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Viscosity in Solids

By R. L. WEGEL
Acoustical Research

HEN a solid 1s in a state of

strain, energy is stored in

its clastic deformation.
When a bar is stretched slightly and
then suddenly released, it vibrates and
the vibrations gradually subside. A
part of the energy which was thus
originally stored is transformed into
heat which increases the temperature
of the bar. The remainder is stored
in the material in the form of mole-
cular strains incident to a permanent
deformation. The rate at which
cnergy ts dissipated in heat, as well
as the amount of energy which re-
matins stored, varies with the kind of
solid and the extent of the initial

strain.  In the design of many types
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of vibrating apparatus the damping
cffect of this dissipation must be quan-
titatively taken into account, and thus
a determination of the nature of in-
ternal constants of materials 1s of im-
portance.

The distortion of a piece of solid
matter is generally accompanied by
two kinds of energy losses: thermo-
dynamic losses due to changes of vol-
ume, and losses due to shearing be-
tween layers of the material.

With these shearing losses, loosely
called viscous losscs, this article is
concerned, since they are by far the
larger part of the total. There are at
least two properties of a solid, vis-
cosity and plasticity, that are con-
cerned with shear and
that may be respon-
sible for the internal
transformations of me-
chanical energy of vi-
bration into heat. The
viscosity of a solid is
its ability to transform
mechanical energy of
vibration into heat
without the establish-
ment of a permanent
set, while plasticity is

DEFLECTION

Fig.x—1WWhen a solid is strained, its component atoms may

show different deflections whose average is the overall strain.,

Ratios of shaded arcas to total areas under curves show pro-

portions of atoms deflected more than their distance apart,

and this permancntly set. a is the average deflection for a

small stratn; b, the average deflection for a large strain; d,
the distance between particles

its ability to make this
transformation by vir-
tue of the establish-
ment of a permanent
set. Plasticity is thus a
counterpart in the solid
of what is usually
called “viscosity” in a
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fluid. No property of fluids has been
named to which the viscosity of solids
is the counterpart.

Ascribing the behavior to ‘“‘proper-
ties” in this way, however, does not
explain the mechanism of the be-
A real explanation is far

havior.

capable of a motion whichis restricted
only by collisions with other mole-
cules. In solids the atoms vibrate
about relatively fixed positions. lin-
visaged in these terms the phenome-
non to be explained is that of the
transfer of the energy from the gross
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Fig. 20— Configurations of first, second, third, and highest normal modes, and rela-
tive frequencies of all normal modes, of vibration of a string of twelve beads. The
two end-points of the string together constitute one node

more difficult. Several theories have
been devised to provide this sort of
explanation of the transformation of
vibrational energy into heat, but no
one of them is yet generally accepted,
nor indeed theoretically completed.
Three are especially valuable in illu-
minating the behavior of solids and
clarifying the distinction between vis-
cous and plastic dissipation.

It is generally agreed that heat is
a rapid motion of certain ultimate
characteristic particles, the atoms, of
the heated matter. Heat content de-
pends on the energies of these mov-
ing particles—on their masses and
velocities— and in any one substance
increases with increase in the velocities
of these particles. In gases the ulti-
mate particles to be considered are
more strictly molecules and these are

or acoustic vibration of a bar, for
example, to the refined vibration of
the atoms.

One of the first-proposed mechan-
isms, an extension of a theory of elec-
trical conduction in solids, makes use
of those electrons which are bound
most loosely in the solid. Whea a gas
is locally heated and the molecules in
the heated region are thus set in more
rapid motion, it is easy to see that the
increase in their velocity will be com-
municated through the gas by their
collisions and that the heat will thus
be conducted throughout the entire
volume of the gas. It is less easy to
find a similar explanation for solids,
but by ascribing to the loosely bound
electrons in solids the kinetic proper-
ties of a gas, heat conduction in solids
is made analogous to heat conduction
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in gases. Thence it is a simple ex-
planation to regard the electron gas
as alternately compressed and ex-
panded in parts of the solid during
vibration and to regard the solid as
immersed in this electron gas and ab-
sorbing energy from it after the man-
ner of any solid enveloped in a gas
which is alternately compressed and
expanded.

There is at least one obvious direc-
tion in which further development of
this theory is necessary. In the con-
duction of electricity through solids it
is supposed that the loosely bound
electrons act as current bearing agents.
On this supposition, non-conductors
are those substances in which no elec-
trons are loosely bound. Lixperiment
shows, however, that non-conductors
dissipate energy through viscosity as
eftectively as do the conductors.  Much
theoretical work is now in progress
toward the solution of such apparent
contradictions.

A second theory makes use of im-

pacts between the particles of the ma-
terial themselves. It supposes that
when a solid is strained, the material
is microscopically so deformed that
atoms or small groups of atoms are
moved permanently into different rel-
ative positions. In the course of this
motion impacts occur between adja-
cent atoms or aggregates. These im-
pacts serve the same purpose as the
impacts of gaseous particles, exciting
thermal vibrations at the expense of
inittal strain. Those atoms which have
been displaced and do not return after
the vibration has subsided are respon-
sible for the storage of potential en-
ergy referred to above.

This theory offers an explanation
of plastic dissipation. Its picture of
the motion of atoms into new perma-
nent relative positions is precisely a
microscopic analysis of the establish-
ment of a permanent set. Dissipation,
however, takes place at strains so
small that it is difficult to sce how per-
manent change in position of atoms

IR NN EEREREI
g
z
2
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(ACOUSTIC MODES) FREQUENCY ( THERMAL MODES)

Fig. 3—Possible frequency spectrum of a solid (1) before it is struck, (2) just
after it is struck, (3) some time after it is struck. Equipartition of energy between
modes is assumed, and the diagram is simplified to that for twenty-nine beads
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Fig. 4—d eylindrical bar of the solid is held at its center and driven at its ends in
its fundamental compressional mode

is possible.  Dissipation can be ob-
served when a bar is strained by less
than one hundred-thousandth of its
length. If this bar were so magnified
that two adjacent atoms appeared one
meter apart their average deflection
by strain would appear less than one-
tenth millimeter.

It is, however, possible that the
“plastic” hypothesis may explain the
phenomenon at these very small
strains. Two neighboring atoms will
generally be oscillating irregularly due
to thermal vibrations. There 1s a
force of attraction between these
atoms tending to keep them together,
while the thermal agitation tends to
break them apart. The net attraction
is thercfore less as the temperature is
increased, and it must vary also with
the relative orientations of these
atoms. Owing to the forces exerted
more or less at random by other
atoms on this pair the relative stabil-
ity of the pair may be in some cases
extremely critical so that it is conceiv-
able that a strain, no matter how
small, may upset the relative positions
of such a pair. This will change their

relative potential energy and at the
same time dissipate energy in heat by
further exciting their minute vibra-
tions. Other pairs in the same sam-
ple may be under the influence of a
large net attractive force such that
small strains cannot displace them.
This makes the problem one of sta-
tistics.

If the numerousness of the extents
of individual deflections follow some
familiar statistical distribution law,
curves of statistical frequencies of de-
flections might appear as in Figure 1.
Here it can be seen that no matter
how small the average deflection (and
thus the overall strain) some atoms
would still be so largely deflected as
to pass over one another, resulting in
permanent change in position. In this
direction the impact theory must be
further developed to explain how per-
manent displacements result from very
small strains and thus to identify vis-
cosity with plasticity.

In the meantime it seems profitable
to examine a third theory, offered in
direct explanation of what is above
referred to as viscosity. It proposes
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a mechanism for the transformation
of energy from vibration of the bar
to vibrations of the atoms without the
supposition of violent impacts be-
tween atoms resulting from large rel-
ative motions. This mechanism makes
use of notions from the theory of me-
chanical vibrators. A line of par-
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Fig. s—Coefficient of viscosity .of alumi-
num measured at different amplitudes and
frequencies of strain

ticles, each vibrating about a fixed po-
sition in the solid, is regarded interms
of the simplified analogy of a string
of beads, in which each bead is free to
move about a position determined by
its attachment to the string. The pur-
pose of this consideration is amply
fulfilled by regarding only those mo-
tions of the beads which are trans-
verse to the direction of the string.
A string of beads can vibrate trans-
versely in several ways. These ways
of vibration are called its ‘“normal
modes”, or its ‘‘fundamental’ and
““harmonics’’. The frequencies of
these harmonics increase with the
number of nodes in the vibrating
string and the mode of highest pos-

sible frequency is that in which there
are as many nodes as beads. From
Figure 2 it is apparent that two ad-
jacent beads move necarly alike at the
low-frequency harmonics, with greater
velocity relative to each other at high-
er harmonics, and with maximum rel-
ative velocity at the highest har-
monic.

When, as with a line of particles
composing a solid, these “beads’ are
exceedingly numerous, there is a cor-
respondingly large number of possible
modes of vibration. Vibrating at the
fundamental and at low harmonics,
trains of adjacent particles move very
nearly alike. This collective motion
constitutes a bulk motion of the ma-
terial, generally at an acoustic fre-
quency. Vibrating at high harmonics
the line of particles has many nodes
and the vibrations have very high fre-
quencies, far above those of the acous-
tic range. In these modes moreover
adjacent particles are moving rapidly
with respect to each other. Vibration
in these high modes may be regarded
as thermal vibration of the particles
—as heat in the accepted sense. The
frequencies of these thermal vibra-
tions in solids are of the order of 10"
cycles per second and correspond to
the frequencies of the infra-red or
heat rays of the light spectrum.

Viscous dissipation, then, is a phe-
nomenon in which the acoustic modes
of vibration, excited when a solid is
struck, gradually feed their energy in-
to the thermal modes. It is assumed
that energy is at all times associated
with all possible modes and is distri-
buted between them according to some
law. After the amplitudes of the
lower modes have been augmented by
a blow or drive of any kind, those
amplitudes decrease gradually and the
amplitudes of the higher or thermal

{98}

wwWwW americanradiohistorv com


www.americanradiohistory.com

modes increase until the energy distri-
bution among the various modes is
again stable (Figure 3). Indeed the
rapidity of decay of the ringing sound
of a bar when struck is a measure of
its viscosity.

In an ideal string of beads, and in
a hypothetical solid fully obedient to
the elementary laws
of elasticity (Hooke’s
[.aw), any of the possible
modes may be indepen-
dently driven in such a
way as to leave the other
modes unaffected. To ac-
count for the feeding of
energy from lower to
higher modes whichisac-
tually observed in viscous
dissipation, some type of
non-linear coupling be-
tween these otherwise
normal modes of vi- b5
bration, a coupling which is non-exist-
ent in the hypothetically ideal solid,
must be supposed to exist. The deter-
mination of the nature of this coup-
ling and of the law of stable energy
distribution awaits the results of quan-
titative experiment and the precise de-
velopment of a theory.*

I'xperiments are now being con-
ducted in these [.aboratories, in which
a bar of the solid under study is
driven longitudinally at its fundamen-
tal frequency and at a low amplitude
(Figure 4). The driving energy is
continually supplied at a rate which

* [t avill be realized that the foregoing descrip-
tions are based on the concepts of awhat is now
called “classical” or “Newtonian” mechanics.
These are undoubtedly inadequate as a basis for
a quantitative theory for the same reasons that

they do not apply to such properties as specific
heat and radiation,

maintains a vibration of constant am-
plitude. U'nder these conditions the
measured power supplied is equiva-
lent to the viscous dissipation. The
technique is difhcult because of the
necessity for accurate measurement of
very low vibration amplitudes and
power inputs. Coethcients of viscosity
thus obtained for an-
nealed aluminum are
plotted against ampli-
tudes (strains) in Figure
5. The upper curve, for
an incompletely annealed
sample, shows that the in-
ternal stresses set up by
cold-working the material
during manufacture cause
a large increase in dissi-
pation. The correspon-
dence, within the limits of
experimental error, of
the three lower curves
for well-annealed samples indicates
that viscosity is independent of fre-
quency. The flatness of the curves
at low strains signifies that at least
within this range, viscosity is also in-
dependent of strain. The field of
higher distortions is now undergoing
investigation.

Though measurements of viscosity
are still meager and theories of the
viscous mechanism are incomplete, at-
tention to the phenomenon is bringing
progress. A time can be imagined
when theory and measurement will to-
gether make possible the design of ap-
paratus to a new degree of precision.
This will be especially valuable with
apparatus whose utility is dependent
on the internal constants of its ma-
terials.

Wegel
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Permeameters for Measurements over Wide
Temperature Ranges

By G. A. KELSALL
Muagnetics Research

OML years ago, in connection
with the inspection of core ma-
terial for loading coils, and

other work on magnetic materials,
there arose a demand for a quick
method of measuring the permeabil-
ity of toroidal cores at small magnet-
izing forces. With the method for-
merly employed, a ring-shaped core of
the magnetic material was wound with
the requisite number of turns, usually
several hundred, and the inductance
of the resulting coil was measured
with a suitable bridge. The applica-
tion of the winding was wasteful of
time, and, in fact, comprised the great-
er part of the time required to ob-
tain the permeability. Itfforts were
therefore made to develop a method

Fig. 1—The position of the sample and the method of
quickly closing the secondary is shown in this photograph

which would not require winding the
specimen. Not only was a permea-
meter finally perfected which accom-
plished this, but later the new method
was adapted for measurements at ele-
vated temperatures.

For any measurement of permea-
bility the sample to be measured must
serve as the core of a winding. With
the new permeameter the winding con-
sists of only a single turn made in two
parts, with which the sample may be
readily interlinked. The complete ap-
paratus is a special type of trans-
former. A primary winding is placed
directly on a core of high permeabil-
ity. The secondary winding 1s an an-
nular copper shell which surrounds
both the primary winding and core,
and the test sample
when it is in place.
From the dimensions
of the test sample and
the increase in induc-
tance of the transfor-
mer when the sample
1s mserted — as meas-
ured from the primary
terminals —the per-
meability is computed.

A photograph of a
recent model, which is
representative of in-
struments based on this
principle, is shown in
Figure 1, and a cross-
sectional view is given
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in Figure 2. The secondary is a cast
copper shell enclosing both the pri-
mary winding and core, and addi-
tional space for the sample to be
tested, which is interlinked only with

CAST
e COPPER

—

PHOSPHOR BRONZE
SPRINGS

SPECIMEN

CAST COPPER

Fig. 2— A cross-section of the permeamcter shows how the
cast copper frame serves as a single turn secondary which
opens at the top to admit the sample for test

the secondary winding. This space
within the secondary is divided by a
hard rubber disc into two compart-
ments. In the loweristhe transformer
core with its primary
winding and in the up-
per compartment is the
test sample as shown
in the illustrations.
The secondary circuit
is completed by a cast
copper cover which
screws on a central stud
and wedges itself
against a number of
bronze spring contacts
on the outer rim of the
secondary shell. In
Figure 2 the cover is
shown not quite closed
for clearness of illus-
tration.

With this type of in-

strument, measurements of permea-
bility can be made with the same de-
gree of accuracy and at as low mag-
netizing forces as by the method re-
quiring a winding. With the instru-
ment in Figure 2, and
with a vacuum-tube am-
plifier in the bridge cir-
cuit to increase its sen-
sitivity, routine meas-
ments have been made
at magnetizing forces
as low as .001 gauss.

CAST
COPPER

HARD RUBBER

PARTITION The general design
WINDING OF of the permeameter,
500 TURNS 3

e especially that of the

TERMINAL POSTS

_ HIGH PERMEABILITY
LAMINATED CORE

copper shell, may be al-
tered to suit the maxi-
mum and minimum di-
mensions of the cores
to be tested. This is
illustrated by the per-
meameter in Figure 3,
which was made for
measuring permeability of No. 38
B&S gauge iron wire. This permea-
meter was designed to measure the
permeability of the wire on spools as

-~ MICARTA BOX

Fig. 3—A special permeameter designed for testing spools

of iron wire
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received from the manufacturer, and
the upper part of the copper shell
therefore was made to conform to
their dimensions. The illustration
shows a spool of wire inserted for
test.

These permeameters have been used
for a number of years by the Manu-
facturing Department of the Western
Electric Company, and have been
found of great convenience in the in-
spection of materials used in the man-
ufacture of magnetic cores. They are
also in constant use in our Labora-
tories in connection with investiga-
tions of magnetic materials.

For measurements at elevated tem-
peratures the copper shell is altered
in shape and size to provide space for
a furnace. A ventilating system is
also required to prevent overheating
of the primary winding and the cop-

per shell. With these additions the
instrument is known as a furnace per-
meameter. A cross-section of one is
shown in Figure 4 and a photograph
of it in Figure 5. The permeameter
stands on an iron framework which
provides space underneath for the
ventilating blower.

The center tube of the copper shell
has a shoulder which supports the fur-
nace while its upper narrower por-
tion holds the furnace centrally in
place. The cover is joined electrically
and mechanically to the center tube
by a construction shown most clearly
in Figure 4. A brass sleeve with a
square shoulder at its midpoint is
slipped on the center tube. The lower
end of this sleeve is slightly tapered,
threaded externally, and cut with four
vertical slots so that it may be secured
firmly at the proper height by means of

the lower clamping nut. A

HEATING BRASS SLEEVE BRASS 1
RN, Sesssune L PR - large clamping nut above
- ey JyEAND presses the cover against the
STOP PIN—. [2-sToP PIN shoulder of the sleeve, the
JOR3EN | = height of which is such that
COPPER RING -
AIR SPACE | - —~pearen the outer edge of the cover
ELEMENTS— me 0K rests against twelve stop pins.
COPPER . .
FIRE CLAY TUBE-| =0 . psweercoreer I this way the cover is al-
) goahn ways in the same position after
If .
i PRIMARY assembly.  The outer peri-
1y .
THERMO coupLe .- phery of the copper sh.ell which
BLOCK | o is slotted vertically is firmly
pressed against the rim of the
cover by a clamping band.
b . 7 The transformer core with
T S Tl
BLOWER its associated primary winding
'“‘" T is shown in the bottom of the
L) copper sh'ell in Figure 4, and
T in front in Figure § may be

b
5] }s

Fig. 4—4A cross—section of the furnace permea-

meter shows a permeameter construction similar to
that of Fig. 2 with the addition of a heating vnit

and blower
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seen the primary terminals.
Between the primary winding
and the lower part of the cen-
ter tube is space to allow free
passage of air from the ven-
tilating blower beneath.
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Fig. 5—The furnace permeameter connected and ready

for use

The furnace in Figure 4 consists of
an annular trough cut from a block
of lavite, a ring-shaped cover of the
same material, and an outside furnace
wall of fire clay. An air space be-
tween the inner and outer furnace
walls provides additional heat insula-
tion. Two heating elements, both
wound non-inductively with respect to
the other circuits of

sponding holes in the
cover of the permea-
meter as shown in Fig-
ure §.

Temperature is
measured by a thermo-
couple welded to the
test sample. Wire
leads are brought out
as shown in Figure 4
and connected in the
usual manner to a suit-
able meter with com-
pensating leads as
shown in Figure s.

In making a test the
sample with a thermo-
couple welded to it is
placed in position, the
furnace and permea-
meter covers are put in place, and the
apparatus assembled as in IFigure s.
The primary terminals are connected
to an inductance bridge and measure-
ments made. From this inductance
reading the permeability of the sam-
ple at room temperature is deter-
mined. Current is now supplied to the
heaters and successive readings are

3500,
the permeameter, are °
provided. One is em-

. 3000

bedded in the bottom /I
i

of the trough and the .50, /
. AGNETIZING FORCE AT !

other in the lower face WHICH TEST WAS MADE = A
= 0.00482 T0 0.00503 GAUSS 1

of the cover. Both are 32000 k

. a !

covered with alundum &

. 2 1500 f
cement. Leads for the o ~— FALLING TEMPERATURE /’
l()wer hcater are o == RISING TEMPERATURE f]

1000 !
brought out through e '
the furnace partitions 500 ~ P

BEGINNING AND
and the copper shell as END OF rsg_r__,;,;-—‘ {
1 B . o . |
ShOWI] iy I lglue 4’ and -200 =100 o 100 200 300 400 500 600 700 800

those for the heater in

TEMPERATURE —°C

the cover project
through its top and
pass through corre-

Fig. 6—Curve showing permeability readings on sample of
iron tape as the temperature passed through a complete cycle
of nearly a thousand degrees centigrade
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taken simultancously of temperature
and inductance. The maximum tem-
perature at which a sample can con-
veniently be maintained is about
1000°C., and by filling the unheated
furnace with liquid air a minimum
temperature of —190°C. is attain-
able, so that the whole range of the
instrument is about 1200 degrees.
The curve in Figure 6 shows the
results of a test made at 600 cycles on
a ring of iron tape. By means of

liquid air the temperature of the test
sample was first lowered to—190°C.,
then raised to beyond the point at
which the core becomes non-magnetic,
and returned to room temperature.
The changes introduced to adapt
the permeameter for measurements at
different temperatures have not im-
paired its accuracy, the determination
of permeability at high temperatures
being made with precision equal to
that obtained at room temperature.

«Transmission Networks and Wave Cfilters”

T his book, by T'. I Shea, is the seventh in the Bell Labo-
ratories series prblished by D. VanNostrand Conpany. After
introducing the subject by a general description of the use of
networks, the book develops the practical theory and design
first of tramsinission networks and then of electric wave filters
from the principles of electric circuit theory. The author dis-
cusses the external performance and conditions for equivalence
of networks, desirable iinpedance conditions at their terminals,

and the properties of two-terininal impedance arms.

In the

application of these results to the special problems of filters,
the properties of component filter sections are treated, and
then their combination into multi-section filters of the low pass,

high pass, band pass, and band elimination types.

The book

concludes with a treatment of the mathematical resolution, into
their sinusoidal coinponents, of steady state waves by Fourier
series and of transient waves by Fourier integral analysis.
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A New Multiple P.B.X.

By R. W. HARPER
Local Systems Development

REDISSIGN of the various
types of multiple private
branch exchanges has been

waae to take advantage of newer
methods of construction and other
improvements, and to reduce the num-
ber of standards necessary to meet
the service requirements. This has
been accomplished by the development
of a new multiple PBX, known as the
605-A, which, as it can handle up to
1500 lines, will meet most of the de-
mands for multiple PBX service. It
can be used in place of any of the
three types now employed for instal-
lations up to this size and will serve
also for use with long tic lines to
other private branch exchanges as well
as for local calls. With only one mul-
tiple board for smaller installations,
the advantages of large quantity pro-
duction will be realized and delivery
periods will in general be shorter; in
brief, all the advantages of using a
stock article rather than a special one
will accrue.

Private branch exchanges recently
described in the Recorn* have been
of the non-multiple type, each station
line being connected to only one jack.
When one attendant is able to handle
all the trafhic, the jacks are all in the
panel before her but when two at-
tendants are required, they are di-
vided and part placed on separate
panels in front of each attendant. Not
more than two attendants can be ef-
fectively used unless the jacks are mul-

* July, 1928, pp. 363-365; .dugust, 1928, pp.
399-402.

tipled because each attendant must be
able to reach any of the lines. This
requirement led to the development
of the multiple PBX. In these each
line is connected in multiple to two or
more jacks equally spaced down the
length of the board so that all the
lines may be accessible to every attend-
ant.

Iarly private branch exchanges of
the multiple type were adaptations of
central ofhce switchboards, but later,
multiple boards designed especially
for PBX service were developed. Of
these the earliest types were the No.
4 and the 600*, each of which has a
capacity of 640 station lines and 120
trunks. A board was also required a
little later for the manual portion of
a dial PBX and the 700 type was pro-
duced, incorporating those features
required by this system.

Until recently, therefore, there
have been these three multiple boards
available for service; each developed
to meet more or less particular de-
mands and at different times. Each of
the boards was designed to handle
calls either between two PBX stations
or between a PBX station and any
other subscriber reached through a
central othce. With the increasing use
of the PBX, however, there arose a
demand for long distance tie lines be-
tween widely separated private ex-
changes operated by the same com-
pany. A large corporation, for ex-
ample, might have its general offices
in New York and a factory in Phila-

* Bern LasoraTories REcorD, Feb., 1929, p. 226.
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Fig. 1—A front view of the 60o5-4 PBY

delphia and perhaps other factories
in still different cities, and between
these different private exchanges di-
rect tie lines were wanted to expedite
interplant communication.

Whenever this condition had to be
met, which was quite frequently, spe-
cial tie-line positions for the board
had to be engineered because long dis-
tance tie lines require special equip-
ment. These tie-line positions con-
stituted, in reality, a fourth type of
multiple PBX, and their special na-
ture caused delays in installation.

Certain minor differences between
the types of boards, which existed be-
cause they had been designed at dif-
ferent times or for various purposes,
were, of course, readily standardized
with the new PBX. It was compara-
tively easy to select one size of frame
to replace the earlier multiplicity of
sizes; one size of jack could be made
to serve for the two sizes used pre-

viously and so standardize this fea-
ture; even the magnetic busy signals
which had been used with all the tie
lines and trunks could, with a moder-
ate amount of engineering, be re-
placed with lamps to attain uniform-
ity of appearance and operation.
There were, however, two points of
difference between the older types
that required much thought and in-
genuity to reduce to a single form.
One was difference in voltage of the
power supply required for the vari-
ous types of boards. Manual boards
are operated at a voltage low enough
to allow charging over wires from the
central office building whereas dial-
type boards required 48 volts to op-
erate the switches. The other point
was differences in the cord circuits
used for ordinary and for long dis-
tance tie line calls.

In front of an attendant at a PBX
is a double row of plugs, one directly
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behind the other. One pair, a front
plug and a rear one directly behind it,
is used to complete each connection.
To the cords attached to these plugs,
relays and miscellaneous equipment
are connected, making up rather com-
plicated circuits. The equipment used
on cords for tie line calls is necessarily
different from that required for local
calls and has necessitated two types of
cords; higher battery voltage is pro-
vided in the talking circuit to offset
the greater attenuation of the longer
lines and many other circuit and
equipment details exist which need
not be considered here. To avoid this
necessity of two types of cords in a
new board was thus one of the major
design problems.

The solution* was obtained by plac-
ing in the tie line circuit the equip-
ment that was necessary only for tie
line calls and leaving in the cord cir-
cuit only that which was suitable for
all types of calls. To make this pos-
sible, the tie lines were divided at
each end and run into two jacks, each
of which was multipled throughout
the board. One of the jacks is used
when a call, originating at the PBX
at the distant end of the tie line, ter-
minates at the local PBX and the
other when it is to be extended via an-
other tie line through to another
PBX. This scheme supplies 48 volt
battery to the PBX station for a ter-
minating call and makes a simple me-
tallic connection between tie lines. It
requires one manner of operation
when the call is a terminating one and
another method when it is a through
call.  The connection of tie lines to
other tie lines is of course not ordi-
narily contemplated at regularly es-
tablished rates because of transmis-
sion limitations. Where tie lines are

* First used with the No. 3 Toll Board, BELL
LABORATORIES RECORD, June, 1927, page 337.

specifically designed to meet the trans-
mision requirements they are subject
to additional charges for any added
equipment or special circuit arrange-
ments which may be required.

The other main obstacle to a uni-

Fig. 20— A rear view of the new board

shows the compact grouping of the relays

on their steel supporting structure and the
accessibility of the multiple

versal board was the difference in volt-
age requirement for the diverse classes
of service. The 600 and 604 types
of board both normally used low volt-
age batteries, but if they were equipped
for long distance tie lines, 48 volts
was required for transmission in addi-
tion. All dial apparatus used with
boards of this size, however, is de-
signed to operate on 48 volts so that
the 700 PBX was arranged for this
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voltage. Relays and equipment used
with the boards had to be designed
for the voltage with which they were
to be used.

By employing a type of relay re-
cently made available, however, it was
found possible to design circuits that
would operate on any voltage from
32 to 50. When the board is to be
used as the manual part of a dial
PBX a 48 volt battery is required and
a charging plant is installed at the
PBX to maintain the voltage. For all
other conditions a lower voltage bat-
tery is installed which may be charged
either from the central office or from
its own local charging plant. This
wide range of operating voltage, which
is a rather difficult accomplishment,
satisfactorily solved the multivoltage
requirement for PBXs.

In addition to the improved circuit

features the new board incorporates
the latest structural advantages. It
has a complete inner frame of steel
divided into separate upper and lower
units, the upper being designed for
two twelve-inch panels. The outer
woodwork has a walnut finish in or-
der to harmonize better with present
day office furniture and woodwork,
and the keyshelf is of black phenol
fibre which presents a hard durable
surface almost immune to scratching.
A canvas curtain to prevent noise due
to the swaying of the cords is also
used with the new board.

The results of several trial installa-
tions have been so favorable that the
manufacture of the new board is now
being placed on a production basis and
the 605 board will soon be used for
practically all multiple-switchboard re-
quirements up to 1500 lines.

American Telephone

American Telephone tomorrow will distribute close to 30
millions in dividends, the largest quarterly payment ever made
by the company. No change has, of course, been made in the
dividend rate but the constant increase in stock outstanding is

increasing the distribution.

Telephone shareholders, or many

of them, will fail to find any better outlet for their dividend
receipts than more of the samme stock.
—New York Sun, October 14, 1929
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A Thousand-Ampere Choke Coil

By A. R. SWOBODA
General Apparatus Development

CONONDMIIES have recently
been made possible by the use
of commercial* rather than

special generators for charging cen-
tral othce batteries. This change was
made feasible chiefly because large
capacity filters were developed to re-
move from the generator output the
minor current oscillations which
would produce noise in telephone cir-
cuits. Choke coils are essential ele-
ments of these filters and because of
the large currents that must pass
through them, their design presents
several features of engineering in-
terest.

Current lowing in a wire produces
a magnetic field in the space around,
and pulsations in the current cause
variations in the field which induce a
counter electromotive-force in every
part of the conductor. This electro-
motive force of self-induction, as it is
called, is always opposite to that caus-

* BELL LARORATORIES RECORD, December, 1927.

CONDUCTOR

ing the current changes. Self-induc-
tion thus produces a reaction against
the current, a choking down of cur-
rent changes.

How this choking factor, or in-
ductance as it is termed, varies with
the conformation of the circuit may
be shown by connecting a thousand
foot length of No. 10 copper wire —
arranged in various ways—to a 110-
volt, sixty-cycle alternating circuit.
When the wire is laid straight and
doubled back on itself once, a current
of 110 amperes will flow. If, how-
ever, the wire is formed into a coil of
a little over nine and one-half inches
outside diameter and approximately
three inches long, only about seven
amperes will low. By a “simple twist
of the wrist” the wire has been en-
dowed with the power to choke down
the current from 110 to 7 amperes.
If the wire were now wound on a
straight silicon-steel core, forming
about eight hundred fifty turns on a

CONDUCTOR

X ARGAPS

X aRcaps A

Fig. 1~ (left) Laminations for the smaller coils are punched in two forms and

assembled as shown. Fig. 2— (right) For the larger coils straight laminations that

can be sheared are more economical. The dotted lines indicate how alternate long and
short pieces are laid up
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core fourteen inches long by two and
one-half inches square, only about
nine-tenths of an ampere would pass
through it when connected to 110
volts.

Iron has thus enormously increased
the inductance of the circuit and dif-

)
e
e,
———
—
——
—
—

—
—
—
o
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Fig. 3—Removal of one of the cast-iron

cover plates from the 800 ampere coil

shows the arrangement of the winding
around the central leg

ferent types of iron, or iron alloys
such as the permalloys, would pro-
duce different effects. The inductance
depends, however, on other things be-
sides the material of the core and the
design of a choke coil thus requires a
careful balancing of many factors.
Choke coils designed for use with
commercial charging generators have
cores of the shell type built up of
many thin laminations of silicon steel.
The magnetic material forms a closed
path or shell around the coil which is
wound on the central leg as shown in
Figure 1. This illustration shows one

of the smaller coils, the laminations
for which are single stampings: “T"
shaped for the center and *“‘I.”" shaped
for the two outer legs.

For the larger sizes it is more con-
venient to build up the core of straight
pieces in order that they may be
sheared. A choke coil of this type is
shown as Figure 2. The straight lam-
inations that compose the outer legs
are of two lengths for each section;
long and short pieces are laid up al-
ternately so as to form a compact in-
terlocked core as indicated by the
dotted lines. The general appearance
of such a core and winding is given in
Figure 3 which shows an 8oo ampere
coil with cover plate removed. A cast
iron housing completely protects the
winding from injury, and openings in
the cover plates provide ventilation.

Iron in a choke coil is very desir-
able because by increasing the effec-
tiveness of the winding it makes pos-
sible the use of a much smaller coil
than would an air core, and in this
way reduces the cost. The value of
the current flowing through the wind-
ings of an iron core coil, however, has
a large influence on the inductance.
Current from a commercial D.C. gen-
erator, in addition to a large constant
component, has a small variable com-
ponent. The constant component pro-
duces in the core a constant magnetic
flux density which influences the rate
at which the variable component can
cause changes in it.

The inductance with respect to the
variable portion of the current is
changed by changes in the value of the
constant portion. For any particular
coil there is one value of the constant
component of the current for which
the inductance with respect to the
variable component is a maximum;be-
low and particularly beyond this point
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the inductance decreases. To reduce
the flux density due to the constant
component, it has been found that the
introduction of an air gap is prefer-
able to the alternative of lengthening
the iron circuit since the use of an air
gap reduces the size and cost of the
coil. The most efficient design, there-
fore, depends on a balance between
size of core, number of turns, and
width of air gap.

Cost depends both on the size of
the core and on the number and size
of turns; either of which may be
varied over a wide range for a given
inductance. If the inductance is to be
kept at a predetermined value and the
air gap adjusted to give a suitable flux
density, a plot may be made of cost of
coil against the number of ampere
turns (product of number of turns by
the amperes flowing). Such a curve is
shown in igure 4. An indefinite num-
ber of similar curves could be plotted
for different values of inductance.
From such a set of curves and a
knowledge of the inductance wanted
it is possible to select the most eco-
nomical size of core and number of

COST OF COIL IN DOLLARS

EFFECTIVE INDUCTANCE

AMPERE TURNS

Fig. 4—A series of curves like the one
shown is possible. For each the inductance
and flux density are constant.

ampere turns. As the maximum gen-
erator current is known it is necessary

SUPERIMPOSED DIRECT CURRENT

Fig. 5—For any one coil design a varia-
tion of the air-gap considerably modifies
the choking action at different currents

only to divide this value into the am-
pere turns to obtain the number of
turns of copper required.

The selection of the proper air gap
is an important matter. On Figure §
is plotted a series of curves all for the
same coil but for different air gaps.
It will be noticed that as the gap is
increased the maximum value of in-
ductance is decreased, but on the
other hand it becomes much more
constant for different currents. A gap
is selected that will give fairly con-
stant inductance over the range of
currents expected.

The largest choke coil that hasbeen
developed in Bell Telephone Labora-
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tories, which will carry a thousand
amperes continuously, is shown on the
title page to this issue. One of these
coils, coded 15-A, was installed in the
Barclay-Vesey project in the New
York Telephone Company building
on lower West Street. The winding
is made up of a conductor of forty-
four strips of annealed copper one
inch wide by .052” thick. The total
DC resistance of the winding is only
.00032 ohm, while the inductance is
approximately 1 millihenry. The core
has four air gaps each 15/32” wide
and the complete coil, standing over
four feet high on a base about three
feet square, weighs over two and one-
half tons.

To show the range in size of coils

used in telephone practice an 83-A re-
tardation coil from a 1-A carrier
panel is held in the palm of the hand
for comparison. The large coil has
magnetic material enough to supply
about 235,000 of the small ones. The
total copper in the large coil would, if
drawn into No. 36 wire, wind §200
small coils, and 10,800 of the small
coils would be required to balance the
weight of the large one. The small
coil has about 10,000 times the in-
ductance of the large one, but it has
nearly 214 million times as much re-
sistance. Besides it is good for only
1/1000 ampere. The choke coil
shown here is the largest coil in size
and weight ever installed for cen-
tral office service.
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Calling Subscribers to the Telephone

By L. ]J. STACY
Local Systems Development

OMLE form of alternating cur-

rent has been used since 1878

for calling subscribers to the
telephone. In that year Thomas A.
Watson devised the plan of connect-
ing in series with the line at each sta-
tion a polarized ringer—an electric
bell polarized for operation on al-
ternating current. Ringing current
was provided by a hand-driven mag-
neto generator. That arrangement
was the best available for a number
of years, but even when the resistance
ot each ringer was kept at a mini-
mum, the resistance of a line with
many stations was made great enough
by the series connection to hinder the
transmission of voice currents. In
1890 John J. Carty overcame that dif-
ficulty by connecting a subscriber set
containing a generator for calling the
operator and a high-resistance ringer
across the line at each station, rather
than in series. That plan was com-
monly known as the “bridging” bell
system.  On account of the low fre-
quency of the ringing current and the
high voltage it could be given, it was
possible to use ringers whose impe-
dance to voice currents was high
enough for the requirements of speech
transmission on the line.

In spite of the many changes that
have since taken place in the telephone
plant, the methods of ringing now used
have developed directly from those of
1878 and 1890. The simplest con-
ditions of today are presented on so-
called rural lines— party lines with a

large number of subscribers, usually
in the country. On these lines the
ringing system now in general use is
that brought out by Mr. Carty. At
each station a polarized ringer is con-
nected across the line, or from one
side of the line to ground, and when
ringing current is applied, it Hows
through and operates all or half of
the ringers, depending on the connec-
tion. A code is used, with an indi-

Fig. 1—Watsorw’s polarized ringer

vidual combination of long and short
rings assigned to each subscriber. For
comparatively short rural lines having
a small number of stations, ringers of
1000 ohms resistance and hand gen-
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erators having three permanent mag-
nets are commonly used. If longer
lines or more stations are involved,
it is necessary to use ringers of higher
ethciency, with 2500 ohms resistance,

Fig. 2—A polarized ringer of today, 8-A

and hand generators built with five
magnets, giving higher output voltage.

In larger offices, where it became
desirable to use a battery common to
all subscribers’ lines for talking and
for attracting the operators’ atten-
tion, several changes in the ringing
system became necessary. Normally
the central-office battery is continu-
ously connected to each line. With
ringers connected directly to the line
at the stations there would be a con-
tinuous flow of direct current, which
if large enough would keep the line
relay operated and the signal lamp in
front of the operator lighted, just as
if the receiver were left continuously
off the hook. That was avoided, at
first, by using ringers of sufficiently
high resistance. Subsequently the con-
stant flow of battery current was pre-
vented by connecting a condenser in
series with each ringer. Thereupon
the ringers were adjusted to prevent
tapping during the surge conditions
accompanying charge and discharge

of the condensers in the ringer sets.

At an early stage in telephone his-
tory selective ringing— ringing of one
station only —was offered on two-
party common-battery lines. Iach
ringer was connected from one side
of the line through a condenser to
ground; alternating current applied
between ground and either side of the
line passed through one ringer only.
Semi-selective ringing was given on
four-party lines by the same arrange-
ment, but with two ringers connected
from ground to each side of the line.
Then ringing current sent out on one
side of the line operated both of the
ringers connected, and a simple code
was used to indicate which of the four
subscribers was wanted.

The first commercial system giving

Fig. 3—1Watson’s hand generator

{114}

www americanradiohistorv com


www.americanradiohistory.com

Fig. 4—A modern ringing machine

selective ringing for four-party mag-
neto lines was patented in 1896 by
Angus S. Hibbard of the Chicago
Telephone Company. Two ringers
were connected from each side of the
line to ground as before, but the con-
nections made to them were of oppo-
site polarity, and ringing was accom-
plished by pulsating current—either
the positive or the negative half-waves
of alternating current. When pulsat-
ing current of either polarity was ap-
plied to one side of the line, it passed
through both ringers to that side. On
one ringer, suitably poled, each pulse
pulled the armature against the ten-
siop of the biasing spring so that the
clapper struck the gongs, but on the
other ringer the pulses pulled in the
same direction as did the spring, so
that the armature remained at rest
against the stop. When used on com-
mon battery lines a resistance was
placed in series with each ringer to
prevent operation of the line relay;
there was however a leakage path for
battery current at each station. Al-
though still used to some extent in its
original form on magneto lines, this
ringing system is of interest prin-
cipally as the forerunner of the better
systems in use to-day.

To remove the direct-current path
from each side of the line to ground
through the ringers when applied to
common-battery lines, a system using
a relay at each station was devised in
1899 by G. K. Thompson. The ring-
er at each station was connected from
line to ground through the contacts
of a relay whose winding was con-
nected across the line in series with a
condenser. With the relays normal
the ringers were disconnected, but
when pulsating current was sent out
the relays at all four stations operated
and connected the ringers as in Hib-
bard’s system; then the pulsating cur-
rent flowed through the two ringers
on one side of the line to ground and
operated the ringer for which the pul-
sating current was suitable. In of-
fices using this system, however, ring-
ers on individual lines were connected
across the line in series with a con-
denser, as before. Alternating current
was used for these, since it is some-
what more satisfactory than pulsating
current for operating ringers con-
nected in series with condensers.

With the adoption of superimposed
current, the need for alternating cur-
rent in addition to the pulsating ring-
ing current for four-party lines was
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ended. The system of superimposed
ringing, developed by T. C. Drake
and patented in 1904, uses an alter-
nating-current generator connected in
series with batteries. The resultant
current may be consid-

ered as alternatingcur- T

the smallest offices. Tt is a relay with
vibrating armature, the contacts of
which connect alternately with battery
contacts of opposite polarity. In
larger offices, for many years the

rent with the neutral
axis displaced from
the center line of the

]

1

wave by the amount of
the battery voltage.
The action, on four-
party circuits, is the
same as that of pulsating current. On
individual and two-party lines, where
a condenser is in series with the ringer,
only the alternating current com-
ponent can flow. Voltages of the a-c.
and d-c. components of the ringing
current are regulated at any particu-
lar office within limits which depend
on the types of ringers in the area
served.

Meanwhile the sources of ringing
current and the means for its control
had received attention and develop-
ment, just as had the ringer circuits
themselves. The demand for operat-
ing convenience with resultant econ-
omy made it necessary first to do away
with the need for turning a generator
handle. In the transition to a central
source of ringing current, various de-
vices were used, marking successive

ooy

+ t

g, 5—Ringing machine connections to
give pulsating current

steps toward reliability and conveni-
ence. One of these, known as a pole
changer, is used extensively today in

+

Fig. 6—A. S. Hibbard’s circuit for full selective ringing

source of ringing supply has been mo-
tor-driven generators, to which the
name ‘“ringing machines” has been
given. For alternating current the out-
put was used directly, but when pul-
sating current was first used the gen-
erators were installed in pairs, each
supplying current of one polarity only.
Later one generator was made to do
the work of both. It was equipped
with a third collector ring divided into
two equal segments, insulated from
each other; one was connected to the
alternating current ring, and the other
to the ground collector ring. Two
brushes 180 degrees apart then col-
lected half waves of alternating cur-
rent, one giving positive and the other
negative pulsating current. For su-
perimposed current no such construc-
tion is needed, but merely an ordinary
alternating-current generator con-
nected in series with batteries.

When ringing machines came into
use, the ringers in service had been
designed to operate at the voltage and
frequency given by hand generators.
It was natural therefore that the volt-
age and frequency of the ringing ma-
chines were governed accordingly.
Thus 75 to 110 volts at 16 2/3 cycles
came to be standard. With a two-
pole generator, this frequency corre-
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sponds to 1000 revolutions per min-
ute, a speed readily obtained with di-
rect-current motors. \When alternat-
ing current became generally used for
power, it became desirable to use an
alternating-current motor for driving

office battery were also changed to give
20-cycle current. The actual fre-
quency is somewhat less than the 20-
cycle nominal value, since it is cut
down about two-thirds cycle by the
slip of the induction motor.
Regardless of its

source, ringing current
must be controlled for
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Fig. 7—The four-party circuit now used for full selective

727’1 (71710'

at least one ringing machine in each
office. This was done by connecting
the motor to the ringing generator
with a belt, since with 60o-cycle power
it is impossible to obtain a speed of
1000 revolutions per minute directly.
As before, a reserve machine was still
furnished to be driven by the central-
ofhice battery.

The development of induction mo-
tors made it possible to build sets with
the motor and generator connected
directly rather than by a belt, if the
ringing frequency were changed to 20
cycles. The maintenance and cost ad-
vantages of this change were so great
that it was made about 1917, and the
ringing machines di-
rectly connected to six-
pole induction motors
were standardized for
new installations in
place of the belt-driv-
en sets. With 6o-cycle
power these operate at
1200 revolutions per
minute and produce 20-
cycle ringing current.

VAAAAAN

1 connection to the de-

sired line. Even with
hand generators, a
ringing key was pro-
vided in each cord cir-
cuit for connecting the
generator. Later there were com-
monly as many as five keys in the cord
and trunk circuits of subscriber switch-
boards, for selective ringing on four-
party lines with pulsating current, and
ringing of individual lines with alter-
nating current. In any case it was at
first necessary for the operator to
press one of the keys during each in-
terval when ringing current was sent
out, and thus to give the call a certain
degree of attention for the duration
of ringing.

This need was ended by “machine
ringing”’, the system whereby ringing
current is intermittently connected to
a subscriber’s line, either automatically

i
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To secure uniform fre-
quency at all times, the
reserve machines which
operate on the central-

Fig. 8— (above) Pulsating ringing current.
(below) Superimposed ringing current

VARVARVERVERVARY.

Fig. g—
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or by the momentary depression of a
key, after the operator has plugged
one of her cords into the jack of the
called subscriber. Thereafter ringing
current is connected to the line at reg-
ular intervals until the subscriber an-
swers or the connection is taken down.

T e e O O O A

Ml

through them before the subscriber
answers. Such conditions are in them-
selves exacting, but they are made
much more so by variation in ringing
voltage and frequency, and by dif-
ferences of several hundred ohms in
the resistances of the various lines.
Closer limits for volt-
age and speed of the
ringing machines were
therefore established
to increase the assur-
ance of reliable opera-
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tion.

With the introduc-
tion of dial systems,
further problems in

[ I I
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Fig. 10— (above) Current in subscriber’s line during dial-
ing. Fig. 11— (below) Current in ringer during dialing

During each revolution an interrupter
mounted on the ringing machine con-
nects ringing current to the line for
two seconds, and connects direct cur-
rent for four seconds. This direct
current is supplied so that the called
subscriber’s answer — removal of his
receiver—may be recognized imme-
diately even though it comes during
one of the silent intervals, and that
the line may be ready at once for con-
versation to start.

To disconnect ringing current in a
machine ringing system and to estab-
lish a through talking path, each ring-
ing circuit is equipped with a tripping
relay which operates on the increased
current when the receiver is removed
from the switchhook. These relays
must all operate on direct current, and
in addition on ringing current — some
of them are designed and adjusted to
operate on alternating current, some
on pulsating current, and some on
superimposed current —but they must
not operate on any current passing

ringing arose from the
charging and discharg-
ing of the station con-
denser during dialing,
and resultant tapping
of the ringer. On party lines, and
lines with extension telephones, this
resulted at times in calling a person
at one of the other stations. Ringers
at dial stations, even for individual
lines, were poled and adjusted to pre-
vent tapping; as a result, it became
much more difficult for them to oper-
ate on the usual ringing current. Volt-
ages of the ringing machines were
modified correspondingly, and new
sets of limits established for panel and
step-by-step offices. Superimposed cur-
rent is used where full selective ring-
ing is offered on four-party lines, and
alternating current for ringing other
lines. In new ofhices, in areas not hav-
ing four-party selective lines, alternat-
ing current with a small amount of
superimposed direct current is used to
facilitate the operation of the relays
which trip machine ringing. This di-
rect current however has no effect on
the ringers in these areas. Intheolder
manual offices there will still be found
all of the ringing voltages and fre-
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quencies which have been standard,
but in the newer offices the limits are
the same as for the corresponding dial
offices.

In many cases the line to which
ringing current is applied will not have
a ringer connected to it at all. It may
be a line to a private branch exchange,
or to a special operator’s position, at
which a visual signal 1s wanted. In
such cases the ringing current must op-
erate a relay controlling a lamp in
front of the operator. These “‘ring-
up”’ relays must operate under any
normal ringing condition, and must
not be operated by any other current
flowing in the circuit during its use.
Their story, however, like those of
other pieces of ringing apparatus, be-

longs by itself rather than with a brief
history of general ringing conditions.
Thus from the time when the first
telephone switchboard was installed,
the problem of calling subscribers has
been to let them know positively and
quickly that some one wished to speak
to them. The signal must be distinct
and reliable, so that there can be no
doubt that it is genuine, and even on
party lines there should be no tapping
or accidental ringing to cause confu-
sion or annoyance. The present polar-
ized type of ringer has met the in-
creasingly exacting demands of a rap-
idly expanding service, and while
other forms of signals have been con-
sidered, none have been suggested
that seem at all likely to replace it.

www americanradiohistorv com


www.americanradiohistory.com

LR R R R U U R U R R R R R R R R R R R U R R

Standard Housings for Portable Test Sets

By G. T. FORD
Equipment Development

HA'T telephone service may

always be available to the sub-

scriber when it is desired re-
quires continual testing of both cir-
cuits and apparatus. Inspection alone
is not sufficient; special testing equip-
ment of one form or another has al-
ways been necessary. For some of the
work it may be mounted on fixed
frames or desks, but much of it must
be mounted in portable form so that
it may be moved from place to place.
The test sets used for making opera-
tion tests and for maintaining equip-
ment within central ofhices are some-
times placed on a ‘“‘tea wagon’ which
can be wheeled to the desired location
when a considerable amount of equip-
ment is required, or for smaller
amounts of equipment test boxes are
used that are carried where desired
by the maintenance man. Inthispaper

.~ PANEL

+ LAMPS

. DIAL

Fig. 1—External appearance of the new test set in one of

its larger sizes

- NO. PLATES

/ KEYS

are described new housings designed
particularly for these types of test
sets.

Before the introduction of the
newly designed housings a large num-
ber of types, differing in size and de-
tails of construction, were used. These
various housings had been designed at
different times as the need for them
arose, and the size and arrangement
of the equipment had been determined
by the requirements of each particular
test circuit being accommodated. This
resulted in the production of a large
number of different size housings and
due to the type of construction being
used at the time the various sets were
developed, and to the large number
of sizes, there were few of the frame-
work parts that could be applied to
more than one set.

A study was made for the purpose
of designing if possible
a small number of
housings similar in ex-
terior appearance and
construction, and of
such a range in size
that they could replace
the large number pre-
viously in use. The ob-
ject was to secure a de-
sign that could be made
in comparatively large
quantities, so as to se-
cure a reduction in
manufacturing cost as
well as a uniform qual-
ity. In addition, an en-

NI
T MOUNTING
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deavor was made to obtain a design
which was rugged in construction and
yet gave accessibility to all apparatus
so that it could easily be kept in work-
ing order.

With the design finally adopted it

was found possible to employ five sizes
~ RELAY WITH COVER

/
J—— g
T - .)/

RINGER
coiLs *

RELAYS WITHOUT -
COVERS

e

The design adopted has two prin-
cipal parts. The fundamental struc-
ture is a panel faced with phenol fibre
which forms the top of the test set
and corresponds roughly to the key-
shelf of the previous type. The panel
is of three ply construction, being a

KEYS

Fig. 2—Panel of test set removed from the casing showing the mounting of all
equipment on its under surface and the two supporting brackets

for practically all central office main-
tenance test sets of the box type. The
smallest is of such dimensions that it
may be held in the tester’s hand when
in use and so is known as the Hand
size. The next size may be used
on the small ten-inch rolling ladder
and has been designated Small Lad-
der size. In like manner the sets
which may be used on the twelve- and
fourteen-inch ladders have been desig-
nated Medium-I.adder size and
Large-Ladder size respectively. The
test set shown in Figures 1 and 2 is
the Large-I.adder size. The largest
of the five standard sizes is required
for test circuit equipment which can-
not be placed in the fourteen-inch-lad-
der size and yet does not require the
space provided by a wagon type test
set. This set is of such size that it
may be conveniently placed on a table
having a top twenty-four inches long
by twelve inches wide and is known as

the Table size.

maple board with one-sixteenth inch
phenol fibre glued on each side. The
exposed surface of the phenol fibre is
rubbed to a dull jet-black finish which
presents a pleasing appearance as well
as a durable surface. The four cdges
of the panel are protected by com-
mercial type aluminum moulding,
which matches the finish on the cas-
ing described later. The keys and
lamps usually appearing on the key-
shelf are mounted on this panel, and
all other apparatus is suspended from
the under-surface.

When the set is assembled, the
panel is screwed to a sheet metal cas-
ing about one-sixteenth inch thick
(No. 16 gauge) with a baked-on alu-
minum finish. No apparatus is
mounted directly on this casing, its
primary purpose being to furnish a
housing enclosing the apparatus and
protecting it from mechanical injury.
With this arrangement the panel and
its equipment can be removed as a
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unit from the casing for inspection or
adjustment and if necessary could be
used in service without the casing.
Two “U” shaped bars fastened to the
under surface of the panel, one at
each end of the set, serve as a sup-
port for the panel when it is removed
from the casing and as a guide or cen-
tering device while it is being placed
into the casing. These bars also sup-
port brackets to which the relay
mounting plates are attached.

A metal casing was adopted, rather
than one constructed of wood, to ob-
tain a casing of simple yet rugged de-
sign suitable for withstanding unusual
knocks and falls to which these test
boxes are at times subjected while in
service. A model of the metal casing
and one of simple wood construction
were made for the purpose of making
comparative tests under the most un-
usual service conditions. By these
tests it was demonstrated that, for
constructions comparable in price, the
metal casing could better withstand
the more severe shocks. In addition,
the metal casing, being considerably
thinner than the wood, allows a larger
cubic content to be contained in a box
of the same outside dimension and
consequently slightly more equipment
in the same size of housing.

The new design permits the panel,

the casings, and all minor mechanical
parts to be made up in large quantities
and stocked. WWhen an order is re-
ceived for a particular test circuit, the
panel is taken from stock and drilled
for the equipment required. There
are approximately fifty circuits now
being furnished in portable test sets.
Iach of these is different in that each
requires different apparatus and a dif-
ferent arrangement of wiring in order
to accomplish its purpose. It is pos-
sible with the new design to accommo-
date the equipment for any one of the
fifty circuits in one of the five sizes
adopted as standard, without making
any change in the construction.

On account of the variety of places
where these test sets are used, several
factors were considered in setting the
sizes such as the space available on
the steps of rolling ladders and on the
top of rolling tables upon which the
portable sets are sometimes placed.
Size is a prime consideration and con-
sequently the various sizes of casings
were determined in such a manner that
there would be the least possible waste
space. Cost studies indicate that ap-
preciable savings will be made by the
adoption of the new design, due prin-
cipally to the arrangement for pro-
duction of the framework in large
quantities.
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Adjustment Provisions for Central Othce
Apparatus

By F. A. COX
Local Systems Development

N the design of modern tele-

phone circuits and apparatus

there are two important and re-
lated factors which must receive most
careful attention. The equipment as
a whole must give satisfactory ser-
vice to the subscriber, and it must be
designed so that it can be economi-
cally manufactured and maintained.
IEconomical maintenance presumes,
among other things, that the equip-
ment, once placed in service, shall con-
tinue to function for a reasonable
period without readjustment. The
quality of the equipment, therefore,
must attain a certain level, but it must
not exceed this by an amount which
will cause unwarranted cost for man-
ufacture.

Among the criteria of quality in
telephone apparatus is the closeness
with which adjustable values approach
the standard determined by the de-
signer.  Practical considerations re-
quire that some departure from the
standard be tolerated; the limits of
this tolerance are as much a part of
the design as the standard value it-
self. These limits are carefully
worked out to insure continuous sat-
isfactory operation with reasonable
maintenance, and yet not make the
manufacturing cost excessive. To pro-
vide for the adjustment of apparatus
within the proper limits, very definite
requirements must be made available
to the installation and maintenance

forces. This is accomplished by the
Requirements and Adjusting Pro-
cedures for adjustable central office
apparatus, prepared by Bell Tele-
phone Laboratories and issued as a
part of the Bell System Maintenance
Practices.

These Requirements and Adjusting
Procedures are the result of a con-
stantly growing demand for detailed
information not only as to the require-
ments governing the adjustable fea-
tures of central office apparatus, but
as to the methods, tools, and equip-
ment necessary for adjusting the ap-
paratus to meet these requirements.
The need for information of this na-
ture was recognized many years ago
even for the relatively small amount
of adjustable apparatus in manual of-
fices, and such information has long
been available for manual central of-
fice apparatus, particularly regarding
the electrical requirements for relays.

The program for supplying this in-
formation to the field was given great
impetus by the introduction of dial
systems with their greatly increased
quantity and complexity of apparatus.
In the dial systems all the operations
other than dialing, necessary to estab-
lish an ordinary local connection be-
tween subscribers, are mechanical and
automatic; each is dependent on the
operations preceding it for the correct
performance of its own function. Cur-
rent margins and time factors have
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been introduced. Relays are required
to operate, release, or fail to operate
—as the circuit requires—on small
differences in current. They are also
required to operate or release slowly
or quickly as may be necessary to per-
form their functions.

In addition, an entire new array of

equipment was not included. These
specifications satisfied the needs of the
first jobs when the systems were new
and maintenance problems still to be
learned. The Telephone Companies
supplied men to be trained during in-
stallation so that when the equip-
ment was turned over to them by

the Western Electric

Company, the newly
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Fig. 1—Part of typical page of “Requirements”
a complete “Requirements-and-Adjusting-Procedures”
tion of the Bell System Maintenance Practices

mechanical devices is required which
performs functions previously taken
care of by the hands, voice, hearing,
or vision of the telephone operator.
These devices are designed to operate
within close margins of time or travel,
the requirements for which, once es-
tablished, must be met not only in
manufacture but during installation,
and in maintenance under service con-
ditions.

The first apparatus adjusting in-
formation for installation and main-
tenance purposes in dial systems gave
the requirements only. These were
given in two specifications, each cov-
ering the apparatus peculiar to a dial
system. Apparatus already well
known through its use in manual

only the requirements
for the correct per-
formance and adjust-
ments of apparatus,
but the procedures for
meeting them. From this point the
introduction of the specifications,
which were later incorporated as a
part of the Bell System Maintenance
Practices, began.

To facilitate distribution, and the
keeping of the requirements and main-
tenance information up-to-date, the
general specification for each of the
dial systems was divided into a num-
ber of individual specifications, each
covering apparatus of a given type or
of similar types having the same re-
quirements. At the same time the
program was extended to include me-
chanical requirements for relays and
keys because of the need for more ac-
curate adjustments imposed by the
dial-system circuits. The scope of the

section of
sec-
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program has since been further ex-
tended to include all apparatus re-
quiring maintenance readjustment, not
only in the panel and step-by-step sys-
tems, but in manual and toll systems,
manual and step-by-step PBX's, and
power equipment.

Because of the diversity of the ap-
paratus in the dial-system circuits and
the close adjustments imposed, it is
no longer practical to test and read-
just on an overall “circuit operation”
basis, a method commonly known as
“tuning”. Instead, each piece of ap-
paratus is given a definite adjustment
within specified limits and when this
has been done for all the component
apparatus of the circuit, the circuit
will function without further adjust-
ment.

To derive the greatest benefit from
this method of adjusting however it
18 desirable to establish a point of
test somewhere between the lower
limit of satisfactory operation and the
manufacturing requirements, by means
of which apparatus
which is nearing this
lower limit may be de-

tected before failure VN A
actually ensues. Con- \l ) ‘
sequently where the op- ‘
erating range of the e
apparatus permits, two

sets of field require- ~
ments have been estab- '
lished. The first, based me

n £ gu
aratonl

on the manufacturing
requirement, is used by

the adjuster and known s biae of
as the readjust require- BN
ment; the second, fall-
ing somewhere be- |
tween this readjust re- SR ato
quirement and the

point of circuit failure,
is used in checking pre-
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viously established adjustments and is
known as the test requirement. The
margin between the test and the re-
adjust requirements serves not only
as a safety zone in which the appa-
ratus will operate satisfactorily, but
also helps to compensate for the per-
sonal element, since the adjuster and
checker may not always be in complete
agreement as to the correctness of an
adjustment.

There is always a fair margin be-
tween each test requirement and the
lower limit of satisfactory operation.
Circuit failure should occur only when
an individual adjustment passes this
limit or when a group of adjustments
at or near their limits on several in-
ter-related pieces of apparatus pro-
duces a combination which excceds the
lower limit for the whole circuit. In
some cases, owing to manufacturing
limitations, the margin between the
best commercial adjustment that may
be applied in the shop and the lower
limit of satisfactory operation, is in-
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Fig. 2—Page of the Requirements and Adjusting Proce-

dures showing requirements for multiple-brush adjustinents
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sufficient to permit the establishment
of individual limits for test and re-
adjust. In this case the same limit is
used for both.

The test requirement is used not
only by the installation checker who

bring it towards the maximum limit.
In the former case the adjuster is ad-
vised to work toward the maximum
limit whereas in the later case he is
advised to work toward the minimum.
For other adjustments, such as contact

pressure on base metal

SPRING SEGMENT RACK | TEST AND READJUST LIMITS contacts, the maximum
DESIG.| EDGE |POSITION| EDGE [NUMBER| NUMBER |MAX.LOW| TIDEAL |MAX.HIGH limit is established to
5 | cop | aBove | Tor | stH | morea Ii, " l;uzo Fﬁ guard against excessive
EELOW i _| wear of parts. Here

B |BOTTOM ABOVE |BOTTOM| STH 43 ﬂj l};ﬁ; E the requirement speci-
— —{ fication will probably

¢ | TOP |COINCIDE|BOTTOM| 45TH 43 E—L:7 H: advise the adjuster o
o ToP | BELOW |BOTTOM| pyey ig,gi,gg, A g WOl‘k‘tO‘ the’ mean‘of
sorrou| ABove | ror PERENGc'sq’s ool li the limits since high

T |sorrou| ssove [orros| - 0 n;] i average pressures will
S | TOP | BELOW | TOP | - % = | tend to excessive wear

1-D COMMUTATOR

Fig. 3—"Table of commutator brush settings from a section
of the Bell System Maintenance Practices showing the
allowable range of adjustment

follows the installation apparatus ad-
juster, but also by the Telephone
Company when apparatus is turned
over to it by the Installation Depart-
ment of the Western Electric Com-
pany. In general the manufacturer
aims at an adjustment better than the
readjust requirement for individual
apparatus; the installer aims at the
readjust requirement or better; and
the installer’s checker expects to find
the apparatus within the test require-
ments with a fair proportion of it at
or near the readjust limit.
Experience has shown that it is not
always advisable, in adjusting appa-
ratus, to work to the actual readjust
value or limit. Ifach adjustment must
be analyzed to determine the ideal
value toward which it should be
pointed. In some places the natural
wear of the apparatus in operation
tends to bring it near the minimum
limit, while in others wear tends to

while low average pres-
sures will favor unsat-
isfactory contact.

In preparing the
first adjusting proce-
dures it became apparent that, ow-
ing to the complexity of the adjust-
ments involved, it would not be pos-
sible to describe the work adequately
in words alone. Illustrations were es-
sential not only to show the proper
use of tools and gauges but to indi-
cate the exact points of application of
the various requirements. The prac-
tice, therefore, is to give illustrations
for both requirements and procedures.
An illustration is provided wherever
it is felt that any doubt could exist
either as to the meaning of the re-
quirement or to the proper methods
of adjustment to meet it.

In their present form each section
of the Bell System Maintenance Prac-
tices containing Requirements and Ad-
justing Procedures, consists of three
parts. The first covers the scope of
the individual section together with
general paragraphs of information
and definitions applicable alike to the
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requirements and the adjusting pro-
cedures. The second contains the re-
quirements and their illustrations.
The third contains the adjusting pro-
cedures and their illustrations, a sepa-
rate series of methods and procedures
being given for each requirement ex-
cept where the adjustment for one re-
quirement will affect the adjustment
for others.

Before the establishment of these
specifications, later incorporated as
part of the Bell System Maintenance
Specifications, as the authorized
source of such information, and for
some time after they had been in use,
it was customary for the Telephone
Companies to prepare their own in-
structions for maintenance men. Ow-
ing, however, to the improved form
in which the Requirements and Ad-
justing Procedures are now prepared,
to the completeness of the informa-
tion contained in them, and to the

illustrations which make clear the
various requirements and methods of
adjustment, the Telephone Companies
are discontinuing the preparation of
their own method instructions and
making use of the Standard Main-
tenance Practices.

It has been the practice since the
first issues of the original requirement
specifications were prepared, to dis-
tribute preliminary issues to the In-
stallation and Manufacturing Depart-
ments of the Western Electric Com-
pany and to the American Telephone
and Telegraph Company for com-
ment. Copies sent to the Installation
Department have been distributed to
its field zones for comment. In this
way comments and suggestions have
been gathered from all interested de-
partments and these have been con-
sidered in conference and adopted
whenever by so doing the maintenance
practices would be improved.

A Four-Year Index for the Record

Incident to the binding of Volume 7 of BeLL Lanora-
TORIES RECORD, a four-year cumulative index has been pre-
pared for the inagazine, from its first issue in September, 1925,
through August, 1929. An innovation is the addition of sub-
ject-headings to the index by title. The pamphlet will be use-
ful not only to those who wish to bind their files of the maga-
zine, but also to those who refer to the bound volumnes in the
Library. Copies may be requested by memorandum addressed

to the Bureau of Publication.

www americanradiohistorv com


www.americanradiohistory.com

Top Row: G. R. Gohn, Columbia; T. F. Gleichmann, Johns Hopkins; J. TV,
Packard, Harvard; P. V. Brunck, Cooper Union; S. M. Babcock, Illinois; R. 1.
Cushman, Harvard ; J. J. Harley, St. Joseph Tech.; R. M. Stephens, Antioch; H. G.
Young, Hamilton; E. W. Holman, Washington U.; L. H. Schwartz, lowa State.
Middle Row: R. E. Marenzana, U. of Penn; J. F. Harris, Cornell; E. J. Davis,
U. of Chicago; W. L. Furry Miss. 4. & M.; J. F. Brozek, Brooklyn Poly.; J. I1.
Scaff, U. of Mich.; C. E. Fisher, U. of Illinois; F. M. Nolan, Columbia; J. H.
Collins, Carnegic Tech.; R. T. L. Patterson, Princeton. Bottom Row: A. S.
Loucks, Jr., St. Lawrence; R. M. Taylor, Cornell; H. A. Reise, U. of Wash.;
R. M. Cobden, Penn State; L. R. Wrathall, U. of Utah; W. J. Kitely, U. of
Colo.; F. G. Weithman, Allegheny; R. E. Firestone, Roanoke; M. C. Wooley,
Ohio Northern: R. R. Roush, lowa State

Top Row: R. Black, Jr., U. of Kentucky; J. F. Barry, Cornell; G. H. Lovell,
Texas A. & M.; C. J. Christensen, U. of Calif.; R. L. Towne, Worcester Tech.;
H. R. Delahook, lowa State; WW. A. {szdquist, North Dakota State; D. TV.
Shirley, Oregon State; S. C. Bates, Oregon State; F. W. Twyman, 1. of Va.;
T. A. Crump, Oregon State; H. R. Wemple, Penn State. Middle Row: K. H.
Davis, Bowdoin; E. C. Sherbo, Rutgers; E. O. Seiler, Rensselacr Poly; H. V.
Gicsecke, Ohio U.; 1. E. Wood, Stanford; R. J. Hefiner, U. of Calif.; . E.
Keith, New England Tel. & Tel.; A. . Straiton, U. of Texas; §. Davies, U.
Col. of Swansca; R. J. Rhael, Stevens; E. B. Hiltner, U. of Nebraska; T. H.
Guettich, Pratt. Bottom Row: R. J. Kircher, Calif. Tech.; M. Fischer, Cornell;
E. H. Eiskamp, Stevens; G. R. Mullans, Brown; S. A. Clark, U. of Calif.; R. O.
Rippere, Brooklyn Tech.; W. C. Shakel, De Pauw; R. C. Miner, U. of Calif.;
L. W. Orlander, lowa State; T. 4. Durkin, U. of Dayton
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Introducing the New College Men

IMI: and time again in ar-
ticles on business administra-
tion we encounter reference to
the Bell System’s policy of planning
its program of expenditure for five
and even ten years ahead. The curve
showing this expenditure may be taken
as a fair criterion of the corporate
growth of the organization. The tre-
mendous expansion of the Bell Sys-
tem, therefore, is indicated by the
forecast for the next five years of
scheduled gross additions to plant
which will amount to more than half
of the present total plant investment.
It is obvious the Laboratories’ pro-
gram of research and development
must keep pace with, if not exceed, the
continuing growth of the Bell System.
At the present time the total person-
nel of the Laboratories, exclusive of
the Tube Shop, approaches the §,000
mark and the budget during the past
year increased from fifteen to nine-
teen millions of dollars.  Additions
must be made to the personnel as well
as to the Laboratories buildings and
equipment. So it is not surprising to
learn that a total of about 350 col-
lege trained men from all parts of
the country, and in some cases from
abroad, have been added during the
past year to the I.aboratories staff.
These men have become members of
our organization and will aid in work-
ing out the added problems of re-
search, apparatus design, systems and
outside plant projects that the increas-
ing growth of the Bell System imposes
on the Laboratories.
Quite naturally these young men
find that our business is extremely

complex, and that a considerable
groundwork of information 1s neces-
sary before they can take up their new
duties with confidence. To help lay
this foundation it is the custom of our
Fducational Department to conduct a
brief but intensive introductory sur-
vey during the summer of each year.
During this instruction the general
organization of the Bell System is ex-
plained in order to present the pur-
pose of the Laboratories and its place
in that system. This is followed by a
general description of departmental
functions and activities. NMembers of
the technical staff represent their own
departments in explaining their par-
ticular fields the problems encount-
ered and their facilities for solving
them. The talks are often associated
with visits to appropriate laboratories
where further explanations and dem-
onstrations are given. Lrips to tele-
phone central offices of both manual
and dial types are conducted to show
typical examples of the conditions
under which service is rendered to the
public. aving described the many
parts of the business and, in so doing,
having shown their interrelationship,
the survey is concluded by a summary
of company policies and of oppor-
tunities provided for continued study.
I'ach new member is assigned to a
type of work consistent with his train-
ing and propensities before he enters
the survey in order that during the
course he may be alert for those bits
of information which will aid his
orientation in his chosen field of work.
The group just issuing from the in-
troductory course, like its predeces-
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Top Row: H. Shoemaker, Rensselaer Poly.; F. A. Goss, Jr, N. Y. U.; H. T. Cave-
naugh, West Point; K. M. Martin, U. of Rochester; G.J. Gropp, Cooper Union; W,
Waclean, M. 1. T.; W. L. Larson, Washington State; G. V. Dale, lowa State;
H. M. Craig, Tulane U.; W. 4. Woods, U. of Oklahoma. Middle Row: N. H.
McAuliffe, Lowell; L. G. Rector, Union; R. G. Garlock, Wisconsin; C. H.
Brown, Brooklyn Law; E. M. Little, Illinois; R. Mueller, Minnesota; M. Labonte,
Worcester Poly.; J. L. Quinn, U. of Santa Clara; F. C. Ward, Tufts; J. J. Lukacs,
Tufts. Bottom Row: E. W. Kern, California; F. H. Knapp, Rensselaer Poly.;
H. J. Williams, Wisconsin; R. L. Higgins, Rensselaer Poly.; B. H. Francis,
M. 1.T.; R.M. Moore, California Inst. of Tech.; C. J. Frosch, Union; W. L.
Bond, Washington State; R. M. Whitmer, U. of Mich.; G. L. Pears: oy Stanford

P R R Ve N iy )
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Top Row: W. R. Lyon, llinois; H. L. Horton, Worcester Poly.; W. Q. Hodson,
Bates; P. M. Maher, Bates; R. L. Hallet, Jr., Penn State; R. L. Shepherd,
Yale; C. F. Hanson, U. of Oregon; H. K. Krist, Dartmouth; W. J. Lally, Yale;
C.J. Custery, M. I. T.; W. H. Brattain, Minnesota; K. G. Compton, Washington
State. Middle Row: V. A. Palen, Wisconsin; H. E. Turner, Roanoke; R. C.
McGafin, Cape Town; M. S. Hawley, Union; D. E. Thomas, Penn State; G. M.
Devoe, Syracuse; J. C. Mace, Ripon; J. O. Smethurst, Tufts; P.J. Barnes, U. of
London; J. M. Wolfskill, Penn State. Bottom Row: J. C. Cook, Princeton; S. G.
Lutz, Purdue; C. Yeutter, California; G. M. Green, California; E. Burlbaw,
Missouri; H. Montgomery, Southern California; R. A. Road, Purdue; J. F.
Howard, Norwich; N. Knapp, Jr.,C. C. N. Y.
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Top Row: S. M. Arnold, Cooper Union; C. E. Swanson, Pomona Col.; L. 4.
Ware, U. of lowa; L. Y. Lacy, U. of Hlinois; B. H. Dickinson, U. of Illinois;
C. M. Morris, Geo. Washington; C. P. Sweeney, Texas A. & M.; C. H. Swan-
nack, Wash. State; W. K. Osery M. I. T.; L. 8. Leach, Tulane. Middle Row:
J. H. Cox, Wash. State; W. R. Krueger, U. of Minn.; F. R. Dennis, Wash. State;
H. L. King, Wash. State; G. C. Bradbury, Wash. State; W. J. D. Gelsleichter,
Union; . P. Fischer, U. of Santa Clara; A. P. Johnson, Pratt; L. A. Kochler,
Wash. State; J. K. Cummings, Colorado Col. Bottom Row: G. De Terpitz, Geneva
U. of Switzerland; L. E. Hunt, Reed Col.; A. W. Treptow, U. of lowa; L. G.
Cowles, U. of Vermont; A. C. Scribner, Renssclaer Poly.; F. Giovanini, U. of
Wash.; T. Collins, U. of Iowa; E. W. Sullivan, Rutgers; J. Losee, Rutgers;
R. W. Sears, Ohio State

- T, e

Top Row: J. A. Kater, Columbia; W. H. Doherty, Harvard; R. S. Carruthers,
U. of Maryland; J. G. Segelken, Cincinnati; R. R. Stevens, Kansas U.; D. E.
Avery, Columbia; L. M. Klenk, Newark Col. of Eng.; H. A. Moench, Rose Poly;
R. G. Guenther, Armour Inst. of Tech.; M. B. Baller, Columbia; N. S. Ewing,
Armour Inst. of Tech.; T. C. Hardy, William & Mary; W. G. Hensel, Ohio
Northern. Middle Row: A. H. Hearn, N. Y. State Col. of Forestry; P. J. Browns-
combe, U. of Calif.; C. R. Martin, Clemson Col.; W. E. Lowery, M. I. T.;
R. M. Paulson, Cooper Union; L. H. Burns, Yale; D. T. Johnson, Rensselaer
Poly.; C. A. Lovell, U. of Penn.; R. F. Mallina, London Inst.; B. A. Diggory,
Pratt; M. E. Cambell, Pomona Col.; P. W. Rounds, Harvard; R. T. McGold-
rick, Columbia; A. H. Denzler, Lafayette. Bottom Row: 1. L. Claytor, William
& Mary; G. T. Ford, Michigan State; F. C. Ong, Armour Inst. of Tech.; E. K.
Van Tassel, Michigan State; C. W. Scharf, Rose Poly; R. L. Miller, Kansas State;
D. A. McLean, U. of Colo.; J. J. McKinley, U. of Colo.; J. W. Greer, Notre
Dame; E. P. Cordray, U. of Delaware; J. L. Jordan, U. of lowa
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Top Row:

R. G. Loeflel, Wash. Univ.; F. V. Haskell, Worcester Poly.; T H.
Rogers, Mississippi A. & M.; R. S. U(//z, /Wm\ut//(’, W. H. Scheery, Doane;
L (‘am/)(// Lexas Univ.y M. J. Burger, Univ. of Dayton; 1V, l). Voelker,
Cornell; A. B. Ellicock, Univ. of Arizona; J. C. Barnes, Univ. of Minn.; 1. J.
Hanssmann, Dartmouth; G. Peterson, Brigham Young; /4 F. Powmeroy, Browsn;
W. C. Gunter, N. Carolina State; R. J. F’({IIIHIF, Univ. of Kentucky. Middle Row:
E. R. Hauser, Alabama Poly; W. J. Thompson, U. of Calif.; W. E. Plimmer,
Johns l[ophm H.J. Price, U. of Wash.; F. E. Phillips, Lehigh; W. P. Maginnis,
U. of Penn; J. G. Augenstein, Mississippi; A. E. Stafford, Union; M. R. btz/z:,
South Datkota bfatz, E. P F(/c/z, Dartmouth; J. K. Beins, St. Johns; J. 4. C.
Bowles, N. Y. U.; G. L. Prudhon, lowa Univ.; S. Darlington, M. 1. T'. Bottom
Row: [ E. F(zir, ]owﬂ State; H. L. Barney, N. Carolina State; A. A. Rocthen,
Ohio State; U. B. Thomas, TV://mm & Mary; W. A. Wachholtz, Lehigh; L. F
Swith, Occidental Col.; E. TV Waters, Union; Q. E. Greenwood, Brigham Young;
J. M. Hazard, M. 1. T.; E. D. Bryant, S\mcusr, C. C. Faust, Clemson A. & M.

F. M. P(;ftm‘,

sors, represents educational institu-
tions in every section of the United
States and in some foreign countries
as well as various other departments
of the Bell System. Wide represen-
tation is dlstlnctly ddV"lnt"lgLOllS n
that it brings together men with com-
mon interests but with varied back-
grounds of experience. The Associ-
ated Operating Telephone Companies
by keeping in close contact with the
engineering colleges and describing
our work to qualified students have
greatly assisted our Personnel De-
partment in the selection of new em-
ployees.

The Iaboratories expects these new
members to bring with them the habit
of study and the susceptibility to in-

Michigan; V.

A pplewhite, fﬂmzmﬁn

struction which has characterized their
previous training and hopes that they
will utilize the facilitics offered for
further study and advancement. They
will soon begin to realize—what those
of us who are older at the business
know so well-—that employment
marks not the end of one's education
but rather its beginning. On its side,
the Laboratories will not forget that
although dedicated to the achieve-
ment of distinctly practical ends, it
must cooperate with the members of
its organization in broadening their
knowledge of electrical communica-
tion. To this end and to supplement
the introductory courses, many other
courses both in and out-of-hours have
been arranged.
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F. J. Reagan and N. R. Powley of the Pacific Telephone and Telegraph

Company bid Dr. Jewett goodbye as he and F. F. Lucas leave for the
World Engineering Congress in Tokio
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News Notes

ROMINLENT among the ad-
ditions to the facilitics of the
Laboratories during the month

of October was a new Ford tri-motor
all-metal monoplane of a type hav-

make use of the plane to develop apparatus for aircraft communications.

the development of radio apparatus
for aircraft communication from the
carliest experimental stages through
to the final testing of the finished ap-
paratus under actual flight conditions.

/

=l
Underwood & Underwood

Executives and engineers of the Apparatus Development Department which will

Left to

right they are: F. S. Bernhard, E. L. Nelson, R. S. Bair, F. B. Woodworth, T.
Durfee, R. L. Jones, D. A. Quarles, F. M. Ryan, O. M. Glunt and A. R. Brooks

ing a rated capacity of fourteen per-
sons. In the purchase of this plane,
destined to be the largest and most
complete flying radio laboratory in the
world, the L.aboratories i1s following
its established policy of making
pioncer studies of all phases of elec-
trical communication. The plane has
been specially designed to adapt it to
research work, and will be used for

Construction of the plane was com-
pleted during the week of October 6
at the Ford Plant at Dearborn, and
on Friday of that week Capt. A.
R. Brooks, chief pilot of the Labora-
tories, took off from Detroit in the
plane and flew through to lladley
Field, making an overnight stop at
Cleveland. The distance from Cleve-
land to Hadley Field was accomplished
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in three hours and twenty minutes.

For the convenience of Labora-
tories men who will carry on develop-
ment studies with the new plane, it has
been equipped with two large labora-
tory benches and a va-
riety of antennas.
There will be two
trailing-wire antennas
and two stream-lined
vertical rod antennas
mounted on the plane.
In addition, supports
have been erected on
the wing-tips for the
mounting of various
experimental types.

Power will be sup-
plied from generators
and storage batteries.
The motors of the
plane are arranged so
that engine-driven gen-
erators may be used for supplying
power either directly to the apparatus
or to storage batteries. Suitable
mountings for wind-driven generators
have also been provided.

As soon as the plane arrived at
Hadley Field, work was started on
equipping it with a Western-Electric

two-way radio-telephone system for
communication with ground. This

apparatus will be capable of opera-
tion anywhere on the frequency band
from 1500 to 6000 kilocycles. There

Underwood & Underwood

Interior view of the new Ford plane showing a temporary
installation of apparatus. In the picture from frout to rear

are R. S. Bair, F. B. Woodworth, F. §. Bernhard, and

F. M. Ryan

will also be installed a low-frequency
receiver to operate on the 250-500
kilocycle band. This is the broad-
cast range used by the government to
send out weather information and di-
rectional radio signals.

In addition to developing radio ap-
paratus the plane will be used to mea-

The new giant tri-motored Ford monoplane built for Bell Telephone Laboratories.
Notice the mast-type antennas with which it is equipped
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sure the strength of radio signals
under various conditions. This will
supplement the work which has al-
ready been done in the Fairchild plane
operated by the Laboratories. The
Fairchild plane will remain in service,
but its carrying capacity — four per-
sons—1s not sufficient for the experi-
ments now planned.

There are several special features
built into the plane to make it more
useful for the purpose for which it
was designed. All the ignition and
power wires and the spark plugs of
the motors have been carefully shield-
ed to avoid interference with radio
signals. All the metal parts of the
plane have been bonded together to
minimize further the interference
from this source. In addition the
plane is equipped with an intercom-
municating telephone system to per-
mit people in various parts of the
plane to talk with one another, as
well as with ground.

The piloting of the plane will be in
the charge of Captain A. R. Brooks,
who flew the plane from Detroit.
Captain Brooks and F. S. Bernhard,
of the radio development group, su-
pervised the aeronautical and radio
features of the plane during its con-
struction.

ADMINISTRATION

PresipeNT F. B JEWETT was
among the group of Bell System ofh-
cials that exchanged greetings with
Australian telephone officials on Sep-
tember 25 over the telephone from
New York to Sydney. The occasion
was an informal demonstration of the
practicability of connecting the A.T.
& T. transatlantic telephone channel
and the new short wave channel oper-
ated by the British General Post Of-
fice between Great Britain and the

Australian Continent. It is expected
that the circuit, which extends 15,000
miles, may soon be opened for com-
mercial use.

The variance in time between the
two places gave an interesting aspect
to the demonstration. The Bell Sys-
tem ofhcials talking from New York
at 4 o'clock in the afternoon on Sep-
tember 25 were informed by their
Australian colleagues that it was 6
A.M. the day following at Sydney.

Dr. Jewett delivered an informal
talk at Stevens Institute of Tech-
nology at Hoboken, entitled //7hy
Study Physics and Chemistry, before
the members of the freshmen class
during Orientation Week.

On October 6, Dr. Jewett left for
San Francisco, where he embarked
on the S.S. “President Jackson” for
the World Fngineering Congress to
be held in Tokio, Japan. On Septem-
ber 26, with I>. Norton, he attended
the dinner of the American Commit-
tee of the Congress held at the Astor
Hotel. During the early part of the
month he was present at the DPresi-
dents’ Conference at Yama Farms.

An interview with Dr. Jewett ap-
pears in the November issue of the
Popular Science Monthly under the
caption “Tying Furope to America by
Telephone Wires”.

H. P. CHARLESWORTIH has been ap-
pointed chairman of the general com-
mittee in charge of the annual Winter
Convention of the American Institute
of Lilectrical Lingineers which will be
held in New York during the last
week in January.

RESEARCH

O~N OcroBer 16, Dr. Frank C.
Whitmore, Dean of the School of
Chemistry and Physics of Pennsyl-
vania State College, spoke before

{136}

www americanradiohistorv com


www.americanradiohistory.com

members of the Chemical Research
group in the auditorium. The subject
of his talk was Modern Tendencies
in Industrial Organic Chemistry.

R. A. HersiNg has been nominated
for president of the Institute of Radio
Engineers.

G. G. MvLLER was at Oakland,
California, during part of October
in connection with instruments to
be used for airplane communication.

While the Leviathan was in New York,

from QOctober 10 to 12, G. Thurston, F.

B. Llewellyn and 1. E. Fair were among

those at work on the experimental radio
telephone apparatus

H. A. LARLEE was at Hawthorne
to confer on the handset and other
telephone instrument matters.

R. M. Burns, H. E. HariNG and
C. L. HippeNsTEEL visited New Or-
leans to investigate cable-sheath fail-
ure due to corrosion.

C. W. BorceMaNN attended the
Cleveland meeting of the American
Institute of Mining and Metallurgical
Engineers. From there he went to
Altoona and to Pennsylvania State

College in connection with American
Society for Testing Materials affairs.

Messrs. C. W. Borgmann, L. Fer-
guson, A. G. Russell and D. C. Smith
attended a meeting of the American
I-lectrochemical Society at Pittsburgh.

Messrs. B. L. Clarke, L. K. Krohn
and H. H. Lowry attended the Amer-
ican Chemical Society meeting at Min-
neapolis.

Messrs. J. F. Lckel, W. C. Ellis,
J. E. Harris and L. E. Schumacher
were at the Cleveland meeting of the
American Institute of Mining and
Metallurgical Lingineers.

A. N. Gray visited Hawthorne in
connection with rubber insulated tele-
phone cords.

J. . Harris and L. K. Scnu-
MACHER visited Hawthorne in con-
nection with lead cable work.

Ao R, Keap has returned to the
Laboratories after spending five
months at Nordenham, Germany, in
connection with submarine cable de-
velopment.

Muessrs. J. H. Ingmanson, W. §.
Bishop, A. N. Gray and G. S. Muel-
ler attended a meeting of the Rubber
Division of the American Chemical
Society at Atlantic City.

J. H. Scarr visited the Bureau of
Standards in Washington to examine
apparatus for the determination of
gases in metals.

A. G. LanpeeN and E. PETERSON
are with the Pacific Telephone and
Telegraph Company at Avalon, Cali-
fornia, making tests on the Catalina
cable. The tests are being made to
supply data for use on the transat-
lantic telephone cable system.

HarvEY FLETCHER gave a paper
before the joint session of the Amer-
ican Public Health Association and
the American Association of School
Physicians at Minneapolis. His sub-
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ject was The Progress of Iecaring
Tests in the Public Schools of the
United States. Mr. Fletcher also at-
tended a meeting of the National
Safety Council on Noise and Its Re-
lation to Accidents, held at Chicago.

Mr. Fletcher has been named by
Health Commissioner Wynne of New
York City on the committee of seven
appointed to investigate noise condi-
tions and report findings tending to-
ward the elimination of the evil.

A PAPER on the phonograph audio-
meter and its use in the detection of
deafened children was presented by
]. B. Kelly before the Indiana League
for the Hard of Hearing at Indian-
apolis.

APPARATUS DEVELOPMENT

I. I. Lvcas left for Tokio on Oc-
tober 2 to attend the World Lingi-
neering Congress where he will de-
liver a paper entitled On 1he Struc-
ture and Nature of Troostite. He
will also represent the American So-
ciety for Steel Treating as their of-
ficial delegate. While en route Mr.
Lucas stopped in Washington where
he was a guest at a formal dinner
given by the Japanese Ambassador.

The 1920 medal of the Royal
Photographic Society of Great Brit-
ain has been awarded to Mr. Lucas
in honor of his photomicrographs of
living tumor cells taken by means of
ultra-violet light.  These photomi-
crographs show for the first time his
new method of optical sectioning.

H. A. A~xprrson addressed the
Pittsburgh section of the American
Society for Steel Treating on October
3. His subject was Telephone Ma-
terials and the A.8.T.M. Die Cast-
ing Investigation.

J. N. Rev~orps and H. F. DopgIN
were in Hawthorne during September

for conferences on new dial system ap-
paratus.

Messrs. H. O. Siegmund, D. C.
Lloyd, B. F. Runyon and R. L. Tamb-
ling have been engaged in studies of
precious metal contacts in pilot wire
regulators at installations in Kings-
ton, New York, Allentown and New-
castle, Pennsylvania, and Wheeling,
West Virginia.

G. W. FoLkNER visited Haw-
thorne in connection with manufac-
turing problems on panel multiple
brushes.

H. A. BrREDEHOFT spent a month
at Hawthorne for engineering train-
ing.

J. A, Cserery visited Penn Yan,
New York, in connection with relay
investigations.

R. T. SrarrLes and H. WacGNER
attended the Pioneers Picnic at Camp
Sherwood.

J. C. HerBER visited Gainesville,
Florida, where he inspected and
checked the transmitting apparatus of
station WRUF operated by the Uni-
versity and State of Florida.

AL L. DunN visited The Ball Com-
pany in Newark in connection with
trunks for the portable recording
equipment.

R. V. TERRY spent several days at
Rochester in conferences at the Bausch
& Lomb Company.

OUTSIDE PLANT

EE. M. HHoNAN was at Dallas to ob-
serve results on a trial shipment of
specially finished drop wire installed
by the Southwestern Bell Telephone
Company. Before returning, Mr. Ho-
nan visited the H. H. Robertson Com-
pany at Pittsburgh to discuss physical
requirements of materials to be used
for weatherproofing braid on rubber
insulated wire.
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C. R. Moork visited M. Klein and
Sons Company at Chicago in connec-
tion with the manufacture of line-
men's climbers. Mr. Moore also vis-
ited the Indiana Wire and Steel Com-
pany at Muncie to observe processes
of strand manufacture.

A. W. DRrRING visited the Bell Tele-
phone Company of Pennsylvania at
Philadelphia to observe preliminary
field trials on redesigned distribution
cable terminals.

A. H. HeArRN and I.. M. LINDEN-
MUTIH were in Texas, Mississippi and
Alabama inspecting experimental
treatments of southern yellow pine
poles at suppliers’ plants located in
these states.

R. C. EceristoN was in Missis-
sippi and Alabama making a study of
knot distribution in the current pro-
duction of southern yellow pine poles.

R. H. CoLLEY made a trip to Ra-
leigh, North Carolina, to attend a con-
ference with representatives of the
National Electric Light Association
and the engineering staff of the Uni-
versity of North Carolina to discuss
the results of strength tests on poles.

I.. S. Forp of Hawthorne has been
in New York for general cable con-
ferences.

R. . ALBERTS, who was formerly
located at Kearny, was transferred to
Baltimore to take care of the current
enginecring in connection with the
manufacture of lead covered cable at
the new Point Breeze plant of the
Western Llectric Company. R. C.
Jones was transferred from Haw-
thorne to Kearny to replace Mr. Al-
berts.

SySTEMS DEVELOPMENT

Janies G. FrrgUson has returned
from the Pacific Coast where he spent
nearly three months supervising the

installation of the step-by-step PBX
equipments on the airplane carriers
Saratoga and Lexington. The equip-
ment on the Saratoga was tested at
sea under warfare conditions with sat-
isfactory results.

C. Borgayann visited Cincinnati in
connection with central oflice equip-
ment matters.

G. E. BaiLey went to Detroit, Chi-
cago and Des Moines, lowa, on mat-
ters concerned with recent toll and
pneumatic tube installations.

M. E. MaroNEy was at Chicago
in connection with equipment designs
on the 750 PBX.

E. K. EBerirarT discussed with of-
ficials of the Underwriters’ Labora-
tories at Chicago some questions re-
garding the design of window venti-
lators with a view toward obtaining
the Underwriters’ approval of the
Bell System ventilator.

A. E. PeTrie visited the General
Electric factory at West Lynn to dis-
cuss the salvaging of “M” type charg-
ing generator parts.

H. T. LANGABEER went to Chi-
cago to attend a survey conference on
power plants for dial PBX's.

H. L. MUELLER discussed the de-
sign of PBX battery cabinets with the
manufacturer in Philadelphia.

G. V. KiNG was at Piney Point,
Maryland, to observe during gun fire
the operation of a recently installed
dial PBX on the U.S.S. “Oklahoma”.

L. J. Sracy visited the New York
Telephone Company at Albany to ob-
tain information on the results of the
trial installations of eight-party semi-
selective ringing on rural lines at Troy
and Olean.

W. J. LAcerTE made several trips
to Stamford, Connecticut, in connec-
tion with the initial installation of
message rate trunks.
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(5, H. HuBER was at Sacramento,
California, during September in con-
nection with the trial installation of a
volume limiter for controlling the vol-
ume on type “C’" carrier.

I, P. Bancrorr is still in the field
engaged on the Canadian Pacific Rail-
way carrier telegraph project.

DurinG e latter part of Septem-
ber A. M. Koerner went to Daven-
port, lowa, in connection with super-
position tests of voice carrier tele-
graph on type “C" carrier telephone.

C. C. LanE was at Rockland,
Maine, in connection with tests on a
contact counting device which records
the number of contacts made between
swinging open wires.

PAaTENT

DURING THE PERIOD from Septem-
ber 7 to October 5, 1929, members of
the Patent Department visited the fol-
lowing cities in connection with the
prosecution of patents: Washington,
\W. C. Kiesel and E. C. Laughlin; St.
John’s, Newfoundland, B. T1. Jack-
son.

From February 1 to September 1
of this year, patents were issued to
the following members of the Labo-

J. A. Krecek

M. E. Krom

A. G. Landeen
C. E Lane

V. E. Legg (2)
G. A. Locke

M. B. Long

H. H. Lowry (2)
H. W. MacDougall
W. A. Marrison
W. J. Means

L. E. Melhuish
V. F. Miller

F. Mohr

C. R. Moore

E. R. Morton

C. E. Nelson

‘E. 1. Nelson

E. L. Norton

A. A, Oswald (2)
R. M. Pease

R. E. Peoples

H. Pfannenstiehl
J. G. Pfeiffer
W. A. Phelps
W. B. Prince

H. M. Pruden (2)
D. A. Quarles
R. L. Quass

H. T. Reeve

C. D. Richard

V. L. Ronci

R. M. Sample

J. C. Schelleng (2)
A. H. Shangle

0. A. Shann

11, O. Siegmund (3)
C. A. Sprague

L. J. Stacy

F. A. Stearn

E. J. Sterba

G. H. Stevenson
R. Stokely (2)
H. M. Stoller (3)
G. Thompson

W. V. Thompson
A. L. Thuras

G. M. Thurston
H. W. Ulrich (2)
E. Vroom (3)

R. L. Wegel (2)
C. L. Weis, Jr.
E. C. Wente (3)
C. H. Wheeler

J. H. White

H. Whittle

F. M. Wiese

R. R. Williams

S. B. Williams

1. G. Wilson (2)
J. R. Wilson

ratories staff:

E. W. Adams

L. M. Allen

H. B. Arold

C. C. Barber

W. C. Beach

A. F. Bennett (2)
A. S. Bertels

H. S. Black

L. J. Bowne

E. Bruce

E. T. Burton

H. D. Cahill

W. L. Casper

H. C. Caverly

R. W. Chesnut

A. J. Christopher (2)
P. P. Ciofh

E. H. Clark

A. 1. Crawford (2)
J. L. Crouch

G. C. Cummings
A. M. Curtis (2)

. C. DeCoutouly (3)
W. Dehn

. W. Dudley

. W. Elmen (7)
S. Entz (2)

C. Field (2)
R. Fry

C. Gabriel (2)
J. Gilbert (2)
L. Goodrum
H. Graham

. C. Harrison (2)
V. L. Hartley

. A. Heising (8)
. Hovland

. E. Tves (3)

G. Jensen

. L. Jones

V. C. Jones

R. P. Jutson

A. W. Kishpaugh
W. A. Knoop (2)

IRET AN T

=

-

INSPECTION IENGINEERING

A. I, GiLson attended the inau-
gural survey conferences held at the
plants of the Automatic Electric Com-
pany in Chicago and the Highway
Trailer Company in Edgerton, Wis-
consin.

I£. J. BoNNESEN made an introduc-
tory trip to St. l.ouis preparatory to
assuming the duties of Field Lngineer
in that area.

R. J. NossamanN and J. H. SHEP-
ARD were in Albany to conduct an in-
vestigation of step-by-step apparatus.
While on this trip Mr. Shepard vis-
ited Rochester, Syracuse and Utica.

G. D. Epwarps visited the Chi-
cago plant of the Kellogg Switchboard
and Supply Company during the first
week in October where he discussed
plans for the inauguration of inspec-
tion surveys with that company.

D. S. BENDER was in Providence
where he visited the Outlook Associa-
tion's Radio Broadcasting Station

WJAR.
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DuRriNG THE latter part of August
and the first three weeks in Septem-
ber, the members of the Field Engi-
neering force were called upon to visit
an unusually large number of cities in
connection with routine investigation
work.

A

D. S. Benpir visited Manchester,
New Haven, and Stamford, Connecti-
cut; Atlantic City and Trenton, New
Jersey; and Boston, Lawrence, Spring-
field, and Worcester, Massachusetts.

AL M. Evviorr was in Albany,
Syracuse, and Utica, New York.

G. Garsacz visited Canton, Co-
lumbus, Cincinnati, Toledo, and
Youngstown, Ohio.

C. A. Jounso~ was in Milwaukee,
Wisconsin, and Champaign, Illinois.

R. C. KamriiauseN visited Indian-
apolis and South Bend, Indiana, and
Niles, Michigan.

H. W. NyLUND spent the week of
September 15 in Kansas City, Kan-
sas; Oklahoma City and Tulsa, Okla-
homa; and Dallas, Texas.

I. W. Winrtesipi, during the same
week was in Baltimore, Maryland;
Richmond and Charleston, West Vir-
ginia; and Washington, D. C.

T. L. Oliver visited Charlotte and
Columbia, North Carolina; and Knox-
ville, Tennessee.

J. A. St. CrLAIR was in Los Angeles
and San Diego, California.

W. E. WinitworTH made a trip to
Denver, Colorado.

1873
1TERCHARGE

W TELEFHROES

g A
eS8
TELFSHME N Bl THMDEE.

PERSONNEL

G. B. Troyas addressed the mem-
bers of the introductory course for
technical men of the New Jersey Bell
Telephone Company at Newark, on
the l.aboratories and its work.

PusLicATION

PauLr B. FINDLEY presented a dem-
onstration of sound pictures at a meet-
ing of Bell Telephone men at Pitts-
burgh.

W. C. F. Farnell visited Baltimore
during the middle of September to
advise the Chesapeake and PPotomac
Telephone Company regarding the
operation of the model of their 1879
switchboard. This early switchboard
together with a section of the modern
multiple board was mounted on the
company’s float that participated in
the historical pageant in celebration
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of the 200th anniversary of the found-
ing of Baltimore. As shown in the
accompanying illustration the float
depicts the first fifty years of the tele-
phone in Baltimore. The con-
struction of the two model boards
shown on the float was supervised by

Telephone and Telegraph Company.

STAFF
PeTer Casey, a pipe-fitter in the
Building Shop, died September 17,
1929, at the age of 34 years. Mr.
Casey’s service with the Laboratories

George K. Thompson of the American  dated from December 30, 1925.

DEAD ASHES TELL NO TALES

Secrecy is the reason why we dispose of our waste paper by burning it
in the furace. Waste paper, of course, has a salvage value; nevertheless the
discarded blueprints, letters and specifications that daily find their way into
the waste baskels may or may not contain secret inforiation, so no chances
are taken. The waste paper is gathered up several hours after the close of
work, and the nightly accumulation forms a pile fully twice as high as that
shown in the photograph.

In a sense, too, this pile made up largely from obsolete blueprints, old
specifications and so forth, which have been supplanted by new, symbolizes
the progress of the Laboratories’ work, the sloughing off of the old and the
taking on of the new. Pete Larkin and Jack Bane each morning shovel the
paper into a furnace specially arranged to secure complete combustion of
such materials.
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oA A A R o A Ut
Club Notes

GAIN this year the Labora-
tories Club will hold a Christ-
mas Poster Contest open to

all members of the organization.
Those desiring to participate should
submit their posters to D. D. Hag-

gerty not later
than Monday,
December 2. All

posters should
measure twelve by
sixteen inches; be
made up in not
more than three
colors; and carry
space for a Christmas greeting to be
inserted after the winning entry has
been chosen.

The entries in the contest will be
judged by a committec of commercial
poster artists. As in past years, the
successful poster will be reproduced
and displayed on the company bulletin
boards during the holiday season.

A prize of ten dollars in gold is
offered for the winning design.

STRIKES, SPARES AND SPLITS

The Bowling I.eague began its sea-
son September 27 at Dwyer’s Man-
hattan Alleys, 1680 Broadway. This
is the ninth season for the League and
its fourth at the Manhattan Alleys.

Considerable difficulty is being ex-
perienced by Chairman Kendall and
Secretary MacDougall in trying to
accommodate all the men who wish
to bowl regularly. One hundred and
sixty men bowl in the four regular
groups and twenty additional men are
bowling on the four extra alleys re-
served by the Club.

IHowever, the thirtysix alleys con-
tracted for by the Club are not suf-
ficient, and negotiations have just been
completed for four alleys at the K. of
C. Hotel, Eighth Avenue and Fifty-
first Street.

Bill Trottere, who is the new chair-
man of the substitute committee, and
C. E. Lane, who is assigning the new
bowlers, should have no trouble mn
keeping the forty alleys full, as 307
men in all have signed up for bowling.

.. E. Parsons is chairman of the
prize committee which has selected
prizes for the coming season. Most
of the prizes are different from those
of past years. They will be on display
in the Club trophy case in 2-D, out-
side the entrance to the restaurant.

Bowling is the most successful ac-
tivity of the Club and no inducements
are needed to bring the men out. The
executive committec of the ILeague,
however, is working on a plan to pro-
vide prizes for the special bowlers,
not members of the League groups
A-B-C-D and consequently not eligible
for regular group prizes. The addi-
tional prizes will be awarded on the
basis of a plan to be announced later.

O~ 1THE GREEN

Eagles, birdies, and par golf were
so common in the fall tournament
held at the Salisbury Country Club on
Saturday, September 28 that the mem-
bers of the committee were dizzy be-
fore all of the cards had been turned
in.  Although the handicap commit-
tee made some drastic cuts after the
June tournament, the high scores for
the September tournament will doubt-
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lessly make it necessary for the com-
mittee to go to work again and slash
the handicaps of over one-third of the
men competing.

It is quite evident that many of our
players surpassed even the Pros in

e time spent in prac-
ticing on the links.
Almost all of the
prizes were won by
men who have never
before gotten into
the charmed circle
of prize winners —
which should do
much to encourage the golfers who
have competed for a number of years
and never won a prize.

In Class “A" the old guard of low
handicap men came through as usual.
E. H. Clark, H. W. Wood, and H. L.
Downing were tied for low gross,
each with 83. A. W. Lawrence won
low net in this class, shooting a gross
88 and a net 69. I* F. Farnsworth
had a net 70 and was tied for second
and third low net prize with Wood,
Clark and Downing While they did
not win prizes J. G. Roberts, C. T1.
Achenbach and O. Cesareo all broke
99. This is exceptionally fine golf for
course No. 5 at Salisbury. The yard-
age for this course is 6700.

Class “B" men turned in some very
fine scores. H. B. Briggs won the
desk-clock first prize for low gross,
his score of 89 establishing a new rec-
ord for this class. H. N. Bick won
his first prize with a gross 9o and net
64 and carried off the trophy for low
net. J. W. Woodard beat Old Man
Bogey with a net 65 winning the Wahl
desk-set, the prize for second low net.
B. B. Webb, who plays all his golf at
Mount Tabor, had a gross 9o and net
66 winning the wallet. Webb admits
this is better than his best score on his

home course although Mount Tabor
is 9oo yards shorter than Salisbury.
Possibly the Long Island air helps
the Jersey golfers.

P. B. Fairlamb won low gross in
Class “C" with a snappy 94. Fair-
lamb is another golfer who is coming
along mighty fast and from all indi-
cations will keep the boys in Class
“A” company next June. Bill Ma-
lone and W. A. Drake were tied for
first and second net prizes, both hav-
ing 67. Malone won the play-off, tak-
ing the trophy, and Drake won the
desk-set. J. E. Greene and F. A. Hoyt
both finished with 70 for third low net.
Hoyt won the play-off for the prize.

The play-oft for the ties in “A”
Class was held at the Old Country
Club in Flushing on Saturday, Oc-
tober 5. F. F. Farnsworth was
obliged to leave October 2 for the
west on company business and did
not take part in the play-off. I1. \V.
Wood repeated his score of Septem-
ber 28 completing the 18 holes at
Flushing in 83.  H. L. Downing's
gross 87 and net 74 won second low
net prize and E. H. Clark won third
low net, with gross 89 and net 76.

Three indoor tournaments will be
held during the coming season. The
exact date and location of the first
tournament held early in December
will be posted on the Bulletin Board.

WoMEN'S BowLing

When the smoke had cleared away
on Friday, Oc-
tober 4, at Dwy-
ers Bowling Al-
leys, it was found “
that T.eona Feil
had bowled over
all opposition to ‘&,
the tune of 187 P
score— which is &
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the highest score ever recorded by our
bowlercttes. Not far behind Miss
Feil were Antoinette Kelly with 172
and Anna Cooper with 160. From
this 1s is apparent that our “regulars”
are improving rapidly.

For those girls who are desirous of
learning how to bowl, two alleys have
been engaged at the Hotel Shelton
on Friday nights. These girls are
under the able guidance of J. G. Du-
sheck. The girls who bowl at the
Shelton are indeed fortunate because
the pool is located just across the
hall from the alleys—and what is
more refreshing than a dip in the
Shelton's spacious pool after bowl-
ing?

Marion Kane is the chairman of
the substitute committee.

Hearrir CoUursE

Beginning this year the Women’s
Health course 1s to be included in the
Bell Laboratories Club’s activities.
The course has been scientifically
planned under medical supervision and
members of the Club especially trained
will act as lecturers. The object of
the course is to study the normal hu-
man body and how appropriate exer-
cise and diet lead to health. It also
includes instruction in simple first aid
and care of the sick.

The keynote to Happiness 1s
ITealth. IEverybody wants to be
happy, and it is easier to keep well
than to get well.

GLee Crus

With an enrollment of 130 men
and women—an increase of 75 new
members over last season— The Bell
[.aboratories Glee Club began its re-
hearsals on October ¢ in the Wo-
men’s Rest Room on the 11th floor.
The interest shown in the Glee Club

is very encouraging to those who have
had its welfare at heart. No little
credit should be given to our director,
Mr. Vere S. Richards, who has been
re-engaged to carry on the good work
he started last season. Following the
example set last season, our ultimate
goal is a finished and praiseworthy
performance at the combined concert
and dance to be held during the Spring
of 1930.

The Glee Club Committee com-
prises Miss Ada Van Riper and P.
I1. Betts, assisted by L. J. Fogarty.

Tap Dancing CrLass

If you see a group of girls going
through some queer antics—don't be
alarmed. In all probability, they be-
long to the Tap
Dancing Class
which is being
held under the di-
rection of Billy
Newsome in his
studio at 45 West
Iifty - seventh
Street on Tues-
day evenings
from six to seven
o'clock. Forty-
three girls have
enrolled for this interesting activity,
among them being quite a few mem-
bers from Hudson Street. The class
started October 1 and will continue
for ten weeks. During the course,
Mr. Newsome will analyze all prac-
tical tap dancing steps—and this
phase of the work alone should prove
very interesting to those who have
been mystified by the intricate tap
dancing seen in the theatres. This is
an ideal manner in which to combine
healthful exercise with recreation—a
combination which is very beneficial
to the modern business girl.
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Miss Marianne Grimm on exten-
sion 1153 will be glad to give further
information.

Mixep Brincr PArRTY

In the quiet atmosphere of the con-
ference room on the twelfth floor, the
first mixed bridge party of the season
was held on September 23, 1929. It
was through the good offices of Mr.
Glunt that the Club obtained the use
of this room for the occasion. Sixty
players were on hand when the first
bid was made.

Miss M. A. Gauch won the first
women’s prize with a score of plus
1946, Miss M. 1. Stein was runner-
up with a plus 1583 score, and follow-
ing her closely was J. G. Dusheck,
who took the first men’s prize with a
score of plus 1470. Miss M. Mur-
tagh tucked away the third women’s
prize; H. W. Bode won the second
men’s prize; C. [.. Deelwater the third
men'’s prize; Miss 1. J. Pritzkow, the
fourth women’s prize; Miss IF. Har-
old the fifth women’s prize: R. V.
Rice the fourth men’s prize and R. A.
Clark the fifth men's prize.

WoneN's TOURNAMENT

When the leaves start turning red

and by various other phenomena, we
know that Fall is with us again, our
fancies lightly turn to bridge. And
what is more fitting for this time of
the year than the bridge tournament
for women, which started on Septem-
ber 29 and is to continue for ten weeks
up to and including December 3. This
tournament is progressing very nicely,
and so far no casualties have been re-
ported.

Miss M. Lynch on extension 1146
will give yon any information you may
desire.

SWIMMING

Judging from the large attendance
at the Carroll Club on Mondays,
Wednesdays and Thursdays, the wo-
men’s swimming classes have appa-
rently started with a big splash! One
hundred and twelve girls have en-
rolled for the course and by all indi-
cations, the next swimming course will
have to be enlarged to include four
nights at the Carroll Club pool. By
enrolling in one of these classes now,
we are sure that next summer’s waves
will hold no terrors for our future
Gertrude Fderles. Miss Catherine
Tully on extension 218 has charge of
this activity.

T'he Bell Telephone Company-owned properties represent
a capital investnent of approxiinately sixty-five million dollars
in land and 1wo hundred and ninety-five millions dollars in
buildings. This is probably the largest group of buildings be-
longing to any one organization in the United States. During
1928, one hundred and twenty-rwo new buildings and thirty-

nine additions to buildings were erected.

The program for

1929 includes two hundred new buildings and eighty major

additions.

There are roughly six thousand buildings in the

Bell System, of which alinost half are company owned.
—R. S. Coe, “Bell Systemn Buildings”
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Contributors

to this Issue

A.R.Swosona graduated from the
University of Nebraska with the de-
grec of B.S. in 1903, and at once en-
tered the Student Course of the West-
ern IZlectric Company in Chicago.
Later he was transferred to the West
Street factory in New York where he
specialized in power-plant design for
central offices. He subsequently re-
turned to the University of Nebraska
as instructor in Ilectrical Lingineer-
ing and in 1907 obtained his E.E.

Returning to the telephone field, he
spent several years with the Kellogg
Switchboard & Supply Company,
working on the design of power equip-
ment and telephone subsets. In 1911
he reentered the Western Electric or-
ganization, serving first in the Physi-
cal Laboratories and later with the
development group on telegraph,
transmission maintenance, public ad-
dress, and apparatus development.
His most recent work — covering the
last four years— has been coil design.

F. A. Cox has had a broad and

A. R. Swoboda
{147}

varied carcer in the telephone indus-
try, which began in the Switchboard
Cabling Department in Clinton Street
in 1897. He was one of the original
members of the Ingincering Inspec-
tion Department in 1901, and served
in the Iiquipment Lngineering group
in New York from 1902 to 1903.

The next twelve years were de-
voted to foreign service; nine of them
being spent as I<quipment lingineer
and Chief Engineer in Antwerp, and
three as engineer in charge of the
first Western Lilectric machine switch-
ing installation in Australia.

Mr. Cox returned to the Labora-
tories in 1919 and since that time has
been developing the requirement and
adjusting information and specifica-
tions for central oflice apparatus.

G. T. Fornp, after receiving a B.S.
degree in lectrical IEngineering from
the University of Tennessee in 1912,
joined the Western Electric Company
at Hawthorne. He spent one year in
the student course there and then en-

G. T. Ford

www americanradiohistorv com


www.americanradiohistory.com

tered the Engineering Department
where he was engaged in the prepara-
tion of equipment specifications for
telephone switchboards until 1919.
At this time he was transferred to
Bell Telephone Laboratories where
he has been engaged in equipment de-
velopment in the Systems group.

G. A. Krrsarr graduated from
Rose Polytechnic Institute in 1906
with the degree of B.S. in Electrical
EFngineering.  The following three
years he spent with the General Elec-

tric Company at Schenectady and with

the Indiana Steel Company at Gary,
and in 1909 went to Michigan State
College as Instructor in Electrical kn-
gineering. Since 1912 he has been
with Bell Telephone Laboratories.
For five years he worked on loading
coils in the physical laboratory, dur-
ing which time he developed the per-

meameter and permeameter furnace..

From 1917 to the present time he has
been with the Research Department
employed in the investigation of mag-
netic materials.

R. W. HarprgRr's telephone career
began as soon as he came to America
from Scotland. After three years
with the Plant Department of the

G. A. Kelsall

R.W. Harper

Cincinnati and Suburban Bell Tele-
phone Company, and seven years of
wide field experience with the Instal-
lation Department of the Western
Ilectric Company, he entered the En-
gincering Department of the Michi-
gan Bell Telephone Companyinig17.
During the World War he served in
the Signal Corps, and at its conclusion
he joined these [.aboratories. His
work here has been in circuit design,
especially, for the past six years, that
of private branch exchanges, on which
he now supervises the work.

L. J. Sracy received the A.B. de-
gree from St. Lawrence University in
1909. After six years of school teach-
ing, he entered the University of Chi-
cago for two years of graduate study
in physics and mathematics. In the
radio division of the Signal Corps in
1918 he rose to a second lieutenancy,
then returned to Chicago to receive
the Ph.D. degree in 1919, and later
that year entered the Systems Devel-
opment Department of these Iabo-
ratories. He has been concerned with
ringing and tone studies and other
special technical problems in the local
central othce laboratory, and now su-
pervises a group devoted to this work.
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