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Dislocations and
Plastic Flow in

Germanium

E. 5. GREINER AND W. C. ELLIS

!fr‘.]'r]”].lf .'_'].I 'ii.r Hi' Lt i |r|

In addition to its now well-kknown uses in deviees such as transistors, the
semiconductor germanium is being wsed at the Laboratoric= a= o powerinl
aid toward gaining increased knowledge about the nature of solids,
Germanium has a number of properties which make it almost ideally suited

for the study of dislocations and plastic flow that may, in turn, lead to

acldition al

hehavior of atoms in ervstal structures,

Germanium, 1'1.h'rl:~i'-'l'|j.' wsedl in =emicondoctor
.||‘.u|:|-|ir..1!irm~:_ is r:l:lin.llil}' considered to be a brittle
element, as it is in fact al room temperature.  Ex-
periments have shown, however, that the brittle-
FEss :]iuq'l-pr'-t:r-u al Iligill_'r temperatures, Germaniom
can then be bent, stretehed., |,'r'||:|1|:|n~u1-|_:| ar twisted
by quite large amounts. A single crystal, after ex-
tensivie :i*i[l'ril__’_ i% \.|||:|1.1.'|1 111 Fil_:ll:rq' |

Deformation of solid cermanium at high temperi-
tures makes a new -Ll'tl:l:lcl.n;]l |:||:-~.x.i!r|4' to Funda-
mcnital ltlli"‘\.tiilll'ﬁ L'l..ll'll;_'\ll'lllilil_'_" |‘.|I.|\.l|'|:' How.® This is
biecanse _‘._"ll'I':I'I'I.I!'II-III'I'I has several ]'III"IFE'I'E'I:”L'\ that are
of |:l.|rl|5|.'||f.’||:' value i the 1--I:|||.]:.' af |:_'|:|.~.I:|] l‘.l!:nl:il:'l!f...
First, :-r:'. stals af '_’||.'rr|!|:|l:|i1|I|:I CaLn |:'.n|-|:l.' be ETOWT
with relatively few dislocations compared to the
numbers present in metal erystals. Second, these
dislocations and others formed during deformation

* RBecomnp, August, 1955 pepge 255 § March, 1055, pape
104, | Aprl, 1938, page 135

J'"r'_r.'. i 'I'.'.r:\'u'raf Hlf _'.:r'.l'.l.lhr.ul;u.lrl freorsbeed al B507(,
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information concerning the strength of materials and  the

can be made visible in the form of etch pits.t Since
it is believed that plastie How oceurs by the multi-
plication and motion of dislocations,} the ability to
woe thie distribotions before amnd after deformation
i% a |:|-r'.1.1.'|,-r|'|,ﬂ aid to understanding this mechanism,

A third property of cermanium, uschul in this
‘utlll!i‘._ is that small amounts o ]1-|.1'~|!I|.' How canse
large changes in electrical conduetivity. These
l:']l.lll'_:_!"‘. are duoe E'||r|:|'|.|.ll|'|. 1] l.ll'._"l.' alterations in
the number of available carniers of electne charge
which result from structural impertections intro-
duced during plastic flow. Such imperfections in-
clude not only dislocations but also  vacancics
||||'||u::|:|r||'.;| lattaee <ates ) ol |II|-|':I'\.!IIi.II I:II'{E'-I_'!'-.
{ atoms not on |,|:|.xl:.:'| bttice sites), Since the
mechanism of condoction in semicondactors is well
||r:|r|1':|-.|:-e|-:||:.|_ il 1= '|'|-:|-~.i|:l]r ) relate the decrease or
INCTCAsE 1 |,'|:-||-:||||:ri'.it'. to the numbers and kinds
of these :'l:|||:||'|h'|.ri-:l||'- Althoush Ehis H'!.ltlnlrh]lip
e be nsed to study simialar |1|||:u_-|h-.: tions in ||:||l.'r.|l~\._
the |_':||.|.|1_'_-:: s in conductivity are much smaller,

A convenient method for deforming sermanium
15 b COMmpress il bistwen |!l.'.|t1":|*~. An apparatus Fou
carrying ount such COMPressions in an inert alimnos-
|1-'|||-r4' and at an elevated temperature i shown

|
.I;.IZIIHJ' I‘Il: IHI'_‘: |:-|1-:'r.||:1'|| 'IH Ii I'IHIL II1|_ ]I. l'.Ill |lt||.'r CO-
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Fig. 2 — Slip lines on an exposed mrj'u'-:ﬂ -n}' (A}
crystal compressed at 525°C and (B) erystal twisted
at 600°C. Magnification 75 diameters,

venient method is to twist single crystals under simi-
lar conditions of temperature and atmosphere. Single

tals of germanium have been deformed by both
of these methods and have been studied to obtain
information on the mechanism of plastic flow. This
knowledge, although obtained with germanium, is of
general application to many crystalline substances.

When a germanium cr:.’stu‘l is subjected to a
compressive force or to a torque after it has been
heated to a dull red color, the crystal does not
rupture but fows plastically. If the crystal is pre-
pared with smoothly polished surfaces and then
moderately u.lefnrmed slip or 1._1“!1. lines will form
on the exposed surfaces. These are shown in Figure
2A for compression and in Figure 2B for twisting.
Two scts of p:lml]cl lines, the slip lines, are visible in
each photograph. High resolution microscopic ox-
amination shows that these lines are steps in the
surface. The displacements are manifestations of
the movements of relatively large blocks of ger-
manium sliding on definite planes.

A determination of the crystal orientation with
X-rays, together with directions of slip traces, as in
Figure 2, has established that slip occurs on the
family of planes which crystallographers call the
octahedral planes. One of a set of these octahedral
planes is shaded in Figure 3.

The external slip markings on germanium de-
formed at elevated temperatures are the same as
those on copper or aluminum when these metallic
elements are deformed at room temperature. Slip
occurs on the octahedral planes in all these cases.

There are additional similarities between ger-
manium and the true metals. It has been found, for
4.1.1:mn11||r, that a germanium erystal work-hardens, or
becomes stronger, when it is being deformed. IF it
is then allowed to remain without stress at an ele-
vated temperature, it partially recovers, or softens,
just as do metallic elements — although metals have
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this property to a greater degree. Work hardening
and thermal softening are basically related to dis-
location imp-l*rl"vcll'nm. and with germanium erys-
tals, visible evidence for this can be obtained.

Since dislocations in germanium can be readily
disclosed by etching, a method was available to
ascertain whether the Row-produced displacements
of Figure 2 were related to dislocations. Two
specimens of germanium from the same single crys-
tal ingot were prc:lnn.'-cl-_ the tlunsit}' of dislocations
in one was measured in the undeformed c'r:,'s‘tal. andd
in the other after the erystal was compressed by 2.5
per cent at 625°C. Dislocations were detected Iw
exposing and etching octahedral planes. For Ih-l."
compressed specimen, this plane contained the
direction of compression. In the uncompressed crys-
tal there were comparatively few dislocations; about
sixty thousand dislocation etch pits per square centi-
meter were revealed on this plane, as shown in
Figure 4A. After deformation, the number of dis-
locations increased to about fifteen million per
square centimeter, as shown in Figure 4B, Also,
Figure 4B shows that the pits tend to be arranged
in parallel rows consistent with the idea that the
dislocations lie on slip planes, Other types ol
deformation at these same temperatures have shown
that the dislocations do lie on these |:||.u|:~'.

The dislocations whose pits are shown in Figure
A rmovied -:mllv.' a fraction of the way across the crys-

BETAHEDRAL
PLANE

Fig. 3 — The unit cell of germanium. (ne of the
octahedral planes, a slip plane, is cross hatched.
Length of the cube edge is 5.658 angstroms (005658
millionths of a centimeter .
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The Swedish Royal Academy of Sciences an-
nounced on November 1 that a Nobel Prize in Phys-
ics, most highly coveted award in the world of
physics, had been awarded jointly to Dr. Walter H.
Brattain of the Laboratories Physical Research De-
partment, with Dr. John Bardeen and Dr. William
.‘:Imﬂ:]c}', both former members of the Laboratories.
The prize was awarded to these three men for
“investigations on semi-conductors and the discov-
ery of the transistor effect.”

This marks the sccond time that work done at the
Laboratories has been recognized hx a Nobel Prize.
The previous recipient was C. |. Davisson who
shared in the 1937 prize for his discovery of clectron
diffraction as a result of experiments carried out
with L. M. Germer, also of the Laboratories.

Each of the three winners of this Y Ar S |1r|.n. will
receive a gold medal, a diploma and a share of the
$38,633 prize money. When he was notilied that he
was one of these winners, Mr, Brattain said, "1 cer-
tainly appreciate the honor, It is a great satisfaction
to have done something in life and to have been
recognized for it in this way. However, much of my
good fortune comes from being in the right place,
at the right time, and having the right sort of people
to work with.”

The principle of transistor action was discovered
as a result of fundamental research directed toward
gaining a better understanding of the surface prop-
ertics of semiconductors. Following World War 11,
intensive programs on the properties of germanium
and silicon were undertaken at the Laboratories
under the direction of William Shockley and 8. O,
Mnrg.'m. e group in this program L*ngugud in i

Nobel Prize
Awarded to

Transistor Inventors

Vice President W, 0, Baker congratulates W, H.
Brattain in the Arnold Auditorium at ihe Murray
Hill Laboratory shortly after news af the Nobel

Prize award was received,

study of the body properties of semiconductors,
and another on the surface properties. John
Bardeen served as theoretical physicist and K. B.
Gibney as chemist for both groups. These investiga-
tions, which resulted in the invention of the transis-
tor, made extensive use of I:l:::wlw;lgp and tech-
niques developed by scientists here and elsewhere,
particularly by members of the Laboratories — R. S.
Ohl, J. H. Scaff and H. C. Theuerer.

Since the transistor was announced. little more
than cight years ago, it has become increasingly
important in what has been called the “new elec-
tronics age.” As new transistors and related semi-
conductor devices are developed and improved, the
possible fields of application for these devices in-
crease to such an extent that they may Inl]} be said
to have “revolutionized the electronics art.”

The invention of the transistor, basis for the
Nobel Prize award, represents an outstanding ex-
ample of the combination of research teamwork and
individual achievement in the Bell System that has
meant so much to the rapid development of mod-
eI communications systems.

Dr. Brattain received a B.S. degree from Whit-
man College in 1924, an M.A_ degree from the Uni-
versity of Ore gon in 1926, and a Ph.D. degree from
the University of Minnesota in 1925 He joined Bell
Telephone Laboratories in 1929, and his ¢ arly work
was in the field of thermionies, particularly the study
of electron emission from hot surfaces. He also
studied frequency standards, magnetometers and
infra-red phenomena.

Subsequently, Mr. Brattain engaged in the study
of electrical conductivity and rectification phe-



pnoanena in semiconductors, Durng World War 11,
he was ,1-.~.ru;|.|;l|'-:| with the National Defense R
search Committee at Columbia University where he
'.'.ru'Lq'l,! CHEN ||r.1_-._'_I||'1I:' detection af submarines.

Doctor of
Science degrees from Whitman College, Union Col-

AMr., Brattain has received honorary

lege and Portland University. His many awards in-
clude the John Seott Medal and the Stuart Ballan-
tine Medal, both of which he received |“'”‘t|!‘ with
John Bardeen. Mr. Brattain is a Fellow of the Amer-
ican Academy of Arts and Sciences

Dr. Bardeen reecived the BS. in EE. and M.5.
1] I':l': 1[:,'l_3r4_'1-t. [[IHI:I I1|1' |.r1||'|.'-.'lx|:!:- l:f 1'-'|.I.".1_'\r||||hll'|
in 1928 and 1929 respectively, and his Ph.L. degree
in Mathematics and Physics from Princeton Univer
sitv in 1936, After :-.e-u::ng as an Assistant Professor
of Physics at the University of Minnesota from 1935
to 1941, he worked with the Naval Ordnance Labo-
Ll.llrr_\' as i ]'Il!l:'.'al{'l'\l 1[|:|||'|:|:_[ World War 11 In 1945
he Il:innl the Laboratories as a research EJ]I::-'\-I-l.'i"‘-t.
and was primarily concerned w ith theoretical prob-
lems in solid state physics, including studies of
semiconductor materials.,

Mr. Bardeen, whose honors include an honorary
Doctor of Science degree from Union College, the
Stuart Ballantine Medal, the John Scott Medal and
the Buckley Prize, is a member of the National
Academy of Sciences. He joined the University of
Minois in 1951

Dr. Shockley received a B.Sc degree from the
California Institute of Technology in 1932, and a
Fh.D. degree from the Massachusetts Institute of
Technology in 1536, He joincd the stalt of Bell Tele-
phone Laboratories in 1936, In addition to his many
contributions o solid state |:1]I'~ sics and semiconduoacs

I : . j;;rr”m R, REN ._..u;ﬂ .f.rn.ur nﬂu’, J'J.Pn_'.:r-'lrrnrin'!'-'.r L'f
members of the Loboratories, Lefe to righe; H. 5.

Black. U. B, Thomas, Jr..J. A. Bocker and 1. T. Lai,
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. J. Davisson

Previous

i Laboratories
Nobel

I Laureate

| In December, 1837, Dir, Clinton _]- Lravisson of I

the Laboratories was awarded the Nobel Prize

| in Physics for his discovery of electron difraction
and the wave properties of electrons,

He shared the with Prolessor G P

'|||n|||:'m|!- of London, who worked in the sime

LIRS

ekl fl-"“:..[" there was litthe in common Detween
thee |_|,-._-|!n||-:||||;-~. v, Davisson's work on electron |
diff action started ax am attempt o uirrlerstand
the characteristics of secondary emission in multi-

grid electron tubes. In this work, he discovered

patterns. of emission. from the surface of \III;:I!'
erystals of nickel. By studving these patterns, L, |
Paviseon with L

cuiles E:hluﬂll that reflected electrons have the

L. H. Germer and their asso.

propertics of trains of waves, |
I, Davisson reecived a B.S. degree in Physics
from the University of Chicago in 18305 and the ‘
| Fh.D. deeree from Princeton in 19110 From
Hr'i1'.l|||‘|1u'l_ 1911, until June, 1917, he was an |
instructor in physics at the Camegie Institute
o Il-l'l\.'tlll"llll'._'h} coaming? bo the Laboratories on a
Hi Fonancd the climate |

the Laboratories conducive to hasic rescarch,

wartime leave of absenee
of
however, and remained until his reticement in |
Fibd i, Besides his work on electron diffraction, D,
Davisson did much significant work in many other
ficlds, partic ularly electron optics, I TIPS and

f '-.'\:.ll !'I!l'l. o3[

tors, Mr. Shockley has worked on electron tubse and
electron multiplier design, studies of various physi-
cal |:|h|'||u||||'1|,_|_ 171 .||!|'|_1.1._ radlar |:|1"'.|.'|1r|_llll1:"lllt and
maEnehism

His many awards inelude an III:I'I'Illr.I'I:I-' 'il-l'::.',l".".'
from the University of I'-e'l::!ll'-.:'. Ivania, the Maorns
[.icbmann r'-II'J'II-:IJI.‘;I E'I‘I.-'l.', the H-Il-:.'k!l':-' Frize, the
Comstock Prize and membership in the National
I'-:'.H:h'm_'.'. Drr. Shockley left the Laboratories to form
the !‘!-III'JI;'LIF:I. h:,'“nn;':nullu,'lur i,,tlurr,qtn]’:- alt HI-"'-'I':'
man Instroments. Ione in 14955,
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tal and :ulupln:d when the compressive stress was
reduced to zero. The displacements, or slip lines, in
Figure 2 have come from other dislocations which
once existed on these same sets of planes, but, at least
in part, moved out of the crystal during compression.

Two facts emerge from the evidence of these ex-
periments, First, a large number of dislocations are
generated in the cr}:.!.li I;r:.' [ﬂ istic flow, One hun-
dred to one thousand times more are present after
deformation than before. It is believed that this in-
erease occurs by the operation of Frank-Read
sources, H-E::uml some newly created dislocations
are stored largely in slip planes, but others leave
the crystal to produce displacements called slip lines.

Fig. 4 — Dislocation pit patterns in a germaniom crystal on
an  oclahedrel  foce magnified 325 diameters. A — As
grown — density is G0N por square centimeter, B —
After compression of 2.5 per eent ar 625°C. Density s
15,000,000 per square centimeter. C— After compression
and thermal treatment ar 825°C for 24 hours. Density
15 3000,00M per square centimaeler,

Deformation by twisting also generates disloca-
tions that are stored on slip planes, as shown by the
parallel rows of pits in Figure 5A. The octahedral
planes for slip in this case were perpendicular to the
axis about which the specimen was twisted. Theo-
retical considerations show that twisting produces a
grid of dislocations on the glide plane. For ger-
manium, this grid consists of a hexagonal array
shown edge-on in Figure 5A. The observed pat-
tern of pits is consistent with such a grid, but an
unequivecal demonstration of its existence has not
as yet been made.

Annealing a cold-worked metal decreases its vield
strength and hardness. The same softening occurs
to a lesser extent when a plastically deformed and
work-hardened crystal of germanium is thermally
treated in the absence of external stress. In both
cases, this softening is believed to be due, at least

* Reconn, April, 1956, page 133,
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Fig. 5 — A — dislocation pit patterns in a twisted
crystal, magnification 125 diameters. Section is par-
allel to an octahedral plane inclined about heenty
degrees to the torsion axis, B — deformation do-
mains outlined by dislocation pits in a crystal heav-
ily compressed at a high tem perature, 23 per cent at
BT5°C. Magnification 230 diameters,

in part, to a decrease in the number of dislocations.
It is possible to determine whether the number of
dislocations has been decreased by thermally treat-
ing deformed germanium. This has been done, and
the resulting dislocation pattern and density are
shown in Figure 4C. This is the same deformed
crystal shown in Figure 4B after it had been an-
nealed for 24 hours at 825°C, This temperature
is high enough to cause extensive motion of atoms
in I'I'p: ut"l."\.t.il As shown, many of the dislocations
have {Ilmpp: =ared; the density is now only about one-
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Fig. 6 — Effect of deformation in compression, in
the direction of a cube edge, on the conductivity
of germanium crystals af room temperature,
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fifth of that for the deformed state. This density 15
still fifty times that of the undeformed crystal.

Some dislocations have disappeared because, at
the high temperature, they have cither annihilated
one another, or moved out of the crystal. Interstitial
atoms and vacancies, both generated during plastic
flow, diffuse through the crystal and help move the
dislocations. Recrystallization in the solid, was not
found in this erystal and has not been observed in
any studies carried out at the Laboratories,

If germanium is compressed at a high tempera-
ture, the dislocations stored in plastic flow collect,
for the most part, in walls outlining domains in
the single I_'I!':I.'J-il:l]., as shown in Figure 5B The
chains of etch pits are the ends of dislocations
bounding the individual domains. Further exam-
ination by X-rays shows that these walls of disloca-
tions are small-angle boundaries: each domain differs
in orientation from its neighbor by a small angle

The structural changes in plastically deformed
gﬂ'ﬂ“ﬂlliﬂr“ are .l'f.'l;.'l'lll'l'l':l:.i'l'llL'll h:. I;.‘I.I'g{.' T']lil'l'l“__'.‘."‘i m
electrical conductivity. Typical effects measured at
room temperature for crystals of n-type Cermanium
(germanium having an excess of donors) deformed
at 595°C and T725°C are shown in Figure 6.
The initial conductivity was :Lpl:ru'nxim:m-l}' 0.1
{ohm-cm ). Compression of about one per cent at
=amo? converted the conductivity to p-type, in

THE AUTHORS

which the charge carriers are holes rather than elec-
trons. With further compression, the p-type con-
ductivity increased.  When the erystal is com-
I-rt-m-;f.-u.l_ 725°C, the conductivity changes are more
aradual, and a compression of about ten per cent is
n-quin-:! to Cause CONYErsion.

Changes in the conductivity of germanium come
about partly becausc distortion of the crystal struc-
ture changes the mobility of the charge carriers,
clectrons or holes. This is not the only effect, how-
over. since the observed change of conductivity
from n- to p-type can only be accounted for
through the ecreation of new acceptor centers.
These acceptor centers first neutralize the chemical
donor centers of the crystal and then produce an
increasing hole conductivity. Both dislocations and
vacancies (produced during plastic flow) are be-
lieved to act as acceplor cenlers. The conductivity
changes, Figure 6, are largely due to vacancies.

By study of plastic flow in germanium crystals,
the association of dislocations with flow, and the
seneration of dislocations are demonstrated. The
role of dislocations in hardening by deformation and
softening on annealing is indicated. Conductivity
studdies demonstrate the introduction of other imper-
fections in plastic flow, and provide means For
identifying the types of these imperfections and
estimates of their concentrations,

Engineers,

Wirian C. Ervs received the ChE. degree in 1924 and the PhD). degree

EanL 5, Cneixen reccived a BS, degree from the Camegie Institute of Tech-
nology in 1928 and an M.S. degree from Lehigh University in 1930 After joining
the Laboratories in 1930, he studied at Columbia University and received the
Ph.D. degree in 1944. His initial work at the Laboratories was concerned with
investigations of magnetic materials for sound recording applications. Later, Mr.
Creiner engaged in research on the structure and properties of titanium and
chromium, More recently, his work has been on the plastic deformation of semi-
conductors and the growth of flamentary crystals (whiskers). He is a member
of Sigma Xi and the American Institute of Mining, Metallurgical, and Petroleum

in 1927 frommi H,q-":-.;.pE.u:':' I‘n'l:l, technic Institufe. e ]IHIII-"I.|- the Laboratories in
1927, and was first interested in conductor and spring materials. This was fol-
lowed by studies of magnetic materials Bor loading coil cores, permanent mag-
nets and magnetic recording. During World War 11 he was occupied principally
with classified projects. Since 1945 Mr. Ellis has been head of a group eneared
in fundamental studies of the metallic state. He is a member of the |1'|'~!|‘in|::-
of Metals Division of the American Institute of Mimng, Metallurgical and Petro
leum Engineers, and the British Institute of Metals
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Silicon Carbide

Varistors:

b ——— - .!_'"a.'-|

Properties and

Construction

H. F. DIENEL Electron Device Development

The “variable resistor™ or varistor has developed into one of the most
useflul devices available to designers of modern electronic apparatus.
Problems of performance, range and of reliability have heen largely solved,
and varistors ean now be tailored to a great variety of circuit needs. Their
use in large numbers in 500-ype telephone sets is one indication of the
Bell System’s confidence in their long life and efficient operation.

Of the many semiconducting devices used by the
Bell System, silicon carbide varistors are among the
oldest, having been introduced into the System in
the early thirties. At present, the annual demand
for I|IIL':-l.' devices is over fifteen million, of which
more than 95 per cent are made for use in the 500
type telephone set. Over the vears, they have been
the object of extensive research and development at
Bell Laboratories,® with the result that silicon car-
bide varistors now have the desirable attributes of a
high degree of design flexibility and manufacturing
control, low cost, and re |r.|h:|]m' af operation.

A silicon carbide varistor is be st deseribed as a
“symmetrical variable resistor.” First, it is a “vari-
able resistor™ in the sense that it does not obey
Ohm’s law. The current-voltage graph for an
ohmic resistor is a straight line, but a varistor's
characteristic departs frurll this elementary type of
behavior. Second, a silicon carbide varistor is a

“svmmetrical” device in the sense that its current-
voltage curve for one direction of current fow s

* Reconn. Se i wrafver, 1954, NIEe 336 -r"I'f.' 1940 page
323, Oetober, 1940, pase 46,
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the same as the curve for the opposite direction of
flow. That is, a silicon carbide varistor does not
rectify. Such symmetrical varistors find diverse ap-
plications; they are used in de cireuits, for example,
as voltage limiters for switchboard lamps, relay
coils, key telephones and thermistors; and in ac
circuits as voltage regulators for oscillators and
bridges, and as variable resistors in feedback cir-
cuits. In the 5-tvpe telephone set, they serve as
-_tquali;wm lo compensate for differences in trans-
mission and reception levels caused by different
lengths of line,

A graphical portraval of the electrical characteris-
tics of a typical silicon carbide varistor is shown in
Figure 1, where de voltage and resistance are
plotted on logarithmic scales as functions of the
current through the varistor. At very low currents,
the varistor is ohmie, as shown by the straight
valtage line with a 45-degrec slope in the lower left
part of Figure 1. With increasing current, the char-
acteristic becomes increasingly non-ohmic. Then, at
very high currents, the behavior becomes ohmic
again. This latter region, shown by the dashed part
of the voltage curve of Figure 1, is usually outside
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of the usable range, chiefly because of the need for
dissipating relatively large amounts of power.

Similarly, the resistance curve in Figure 1 shows
ohmic (constant) behavior at low direct currents,
but with increasing current the resistance decreases
rapidly until a limiting low-resistance region is
obtained. These limiting resistance values are of the
order of megohms at the low currents and ohms at
the high currents. The shaded arca in Figure 1 is
the region in which most silicon carbide varistors
are used in the Bell System.

For a simple ohmic resistor, current and voltage
are related to resistance by the familiar equation
E = IR, but the equations for curves like those
in Figure 1 will of course be more mmp’lir.-.'nh.*d.
The straight portions of the voltage curve are
defined by 1= AE", where 1 is the direct current
in amperes, E is the de potential in volts, and A is
a constant. The exponent “n” in this equation is
merely the reciprocal of the slope of the E-1 curve
in Figure 1. The value of "n” for each decade
{ multiple-of-ten interval on the current axis) is
shown along the curve. This value increases from
one (45° slope) to a maximum, and then decreases
again to one.

The circuit designer deciding to use these varis-
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Fig. 1 — Typical characteristies of a silicon carbide
varistor relating voltage and resistance to currenl,

tors usually has requirements which place a desired
E-I curve within the shaded area in Figure L.
Many times an existing varistor will be satistactory;
at least its properties will be within the shaded area.
For telephone-set varistors, however, it was desira-
ble to have combinations of low veltage, low cur-
rent, and high exponent — requirements which
required extensive varistor development. In 1M7,
when one varistor was needed in the telephone set,
a development program was initiated which suc-
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Fig. 2 — Electrical characteristics of the 312D and

312E varistors used in the 500aype telephone set.

ceeded in making such  wvaristors realizable in
production. In 1951, when two silicon carbice
varistors were needed for the telephone set because
of a new equalizer design, further reduction in
voltage and increase in exponent were achieved.
This came about as a result of extensive develop-
ment in materials and processes.

Figure 2 shows the voltage-current and resistance-
current characteristies of the two varistors (312D
and 312E) used in the 500-type telephone set. It
is observed that for the 312D, the resistance at
I'ma is 5,200 ohms, while at 100 ma it is only 170
ohms. The second type, the 312E, is the lowest
resistance symmetrical varistor being produced by
Western Electric. Its resistance at 1 ma is 1,900
ohms, while at 100 ma it is only 50 ohms. Thus, for
an increase in the current by a factor of 100, the
resistance of the 312D has decreased by a factor
of about 30, and of the 312E by a factor of about 24.

The curves in Figures 1 and 2 were derived from
direct-current measurements, but the alternating-
current characteristics are also frequently important.
Since the speech signal in a telephone set s made
up of a .-||1;4.Ilram|}1ilud{- alternating current superim-
posed on a relatively large direct current, the ac
resistance must be considered as another variable.
This resistance is very easily caleulated; it is simply
the de resistance value divided by the value of the
exponent “n” at the operating point on the E-I curve.
A pair of ac resistance curves is thus obtained,
similar to the curves in Figure 2 but displaced
downward by a factor equal to the exponent n."
Because the ac resistance depends upon de re-
sistance, it is apparent that we can use a direct
current to control the ac resistance.
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Both the ae and de resistance characteristics are
used for equalization in the 500 set,® where the
varistors are essentially in p-uqtl:_'-l with the receiver
and transmitter, W h:-lt there is a ]nn line between
a central office and a telephone, l:'Iw direct current
from the office batteries will have a low value at

the set, The :il'.u--r-fh signal also is considerably
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Fig. 3 — Simplified cross-section of a silicon carbide

varistor {‘a ) and a |'n“’n||:',f'-rurn-"f characteristic :1-,' il
contact to a single particle (b).

attenuated, but the lowered direct current causes
the ac and de resistances of the varistors to increase,
which permits a stronger speech signal to be trans-
mitted or received. The reason is that under these
conditions less current is h}*p.‘mm*d around the trans-
mitter and receiver. As the line length decreases,
the current to the telephone increases, and more
current is bypassed by the varistors because their
resistances are lower at higher currents. Conse-
quently, more attenuation is provided for the
stronger speech signals of the shorter loops

silicon carbide
varistor disc is shown in the left part of Figure 3. It

A ?-:i!ﬂp]“i-[':l cross-section of

is a compact of silicon earbide granules, which range
in size¢ from about one- to five-thousandths of an
inch. The telephone-set varistors are made with
five-thousandth-inch granules. The granules are
held rigidly together by a bond of vitrified clay. To
provide ohmic electrical contacts, the plane surfaces
of the dise are sprayed with copper or tin. Copper
is used when wire leads are to be attached for the
“pig-tail” type of mounting, and tin is used for
washer-type” dises, which are mounted with brack-
ets or screws. Because there are void spaces among
the granules, the disc is also impregnated against
effects of moisture with a silicone Boid. The amonnt
of clay is purposely kept below the volume of the
void space to insure contact among the granules.
The voltage-current characteristic of a single
contact to a granule (right part of Figure 3) is
similar to that shown in Figure 1, but is displaced

* Reconn, September, 19531, page 414,
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toward the lower left, and there are forward and
characteristics, that is to say, easy and
difficult directions of current flow. For contacts
made to individual gr;nlul::ﬂ, rectification ratios as
high as about 1,000 are observed at constant volt-
age, but a considerable variation is found among the
oranules. The number of granules in a disc may
range trom about a hundred thousand to :ln]llum
depending upon the geometry of the dise and the
size of granules. In the varistor dise, granules are
randomly oriented in a complex series-parallel array,
and the net result on the composite E-1 curve is
that the current is the same regardless of the
pu!:aril:r of the :I]'.-I'.r][rf.l wﬂt.tg:*. That 1=, there is no
rectification.

The voltage-current characteristic of the silicon
carbide gm:nu.l:-x is determined during manutacture
by the supplier of these materials. Within wide
limits, however,

(LR T

this characteristic mav be con-
trolled, as with other semiconductor materials. The
material may be of the n-type, where conduction is
by clectrons, or of the p-type, where conduction is
]'r'r holes. At preseol, llu' silicon earbide used for
varistors is of the p-tvpe.

When unbonded granules are arranged in a test
cell with a geometry similar to that of a varistor, a
voltage-current curve is obtained similir to that in
Figure but about on¢ or two voltage decades
higher. To bring the curve into the desirable region,

Fig., - “boats™ 1o

- Varistor discs are placed on
travel through the furnace. Discs are fircd for about
ore fiowr, The author (feft) inspecis a “hoveat™ theert £s
hald by M. D, Patterson.




several variables must be considered. The E-I
curve of the final varistor, for example, can be con-
trolled by manipulating its geometry. More series
granules increase the resistance, and more parallel
granules decrease the resistance. If the geometry
is fixed, an increase in the size of the granules
results in a decrease in resistance, :]a.':ipl'tt: the fewer
parallel paths. With larger granules, it turns out,
the series elements predominate. 5o, one has avail-
able a simple and in part {'|11[::i:rit~:1| means for shift-
ing the E-1 curve about.

Concurrent with these shifts of the E-1 curve
due to geometry and particle size, one also has to
take into account the control of the exponent “n”
at any particular level of current and voltage. This
can be achieved by the proper combination of

LAWY
MATERIALS

ALK MG

PFRESSHG

the electrical properties of the varistor in both
chemical and physical ways. The chemical con-
stituents of the clay determine its plasticity and,
hence, the adherence of the {‘!il}' to the :I.',l'-'ll11.l-|ll"'.=-
Also, certain organic compounds in the clay
probably react with the silicon carbide, giving
effects similar to those of the carbon. Further,
the electrical properties of the contacts between
granules are pressure sensitive, and the physical
properties of the fired-clay matrix are therefore
important in determining both the initial and
long-term characteristics of the varistor. The amount
of elay is usually 40 parts and the silicon carbide
G0 parts by weight. The water added for mixing
is about equal to their combined weight.

In the mixing stage, the four materials are
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Fig. 5 — Flow chart of process for fabricating silicon carbide varistors.

geometry and particle size of the dise, and by
|}ru-|:'-|:':.a.|'ng the varistor dise. For E:{::mel:', with a
fixed current and veltage, a numerical increase in
“n" of as much as 0.5 can be achieved by reducing
the varistor thickness by one-hall.

The process for making silicon carbide varistors
is closely allied to ceramic processes. A flow chart
in Figure 5 outlines the major stages of the varistor
process. The first stage concerns the raw materials:
silicon carbide, carbon in the form of graphite, clay
and water. The carbon content is one of the
variables used to control the varistor’s E-1 curve
— resistance decreases when the carbon content is
increased. Carbon content may be as high as about
10 per cent of the total dry weight. At 1 ma, the
sensitivity of the varistor voltage averages about
90 per cent change in voltage for a change in carbon
content of one per cent of the total dry weight,

Clay is mixed with a temporary binder of water
to make the matrix in which the silicon carbide
E_‘;l.‘ll‘ll]h,'.‘i. are embedded, This r]:n}' contributes ta
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combined into a homogeneous mixture by making a
slurry and gradually evaporating the excess water.
This leaves a clay and carbon coating on the
silicon carbide granules. The resulting granular
material should have about 6 per cent moisture
content to permit satisfactory pressing of the
discs. Control of this moisture content is also
important; in the electrical characteristics of the
finished disc at 1 ma, it affects the varistor voltage
about 20 per cent for each per cent of water
present at the time the dise is pressed.

The granular mix is then pn:'m'd into dizcs as
thin as 0.022 inch for the 312E varistor and 0.035
inch for the 312D varistor. The total pressure
must be so adjusted that the pressure per particle
is high enough to foree the particles into contact
with each other by pushing the clay out of the
Way. "I-"-"n:-ht*r-t}'p-v varistor discs are |}n'm':’| at
about 14 tons per square inch and are made with
granules about one- or two-thousandths inch in
size. The solid discs of the 312D and E types

BELL LABORATORIES BRECORLY
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are pressed at about 6 tons per square inch, the
lower pressure being used partly because the
granules are larger.

In the firing process (see Figure 4), the clay
is vitrified into a hard, stable matrix. The process
also contributes significantly to the electrical prop-
ertics of the varistor. Temperatures are in the
1100-1250°C region, and the furnace atmosphere
consists of equal parts of highly purified hydrogen
and nitrogen. At 1 ma, the temperature sensitivity
of the varistor voltage ranges from no effect to
several per cent change in voltage per 1°C change
in temperature, depending upon the values of the
other variables. The firing temperature itself is
thus another variable used to obtain the appro-
priate E-1 curve.

As shown in Figure 6, the discs are next metal-
lized by spraying the plane surfaces with copper
or tin. At this point, the electrical properties of the
varistor can be measured for the frst time. Finally,
the discs are vacuum impregnated with a silicone
Huid, and assembly is completed either by solder
dipping to attach wire leads or, with the washer-
type varistor, bolting together the discs, terminals,
and brackets. By proper empirical control of the
many variables, varistors can be made to cover the
wide range of characteristics shown by the shaded
arca of Figure 1. OF course, still higher voltage
values or greater power dis-iill:ltinl] can be readily

THE AUTHOR

electrodes of copper or tin (o varisiors,

achieved by increasing the size of the unit. The
stability of the varistors’ electrical characteristics
with time can also be controlled: in fact, positive,
negative, or zero aging over long periods of time
can be achieved. By comparison with processes
tor fabricating other semiconductor devices, the
degree of control is quite high. For the telephone-
set wvaristors, approximately 95 per cent of the
product lies within about == 10 per cent of the
average.

NOVEMBER, 1956

H. I'L. LhexEL F_i'.idu.HL"{I from the Ull:i".'\ll.'l:'ilt:lu' o Hll:'h.lg.tu i 1958, where he
received the degree of BS.E. in physics. After several years in the University of
Michigan Engineering Research Laboratory and in industry, he joined the staff
of Harvard University in 1941. At Harvard's Cruft Laboratory he was engaged
in a project for the National Defense Rescarch Committee in the field of electro-
acoustics. Mr. Dienel fﬂit‘l.-l:'-l] Bell -rl."IL‘E:I!H.'III.-I_' Laboratores in 1947 and worked
on the development, design and application of silicon carbide varistors. From
1955 to the present bime he has been associated with a group --_;|11|]:.-i|:|:|_l| the pe-
liability of semiconductor devices at the Allentown Laboratory.




Dr. M. J. Kelly: Delivers

Convocation Address at Cooper Union

Dr. M. ]. Kelly delivered the convocation address
at the Cooper Union Centennial in New York City
on October 8. The title of his address was “The
Mation= Meed For Greater Seientific and Technical
Strength and Means for its Attainment.

Early in his talk, Dr. Kelly pointed out that
“seience  and Il_'l;,']lr'tl_lll.l_h:_::ﬁ‘ Ei:rn'l.'jq,hr the inform:ation
necessary for industry to transtorm the basic mate-
rials and energies of our environment into facilitics
and services for our wse and |,'I||'u:|.'1'|'|.|':|'|‘t. Without
this knowledge, even though there be otherwise a
mast favorable climate, a strong incdustrial society
cannot develop.

“Industrial strength makes possible increased time

for our leisure and the cultural development of a

Harrison Tweed (right), Trustee of Cooper Union,
introduced Dre. M. 1. Kelly ar the Convecation,

pt_'ul;l]i-_ It can also make available an TG TEASIN T
amount and variety of material comforts and serv-
ices to cnrich the lives of a people. Strength in
scienee and h_*{']”ur!l:-;:n i% essential to our '|1-I'|::l|!1.'l:'1.il:.l:l1
and the preservation of our free society.

“Our strength resides prirn:lri|_’c in the p-:milu'h't'r
efforts of our scientists and engineers,” Dr. Kelly
continued, “To raise its level, we must increase their
rate of supply; that is, there must be a larger num-
ber in cach yvear who :.n1|hE:l|1'lL' their academic prep-
aration. The period of academic training must be
increased bevond that of a large fraction of those
now engaged in the effort. Not only is added time
for training essential, but also our academie educa-
tional programs in engincering  must be revised
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for those who are entering creative ttr-:'lmnlu-u}'-"

After :h-:cq,-rihin; the rapid growth of tr.'i:hn-::ll-::;:].'
during the past 35 years, Dr. Kelly said, “T'wo some-
what related situations bring about the need for an
increase and aceeleration in the growth of our scien-
tific and industrial strength. The cHort providing
this strength has llrll:!l.'l'gﬂl'll.' a huge expansion in the
last fifteen VTS, Thiz cffort has |}nuluu'1|. a mnch
larzer volume of new scientific and technical knowl-
edge than can be exploited with the available supply
of scientists and engineers. AL our ]'lnho.l:'l'll rite of
education of scientists and enginecrs, the gap be-
tween opportunity and capacity to cxploit it will
surely widen.

“The world struggle between Russian Commu-
mism and the free western world also presents an
urgeney to the acceleration of our growth in science
aml l,m;!:l:u-:ll-rl]_l_}'_” Ir, Hrl]}' continued, “for Russia
is making tremendous strides torward in its heavy
industrial and military power, paced by an impres-
CAATE l-:'.I:uu'u:.iuru in its seicntific MANPOWer. The main-
tenanee of our present .‘iltl‘.l-l'[jl]!' position will only be
insured IJ-:; fnr |11.':r.-ir.1!]i||j,1' to the full our innate
I::'..ti'hil;l;‘iﬁl.":.. in seienee and tl,'hl;'|:|1'|n|n_l_'__'c.

“Tomeet this dual challenge successfully, we must
educate more young people in science and engineer-
ill'_: ;,||||:! Filisi I'|"|.-|_' l'tll;lll-t?.' |_:|E lh;qt 1_"|:||h;',:||'|::|l:|. Capeater
depth of training in science — greater proficiency in
mathematics and theoretical physics and chemistry
= TSt ]':u' i'rr'l'h'n.'i:l.!rl.! fur’ I!'||1n.|_' |'||.'_[|':||1'|'4\ '|.'I.'||.II| 1_'h:||::||:-m,'
creative technology as a career. The period of aca-
demic training for these enginecrs must be length-
ened and science and :4I|:||:|.I:i1_'.||. |;'r||'_|fh:':|'|-|'|.'|il:'_'I he
made a large fraction of their present four-vear
program.

“It iz my considered judgment that these changes
i the preparatory program of our yvoung engineers
destined for carcers in creative 1|.'1,'h|:||::|]|:1:=_'|_1.' Are [III]}'
as important as is their required increase in num-
bers,” Dir. Kelly declared.

. lrr[ll'c:: ..Ll'rl:]nt Tlli:q. rrllill:':_":'u_l and more clHective
educational pattern, well planned, dynamic and sus-
tained measures must be taken '['iu'_'l- must be car-
ried through at all levels of our government and
social structure. Each secondary and high school;
cach preparatory school; each college, university,
engineering and graduate school community and the
legislative bodies of each state and of the nation
must participate.”
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Switchboards used by companies that provide
telephone answering services have, for the most
parl. been restricted o operation in a single
central-office area because of the charges for
cable plant 1o clients in other areas. This, like
other similar problems in the past, was sub-
stantially solved by the application of line con-
centeation  and  identification  techniques long
used by the Bell System. This application of the
concentrator-identifier now permits up to 100
lines to be concentrated onto two, three, or four
irunks between a remole central office and an
answering-service swilehboard,

R.I. NOLAN Suitching Systems Development [

Concentrator-Identifier for
Telephone Answering Services
& S

Telephone answering-service companics, for a
monthly fee, will answer incoming calls to your
h*!:'i'rlmm,- while VOU are away from your office
or home, To provide for this service, the Telephone
Companies bridge a pair of wires across each
client’s line at the central office and connect this
pair to switchboard jacks and lamps at the answer-
ing-service location. The charge for this cable pair
i5 usually based on the distance from the central
officc to the answering-service switchboard. Nor-
mally, 100 cable pairs are provided for one switch-
board position. This method of operation becomes
rather expensive when the answering-service switch-
board is a substantial distance from the central
office. Wherever EJ{:I!'\-':-IIJ'[-I.'., therefore, the switeh-
boards are located near central offices to hold cable-
pair charges to a minimum. The overhead involved
in doing business at a number of branch offices,
however, may often be costly.

To permit centralized operation by an answering-
service company, a concentrator-identifier (CI)
arrangement was developed. The CI is an applica-
tion of long-used principles that effectively extends
the reach of an answering-service switchhoard with-
out excessive cost, and thus eliminates the need for

SOVEMBER, 1556

branch switchboards. This is accomplished by con-
centrating calls from a large number of lines onto
a few trunks for transmission to the answering-
sepviee burean. The basie CI s .'m.'m;:ﬂl Lin ST
40 telephone lines, but additions may be made up
to a maximum of 100 lines. At least two trunks
must be provided between the central office and the
switchboard, but one or two more trunks may be
added as necded for inereased traffic.

The arrangement, Figure 1, consists essentially
of two major equipment units connected by the
trunks. The originating L'ituil‘.ﬂm-tll. or concentrator,
is 1|\I|:|1t""|.' mounted on a .ninglzr frame in the central
office. It detects ringing on the clients’ lines and
transmits to the terminating :r:lu1'|;:||11~ul thi i1|t'11[it}'
of each client’s line as it is being rung. It assigns
the trunks for talking so that up to four calls can be
answered by the switchboard simultancously, thus
concentrating all the trafhe onto four trunks. The
terminating equipment, or identifier, is mounted in
a cabinet on the answering-service premises. As it
receives the id-.-ul:'t:.' of each called line, it |!|Tm'ittl."-
a momentary connection to the proper switchboard
answering jack and fashes the associated lamp.

The block diagram of Figure 1 shows the over-all
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concentrator-identifier system. The actual concen-
trating is done by crossbar switches under instruc-
tions from common-control circuits. Each client’s
line is multipled to four positions on the switches of
the originating circuit so that operation of the proper
seleet and hold magnets can connect any line to any
ane of the trunks. In the terminating circuit, crosshar
switches are again used to connect any of the incom-
ing trunks to the jack and lamp associated with any
rticular client.

Each client’s line is connected to the Cl system in
the central office by a ring-up circuit consisting of
a 3-element gas tube and a relay, Figure 3. The gas
tube jonizes when the proper ringing voltage is ap-
plied to the line and causes the relay to operate
through one of its own contacts and lock operated
through another contact. This method of operation
is employed for two reasons. First, the gas tube is
used for its polarization properties; that is, it pro-

ORIGIMATING EQUIFMENT

Each line is assigned an arbitrary number, 00 to
94, which corresponds to its jack appearance in the
switchboard, Operation of the ring-up relay starts
the identification of the line, the selection of a trunk,
and the selection of a controller. The ring-up relays
are arranged in groups corresponding to the various
units digits. Each group of ring-up relays, Figure 4,
operates one of ten relays to identify the particular
units -:ligl't. This array of ten nl-h}'s. called the units
identifier, is wired in a preference and lockout ar-
rangement. Operation of the preferred units relay

rates an associated lockout relay (mot shown),
which in turn locks operated to a timing circuit
while opening the operating path for all ring-up
relays having the same units digit. Because of the
preference circuit, only one ring-up relay at a time
can control the operation of the concentrator. Onee
all calls are served in a units group, that group can-
not be served again until other groups with waiting
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Fig. 1 — Block diagram of concentrator-identificr arrangement.

vides identification of the particular party being
rung when a client is on a party line. Second, oper-
ating the relay through one of its own contacts
causes it to be disconnected from the client’s line as
so0n as it operates, If this were not done, the resist-
ance of the auxiliary line relay in parallel with the
client’s telephones could be low enough to trip the
ringing circuit falsely at the central office. Conse-
quently, the number of allowable extension tele-
phones on a client’s premises would have to be re-
duced by one
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calls are served. The timing interval of the lockout
circuit is such that a ring-up relay, once operated,
is not reconnected to the line until ringing has
stopped. This insures that the concentrator will re-
spond only once per line during a ringing interval.

The tens identifier uses two vertical units of the
crosshar switches and ten I‘I‘lﬂ}'s- A p':lll!l'f.'lllﬂr CTO5%-
point of a crossbar switch is chosen by the opera-
tion of a select magnet followed by the operation
of a hold magnet. The select magnet presets the
switch so that any crosspoint in the selected horizon-
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tal level can be closed, and the hold magnet oper-
ates a vertical unit to close the desired crosspoint.
Since only one contact is required to identify each
line, the 120 contacts of the two identifying vertical
units are ample for the maximum of 100 lines.

When the preferred relay in the units identifier
is operated, it in turn operates the horizontal select
magnet having the same numerical (units ) designa-
tion. Ten of the twelve possible contacts at the
selected level on the two identifving vertical units
ar¢ used to connect between the ten rin_r_-:-up nr[:l}'.x'
of a units group and the associated tens relays in the
tens identifier. When the crossbar hold magnets
operate, the coil of the operated ring-up relay com-
pletes the operating path for one of the tens-identi-
fier relays, which in turn connects ground to the
trunk connector. Later, after the units digit has been
outpulsed and while the tens digit is being out-
pulsed, the controller supplies ground to the tens-
identifier relay. This releases the ring-up relay and
all the other circuits it has been holding.

The selection of an idle trunk is also progressing
as the call is l:u*il:_-.; identificd, IF a trunk is available,
the trunk connector connects it to the incoming line,
Figure 5 (tor simplicity only one side of the line is
shown ). Each trunk uses four verticals of the cross-
bar switches. Recalling that there can be as many as
six wires per crosspoint and ten crosspoints per ver-
tical, three clients” lines can be connected Per cross-
point or 30 per vertical (both sides of the line must
be switched ). Since the horizontal already selected
and operated by the units identifier extends across
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these four verticals (called the trunk connector) it
15 only necessary for the tens identifier to operate
one of four hold magnets to connect either two or
three of 20 or 30 lines respectively to the trunk cir-
cuit. Relays in the trunk circuit, also under control
of the tens identifier, connect the proper one of the
two or three lines to the outgoing trunk.

While the line identification and trunk selection
are progressing, a controller is being seized. When
the controller is seized, it prepares another con-
troller at the terminating cnd to receive the identity
of the line. When the originating end has mrnp[{_tr:h'
identified the line, its L'd.rnl:rnllur pulses forward, first
the units digit, and then the tens digit of the line,
A special code of positive and negative pulses is
usedl, so that either one or three pulses identifies a
digit. This code and the pulse rate of 20 pulses per
second makes the controller holding time about 0.5
second. The de pulsing is done on one side of one
of the trunks.® to avoid the need for an extra cable
pair tor signaling.

The terminating equipment at the answering serv-
ice decodes the digit information as pulsed by the
ongmating end and connects the incoming trunk to
the appropriate client’s jack in the switchboard. The
decoded units digit causes a crosshar switch select
magnet to operate, and the subsequent tens digit
determines which hold magnet and trunk circuit
refays will operate to connect the trunk to the cli-
ent’s jack. In addition, one of four indicator circuits
15 connected to the same jack position, through the
crosshar switches, to light the associated line lamp.
The indicator circuit remains connected to the line
lamp for about one second and then drops off
whether the line is answered or not. Even when all
trunks are held busy by the answering-service
attendant, the equipment continues to Hash other

* These are composite trunks on which de signaling may
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client’s switchboard lamps as their lines are rung.

With the trunk connected between the client’s
line and the switchboard, the common-control [ror-
tions of the concentrator-identificr return to normal
to await another call. After the attendant has dis-
posed of the call and disconnects, the trunk returns
to normal. If the attendant does not answer, the
trunk returns to normal after about one second. The
entire cycle is then repeated during the next ringine
interval. The one-second lamp indication tells the
answering-service operator that the line is being
rung. Some clients instruct the ANSWEring service to
answer calls only after a certain number of rings
the operator can count the lamp flashes and then
answer. Although she ean plug into the line jack
between flashes, she can only be connected during
the one second interval that the trunk is connected
while the line is being rung, thus assuring privacy
of the client’s line.

The originating equipment is powered by the 48-
volt office supply, the battery normally used for coin
control (about 130 volts), and the ringing-current
supply available in central offices. At the answering.-
service office, the terminating equipment uses PRX
power-plant voltages of 18 to 24 volts de. To care
for locations where the PBX power supply is not
sufficient, space has been provided in the terminat-

THE AUTHOR

I-I:l:_-_{ Cquipment cabinet to install a ten-cell storage
battery, with charging facilities using either cable
pairs from the central office or rectifiers operating
on commercial power lines,

To j.',ll-lil"l.l H:__".'Iil'lbil service f.'u'lunr, the CI COTNTTH =
control equipment is duplicated at both the central
office and at the answering service. In addition,
double-winding relays with separate fuses on each
winding and paralleled contacts are used exten-
sively. Progress lamps in the central office permit
the maintenance force to determine the identity of
a client’s line being served, as well as the particular
units serving the call. If trouble should develop, the
office audible and visual alarms operate, the prog-
ress lamps lock in to indicate the equipment serving
the call at the time, and the svshbem ill:ltl;;lll'l:tlin."ﬂ.“:.'
transfers to the alternate N]uipﬂ’ﬂ."nt. To insure that
all circuits are in good working order, the equip-
ment is used ;l|h'm:LI-.1.]}' on successive calls,

Development of this system was conducted in
the switching laboratories where a model was made
and tested. When all tests were completed, this
model was shipped to Chicago and placed in service
in July, 1953. The first production model built by
Western Electric was installed in February, 1954,
in Milwaukee. To date, over 300 units have been
placed in service,

R. 1. Novax joined the Laboratories in 1941 as a technical assistant. Prior to
Waorld War I he was engaged in wiring and installing circuits in the switching
laboratories, During the war he entered the Armyv and served in Europe. After
the war he resumed his dutics at the Laboratories, and in 1948 joined a group
concernisd  with the maintenance and planning of the switching laboratories
snce 1931 he has been involved in the development and testing of No. 1 crossha

|1-=H1t'1 and common syslems circuits,
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Reducing Distortion
in Mobile
Radio Systems

W. C. BABCOCK AND R. V. CRAWFORD
Transmission Engineering |

Although component parts of some communication systems are purchased

by the Western Electric Company from outside suppliers, Laboratories

engineers and scientists are often called upon to help solve any problems
that might arise with the vse of these systems in the ficld. It was found,
for example, that in some mobile radio systems for turnpikes and park-
ways, distortion or “hash™ areas existed along short sections of the roads,

The Laboratories cooperated closely with the operating companies to find

and apply the bhest corrective measures to this prohlem.

In recent years numerous express highways have
been bult !;hmughwr the country. The Pennsyl-
qania Turnpike, the New York Thruway, the New
Jersey Tumpike and the Garden State Parkway in
Mew ]{'nv:.' are recent -|:'.‘-:.H11|_!|]|"-: af such construe-
tion in the wvicinity of New York. Betore these
express highways were opened to public use, the
Associated Bell Telephone Companies and other
interested  concerns submitted bids for providing
maobile telephone systems to operate along the entire
length of the highways. Such two-way communica-
tion is usually required for use by police, vehicular
service men and highway maintenance personnel.

Frequency space for this type of mobile serviee
is allocated to highway authorities by the Federal
Communications Commission around 150 mc or 460
mc.  Although the Associated Companies have
been in a position to provide systems in either range,
most of those installed to date operate in the
130-mec band. The pm'hh'ut of satisfactory coverage
in co-channel distortion areas is present in both
bands, but it will be discussed with reference to
ﬂu- 1 50 rrnee h;mﬂ |!1:r4_.|||.'-.|e1 of k% '_::re':utrl USIFe,

A co-channel distortion area in 2 fl:'l'-:ll:l-e'l!ll!"_.'- (5
phase-modulated system may be dehined as an
darest I W h'iﬂ h r:-HI.:iI"I-Frl'l:!ll'lﬂ'l:ll:'.'u.' "\ull_:rl:lt'ﬁ !-Ilil'lll I_"u"-'l:l LEY

k15

more base stations, which transmit the same intel-
ligenee on the same nominal frequency, are received
at approximately the same intensity so that the
speech is distorted.  Consider a two-base station
co-channel system in open country having flat ter-
rain; if each base station radiates the same amount
of RIFF power from the same type antenna mounted
at the same hl,'i]_fhhl above :|_',‘ru||I'|-:|.. thie |:!||:!||!1'I'|1.:i.l|
distortion ares '.'.'i“ ]JL' |-|'|-|,'.:trv|,| alout !uill.'ﬂ':l}'
between the two., Figure 1 shows the relationship
between BF earrier intensities at a mobile receiver
for such base stations '\L'l'!l.-lr.ltl:"l.l (a) 1!". 16 miles,
and (b)) '|:|:'. 32 miles,

Laboratory measurements indicate that, with the
same modulation applied to both transmitters,
distortion can be expected it the RF carrier intensi-
tics are within 3 db of being equal. The potential
distortion arca for this condition is indicated on
the figure by the solid black area. When different
melulation s ,l;]‘:[1|||'-:| to the two base stations,
an area of o0 i|tl1']|i.'_:i'|rfli[_‘_'.'_ ::'\u]tili'_{ when RF
carrier intensities are within some 6 to 10 db of
1'.H_'i:l uﬂllu_ can be |'~.|:|l.'1'|!1'l.:| to extend out to the
IJI:-II:II-:I.IIjl'\ Ehl:]fl.'.l.lr-.] |!|". .-"I.-."n. ”-'5 -:Fr |:'||:'|!. A -."n.
or B -B° (10 db). As shown in Figure 1, the dis-
tortion area extends over a physically larger area
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as the spacing between adjacent base stations is
increased. When the same speech is transmitted
from both base stations, the affected area is limited
to about 10 per cent of the distance bebween stations,
Co-channel distortion areas result most frequently
from the use of base stations on essentially the
same frequency so :.i[.t.'lcq:{l as o imsure continuous
field-strength coverage along a highway. In obtain-
ing the desired coverage, with suitable margin, it
is virtnally impossible to avoid areas of overlapping.
Sometimes adjacent base stations can be located
along the highway in such a fashion that the terrain
provides a natural barrier between their respective
coverage arcas. This is not always possible, how-
ever, and in many cases the barrier is insufficient
to reduce the distortion to an m:c{![.tlnhlcr limnit,
Highways requiring this type of mobile service
are seldom less than about 100 miles long and are
To obtain suitable
coverage from a szingle base station located near
the central portion of a 200-mile highway, for ex-
'.imph}, without uxtn’n'ag:mt use of power, would
recjuire that the antenna be located on a site
somewhat more than 5,000 feet above the level
of the road. Even if such a site were available,
transmitting from it would subject a considerable
arga of the country-side to potential interference
from maohbile svstem ﬂp-emtinn rather than concen-
trating the coverage area more or less along the
highway. In practice this means that two or more
base stations are required to obtain suitable cov-
Crage nlung EXPTESS |1ig|n'-':{y5 of moderate length.
Since at least two base stations are needed along
a |1ig||w'.1}', thie i‘ms.';':hilil}' of using somewhat dif-
ferent radio fn‘.'ql:lcl:u:'l'ﬂ at these stations to avoid
the distortion problem associated with co-channel
operation may be considered. This would require
additional radio equipment in the mobile units with
provision for switching from one radio frequency
to another whenever the unit |:h.'|5¢.'r:d from one base
station coverage arca into the next. Besides being
costly, this type of operation would require the use
of additional frequency assignments which would
be diffficult to justify. It would also complicate
the pmh]rm af c‘.‘tl]ing a i:l:uli:.'ulij.r car, since the
driver might readily procecd from the coverage
arca of one base station into the next without
switching to the frequency used by that station.
From the foregoing discussion, it appears that the
use of co-channel stations is the best engineering
approach. Ways of minimizing the distortion prob-
lem must thercfore be devised. The In'-:rhh:m of

often several times [uu‘:;::r.
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controlling such distortion may be approached in
two different ways: first, by arrangements at the
mobile station, and second, by means applied to
the base station. The first alternative may also be
cffective in controlling interference that results
from the use of different modulations at adjacent
co-channe]l base stations. The second method is
applicable only to those systems which use the same
modulation at all co-channel base stations.

The first method is based on the use of a switch-
able directive antenna on the mobile unit. The
pattern of the antenna in the horizontal plane is
preferably that of a cardioid (heart-shaped curve)
in which a deep null is developed along the axis
of travel opposite to the main lobe. In practice,
when proceeding along the highway between two
base stations, the operator of a vehicle generally
adjusts the position of an antenna switch so that
the main lobe is directed toward the nearer of the
bwo stations. This is toward the rear of the car
when it is starting out from a base station. As the
car proceeds along the highway, the RF signal
from this station becomes weaker while that from
the next base station becomes stronger. As the
two RF signal intensities approach equality in
the receiver, with the antenna switch in its initial
position, distortion will result. At this time, or
preferably just before reaching the distortion area,
the operator of the mobile unit should operate the
antenna switch to the position in which the an-
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Fig. 1 — Carrier intensitics versus base-station sep-
aration; shading indicates distortion arcas,

tenna is directed toward the front of the car. The
receiver will then be subject to “capture” by the
new station while the signal from the initial station
will be ten weak to cause noticeahle interference.
In preliminary tests of such a system, where the
spacing between adjacent base stations was some
15 to 30 miles, distortion areas ranging from about
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2% miles to about 5 miles in extent were found to
exist when the mobile unit was -t-qnip[.w.ﬂ with a
single quarter-wave whip-type antenna. The sizes
of these areas were substantially the same whether
different or the same modulation was applied to
the two transmitters. The use of different modula.
tion, however, resulted in much more severe degra-
dation of the service over about the same area. Sat-
isfactory transmission was obtained throughout the
length of the system with either the same or dif-

WL NS T,
hta

Fig. 2 = Mobile unit equipped with a switchable antenna.

ferent modulation when the mobile unit was equip-
F“l with a switchable antenna.

An antenna suitable for this purpose is shown
schematically in Figure 2. Two quarter-wave whips
are mounted a quarter wave-length apart along
the fore-and-aft centerline of the car roof. Asso-
ciated with each of these antennas is an eighth-
wavelength stub of coaxial cable. In one position
of the antenna switch, the stub associated with the
forward antenna is short circuited whereas the
other stub is effectively open. In the other switch
position, the rear antenna stub is short circuited
and the front stub is effectively open. This is
accomplished by means of a coaxial relay under
the control of the operator. When the stub asso-
ciated with the forward antenna is open, the main
lobe of the antenna pattern is directed forward as
shown by the solid line curve of Figure 3. Con-
versely, when the stub associated with the rear
antenna is open, the main lobe is toward the rear
as shown by the dashed line curve in the figure.
As these patterns indicate, operating the antenna
switch reduces the magnitude of the radio fre-
quency signal received at the mobile station from
one of the base stations by approximately 20 db
while increasing that received from the adjacent
hase station h:..- a similar amount.

In a two-frequency system, however, where one
frequency is used for transmitting and the other
for receiving, it is not possible to obtain this much
discrimination at both frequencies. Some com-
promise must be made to accommodate the two
frequencies, which will result in a somewhat smaller
discrimination at one of them. A model of the
antenna shown in Figure 2 has been built. It pro-
vides about 10 db discrimination at one of two such
frequencies (139 mc) and 20 db at the other
(155 me). This provides satisfactory performance
in areas where no communication would he pos-
sible without some discrimination.

In hilly terrain, there may not be a single co-
channel distortion arca midway between transmit-
ters, but many such areas where one transmitter or
the other is partially blocked for short distances.
In addition, there may be areas where the field
strength will be alternately higher from one sta-
tion and then from the other at such short intervals
as to give a “picket-fence” effect as the mobile
unit proceeds at moderate speed along the high-
way. Under these conditions, it may not be prac-
ticable to improve the quality by manual back-and-
forth switchi- g of the antenna direction.

In this case, the second method of reducing co-
channel distortion cffects may be desirable. This
method requires that the factors which cause the
speech distortion be more closely controlled. This,
in turn, réquires precise control of cach RE signal
transmittedd by the base stations. Generally, a
non-directive vehicular antenna is used.

A mohile receiver, located in the co-channel dis-
tortion arca, i% Lub-juﬂl:{'{l to two sig‘nuh‘ that are
similarly modulated, and are essentially equal in
intensity. If the receiver is to deliver an undis-
torted output, it is necessary that the two signals
appear as one, and therefore, that the incoming
signals be modulated in phase at all times. This
means that the two transmitters must not only be
supplicd with the same modulation, but further,
that the modulation which originates from a single
source must arrive at each transmitter at the same
instant. Time delays in the entire transmission
path, including wire line facilities and transmitters,
must be equalized. In addition, it is desirable that
the frequency of each transmitted carrier be aceu-
rately controlled to minimize background noise
and audible “beats™ (the heterodyne effect). Meet-
ing these requirements will pnn‘i:h: undistorted
or I!'HII!'I-(II."!;{I'.I{II."EI output from a mobile receiver
located in o distortion arca. In pr.u:'li::t'- however,
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limited amount of degradation from these two
causes may be tolerated.

From the results of extensive listener tests con-
ducted in the laboratory under controlled condi-
tions, it has been found that a difference of even
1/6 millisecond in speech transmission time from
two adjacent base stations produces noticeable
degradation in quality. When the polarity of speech
modulation applied to the two transmitters is the
same, the quality of speech transmission continues
to deteriorate as the delay difference increases from
1,6 ms up to 4 ms; h]hl:j__ off fairly rapidly between
16 and 1 ms and !L'L'l'lll]!_._ off mmt.wh..ll: between
1 and 4 ms. The speech ontput from the mobile
receiver is understandable throughout this range.

When the polarity of speech modulation am:lit‘d
to one of the transmitters is reversed, and the delay
difference made zero, phase cancellation of speech
is nearly complete. The resulting speech output
from the mobile receiver is unintelligible except
for an occasional word or part of a word. The
introduction of 1,/6 ms (or more) llt"1il}' difference,
however, produces speech output which, although
degraded, is mostly understandable. As this delay
difterence is increfised from 1,6 ms to 4 ms, the
intelligibility improves somewhat and  becomes
essentially the same as that for the like polarity
condition from about 1/2 ms to 4 ms. Differences in
listener pﬂ'.‘fl'."n‘llli.‘l.‘.‘-i are to be expected because of
the altered frequency characteristics resulting from
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Fig. 3 — Pattern for switchable molrile antenna.
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changes in delay difference and polarity. This effect
also brings about a difference in intelligibility or
circuit merit depending upon whether the speech
is heard from a loudspeaker or from a handset.
Maximum degradation in the received speech,
together with a maximum background noise, occurs

RESULTANT =

Fig. 4 — Heterodyning effect of two sine waves.
when the two RF carrier intensities are equal
Small changes in intensity of one RF sign:tl with
respect to the other (over a range of 0 to 3 db)
result in an appreciable reduction in background
noise and an improvement in intelligibility.

Background noise and heterodyne effects may be
explained as follows: Simultaneous reception of
the RF carriers from two base station transmitters
produces a heterodyne beat note in the output of the
mobile receiver when the carriers are of COMPAr-
able intensity. When this produces a heterodyne
frequency which falls within the voice range, a
distracting tone results. This heterodyne tone is
present when the intensities of two unmodulated
RF carriers are within the range of 3 to some 15
or 20 db of each other. Thus, the heterodyne
tone will be heard appreciably beyond the co-
channel distortion area limits indicated on Figure
1. It is therefore desirable that this heterodyne
frequency fall outside the voice band, especially
the band between 500 and 2500 cycles.

If the earrier frequency is offset so as to place
Elpie ]u,-h-rn-(h'mr b -ihght]'..' above the upper
limit of ln:-r||u.'||ﬂ1.~.-p used for communication, o
disturbing high-frequency “noise” background will
b ;m:{lu{'ﬂl when the two RF earrier levels are
within 1 or 2 db of being equal.

The alternative is to control the frequencies of
the adjacent base station transmitters so that the
resulting heterodyne tone will be below the speech
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frc:qmrnn:l't:ﬁ- Since these systems operate in the
vicinity of 150 me, each carrier must have a stability
of at least 0.0001 per cent to insure that the hetero-
dyne frequency will be 300 cycles or less.

MNormally, noise inherent in an FM system is
masked by the carrier signal. When an FM
receiver picks up two unmodulated carriers of
equal intensity but having only a slight frequency
difference, however, sharp, pulse-type noise results
from the “unquieting” of the receiver during a
short portion of each heterodyne cyele. In this
situation, as shown in Figure 4, complete phase
cancellation of the two carriers occurs once during
cach cyele of the heterodyne beat frequency. When
the heterodyne frequency is between 50 and 150
cycles, noise which sounds like ignition-type inter-
ference will result. To minimize this effect, the
frequencics of the base-station carriers must be
kept as nearly identical as possible.

There is an additional Factor due to the motion
of the car which must be considered in establishing
the permissible frequency separation of adjacent
base-station carrier frequencies. Most of us are
familiar with the apparent change in pitch of a
locomotive whistle as the locomotive passes us
when we are standing on a railroad platform. The
pitch appears to be higher as the locomotive ap-

THE AUTHORS

proaches us and lower as it goes away from us.
This is known as the Doppler effect. - It operates
at radio frequencies in the same way it does at
audible frequencies. Thus, two base stations, cach
emitting the same carrier frequency, will actually
impress slightly different frequencies across a mo-
hile receiver in a car that is traveling '.tlnng a
highway away from one base station and toward the
other. If the car is traveling at a rate of 60 m.p.h.
there will be a difference of 30 cycles between the
two receivied carriers. If the base-station carriers
are not alike but are displaced by 40 cycles, for
example, then the received difference, or hetero-
dyne beat, would be 70 cycles or 10 eyeles, depend-
ing upon whether the mobile receiver approaches or
departs from the base-station transmitter.

Although this article has described two general
methods of reducing co-channel distortion effects,
the latter method only aids in r;_'vllncing these effects
when the same modulation is transmitted simul-
tancously from both base-station transmitters. It
does not afford any reduction of interference when
different modulation is applied to the two trans-
mitters. In this situation, the system dispatcher
should be provided with manually operated key
switches to disable or remove a transmitter from
the system to avoid simultaneous reception.

Ropent V. Crawronn joined the Laboratories in 1930, In the Toll Development
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Terminals for

Sealed Apparatus

K. F. :"i-'..?]_:[H ESs f:qaira[uaﬂrrrJf .Uﬁ'r-h.lp.lurr:lj'

The successful operation of many present-day military and communica-
tions systems frequently depends on the highly stable and precise outputs of
various elecironic components, To help insure the required degree of
stahility and precision in these applications, it is often necessary to seal the
components in containers which guard them against the adverse effects of
such conditions as moisture and mechanical shock. A variety of sealed

_ terminals have been developed to electrically connect such components into !
| a svslem wilhot malerially reducing the effectiveness of the container. |
I

To assure stable electrical characteristics, My to, the can. Good design required that the terminal
circuit components, and even complete networks, be leak-proof and occupy a minimum volume in- |

must be sealed against the penetration of moisture side the can and a minimum surface area on the

and harmful atmospheres. Early units were impreg- an cover. Since the first sealed terminal was devel-

nated with sealing compounds of rosin or wax. The  oped well over twenty years ago, the constantly im.
|“"|:":':"—5"“I"'i.| units were then |'I'II-| imto a can and Proving characteristics of |:_1|1'|'|[:||::|Iu'|ph]|;n'l: r|'¢[|:|ir|_'-:|. |

sealed off by an asphaltic compound or a terminal a corresponding improvement in terminal design

|:1-|!1' bastencd !i'_:I:IT]}' to the can. In time, some pot- :"nli“!.'t:r}' 1!:".'1'Ir:||'|||'|.|,'1|[ -:|.|:|;i|:|'=ni and since World War

ting and sealing compounds would develop cracks; Il provided added impetus to the development of

others, at higher temperatures, would ocoze out improved sealed terminals. Several firms are now

around the lead wires and terminal E]].tti't. |'I|'_1_.|._1_'|:-'4! '-:-:||1"|_*.' in the manufacture of such terminals.

Az the communications art 1!12"-1']!"!]'!4'('. maore strin- several factors must be considerad in the desion
gent component requirements necessitated the use of a sealed terminal for a miven ,'l;'|1-E:|]|4,'.'|ti-!|1|_ break- |
of hetter i::ﬂ]':l:’:"_::ii.lrllh. l'1|h|rt||n.|h-]_1.; :I'r.n'!il:'.' avail- down, Hash-over, and corona-starting "-'r:l]T.I'_'L-I"‘i under I
able and economical impregnants with suitable elec- specilic conditions of temperature, humidity, and |
trical characteristics were of low viscosity and thus :|I:||u:-~.]rh|'r|:r_' pressure; insulation resistance under |

leaked easily. To solve the problem e'l]::_':illl'e'rh for-
mulated a new cone Pt oin apparatus kaging

||Ii|rl1|'i'i|.|II-I.] ‘ui'ulll'l![ !1'.||I'II.:II.I.]"|_ I'I:.II_'1| ..I]'hl:l:lr.ltll}u ]E'Zﬂl.
was to be -IH'I'IUEI'I.I outside a sealed can ]:-?.' a Feed-
through terminal that was insulated from, yet sealed
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the same conditions, with or without a de E'll:l]..lll."-
ing voltage; current-carryving capacity; reliability of
:F:n' '-.1'.||_ :I:IIII.]'“:V o W ithstand mechanical and ther-
mal shock; space requirements; and both unit and

installation eosts. The i|||_'|'r';t=\.in-_:]-.' \-.'i-:||--.['||-e'.u|. (LT

™ 5,




Fig. 1 — Apparatus cons using variows 1ypes of
sealed terminals: left, solder-sealed ceramic: center
foreground, rubber-scaled; center, molded pheno-
lic: and right, glass-sealed. The small tubular can
atop the large unit, center, shows the use of cold-
com pression fluorocarbon resin-sealed terminals.

of sealed terminals and their varied physical and
clectrical requircments have resulted in a large
number of terminal types for specific purposes. Fig-
ure 1 shows several components using a varicety of
terminal types and sealing materials.

The first practical, low-cost sealed terminal de-
veloped by the Laboratories was the rubber-sealed
terminal, Figure 2A. A tin-plated copper tube was
slipped over a wire insulated with a specially-devel-
oped natural rubber compound and then compressed
with the dies to reduce its diameter and squeese it
tightly onto the rubber. The tightly squeezed rubbes
formed the seal. When oil was substituted for wax
as the impregnant, it deteriorated the rubber and
this in turn affected the electrical characteristics of
the oil. A special wire was then developed, using a
neoprene jacket over the rubber insulation. Although
neoprenc is not materially affected by insulating
oils, it docs not provide as good a seal per unit
length as the natural rubber. For this reason, natu-
ral rubber is still used in the shorter assemblics and
their use is restricted to units not impregnated with
oil or oily compounds.

Although their characteristics are generally very
good, rubber-sealed terminals have been limited to
applications where test voltages do not exceed about
6,000 volts de or operating voltages do not exceed
about 3,000 volts de. Chlorinated impregnants used
in capacitors to achieve higher capacitances for the
same unit volume are harmful to rubber: molded
phenolic terminals, Figure 2B, were designed for
such applications. Phenolic material is maolded be-
tween and around a metal lead-through and a con-

centric metal bushing; these parts are shaped tor
mechanical strength and a good seal. These termi-
nals are used at voltages up to 10,000 volts de at
room temperatare and up to 5,000 volts de at 155
degrees Fahrenheit.

For units requiring apparatus to be sealed in a
vacuum or a controlled atmosphere, another type
of terminal was needed. With glass-sealing methods
developed for making electron tubes, a glass bead
was fused between a mp[:l-or-{.ﬂalﬂ! alloy wire amd
the inside of one end of a copper tube. The other
end of the tube was flared and spun over the flange
of a hollow ceramic bushing. The lead-through was
brought through the bushing and soldered to a ter-
minal previously hollow-riveted to the bushing to
complete the assembly. The metal tube could then
be soldered to the apparatus can.

The trend toward miniaturization of components
and the demands of the military during and after

A, large and small rubber-sealed termi-
nals. B, short-shank (left) and long-shank maolded
phenolic terminals, C, copper-glass {center) and
examples of glass-sealed terminals. D, molded plas-
fic f.ri-ff} nnd J_'.!q'n.m'pfns ﬂI tﬂ!d{ﬂmpr#sﬁnn I-iliﬂrﬂ-
carlon resin-sealed ferminals,

Fig. 2-
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Warld War [ led to farther improvements in meltal-
glass terminals. Outside industry had developed
ghm’- -sealed terminals using a metal lead- through
and bushing, separated by glass fused to the metal
parts. The Laboratorics undertook the design and
development of smaller terminals using this process
and the same materials — a special alloy, Kovar, and
borasilicate glass. Several of these metal-glass ter-
minal designs, some of which are shown in Figure
2C, are used in substantial guantitics. They are
somewhat restricted in their applications because of
clectrodeposition of metal over the gliss surface
when subjected to repeated temperature-humidity
cveles with de polarizing voltage across the terminal
results in the lowering of insulation resistance, as
indicated in Table 1.

Further miniaturization of some components cre-
ated a demand for sealed terminals that would meet
more stringent requirements. Two designs using
fluorocarbon resins were evolved at the Labora-
tories. These are illustrated in Figure 2D. One de-
sign consists of a fabricated wire lead-through and
a concentric flanged metal bushing, !n.!""l'll.l]’q"lh'il amd
held in position by a fluorocarbon resin carefully
molded to avoid internal air pockets that would
affect the electrical characteristics of the terminal.
These terminals use a resin (polychlorotrifluoro-
cthylene) that can withstand fairly high tempera-
Iun:-s and has particularly useful properties for mini-
aturized military equipment. Considerable care must

Fig. 3— An array of similar sizes of terminals.
From left, they arc: rubbersealed, molded phe-
nolic-sealed, glass-sealed, copper-glass, fluerocarbon
resim-sealed, molded  plastic-sealed,  gasket-sealed
eeramic, and solder-sealed high alumina ceramee,

be exercised in the fabrication and installation of
these terminals to retain the desirable properties.

Usually, apparatus units are impregnated and
filled with a potting compound after all soldering
operations have been performed, including those on
the terminals. Temperatures involved flun'ng im-
pregnation are sometimes sufficiently high to jeopar-
dize some types of terminal seals thus restricting the
choice of seal materials. A second tvpe of fluoro-
carbon resin terminal can be made directly on the
apparatus can at room temperature after impregna-
tion and potting have been done, eliminating this
problem. In this process, a fairly heavy-walled bush-
ing is fastened to the can cover or is formed as part
of the can cover. The space between the bushing

Tante 1 — Tyricar Erectrican Claracrenistics oF Teraaxars vroas Cosroxest Test Data

Voltages in KV Peak Room Conditions

Insulation Resistance in Megohms

After Moisture
Resistance Test

Caroms - With Polarizing Currend
Terminal Maximum Test Working Starting As Aszembled Voltage Rating-Amps

RUBBER-SEALED

Smallest 5500 . o vv v i mna a4 0.6 1.2 = 10" = I'l.'.l: E

Longest Sheeve oo v innas St i} 3 < = 10 = 10 2
MOLDED FHENOLIC 2 &

Short Shamk b o e 3 2 1.2 = 10" o= r

Lomyr Shanlk: = Sl sl i s s 10 5 1.2 = 10" = 10 10

|

METAL-GLASS

e B o e nm e o1 05 l.j }lﬂ: i:' Eﬁ

Largest S e s o s e 56 1.4 a7 = 1 = 1
FLUGRCRCARBON RESIN (2 types ) . :

T T e et s it 8.5 2.5 3.7 = 1 == 10 ]

LT [ e B e S e L 7 28 L, ] = 10" = 10" 15
CASKET-5EALED CERAMIC 4 o i o

Sroallest SEre . .0 o i ie e 5.6 21 4.2 - !

T B R [ ) G0 = 1 = 10 15
SOLDER-SEALED CERAMIC % o e 5

Smoallest Sf2¢ ... ooviiinnnnnnnnns 5 L5 .

I-JIrJqL:-.:I h:.:‘: ................... :35 17 ] | > 10 =10 30

o
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Fig. 4 — A, three sizes of gasketsealed ceramic terminals
with a large terminal disassembed. The terminal at upper
left contains two coaxial fecd-throughs. B, cxamples of
solder-sealed high alumina ceramic terminals.

and a central wire lead-through acts as a filler hole
for the drying, impregnating, and potting opera-
tions, and is then scaled with resin, A sleeve of cither
polyehlorotrifluoroethylene or another plastic { poly-
tetrafluoroethylene ) is slipped over the lead-through
into the bushing and is then compressed with a suit-
able tool. This gives a hermetic seal between sleeve
and bushing and between sleeve and lead-through.

When still higher voltages are encountered, ce-
ramic terminals are wsed. In compression-type
ceramic terminals, Figure 4A, the insulator body
consists of two parts, one inside and one outside the
can, and a central lead-through threaded on one end
to provide axial compression. Sealing is provided by
:.Iww;ﬂ gaskets wherever the ceramic comes in con-
tact with a metal surface. Two features are of inter-
est: the hollow body permits the insulating oil of a
unit to fll the insulator and improve the electrical

THE AUTHOR

characteristics, and a terminal may be constructed
with either a single or two coaxial lead-throughs.

Solder-sealed  ceramic  terminals fall into two
classes, differing Primilfii:.' in the gl'.l:-:ud CETAMIC M-
terial of the bodies and the method of attaching the
metal parts or “hardware” to the ceramic. One class
uses steatite-type ceramic with ﬁpr:ciﬁn;: arcas of the
badies coated with metals; a paste of colloidal sil-
ver is fired onto the ceramic, and copper and then
tin are electroplated onto the silver for better solder-
ability. Soft (lead-tin) solder is used to attach the
hardware as well as for mounting the terminal onto
the apparatus can.

The other class, the so-called I'|!|i;|__-r}| alumina” ber-
minals, Figun- 4B, are a more recent i.h"'.'i_-ln|}1m'l'|t.
The ceramic material, chielly reerystallized alumi-
num oxide, is more resistant to thermal shock and
-an withstand higher temperatures. Because of this,
it is possible to apply a higher-temperature glaze
that has superior non-wetting properties and surface
resistivity; such terminals retain their high insula-
tion resistance under extreme conditions of humidity
and voltage. Also, by using special metallizing tech-
niques, the hardware is attached to the ceramic with
high-temperature brazing alloys. These terminals
have superior clectrical and mechanical properties
and are replacing other tvpes for the more critical
applications. Soft solder or brazing can be used to
attach these terminals to the can.

This wide variety of terminal types provides me-
chanical and clectrieal characteristics covering a
considerable range of requirements. Table 1 shows
tvpical electrical characteristics for various termi-
nals in actual use on apparatus. Even such a wide
variety of types, however, does not provide perfect
terminals for present and future developments, and
the Laboratories is continually searching for new
and better ways of making sealed terminals.

K. F. ﬁqrnn_\. !:u,'p_,ln his Bell .“;-:.'htl'nfl carcer in 1919 with the research group af
the Engincering [h—p.u:’tlnn;-:.t of the Western Electric E.-::lll'ljhm}'. later Bell Tele-
I-.]:.||||.,- '[,_.'Imr.Lt.;;ri._--._ i :'.]1:_':|il several VisLrs with the In:l[.;|1l'1ll;':- research Eroup,
engaged in the development of continuously loaded submarine telegraph cable,
and studying the heat treatment and properties of magnetic alloys. With the advent
of World War II he transferred to the Apparatus Development Department where
he has worked on precision resistors and inductors. After a SUrvey and study ol
rl'llrllrl.il\ fnr .'H.'.Illl:'lil .|[:-[:-.Ll.|.|!1:|‘., ]'|r :1.'!111'"!.'::' to l'll"-'l']lhlhl:l'll:':l:nl wirk on l::u:lliﬂlul.'nt'-
for submarine cable repeaters. He received a BS. degree in E.E. from Cooper

Union.
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7:1 ‘[H*—U_\':
New Short-Haul

Carrier

M. ARUCK Transmission Enginecring

A\ very flexible and versatile carrier Iransmission svalem has recently been

made available for short-haul service. This is the Type-ON system, which

permils groups of channels from '|'} ez} i:|w|1-h1'r|' svelem= Lo b temmisrmilbed

over ’}j:""‘l cable withownt 1Irn|r|rir|g down to voice frequencies at the june-

tionms. In addition. the 't'”uh"'\ EVELEm Ay s el e o 1.\-.1'|:|l:l.-rl||:|||1|1.|'|

'_‘"‘l.'l" 1"\.1"I.I-:i'||-l"r:'¢ vt l'.“hll'.

I I..'.|||'I UL -\.F|||1'|.:'.|-_| ||.]| cireuits. i s :.“.

NODessary o0 inberoonmect O RN Wir andd cable cir-
cuits to provide throoeh chanoels. These cireuits
May, 1n many caset b proy iidied by T Y O carrier
systemis® on open-wire lines and '|"r|‘-l.' N svslemst
on cable. The two svstems may be joined by con-

R g I'-Il"l' L) an ! - % I:.l'l'H"\. in "..||||:!-|';'| Al VYoo

SLASLE LR L LA R Thus I!|r|'-' 1 il;ll.'lllll: I'-I'Hf_l LR RIS
W [T WIANE Iy |5 -||-|-'|r|1|.! iy o l:.;:'.“,-h:

Pvpue-M swwilemm on cable 1 | rI..- |lII-\.!:-II I'\...::.I i

ELLRLY 1i :: thiro ._:I. circuiits. Thizs 1€ w |'H...I'|I|: g
-! T !-l'-'\.l'.rr SINGE DWWy 0 |i'\.'. i i |r|-

ney terminals are i | at the junction for

i | hannel, Whis e lar i munImibeers o |.\:| et % LI
i Ivisdd, substantial savings in equipment may I

Nl |

resilizedd if the Er insEition Irom DT Wir to calbli
nd vice versa is made at carrier frequencies, Tha

miEnt of e I'vpe-(dN carrier svstem has

L | | e rnatinn minlies  thi | vpe- % svstiem

entially a method of .--:-:'. i Ty ™ £y fre {uen
VieT r-.|.. N cable. This is apccomplished witl
vmimiem numiber of modiicatinons of Jl‘i" Oy arcd

| M erquipment unifs el without interferi
th Tv N siomals that mav be present in the sams
I | i T | the il i cnst ]

lims |'-|'r::'||I_I|-:[ tha <ystem b be l'l-r:-'.n,‘.ni in a rela
tively short time to mect an urgent need in the biele
It 3 ||'\-|:- I! n'\.|||l|' L LEsee .I.'h.l_n;'{]?"- ST IMS  OWeT

['-IH' N cabde exclusiviely, and thas obtain HAH Y

imum of 20 channels as I.-II|||'I.|rl:'-||. b 12 For T ¥ -

carrier. This is |Hn'~ihir becanse the Ty pe-LY system

troim which the '|'-.|l- (Y '-\.|:|:.||\. are derived, is a

single-sideband svstem, whereas the ] ype-iN syst

I
1'III"III".'H. -:!Il'lllll -|||:!d'|‘||r||| IFATNSITSS 100

The basie functions of the ON svstem can be ex
;lll'ul-! with reference to Fifures 1| and 2, which
show the I |].|I| Ny arranfement of the ON svstem
Firure 1 illustrates several impeortant facts about the
mine of channels in the ON spectrum Fivi
s of Four channels each (or a total of twent
hannels | oocup the ranee of frl'r!':-: cies trorm 44
to 1560 ke I hizie Fri Ll NeN= i -||||:|r|-| the hatie (0

w moted in Fioune | that

Ire ([UETICY hand. It mav

1 1 N } 1
Winnels cach im thls Dhand

I
e bve groups of four cl
COMTEs] mid to Gve of the (O oroun Irequencies
namely, (OB low oron P OB hirh gFroup {0 o
group, OO high grom P vreed DD levwr g nip This fr

CNey Frouping was chosen 5o that existing O units

g bed b wiwed] @b thee €N teerm '..I-\. _|I|'! JLEmE s

In the ON svstem, unlike the O svstem, the sam




FREQUENLCY IN RILOCYOLES PER SECOMD

rangement, an OB system transmits 40-56 ke (low
group ) and receives 60-76 ke (high group ), or vice
versa, on the same open-wire pair. In the ON sys-
tem. on the other hamnd, group 5 of a terminal or
junction would transmit 40-56 ke on one pair and
receive the same [requencies on another pair.

On an N carrier line, however, low-group frequen-
cies (40-136 ke) must be transmitted in one direc-
tion on one cable pair, and high-group frequencies
{ 168-264 ke ) in the opposite direction on the other
cable pair. An ON repeater, used between an ON
junction or terminal and the N line, provides this
translation of frequencies where reqquired. The low-
amd high-group ON bands are within the N carrier
bands of 36 to 140 ke (low group) and 164-265 ke
{(high group), and can therefore be handled satis-
factorily by the N repeaters and line.

Figure 2 illustrates how the O and ON frequency
arrangements are translated from one to the other
by the ON equipment at an open wire-cable junc-
tion point. In the left part of the diagram, the fre-
quencies of the O systems range from 2 ke ( bottom
of the OA system, law group | to 156 ke (top of OD
system, high group ). Each of the five 4-channel O
system groups received from the open-wire line
(any onc of which can be an OA, OB, OC, or QL
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Fig. 1 — Frequency allocations of the Type-ON system;

Type-N  frequencies and corresponding Type-)  group-
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system, either high group or low group) is first
translated or modulated to a 180-196 ke basic band.
In the second step of modulation, each basic 4-chan-
nel group is then translated to a chosen position in
the basic ON band (40-136 ke). An ON repeater
then applies these frequencics to the N line un-
chanzed, or modulates them with 304 ke to the high
F—'."’“IF' band { 168-264 ke ) as required by the N line.
In the reverse direction, the line frequencies of each
ON group are modulated in reverse order in the ON
n'|}q:4'.l‘h_-r and ON junction equipment to the line
frequencies of a particular O system used on the
open-wire line. At an ON terminal, the same double
modulation plan is also employed; that is, the car-
rier frequencies of each ON group are first modu-
lated to the basic 150-196 ke band before demodu-
lating to voice frequency.

Figure 3 shows a tvpical application of a 20-chan-
nel ON system on a combination of open wire and
cable in block schematic form. This higure serves to
illustrate the makeup and operation of the ON sys-
tem, Five 4-channel O terminals of OA, OB, OC or
OD type terminate the open-wire ends of the cir-
cuit in the left part of the figure. Each O system
transmits and receives at its standard O line frequen-
cies over open-wire equipped for O carrier transmis-
sion. The ON groups may be derived from any com-
hination of O systems on two to five open-wire pairs
OO0 One Oor more routes of rl-}"H'-{:' AT !'r!n'.‘-h'llT'-.

At the open wire-cable junction, each © system
aronp is connected to an ON junction unit, The
junction  equipment consists  essentially of both
standard and modificd O plog-in units. Each ON
junction unit separates and translates the O line fre-
guencies of each O system to an QN group in the
basic ON frequency allocation (40-136 ke) for ap-
plication toward the cable. The two-wire arrange-
ment of the open-wire systems is thus converted to
the four-wire syvsbem used on the cable. The outpals
of the plug-in units are combined for connection to
the ON repeater. A level-control tone, which will
be diseussed in detmil later, is added at this '|'H'I-El'lt
when required.

The ON repeater provides amplification anl,
where required, as in the situation shown in Figure
3. frequency conversion from the basic ON low-
group band (40-136 ke ) to the ON high-group band
{ 168-264 ke) to coordinate with the N carrier line.
This repeater consists of a maodified N repeater in
which "fr{:qurrlt'}' fre rg*__’,inﬂ" I_'shifting between high-
and low-frequency groups) is omitted in one direc-
tion. The ON signals are transmitted over a cable
{l'““l {or two ]'rilin"l- 1~|::||ti]1npﬁ;] with standard N re-
peaters. As in the N svstem, repeaters translate these
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frequencies back and forth between low-group (40-
136 ke) and high-group (165-264 ke) frequencies.

An ON repeater and terminal are used at the ter-
minal end of the cable. Here again, the ON repeater
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provides amplification, but in this case frequency
conversion is not necessary since the basic ON fre-
quencies (40-136 ke ) are received directly from the
N line. The ON terminal provides voice-frequency
termination of the 20 channels at the cable termi-
nal of the circuit. It consists of five groups of 4-chan-
nel ON terminal units which receive and transmit
the indicated ON frequency groups. Each ON ter-
minal consists of a slightly modified O terminal. The
principal change is to provide four-wire connections
to the cable instead of two-wire, as is done in the O
svstem. The type of O plug-in units used in the ON
berminal — O low group, OC |‘||'g]1 group, ele. —
is determined l:}' the frequency of cach ON group,
that is involved.

In the reverse direction in Figure 3, an ON ter-
minal converts the voice-frequency channels on a
d-channel group basis to the basic ON group alloca-
tion (40-136 ke ). These groups are then combined
and applied to the ON repeater for amplification
and, in this case, modulation to the high group band
{ 165-264 ke) for transmission over the N line, At the
cable-open wire junction in Figure 3, the ON re-
peater is only required to provide amplification.
The ON junction equipment receives the ON fre-
quencies from the ON repeater on a four-wire basis
and converts each ON group to a particular O sys-
tem line frequency for application on the open wire
on & two-wire basis. As noted previously, any ON
group may be translated to any O system allocation
(04, OB, OC, or OD, high group or low group
transmitting ). The © system groups are transmitted
over the apen-wire line in a standard manner to O
system terminals at the terminal end of the open-
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wire line for conversion to voice-frequency channels.

Two principal features give the ON system its
high degree of Hexibility and wide field of applica-
tion. The first is the use of the same double-modu-
lation |J-L1:n rmplu}'{:d h}' the type-0 system, in which

LE]

transmitted to maintain carrier levels at thewr nor-
mal values,

These advantages are illustrated in Figure 4, which
shows another application of ON carrier on a com-
bination of open wire and cable. This block sche-
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cach group of 4 voice-frequency channels is trans-
lated to a basic 4-channel band of 180-196 ke. This
double-modulation arrangement enables any O sys-
tem on the open wire to be shifted to any ON group
position on the eable. It also permits any one or
more of the ON groups transmitted on the cable to
be terminated at the cable-open wire junction, while
the others are extended on open wire. Another result
is that it permits the use of the ON as an all-cable
systern by terminating all ON groups at both ends.

The second feature is the use of a level-control
oscillator to permit the operation of ON systems
equipped with only one, two, or three groups with-
out interference to other ON and N systems in the
same cable, The output levels of N and ON repeat-
ers are regulated by the total carrier power trans-
mitted through the repeaters. The level-control os-
cillator supplies the missing carrier power when less
than four ON groups are transmitted, so that the
carriers are maintained close to their normal levels,
regardless of the number of groups used. Thus, an
ON system may be provided initially with only one
or two 4-channel groups. As circuit growth and
economic consideration warrant, additional groups
may be added up to a total of five 4-channel groups
or 20 channels. As each group is added, the output
of the level-control oscillator is redueed accordingly
until four groups are present, when it is removed
completely. The ON system is thus more fexible
than the N system, in which all 12 channels must he

TYPE O CARRIER |

TYPE OMN CARRIER TYPE O CARRIER

matic represents an intermediate section of cable
with open-wire lines at each end. The terminal ends
and junction points are shown located at four cities,
A, B, C, and D. A 20-channel ON system is involved
in providing 4-channel circuit groups between the
various cities. Two ON groups (numbers 2 and 3)
provide circuits between cities A and [ over two
open-wire sections with an intermediate cable see-
tion. Ome ON group (number 1) provides circuits
between cities B and D involving a cable section
with an open-wire section at one end, while between
citics A and C another ON group (number 4) in-
volves the cable section with an open-wire section
at the other end. The final ON group (number 5)
p-rm-::!es circuits aver the cable purt:un {'mh be-
tween cities B and €. Standard O systems provide
circuit groups over the open-wire sections. The use
of similar arrangements would make it possible to
operate the ON system over a cable with an inter-
mediate open-wire section.

The ON system has found a wide field of use in
combined open-wire and cable systems because the
transition between open-wire and cable operation is
relatively simple and can be made at substantially
any point. For instance, the ON system may be used
for operating O systems thr-u:m-'-'h long entrance or
intermediate cable where the use of N repeaters
offers an economic advantage over the use of O re-
peaters. It is not necesary that the cable terminate
at a central office at either end, provided power is
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vailable for operation of the JuimcEnon .wrl|||i'|-||u-1|t
[hee N svstem also permits an () carrier open-wire
route o be dey :'II:-il-l'li] as a cable carrier routs b

crindic cable extensions as efreuit growth and eco
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Li the ON svstem is
extended ta .‘rillur portions of the O syvstem, the
ON junction « quipméent s moved to the new open-
wire cahbly junction

In addition to these _|]|il:|..|l|.|||u the ON svstem
has found considerable use as a 20channel, all-cable
svstem where N carrier has been usied heretofore
\Ithough ON terminals are higher in cost per chan-
nel than N terminals ON < SIEmS Are more eonnomi
cal for cable routes somewhat over 10 miles long
This results trom the more e onomical use of cable
pairs amd N e peaters, since 20 channels are [ ssihle
in comparison with only 12 channels for the N svs
tem ovier the same two eable pairs. In addition, ON
mayv be mploved in place of N to defer the instal
lation of new cable. Or. it can be |-||||l|-|'.|--:! where
ill peunrs an a cable suitable for ™ Iransmission are
in use. This is done by replacing N terminals with
ON terminal cquipment and in this way deriving
cight additional eircuits on cach cable -:|u.||1_ with
i -.||.|||',_'|- in the line or repeaters

Another important application of the ON svstem
15 in stacking or multiplexing channels for transmis
son over microwave radio. At present, up to 40
channels of ON carrier, consisting of two 20-channel
ON svitems, may be multiplexed. These systems
may b extended over (PN WiIre or cable at cither
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Ravrn L. HELMREICH

Ralph L. Helmreich, Director of Operations of the
Long Lines Department of the A. T. & T. Co,, was
elected Viee President and General Manager of the
Laboratories at a recent meeting of the Board of
Directors. Mr. Helmreich sueceeds James E. Ding-
man, who has resigned to accept the position of Di-
rector of Operations of Long Lines. The moves were
effcetive on November 1. Also on that date, Mr.
Helmreich became a Director of the Laboratories,
and Mr. Dingman succeeded him as a member of
the Long Lines Board.

Mr. Helmreich is a native of Kansas City, Kansas,
and received a degree in mechanical engineering
from Kansas State College in 1925, In the same vear
he joined Southwestern Bell Telephone Company
as a student engineer, Plant Department, Kansas
City. He was transferred to Sedalia, Missouri, in
1932 as Wire Chief. During the next 16 vears he con-
tinued to work in the Plant Department in various
cities in Kansas and Missouri.

In 1949 Mr. Helmreich moved to the General De-
partment of the A, T. & T. Co. in New York as Sup-
pr_!.' Practices Engineer. The following year he re-
turned o Southwestern Bell as General ':"-Lt!'l-l-'._’,l:'r
in Kansas City, Missouri. He was named Vice Presi-
dent in charee of Personnel for Mountain States
Telephone and Telegraph Company, Denver, Colo-
rado, in 1951 and was appointed Vice President
”E"”"“””"‘ a vear later. In 1953 he returned to New
York as Dircctor of Operations, Long Lines., Ar
Helmreich is a member of the American Society of
Mechanical Engineers and of Phi Delta Theta
fraterity.

Mir. l:lilh'._'.uhl-!! came Lo the Laboratories as Yiee
President and General Manager on December 1,
1952. Before that he had served for a number of

Ralph L. Helmreich
FElected Vice President
and General Manager

of the Laboratories

vears as Viee President — Operations of the Bell
Telephone Company of Pennsylvania.

After graduation from the University of Maryland
with a degree in mechanical engineering, Mr. Ding-
T i"“"-"l the Bell Svstem in 1922 as a tester with
Western Electric Company. In 1923 he transferred
to Long Lines as equipment attendant in Lansing-
burg, N. Y. After successively filling a number of
posts in the Long Lines Plant Department, he be-
came Emplovee Relations Manager in New York in
1943 and Assistant to the Ceneral Manager of Long
Lines in 15949, That same year he was elected Viee
President — Personnel of the Bell Telephone Com-
pany of Pennsylvania and the Diamond State Tele-
phone Company in April 1950 he became Vice
President — {]'l:n:*r.qtiun:q and a member of the Boards
of Dhirectors of those 1_'u|r||'|-|.l]i1.'.~\..

Paul A. Gorman Elected to

Laboratories’ Board of Directors

Paul A. Gorman, Viee President in charge of
Manufacturing of Western Electric Company, was
elected a Director of the Laboratories at a recent
meeting of the Board., Mr. Gorman succeeded
Frederick B. }':,;|E1]'II-I,'|_ President of A. T. & T. Co. A
native of Missouri, Mr. Gorman joined Western
Electric in Chicago in 1929 upon graduation from
the University of Missouri. He has held several im-
portant Bell System positions, including those of
Defense
Projects, FPersonnel Direetor and Central Distribu-

Vice President — Finanee, Viee President

tion Manager of Western Eleetric and Assistant
Viee President of A. T. & T. He is a Director and a
member of the Executive Committee of the Western
Electric Company.
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K. K. Darrow Completes Distinguished Laboratories Career

By retiring on November 30, Dr. K. K. Darrow
will complete his long and distinguished association
with Bell Telephone Laboratories. Dr. Darrow
joined the Western Electric Company as a research
physicist in 1917 and transterred to the Laboratories
on its incorporation in 1925, He had |:|-n.'1.':im:|5|:.' COITL-
pleted extensive studies in mathematics and physics
at the Universitics of {:hl'{".igu. Paris and Berlin, He
received the BS. and Ph.D. degrees from the Uni-
versity of {llmiﬁagn in 1911 and 1917 rq,r':|]-|:~|:"ti1.'n;-l:;.',

The influence of Dr. Darrow’s work has extended
bevond his immediate associates at the Laboratories
to Ii||r.~|u;]1- almost the entire hn{l:.' of woarkers in the

K. K. Darrow

physical sciences here and abroad. Not a research
specialist, he devotes a major portion of his time
to the study and interpretation of current and his-
torical scientific information for his colleagues, to
keep them informed in fields related to their activ-
itics. He was a founder of and held several official
positions in The Colloguinm, a Laboratories organi-
sation which, between the two world wars, spon-
sored many talks for research pw:mnm:l.

An :lut'n;l'lpliilzﬂl lecturer and writer, Dr. Darrow
has llwiurnli}' been called upan to address fellow
scientisls on ph}':-iﬁ and related branches of re-
search study, As an author, he has written :*ighl
books, ;nmr;.g which are his Introduction to Con-
temporary Physics, The Renaissance of Physics,
Electrical Phenomena in Gases, and Atomic Energiy.
He is also the author of over 200 scientific articles

NOVEMBER, 1956

which have appeared in Bell System publications
and other journals. Dr. Darrow has, in addition,
served as visiting professor at the University of Chi-
cago, Columbia University, Smith College and
Stanford University.

Beginning even before his student days, Dr. Dar-
row has been intimately acquainted with western
Europe, and has met a considerable number of
|1nh}'.~ui1:'i.-.t.1 in varions countries, {'::i-f‘.l!.‘{“ii‘l"}" in France,
He has had frequent occasion to attend scientific
congresses and to visit laboratories in France and
in other European countries. He has been a member
of the French Physical Socicty for many vears and
served for a term on its Council.

In recognition of Dr. Darrow’s activities both in
the United States and abroad, the University of
Lyons in 1949 granted him the honorary degree of
Doctor of Science. In 1951, the French Legion of
Honor awarded him the Legion's decoration, with
the rank of Chevalier, for “services rendered to the
international relations of Science and to the cultural

relations between France and the United States.”

Dr. Darrow has long been active in the American
Physical Society and has served as Secretary since
1941. His many friends and associates in the Bell
System will be glad to know that he plans to con-
tinme his work in the Society, with increasingly
longer intervals of foreign travel, and that he also
intends to continue through his writings and lec-
tures to assess and interpret the latest discoveries in
the physical sciences,

Dr. M. J. Kelly Reelected to M. 1. T.
Corporation Committees

Dr. M. ]. Kelly was reclected to the Executive
Committee of the Massachusetts Institute of Tech-
nology Corporation for a five-year term beginning
Oct. 1. 1956, He has served as a member of this
committee for the past year. Dr. Kelly was also
re-clected chairman of the Visiting Committee to the
Department of Physics for one year. A member af
the visiting committee since 1933, he has served as
chairman for the year 1935-56. He also continues as
a member of the Visiting Committee to the Division
of Defense Laboratories. Dr. Kelly was elected a
Life Member of the Massachusetts Institute of Tech-
nology Corporation in June, 1553,
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The Bell 5"."\.t|'l|1 will SPONSOT 4 SCrices of about three

hour-long color telecasts a year devoted to a varicty
of scientific subjects. The first program in this series,
Lt h:- ol ricd over the {.'u||||1||!|!i.| |1-I'1'l.ll.il'.'.l‘htillj_[ l-'!-"-‘h
tem network, is called “Our Mr. Sun.” 1t will be
telecast on Monday, Nov., 19 at 10:00 PAM. (EST).

The Bell System is sponsoring the Science Series
because of its conviction of the increasing impor-
tance of science as a rich resource and vital element
in the life of us all. In commenting on the series,
Cleo F. [..:T;I.:i*_’_‘:‘. Chairman of the Board of the Amer-
ican Telephone and Telegraph Company, said, ©We
of the Bell Telephone Companies hope that by
showing the drama and excitement of science we
can, in a modest way, help it to Hourish and do even
more for people, every where.”

The Bell System is one of the nation’s largest em-
plovers of seientific E::=r-nn1|{"|. and has long been
concerned about the increasing need for trained
people in various seientific fields. One purpose of the
television science series, theretore, is to interest
voung people in following scientific careers. To help
further this aim, the science series will be made
available. on Klm, for educational uses after the ini-
tial telecasts.

-I.]H' ]'H|l|__||[..|r|:|\. ill 1]”' SCELCTTOE ST M 1!1.|.J|'|.|.li:|‘:1' l}.'."
vital role of science in everyday life in the modern
world through effective hilm technigues which are
themselves as much a part of our technological
age as they are of the art of our time. This has made
it possible to bring home effectively, to a broad tele
vision audience of F“'“Pt"' with a wide varicty of
backerounds and interests, the interrelation science
and the whole endeavor and art of civilization

Underlying all the planning and direction of the
programs, however, has been the requirement that
they be ur|u|}|-_-1|.-|:..' trustworthy. Meticulous care has
been taken to make each production not only as
entertaining andd |||ll.'T||'*~1.i1|l_“ as other tvpes ot hlms,

436

“Our Mr. Sun”
Introduces Bell System

Science Series

Actor Eddie Albert checks a sequence in the film
e Mre. Sunt while Director Frank f:ﬂjﬂrn
feentor ) arnd Dr. Frank Baxter, narrator, look on,

but above all to make it scientifically accurate.

To help insure that the telecasts are authoritative,
an advisory board of cxperts in various fields has
been engared to work closely w ith the Bell System.
Dr. Balph Bown, formerly Vice President-Research
of the Laboratories and now retired, is ehairman of
this board and the consultant on Enginecring. [Dr.
Bown has been |-'||_.«.1-]1_,- involved with the l:||.'1.'|'|u|:|-
ment of the series from its inception, Other members
are: Dr. George W, Beadle, California Institute of
'|'1'¢'1|rtrlfllg}, Biology and Genetics: Dir. Iil]l.l:l L. Bow-
ers, University of Wisconsin, Medicine; Prof. Paul K.
Burkhaolder, Ihunl.l} n Botanie Garden, Microbiology
and Bacteriology, Dr. Farrington Daniels, Univer-
sity of Wisconsin, Chemistry; Dr. Maurice Ewing,
Columbia University, Earth Sciences; Dean George
K. Harrison, Massachusctts Institute of Technology,
Physics; Dr. Clyde Kluckhohn, Harvard University,
_-'||_||t'||_r|,;l1-¢1'|¢|1__!:.'_ and Dr. Warren Weaver, Rockefeller
Foundation, SMathematies, D Itl'llll 1. Pierce, Lir.
A. G. Jensen and Dr. W. T. Wintringham, all of the
Laboratories, are assishing the :||I'|.'j-1rr:l.' board in vari-
Ous Ways, including advice and assistance on colar

Americam Muscum of Natwrad Hisfong

Prominence acli Ffy iwr the surfoce of the sun is
illustrated h:'.' lfil'm OO,
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Kramer, H. P., and Mathews, M. V., A Linear Coding for
Franamitting o Set of Correlated Siomals | Presented by

M. V. Mathews), Boston Symposium on  Information
Theory, Massachusetls Institute of Technology, Cambridge
Moaxx, r

Kretemer, E. B, Experiments on Facorable Encoding of
Pictorial Information, VDE/NTG Convention, Frankfurt
Ceermany,

Kunzler, |. E., A Semi-Adiobatic Heat Capacity Colorimeter
for Measurements botiween 15 and 300° K Calorimetry
Conference, Baltimore, Md,

Kuneles, |. E., Geballe, T. H., and Hull, C. W., Germanium
Resstance Thermometors Suitable fm T Temperature
Calorimetry, Calorimetry Conference, Baltimore, M,

Loaumsclen, €5 l?.. Wood Poler for Communication Lines,
Second Pacific Area National Meeting, ASTM, Los An-
geles, Calif,

Lundberg, C. V., Vaeca, G. M., and Biggs, B. 5., Resistance
of Rubber Compounds fo Outdoor and Accelerated Ozone
Antack, Rublber Division, Am, Chemdeal ﬁ.w'itl}lr Atlantic
City, N. J.

Mawn, W. P., Infermal Friction ard Fm'r'ﬂur in Metals af
Large Strain Amplitudes (Presented by F. T. Geyling),
rrll]-e'l::r.ﬂlr.r:lul Congress of .ﬁ.ppli“.'l Mechanics, Prussels,
Helgmium

Mason, W, ., Intermal Friction and Fatigee in Metals aof
Large Strain Amplitudes, Conference on Ultrasonic Losses
in Crystalline Materials, Brown Univensity, Providence,
R L

Mathews, M. V., see Kramer, H. P.

MeDanald, 1. 5., see David, E. E,

Memlizza, A, The Standard Salt Spray Test =15 It a Valid
Acceplance Tesl#, S‘\.'mp. Els ited Coatings, ASTM
Commiltee B-5, Los Angcles, Calif,

Hdhl‘ki'li. . Bell Soler Bt o Ilimais  Bell 'I'drphn:m-;
Company Engineers, Chicago, I11.

Ratsbeck, G, Soler Electeie Power Sources, Central Mlinoeds
Section of the A LE.E., Springfield, Il and Joint Meeting

of ALEE, The American Institute of Architects, The
Rock River Valley Chapter of Professional Engineers, The
Rock River Valley Electric Asiociation and The American
Institule of Tool Engineers, Rockford, 11,

Ryder, B, M., General Comments on Proving Component Re-
liahility (Presented by M. €. Waltz), Transister Relia-
hility Symp., New York City, N. Y.

Savadelis, I. €., Reliability Design of Grown Junction Tran-
sietors for P-Carrier System, Transistor Reliability Symip.
{sponsored by the Advisory Lroup on Electron “Tubes),
Western Union Telegraph Co., New York City, N, Y.

Shannop, C. E.. Some Geometric Results in Channel Capaci-
tics ( Presented by E. R Kretzmer ) VDE/NTG Conven-
tion, Frankfurt, Cermany.

Sicgmann, P. |, Results of o Comparisom of the Cuttman
Sealing Technigque and Factor Analysis of Attitude {Hircie
fions, American Statistical Association, Dietroit, Mich.

Stansel, F. R., Reswlts of Transistor Reliability Studies During
Type P Carrier Ficld Tests, Transistor Reliability Symp.
{ sponsored by the Working CGroup on Semiconductor De-
vices ), Western Undon Telegraph Co., New York City,
N. Y. i

Turnbull, W. G., The Eﬂt‘:‘l’ of Telerances in Molded Plastis
Farts on the End User, Society of Plastic Engincers Meet-
ing, Mew York City, N, Y,

Vaeea, G. M., see Lundberg, C, V.

Van Horn, R, H., Experimental Evaluation of the Reliability
of Solderless Wrapped Connections, Second RETMA Con.
ference on Reliability' of Electrical Connections, Philadel-
phia, Pa.

Weiss, | A A New Faraday Rotation Phenomenon and Tis
.'H‘!ljll'irr.lfhm fa Microwaoe SII:"-IIffJ-II'rI",:, LEE. New ]4_1-.:-}'
Section, POMTT, Amold Auwditorium, Murray Hill, &, _l

White, P. R., Industry Surgey Question and Ansicer Session,
2nd RETMA Cionfercnce, HIi‘:I.I:]-!'r]ihh.l, o,

Williams, J. C., The Industrial Uses of Ceramics, Drew Uni-
versity, Alr Hesearch and Development Command, Madi-
son, M. |.

Papers Published by Members of the Laboratories

Following is a list of the authors, titles and places of publication
of recent papers published by members of the Laberatories.

r.. Sulijective Sharp-

Baldwin, A. W., Jr.. anel Mialsen, (G
wres, Ohptical Soc.

ness of Simulated Color Telecision
Am. |, 46, pp. BB1-685, Scpt., 1936,

Bemski, ., Quenched-in Recombination Centers in Silicon,
Phys. Rev., 103, pp. 567-569, Aug. 1, 1956,

Bommel H. E._ see Mason, W, .

Brady, G. W., sec Mays, J. M.

Hrown, W. L., see ‘_l.lnmgnmrr?.'_ I, €,

Cutler, C. C., Instability in Hollow and Strip Beams, |. Appl.
i'll}"\ Leiter to the I':-|_"|||'I;nrI &7 PP 1028 102G, Hl'p-‘l-, 18956

Dracey, G, C,, see Thomas, I, E.

Dail, . W., Jr., see Galt, ]. K.

Fehor, G., Ohgoroation of Nuclear Magnetic Resonances Via
the Electron Spin Resonance Line, Phys. Hev,, Letier to
the Editor, 1L, PP 5%4-535, ..l.ur‘. 1, 1958,

Ferrell, E. B. A Termingd For Data Transmission Over Tole
phone Ciecuits, Froc. Western Joint Computer Conl., pp.
31-33, Feh, 7-59. 1958,
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Galt, ]. K., Yager, W, A, amad Duail, H. W, Jr.. Cyelotron
Resonance Effects in Graphite, Phys. Rev., Letter to the
Editor, 1053, Pr- 15861587 Sept. 1, 1956

Garrett, C. G. B., The .F"le:.i.ri af Semibcondpchor Surfurq'l..
Nature, 178, p. 396, Aug. 25, 1956

Goldey, J. M., see Mall, J. L.

Goldstein, H. L., and Lowell, R, ], Magnetic Amplifier Cons
frofled J‘|'-l",'._"l-l'fl'=l!'\'.'liI ﬂn'!iﬁ:'u, Prise -"'ilH'-.l-ll Tech, Conl. on
Magnetic Amplifiers, pp. 145147, July, 1956,

CGuldner, W. G, Application of Vacusm Technigues fo
Analyticel Chemistry, Vacuum Symp. Trans, pp. 1-6, 1955

Hittinger, W. C., se¢ Wamer, K. M., Je
Holonyak, M., see Moll, |. L.
I|.J|||_-.;-.'|r||n|'|. V., iee Shulman, K. G

Lowell, R. ]., soc Gobdstein, H. L.
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Papers Published by Members

Luke, C. L., Determination of Traces of Gallivm and Indium
in Cermandum and Gérmaniaem J".l..'.:»n‘dr. Anal. Chem., 28,
pp. 13401342, Aug., 1956,

Luke, C. L., Rapid Photometric Ditermination of Magnetism
in Electronic Nickel, Amal. Chem., 28, pp. 1443-1445,
Sept., 1956,

Mason, W, P, and Bommel, H. E., Ultrasonic Atfcnualion
af Lose Tqm,rfrﬂll.rrrn lfr.lr Metals in the Nermal and Sl.rp:".l'-
conducting States, |. Acous, Soc, Am., 25, pp. 930-044,
Sept., 1956,

Mays, . M., and Brady, G. W., Nuclear Mognetic Resonange
Absorption by H 0 on T, ]|. Chem. Ph}'!.. 25 S8,
Sept., 1956,

AMelean, I AL, Tantalum {.'upur.u':’ws [ise Sodid Eftﬂrﬂy‘l‘{',
Electronics, 29, pp. 176-177, Oct., 1956

Moll, J. L., Tanenbaum, M., Goldey, ]. M., and Halonyak,
N., P-N.P-N Transistor Switches, Proc, LRE., 44, pp.
1174-1182, Sept., 1956,

Montgomery, H. C., and Brown, W. L., Field-Induced Con-
ductivity Changes in Genmanium, Flys. Rev, 103, pp.
865-8570, Aug. 15, 1956,

Moore, E. F., Arfificial Living Plants, 5ci. Am., 153, pp.
118126, Cher., 1950,

Moshman, J., see Tien, P. K.
Nelson, L. 5., Sapphire Lamp for Short Wacelength Photo-

chemistry, Optical Soc. Am. ], 46, pp. 768.769, Sept.,
1654,

Miclsen, G, Jr., see Balwan, M. W, Jr.

Phelps, [. W, Profection Prollems in Telephone Distribution
Systemas, Tr[l:-p'hnn}'_ 151, pp. 20-22, 4748, Sepl. 1., 159546,

Remeika, [, P, Growth of Single Crystal Rore Earth Ortho-

of the Laboratories, Continued

,f{'m!r: arsd Related E?nm;mumﬁ. Am. Chem, Soc, |5 5,
pp. 4259-4260, Sept. 5, 1956

Shulman, B. G.. and Jaccarino, V., Effects of Supercxchange
on the Nuelear Magnetic Resonance of MnF,, Phys. Rev.,
Letter to the Editer, 103, pp. 1126-1127, Aug. 15, 1856,

Shulman, R G, and Wyluda, B ], Nuclear Magnetic
Resonance of 5% in n- and p-Type Silicon, Fhys. Rev.,
Letter to the Editor, 103, pp. 1127-1129, Aug. 15, 1956,

Skepian, I, A Note on Two Binary Signaling Alphabets,
Trans. LRE,, PGIT, IT-2, pp. 84-56, June, 1956,

snoke, L. K., and Richards, A, P., Marine Borer Aftack on
Lead Calde Sheath, Sci., Letter to the Editor, 124, P 443,
Sept. T, 1956,

Tanenbaum, M., sce Moll, ¥ L.

Thomas, D. E., and Dacey, G, C., Application Aspects of the
Crermaniuwm Diffussd Base Trensistor, Trans, LELE,, PGCT,
CT-3, pp. 22-25, Mar., 1956

Tien, P. K., and Moshman, |., Mente Carle Calculation of
Noise Near the Potential Minimum of o High Frequency
Do, 1. Aﬁﬂ. 1:'h:|.'l.. i P 10GT-1078, -':'-;E'Pl-. 1956,

Uhlie, A., Jr., Two-Termingl p-n function Devices for Fre-

ueney Conversion and Computation, Froc. LRE., 44, pp.
183-1191, Sept., 1936,

Warner, K. M., Jr., and Hittinger, W. C., A Decelopmental
Intrinsic-RBarrer Transidor, Trans. LRE., PGED, ED-3,
P IET-IE'U', II:I!!I', 19546,

Weinreich, ., The Transl Time Toonedstor, ] -’I.pj‘l. |"'|!I[-'5--,
27, pp. 10231027, Sept., 1656,

Waollf, P. A, Theory of Plosma Resonanee, Phys, Rev, 103,
pp. 545-850, Aug. 15, 195386,

Wylnda, B. ], see Shulman, K. G.

Yager, W, A, see Galt, J. K.

Patents Issued to Members of Bell Telephone
Laboratories During August

Baker, W. O, and Winslow, F. H. = Methods of Formiing
Bodies of Dehydrogenated Hydrocarbon  Folymers —
2,758,540,

Belek, E. = Wire Wrapping Tool for Stranded Wire — 2.
TR0, 731,

Brewer, 5. T. = Relay Circeuits — 2,755, 1340,

Chaffee, . G. — Directive Anfenna Sipstems — 2,759, 152,
Collins, K. ]., Reynolds, F. W., and Stilwell, G, K. = Process
of .“uj.lill't: Fhotoconductive Compounds — 2750 8461,
Cutler, C. C. = Traveling Wave Frequency Modulator -

2,700, 151,

Felker, |. H. = Scrial Binary Digital Multiplier — 2,758,757.

Felker, J. H. — Transistor Memory Circuits — 2 T 057

Fletcher, R. C. = Method and Apparatus jor Determining
FPhase .-‘:ugl'-' and for i.':rl.rp]r'nf_; Sign in Measurdng Micro-
[ TRl [ A ]‘rrlpnfurli'r.l - '.-'l.';f!l:l',lfrﬁ.

Fox, A. . — Directional Phase !ﬂiiﬂ‘rr — 2 760, 165,

Gralham, H. 5., and Spﬁl‘f}‘, H V.- }.'qwﬂ:rr—ﬂ.?!'iﬂ_“:i-t.

Hamilton, B. H. — Transdstor and Electromagnetic Control
Apporatus — & 759 142,

Kelly, H. P. — Phase and Transmisiion Measuring Sysfem —
2 760, 155,

King. A. P. — Waore-Guide Made Filter — 2760, 171,

Hirchﬂ, RH. j- = H'I'Jlglhg Creuil — 2.75308,179,

440

Lozier, ]. C. — Two-Stage Transisfor Feedilack .-\JTJ;.rFr',ﬁ-rl' .
2160007

Mallina, K. F. = Wrapped Electrical Connection = 2,759,166,

May, A. 5. — High Frequency Attenuator Means — 2,760,170,

Meacham, L. A, — Pulie Tronsmizsion System i Regenera-
fice Repeater Therefor — 2, 759047,

iver, B. M. = Beam Aperture Correction in Horizontel and
Vertical Dhrection — 2,759 (M4.

Recratra, W, A, = Number Group Cirowit — 2,760,004,

H-l."ri"hDMi, F. W., see Colling, R. J.

Schneider, H, A. = Fulse Train Cenerator Cirewfls — 2.

T60,059,

Schneider, H, A. = Direet Current Voltage Restoration Cir-
cnil — 2 ThDS0,

Shockley, W, = Fregquency Selective Semvicondactor Circuit
Eleminis — 2761 (00,

SJH:H}', K. V., see Graham, H, 5.

Stilwell, G. K., see Collins, R, J:

Sullivan Miles V. = I.’-I'F-mﬁil'ﬁﬁ.l‘l a}lf Metal Files fmm ar-
ﬁ-ﬂﬂﬁlr.l - T TE0 KK,

“'Il-ilr, H. A. — Sra.il‘r".l'll'raj_: fheoice — 2750371,
Winslow, F. H., see Baker, W, Q.

Yacger, R E.—Binary Code Translator, Adder and Register =
2.758.7885,
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