Important factors leading to Alexander Graham Bell’s invention
of the telephone were his devotion to the problems of the hard of
hearing and his knowledge of the nature of speech and hearing.
At the Laboratories, continuing studies of the fundamentals of
sound and hearing have led to better telephone instruments and
to more effective devices to help those whose hearing is impaired.
In the 332-type telephone set there is a self-contained transistor

amplifier — independent of local batteries — that offers improved

service to these customers.

The New Volume Control Telephone

A. J. CHASE

The junction transistor has made possible an en-
tirelv new approach to the design of a telephone set
for the hard of hearing. Capable of operating as a
high efficieney amplifier at low voltages, the junc-
tion transistor uses but « small fraction of the central
office power supplied to the instrument at a cus-
tomer’s premises. Now for the first time it is possible
to operate a practical receiving amplifier in a tele-
phone set without the use of local batteries.

Over the vears a number of developments have
provided telephone service for those with impaired
hearing. Some 50 vears ago mechanical repeaters
were used at the customer’s premises, and by the late
twenties an electron tube amplifier was available.®
By 1941 the miniature mechanical amplifier devel-
oped for hearing aids was provided in a combined
set.T Although some 33,000 installations of this set
indicate some service improvement, performuncc
limitations and manufacturing difficulties stimulated
new design. Development of an electron tube re-
placement set was discontinued when the immi-
nence of transistors indicated a more  desirable
solution.

When point-contact transistors became available,
their small size and  low  power requirements
prompted the developnient of a two-stage transistor
amplifier. Despite reduced power requirements in
this design, local batteries again had to be used to

* Reconn, October, 1931, pege 46,
t Reconn, October, 1942, puge 45,

Station Apparaius Development

supply the biasing voltages of approximately 20 volts
de needed for satistactory operation.

The introduction of the junction transistor not
only reduced power requirements still further but
also assured satisfactorv operation of the amplifier
at voltages low enough to eliminate the need for
local batteries. Ideally suited, too, were such charac-
teristics of the junction transistor as its small size, its
long life expectancy, and its freedom from the eftects
of shock and mechanical vibration. Its low operating
power and voltage levels facilitated packaging of the
amplifier by pefmitting such miniaturization of all
circuit components that in the final design the ampli-
fier is housed in a cubic space approximately one
inch on cach side. Figure 1 shows one of the ampli-
fiers with the metal case removed.

The circuit schematic of Figure 3 shows the junc-
tion transistor umpliﬁer inserted in the recelver ¢ir-
cuit of a 300-tvpe telephone set. This amplifier pro-
vides adequate gain in a single stage, and the input
impedance of the transistor is suitable for direct
coupling into the receiver circuit shown at terminals
r and ¢N. Resistor ri and capacitor 1, shunted across
the input, provide stabilization of the input imped-
ance and suppression of radio interference. The
transistor collector circuit is coupled to the vl re-
ceiver l)y a miniature output transformer, whose im-
pedance ratio is designed for maximum power gain
with the low collector voltages available — usually
2 to 4 volts. The 20,000-ohin base resistor, r2, has
been selected to provide transistor current which
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ranges from about 5 milliamperes on the shortest
customer loops to two milliamperes on the longest.

Power tor the amplifier is obtained by diverting a
small fraction of the carbon transmitter current,
causing a loss in transmitting level of less than one
db. This operating current is filtered by a small in-
ductor, 11, and by-pass capacitor, ¢z.

The voltage gain available in this single stage is
too small to permit the use of stabilizing negative
feedback when the amplifier is operating at full gain,
but for operation at less than full gain, the volume
control potentiometer provides negative feedback by
imserting resistance in the emitter circuit.

At minimum gain, thercfore, the resistance of the
volume control in the emitter circuit is high enough
to insure negligible speech distortion and serves to
stabilize and minimize variations in transistor char-
acteristics. Because performzmce at minimun gam
is effectively that of a standard 500-type set, the de-
sign of the set is simplificd and its inaintenance mini-
mized l)_\* omitting the customary arrangement tor
switching the amplifier out of the circuit when addi-
tional gain is not required. The expected long life
of transistors justifies the use of the amplifier when-
ever the set is in use, irrespective of whether addi-
tional gain is required.

Since the bridging diodes at the input of the talk-
g cirenit protect the transistor uguinst l)utter_\'
reversals or the accidental applications of manual
ringing voltages on the line, the transistor is u]wuys
biased properly for operation.

The design ()l)jectivc tor the junction transistor
umplifi(‘r was to provide a continuous range in gain
from substantiallv 0 to at least 20 db. Power supply

Fig. I — The heart of the 1514 amplifier

is the junction transistor shown just be-

neath the pointing finger.
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Fig. 2— J. R. Ouellette couples the receiver to the

“artificial ear” while the author prepares the level
recorder for operation.

variations due to differing customer loop lengths
have little effect on the maximum gain available.

The curves of Figure 4 illustrate the performance
of the set in terms of sound pressure delivered to the
ear by a close-coupled telephone receiver. Measure-
ments were made by means of the “artificial ear”
shown in the foreground of Figure 2 and the level
recorder in the background. The lower curve of Fig-
nre 4 represents pressures delivered by a standard
300-set receiver over the important portion of the
audio range when a steady signal is applied to the
line at a typical incoming level. When the amplifier
is adjusted for maximum gain, the sound pressures
are raised as indicated; the slight increase in gain at
the higher frequencies is a desirable characteristic.
The top curve shown by the dotted line represents
the “threshold of feeling,” bevond which sounds are
felt rather than heard; it is obviously desirable that
sound pressures in the ear be kept below this level.
Since both the overload characteristic of the tran-
sistor amplifier and the click-reducing characteristic
of the varistor built into the receiver serve to limit
sound pressures in the ear, safe operation is assured
regardless of the level of incoming sounds or sharp
clicks on the line, and the pressures on the ear can-
not exceed those shown in Figure 4 by more than a
tew db.

A model of the new sct has been designated as the
532-tvpe. (The illustration at the head of this ar-
ticle shows Mrs. M. S. Aamodt operating the plastic
knob to adjust the volume of this set.) The ampli-
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case riveted to the base of
the set, with all components mounted to the terminal
plate which forms the cover of the case. The diode
bridge, the 419A varistor,
plate cartridge mounted between the legs of the dial

fier is housed in a metal

is housed in the terminal

bracket, and the potentiometer gain control mounts
in the corner of the set for easy access. In outward
appearance the set resembles a single-button key set.

Assembly of this transistorized set is simplified by
the fact that all components may be readily added to
the base plate of a standard 500-tvpe set. The amyphi-

419 A
TRANSMITTER

151 AMPLIFIER

L
0000 1
1 = |
< C2 = R2
1 1
B I _.{ | U1/
a5 RECEIVER

R1 (o3}

VOLUME
CONTROL

Simplified schematic of the 151 4 amplifier inserted

‘n the receiver circuit of a 500-type telephone set.

fier housing mounts in holes originally provided for
the filamentary tvpe equalizer of the carlier 500-type
series: the potentiometer bracket utilizes holes pro-
vided for the kev in the 510-tyvpe set; and the varistor
assembly replaces the terminal strip of that set. All
other components are standard with the sets in the
500-type series. and installation of the set is as simple
as that for the 500-type. Another type known as the
533 is available for selective ringing party service.
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Fig. £ — Sound pressures delivered to the ear by a
close-coupled telephone receiver.

Measurements made at the San Francisco World's
Fair in 1939 revealed that about 0.7 per cent of the
people tested had hearing losses which experience
has indicated require some amplification for satis-
factory hearing over the telephone. Assuming that
this distribution applies to the telephone population
and that there arc an average of two telephone users
for each of the fiftv million stations in the United
States, it would appear that there might be 700,000
customers with impaired hearing, who would benefit
by such a telephone set.

In this regard the potentialities of the set are evi-
dent, inchuding the fact that it is simpler to install
and maintain than previous types. It is the first of
many applications of the junction transistor to the
station set which will undoubtedlv be made to im-
prove service for the customer. '

A. J. Cuask joined the Laboratories in 1930,

tenance studies of the staticn dial. During World War

ments and an electronic-mechanical svstem for guiding torpedoes. Since the
war he has been responsil:le for the maintenance of appraisal facilities for
special tests of telephone apparatus and has engaged in the design, development
and maintenance of service ()bser\'ing equipment. Mr. Chase received a B. of

E.E. degree trom New York University in 1938.

OCTOBER, 1935

Until 1935 he was concerned
primarily with teleph()ne transmitter carbon tests and transmitter maintenance.
and from 1938 to the start of the war he was engaged in economic and main-
I1 Mr. Chase took part
i the design. development, and testing of underwater sound reference instru-
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“Time of dav”
tomers calling a listed number started out modestly

announcements to tclephone cus-

in the Bell Svstem in the early 1920°s. In the first svs-
tem, a single telephone operator announced the
correct time, as read from a regulated clock, into a
network extending to each central office in the city!
Shortly, afterward, the Audichron Company of
Atlanta, Georgia pioneered in the development of
an antomatic time-announcement machine to l)ring
economical around-the-clock time service to smaller
cities. Early models of this machine used the optical
sound-on-film method and the machines were
mounted in a low cabinet in the central-office oper-
ating room. These machines have been used both
with and without a commercial announcement in
some 180 cities throughout the country,? and answer
approximately 3 million requests per dayv for the
correct time.

Recently, the Audichron Company completed the
development of a new machine using magnetic re-
cording to replace the sound - on - film technique
formerly  emploved, and a wmodel was recently
demonstrated to members of the Laboratories.
Western Electric Company, and the American Tele-
phone and Telegraph: Company. The magnetic re-
cording medium used on the new machine is the
‘talking rubber™ developed by the Laboratories.
The machine not only provides superior speech
quality,
individual requirements of the s

but gives more Hexibility in meeting the
various \ssocmted
Telephone Companies. The relatively large cabinet
required for the older optical equipment is elimi-
nated and the compact new design mounts within

i Reconrn, March, 1931, page 335: December, 1938, puge
131; (m(l May, 1931, page 272, = September, 1933, page
356. 3 B.S.T.J. M(u/, 1954, page 330,V Reconn, August,
1951, page 308,
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“Time o

D ay ”

Goes Magnelic

Jolhin McCarty, of the dudichron Company, points
out the new features to Laboratories’ Viee Presi-
dent M. H. Cook and 4. D. Knowlton, Director of
Design Engineering.

the framework of a standard telephone relav rack.

The cvlindrical housing shown below contains a
single drum on the right side and two drums on the
left side with a drive mechanism in between, The
right-hand drum can be used to reproduce any one
of twelve different pre-recorded messages as a
preamble to the time message, and can be replaced
with another pre-recorded drum without stopping
the drive motor. The two left-hand drums carry the
hours and minutes recordings and are arranged to
move into proper register with the passage of time
to repeat the appropriate message. The center
mechanism is driven by a svnchronous motor con-
nected to a preciselv-controlled power supplv.t A
tvpical announcement might be, “Please do not
dial until vou hear the dml tone. The time is 3:47.7

It is e\pectod that the new ma(mot]c time of (Ll\’
machines will be used in all new time burcaus and
will gradually replace the older, less flexible optical
machines in existing time bureaus.

R. F. MASSONNEAU

Special Systems Enginecering

Drums on each end are driven by the vertical syvn-

chronous motor through the drive mechanism in
the center.
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l.mergency

Ra([w Telephone

Svstemn

-

F. B. COMBS
R. W. COLLINS

Transmission Systems Development |

Switching Svstems Development 11

Modern America leans so heavily on the telephone that temporary interrup-
tions of telephone service can mean business failure, financial loss, or even
the difference between life and death. Long interruptions might even mean
military disaster should we be attacked. One of the means by which the Bell
System can maintain continued telephone service dnring emergencies is a

B

new VHF radio telephone system that provides practically static-free two-way

communication over line-of-sight paths up to

Modern telephone lines can withstand all but the
most unusual situations, such as hurricanes, carth-
quakes. Hoods, and similar disasters. Most wires are
now in cither overhead or underground cables, and
alternate routes are available in all but the most
sparsely settled arcas. Nevertheless, nature does go
on the rampage occasionally and telephone circuits
are temporarilv put out of service, To meet these
situations. various forms of radio communication
have been used in the past, including a special emer-
geney radio telephone svstem developed by the
Laboratories in 1938.

One of the carliest uses of radio for emergency
telephone service was in 1933 when a hurricane dis-
rupted service between Palm Beach and Miami.
Florida. For two davs all telephone calls were han-
dled in limited numbers via radio circuits. However.
it took the New England hurricance of 1938 to really
prove the valne of radio for emergency telephone
service. Radio equipment ot all descriptions was
brought into temporary service, since wire circuits
were out for several davs. Among the various types
ol equipme nt was the deve ]opmentdl model of the
Laboratories’
This svstem ()pelat( ' in the range of 2

221-tvpe emergencey radio telephone.

to 3 mega-

OCTOBER. 1935

25 or 30 miles long.

cveles, and used voice-controlled relavs to determime
the direction of transmission. Having proved its
worth, 221-tvpe svstems were made available to the
Operating (‘()mp‘lme‘s and many were located at
strategic points throughout the country. Since then,
thev have been Slife-savers™ during sleet storms,
forest fires, submarine cable failures, explosions.
landslides, and the occasional fall hurricanes
the East Coast. In 1953 alone, 833 hours of operating
time were rel)()rtv(l in 40 instances where t]wy were

along

used for this tvpe of work.

As telephone service has grown, the reed for
emergeney radio facilities has become correspond-
ingly greater, prompting the design of a new system
that would take advantage of various improvements
in the radio art since the thirties. This new svstem
operates in the band between 152 and 162 mega-
cveles, and uses frequeney modulation (FM) of two
separate carriers for transmitting and receiving. The
and the use of FM
provide quieter circuits with less susceptibility ta in-

]ngher ()ﬂ)(‘l"(ltlllg fl‘(’,(ll 1enceies

terference, and the separate transmitting and receiv-
ing freqlwnci(‘s permit simultancous transmission in
both directions. One of the first uses for the new svs-
tem was as part of the vast te]eph(m(’ communicil-
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Fig. 1

E. J. Henloy operates the control unit of
an emergeney radio telephone terminal during
Laboratories field tests of the system,

tion wrrangements required during President Eisen-
hower's six-day trip to New England last June.

The radio channels used by the new svstem are
those allocated for common-carrier mobile telephone
service, making it possible in most cases to predeter-
mine the extent of interference by operating on fre-
quencies not inuse in the locality. Since most
mobile-service antennas produce vertically polarized
signals, the antennas of the cmergeney svstem are
arranged to provide horizontallv polarized signals:
this further reduces the possibility of interference,

When normal wire cirenits are interrupted. emer-
geney facilities must he capable of operating in
almost any location. Transmission over the new svs-
tem is effectively line-of-sight, up to about 35 miles,
and it is therefore often necessary that the equip-
ment be located on roof-tops or u].mvcl\' inacees-
sible hills. Since portability and case of installation
are necessarily of prime importance, the equipment
is so packaged that cach unit can casily be handled
by two men.

Weatherproof interconnecting cables permit the
control terminal to be located up to 25 teet from the
radio equipment if desired. The svstem operates
from 17-volt. 60-cvele commercial power;
however, power lines often fail under conditions that
disrupt telephone  circuits. o 750-watt
engine-driven alternator is included as one of the
packages. An entire transmitting and receiving ter-
minal, including the antenna and alternator, weighs
approximately 1000 pounds and can be transported
to the required spot in a station wagon or two ordi-

sinee,

aasoline-

nary passenger cars, as shown in the illustration at
the head of this article. Under faverable conditions,
a radio terminal can be installed and placed in op-

366

eration in approxintelyvan hour by two trained men.

One package comprises the control terminal, eftec-
tivelv the ™
forms the essential functions of conmecting the wire
circuits with the radio equipment. and determining
what tvpes of connections can he used. 1t also pro-

nerve center” of the svstem. This unit per-

vides metering, monitoring, and signaling facilities.
A line-selector switch on the control unit panel per-
mits a choice of three general tvpes of circuits to he
set up, taking care of most requirements. Because it
was felt that simplicity and portability were of inore
importance than the ability to comnect to all types of
circuits the design does not include provision for
certain circuits .md signaling methods.

Figure 2 shows a typical use of the emergency
radio telephone. Two central offices are normally
connected by a 2- or d-wire trunk emploving voice-
frequency, 20- cvele, or de signaling. Suddenly the
circuits are “out” — perhaps ice and falling trees have
cansed breaks over a twentyv-mile section of line and
it is estimated that hours or even davs will he re-
quired to repair them. The radio equipment is imme-
diately rushed to cach end of the damaged section to

J/ CENTRAL CENTRAL |
2 OFFICE BREAK
A B ¢
(BOS N A

RADIO — W >
TERMINAL TERMINAL
iy P B

Fig. 2 — Radio replaces a missing section of a tele-
phone trunk.

provide communication between the two offices until
the lines are repaired.

In the telephone business, the term “supervision”
means certain signals and their use — signals that tell
an operator or equipment in a dial central-office
when to connect and disconneet. On trunks using
single-frequency supervision, the emergeney radio
svstem carriers are radiated  continuously. These
trunks mav emplov ecither single-frequencey (SF)
dial pulsing or multifrequency (MEF) kev pulsing tor
signaling, and since the pulses are within the voice-
fr('qu(-nc_\' range, th(-_\' are transmitted over the radio
the same as the voices. However, even though MIF
kev pulsing can be transmitted. it cannot be used in
combination with de¢ supervision since there is no
provision for relaving the de over the radio link. Be-
cause of the wide variety of de
was considered uneconomical to provide for relaving

signaling in use, it

de signals in the emergencey radio set,
Ay o -
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“Ring-down”
handled by a special circuit arrangement. Super-
vision on these trunks is not automatic — the calling
operator must ring the called operator to establish a
connection, and th(‘n ring again when the call is fin-
ished, to tell her that the trunk may be disconnected.
To provide this operation, the radio carriers are radi-
ated continuoushy as before, but the 20-cvele ringing
signul tcmp()rurily interrupts the one at the originat-

unks using 20-cvele ringi are
trunks using 20-cvcle ringing ar

ing end of the radio cirenit. Interruption of the car-

handset. If the line conuects to a manual office, this
supervision is sufficient. Whenever a dial office is in-
volved, an attendant is required at the radio ter-
minal nearest the dial office. A buzzer and lamp en
the control unit panel alert the attendant when a
call needs assistance, and a dial permits him to send
the necessary dial pulses to complete the czll. He
also provides any “on-hook™ or “off-hook” signals
that are NeCessary.

In extreme cases, two central offices can be con-

Fig. 3

tomer lines mav also

Two cus-

CENTRAL
OFFICE

be used for emergeney ne

service. Theo technical

operators are re-

quired for this.

rier at the receiving equipment causes a 20-cvele
generator to operate, ringingr the distant ()p(‘rut()r.

Sometimes it is neeessary or desirable to maintain
contact between a telephone office and a strategi-
callv located customer,
this arrangement, the radio carrier is normally oft
but can ])(‘ put on the air by the customer’s llftm(f his
handset, and then turned off by his leplacm" the

Sll(']l as o f()I’L‘St I’ill'l:j‘(‘l’. In

Fig. 4 R.

to raise the antenna into position.

H. W heatley operates the chain hoist

CENTRAL CENTRAL
OFFICE OFFICE
WA BR_EAK "B
/ N
S !

P .

RADIO
TERMINAL

CUSTOMER LINE

RADIO
| TERMINAL

P

nected together by using customer lines. Fach line,
Figure 3, is connected to an emoer geney radio set in-
making the lines effectiv elv
parts of a trnink between the ()fh(es. When this is
done, an attendant is required at cach radio terminal

to take care of all signaling and supervision.

.stea(] of to the customer.

Aside from the control unit. two other packages
are of major interest — the radio transmitter and re-
ceiver units. The transmitter and receiver ])zuwls are
of the tvpes presently nsed in low-powered mobile
telephone base stations. The transmitter is frequency
modulated, with a power output of about 50 watts,
Modulation-limiting circuits prevent the frecuency
deviation from exceeding the == 15 ke maximum per-
mitted by the Federal Communications Commission.
A carrier-operated relay signals the local attendant
that the transmitter is “on the air™ or warns of failure.

The receiver is of the double-superheterodvre
tvpe using crystal-controlled oscillators. A toggle
switch on the panel permits a choice of two predeter-
mined receiving frequencies in the'152-162 mega-
cvele band,

as well as two other predetermined

vl
)
~J
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transmitting frequencies. A cavity-type filter in the
receiving antenna cireuit rejects the carrier from its
companion transmitter,  permitting simultaneous
transmission in both directions.

Two aluminum corner-reflector antennas, one for
receiving and one for transmitting, mount on a 55-
foot sectional tubular aluminmum mast, The antennas,
mast, and a lifting boom are assembled on the
ground, and the mast and antenna are then raised
and held in position by guy wires. One man operates
a chain hoist, Figure 4, while the other watches the
guy wires to see that they are equally taut. After the
mast is erected, Fi(fur(‘ 5, the antenna can be rotated
to its operating position trom the gr ound. Where cle-

vated sites are available or \Vh(‘ll the radio path is
very short, halt the mast may be used.

A spare-parts box includes a complete spare set of
all electron tubes and fuses used in the terminal. In-
stallation and maintenance tools, test equipment for

general testing and for adjusting the radio trans-
mitter for maximum power ()utput, and interconnect-
ing cables and instruction books are also carried in
this box.

Fig. 5 — The complete antenna mast is 33 feet high.

THE AUTIIORS

Frepesick B, Coarns joined the Laboratories in 1935 as a member of the
Commercial Products Development Department. Until World War 11, he was
engaged in the mechanical design of aireralt and marine radio equipment,
and the emergency radio telephone, In 1941 he transferred, on loan, to the
Manufacturing Relations Department as the Bavorne and Jersev City repre-
sentative of the Commercial Products ])epaltment. He was also concerned
with the establishment of a manufacturing relations group at the Burlington,
N. C., plant. Mr. Combs spent threce vears with the mobile radio group at
Whippany, and since 1950 has heen a member of Transmission Svstems
Development at Murray Hill. He attended Pratt Institute, receiving a certificate
of mechanical engineering in 1923, and a certificate of industrial electrical
engineering in 1936,

R. W, Corins received the degree of B.S.E.E. [rom the University of Notre
Dame in 1928, and joined the New York Telephone Company in that same
vear, He engaged in the design and maintenance of outside plant and the
maintenance of toll central office equipment until 1942, and joined a project
of the National Defense Research Committee at Duke University during the
war vears. After the war, Mr, Collins developed maintenance methods for
raclio, television, inductive coordination, transmission, and plant protection
for the New York Company, trausferring to the Laboratories in 1952, He has
since been concerned with the design of switching and control circuits tor
radio-telephone svstems,
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Precision

Y 4 .
Ceramies

Cleerical Research

W. F. JANSSEN

For many years processes in lll(‘ manufacture of cer: amie compone nts could

not be controlled rigidly enough to insure the desired celeetrieal and chemical

properties. nor could they be produced with the precise physical dimensions

required in many modern Bell System applications. Now, res

qarch at the

.almralorws llilﬁ IIII'"O‘IV overcome lll(‘.\'(‘ Illllllllllﬂl]ﬁ. and l)l‘(‘(‘isiﬂll ceramies

are certain to be used widely in the communications industry.

The Laboratories has recently developed new ap-
plications for established ceramic formulas as well
as new formulas for ceramices having special uses.
Ceramie parts with the desired clectrical and chem-
icul properties can now he formed with dimensions
as precise as those obtained in metals and other ma-
terials. Such precise components are especially nse-

ful in the construction of apparatus hecanse of their

arcat mechanical strength, their ability to withstand
tenperature extremes, and their wide range of clece-
trical characteristics. The diclectric loss of ceramic
materials, for example extends from very high to
very low: their conduoctivitios vary greativ: and their
resistivities vary with temperatare and voltage in
unnsual wavs, Eqgnadlv important s the fact that.
within limits, these properties can be controlied
and varied as desired,

Ditliculties encountered in producing precision
clements are inherent ir the nature of ceramic
materials. which are composed of one or more pow-
dered minerals or other inorganic compounds in-
timately mixed. This misture is made plastic by
.u](lnur water or an organic plasticizer which may
serve also as a temporary binder, and the r('sultln(r
mass is pressed into sh.lp(- by some molding process.
The clement is then hardened by “firing’ —I).ll\lll(" at
high temperatures.

Variations in the raw materials and molding pres-

OCTOBER. 1955

sures during manufacture result in variations in the
densities of the cermmices before firing, In ceramic
terminology these are called “green”™ densities.

During firing. chemical changes cause the molded
clements to shrink by various pereentages depend-
ing on the proportions, kinds and particle sizes of
the raw materials, This shrinkage is dependent upon
the “green” density and makes it difficult to produce
ceramic components with highly re prodncible char-
acteristics and pre cise dimensions.

The Laboratories has tuken two steps toward
overcoming these ditlienltios: first. sonmd chemical
and engineering principles have been established so
that cach component produced will have the clectri-
cal and chemical characteristics required for the in-
tended applications. Raw materials are selected on
the basis of their chemical composition and treedom
from undesirable impuritics. They must meet strin-
gent requirements with respect to both density and
particle size. shape and distribution. The manufac-
turing processes are closely controlied to vield very
intimate mixing and a very koge surtace area for
the inorganic ingredients. The temporary organic
plasticizers and binders are also caretoliy chosen
All of these
factors affeet the rate and amount of solid state re-

and distributed throngh the mixture.

actions which occur during firing and thus the
quality of the product. Sceond. this program has
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Fig. 1 — The author examining an assembly fixture.

On the table are additional finished components
compounded of a variety of ceramic materials.

provided means whereby the finished components.
even those ot complex shape, can be ground or
fabricated to dimensional tolerances more precise
than any previously available. Generally speaking,
conventional grinding and other machine shop
equipment has been adapted or converted to the
use of wet diamond wheel grinding. However, spe-
cial chucking arrangements are frequently needed
and many new types of diamond tools have bheen
devised and used. Some finished components are
shown in Figure 1.

The five principal types of ceramic materials now
used in the communications in(lustry are:

I. The steatites, composed principally of tale
(magnesium silicate ), used for low-loss insulation
at higher voltages. frequencies, and temperatures.

Typical examples are: spacers, bushings and grid
frames in electron tubes. bearing and switch plate
brackets, capacitor rotor shafts, crvstal filter and
electron tube sockets, coil forms and terminals.

2. Titanates, composed mainlv of titanium and
barium oxides, possibly with small additions of other
oxides or silicates. Their principal uses arc as ca-
pacitor or piezoelectric materials.

3. Fused silica made from quartz, high silica and
borosilicate glasses for applications requiring low
dielectric constants and extreme dimensional sta-
bility with temperature changes.

4. The ferrites, compounds formed with iron and
other oxides, used as magnetic core materials in
high frequency circuits.
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5. The high alumina bodies containing more than
859¢, alominum oxide. Their dielectric properties
are similar to those of steatites but they have both
higher temperature resistance and much higher
mechanical strength. The illustration at the head of
this article shows C. D. Parker testing the work-
ability of an experimental mixture.

These five materials have different applications
depending on their basic properties. Although in
most cases the primary consideration is their effect
on circuit characteristics, their role as structural
members is also important, Both functions are often
aided by the availability of metallic or glassy coat-
ings which mayv be applied without degrading the
dielectric properties or distorting the material.

Metallic coatings mayv be applied by various
means. Vapor deposition, sputtering, and conducting
paints may be used for pressure type clectrodes. For
soldered connections, fired-on compositions of noble
metal and glass or sintered-on base metals are avail-
able. The sintered-on base metals and also base
metal coatings formed by the dissociation of certain
metallic hydrides, such as titanium or zirconium
hyvdrides, are especially well bonded and are suit-
able for brazing. This last mentioned technique is
used in assembling ceramices to metals by position-
ing the components in fixtures and using the hy-
drides as wetting agents for high temperature
solders. Glasses are used as coatings and bonding
agents in many wavs. Their principzl] use as coatings
is to protect surfaces against contamination hy dirt
or moisture, although conducting glazes are used
sometimes to rednce corona on high voltage bush-
ings. As bonding agents they are compouuded to
have a wide range of expansivities to match those
of the materials to be joined and chemical stability
in the reducing atmospheres used to protect the
metallic elements from oxidation during assembly.

The techniques for making metallized precision
dimensioned ceramics or other brittle material have

Fig. 2—N. H. Bagley spraying glaze on a sub-

marine cable component.
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aided various fundamental studies. These include
ferrites as pole pieces in tape recording equipment,
and unusual shapes of brittle germanium for the
study of the Hall efteet.® Contl ibutions to the re-
search and development work in electron tubes have
been particularly numerous. The development of
fired metallic coatings adherent to the ceramic sur-
face and chemically stable in electro-plating baths
has made it possible to construct noise free and
thermally stable induction coils and transtormer
windings. A transformer design based on these tech-

* Reconn, March, 1955, page 85.

THE AUTIHOR

niques is described in a previously published arti-
cle.® By emploving similar techniques and close
matching of expansivities of ceramic and metal com-
ponents performance variations due to changes in
temperatures have been minimized in electrical
measurement equipment

Precision ceramics have found increasingly wide
usce in the communications industry. Further study
of the nature of ceramic materials, coupled with re-
finements in shaping techniques, should result in
many additional new applications,

* Recorn, August, 1954, page 292,
= -

W. F. Janssex began his carcer with the Bell Svstem in 1930 as an instru-
ment mal\ex S dpl)xenh(e in the Laboratories’ ])evelopment Shop. He becane
a Technical Assistant in 1936, and until 1939 he was engaged in research on
silicon carbide varistors and oxide thermistors. For « number of vears he was
active in experimental work on low loss ceramic insulators and on the design
of ervstal growing equipment. More recently he has devoted his time to the
development of methods for producing precision ceramic components. Mr.
Janssen became a Member of Technical Staff in 1945, He attended Cooper
Union and Polvtechnic Institnte of Brooklvn.

Dr. Kelly

Names New Members to the

Bell System 1 echnical Journal Commillee

Dr. M. J. Kelly recently named tour new mem-
bers, including a (,lmnrman to the Editorial Com-
mittee of The Bell System Technical Journal. The
memberships became cffective September 1.

Brockway McMillan was named Chairman suc-
ceeding W. IL. Doherty, who recently accepted a
position as Assistant Vice President in Merchan-
dising with the American Telephone and Telegraph
Company. Other new members are ]()hn R. Pierce,
who succeeded Mr. Doherty as Director of Rescarch
in Electrical (,ommumcdtlons, and R. L. Dictzold,
Director of Military Svstems Studies, who replaces
Vice President . 1. Green, in representing the
Whippany laboratorv. Mr. Green will remain as a
member of the Committee, however. The other new
member is K. E. Gould, Director of Facilitics De-
velopmont, named to the Committee in anticipa-
tion of the retirement of G. D. Edwards, Director
of Quality Assurancc.

OCTOBER, 1955

Continuing on the Committee are A. . Busch,
Director of Switching Development, and A. C. Dick-
icson, Director of Transmission Systems Develop—
ment I, as well as TI. 1. Romnes, Chiet Engincer,
and R. G. Elliott, Assistant Chict Engineer, who
will continue to represent the American Telephone
and Telegraph Company, and Vice President F. R.
Lack and I1. V. Schmidt, Engineer of Manufacture,
who will continue to represent the Western Elec-
tric Company.

J. B. Fisk, Executive Vice President of the Labo-
ratories, and Vice President G. N. Thaver.
been relieved of their duties on the Commiittee be-

have

cause of the pressure of other work.

Continuing to serve on the Advisory Board of the
Journal are Dr. Kelly, F. R. Kappel, President
of Western Electric Company, and E. J. McNcely,
Vice President, American Telephone and Tele-

gruph Company.
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The author snips « worn spring from a wiper in

service in the Laboratories.

In the maintenance of step-by-step dial svstems,
the wiper springs on 197-tvpe switches require fre-
quent replacement because of wear. Onheavilv used
switches, such as line finders, wiper replacement has
sometimes been neeessary within one vear, Wiper
replacements were anticipated, however, sinee the
materials used have been selected so as to wear out
rather than to cause wear on the bank contacts over
which they travel. Replacement of a switch bank is
a costl_v, time-consuming operation and it is there-
fore preferable to replace the wipers,

For many vears. wiper replacement was also a
somewhat difficnlt job — althongh casier than re-
placing a switch bank. A complete wiper assembly
consists of two contact springs, three insulators, a
cord-guide holder, and a metal hub and set-screw.
This assembly, Figure 1. is positioned on the operat-
ing shatt of the switch so that the two springs are
held inder tension against the upper and lower con-
tacts on cach level of the switch bank. Replacement
of the complete assembly required that Hexible leads
be unsoldered from the springs, the set-screw
loosened, and the assembly slipped off the shaft:
then, of course, the new one had to be properly posi-
tioned and the leads soldered to it. In the meantime,
the switch was out of service.

Improvements in

Wiper Springs

for Step-by-Step

Swvitches

Experience showed that, in most cases. dirt accu-
mulating on the upper bank contacts caused the
upper spring to wear out first. Usually there was
considerable life left in the Tower spring. In 1940, a

Fig. I —  wiper assembly installed in a step-byv-
& / A A

step siciteh.
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Fig. 2

1 replaceable spring is inserted into a

wiper assembly.

replaceable spring, Iigure 2, was made available
at onlv a fraction of the cost of a complete wiper
assemblv. Morcover, a spring could then be re-
placed without the assembly being removed from
the switeh shaft or the leads unsoldered. Out-of-
Both the original

and the replaceable springs were stamped from

service time was greatly reduced.

plated brass.

In 1944, o further improvement was made in the
replaceable springs by using a bi-metal material of
phosphor-bronze and No. 1
contact material composed of 69 per cent gold,

metal. No. 1 metal is a

per cent platinum, and the bulance silver. A wedge-
lay method was used where a block of precious
metal was inlaid between two picces of phosphor-
bronze and the whole sheet was rolled to the cor-
rect thickness. The springs were then stamped out
Figure 5. that the No,
came the spring tip. Field studies showed that the

in such a wav. 1 metal be-
life of wiper springs was increased by a factor of
three to one.

Such increased life made it desirable that all
wipers supplied on new switches be made with No.
Ilowever,

I metal tips. the cost was prohibitive

Aceord-
inglv, Western Electric Company sought some less
expensive means of applving the precious metal. In

since the wedge-lay stock wus expensive.

1954, a new rcpluc(‘zll)lv spring was made available,
stamped out of nickel-silver or brass, with No. 1
metal welded directly onto the tip, Figure 4.
Although the cost of a spring with a welded tip is
still greater than that for one of brass, it is less than

NO. ! INLAY
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1

e A = 7

o=

"

PHOSPHOR BRONZE g PHOSPHOR BRONZE 7
s ’

CROSS-SECTION OF LONG STRIP

0.010" /
P /

) CROSS-SECTION OF ABOVE STRIP
ROLLED LENGTHWISE TO 0.010"

~«— 0.152" APPROX.
0.080"*0. ms‘zl -

T
i
i
5
t

H

s w1

£

POSITION OF WIPERS AS STAMPED FROM WEDGE-LAY SHEET
Fig. 3

thin sheet and the replaceable wipers are stamped

The rwedge-lav material is rolled into «

so that the No. I metal forms the tips.

half the cost of one using the wedge-lay tip. There-
fore, the use of tipped springs on original assemblics
is now justificd by the increased life and lowered
maintenance, and "Il switch wipers delivered to the
Telephone Companies since early 1955 have the
welded tips.

F.\W. CLaypex

Switching Apparatus Development

Fig. 1

OCTOBER, 1955

Comparison of a welded tip teft) and a wedge-lay tip.
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Groun Junction
I ransistor

Development

K. D. SMITH

Transistor Development

With junction transistors the electronies art is carried into new and hitherto

nnreached micro-power levels and operating efficiencies. A junction transistor

can oscillate or amplify at a level of total power consumption of less than one

microwatt, and with a ratio of useful power output to total power consumed

exceeding that of any electron tube. This and similar devices are expected

to fill many needs where small size and limited available power are the im-

portant design considerations,

Application of the 4A germanium grown junction
transistor in a special customer’s set for persons with
impaired hearing marks the first use of a transistor
in telephone equipment installed in the home.® This
n-p-n transistor, which acts as a voice amplifier, re-
quires so little battery power that it can be supplied
from the “talking current” sent along the wire from
the central office. The 1A, along with other grown
junction transistors which have heen developed for
many purposes in the telephone svstem, has opened
the door to a wide variety of possible improvements
in telephone service. Several of these are already in
the (l(‘sign stage. In the illustration above, the anthor
(right) and D. F. Ciccolella are shown inspecting a
rack of n-p-n grown transistors that are used in vari-
ous laboratory tests.

The construction of an n-p-n grown junction tran-
sistor begins with the preparation of a single crystal
of germanium which has the two p-nrjuncti()ns
grown into it.} In the growing process, a seed crys-

® See page 361. 1 Recoro, February, 1955, page 41,
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tal is slowly withdrawn from a batl of molten ger-
manium in such a way that more germanium solidi-
fies onto the seed, which then grows into a good-
sized crystal. The molten germanium is n-type at the
start. At the proper moment in the withdrawing
process a small pellet of an acceptor (p-type) im-
purity is added. to be followed a few seconds later
by a somewhat larger pellet of a donor (n-type)
impurity. These impurities dissolve in the melt and
control the type of the germanium subsequently
grown, The resulting crystal then has a thin laver of
p-type material sandwiched between terminal sce-
tions of n-tvpe material. This structure is sketched in
the upper left hand part of Figure 1. The p-tvpe lay-
er may be about a thousandth of an inch in thickness.
The crystal is sliced, leaving the thin p-laver in the
center of the slice, which is then cut into rectangular
bars, square in cross section. Each bar is fabricated
into a transistor, as illustrated, by soldering its ends
to supporting and conducting leads comprising a
stem assembly. The germanium bar is etched to re-

BELL LABORATORIES RECORD
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duce undesirable electrical effects cansed by irregu-
lar surfaces, a very fine gold lead is then welded to
the central p-layer, and fmally the transistor is en-
cased in a hermetically sealed can.

Some of the finer points of the fabrication tech-
nigues will be discussed later, in connection with the
important effects they have on the transistor’s char-
acteristics, but it is useful now to discuss the prin-
ciples of operation of this device. A preliminary dis-
cussion of the physics of p-n junctions has been
given by M. Sparks in an earlier issue of the Ruc-
orp®, and the following puaragraphs will further
develop some of the pertinent concepts.

A descriptive analogy is drawn in Figure 2 be-
tween a junction transistor and a waterfall. Both
can be used as power amplifiers. Suppose the water-
fall to be provided with a dam which can be moved
up or down to control the flow of water. Raising or
lowering the dam can be accomplished by the use of
@ small amount of mechanical power, while much
more power is obtained {from the wheel at the bot-
tom of the fall. In the transistor, the left hand, o1
cemitter, section acts as a reservoir for free electrons.
The flow of these electrons over the left-hand junc-
tion is controlled by raising or lowering the clectrical
potential difference l)(*twcvn the emitter and the
central, or base, section of the transistor. This control
requires the expenditore of only a small amount of
electrical power, which is furnished by the signal to
be amplified. These clectrons then deliver
more power, in the form of an amplified replica of
the input signal, as they How over the electron poten-
tial tall at the right-hand collector junction. The
extra power of this amplificd signal comes from the
battery in the collector circeuit.

With certain reservations, the waterfall analogy
can be pushed still further. In an actual waterfall, all
the water flowing over the dan does not reach the
water wheel, even in an ideal situation; some is lost
l)_\r cvuporuti(m and as Sprayv. In the transistor, losses
ocenr in the current How between emitter and collec-

much

tor becanse some of the electrons recombine with
positive holes, which are plentiful in the base sand-
wich laver. By muking the base ]zlyer very thin, one
can keep this loss down to less than one percent of
the current flowing over the emitter junction. The
ratio of electron collected to the total
current entering the base laver is called the current
transmission factor, alpha («). As will be poited
out later in this article, this quantity is an impor-
tant measure of transistor performance.

current

? Reconrn, June, 1934, page 203.
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The analogy becomes fuzzy, however, it one tries
to push it too far. In the waterfall, there is nothing
that corresponds to the base laver of the trunsistor;
water flowing over the dam at once enters the fall.
In the transistor, a physical separation of the emitter
and collector is necessary to provide for applying
clectrical voltages separately across the two junc-
tions. Closer examination of the operation reveals
also that the water flow losses occur in the fall, while
in the transistor the electron current losses occur,
not in the collector junction, but in the base layer.

The circuit perf(mn;mcc characteristics of a tran-
sistor are dircectly related to its structure and fabrica-
tion. In the grown junction transistor it is possible to
control the electrical properties of the emitter, base,
and collector regions by proper additions of impuri-
ties to the molten germanium in the preparation of
the crvstal, The thickness of the base region is regu-
lated l)\r very precise temperature control and by
careful timing of the impurity additions. The phys-
ical size and stracture of the transistor are important
design parameters also. The larger the transistor, the

SEED

n

I :{]* -

Nn-p-N BAR

X um'ﬂln

-1}
[
GROWN
SINGLE CRYSTAL
OF GERMANIUM

SLICE

‘IH\\\‘

(i

BAR MOUNTED BAR ETCHED; COMPLETED
ON STEM BASE LEAD TRAMSISTOR
ASSEMBLY BONDED

Fig. 1 — Steps in the fabrication of a germaninm

growen junction transistor.

greater the power it can dissipate withont overheat-
ing. Since the electrical capacitanee of a p-n junction
is dir(*ctl_\‘ pr()portimml to its arca, however, increas-
ing the size of the transistor increases its collecor
capacitance. But this, in tun, reduces its useful fre-
quency range.
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Germanium is a brittle material. about as hard as
class, so that when it is cut or shaped with a carbo-
rundum or diamond-taced wheel, the ent surface is
so damaged as to he useless as a part of the tran-
sistor. The crvstal perfection is disturbed for some
distance below the surface, and this damaged laver
is riddled with a network of tinv cracks and dis-
oriented crystal debris. As was discussed in a pre-
vious article.® such a disturbed laver is a prolific
generator of umvanted minority carriers. For ex-

LBASE

- EliE

SIGNAL 212
—_— )

. r IS

<, OUTPUT
< SIGNAL

A A

OUTPUT

Fig. 2 is analogous to the

The watorfall 1a)
n-p-n junction transistor (b).

ample, a disturbed laver will generate positive car-
riers in nvgutivv-condllcti\'it_v germanium, The liber-
ation of such particles in the neighborhood of active
junctions can so interfere with the processes of cmis-
sion and collection of signal-carrving currents as to
degrade the performance of the device seriously. All
of this damaged material must therefore he removed
from the germanium bar in the region near the p-n
junctions before the transistor can be completed.
This is done by an electrolvtic etch, in which the
germanium bar is made the positive electrode. About
three thousandths of an inch are dissolved around
the perimeter of the transistor bar by this etch, and
this leaves the germanium surface clean and smooth.
free of cracks or chips.

A delicate operation in tabricating the grown junc-
tion transistor is the attachment of the base lead to
the p-region. The problem is to weld a gold wire,
about two thousandths inch in diameter (consider-
ably less than the diameter of an average human
hair) to a particular region of the smooth ger-
manium bar, when this region is itself thinner than
the diwmeter of the wire. The end of the gold wire
is pointed or Hattened, and the wire is mounted in a
micromanipulator (Figure 3) to allow accurate posi-
tioning of the contact. The point is then moved along

Reconrn, July. 1955, page 260

the bar until it is known, l))' electrical test, that the
point is in contact with the base region of the n-p-n
clement. The actual weld is made by passing a cur-
rent of about two amperes through the gold wire to
the germanium for a few milliseconds. This current
heats the contact region sufficiently to form a little
puddle of gold-germaninm allov: on cooling this
honds the wire to the germanium.

Even with the greatest care, this weld may be
somewhat wider than the base laver. To avoid short
circuiting the collector and emitter junctions at the
weld, the gold wire is “doped™ with a small percent-
age of a p-type impurity, such as gallinm, This in-
sures that the germanium-gold alloy region will be
strongly p-tvpe and will, in fact, act as part of the
base region. even though it extends into what was
n-tvpe germanium hefore the bond was made. Fig-
ure 4 shows a section through a typical hase band.
The cteh used to bring out the emitter and collector
p-n junctions has sclectively attacked the material
right at the bond, producing the illusion that the
wire has become detached. The local enlargement
of the base layver near the bond in consequence of
the doping is casilv seen. In particular, the right
hand or collector junction has been locally “pushed
over” so that it now extends slightlv into what
was previously the collector n-tvpe portion of the
structure.

During the fabrication process. tests are apphlied
to insure that the clectrical performance of the fin-

TO ELECTRICAL
CIRCUIT

Nn-p-n BAR

Fig. 3

moving a gold wire over the surface of an n-p-n bar 1with

the aid of a micromanipulator.

BELL LABORATORIES RECORD

www.americanradiohistorv.com

The correct position for bonding is determined by


www.americanradiohistory.com

Fig. 4

wire weldeod to central or base layer. Note broaden-

In n-p-n section of « transistor. with gold

ing of p-laver at point of contnct.

ished transistor will be as vequired. After the base
lead is attached. the transistor is complete except tor
final mechanical protection. This is afforded by seal-
ing the transistor iside a metal can. After a short
aging period, the transistor is ready for final electri-
cal tests and coding,

As mentioned carlier, the ratio of clectron current
collected to the total cuwrrent entering the base
lzly(‘r (alpha) is one of the most important properties
of the transistor. For junction transistors under nor-
mal operating conditions, alpha is slightly less than
one, which means that there is a small loss in elec-
tron current that appears as a small current in the
base lead. The ratio of collector current to this small

TasLeE | — Coxtrarison orF DeveLoraxieNT MobEL
AxD PropuctioN Type GROWN JUNCTION TRANSISTOR

Typical values of parameters measured at V. 4.5 V.,

1 —1.0 \fa.

AM-1752 4-C
Develop- Production

o

Parameter

ment wmodel  model
Short circuit corrent transfer
factor, ha (Ia = —a) 0.97 0.98
Short circuit input impedance,
ha 37 33 ohins
Open circuit feedback voltage
ratio, he 4.0x 104 1.1x10%
Open circuit output admittance,
h'.'. 2() X 1()'6 15 X ]()'6
mhao
Collector capacitance 12 8 ppf
Collector leakage current 7 1pA
Frequeucy cutoff, fa 1.5 3 mc
Noise figure 20 17.5 db

OCTOBER. 1955

base current is given by the expression «/1-a, a tvp-
ical value of which may be about 50. Now, it we
connect the transistor into a circuit like that in Fig-
ure 5. where the input signal is introduced into the
base lead. the ratio of collector output current to
signul input current is given l)) the same expression.
That is. in such a “common emitter” cirenit the out-
put current may be 50 times the input current. The
closer alpha is to unity, the higher this figure will
be. As has already been pointed out, one way to
push the value of alpha closer to unity is to reduce
the width of the base laver, thus reducing the time
in which an clectron could recombine with a hole as
it crosses the base layer. Another way is to grow the
base laver as free as possible from imperfections and
impuritics which might subsequently act as recom-
bination catalvzers in the completed transistor.
Another important performance index is the way
in which the current transmission factor alpha e-
pends on the signal frequency. For any application
it is desirable that alpha be independent of tre-
quencey over the frequency band of interest. The

Fig.5—The “com-

mon emitter”  cir-
Loap  cuil: signal intro-
; duced into base
lead results in high

current gain.

design theory of parallel-junction structures predicts
that the frequency cut-off of alpha (the frequency
at which alpha has decreased to 0.707 of its law-
trequency value) is inversely proportional to the
square of the base thickness. Thus, for high fre-
quencey operation the base must be very thin, In an
n-p-n grown junction germanium transistor, a fre-
quency cutoft of five megacveles per second re-
quires that the base region of the transistor be less
than one one-thousandth inch in thickness.

An example of the effect of the germanium mate-
rial properties on performance of the transistor is
found in the minority carrier lifetime. This quantity
is a measure of the length of time an electron or hole
can survive in material of the opposite conductivity
tvpe before it recombines and is hence lost as a car-
rier of current. Typical minority carrier lifetimes in
transistor germanium are a few tens of microseconds.
Lifetime is sensitively dependent upon the purity
and pertection of the cerystal and the cleanliness of
its surfaces. Long lifetime is particularly desired in

&n
-1
=1
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Fig. 6 — R. L. Johnston bonding lead to n-p-n junc-
tion bar in micromanipulator. Oscilloscope at right

tells when correct position for bonding is found.

the base layer in order to rednce the transit loss of
the electron current crossing from emitter to collec-
tor. It is desirable also in the emitter and collector
regions of the transistor near the junctions becanse
short lifetime material, like disturbed surface layers,
is a copious generator of minority carriers which de-
grade junction performance.

Table T compares typical electrical parameter

THE AUTHOR

values for a production-code, grown junction n-p-n
transistor with those of its development prototype.
Observe that as the transistor passed from develop-
ment to production, improvements were made in all
the parameters cited. These improvements result
from the close control of materials properties and
fabrication processing which are made possible by
the use of production methods. The 4C transistor is
intended for voice-frequency amplifier service at low
power levels. The M-1752 s a general purpose junc-
tion transistor for voice- and carrier-frequency appli-
cations, Both of these transistors have rated power
dissipations of 50 milliwatts, and they are made in a
similar manner. Another transistor design using
n-p-n grown crystal material is the high-frequency
tetrode, which was the subject of an article previ-
ously published in the Recorn.®

Another n-p-n transistor, the A-1858, developed
from the M-1752 prototype, is the amplifier device
used in the P carrier system, now in experimental
operation at Americus, Georgia. About forty of these
transistors are associated with each channel, exclu-
sive of those used in repeater equipment, serving in
amplifiers, signal generators, and in control applica-
tions. The economy of operation of these devices i>
strikingly illustrated by the fact that an entire tran-
sistor terminal, using about 40 A-1858 transistors, is
operated with a power input only one-fourth that
required by the heater of one conventional telephone
repeater tuhe,

* RECORD, April, 1954, page 121,

Kex~neTH D, SMrth received the BLA. degree from Pomona College in 1928
and the M.A. degree from Dartmouth College in 1930. He then joined Bell Tele-
phone Laboratories where for about ten vears he assisted in the developmeit
of Taboratory testing facilities at carrier and radio frequencies, and laboratory
and field testing facilities for coaxial cable systems. During World War II,
Mr. Smith worked on the design and development of proximity fuses, and the
design of radar bombiug equipment. Following the war, he engaged in devel-
opment work on broadband microwave radio systems, and from 1951 to 1954
he was concerned with junction transistor development. At the present time,
Mr, Smith is directing the work of a group responsible for developing large

area silicon devices including the Bell Solar Battery.
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Orverload Control

n No. 5> Crossbar

Switehing Systems Devetopment |

W, WHITNEY

At one time or another, most people have found some difficulty in making

telephone calls because of an unusual amount of telephone traffie. The addi-

tional calls through a telephone office at such times impose unusually heavy

loads on the conunon-control equipment and delays may occur. In the No. 5

crosshar system, special circuit arrangements have been included to control

possible overloads. Acting somewhat like safety-valves and gauges, the special

cireuits greatly reduce the effects of heavy traffic and maintain the best service

possible under overload conditions.

It is a cold, snowy Friday in December, just before
Christmas. Students home from college are trying to
get in touch with their friends, housewives are
Christmas shopping by telephone to avoid going out,
high school students are visiting by telephone atter
school, and businessmen are making last-minute calls
to clean up the week’s affairs. Most of these calls are
in addition to the normal traffic through the local
tetephone office. Under these conditions, an overload
is quite possible.

One of the advantages of common-control switch-
ing svstems such as No. 3 cressbar is that extra fea-
tures can be provided economically in the tew large
control circuits — features that facilitate mainte-
nance by testing potential trouble points on every
call. and others that take into account slow-dialing
customers by allowing more than ample time tor
them to establish their calls. However, these features
all take time, and delays in the common-control cir-
cuits during overload conditions will tend to react
on other circuits, One circuit delayvs another. that
cirenit delavs a third, and so on down the line. This

OCTOBER. 19533

“snow-balling” effect can become serious encugh
that the call-carrving capacity of the office may actu-
ally be reduced unless something is done.

An office can become overloaded in many ways.
and the No. 5 crossbar system provides several cir-
cuit arrangements to alleviate their effects. Some of
these circuits insure that all customers get cqual
treatment under either normal or overlowd condi-
tions, and that all equipment is used in the most effi-
cient wav. Others act automatically to change or
cancel certain functions in response to detecting de-
vices, just as safety valves let oft pressure when it
builds up. Still others, comparable to gauges, merely
indicate that pressure is building up, and leave it to
the attendant’s judgment whether something should
he done.

Typical of the circuits that insure cfficient usage
and equal treatment are the various preference
chains in the connectors.® Marker connectors pro-
vide access to combined markerst for originating

¢ Reconrn, February, 1950, page 56, t Ruconn, Nocember,
1950, page 302.
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registers, incoming registers, and line link frames.
§ g 1e
Since only one circuit can gain access to a marker at
a time, it is up to the connectors to control the order
in which the diverse tvpes of competing circuits are
served — the preft‘rence chains do this. Originating
registers are given first preference, then incoming
g £ ;

registers, and finally line link frames. In the tvpical
preferencv chain of Figure 1, once an originating
register has seized a marker, all incoming registers
and line links are “locked out” from that marker,
even though all demands are simultaneous. The
principle of preference and lockout is used through-
out the connector array in different wWavs. For in-
stance, a preference circuit determines in what order

MARKER START MULTICONTACT
RELAYS FOR RELAYS FOR
e MARKER O MARKER O
U )
! OR. h=q 7 Mmso MAO
e Co = — N
________ ol
]
oriGiNATING]_! (Hj—mﬁ
REGISTER 4 L] =
[
1
T 0o
{ O.R. -
t
L __ 5
r---{ _____ : ? Mso
! -R, ==1 b MAO
L by :[[:::::1
————————— 1
INCOMING t
REGISTER L
4 L
________ ]
1‘— ) ]
| LR -
[EEm s o
L.,
MSO MAO
| a——
LINE
LINK L4
| —O—e
[}
MARKER
o

Fig. 1 — The simple preference chain used to con-
trol access to a marker.

markers will be seized, the preference order for cach
connector is different for different markers, and the
connectors are alternated between two markers for
first preference. The illustration at the head of this
article shows the author pointing out a feature of an
originating register marker connector to F. P. Cirone,

Whenever any connectors are waiting  to be
served, all connectors that have been served are
locked-out until the other waiting connectors are
served. At that time, all connectors are freed, so
that those waiting can again compete through their
preference chains for available markers. This ar-
rangement, known as “ungating,” assures equitable
treatment to all connectors during normal telephone
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traffic conditions that occur in the central office.

[owever, when an overload occurs, more line
link marker connectors mav be ungated than can
be served by available originating registers, since
the registers may be delayed in getting access to
markers to unload calls they have registered. Here
is where the safetv-valve arrangement comes in —
when all originating rogistors are l)usy, their con-
nector lock-out feature is cancelled, giving the
registers a better chance of reaching a marker.

Where the number of combined markers exceeds
about three, it has been found expedient to split
them into two new types — dial-tone and compl(’t-
ing markers. Dial-tone markers are comparatively
simplc since tl]ey need ()nly to connect cul]ing lines
to originating registers for dial tone. Line links have
immediate access to a group of dial-tone markers.
The preference circeuits are limited to controlling the
access of originating registers and incoming regis-
ters to completing markers, and the ungating fea-
ture is omitted.

Another automatic change in functions during
overload conditions is the reduction of register
“time-out” intervals. These are the waiting times
before various circuits “time-out™ and become avail-
able to other calls. Normally, the time-out interval
in originating registers is 19 to 37 seconds for all
delay conditions. These include permanent signals
that occur when a customer takes his receiver off
the hook and doesn't dial, partial-dial time-outs
that result when a customer fails to dial as many
digits as he should, and stuck-register time-outs
that come about tln'()ugh no action on the cus-
tomer’s part but because the rogistcr cannot com-
plete its functions due to trouble or traffic delays.
When all registers are found busy by « marker
attmnpting to connect a Calling customer to a r(‘gis-
ter, overload relavs in all registers are operated,
r(*ducing the permanent signul time-out interval to
9 to 18 seconds and the partial-dial interval to 4.4
to 8.4 seconds. These shorter time-out intervals will
prevail as long as all registers are busy and tor a
short interval thereafter. This reduces the waste
usage of registers during overloads that results from
customers dialing all or part of a called number
before they receive dial tone. A similar time re-
duction for incoming registers goes into cffect when
all the incoming registers in a link group becomne
busy at the same time.

Still another effective automatic overload feature
is cancellation of the “cross and ground” test nor-
mally made by a marker to detect troubles within
the central office. Since these tests are made on all
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calls served by a marker during normal traflic pe-
riods, the probability of a trouble occurring and not
bemg detected during a heavy traffic 1)011()(] is so
small that the 25 per cent 10(111ct10n in marker work-
time achieved by cancelling the test is decidedly
worth while during heavy traffic periods. The de-
vice in the marker used to define “heavy traffic™ for
this purposc is quite simple and ingenious — a slow-
release relay is held operated while a marker is in
use and starts to release when the marker is freed.
It traffic is so heavy that the marker
bhefore the slow 1(*1(1\' releases, the cross and ground
test is cancelled for that usage. Another f(ﬂltlll(‘ can-
celled under this condition is the automatic produc-
tion of a trouble record in case an associated sender
becomes “stuck”™ — the sender will time out and dis-
pose of the call anvway, and the prolonged marker
work-time required to make a trouble record can
be avoided during heavy traffic.

At the maintenance center

is re-seized

m a No. 5 crosshar
office, Figure 2, a lamp panel indicates the usage of
all commaon-control circuits in the office, so that
experienced maintenance personnel can get a fair
idea of the traffic situaticn in the office at any in-
stant. Lamps also indicate when all markers are
busy, all registers are busy, and all senders are busv,
with delayed audible alarms;  these signals  are
comparable to gauges. Some of these signals are
multipled to the operating room, in the same or a

THE AUTHHOR

Fig. 2—W.

cuits at the traffic-control lamp panel.

. Connick makes a change in the eir-

distant building, so that the traffic people can also
determine when there is an overload condition. This
is desirable so that thev may put on more operators
as needed, to handle the added switehboard traffic.

With all these safeguards against the effects of
overloads. the performance of the No. 3 crossbar
svstem is maintained at a high level even under
abnormally heavy traflic conditions.

WiLey Wihrryey

entered the student training course of Western Electric

in 1923, after receiving his B.S. degree from Kansas State College. Upon com-
pletion of the course he joined the Engineering Department of Western Elec-
tric, which became Bell Telephone Laboratories in 1925, Mr. Whitney was
concerned  with manual, ]);ll](‘l‘ step- l)\ -step, and PBX circuits until 1632
when he was assigned to AT.&T. for (]cswn ot crossbar toll fucilities and toll
switchbouards. During World War 11 he was attached to the Signal Corps as a
civilian in Washington, . C., and North Africa. Since the war he has been
In March of this vear, Mr.
Whitnev was assigned to the line concentrator development.

engaged in the development of No. 5 crosshar.
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Military communications have for many years depended
to a great extent on wire circuits, but radio is becoming
an increasingly important factor in military planning
and operations. To take full advantage of the best fea-
tures of both wire cireuits and radio. the Laboratories
has developed a new VHF-UHF radio set that integrates
with carrier equipment used on spiral-four cable. Up to
twelve telephone channels ean be handled by the system
at one time, spanning distances as great as 1,000 miles

with any desired combination of cable and radio links.

New Military VIHIF-UHI" Radio Set

A. L. DURKEE Systems Engineering

Adequate communication tacilities are indispensa-
ble to our military services, in peacetime as well as
in war. The extensive arrangements now l)eing pro-
vided for national defense depend for their effective-
ness on the availability of a well-integrated network
of wire and radio communication circuits, capable
of handling telephone, telegraph, facsimile, and
other tvpes of signals with the greatest possible
speed and a high degree of reliability.

Although wire circuits are the backbone of this
network, radio is plaving an ever greater role. Air-
craft, ships at sea, and other mobile units must
naturally depend on radio for communication. Radio
is also advantageous for many fixed installations
where wire line construction would be difficult, as
in mountainous country or places where large bodies
of water must be crossed. In addition, radio has a
further advantage in that circuits can be installed
and svstem arrangements altered as rapidly as the
situation demands. This advantage is becoming
more and more important in military plunning.

During World War I1, a new type of gencral-pur-
pose cable. called “spiral four,”®
able for military use, together with a four-channel
carrier systemt to operate over the cable. Improved
carrier systemsi have recently been developed for
use on spiral four, capable of transmitting either

was made avail-

four or twelve channels. To serve as an alternate for
various wire and cable facilities, a transportable,
® Recorn, April, 1943, page 251. 1 December, 1943,

page 168. 1 July, 1955, page 274, and August, 19535, page
290.

multi-channel radio relay system wuas needed:; as
one of the specifications, the Signal Corps required
that such a system be usable directly with the new
spiral-four carrier equipment. As a result, Radio
Set AN/TRC-24 uses either the four-chammel
(AN/TCC-3) or twelve-channel (AN/TCC-7) ter-
minal equipment of the cable carrier system, per-
mitting radio and wire links to be integrated into
communication lines up to 1,000 miles long.

A complete AN/TRC-24 radio set consists of a
transmitter, a receiver, a transmitter I)O\Ver—supply,
transmitting and recciving antennas with reflectors
and transmission lines. a 43-foot sectional mast to
support the antennas, and an assortment of spare
parts and accessories. All this equipment is pack-
aged in a number of rugged, compact inits designed
for portabilitv, and any package can be easily han-
dled by two men. The equipment can withstand
rough handling and will operate satisfactorily under
any climatic conditions. It is designed to operate on
105-125 or 210-250 volts at 50 to 60 cycles. Power
mav be supplied from commercial lines or from a
mobile engine-driven alternator.

Since the radio relay system integrates with spiral-
four equipment, the radio terminals use the carrier
terminal units already available. The four-channel
terminal “stacks” the voice channels frequency-wise
in the range from 4 to 20 ke, with a narrow-band
order or service channel from 0.3 to 3.0 ke. The
twelve-channel terminal “stacks” twelve channels
in the range from 12 to 60 ke, and limits the service
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channel to 0.3-1.7 ke, The output of a twelve-channel
AN /TCC-T A con-
tinuous pilot frequency at 68 ke is used tor regula-

terminal is shown in Figure 1.

tion, and test frequencies at 12, 28, and 65 1\(' are
also used when they are needed for adjustment and
test purposes.

The radio relay system finally evolved operates

in the frequeney range from 100 to 400 me, and
uses frequency modukation (FM). It is intended
primarily for use on line-of-sight transmission paths
up to about 30 miles m lelwth Two radio sets
“back-to-back”™ are used as a radio-frequency re-
peater to cover and as many as
cight repeater sections can be used in tandem to
form trunks about 200 miles long. A number of these
trunks can also be commected together or with other
facilities to form longer, more (omplex networks.

For line-of-sight distances the frequency range
from 100 to 400 mc offers several advantages. Those
frequencies are not normally reflected trom  the
jonosphere, and the 100 watts delivered by the
AN TRC-24 transmitter will not send them very far
bevond the horizon. Interference, either natural or
man-made, is thus minimized. Fading is compara-
tivelv mild on line-of-sight puths at these frequen-
cies, and there is little or no atmospheric noise
(static) to contend with.

Between 100 and 223 mc, 250 radio channels are
available, spaced 0.5 me center-to-center, and be-
tween 225 and 400 me, 175 channels with 1 mc
center-to-center spacing. Channel selection and fre-

longer distances,

repeater sections require four different channel al-
locations to prevent interference. If, however, the
system is extended, the same frequency allocations
mayv be used in subsequent sections provided those
sections working on the same frequency are far
enough apart to avoid over-reach interference. Fre-
quenéy assignments Urdinurily can be r(’px‘utcd
intervals of about 100 miles.

AN/TRC-24 circuits 1,000 miles long may in-
volve as many as 40 radio repeaters; conscquently,
transmission characteristics of the radio sets must be
good enough so that satisfactory operation is ob-
tained when 40 are connected in tandem. Distortion
in repeaters must be minimized, and noise contrib-
uted by the individual repeaters must be low
enough so that the total noise in a 1.000-mile cir-
cuit will not be excessive. In designing the system,
the objective was to provide performance compa-
rable in quality to that obtained with Bell S
long-distance circuits.

Noise in a radio system arises from a number of
sources. The principal contributions are: noise gen-
erated in the carrier terminal equipment, fluctuation
noise pr()(luced in the radio receivers, external radio-

Vstom

frequency noise and interference, and intermodula-
tion noise resulting from cross-modulation of various
components in thc transmitted signal. Limits on the
permissible levels of these several types of noise,
consistent with the desired over-all noise perform-
ance, became the basis for determining such svstem
parameters as transmitter power, antenna guin, car-

CONTINUOUS
PILOT
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B Y . R o TEST o o -

Fig. 1 The carrier ) ,7777 ereauencies -
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and 60 Eilocvcles. ! 21341518 ) 7T 890N 2 i

- H— L L 1
o7 12 28 60 65 68
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quency control are accomplished with plug-in radio-
frequency tuning units and a crystal circuit built
into the radio transmitter. Harmonics of a 0.5 mc or
1.0 mc crystal oscillator are used to “lock” the trans-
mitted carrier at the proper frcqucncy. The recciver
is kept tuned to the incoming signal by an automatic
frequency control circuit.

The availability of many channels and the ecase
with which channels can be changed permits con-
siderable freedom in laving out a network so as to
avoid interference. Of eourse. some restrictions must
still be placed on the allocation of channels for cach
link in a relay svstem. For example, Figure 2, two

OCTOBER. 1953

rier-frequency deviation, and radio-frequency band-
width.
Intelligence transmitted l)v the radio svstem con-
sists of either four or twelve telephone channels
“stacked” to form a wideband signal. The unse of
amplitude modulation (AM) would require that the
input amplitude versus output amplitude charac-
teristic of radio repeaters be strictly linear, since
amplitude variations of the AM wave must be faith-
fullv preserved. With FM, the intelligence is deter-
mined by the frequencey rather than the amplitude
of the transmitted wave. The critical characteristics
of an FM radio repeater are linearitv of the phase
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versus frequencey characteristic and Hatness of the
amplitude versus frequency characteristic over the
transmitted band. Frequency modulation was se-
lected as the most advantageous method, and the
use of FM in the AN/TRC-24 svstem has made it
possible to utilize up to 40 repeaters in tandem with-
out serious degradation of the signal.

One advantage of FM over AM is the possibility

In most military installations, the radio relay sta-
tions will be attended for security or other reasons
even though the equipment is suitable for unat-
tended ()pemti(m. When rcquired, attendants can
communicate with cach other via the service chan-
nel, which is arranged as a party line so that cach
attendant can talk and listen to all others on the
cirenit. A 1600-cvele signaling tone lights a Tamp and

TERMINAL REPEATER TERMINAL
-l — -
| . F2

-— -
(3-_4 o 1 - ‘ﬂ
W o pae = L
P -z
Z ___] CARRIER CARRIER [___ %
T ___ TERMINAL T g TERMINAL I
Y T T EQUIPMENT e\ [/ V&‘” EQUIPMENT[_ ~ VY
w 3 u
| —

Fig. 2 — Tiwco repeater sections require

of ()I)tuining lower noise in the voice channels for a
With FM, the
noise is rednced as the peak deviation of the carrier

gi\'(‘n amount of transinitter power.
frequency s increased. the top modulating fre-
quency remaining fixed. By making the carrier devi-
ation serveral times the hwhest modulating fre-
queney, a substantial noise reduction s ()l)tdll]( d.,
although this improvement is gained at the expense
of mcwdsv(l radio-frequency bandwidth. For a typi-
cal voice channel in the AN/TR(,-Q—I svsten, the
noise reduction over a similar AM svstem amounts
to about 11 db in the 100-225 me range, and about
15 db in the 225-400 me range.

o

THE AUTHOR

four different radio channel assignments,

energizes a buzzer at cach station to alert the at-
tendant. Audible and visible alarnms are also pro-
vided at each station in the event of trouble; one
()pemtvs whenever the transmitter power output
drops below a preset level, and another indicates
low-signal conditions in the receiver.

Radio Set AN/TRC-24 is intended mainlv for use
in primary commumications between Army head-
quarters, down to Division level. However, becanse
of its versatility, and because it can be integrated
with spiral-four cable cireuits, it is expected that
this new svstem will find wide application in all
branches of the military services.

A. L.
University in 1930

Dunker

received the degree of B.S.
and joined the Department of I)cwclopmvnt and Research

in Engineering from Harvard

of the American Te lephone and Telegraph Company in ]ul\ of that year. There,
and later as a member of the Laboratories following the consolidation in 1934,
his work has been largely on radio transmission pml)]( ms associated with the
development of transoceanic and other radio-telephone circuits. Recently he
has been engaged in radio propagation studies ussociated with the development
of communications svstems for military applications.
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lerrite Isolators
at 11,000

Megacy-cles

J. P. SCHAFER

Ruadio Research

When power is fed to microwave antennas through long waveguides. reflee-

tions due to bends, swrface irregularities. or other discontinuities in the

path cause distortion of the signals and niay result in “ghosts”

-

on television

sereens. The higher the frequency, the greater is the effect of these refleetions,

An isolation circuit recently developed at the Holnidel Laboratory uses ferrites

to pass 11,000-megacyele energy in one direction only and to attenuate

greatly the reflected signals. Such ferrite isolators are expeeted to simplify

circuits involved in radio repeater and other niicrowave components,

The ceramic-like ferromagnetic materials called
“ferrites” have been respansible for a number of new
and interesting rescarch projects in the field of high
frequency radio and wavegnide applications. Under
the influence of a magnetic field, a ferrite has the
property of rotating the plane of polarization of
microwaves that are trunsmitted through it. This
phenomenon is analogous to the so-called “Faraday
effect,” by which the plane of polarized light waves
is rotated when these waves pass through a trans-
parent medilm in a magnetic field.

Betore deseribing the microwave application. let
ns first consider how light waves are rotated.
Michael Faradav discovered that the plane of polar-
ization of Hght waves could he rotated when travel-
ing t]n'(mgh a transparent medium in a direction
parallel te the direction of a magnetic field. This ro-
tation is non-reciprocal — that is, the sense or diree-
tion of the rotation is the same for both directions ot
propagation — and this fact distinguishes it from
rotations that occur in opticallv “active”™ substances

OCTOBER. 1955

such as quartz and nany sugars. in which the rota-
tion of a reflected wave cancels the original.

Lord Ravleigh in 1901 deseribed w one-way truns-
mission svstem in optics using two polarizing Nicol
prisms oriented at an angle of 45 with cach other.
Placed between them was a material such as plate
alass. which caused the Faraday rotation. A Nicol
prism is a selective optical device that perniits tull
intensity of transmission onlv when the direction of
the plane of polarization coincides with a given axis
of the prism. It completely cuts off the Tight when
the plane ot polarization is at right angles to the
axis. Light. after passing through the first prism. had
its plane of polarization rotated 45 by the trans-
parent material with its associated magnetic field.
This rotated wave passed throngh the second prism
without hindrance. In the reverse direction, how-
ever. the wave was rotated another 45 and was
unable to pass through the first prisin. It was further
shown by certain other investigators that ferro-
magnetic materials produced the Faraday rotation

o]
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cffect more easily than ordinary transparent ma-
terials.

In 1950, C. L. Hogan of Bell Telephone Labora-
torics demonstrated that magnetized ferrites also ex-
hibit such a non-reversible Faraday effect at micro-
wave frequencies, and that these ferrites are essen-

I e oHE W
i R i

Fig. 1 — bove: the completely assembled isolator.

Ferrites and absorbers in polyfoam supports are seen

belorwe.

tially transparent to microwave energy. With fer-
rites, passive devices called “isolators”™ can there-
tore be built to permit microwave energy to be
passed freely in one direction, and substantially sup-
pressed in the other. This contrasts with most other
passive transmission devices such as those using
wires, resistors, and capacitors. Such components
have no inherent “sense of direction,” so that a trans-
mission system using them can ()rdinuril_v transmit
equally well in either direction.

An isolator. as the name implies, is used to pre-
vent or reduce interaction between cireuit elements.
A particular need for such a device was at hand in
an experimental repeater svstem operating at 11,000

* Reconn, April. 1955, page 131,

Fig.2— Exploded
view of parts of X
double-ferrite iso-

lator.
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megacyeles.® In radio systems generally, and par-
ticularly in cases where an oscillator delivers power
(lirectly to an antenna at the end of a long trans-
misston iine, distortions can be produced by the
wave reflected from the antenna. Thus, the antenna
impedance scen by the oscillator may be a rapidly
varying function of frequency. The frequency will
be “pulled” up or down depending on the phase of
the reflection. If frequency modulation is used, the
distortion resulting from “frequency pulling” would
make systems using long waveguides impracticable.

The desired performance of the isolator was that
it should have a forward loss of not more than a
fraction of a decibel and a reverse loss of 50 decibels
or greater. Since it has been difficult to obtain con-
sistentlv more than about 35 decibels isolation when
using a single ferrite rod isolator, it was decided to
provide a double or two-section device (Figure 1).
A double isolator has other advantages, such as
widening the range of operating temperature and
frequency.

The function of this isolator can be followed with
the aid of Figures 2 and 3. Figure 2 is an exploded
view photo of the individual parts, and Figure 3 is
a simplified drawing that illustrates the operation
of the more important elements. The illustration at
the head of this article shows the author (right) dis-
cussing a ferrite problem with W. F. Bodtmann at
ITolmdel Laboratory. The ferrite is held alongside
an electromagnet used for rotation studies.

In Figure 2, a1 and a2 are transformer plates to
convert from 0.4 inch x 0.9 inch rectangular wave-
guide to a 0.75 inch inside diameter round wave-
guide. The first of these transforms the wave in the
rectangular guide, which is called TE,q, to a TE,
wave in the circular guide. which contains the fer-
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rite. The configurations of the electric lines of force
in the two guides are shown in Figure 4. Faraday
rotation can occur only in a \V‘IV("TIII(I(‘ capable of
supporting waves of all l)()]dllZdtl()I].S—\’(‘lthd], hori-
zontal, or any intermediate orientation. The rec-
tangular guide of Figure 4 can transmit onlv the

PLANE OF
ELECTRIC
WAVE

TE,

with tupered ends to reduce the mismateh that is
involved.

The center cross-component absorber v is of the
same material as B1 and B2 and has 45-50 decibels
attenuation. The 45 rotated wave is not affected by
this absorber since it is mounted in the guide $0°
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Fig. 3 Simplified drawcing showing rotation effects inside evlindrical section of isolator.
; { £ A

vertical polarization as shown. The svmmetry of
is such that it has no
preference of polarization, and when Faradav ro-

the circular guide, however.

tation is produced 1)_\/‘ the ferrites, the wave is prop-
agated without distortion or attenuation.

The units labeled 81 and B2 on Figures 2 and 3 are
cross-component absorbers made of 3 mil thick car-
bon-loaded polyvinyl resistance sheets of a size to
produce about 35-140 decibels attenuation to any
cross-component waves that may be present due to
irregularities in the round guide or that may be gen-
crated in the ferrite rods. These units absorb energy
when they are parallel to the lines of clectric foree.
The TE,; wave entering the round guide is not af-
fected by the first absorber B1, since it is in the hori-
zontal plane at right angles to the lines of electric
force. The plane of polarization of this wave is ro-
tated 45 by the first ferrite c1. The ferrite rods
were cut to a size that produces the desired rotation
with the necessary magnetic ficld. The rods are
about 0.150 inch in diameter

OCTOBEL, 1955

and 2.5 inches long,

from the electric plane of the rotated advancing
wave. The second ferrite 2 also rotates the plane of
the wave 457, but the horizontal field of the magnet
E2 associated with this ferrite has been purposelv
reversed from that of 1 and thus causes a rotation
in the opposite direction. This reversal in field places
the plane of the wave exactly in the same (vertical)
direction as the input. The wave passes absorber 2
and into the output rectangular guide without any
attennation.

Any wave returned toward the generator by re-
flections from output circuit mismatching should
then be attenuated by the isolating action of the de-
vice. Tracing the wave on its return journey will
demonstrate how this takes place. The absorber B2
again has no effect on the return wave. Smee the
Faraday rotation effect is non-reciprocal. the ferrite
¢2 rotates the wave another 45
tion that the wave was rotated for the forward trans-
mission. This brings the electric plane of the wave
in the same plane as the absorber p, which s there-

in the same direc-
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RECTANGULAR
WAVEGUIDE

Fig. .l — Left: configuration of electric lines of foree
of TE ) wave in rectangular guide: right: lines of
force of TE,; wave in round guide.

fore able to l)r()(lucv its maximum attenuation. The
residual wave puassing this absorber in the return di-
rection enconnters the first ferrite <1 and s again
rotated and appears at the input end of the
isolator in the vertical plane. It is able to pass nto
the generator waveguide sinee it is not attenuated by
s1. The amount of the isolating action of the device
therefore depends almost entirely on the center ab-
sorber b, since B1 and B2 nnn]v absorbh extrancous
cross-components and prevent th(*n reflection,
Alnico-5 permanent magnets g1 and g2 produce
the Tongitudinal magnetic field along the axis of the
ferrite rods. which in turn produces the rotation of
the plane of polarization of the TE,, wave, The cf-
fective ficld in the ferrites may be adjusted by slid-
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Fig. 5 — Loss and rotation characierisiics of tico fer-
rite rods used in isolator; the magnetic field

adjustod to give 15° rotation for both ferrites.
7 &
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ing the maguet zll()ng the round \Vuvegui(le tuhing.
This produces the correct field in each ferrite to
give the exact 45 rotation required.

The absorbing elements and ferrite rods  are
mounted in polvtoam supports, which are cemented
in place in their proper positions in the finished de-
vice. These polvfoam picces introduce negligible
loss in the system.

The ferrite material used in these isolators was
chosen as a result of a development program of our
Metallurgical  Rescarch Dt‘purtment Ferrites are
[(ll()nl(l”ll(‘tlc oxides that are structurally the same
as magnetite or lodestone. Mixtures of the oxides
of nickel, zinc, nagnesinm, manganese and iron in
various combinations are pressed into desired shapes
and then heated to temperatures of the order of
1,000 degrees Centigrade. Many factors enter into
the choice of a ferrite for a particular application.
such as insertion loss and rotation as a function of
size, shape. and d-¢ field: frequency and tempera-
ture sensitivity: reproducibility: and the case with
which they may he gronnd into shape.

The fervite chosen in this case, a nickel-zine-iron
oxide mixture. has favorable characteristics with re-
spect to most of these factors, the least favorable
beimg frequency and temperature sensitivity. The
insertion loss for ecach of the individual rods is
less than 0.1 decibel. Figure 5 shows the loss and
rotation characteristics as a function of applied de
ficld for the two sizes of rods used.

The over-all forward loss of the complete device is
measured by noting the difterence in power output
when the isolator is removed and replaced with a
straight section of waveguide of similar length. The
over-all forward insertion loss was about 0.25 decibel
at the ()p('rating froquenc‘\f.

The reverse loss or isolation was measured by re-
versing the isolator so that transmission is in the
opposite direction from normal. If all the adjnst-
ments had been made as outlined, the isolation
should be equal to the loss in the center absorber or
15-50 decibels. It has been found,
slight readjustments of the position of either or both

however, that

magnets, and perhaps an adjustment of the angle
of the center absorber, materially improve the iso-
lation. It has been possible to make corrections so
that the final values of isolation at a given operating
frequency are about 32 to 55 decibels.

The requirement for the initial use of these iso-
lators was that they have over 50 decibels isolation
to 11.7 kilo-

nw(nlcvclos operating band. Figure 6 shows the fre-

at a particular h(qnenc\ in the 10.7

quency characteristic of one Of these units, which
was adjusted to have maximum isolation and mini-
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nunn forward loss ab 11,083 Kilomegaceveles, It will
be seen that it provides a value of isolation of 53
decibels and a forward loss of 0.25 decibels at the
specified frequency.

After having been adjusted at a given f]'(‘(lll(’l)("\',
the isolators show a variation in isolation as a func-
tion of temperature. Starting at 35 decibels for a
purticu]ur ssolator at room temperature, the isola-
tion decreases for both higher and lower tempera-
tures, decreasing to about 40 decibels at 140 degrees
and at 0 degrees Fahrenheit. This falling off in
isolation is due to the fact that the rotation caused
by the ferrite rods changes with temperature, be-
coming less as the temperature increases, This
change in rotation becomies more rapid as the Curie
Temperature point is approached. The Curie point
is that temperature at which a given material loses
its magnetic effects, and for the ferrites used, it is
about 300 degrees Fahrenheit, Ferrites having much
higher Curie points would be a remedy for this
temperature variation, and such ferrites are now
available having similar rotation and loss charac-
teristics as the lower Curie point materials.

At a given temperature, as shown in Figure 6, the
isolation also varies considerably as a function of
frequency. This is due to the increase in rotation of
the individual ferrites with frequency and depends
upon nanv factors, such as the diameter of the rod,
density of the ferrite. and closeness of operating
trequency to the guide cat-oft, Various schemes for
compensation of this 1'()t;ati01l-fr('(luvncy sensitivity
have been snggested. '

The double isolator itself is one form of such com-
pensation. For some upp]icuti()ns where the re-

THE AUTHOR

quirements call for operation over a wide band
rather than at a single frequency, it is desirable to
rotation at a
value above the operating fr('(lnenc"\\ and the other,

adjust one of the ferrites to give 145

below it Measurements have been made of the
characteristics of isolators adjusted to operate over

the 107 to 117 Kilomegacvele band without the
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Fig. 6 — Frequeney characteristic of double isolator circuit.

Note forieard loss of only 0.25 decibel and reverse loss of 33

decibels at 11.03 kilomegacveles.

rvquir('m(‘nt of extreme isolation at any purticul;n’
frequency. One such wnit gave 30 to 35 decibels
isolation at the edges of the band but did not exceed
45 decibels at any frequencey between.

The isolators deseribed in this article are not pro-
duction models but were built on an experimental
basis for research projects. Investigation is continu-
ing on ferrite properties and configurations of isola-
tors, and these investigations should result in -
proved devices for this and other microwave fre-
quency bands.

OCTOBER, 1953

J. P. sanveenr joined the Engincering Department of the Western Electric
Company in 1915 and later received o B.S. degree in Electrical Engincering
in 1921 and his E.E. degree in 1925 from Cooper Union. He was early engaged
in Tundamental studies of radio cirenits and in the development of long and
short wave high-power radio transmitters. After joining the Laboratories group
at Deal, New Jersev in 1928, he studied the propagation of radio swaves through
the upper atmosphere. incliding the effects of sunspots and magnetic storms.
During World War 11, he was concerned with the development of radar and
countermeasure milit:lry (‘(Illi])ll](‘llt. For the past ten vears, he has done
research principally on microwave radio relay svstems including studies of the
use of ferrite materials. He has been at the Holmdel Laboratories since 1933,
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Fqualization

in the 1.3 System

E. G. MORTON

Transmission Systems Development 11

Prior to the development of the L3 system, high-quality equalization in long-

distance carrvier systems was provided by extensive studies after the systems

were put in the field. In the L3 system, engineering studies at the Laboratories

made it possible for the first time to provide automatically controlled equal-

izers that could be installed at the same time as the system itself. Not only

does this advanced technigue make for greater economy and higher efliciency

in the present system, but its flexibility promises still greater improvements

in long-haul telephone and television transmission.

When telephone or television signals are trans-
mitted over long distances, the relative amplitudes
of various signul frequencics in the transmission SYs-
tem must be maintained essentiallv the same at all
times. Lurge deviations from uniformity may cause
intolerable distortions in telephone conversations,
introduce echoes or “ghosts” in television pictures,
or affect the performance of long distance dial
switching systems. The problem of correcting devi-
ations from uniform or “flat” transmission is that of
system cquulizution.

In the L3 system, the largest deviation from fat
transmission is caused by the loss in the cable —a
loss which rises with frequency. To compensate
for this, the gain-frequency characteristic of the line
repeaters is designed to match the loss characteris-

° Recorn. April, 1954, page 139.
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tic of four miles of cable.® Although the line re-
peater may therefore be considered as providing the
first coarse step of equalization, its gain is not a per-
fect match for the cable loss because of the finite
number of its elements and because of the difficulty
of measuring accurately the gain of a single repeater.
Consequently, there is a residual gain distortion for
cach auxiliarv repeater section (approximately four
miles of cable and a single line repeater). Since this
residual distortion is small, it is permitted to accu-
mulate through a number of repeaters before it is
equalized or corrected.

There are many other causes of deviation from
flat frequency transmission, some fixed. and some
variable with time. Among these are variations from
nominal in the values of the electrical elements in
the repeaters, temperature variations in the cable
and repeaters, and such changes in element values

BELL LABORATORIES RECORD
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in time as the change in transconductance or gain
i the electron tubes. Of these, only the variation of
the cable’s loss-trequency characteristic with tem-
perature is large ('n()ugh to necessitate correction at
cach line repeater. The other deviations are smaller
and are allowed to accnmulate for correction at the
equalizing repeaters located at approximately 125-
mile intervals along the line,

In the L3 system the frequency of adjustment nec-
essary to mecet transmission 1'(*(111i1'(’11]011ts determines
the tvpe of equalizer used, and the frequency with
which the equalizer needs to be adjusted s depen-
dent on the rapidity of the svstem gain changes due
to the various sources of deviation. Fixed deviations.
such as the mismatch between the gain charac-
teristic of the line repeater and the loss characteris-
tic of four miles of cable, are corrected by fixed
equalizers. Other deviations, such as those caused
by the replacement of amplifiers, are slowly variable
and are best corrected by equalizers which are man-
ually adjusted after a given number of amplifier
(lmntfes In the illustration at the head of this article,

C. Il. Dvkeman is shown controlling thermistor

currents preparatory to adjusting the manual equal-
izers. Relatively rapid variations, like the trans-
conductarice clmnGe of electron tubes, introduce
deviations from ﬂatn(,s.s of as much as 1 db per week
tor everv 1,000 miles of cable. Another rapid varia-
tion of equal severity is caused by changes in the
temperature of the huts housing the line repeaters.
Deviations such as these accumulate continuously
and are best corrected by automatic equalizers.

Figure 1 illustrates the fixed gain deviation in one
zmxilim‘y repeater section in tll(, L3 svstem. For rea-
sons of economy, only two designs of fixed equalizer
are provided, despite the fact that the lengths of
equalized sections are quite variable.

Where the accumulated gain deviations are slowly

0.20 J

0.10 e e e
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DEPARTURE OF REPEATER GAIN IN DB
FROM REFERENCE GAIN AT 7.266 MC

|
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Fig. 1 - Fixed gain deviation in one auxiliary re-

peater section,

OCTOBER. 1935

varying, unpredictable, or both, manually adjustable
Lqualuels with a high degree of H(‘\]bl]]t\ are em-
ploved. In the case of the I(‘I)ldL(‘I]]t‘l]t of ‘llllpllflt‘ls
due to element failure, a gain deviation results be-
cause of the differences in the clement values in
the new and old amplifiers. The characteristic of this
gain deviation cannot be predicted because of the
many clements involved. Another gain deviation oc-
curs when the fixed equalizer does not exactly com-
pensate for the number of anxiliary repeater sections
between main or terminal repeaters.® The compen-
sation introduced by the fixed equalizer can repre-
sent cither a gain or a loss depending on whether
it undercompensates or overcompensates for the
number of sections included. Some minor gain devi-
ations resulting from imperfections in the charac-
teristics of the antomatic (‘qualizers are unpredi('-
table and dependent on the initial settings of the
automatic equalizers.

Although ecarlier coaxial svstems required exten-
sive measurements for the design of their auto-
maticallv controlled equalizers, in the L3 svstem
some of the sources of gain deviation were antici-
pated, and automatic equalizers were designed con-
currently with the development of the system. The
automatic cqualizers designed to compensate for
such known and predictable changes were appropri-
atelv called “canse-associated” networks.

Data on the effects of temperature variations in
the cable were based on theoretical computations
and later verified by caretul measurements. The de-
rived variation in cable loss is verv nearlv propor-
tional to the square root of frequency and directly
pr()p()rti(mul to temperature change.

Data were computed for the design of the equal-
izing network that corrects for variations in repeater
gain with tube aging. and the results were substan-

Reconn, May, 1955, page 182
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tiated by laboratory and field measurements. The
0(111‘111/(1 loss- he(lmnm characteristic which com-
pensates for such gain changes is shown in Figure 2.
The curve illn.stmt(.s the chamov in gain at one re-
peater that ocurs when the transconductance of cach
tube in the repeater is reduced 1 db.

Computation of a third causc-associated network,
used in the L3 svstem to compensate for variations
of repeater element values with temperature, was
u)m])hcat( d l)y uncertainties in the temperature co-
efficients of manv of the vepeater elements. For this
reason, the effect of variations with temperature was
determined by Taboratory measurements under sim-
ulated operating conditions. The combined eftect of
temperature changes on all elements is shown in
Figure 3 for plus or minus 40 F variations in the
ambient temperature of the repeater,

The cause-associated networks provide antomatic
equalization through the use of variable resistors,
called thermistors, as network elements. These ther-
mistors respond to variations in the amplitude of
single frequency pilot signals transmitted over the
svstem, As the amplitudes of the pilot frequencies
(-hungc because of temperature or uging cffects in
the svstem, regulators®
matic ('qna]ix('rs mtroduce compensating cffects.

sense the change, and auto-

Although the regulator controlling the line ampli-
fier operates in response to changes in the 7.266 ke
pilot frequencey only, no single pilot may be used as
a measure of transmission clmngo over the entire
frequency band of the L3 svstem. For example, the
operation of the three antomatic cqnulizers in main
or terminai repeaters is dependent on pilot frequen-
cies at 308, 2,064, and 7,266 ke, but the thermistors
in these cqualizers receive their control currents

° Reconn, October, 1954, page 385, 1 Loc, cit.
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from computers rather than directly trom the regn-
lators involved.t

Pilot frequencies are supplied to the input of an
equalizing section by two methods. In some cases
oscillators supply the pilots directly, but in the ma-
joritv of cases the pilots are supplied from the pre-
ceding equalizing section. In the first case, the rigid
requirements placed on the amplitudes of  trans-
mitted pilots are met by the design of the oscillators.
but when the preceding equalizing section supplics
the pilots, an additional amplitude control is needed
at 308 ke because equalization of the preceding sec-
tion s not perfect at this frequency. This need s
filled by a narrow-band, manually adjustable equal-
izer. The frequency characteristic of this equalizer
for the two extreme settings of the control dial trom
mid-position are shown by the solid and dashed line
curves of Figure 5.

Further planning for equalization of the L3 sys-
tem includes the provision for long-distance televi-
sion service. In these long-haul svstems. involving
over 1,000 miles of cable, many complex eftects be-
come troublesome that were previously of minor im-
portance. Repeater
strictlv with
eqndlu('d over the range of temperatures encoun-

gain variations which are ot

linear temperature . must now e

tered in service: the fact that all electron tubes in

a repeater do not age at the same rate must be

Fig. A— 1
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www.americanradiohistory.com

taken into account: aed increased importance s
given the variations in the response of the regulating
network of the line repeaters at the extremities of
its operating range,

On the basis of compntations now being made to
evaluate these more complex effects, three additional
antomatic equatizers will e designed. Interpretation
of the data will be facilitated by the results of sta-
bilitv measurements now being taken on an existing
L3 svstem. When the new antomatic equalizers are
installed, additional manually adjustable equalizers
will be used to control more closely the amplitudes
of the received pilot.

In l)mcticv. the vqmll]i'/.uti()n structure of the L3
svstem has proved to be extremely flexible For ex-
ample. manually adjustable cqualizers have now
been developed to improve transmission in the tele-
vision band of the svsten. These equalizers, inde-
pendent of those mentioned carlier, will be located
in the television branch of the receiving terminal.
Svstem modifications can therefore be made without
extensive changes in the basic equalization plan.

THE AUTHOR
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Fig.5 — Loss characteristic in the 308 kilocyele pilot

correction equalizer.

even in those instances where new equalization tech-
niques mayv be required. This fexibility should sim-
plify complex equalization problems and improve

long-haul telephone and television transmission.

E. G. Mowrrox joined the Laboratories in 1935, As a Technical Assistant,
he helped with the development of test equipment for the L1 coaxial svstem
and engaged in field work on Svstem measurements. During World War 11 he
worked on the design of test equipment for measuring characteristics of wave-
guides and coaxial cables. In 1944 he became a Member of Technical Staff,
and since the war he has heen engaged in the design of test equipment for the
L3 svstem and in various other phases of its development. Mr. Morton received
a B.S. degiee in Electrical Engincering from Polvtechnic Tnstitute of Brooklvn.

Patents Issued to Members of Bell Telephone Laboratories
During the Month of July

Dunlap. K. S. — Repetitive Telephone Calling System: Ean-
ploying Power Supplied Qver the Subseribers Loop
2,713.617.

Field. L. M. - Oscillation Generator — 2,712,605,

Hewitt, W L Jr. — Hall Effect Devices — 2.714.182,

Kannenberg, Wo Fo— Orifice Coupling to Resonant Cavitics

2,713,153,

Malthaner, Wo AL and Vaughan, 1L K., — Arangement for
Supplying Alternating Current Power for Actuating Tele-
phone Subscriber’s Station Equipment Over the Sub-
seriber’s Loop Cirenit — 2.713,613.

N

OComwor. T, )., and Williams, C.
Mechanism — 2,714,000,

Ruisheck, G.oand Walluce, R Lo i
lator Circuits — 2.713.665.

Sears. R. W,

H.. — Spring  Return
Transistor Madu-

Electron Discharge Devices — 2.713.650.

Vanghan, Ho K see Malthaner, WA
Wallace, R. T,
Williams, C. 11,

Winslow, F. 11,

Jr.. see Raisbeck, G

see O'Connor, T .

|0
-1
1]
bol ]
[o%)
p)

Production of Polymer Spheres —

.

OCTOBER, 1955

393

www.americanradiohistorv.com


www.americanradiohistory.com

A

i

[\
Be

.
T
SS

A,
——r T
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“Two-"Train’
Switching
in Toll Crossbar

Offices

Switching Engineering

One of the less publicized but important features of the 1A toll

crossbar system is the “‘combined”

trains. In the “separate-train®™

i
is

operation of two switching
arrangement of the earlier No. 4
and A4A systems, one group of ¢ roiihar switches, called a

“train®’,

s used for outward and through toll traffic, and a separate train
used for inward traffic. The 4A system also uses two trains, but

so combined as to give increased traflic-handling capacity and
greater efficiency of associated conmion-control equipment.

A substantial increase in toll traffic during the
past few yours has caused the maximum capacity of
several No. 4 and A4A toll crossbar svstems to be
reached or closely approached. Between 1948 and
1954, the number of toll calls per dayv handled by
the Bell Svstem increased dppm\mmtcl\' 1% mil-
lion, blgmc L. In 1954, over fifty per cent of these
calls were dialed to completion — that is, without
the services of any ()pomt()r other than the one orig-
inating the customer’s call. During these same vears
the numl)(‘ ot dial-tvpe 111t(‘1t()11 trunks increased
from ten thousand to seventy thousand. Figure 2.
Toll traffic is still increasing and estimates of future
growth indicate that two toll crossbar svstems will
eventually be required in some cities.

One objective in the development of the 4A sys-
tem was incereased traflic-handling capacity over the
earlier No.
before a second system is required in heavy traffic

4 and AdA svstems, to extend the time

394

areas. The 44 (lesi<f11 serves up to 2,500 more inter-
toll trunks than thv older svstems, and permits more
c[ﬁment use of common-control equipment. Figure

4 shows the relationship between the number of
intertoll trunks and frames in both the old and new
designs for two hypothetical traffic situations.

The larger No. 4 and A4A toll crossbar offices are
provided with two s‘cpurute “trains” of switching
(qmpmcnt A “train” consists plll]ldll]\ of 111c()mmtT
and outgoing link frames. through which connec-
tions between trunks are established by markers
associated with that train. In these earlier systems,
the two trains were designed to handle different
tvpes of traffic. The intertoll 1 train was designed
to serve only outward and through traffic, and the
toll - completing tc train to serve only inward
traffic. This arrangement is cconomical for installa-
tions not requiring the additional traffic-handling
capacity of the 4A.

BELL LABORATORIES RECORD
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In some cities, the capacity of the carlier svstems  the No. 4 and A4A svstems. this transfer entails
has been reached because of the limitations of the certain penalties.
i trains. Although inward traffic to the ve trains Separate-train 1r-re operation in No. 4 and A4A
has also incareased, some of it has been transferred offices is ilustrated in Figure 5. Incoming intertoll
to crossbar tandem offices. This provides reliet for trunks that carry only inward traffic (a) appear
the 1o trains and, in most cases, spare capacity. it only on the ro train; those that carry both inward
is therefore possible in some instances to transter and through traffic (b) appear on hoth trains. From
a limited amount of outward traffic from the 11 to the outward toll switchboard, two groups of toll
the “de-loaded” tc trains. Ilowever. because of tandem trunks (¢) are provided, one to cach train,
some differences between rroand re operation in A single group of toll tandem trunks from decentra -

ized toll switchboards (d) appears on both trains.
All these different tvpes of trunks must be connecte:l
through the office to the proper tvpe of outgoing
trunk. Normally, outgoing intertoll trunks appear
only on the 1T train, and toll-tvpe codes — those
with a 0 or 1 as cither of the first two digits. such
as 102 or 124 — are assigned to these trunks, Toll-
completing trunks appear on the 1e train, and locul
office codes such as CH3 are assigned to them.
When an incoming (a) or (¢) trunk appears on
onlv one tram. the outgoing trunk will also be on
that train and the proper tvpe of marker — 11 or e
— is dictated by the incoming trunk itself. However,
when the incoming trink appears on both trains.
the tvpe of code received — toll or local office —
determines on which train the outgoing trunk :s
located and which type of marker is necessary.
Because of the difference in code requirements
tor the two trains, difficulties arise when outgoing
intertoll trunks arc assigned to a de-loaded tc¢ train.
Toll-tvpe codes might be assigned to these trunks,
and theyv could then be reached by incoming trunks

Fig. 3 R. L. Ilsley of Long Lines traces a circuit  that appear only on the tc train. They could not,

through the crossbar sicitches. however, be reached by incoming trunks that appear
OCTOBER, 1955 395
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Fig. 4 — Comparison of traffic-handling capacitios of the No.

and 4.1 systems for tiwco hypothetical traffie situations.

on both trains, since the received toll code will
alwavs choose a marker associated with the 11 train.
If local office codes can be assigned to these trunks,
thev can be reached by all incoming trunks ap-
pearing on the re or both trains.

However, assigning such codes is not always pos-
sible since in large metropolitan areas where this
transfer may be necessary there are a great many
local offices and, in general, most of the usuble codes
are already assigned. In addition, when 1 trunks are
moved to a ¢ train and new codes assigned, traffic
routing bulletins must be changed at all outward
and decentralized toll switchboards having access
to those trunks.

In the No. 4 and A4A svstems, the 1 train has
twice as many putlls between incoming and out-
going frames as the e train. With this design, the
probability ot a marker finding an idle path through
the 1 train on first trial is about the same as that
for the TC train with two trials. The extra paths in
the 1T train are necessary since intertoll trunks use
expensive facilities and seldom are provided as liber-
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ally as the less expensive toll-completing trunks.
During the busy hours. tfrequently only one intertoll
trunk in a group is free; the large number of paths
practically insures that an re marker will find an
idle path to a free trunk on first trial.

On the other hand, when a ¢ marker cannot find
a path to a selected toll-completing trunk on the
first trial, the trunks are tested in the reverse direc-
tion on sccond trial. With moderate traffic on toll-
completing trunks, a different idle trunk is usnally
selected and a new set of paths is tested. But, be-
cause of heavier traffic on intertoll trunks, second
trial is nsually of no benefit on those triunks trans-
ferred to the To train. In busy periods. a T¢ marker
will frequently choose the same idle trunk on second
trial, test the same busy paths, and the call will be
delaved, even though an idle trunk is available.

Two trains are also used in the new 4A switching
svstem, Figure 6, but operation is on a “combined”
basis, cach train being designed to serve all three
tvpes of traffic. All future two-train toll switching

INTERTOLL TRAIN
DECENTRALIZED

SWITCHBOARDS TRUNKS INCOMING OUTGOING
(LOCAL OFFICES) FRAMES FRAMES
(d) —> : .
TOLL
TANDEM
OUTWARD (€) —>
SWBD
INTERTOLL T
¥i (b} =

INTERTOLL
wARKERS

TOLL-COMPLETING TRAIN

s

TOLL TANDEM
() —
INTERTOLL

(@) —

TOLL—
COMPLETING
M &AKERS

Fig. 5 — Block diagram

of a No. 4 or 414 office.

offices will be of this tyvpe; carlier two-train offices
may or may not be modified for combined operation
when other 4A features are added, since individual
requirements will vary.

In “combined” operation, both trains arc pro-
vided with the same liberal number of paths, and
all incoming trunks, both intertoll and toll tandem,
are multipled to both trains. Outgoing intertoll and
toll-completing trunks are no longer restricted to
specific trains but may be assigned to either train.
This can be done without the code restrictions of
the No. 4 and A4A systems.
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A decoder and card translator are nsed to select
a marker, and the selection is not dependent upon
particular code tvpes or the location of an ircoming
trunk, as it was in the caslier svstems. In the 4A svs-
tem, the received code is the c()ntm]]m(f factor: any
code cuan be used to select a marker in either train.
A decoder can predetermine the availability of an
outgoing trunk and its train and then select the
proper marker: or a decoder can select a marker in
one train, have it test for idle trunks. and, if none are
available, seleet a marker in the other train and
have this marker test for idle trunks in its trai. Such
versatility is made possible by the multipling of
all incoming trunks to both trains, so that a marker
can set np a connection from any incoming trunk to
the outgoing trunk it sclects. This arrangement also
permits fu 1 flexibility in routing since  outgoing
direct-ronte trunks and  associated  alternate-route
trunks may be assigned to the outgoing frames of
cither train. However, it is preferable to assign all
associated trunks to one train or the other. since
shifting hetween trains results in increased decoder
holding time.

The two trains are functionally identical. and this
permits taking advantage of the non-coincicence of
the “bhusy h()urs of inward. outward. and through
traffic. B\' so doing. the markers are used more effi-
ciently. In the carlier svstems. enough markers had
to be ])l()\'ld(‘(] to take care of the peak loads in each
train, This meant that at some peak periods. while
markers in one train were being used at capacity,
those in the other train were being used at less than
capacityv. Qutgoing trank assignments in the 43

svsten can be made so as to distribute inward. out-

FHE AUTHOR

ward, and throngh traffic over both trains aad use
all markers more efficiently.

With all incoming trunks multipled to both trairs,
and outgoing trunks — both intertoll and toll com-
pleting — appearing on cither train, inter-train load

OQUTWARD AND

DECENTRALIZED INCOMING OUTGOING
SWITCHBOARDS TRUNKS FRAMES FRAMES

= TO TANDEM [%

N LL

7 & —_— ! |

~J

INTERTOLL
--

Fig. 6 — Block diagram of a
4.1 office.

balancing is done at the outgoing link frames. To
permit a straight transfer of one or more trunk
groups without disturbing other trunk assignments,
and thus aveid the costly process of exchanging and
rearranging trunk groups on both trains, spare ter-
minal capacity is provided. Trunks may be re-
assiened without the reassignment of codes, and
therefore without changes in bulleting and route
guides at  switchboards  having access to  these
trunks, as was previously necessary.

OCTOBER. 1935

J. J. Cozixg joined the Laboratories in 1936. while attending the Polvtechnic
Institute of Brooklvn,
fixed radio transmitters and receivers. During 1944 and 1945 he servec in the
Signal Corps. becom:ng wire chiet at General Headquarters in the Phiilipines.
H(’]()mlnz_, the Laboratories in
transmissian filters and networks, and then with texts and simplified ‘schematics
for plant training material. Since 1951, Mr. Cozine has been engaged in the
engineering study and pluming for local and toll crossbar svstems and CANAL

His activities included work on mobile, aireraft, and

1946, he was concerned for two vears with
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Instructions are fed to the M-1 from a punched tape, like
that held here by R. F. Mallina who designed the machine.

An ambidextrous machine that can automatically
wire complex electrical apparatus was recently an-
nounced l))' the Laboratories. The experimental ma-
chine, called the "M-4" was developed to study
apparatus and equipment designs best suited for
automation.

Designed by R. F. Mallina, the M-4 can neither
see nor hear, but it can “feel” and thus follow in-
structions with great accuracy. Instructions are fed
to the machine from a punched tdpe A series of
relays, translate
this information into electrical signals. The signals
then control the cams and gears of the machine. It
uses a process for making solderless wrapped con-
nections, also started at the Laboratories. This proc-
ess, applied by hand controlled tools, is now used
for important production work by the Western
Electric Company. Connections are made by au-
tomatically wrapping six turns of solid-conductor
wire around a rectangular terminal. The high wrap-
ping tension provides an airtight, corrosion-resistant
contact between the wire and terminal at numer-
ous points. Bell Laboratories tests indicate that the
solderless wrapped connection could be expected
to provide a satisfactory connection for at least the
life of associated apparatus. Solderless wrapping
eliminates the danger of burns from hot soldering
irons. It does away with disagreeable solder fumes
and the chance of short-circuits from solder splashes
or wire clippings.

The experimental machine uses two rotating spin-
dles. The wire is fed directly from a large spool.
One spindle pulls the wire, in an inverted L-shaped
movement, to a connecting terminal. At the same
time the wire is cut to the correct length at the
second spindle. The spindles remove a bit of insula-

acting as the machine’s “brain,”
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Awtomatie 1 'I'rl'ng
Machine Announced

tion from cach end of the wire as they whip the
bare wire ends around the terminals. This produces
a pressure of about 15,000 pounds per square inch
at cach contacting area. Following their punched
tape iustructions, the spindles then pick up the
supply wire from the spool and move to the next
electrical connection where the process is repcut(’(l.
Machine wiring climinates the need for preparing.
storing and ]]dl](”l]](’ many short pieces of wire.

The M-4 can be use(l in conjunction with plastic
panels, all alike, on which are mounted different
groups of electrical parts such as electron tubes,
or transistors, resistors, and capacitors. The ter-
minals of the parts protrude through holes in the
pancls spaced at regular (modular) intervals.

It can be visualized that when suitable appara-
tus and equipment designs are ready for manufac-
ture, several machines (le\'el()pe(l dl()n(f the lines
of the M-4 might be used at once, il receiving
instructions from a common “brain.”

Bell Solar Battery in Service

The Bell Solar Batterv will be placed in service
on October
4 to furnish electrical power to a rural telephone
line. This will be the first time the sun’s energy
has ever been used in such a manner.

This development is a part of the Bell System’s
continuing research to help bring more and bet-
ter telephone service to rural areas. The solar bat-
tery will feed power to a new rural telephone sys-
tem using transistors instead of electron tubes.

The experiments are being conducted jointly by
Bell Telephone Laboratories and Southern Bell Tel-
ephone and Telegraph Company.

in an experiment near Americus, Ga.,

Dial System for Ford Motor Co.

The second largest industrial dial telephone svs-
tem in the United States was cut into service re-
cently by the Michigan Bell Telephone Company
for the Ford Motor Company at its 1,200-acre
Rouge manufacturing area in Dearborn, Michigan.

Over $1,000,000 and 75,000 man-hours were spent
on the installation of the system, which will serve
6.000 telephones and handle as many calls annually
as Michigan municipalities like Battle Creek or Bayv
City. The new svstem can handle over 1000 simul-
taneous calls.

BELL LABORATORIES RECORD
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Dr. Kelly Gives Talk

“Factors Promoting Productivity in Rescarch and
Development at Bell Telephone Laboratories™ was
the subject of a talk given by Dr. M. J. Kelly on
September 13 hetore the 128th national meeting
of the American Chemical Society in Minneapolis.
The meeting which Dr. Kelly addressed was spon-
sored by the Society’s Division of Industrial and
Engineering Chemistry.

W.H. Martin Named Director

of Army Research and Development

The Secretary of the Army last month announced
the appointment of William H. Martin, retired Vice
as Director of Re-
scarch and Development for the Army. The ap-

President of the Laboratories,

pointment became  effective September 1.

Witniant I Marnin

Mr. Martin, who has been Deputy Assistant Sec-
retary of Defense for Applications Engineering, re-
tired from the Laboratories in January 1954, atter
more than 42 vears of Bell Svstem service. THe re-
ceived the B.A. degree from Johns Hopkins in 1909
and the B.S. degree from Massachusetts Institute
of Technology in 1911, 1le then joined AT&T.,
transterring to the Laboratories in 1934, He served
as Switching Research Director, Director of Station
Apparatus Development and Director of Appara-
tus Development before being named Vice Presi-
dent in 1949. He joined the Defense Depurtment
upon his retirement from the Laboratories in 1954.
In his new post, Mr. Martin will be in charge of
all plans, implementation and financing of research
and development projects for the Army.

OCTOBER, 1955

H. P. Moulton Elected
A. T. & T. Vice President

Horace P Moulton was recently clected Vice
President and appointed General Counsel of Ameri-
can Telephone and Telegraph Company, suceeed-
ing T. Brooke Price. who retired September 1.

MovrLron

Horace P.

Mr. Moulton has been Associate General Coun-
sel for AT.&T. since last April. A graduate of Dart-
mouth and Farvard Law School, Moulton has been
with the company since 1951, Previously he was
counsel for the New England Telephone and Tele-
graph Company, and hefore that, was asscciated
with a Boston law firm.,

Kenneth Bullington Honored by I.R.E.

Kenneth Bullington of the Laboratories has been
named by the Institute of Radio Engineers as recipi-
ent of its Morris Liebmann Memorial Prize, awarded
annually in recognition of important contributions
to the radio engineering art.

The prize. to be presented during the LRE. na-
tional convention in New York City nexst March,
was given “for his contributions to the knowledge
of tropospheric transmission bevond the horizon.
and to the application of the principles of such
transmission to practical communications systems.”

Mr. Bullington joined the Laboratories in 1937
and since that time has been engaged almest en-
tirely in studies relating to the propagation of radio
waves. Iis work on scatter propagation during the
last three vears has been a major factor in extend-
m(f the range of militar v communications svstens.
These systeins can transmit television pictures 200
miles, as recently announced by the Laboratories.
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Papers Published by Members of the Laboratories

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

Arnold, W. O., and Hoefle, R R, A System Plan for
Air Traffic Control Embodying the Cussor-Coordinated Dis-
play, Proc. LRE., P.GAN.E. 2, pp. 14-22. June, 1955,

Boorse, . A., see Smith, B.

Brattain. W. 1., sec¢ Garrett, C. G.

Garrett, C. G., and Brattain, W. H., Physical Theory of
Semiconductor  Surfaces, Phvs. Rev., 99, pp. 376-388.
Julv 15, 1955,

Geballe, T. T1., see Mozxin, F. |.

Guldner, W. G., sce Wooten, L. A,

Haus, H. A. (M.LT.). and Robinson, F. N. H.. The Min-
imum Noise Figare of Microwave Beam Amplih’crs, Proc.
LR.E., 43, pp. 981-991, Aug. 1955.

Heidenreich, R. D., and Storks. K. 11., Note on Electron
Diffraction Patterns of CuO. J. Appl. Phyvs.. Letter to the
Editor, 26, p. 1056, Aug., 1955.

Hoefle, R. R.. see Arnold, W. O.

Kircher, R. .. Properties of Junction Transistors, Trans.
LR.E., AU-3, pp. 107-124, July-Aug., 1955.

Koliss, I. P., Mechanical Splice Closures for Telephone
Cables, Telephony, 149, pp. 23-24. Aug. 13, 1955,

Mever, F. T., Improved Detached-Contact Cirenit Draw-
ing, Elec. Engg., 74, p. 645, Aug.. 1955,

Moore, G. E., Wooten, L. A, and Morrison, ].. Excess Ba
Content of Practical Oxide Coated Cathodes and Thermionic
Emission, J. Appl. Phys., 26, pp. 943-948, Aug,, 1955.

Moore, G. E.|

Morin, F. J., and Geballe, T. H., Electrical Conductivity
and Secheck Effect in Nij, o, Fe, L0, Phyvs. Rev., 89, pp.
467-468, July 15, 1955.
sec Moore, G .

Pederson, 1. 0., The Regeneration Analvsis of Junction
Transistor  Multivibrators, Trans. LR.E., P.G.C.T.. CT2,
pp- 17TE-178, June, 1955.

Robinson, F. N. 1., sce flaus, H. A,

Smith, B., and Boorse. H. A. (Columbia  University),
Heliin 1T Film Transport. HL The Role of Filin Height,
Phys. Rev., 99, pp. 358-367, Julv 13, 19535.

Storks, K.

Treuting, R. G.. Some Aspects of Slip in Germaniam,
I of Metals, Seet. 2, 7, pp. 1027-1031, Scpt., 1955.

Walker, L. R.. Power Flow in Electron Beams, J. Appl.
Phyvs.. 26, pp. 1031-1033, Aug., 1955.

Wooten, L. A.. Moore, G. E., and Guldner, W. G..
Measnrement  of Excess Ba in Practical  Oxide  Coated
Cathodes. J. Appl. Phvs., 26, pp. 937-942, Aug., 1935,

Wooten, L. AL See Moore, G, E.

see Wooten, L. A,

Morrison, |..

1., sce Heidenzeich, R. D,

Talks by Members of the Laboratories

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

West Coast ALE.E. — LLRE. CoxveExTtioN, Sax Francisco

Beck, A, C., Wavegnides for Long Distance Conmunica-
tion.

Baldwin, M. W. Jr., The Subjective Sharpuess of Simnlated
Color Television Pictures.

Bowers, F. K., The Design of Blocking Oscillators  as
Fast Pulse Regenerators.

Linvill, J. G.. and Mattson, R.
Blocking Oscillators.

Mattson, R. ., sec Linvill, J. G.

Morton, J. A., Transistors Today.

IL., Junction Transistor

Schelkunoff, S. A., Conversion of Maxwell's Equations
into Generalized Telegraphists Equations.

OTHER TALKS

Anderson, O. L., Reversible Density Changes in Glass
Under Pressure, Gordon Conference on Glass Structnre,
Meriden, N. 11.

Davis, P. (National Burcau of Standards), and Pollak,
H. O., On the Analytic Continnation of Mapping Functions,
American  Mathematical  Society Summer  Meeting,  Ann
Arbor, Mich.

Felker, J. H., Transistor Applications in Digital Com-
puters, University of Michigan Summer School, Ann Arbor.

Fry, T. C.. Mathematics as a Profession Today —In In-
dustry, Mathematical Association of America, University of
Michigan, Ann Arbor.

McMillan, B.. Probubility and Statistics in Communica-
tion, Institute of Mathematical Statistics, Ann Arbor, Mich.

Pearson, G. L., The Silicon Solar Battery, American Physi-
cul Society, Mexico City.

Pollak, I1. O., sce Davis, P.

Schaefer. J. W., Somce Characteristics of Gnided Missiles,
Kiwanis Club, Plainfield, N. J.

Schawlow, A. L.. The Structure of the Intermediate State
in Slu_)vl'c()mlu(-tnrs, International Conference on Low Tem-
perature Phyvsics. Paris.

Slepian, D., The Coding Problem in Information Theory,
Institute of Mathematical Statistics. Ann Arbor, Mich.

Sparks, M., Transistor Chemistry, New England  Asso-
ciation of Chemistry Teachers, Tufts College, Medford,
Mass.

Vogel, F. L., Dislocations in Plastically Bent Germanium
Crystals. Physics of  Metals  Conference, Roval Military
College, Kingston, Ontario.

Weinreich, G.. The Diflusion Delay Diode, University of
Cambridge; Radar Rescarch Establishment; University  of
Bristol, England.
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