ing a new telephone of a design especially suited for
use in bedrooms.

“We have other telephones for noisy locations,
so that people talking on the telephone will not
be bothered by rooni noise. Still another instrinnent
talking
in a very low voice. With this. in a quict place like
a librarv, one can speak in little more than a
railroads, new teletypewriter equip-
ment will automatically relav information on the
make-up of freight  trains.
expansion of aviation. we are

that will soon be available is designed for

whisper. 1For

With the enormous
experimenting with
microwave radio to carry radar signals for air traflic
control, and developing new equipment for the air
lines” own communications.
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cach vear we are developing more flexible com-
munications for small business as well as for large.
A brand new dial systan for small organizations is
now being tried out. 1t is small in size itself, can be
installed quickly and has many convenient features.
For instance, it will automaticallv connect incoming
calls to a busy telephone as soon as the line is free.
In another new system, as many as 36 telephones

(82
el

can reach each other without calls having to go
through the regular switching equipment.

At Bell Laboratories, development of the new
switching
ahead. We are sure this will lead to many improve-
ments in service and also to greater efficiency. The
first service trial is scheduled to start in Morris,
Ilinois, in 1959,

This year we expect to begin using a new high-
power radio system for telephone service hetween
Florida and Cuba, in cooperation with the telephone
company there. This system can transmit up to 200
miles without relay stations. It may prove suitable
for carrving television programs also.

electronic svstem is going tull speed
) gouny

The Laboratories is also trying out a new icro-
wave radio relay system. This is cconomical for
carrying t(']('ph()m‘ conversations or television over
distances of 100 to 200 miles. Another svstem that is
now under development in the Laboratorics will be
able to carry four times as many conversations as
the radio relay systems that are in use todav across
the continent,

This year we shall test out a method for sending
several conversations at the same time over local

Antenna at the Holmdel Laboratory used 1o study

scatter lJr()l)(lg(l’iUlI .

ok

F

3%

v
s EH
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Communications facilities for use by comniercial

airlines are being developed at the Laboratories.

telephone wires. This will be done in very fast
pulses —more than a million a second. Transistors
and other miniature apparatus will keep the pulses
accurate. The tests will be made over wires inter-
connecting central offices in a large city — “exchange
trunks,” we call them. This may well be the start of
multiplying local voice paths on existing lines as we
now multiply long-distance paths. It holds tremen-
dous promise for the future.

Telephione progress in large measure grows out of
new  systems, new devices, new structures, new
concepts, new physical principles, new materials.
At Bell Laboratories, research goes to the heart of
the matter and builds out from there. And some-
times the result of a fundamental study mayv be far
more importunt than it is spc('tacu]ur.

For example, thousands of miles of telephone
cable have an outer covering of polyethvlene. 1t is
a fine, tough, durable material. But light affects it,
and so does oxygen in the atmosphere. To protect
against light, we add carbon black. To protect
against oxidation, we add another chemical. But
until recently, chemicals used for this purpose have
lost some of their effectiveness in the presence of
carbon black. The problem was to find new chem-
icals which would not have this weakness.

Now this problem has been solved. New ingredi-
ents have been discovered which actuallv work
better with carbon black than withont it. The result
should be to lenathen the life of polvethvlene
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sheathing and increase the studiness and depend-
ability of telephone cables.

As you know we do a great deal of work to help
in the national defense. We did more in 1956 than
in any year since World War II. The times require
it and the Government looks to the Bell Svstem to
take assignments for which we are specially
qualified.

The very growth of the telephone system makes it
an ever stronger national bulwark. And we always
keep defense considerations in mind as we plan and
build new routes to meet general needs. This often
requires speciul construction to insnre that emer-

Guided Missile control systems form an important part of
the Laboratories work for the Armed Services.

gencey services will be maintained in event of war
damage. Work is also going right ahead on the
SAGE air defense system which will tie radars and
weapons together through a chain of electronic com-
puting centers. This will use great quantities of
interconnecting circuits supplicd by the telephone
companies.

On work of this kind we cooperate closely with
the non-Bell telephone organizations. as we do i
our merchandising efforts, in extending dirvect dial-
ing, and in meeting many other problems. The
fine relations throughout the industry are important
to detense and to all telephone progress.

Bell Laboratories last vear continued to work on
militury communications, guided missiles, and new
electronic devices needed for defense. Tt is also
taking a major part in developing guidance svstems
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for the Air Force’s intercontinental and inter-
mediate-range ballistic missiles. Western Electric
produced Nike missile systems in quantity and also
began production of new Nike systems that have a
much longer range. Building construction on the
Distant Early Warning Line has been nearly fin-
ished and installation of detection and communica-
tions equipment will be completed on schedule this
3 In Alaska, the first section of the “White
Alice” communication network was turned over to
the Air Force late in 1956. When completed in
1958, this system will link Alaskan defense outposts
and cities across a distance of 3.100 route miles.
The report also stated that, “Our business and
service and physical plant have grown more in the
postwar vears than in all the vears before. This
could only be done by emploving much new cap-
ital, both equity and debt. Still it is worth noticing
that the larger part of all our equity capital has
been obtained through offers to share owners during
this period. While receiving regular dividends each
vear, share owners have also had frequent oppor-
tunity to increase their investment on favorable
terms. At the same time, taking the postwar period
as a whole, we have maintained a sound financial
structure, kept our indebtedness at a reasonable
level. and strengthened the share owners™ position
throngh a moderate increase in the retained earn-
ings which help to protect each share of stock.”

vear,

Share owners last year received valuable rights
which entitled them to subscribe for one new share
at par. $100 a share, for cach 10 shares held, Mr.
Kappel said. Some 5,715,000 shares, 99.8 per cent
of those offered, were purchased. More than one-
halt of the share owners used their rights to buy
stock and bought more than two-thirds of the
issuc. “The average market value of the rights
was $6.93. This is the eighth time since 1946 that
our share owners have had rights to subscribe to
new securities. The market value of such rights
for each share has totaled about $22.”

In 1956, the Bell System added 41,000 em-
plovees, for a total of 787,000. More than 115,000
of these emplovees have been with the Bell System
for 25 vears or more. Some 345,000 have served
less than 5 years.

“But whether they are old or voung in experi-
ence, the part they take in their communities and
their skills, spirit, and understanding of what
tclephone users expect of them, are the greatest
asset we have,” Mr. Kappel said.
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L. W. MORRISON

J. P. MoLNag

R. R. HoucH

R. R. Hough Elected Vice President

of the Laboratories

As a result of the increasing volume of work for
the Armed Forces done at the Laboratories, a sec-
ond Vice Presidential area has been established
to handle programs for the military.

R. R. Hough, Director of Military Electronics
Development, has been elected a Vice President ot
the Laboratories to head the new arca. Vice Presi-
dent W. C. Tinus will continue in charge of the
existing Vice Presidential arca devoted to military
programs, which he now heads.

L. W. Morrison and J. P. Molnar have been ap-
pointed Director of Guided Missile Development
and Director ot Military Development, respectively.
They head two new general departments in Mr.
Hough's area. J. M. West, Director of Military
Systems Engineering, and his present organization
have also been included in Mr. Hougl's arca.

H. G. Och and C. A. Warren have been appointed
Directors of Military Systems Development. They
report to Mr. Morrison. P. S. Darnell, Director of
Military Apparatus Development, and his present
organization, and E. P. Felch, appointed Director
of Military Systems Development. replacing Mr.
Molnar, report to Mr. Molnar. W. H. C. Higgins,
Director of Military Electronies Development, and
E. H. Bedell, Director of Military Design Engineer-
ing, with their present organizations report to Mr.
Tinus. An additional group headed by Mr. Tinus
at the general department head level remains in
his area.

Mr. Hough was graduated from Princeton Uni-
versity in 1939 with a B.S.E. degree, returned to
the Princeton Engineering School as an instructor
and graduate student and received an E.E. degree
in 1940. He immediatelv joined Bell Laboratories
and in 1941 became one ot a group pioncering in
the development of radar. He participated in the
design and installation of the first U, S. naval gun-
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fire control radar and made important contributions
to the development of an army aircraft gunlaying
radar. e received a War Department Certificate
of Appreciation in 1946. In January, 1951, he was
appointed Military Development Engineer, and in
1953, Director of Military Systems Development.
He was named Director of Military  Electronics
Development in June, 1955, In 1947, he was the
recipient of the Eta Kappa Nu Award as the “out-
standing voung electrical engineer.”

Mr. Molnar was graduated from Oberlin College
in 1937 with the A.B. degree, and received the
Ph.D. degree trom Massachusctts Institute of Tech-
nology in 1940. Prior to joining the Laboratories
in 1945, he was employed with the National Defense
Research Committee and with the Gulf Rescarch
and Development Company. Since joining the
Laboratories, Mr. Molnar has been concerned with
research in physical electronics and later with the
development of microwave tubes. In 1955, he was
appointed Director of Electron Tube Devclop-
ment and later in the vear, he was named Director
of Military Systems Development.

Mr. Morrison reccived his Bachelor’s degree in
Electrical Engineering at the University of Wis-
consin in 1930 and after a year’s graduate work
joined the Laboratories, where he was engaged in
the development of telephone and television ter-
minal equipment for the coaxial cable system.
During the war, he was a project engineer on the
development of various radar systems. In 1945, he
was placed in charge of a group engaged in the
development of television transmission over wire
and coaxial cable facilities. He was numed Military
Development Engineer in 1951, Director of Military
Equipment Development in 1953 and Director of
Military Systems Development ( Air Force) in 1954.
He assumed his present post in June, 1955.
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Walter 1. Brattain Describes Ceremonies

al Presentation of Nobel Prize

This account of the 1956 Nobel Prize Ceremonies in Stockholm was taken directly
from notes prepared on the scene by Walter H. Brattain, co-winner of the Nobel
Prize in Physics with John Bardeen and William Shockley.

After several davs crowded with a variety of
activities, on Mondav, Dece. 10, the 1956 Nobel
laurcates were driven from their hotel to the Stock-
holm Concert Hall for the prize award “solemnities”
(so-called because the occasion marks the anni-
versary of Alfred Nobel's death). At the end of the
drive through heavy traffic in the gathering dusk of
Stockholm, the laureates assembled in an anteroom
of the Hall. Walter Brattain describes the cere-
monies that followed in his own words.

“We waited untit the audience was all seated and
the Roval family had come in (to the main cham-
ber), to the fanfare of trumpets. Then we marched
in, to more fanfares, led by two student marshals in
sashes with the Swedish colors. We went in, in a
double line, each with a sponsor on his left. We sat
down in a "V” of chairs formed around the podium
on the stage — the laurcates on the right and spon-
sors on the left. The arms of the V fuced cach other,
and the aundience at an angle. The audience and
Roval fumil_v stood as we came in. As cach of us
arrived at his seat he bowed to the Roval family and
then sat down. The Royal tamilv was seated in a
row of chairs just in front of the audience, All except
children were in full dress.

“The program began with a speech by ITis Excel-
lency the Lord High Chancellor Ekeberg in honor

Diploma received by W. . Brattain at Nobel ceremonies.
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of Nobel on the 60th anniversary of his death (Lars
Birger Ekeberg is president of the Nobel FFounda-
tion ). After this, the orchestra played a Serenade by
Dag Wirén. This was followed by a speech sponsor-
ing the physies prize winners made by Professor
Rudberg. All speeches were in Swedish. but at the
end Professor Rudberg turned to us and extended

Medal jor the Nobel Prize in Physics

his remarks in English. Appropriately, he mentioned
the fact that we had, in a sense. stood on the
shoulders of all the other workers in our field to
mount a summit that they had not reached. As he
mentioned each of our names we stood and walked
forward on the stage to face the audience. We then
bowed and proceeded one after the other down the
steps to our right. We then went forward aguin one
at a time to accept our prize from the King. You
bow to the king, listen to him as he presents the
medal and scroll, and accept these in vour left hand.
This leaves the right hand free to shake hands with
the King while saying “Thank you, Your Majesty.”
You then step past the King, sideways so as to not
turn vour back, bow to the Queen and continue
sideways, until reaching the stairs to the left. The
correct procedure is to then make an inside turn,
monnt these stairs and at the top, face the audience,
bow again and return to vour seat. Shocklev went
first, followed by Bardeen and then me.

“One does not really hear what is being said to
him by the King. While he is receiving the prize a
fan-fare is being blown for the previons laureate,
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and anyway one is in such a state of mind that, cven
if the King shouted, one probably would not hear
or remember.

“After all the prizes were awarded in the order
mentioned in Nobel's will we stood up as the
Swedish National Anthem was plaved and the King
and Roval family walked out.

“I am sorry that 1 do not have a picture of the
Concert Hall as it appeared from where T sat. It
was a grand sight. with tier upon tier of seats in
a horseshoe all filled with people. At cach door
student marshalls stood at attention. These mar-
shalls were relieved every fifteen minutes by other
students. The front of the stage was banked with
vellow chrysanthemums. Back of us on stage sat
the Nobel laurecates of other years who were present
and members of Academics and Institutes respon-
sible for choosing the prize winners.

“Following the ceremonies we congratnlated cach
other, stood in a group for pictures and proceeded

We turned in our medal
and scrolls so thev could be exhibited at a dinner

back to the anteroom.

that night.

“1 have deseribed the climax of a truly great
experience the like of wich 1 can hardly appreciate
fully, inuch less describe adequately. For fifty days,
from the time of the announcement until the return
from Sweden, onc is exalted hevond all reason; first
by vour friends and then by the gracious and cour-
teous Swedish people. These people arrange every-
thing so well — they even assign to cach Nobel tau-
reate u young carcer diplomat from their foreign of-
fice as a personal “attendant.” Evervbody vies for a
chance to honor vou; the Roval family, the Nobel
Foundation, the Roval Academy of Sciences, the
Nobel Institute of Physics and many others. They
all, as representatives of the Swedish people, have
helped to administer the Nobel bequest in such an
outstanding manner that these awards are recog-
nized by the whole world as unicue in their scope.”

Talks by Members of the Laboratories

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

AMERICAN INSTITUTE OF ELECGTRICAL ExGINEERS WINTER GENERAL MierTiNG, NEw York Crry.

Barnes, Mrs, M. W., see Basseches, 1.

Basseches, 11., and Barnes, Mrs. M. W. The Gassing of
Liquid Dielectrics Under Electrical Stress. The Influence
of Voltage and Pressure.

Bozorth, R. M., Scientific Visit to Russia.

Clemeney, W. F., sce Romanow, F. F.

Emling, |. W., General Aspects of Handfree Telephony
Gleichmann, T. F., sec last paragraph.

Kellv, M. ]., sce last paragraph.

Lebert, A, W, see last paragraph.

Lewis, W, ., sce lust paragraph.

Mertz, P., Information Theory Impact on Modern Com-
munications.

Mottram, E. T., sce last paragraph.
O’Brien, |. AL, Shift Register Decimal Counter.

Romanow, F. F., Clemency, W. F., and Rose, A. F., The
Bell System  Speakerphone.

Rose, A. F., sce Romanow, F. F.

Ross, I. M., Properties and Applications of Transistor
Switches.

Slepian, D., Binary Codes for Combating Noise.

The following members of the Laboratories participated in
the Joint Conference of American Institute of Electrical
Lingineers, Engineers Institute of Canada and Institution
of Electrical Engineers over the transatlantic telephone
cable, Hotel Statler, New York Citv: M. ] Kelly, E. T.
Mottran, W. 11 Lewis. A. W. Lechert, and T. F.
Cleichmann.

AntericaN Prysicar Socirry, NeEw York CiTy.

Clogston, A. M., sce Geshwind, S.

Dillon, J. F., Jr., Ferrimagnetic Resonance in Ytirium Iron
Garnet at Liquid Helium Temperatures.

Fisinger, ]., and Feher, G., The Hyperfine Structure
Anomaly (HFSA) of Sh 2! and Sh123 Measured by the
Electron Spin Double Resonance Method (ESDR).

Feher, G., see Fisinger, |.

Feher, G., Electronic Structure of F- Centers by the Elec-
tron Spin Double Resonance Technique.

MARCH, 1957

Geballe. T. IL, Thermoelcctricity and Conduction in InSh.

Geshwind, S., and Clogston, A. M., Ferromagnetic Resonance
on Truncated Spheres of Single Crystals of Manganese
Ferrite.

Hrostowski, I1. T, and Kaiser, R. I. Acceptor States in
Silicon.

Hutson, A. R., Secbeck Effect in ZnO.
Kuaiser, R. I1.. see Hrostowski, H. ].
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Anterican Carancar Sociery In Mintature, Seron Hav University, SoutH ORaNGE, NEW JERSEY.

Iansen, R. H., sce Hawkins, W, L.

{tawkins, W. L., tlansen, R. 11, Loeffler, B. B.. Lanza,
V. L., and Matreyck, \W., Thermal Antioxidants for
Polyethylene Containing Carbon  Black.

Lianza, V. L., see Hawkins, W. 1.
Locefler. B. S., see Hawkins, W. L.

OTHER

Anderson, O. L., Froatier of Research on Strength of Glass
Fibers, General Electric Research Laboratory, General
Electric Company, Schencctady, N. Y.

Baker, W. O., Chemistry — Profession or Business?, Amer-
ican Institute of Chemists, Montclair State Teachers
College, Montelair, N. .

Bangert, |. T., Network Synthesis, Syracuse Section, T.R.E.,
Syracuse, N. Y.

Barrett-Smith, T. 1., Jr., FElectronic Switching, Sunmmit
Chapter, Toastmaster International, Summit, N. T.

Beck, A. C., Waveguides for Long Distance Communication,
Syracuse Section, L.LR.E., PGMT&T, Syracuse, N. Y.

Becker, J.
tion for Such a Career,
School, Summit, N. ],

Biondi, F. T., Review of Transistor Technology. Electrical
Engincering Graduate Seminar, Johns Hopkins University,
Baltimore, Md.

Blefary, V. F., Solar Energy, Ramapo Reformed Church
Adult F('Ilm\shxp Group, Mohawk, N. J.

Boyle, W. S.. Far Infra-Red Spectroscopy of Conduction
Electrons. Physics Colloquium, Dartmouth College, Han-
over, N. .

Brattain, W. 1., Semiconductor Surfaces with an Electro-
Iytic Analogy to Semiconductor Phenomena, Physics
Colloquiinm, Princeton  University, Princeton, N. J.

Chapin, D. M.,

A., Rewards of a Science Career and Prepara-
Physics Club, Summit High

Direct Conversion of Solar Encrgy to Elec-
trical Energy, ALE.E. Schenectady, N. Y.

Chapin, D. M., Direct Conversion of Solar Fnergy to Elec-
trical Fn(’rgl/ Akron Section, American Chemical Society,
Akron, Ohio.

Ciceolella, D. F., The Bell Solar Battery, Waterbury Section,
American Society of Mechauical Engineers, Waterbury.

Fox, A. G., New Horizons for Microwares, Piedmont Section,
[LRE., Bnrhngton N. C.

Frisch, 11. L., The Time Lag in Nucleation, Dept. of Chem-
istry, University of California, Berkeley, Calif.

Frisch, I1. 1.., Poincare Recurrences and The Approach to
Equilibrium, Department of Physics, Western Reserve
Unit, Cleveland, Ohio.

Frisch, 11. L.,
Sonthern

The Approach to Equilibrium, University of
ulllforl)l(l Los Angeles, Calif.

HNarvey, F. K., Speech, Hearing, and Music, Colloquinm
at Sandia Corp.. Sandia Baﬁe Albuquerque, N. Mex.:
Albuquerque Los Alamos Section, T.RE., University of
New  Mexico, Albuquerque, N. Mex.; Dallas Section.
LR.E., Smlthom Methodist Universitv, Dallas, Tex.

Lax. M., Radiationless Transistors in Solids, Watson Scien-
tific Compnting Laboratory, IBM, New York City.

118

Lundberg, J. L., see Nelson, L. S.
Matreyek, W, see Tlawkins, W. L.

Nelson, T.. S., and Lundberg, J. L.. Flash Irradiation of
Polymers in the Visible and Near Ultraviolet Regions.

Stephens, S. |., Adsorption and Reaction of Evaporated Filins
— Ethylene and Orr/m'n on Palladium.

TALKS

Leslie, E. R., Evaluation of the Test Methods for Gouge
Resistance and Surface Abrasion Resistance Deteloped
by Porcelain Enamel Institute. Gradunate Seminar, Rutgers
University, New Brunswick, N. J.

Lewis, W. ., Digital Computing Techniques in Telephone
Switching, Lexington Subsection, A.LE.E., University of
Kentucky, Lexington. Kv.; Lonisville Section, A.LE.FE.,
University of Louisville, Louisville, Kyv.

Maxwell, B., sce Westover, R. F.

McCall, D. W.. and Slichter, W. P.. Molecular Motion in
Polyethylene. Polymer Symposinm, Polvtechnic Institute
of Brooklyn, Bmokl}n N.Y.

MeDavitt, M. B., Transatlantic Submarine Telephone Cable,
Morristown Chamber of Commerce, Morristown, N. |.

McNally, |. O.. Long Life Vacuum Tubes for a Long Dis-
tance Communication Project, Nashville Section, L.R.E.,
Nashville, Tenn.

MeNally, J. O., and Veazie, E. A.. An Electron Tube for
a R(’)mm(’rcd Submarine Telephone Cable System, Amer-
ican  Society for Testing  Materials, Committee  Fl,
Washington, D. C.

Monro, S.. Quality Control in Research and Development of
Basic Units — Producer’s View, Washington Chapter,
American Society Qnality Control, Washington, D. C.

Noble, C. R.. Transatlantic Cable with film “Voice Under
the Sea,” Rotarian Club, Towson, Md.

Paterson, K. G. D., Some Obsercations on Quality Assurance
and Relmluhti/, Third National Symposium, Reliahility
and Contral Quality, Washington, D. C.

Plann, W G., Recent Developments in Zone  Melting,
Washington  Chapter,  American  Society for  Metals,
Washington, D. C.

Scovil, 11 E. D., Some Effects of Spin-Spin Interactions
on Spin Lath(e Relaxation Times, Conference on Spin
Lattice Relaxation Time, Colimbia University, N, Y.

Slichter, W. ') sec McCall, D. W.

Slichter. W. P., Nuclear Magnetic Resonance in Some
Fluorine Derivatives of I’nh/efhv/lcne Polvmer Research
Institute, Polvtechnic Institute of Brooklyn, Brooklvn.

Smith, K. D., A Status Report on Transistors, Columbus
Section, LLR.E., Columbus, Ohio.

Suhl, Some New Results in Ferromagnetic Resonance,
Phy:us Colloquinm, Harvard University, Cambridge.

Veazie, E. A., see MeNally, T. O,

Westover, R. F.. and Maxwell, B., Flow Behavior and
Turbulence in Polyethylene, Thirtcenth Annnal Technical
Conference of Society of Plastics Engincers. St. Louis.

\Wright, S. B., The Dew Line — Its Objectives and Some
Problems in Construction and Communication in the
Arctie, Collins Radio Technical Association, Cedar Rapids.
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Papers Published by Members of the Laboratories

Followiug is a list of the authors, titles, and places of publication
of recent papers published by members of the Laboratories:

Tue Excycrorenia oF Creaistay — Book Pusnisiiin sy Rerxnorn Press, NEw YORk, January, 1957,

Bridgers, U, 1., Germanium and Its Compounds, p. 115,
Bridgers, H. K., Semiconductors, pp. 852-853.

Edelson, D., Polar Molecales, pp. T67-76Y.

Flascheu. S. S., Calcination, pp. 161-162.

Gar, P. D, Electrolysis, pp. 341-342.

Hawkins, W. L., Auwtoxidation, p. 116,

Kunzler, |. 1., Calorimetry, pp. 163-165.

Law, |1, Vacuum 'I'eclmiqucs, pp- Y6:1-965.

Lundberg, €. C., Antiozonants, pp. 97-98.

Lundberg, ]. L.. Solutions, pp. 873-87-1.

)1
Nelson, LS., Olefin Compounds, pp. 661-663.
Potter, | 1.,

Porosity, pp. 773-T76.

Reiss, Ho, Thermodynamics, pp. 930-933.

Schilabach, 'T. D., Photometric Analysis, pp. 735-736.
Slichter, \V. P, Paramagnetism, . 700.

Van Uitert. L. G, Equilibrium, pp. 363-36-4.

Wernick, |. 11, Carbonates, pp. 173-17-4

Orier Parens

Anderson, |, R., A New Type of Ferroelectric Shift Register.
Trans. LR.E., PGEC, EC-5, pp. 184-191, Dec. 1956.

Anderson, P. W, see Clogston, A M.

Augustyniak, W. M., see Weortheim, G K.

Bala, V. B., see Matthias, B. T.

Bashkow, T. R., and Desoer, C. A, A Network Proof of «a
Theorem on Hurwitz Polynomials and Its Generalization,
Quarterly Appl. Math., 14, pp. 423-426, Jan. 1957.

Breidt, I, Jr., Greiner, E. S, and Ellis, W. C.,, Dislocations
in Plastically Indented Germanium, Acta Met., 5, Letter
to the Editor, p. 60, Jan., 1957,

Burke, P. ]., The Output of a Queueing System, Operations
Research, 4, pp. 699-704, Dec., 1956.

Clogston, A. M., Suhl, H., Walker, L. R., and Anderson,
P. W, Ferromagnetic Resonance Line Width in Insu-
lating Materials, |. Phys. Chem. Solids, 1, pp. 129-136,
Nov., 1956.

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

D’Amico, C., and Hagstrum, 1. D., An huprocement in
the Use of the Porcelain Rod Gas Leak, Rev. Sci. Tastr,,
28, p. 60, Jan, 1957

Desoer, . A., sce Bashkow, T. R.

Ditzenberger, J. AL, see Fuller, C. S,

Ellis, W. C., see Breidt, P.. Jr.

Flaschen, S, S., see Garn, P. D.

Fry, T.
Assoc. ]., 31, pp. 565-575

»

C., Automatic Computer in Industry, Am. Stal.
, Dec., 1956.

Fuller, C. S., and Ditzenberger, ]. A., Effect of Structural
Defects in Germanium on the Diffusion and Acceptor
Behavior of Copper, J. Appl. Phys., 28, pp. 40-48, Jan,,
1957,

Galt, J. K., and Kittel, C., Ferromagnetic Domain Theory,
Solid-State Physics, Advances in Rescarch and  Applica-
tions (book), 3, pp. 437-564, 1956, Academic Press, Inc.,
New York,

Gurn, . D, and Flaschen, S. S., Analytical Applications of
Differential Thermal Analysis Apparatus, Anal. Chem.,
29, pp. 271-275, Feh., 1957.

MARCH, 1957

Gurn, P D, and Flaschen, 8. S., Detection of Polymorphic
Phase Transformations by Continuous Measurement of
Electrical Resistanee, Anal. Chen, 29, pp. 268-271, Feb,,
1957.

Greiner, B S, see Breidt, P, Jr

Hugstrum, 11, D., sce D’'Amico, C.

Karp, A, Japanese Technical Captions, Proe. LRE., Letter
to the Editor, 45, p. 93, Jan., 1957.

Kulke, B., and Miller, S. L., Accurate Measurement of
Emitter and Collector Series Resistances in Trunsistors,
Proc. LR.E., Letter to the Editor, 45, p. 90, Jan. 1957.

Matthias, B. T.. Wood, E. A., Corenzwit, E., and Bala, V. B,
Superconductivity and Electron Concentration, J. Phys.
Cheme Solids, 1, pp. 188-190, Nov., 1956.

McMillan, B., Two Inequalities Implied by Unique Decipher-
ability, Tvans. LR.E., PGIT, 1T-2, pp. 115-116, Dec,
1956.

Miller, R. C,, see Smits, 170 ML

Miller, S. L., see Kulke, B.

Paterson, E. G. D., Some Observations on Quality Assurance
and  Reliability, Proc. Third National  Symposium  on
Reliability and Quality Control in Electronics, pp. 129-
132, Jan. 1957,

Prince, E., and Treuting. R. G., The Structure of Telragonal
Copper Ferrite, Acta Crys,, 9, pp. 1025-1028, Dec., 1956.

Smits, F, M., and Miller, R. C., Rate Limitation at the
Surface for Impurity Diffusion in Semiconductors, Phys.
Rev.. 104, pp. 1242-1245, Dec. 1, 1956,

Suhl, 11, see Clogston, A. N

Tien, . K., The Backward-Traveling Power in the Iligh-
Power Traveling-Wave Amplifiers, Proc. LRE., Letter to
the Editor, 45, p. 87, Juu,, 1957,

Treuting, R. G., sce Prince, E.

Walker, L. R., see Clogston, A. M.

Wertheim, G. K., and Augustyniak, W. M., Measurement
of Short Carrier Lifetimes, Rev. Sci. Instr., 27, pp. 1062-
1064, Dec., 1956.

Wood, E. A, see Matthias, B. T.
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Second DBell System Science Show

to be Telecast on March 20

“Hemo the Magnificent,” the second in the Bell
Svstem Science Series, will be telecast in color over
the CBS network on Wednesday., March 20, at 9:00
pm., EST. As in “Our Mr. Sun,” the story line of
“Hemo the Magnificent™ is carried on by Dr. Re-

and Richard Carlson

Frank Baxter

“Hemo™ on the Magie Sereen.

scarch and Fiction Writer with their magic screen
and their science screen. Hemo, the title role, is a
cartoon personification of the blood.

Dr. Frank Baxter again plays the role of Dr. Re-
search, and Richard Carlson is the Fiction Writer.
Frank Capra, who was praised for his creative
imagination in using live action. animation and
documentary footage to present authentic scientific
content in “Our Mr. Sun,” is again the director-
producer.

The Bell System Science Series is designed to
promote through the medium of television a greater
interest and understanding of the role of science
in modern life and to present to younger viewers
the challenges and rewards of a scientific career.
The inaugural offering in the Science Series, “Our
Mr. Sun,” received widespread acceptance for its
contribution to the field of education by presenting
accurate and interesting scientific information with
a high degree of entertainment value. To further
the aims of the Bell System series, 16mm copies of
the films in the series will be distributed to the film-
lending libraries of all the associated companies
following the nationwide telecast. These will be
made available to local school systems on request.

A Scientific Advisory Board, whose members were
chosen not only for their standing in the fields of
scienee, but also for their interest in the popular
presentation of scientific information, selects the ma-
terial treated in the Bell System Science Series.

“Hemo the Magnificent”™ has an additional group
of advisors who are experts in physiology. They in-
clude: Dr. Maurice B. Visscher, University of Min-
nesota, principal advisor; Dr. Chauncey D. Leake,
Ohio State University, associate advisor; Dr. Gor-
don K. Moe, State University of New York, associate
advisor; and Dr. Allan Hemingway, University of
California at Los Angeles, consultant.

“Hemo the Magnificent™ begins with a descrip-
tion of ancient man’s concept of blood as something
magic. It points out that modern knowledge about
the blood began in 1628 with the work of the Eng-
lish scientist William ITarvev, who discovered that
it circulates through the body in arteries and veins.
This is illustrated in an animated sequence that

shows the pumping operation of the heart, the func-
tion of the lungs in providing oxygen to the blood,
the function of other organs in providing food prod-
ucts to be distributed by the blood, and the work of
the kidneys in purifying the blood.

The film describes the heart itself, which contains
the hardest-working muscle in the body, and the

£ e a

A seene from “Hemo the Magnificent” shows a
heart in action.

arteries, veins and capilluries that make up the cir-
culatory system. It also presents one theory to ac-

count for the composition of the blood by tracing its
possible evolution from sea water.
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