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The Deformation of Matter

By R. L. PEEK
Materials Development

HYSICAL testing is essentially

the determination of the amount

and character of deformation a
material experiences when acted on by
given forces. In general industrial
practice physical tests are applied
prmc1pally to metals, and for these
there exist fairly simple relationships
between the load applied and the def-
ormation resulting, which are ade-
quate for most engineering purposes.
For telephone apparatus, however,
the necessity for insulation requires
the use of many materials—rubber
and other organic substances—whose
behavior is quite different from that
of metals. As part of the studies of
materials carried on in the Labora-
tories, therefore, it is necessary to de-
velop physical tests adapted to such
materials, and particularly to develop
expressions for the fundamental re-
lationships between force and defor-
mation which will allow the behavior
of such materials in actual service to
be predicted.

Testing methods are of two general
types. With one, the behavior of the
material is studied under conditions
simulating those that will exist in
service. With the other, the test is
employed to evaluate certain physical
constants, which may then be used to
predict the behavior of the material
under any service conditions. An illus-
tration of this latter type is the deter-
mination of Young’s modulus from
the relation between load and elonga-
tion of a metal. With this constant

known, the load-deflection charac-
teristics for any part made of the
metal, such as a spring, may be com-
puted.

When the laws governing the defor-
mation of the material tested are un-
known, tests of the first type are
necessarily employed. In dealing with
non-metallic materials such tests have
been the usual practice, as in the deter-
mination of “cold flow” (the gradual
yielding under load) of insulating com-
pounds. When service conditions can
be closely simulated such tests are
entirely satisfactory, although the re-
sults are strictly limited to the given
set of conditions. Frequently, how-
ever, service conditions cannot be
duplicated, particularly with respect
to the time element. In “cold flow”
tests, for example, it is desired to
know the deformation over a period
of years, while it is generally im-
practicable to carry out tests requiring
any considerable period of time for
their completion. It is very desirable,
therefore, to determine the laws of
deformation of all such materials so
that by the determination of certain
constants, their behavior under all
conditions of loading and time may be
predicted.

Although only a limited use has
previously been made of them in en-
gineering practice, theories are avail-
able covering a number of types of
deformation, which express the rela-
tionship between applied force and
deformation in simple mathematical
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equations. The mathematical treat-
ment considers the relationship be-
tween the group of forces acting on
each elementary volume of the ma-
terial, known as the stress, and the re-
sulting deformation, which is called
strain. By integrating the mathemati-
cal expression, the deformation for
any particular body may be obtained.
These basic relationships, of which
there are four, may be referred to as
fundamental types. No actual ma-
terial, however, conforms exactly to
any one of the fundamental types over
a wide range of stress, but the defor-
mation of practically all materials
may be described in terms of a com-
bination of two or more of the funda-
mental forms or some slight modifi-
cation of them. The fundamental
forms and the more important com-
bined forms are listed in Figure 3.
Both stress and strain may be re-
solved into two components; one asso-
ciated with uniform contraction or
expansion in all directions, and one
with shear, or change of shape. In most
engineering problems, shearing strains
and stresses alone are of interest, and
only these will be considered here.
A simple ideal example of shearing
strain 1s the deformation of a body in
which the motion is within parallel
planes, and in this case the strain is
given by the movement of points in
one plane relative to the points in
another, divided by the distance be-
tween the planes. The shearing stress
is the force per unit area acting on the
planes in the direction of the motion.
The most familiar relationship be-
tween stress (I) and strain (S) is that
of direct proportionality: F=uS,
where the constant u is the shear
modulus. A body reacting in this man-
ner is said to be elastic. Most solid ma-
terials reveal this type of response, at
least within certain limits of stress,

and this relationship is basic to the
design of most mechanical structures
from locks to locomotives.

Another type of deformation, ex-
hibited over at least certain ranges of
stress by many insulating materials, is
known as viscous deformation. Here
the stress varies as the velocity with
which the strain takes place, and in
its fundamental form is given by the
expression: F =3dS/dt, in which the
constant g is the coefficient of vis-
cosity. In a material responding in
this manner the strain increases con-
tinuously with time and the greater
the stress the greater 1s the rate of
deformation.

In both of these relationships, the
stress referred to 1s that required to
overcome the resistance of the ma-
terial to deformation. In all cases,
however, strain involves motion, and
if the motion varies, Newton’s law —
that the force acting on a freely mov-
ing body 1s proportional to the rate of
change of velocity, or to the accelera-
tion—must be considered. Newton’s
law therefore appears as one of the
four relationships between stress and
strain. It will be referred to as the
inertia reaction, and the equation is
F=mdS/de3, in which m 1is the
density, or mass per unit volume.

The fourth fundamental form of def-
ormation, exhibited by certain soft
solids, 1s expressed by the relation-
ship: F =C. A limiting value of stress
exists (=C), called the yield value,
below which no deformation takes
place, and above which the deforma-
tion is controlled only by the inertia
reaction. This type is called plastic
deformation and is found in such ma-
terials as putty, modeling clays, and
some waxes.

As already mentioned, it 1s only in
rare cases that actual materials are
deformed by stresses exactly in ac-
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cordance with these fundamental
forms except over very narrow ranges
of stress. By taking certain combina-
tions of them, however, a group of
ideal types of stress-strain relation-
ships may be developed which corre-
spond to those existing in actual ma-
terials within the limits of accuracy
required for most engineering pur-

poses.
The ideal body to which most
metals approximately conform is

elastico-plastic. For lower values of
stress the deformation is elastic, but
at some critical value of stress it be-
comes plastic—the material will con-
tinue to deform without any increase
in stress. Such a relationship is shown
by the solid lines of Iigure 1. Up to
the critical stress, or yield value, C,
stress and strain are strictly propor-
tional, but above the yield value, the
strain proceeds indefinitely without
further increase in stress. On removal
of the stress at any point of the elastic
range, the body returns to its original
shape. When the strain is carried be-
yond the elastic limit before the stress
is removed, say to some point D, the
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Fig. 1—Stress-strain relationship in
elastico-plastic bodies

body will recover only the elastic
portion of its deformation and a
permanent set, represented by OD,
will remain.

Actual bodies differ from this ideal
type in that most commonly the yield
value C is not constant but increases
with strain—the phenomenon of
“strain hardening,” indicated by the
dotted curve BC’ of Figure 1—and
in that there is some plastic deforma-
tion even over the elastic range. Also
the demarcation between the elastic
and plastic stage is not so sharply de-
fined as indicated in the diagram.
Actually the transition from one type
of deformation to the other is gradual,
and would be represented by a curved
section joining the two straight lines.
The limiting cases of such an elastico-
plastic body are the pure plastic, in
which the elastic stage is negligible,
and the brittle body which fractures
before the plastic stress is reached.

For steady motion at low velocities,
pure liquids and ordinary solutions
behave as viscous bodies, but for cer-
tain substances, although the stress
varies with strain velocity, it is not
strictly proportional to it. Such a body
is called quasi-viscous and the stress-
stmm relatlonshlp may be written
I'=b(dS/dt)n in which b and n are
constants. The pure viscous relation-
ship is as shown by curve A of Figure
2, while that of a quasi-viscous sub-
stance 1s given by curve B. With the
pure viscous substance, the ratio of
stress to strain velocity has the con-
stant value 5 for all values of strain
velocity, while with quasi-viscous
substances the ratio decreases as the
velocity increases. If tests are applied
to such quasi-viscous substances,
therefore, the value of viscosity found
will vary with the range of strain
velocity obtaining in the test. Hence
the use of such viscosity tests with
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(uasi-viscous substances may be seri-
ously misleading, since the range of
strain velocity obtaining in the test
may differ considerably from that im-
posed by the conditions under which
the material is used in actual service.
This is of considerable practical im-
portance since the solutions used in
applying cellulose acetate and other
protective coatings are quasi-viscous
in their nature, as are most hquids
whose consistency varies only slightly
with temperature and which are there-
fore preferred for use as damping
fluids.

Both viscous and quasi-viscous ma-
terials will—in theory at least—con-
tinue to flow as long as any stress is
applied. Many materials, however, re-
quire that the stress exceed some
constant value before any flow occurs,
while the stress in excess of this
amount is proportional to the strain
velocity. Such materials are called
plastico-viscous and their reaction is
indicated by curve D of Figure 2
where C represents the yield value,
above which the deformation is vis-
cous. The equation for this type has

the form F=C+ ”?1?

For a considerable range of strain
velocity, as is evident from Figure 2,
the ratio of stress to strain velocity
may be the same for a quasi-viscous
substance as for a plastico-viscous.
When the strain velocities are to be
high, therefore, as in extrusion proc-
esses, there is little need to distin-
guish between quasi-viscous and
plastico-viscous substances. In con-
nection with cold flow, however, the
distinction 1s very important, since
here it is desired to know if a body will
flow under a given stress applied for a
long time. Under such circumstances
a quasi-viscous material will always
flow, while a plastico-viscous ma-

terial will flow only if the yield point
1s exceeded.

Of the asphaltic materials employed
as sealing compounds and as protec-
tive coatings for telephone apparatus,
some are quasi-viscous and some

SHEARING STRESS

0 RATE OF SHEAR

Fig. 2—For viscous deformation (A),

quasi-viscous deformation (B), and plastico-

viscous deformation (D), the stress varies

as the rate of deformation or some fractional
power of it

plastico-viscous, and their type must
be distinguished before their be-
havior can be predicted. Most metals
that can be extruded are plastico-
viscous at extrusion temperatures, as
are some of the rubber compounds.

Other varieties of complexity than
those already listed are found in many
materials. It has already been noted
that most metals resist deformation in
the plastic stage with a stress that in-
creases as deformation proceeds, and
the same effect is found in a number
of plastic and plastico-viscous ma-
terials. On the other hand some
plastico-viscous and quasi-viscous ma-
terials show an opposite effect: the
resistance to deformation decreases
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as deformation proceeds—the phe-
nomenon of thixotropy.

I't has also been noted that in actual
materials, the elastic and plastic
stages are never as sharply distin-

ing an elastic component while their

behavior is predominantly quasi-

viscous or plastico-viscous. This is

evidenced by the expansion of the

material on emerging from an ex-
trusion orifice.

FUNDAMENTAL FORMS: IDEACHBODIES: The determination of all the
F=us parameters of the complex ex-
ELASTIC  F=pus (FOR0 <5 <5¢) . f £ th
ELASTICO-PLASTIC ¢'_ _ pressions 1or many of the ma-
viscous  F=n93 (For sc<s<x)  terials employed in the tele-
]
INERTIAL  Fam 425 QUASI-VISCOUS b (23 phone plant is frequently diffi-
at at
s cult, and integration of the ex-
PLASTIC  F=C PLASTICO-VISCOUS F=C+7n g%

Fig. 3—Fundamental stress-strain relationships and
some of the complex relationships belonging to ideal

bodies

guished as in the ideal elastico-plastic
body. This is conspicuous with rubber
compounds, which are predominantly
elastic for very large deformations and
yet show a permanent set on recovery
from small strains. At higher tem-
peratures some rubber compounds
show a further complexity in possess-

pressions to obtain the strain
for any applied stress is often
impossible. The character of
the deformation, however, can
usually be determined from
simple tests, and this is frequently the
most important information for engi-
neering purposes. In studying cold
flow, for example, it is really more im-
portant to know that a material is
plastico-viscous, and therefore has a
yield point, than to determine that
yield value precisely.
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Tuned-Transformer Coupling Circuits

Bv A L.

CHRISTOPHER

Apparatus Development Department

FELECTIVE networks, employed

to separate the various fre-

quency bands, are fundamental
to any carrier or radio system. They
are in general preferably of the band-
pass type, transmitting all frequencies
between certain limits and greatly at-
tenuating all those above or below
these limits. Amplifiers are used, in
addition, to raise the power level of
the transmission band. Under some
conditions, where the requirements
are not severe, it has been possible to
use single-tuned transformers, which,
in conjunction with vacuum tubes,
perform a satisfactory selection and
amplification by themselves.

With this method, however, certain
design characteristics make it im-
possible practically to obtain maxi-
mum amplification, sharp frequency
discrimination, or the

low-loss air-core transformers, which
have both primary and secondary
windings tuned with capacities. Air-
core transformers were used because
of their suitability and inexpensive
construction. Definite relations have
been obtained between the constants
of the transformer windings, the tun-
ing capacities, and the impedances of
the circuits between which the trans-
former operates. I‘urthermore, it can
be shown that a structure satisfying
these relations is essentially a band-
pass filter and has all of its elements
properly proportioned to prov1de the
desired band selectivity, but it still
retains the form and the functions of
a transformer.

Where maximum amplification is
of utmost importance, the capacity
for tuning the secondary winding i1s

249,

high quality required
of high-grade carrier
telephone and radio
systems. There has
been a demand, there-
fore, for something
with the simplicity and
economy of these
single-tuned trans-
formers that has a high
degree of frequency
discrimination, com-

bined with hlgh qual-
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ity transmission. To o
meet this demand
there has been de-
veloped a variety of
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T8 Poltage amplification characteristic of a shiclded-
grid tube and a double-tuned transformer
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Fig. 20— Multiple-tuned transformer employed in field-strength measuring set

obtained by utilizing only the effective
distributed capacity of this winding
plus the effective input capacity of the
vacuum tube to which it is connected.
The capacity across the primary
winding and the coupling between the
windings is then proportioned to give
the desired quality and band width.
More than one trans-

The voltage amplification charac-
teristic of a shielded-grid tube and a
transformer having both its primary
and secondary windings tuned by
capacities, is shown in Figure 1. Such
a transformer was used as the coupling
circuit between shielded-grid vacuum
tubes of a high frequency amplifier.

former is sometimes 2
used to obtain the nec-

essary selectivity.

Several may be con-
nected together with
either series or shunt
condensers to obtain
the equivalent of a
multi-section band-
pass filter. Networks
of this type have been
employed in place of
the usual band-pass
filter because of their
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simplicity, compact- o

ness, and relatively low o . “;5, 22

cost. They may be L I—H J ] -

used to connect either 4 7 g L" | B L ez_‘ﬁ W

two equal or unequal ﬂu

impedances as well as l e

to operate from an im- % z 78 52 26 % 5 %

pedance directly into
the grids of vacuum
tubes.

FREQUENCY — KILOCYCLES

Fig. 3—Transmission characteristic of a triple-tuned
transformer.

Circuit schematic below
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It should be noted that r
this typeof transformer
transmits with a high
degree of uniformity all
voltages between fre-
quencies of 79 and 83
kilocycles while provid- 2
ing a discrimination
against voltages ten
kilocycles away from a

the edges of the band

INPUT
62.5% TRANS. TRANS

(o]
T

corresponding to ap-
proximately 14 deci-
bels. This combination
of a relatively wide and
uniform transmission
band and good selec-
tivity is impossible of
attainment with the
single tuned trans-
former previously em-
ployed. Furthermore,
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by utilizing the effec- -2
tive electrode capaci-
ties and effective wind-
ing capacities for the
tuning condensersillus-
trated in the circuit schematic as C,
and C,, the above characteristic is ob-
tained with low cost and high efficiency;
the voltage amplification shown over
the band being practically equal to the
amplification factor of the tube. A
similar transformer is used in the last

1 1 L 1
47 48 49 50 51 52 53 54 55 56
FREQUENCY — KILOCYCLES

Fig. s—Transmission characteristic of quadruple-tuned
transformer.

Circuit schematic above

stage of the intermediate frequency
amplifier of the 4-D radio receiver,
used for monitoring broadcasting
transmitters. To obtain maximum
voltage amplification with this ar-
rangement, the grid capacity of the
detector and the distributed capacity

Fig. 4— A quadruple-tuned transformer for the carrier frequency range
[197]



of the secondary winding act as the
tuning condenser for the secondary
winding while an external condenser
1s placed in parallel with the primary
winding.

The addition of transformer wind-
ings and condensers to the above type
of structure is analogous to the addi-
tion of filter sections to the usual ty pe
of band-pass filter; the effect is prin-
cipally greater frequency discrimina-
tion. Figure 2 shows the mechanical
arrangement of the transformer and
condenser elements of a coupling cir-
cuit in which more than two trans-
former windings and two condensers
are used. Here two independent trans-
formers are electrically connected

through a series condenser. The trans-
mission characteristic and circuit sche-
matic are shown in Figure 3. This de-
vice is equivalent from a transmission
standpoint to a confluent section of a
band-pass filter. This design 1s used in
the intermediate frequency amplifier
of the 347 Test Set, used to measure
field strengths of radio broadcasting
stations. It can also be used success-
fully in the intermediate frequency
amplifier of a superheterodyne radio
receiving set. Better performance is
obtained when operating a network of
this type into a detector tube of the
plate-rectification type than into a
detector tube of the grid-leak type or
into an ordinary amplifier tube. The
lower input capaci-
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REP. COIL
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tance and conductance

of the former type of
detector tube will per-
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mit the cut-off frequen-
cies to be located quite
close to the extremi-
ties of the transmission
band, which results in
greater selectivity for
an allowable variation
1n transmissionover the
band.

The effect from a
transmission stand-
point of electrically
connecting the three
independent trans-
formers shown in Fig-
ure 4 with condensers
1s shown in Figures ;5
and 6. The condensers
shown in the sche-
matics are added ex-
ternally and their ca-
pacities may be ad-
I Justed to locate the

!
44 48 49 50 51

FREQUENCY — KILOCYCLES

45

46 47

Fig. 6—Transmission loss characteristic of quadruple-
Circuit schematic above

tuned transformer.

* *® ‘transmitted band any-
where between 5o and
150 kilocycles. This
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particular arrangement 1s used 1in
power-line carrier-telephone systems
to eliminate interference caused by
other carrier systems on the same
power circuit. As shown by the trans-
mission characteristics, this type of
structure will operate ethiciently be-
tween finite impedances or between a
finite impedance and the gnd circuits
of vacuum tubes.

Transformer coupling circuits  of

the general types described above are
becoming of more importance in car
rier and radio development where it is
desirable to obtain uniformly high
transmission ctiiciency over relatively
narrow bands, and, at the same time,
high attenuation outside the desired
band. Their use 1s not necessarily
limited to the frequency bands illus-
trated but may be extended to higher
frequencies with satisfactory results.

q/\ "_":/“—\ )

The harbor-craft radio-telephone, described in the REcorv last November, brought the
ocean closer to shove when Captain Doucette of the trawler Gertrude M. Fauci rescucd
Captain Newton Wilkie and his crew from the schooner Dawn Wilkie on the high seas.
That the Dawn Wilkie was foundering had become known several days earlier, and Mys.
Wilkic was waiting in suspense for further news at her home in St. fohn, New Brunswick.
When the rescued Captain was told that he could telephone his wife from the trawler, he
did so. From some 200 miles out of Boston, his voice flashed to the New England Telephone
and Telegraph Company’s station, and thence passed over land lines to his wife, telling
her that he and his crew had been saved. Soou afterward a reporter, hearing of the rescue,
stepped into one of the Boston Globe's telephone booths and put in a call in the usual
way for Captain Doucette on the Gertrude M. Fauci. In a few minutes he had the captain
on his line and conducted his interview. The accompanying photograph shows IVestern
Electric vadio equipment in the engine room of the trawler.




Mountmg Quartz Plates

By F.

R. LACK

Radio Research

N order to use vibrating quartz

crystal plates as circuit elements,

it is necessary to devise special
methods of holding them. The
holder must furnish means of trans-
ferring to the electric circuit the
piezoelectric voltage developed on
the surface of the crystal plate. It
must have sufficient rigidity of form
so that its mechanical relation to the
vibrating plate will not change from
any cause, and thus will not react on
the frequency of vibration. At the
same time, it must not restrict the de-
sired vibration of a plate or introduce
damping. These requirements are
difficult to satisfy simultaneously.

In the original form of holder used
for the frequency control of radio
transmitters, the quartz element rests
on a flat metal surface while the other
electrode, a thin metal disc, rests
lightly on the upper surface of the
quartz. In this holder, when the
quartz plate vibrates along its thick-

ness, it lifts itself off the lower elec-
trode a short distance and at the same
time pushes up the upper electrode.
Thus air-gaps form on both sides of
the quartz plate (Iigure 1), whose di-
mensions in part determine the ca-
pacitance between the electrodes.
The plate is free to move about
laterally in the holder, and if a shift in
position takes place, the interelec-
trode capacitance might change
slightly. Moreover, a change in the
relative position of the upper elec-
trode and the plate may cause a

ELECTRODES

QUARTZ PLATE

Fig. 1—"The vibration of a quarts plate rest-

ing lightly between two electrodes will cause

sinall aiv gaps to form between plate and
electrodes
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change in the distribution of pressure
between them which will alter the
effective mass of the vibrating system
and thus the equivalent inductance of
the quartz. Either of these effects will
result in a shift of frequency.

In practice, it has been found that,
when a plate 1s contained in a holder
of this type, shaking the holder will
sometimes produce frequency changes
of the order of 500 parts in a million.
Accordingly, the frequency calibra-
tion of the crystal and holder is ac-
curate only if the crystal system is not
disturbed after calibration, a condi-
tion prohibiting the use of this holder
on ships or airplanes.

Various schemes have been sug-
gested for keeping the quartz plate in

PLATINIZED
SURFACE

cTION O
Dls\EBRA\'ION

PLATINIZED
SURFACE

Fig. 20— quartz bar vibrating longitudi-

nally can be clamped at a nodal point. The

upper and lower surfaces of the bar are
platinized to form electrodes

Fig. 3.1 typical pattern of nodal arcas on

a vibrating quarts plate
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Fig. 4—Certain rectangular plates can sat-
isfactorily be clamped at the edges perpen-
dicular to the optic axis

a definite position relative to the
coupling electrodes. Some form of
clamping would be desirable providing
the clamping mechanism had a negli-
gible effect on the desired vibration of
the crystal. The first thought is to
clamp the quartz at the vibration
node. This is readily possible when
using long bars vibrating longitudi-
nally: The nodal points on such bars
can be accurately determined, and
rigid clamping at these points is en-
tirely successful (Iigure 2). The elec-
trodes in this case are obtained by
coating the surface of the bar with
platinum or gold.

In quartz plates whose principal
vibration is in the direction of the
thickness, complementary vibrations
are also set up in the other two direc-
tions, and the crystal acts like a
series of coupled resonant circuits. An
extremely complex vibration pattern
results, and the nodal areas on the
surface of the plate are very irregular.
A typical vibration pattern obtained
with lycopodium powder is shown in
Iigure 3. This complex vibration has
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some advantages, for when the di-
mensions of the plate have certain
ratios the ‘‘thickness” vibration,
whose frequency increases with in-
creasing temperature, is so coupled
with a transverse vibration having a
negative temperature coeflicient that
the frequency of the resultant vibra-
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TEMPERATURE CHANGE

Fig. s—Clamping has the cffect of making

the variation of frequency with temperature

continnous (below), where this variation

would be discontinuous (above) if the crystal
was free

tion does not change over a wide range
of temperature.

In some plates having this zero
temperature coefficient, a nodal region
appears in the center of the plate. It
was found that a small hole could be

drilled through the plate at this point
and a fused quartz rod cemented in
this hole to furnish a rigid support.
To apply this method to other types
of plate, it is only necessary to de-
termine the vibration pattern and
place the support at the nodes.

In general, however, the nodes of
these complex vibrations shift so
much with slight dimensional changes
that it would be difficult to design a
simple support that could be easily
applied to all sizes of plate. In prac-
tice, it is found possible to disregard
the vibration pattern and impress
definite nodes on a plate by clamping
in certain regions. These regions are
so chosen that the vibration along the
thickness is disturbed to an inap-
preciable extent. It is not possible,
however, to retain all the character-
istics of the free plate for the clamp
prohibits some of the principal trans-
verse vibrations. With the elimination
of these transverse vibrations the pos-
sibility of obtaining a low temperature

o ,! ]
V0. Ao Y
L~ —J
\["
\
auartz/ ELECTRODES
PLATE 0.001INCH  Apout
0.04 INCH

Fig. 6—Circular crystals can be clamped

about the circumference
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Fig. 7—The frequency spectrum of a quarts
plate at different temperatures is highly
irregular

coefficient is reduced but for the
majority of commercial applications
that is not a serious loss.

The frequency-temperature curve
of the clamped crystal then becomes a
simple straight line, instead of the
discontinuous curve characteristic of
the unclamped-zero temperature-co-
efficient plate (Figure 5). For use in a
portable frequency substandard with-
out temperature control, this linear
temperature-frequency  relation is
more useful than a zero temperature
coefficient over a limited temperature
range, for the frequency of such a
crystal can be determined directly by
reading its temperature with a ther-
mometer without recourse to a cali-
bration chart. A 700 kilocycle plate in
this type of holder clamped along the
edge perpendicular to the optic axis
(Figure 4 and the headpiece) was
measured in the laboratory and then
transported by car over 200 miles.
On returning to the laboratory, the
frequency was found to have been
unchanged within the error of meas-

urement (about five parts in a million.)

The success of this method of
clamping the square low-frequency
plates of large area led to a search for
some similar method of clamping high-
frequency crystals, above a million
cycles, which are made circular for
manufacturing reasons. It was found
that these could successfully be
clamped around the circumference, as
shown in Figure 6. Circular plates so
clamped are as satisfactory oscillators

Fig. 8—Clamping a quartz plate greatly
simplifies ils frequency spectrum, as can be
seen by comparison with Figure 7

as the unclamped plates, and there is
no frequency change with handling.
Moreover, this type of clamping
eliminates a number of modes of vi-
bration which make these high fre-
quency plates difficult to adjust to a
given frequency. The space models
pictured in Figure 7 for an unclamped
plate and for a clamped plate in
Iigure 8 show the current through the
plate as a function of the frequency
and the temperature. A comparison
of the spectra of the plate when
clamped and when free makes it evi-
dent that the clamping greatly simpli-
fies the frequency spectrum of the
plate.

[ 2031



Clamping quartz plates in their
mountings in these ways has made it
possible to calibrate quartz oscillators
in the laboratory and ship them to
distant points for installation in radio
transmitters, with the assurance that
the calibration will not be altered by
shipment. It has also made possible
the use of quartz oscillators in air-
craft and shipboard installations,
where vibration has hitherto affected
their stability to a prohibitive degree.

A recently designed unit for the

control of multifrequency radio trans-
mitters to communicate with ships
illustrates one of the many advantages
of clamping. Nine quartz oscillators
are grouped in a circle in a vertical
plane, and a rotary switch arm, mak-
ing contact with the binding posts on
these oscillators, permits instant selec-
tion of the oscillator with the desired
frequency (Figure 9). As the quartz
plates are clamped it makes no dif-
ference in what position the crystal
holder is mounted.

Fig. 9—Quartz oscillators could not be
mounted in a temperature-controlled oven
in this way if the plates were not clamped



A Radio Distribution System for
Apartment Buildings

By C. F.

BOECK

Radio Development

N the early days of broadcasting,

it was generally considered essen-

tial to provide a separate antenna
for each broadcast receiver. This may
easily be done in suburban areas, but
is difficult in densely popul'tted re-
gions. Many apartment house roofs
are cluttered with a maze of antennas
which—constructed in accordance
with the ingenuity of the various ten-
ants—present a haphazard arrange-
ment of unsightly appearance. To the
users of the broadcast receivers in the
building, however, such an arrange-

ment presents many disadvantages
more serious than those of appearance.
To avoid the objectionable features of
groups of individual antennas, the
l.aboratories have recently developed
for the Western Electric Company a
multiple channel radio distribution
system which, although having a ca-
pacity of 3,000 receivers, employs
only a single antenna.

The objection to employing a group
of individual antennas close together,
is that each is not an independent
collector because it is actually coupled
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through its electric and magnetic
fields to the others of the group. Re-
ceivers of the radiating type con-
nected to any of these antennas will
introduce interference into all the re-
ceivers. Also, the signal delivered to a
receiver will be reduced whenever
another receiver tunes in on the same
station. Besides this interference en-
tering through the antennas, local dis-
turbances are picked up by the lead-in
wires, which have not usually been
properly designed or shielded.
Several attempts have been made
to shield the lead-in wires from this
local interference, but the results
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Fig. 1— Block schematic of W estern Electric
Company’s 3.1 Radio Distribution System

have not generally been satisfactory
because sufficient consideration has
not been given to the fundamental
principles involved. Although the
shielding has reduced the interference,
it has reduced the strength of the
broadcast signal at the same time.
The reduction in strength of the
signal makes it necessary to operate
the receiver at high gain, and since
most receivers are inherently noisy in
the region of their maximum sensi-
tivity, sufficient noise is generally
introduced to offset the decrease in
noise due to shielding. Thus while the
ratio of noise to signal has been de-
creased at the input of the receiver,
it has not been appreciably reduced
at the output.

Various arrangements have been
devised from time to time to overcome
these objections, and to provide all
apartments with suitable antenna
facilities. In some instances coils or
loops of wire have been built into the
ceilings of the various apartments. In
others, loops have been installed in
the partitions. Such collectors are in-
herently inefficient, however, and the
coupling between neighboring col-
lectors 1s usually too close to avoid
objectionable interference between re-
celvers.

In the new system developed by the
l.aboratories, known as the 3A Radio
Distribution System, the various ob-
jectionable features of the earlier
methods have been eliminated. This
system employs but a single antenna
properly designed to efficiently collect
all signals in the broadcast band.
Most of the problems of the design
center around the distribution of the
signals to the numerous apartments in
the building, with a minimum of at-
tenuation.

This is fundamentally a problem of
transmitting high frequency currents,
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and may be solved by
the principles em-
ployed in the design of
long telephone circuits.
Not only must the sys-
tem transmit the sig-
nals faithfully and with
a minimum of attenua-
tion, however, but it
must shield them from
local disturbances. The
system is thus based
on an efficient and
shielded distributing
network fed from a
single antenna, but in-
cludes in addition both
antenna and recetver
coupling equipment,
and-—particularly for
the larger systems

amplifying equipment
as well. A simplified
schematic diagram for
such a system is shown in Figure 1.

The antenna coupling equipment
provides a means for connecting the
antenna to the distribution system.
It includes a coupling transformer,
and an arrestor to protect the system
from lightning discharges. As shown
in IYigure 3, this unit is mounted in a
weatherproof box which should be in-
stalled as close to the antenna as
practicable.

Since a practical antenna obviously
cannot collect sufficient energy to
supply three thousand receivers, and
also overcome the coupling loss, an
amplifier is provided to furnish the
additional energy required. Associated
with the amplifier, and shown above it
in the photograph at the head of this
article, are atrcnuating networks.
These are selective volume control
circuits which are employed to reduce
the level of any incoming signal which
is sufficiently powerful to overload

are first joim’(/ and then insulated with rubber tape.
copper wire is then soldered to the sleeve of each section qft/u
cable to complete the sleece circuit, and a wiped joint is then
formed as described in the Record for October 1932

Fig. o 1In splicing the coaxial cable, the central mndudor.r

A heavy

2, page 13

either the amplifier or the receivers.

The amplifier employed has four
stages and employs unipotential cath-
ode tubes designed for low hum. It is
operated from the usual 110 volt
lighting circuit and requires no atten-
tion except for occasional maintenance
purposes. Fach such amplifier will
supply as many as 750 receivers, and
as many as four amplifiers may be
connected to the same antenna. Ten
outgoing circuits may be connected to
each ampllher and each circuit has a
capacity of seventy-five receivers. The
length of a circuit, both from the an-
tenna coupling unit to the amplfier
and from the amplifier to the most
distant receiver, is usually limited to
750 feet, which allows 1,500 feet be-
tween the antennaand the mostdistant
recetver. Although it 1s not expected
that there will be many instances
where more than 3,000 receivers are
required, it is possible to supply any
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Fig. 3—The antenna coupling equipment is housed in a
weather-tight box and usually installed on the building roof

near the antenna

number from a single antenna by em-
ploying additional amplifiers as re-
peaters.

The receiver coupling unit must
provide a means of connecting the
various receivers to the distribution
circuit and at the same time of isolat-
ing them from each other. Since many
receivers are connected to the same
circuit, the coupling unit must intro-
duce a low shunt loss and at the same
time introduce sufficient attenuation
between receivers so that no inter-
ference or tuning reaction may be
expected. A passive network 1s em-
ployed which introduces a shunt loss
of only .02 db but a loss between re-
ceivers of the order of 65 db. So ef-
fective 1s the arrangement employed
that there 1s no detectable change in
the volume or quality of the output
of any receiver even when all the re-
ceivers connected to the system are
tuned to the same station. One of the

receiver coupling units
and the method of con-
necting 1t to the
shielded conductor is
shown in Figure 4. The
receivers themselves
are terminated in plugs
which are inserted into
the jacks of a coupling
unit.

A coaxial conductor
1s used exclusively for
all wiring in this sys-
tem. It provides an
efficient transmission
path for the radio fre-
quency currents and
also shields them from
local disturbances. A
central copper conduc-
tor 1s insulated with
rubber, and over the
rubber is placed a
sleeve of tightly

Fig. 4—Rear view of a receiver coupling
unit showing the method of connection to the
coaxial conductor
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woven copper braid. The central con.
ductor forms the high potential side
of the circuit, and the sleeve—which
is grounded —forms both the shield
and the return path. Over the shield
may be placed a cotton braid or a
lead sleeve, depending on whether the
cable will be located in a dry or wet
place. Its construction makes the
cable flexible so that, like armored
cable, it may be ‘“‘fished” between
building walls and partitions. The
construction and method of joining,
when a lead sleeve is employed, is
shown in IFigure 2. At broadcast fre-
quencies, the current, because of the

skin cffect, is confined to the outer
surface of the central conductor and
to the inner surface of the sleeve. The
outer surface of the sleeve forms the
shield and carries the disturbance cur-
rents which without such a conduc-
tor would affect the broadcast circuit.

With this system each receiver per-
forms as though it were supplied from
a separate and independent antenna,
and any broadcast station is selected
as desired. The increasing demand for
radio facilities in large apartment
buildings and hotels should provide a
wide field of usefulness for this new
distribution system.

g

In developing rubber compounds for various telephone uses, experintental batches are nixed

in a “mill” consisting of two rollers running at different speeds to produce a frictioning

effect. Subsequently the compounds are cured and tested. In mixing, the rubber on the

Sfront roller is periodically cut and put back into the mill, as E. L. Dias of the Chemical
Laboratories is shown doing in the above photograph.
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A New P.B.X. for Large Establishments

By G. V. KING

Local Systems Development

O meet the need for private

branch exchange facilities for

very large establishments, a
new dial P.B.X., known as the 702-A,
has been made available. Although
utilizing dial equipment for local in-
terconnections, it employs a manual
switchboard for handling all incoming
central-office traffic. Incoming tie-line
traffic may be handled either at the
manual board or by dial apparatus as
desired. It is intended for use in in-
stallations requiring between 3,200
and 9,600 lines, or where the particu-
lar features provided by this equip-
ment are desired. These capacities are
nominal, and will vary with the num-
ber of trunks, tie lines, and miscel-
laneous circuits, and with the arrange-
ment of equipment on the face of the
board. Where manual service only is
desired the manual board of this

>.B.X. may be used alone without
any dial equipment and, known as the
606-A P.B.X., has a nominal capacity
of 5,000 lines.

The large size of the switchboard of
this new P.B.X. has made it both
economical and desirable to provide
certain features formerly employed
principally in central offices. Among
these are machine ringing and the
audible-flashing recall. The former is
a circuit arrangement that starts
“ringing” automatically when a cord
1s plugged into a station jack, and the
latter, one that-—after a subscriber
has operated his switchhook —causes
a lamp associated with the cord
circuit to flash at regular intervals and
a single stroke buzzer to sound each
time the lamp flashes. The lamp con-
tinues to flash and the buzzer to
operate until the attendant goes in on
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the connection. The audible Hashing
recall may be employed either for both
parties, or — with less expense—for
one party only, at the customer’s
option.

The switchboard of the new P.B.X.
is similar in structural arrangement
and external appearance to those used
in manual central offices. There are
certain circuit differences, however,
because of requirements peculiar to
a P.B.X. Talking battery for all calls
passing through a central office is sup-
plied from the central office. The
battery feed feature of a central
office cord circuit is shown in Iigure
i. When either the called or calling
subscriber is a P.B.X. the same con-
nection is employed: battery for both
parties is supplied from a central
office.

Because of this fact, however, the
cords at a P.B.X. cannot be arranged
to provide always the same battery
connections. For calls to or from a
central office, it is desirable to supply
talking battery from the central office,
and therefore the cord circuit must
connect the station directly to the
trunk. For local calls, on the other
hand, where a connection is to be
established between two stations of
the P.B.X., battery must be supplied
by the P.B.X. cord. Two types of
connection are thus required of the
same P.B.X. cord circuits: one for
local calls, and one for central-office
calls. The cord circuit 1s arranged to
provide the required connection auto-

TO CALLING o—— °: = E— F —0TQ CALLED

SUBSCRIBER L o e o oI~ SUBSCRIBER

Fig. 1— Battery for talking is supplied by
the cord circuit at a central office

matically. The two types of connec-
tion are shown in Figure 2.

In many of the earlier P.B.X.
boards it has been possible to obtain
these two types of connections with a
simple cord circuit by employing a
jack which, in addition to the usual
tip, ring, and sleeve connections, made
an auxiliary connection when a plug
was inserted. This jack, known as the
No. 295, is larger than those used at
central offices but with the smaller
number of lines terminating at the
previous P.B.X. boards, the size of
jack has not been of great importance.

With the new >.B.X. switchboard,
because of the increased number of

PBX CORD ON CONNECTION TO CENTRAL OFFICE

TO J L"‘—o TO PBX

CENTRAL L, oI STATION
OFFICE

PBX CORD ON STATION-TO-STATION CALL

|<"\—47 TOPBX
|°_;— STATION

Fig. 2—di a P. B. X. the cord circuit is

arranged to supply battery only for local

calls. For central-office calls the cord circuit
cuts directly through

TO PBX oo~
STATION —_,

lines that must be provided for, it
has not been possible to use the large
No. 295 jack. Instead, the small No.
92 jack, used quite generally for
central offices, is employed. It does
not have the additional contact, how-
ever, so that a more complicated cord-
circuit arrangement has been re-
quired to obtain both the busy indi-
cations and the two types of connec-
tion needed.

The circuit provided is shown in
Figure 3. With this arrangement the
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sleeve of the jacks must be connected
to either ground or battery since some
method must be provided for selecting
the type of connection to be made by
the cord circuit, and there is no auxil-
lary switch contact on the jack to
make a connection when a plug is
inserted. Ground is therefore con-
nected to the sleeves of both trunk
and line jacks but with the trunk
jacks a high resistance is put in series
with the ground. Connected to the
sleeve lead of each end of the cord
circuit are two relays in series. One
of these is a marginal relay which
does not operate through the high
resistance in series with ground on the
sleeve of the trunk jack. When a plug
i1s inserted in a jack of a local line both
of the relays operate, either FS and
FM or RS and RM, depending on
which end of the cord is inserted.
Operation of the marginal relay pre-

TO CONNECTOR
BANK
s

vents relay T’ from operating so that
talking battery is connected in the
talking circuit. When the plug is in-
serted in a trunk jack, on the other
hand, only one of the relays in the
sleeve of the cord circuit operates,
IS or RS, and in turn operates relay
T so that the circuit is cut through
without battery.

Because ground is permanently con-
nected to the jack sleeves, it is neces-
sary to arrange the cord circuits so
that battery alone gives the busy in-
dication instead of either battery or
ground as with the earlier boards.
This has required the use of an addi-
tional relay, SL, to make the dial
switches busy when a call has been
completed manually. This relay oper-
ates whenever a plug is inserted in a
station jack and connects ground to
the dial switches to make them busy.
When a call has been completed

To PBX [°-
STATION --
TRUNK CIRCUIT
TO —————
CENTRAL
OFFICE ‘™~ 2oV

1800W

"ll

Fig. 3— By the use of additional relays a single cord circuit permits the two
types of connection without the aid of large jacks
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through the dial apparatus, the CO
relay is operated, which makes the
station jack busy through a back con-
tact of relay SL. Insertion of a plug at
the manual board also makes the
other appearances of that jack busy
by connecting battery to the sleeve
through the FS and FM relays.

This arrangement, made necessary
by the employment of the smaller
jack, makes possible a somewhat
simplified operation of the board.
With the earlier boards, only one end
of the cord was arranged for connec-
tion to central-office trunks. This
made 1t necessary to answer central-
office calls with one end of the cord
and station calls with the other. With
the new circuits all calls are answered
with the rear cord and completed
with the front, which is the usual
central-office practice.

The dial equipment of the new 702
P.B.X. is similar to that used by step-
by-step central offices although the
line finder frames are somewhat longer
to accommodate the additional relay
in the line circuit. Line finders, selec-
tors, and connectors are the same
as the corresponding central-office
switches except when it is necessary
to restrict a group of stations from
making central-office calls. At a
P.B.X. where such restrictions are
made, different line finders and first
selectors, arranged for this feature,
are provided. The line circuits differ
from step-by-step central-office line
circuits in that they are arranged for
appearance at the manual board.
With these new P.B.X.’s, large com-
mercial and industrial establishments
are given service and equipment
essentially the same as a central office.



Power Equipment Laboratory

By |

R. P. GOLLER

liquipment Development

ANY types of power plants,

varying in type and arrange-

ment of apparatus and in
size, are required for telephone sys-
tems to furnish power for the voice
currents and for the various switching
and signalling apparatus. Equivalent
apparatus 1s also required for tele-
graph systems. The design and devel-
opment of such power plants is under-
taken by the power equipment group.
Not only must the various component
pieces be fitted together to form a
satisfactory operating plant, but the
many makes and types of apparatus

performing any one function must be
tested so that those selected will pro-
duce the most satisfactory assembly.

To provide facilities for the testing
required, an adequate laboratory is
necessary. located on the first floor
of section F, it consists of a number of
test positions where the operation of
various types of apparatus may be
studied, and a very complete power
plant capable of providing and dis-
tributing to the test positions all the
many types of electrical power that
may be needed. For these purposes a
group of primary sources of power,
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both ac and dc, are
provided in the labora-
tory, and in addition
trunks are run from
power rooms operated
by the building staff,
overwhicheitherpower
supplied from the out-
side or any of the types
of power available in
the building, such as
batteries of various
voltages, signalling
tones, and ringing cur-
rent, may be obtained.

At the main power-
board, shown i1n
Iiigure 1, are brought
the leads from the
batteries and the various charging
equipments, and here also are jacks

Fig. 1—DMain power board in the
equipment laboratory

Fig. 2—E. G. DeMott using the peak voltmeter

for distributing the various types of
power to the test positions. Control
equipment for the power and charging
equipment is located on the two
central panels, while on each end are
the distributing panels where any
available form of power may be con-
nected to any of the test positions.
These end positions are divided into
upper and lower sections, each
equipped with power jacks. At the
jacks of the upper sections terminate
the leads from the various power
sources, while the jacks of the lower
sections are connected to feeders
running to the various test stations.
Connections between upper and lower
sections are made by patching cords.

The provision of two distributing
panels secures as complete separation
as possible between the comparatively
small capacity supplies, such as bat-
teries, rectifiers, and tone signals, from
the higher capacity sources, which
include the alternator and the various
building services. The two distribut-
ing panels are marked A and B re-
spectively, and this division into two
classes of service is continued to the
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Fig. 3—W. J. Walton with the tea-wagon oscillograph

various test positions at each of which
are two jack boxes: one containing
trunks to the lower section of the A
panel and the other to the lower sec-
tion of the B panel. Two types of test
positions are provided to accommo-
date the wide diversity in size and
shape of the equipment to be tested.
One employs pipe mounting frame-
works for supporting the equipment
under test, as shown in the photo-
graph at the head of this article, and
the other, the usual high-back lab-
oratory bench familiar throughout
the West Street building. Standard
writing shelves, such as are used in
toll offices, provide space for instru-
ments and the pad or book used by the
engineer for recording his observa-
tions.

In addition to these test positions,
which are limited in capacity to 30
amperes, a heavy current outlet is
provided where current in excess of
30 amperes may be drawn. Here the
alternating and direct current services
of the building are available as well

as the 24 and 48 volt
battery, and currents
up to 200 amperes may
be obtained. The ter-
minals of a six volt,
1,000 ampere genera-
tor, located in the base-
ment, are also brought
to this location for
tests requiring heavy
currents at low volt-
age.

With such facilities
available practically
any piece of equipment
usedin telephone power
plants, except those of
very large size, can be
thoroughly tested with
a minimum of effort.
Under a procedure
commonly followed, commercial types
of apparatus are brought into the
laboratory for a test and an analysis
of their operating characteristics.
Later, a second sample of each type,
modlﬁed to meet the recommendations
of the development engineer, appears.
This in turn is tested, and, if further
changes are necessary, returned to the
manufacturer for the required modi-
fication. Finally a production model
is tested and, if accepted, that par-
ticular development is closed. For
reasons pertaining to manufacturing
costs, a manufacturer will often re-
quest authority to change an article
already approved. In such cases a
sample embodying the proposed
changes is sent in and undergoes the
same process.

Rectifiers, of both hot cathode and
copper- _oxide types, ringing machines,
contactors of various forms, batteries,
special signalling generators, small
motor-generator charging sets, and
all such apparatus are constantly
being tested. The development of an
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automatic power plant calls for ex-
perimental work of considerable ex-
tent. Each such plant is a combination
of well known equipment but usually
requires in addition new equipment
which has been previously studied but
not generally used. Such power plants
are set up in the power laboratory
and put through prolonged tests cal-
culated to prove the reliability of
every part of them.

In addition to these provisions for
all ordinary tests, much special appa-
ratus and many unusual circuits are

required to furnish the detailed and
accurate data required, and to mini-
mize the labor necessary to secure it.
The peak voltmeter, shown in Figure
2, is a vacuum tube device that will
measure peak voltages up to 1,000
volts. The tea-wagon oscillograph, of
Iigure 3, is in frequent service. Of
considerable importance is the daily
load circuit, which day after day
applies a predetermined cycle of load
to some piece of apparatus or com-
pleted charging plant which is being
subjected to test.

C_ A N\9

En g ineers and Progress

“We engineers may, I believe, congratulate ourselves on the
contributions that we have made to civilization. The problems of
this era are not the problems of the past. Economic history tells
us that up to a period of, say, one hundred years ago, the
problems of the world were problems of want as well as the prob-
lems of distribution. The methods of production did not permit
of creating enough to enable more than a very small number of
the inhabitants of the world to live on any basis above a bare
level of sustenance. Qur problem today is only a part of the
former problem and should be a simpler one. It is not the prob-
lem that we haven’t got and can’t get the things necessary to give
us a higher economic level. It is the problem of the distribution
of plenty. The problem that must be solved now is not the prob-
lem of how to create enough to keep the bulk of the people of this
country above the level of want. Our problem is, having the
ability to produce it, how to distribute it to the population. This
change in the social problem is the major contribution to the
world of the scientist and those who have worked on the appli-
cation of science, the engineers and others. . . .

“I firmly believe that the future holds in store for us engineers
opportunities at least as great as, if not greater than, any that

we have had in the past.”’

Bancrorr (GHERARDI.

—From an address given at the annual dinner of the Society of Automotive Engineers,

Fanuary 11, 1933.
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tion department, chiefly engaged in tests
of manual circuits. In 1923 he transferred
to the ‘Technical Staff of Bell lLabora-
tories. His first work here was circuit
analyzation but he shortly transferred to
the P.B.X. group where he has engaged in
the development of P.B.X. circuits. At
the present time he is occupied with
fundamental circuit development.

Both before and immediately after re-
ceiving the degree of B.E. from Union
College in 1917, J. R. P. Goller spent a
number of vears in the power engineering
field. This included work with the Long
Island Railroad and with power com-
panies in the New York area. He was also
at the Army Radio School at College
Park, Marvland for a time, and had ad-
ditional service as a commissioned officer
in the Signal Corps. In 1922 he joined the
Technical Staff of the Laboratories where,
with the Equipment Group, he has been
engaged in various phases of power plant
development. At present he is in charge
of the Power Equipment laboratory.
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The above photograph shows the stage which had been reached by Fanuary 10 in the
installation of the new Western Electric 50-kilowatt transmitter for Station WHAM of
Rochester. At the right, behind operators Alfred Balling and Wilfred O Brien, are the
low-power units of the new transmitter, and at the left is part of the high-power equipment.
Scanning the plans are §. C. Herber (right) of our radio development group, and Fohn
7. Long, Jr., Chief Engincer of WHAM. The Western Electric 5-kilowatt set, with which
this station used to transmit, will be held intact as a spare.

The fifty-kilowatt set incorporates many refinements; but its fundamental plan is
simple. The carrier originates in a low-power oscillator (shown below) whose frequency is
accurately controlled by a quartz plate. After three stages of amplification, the carrier is
modulated by the voice currents, which have been amplified in two stages within the trans-
mitter. Modulation takes place in the plate circuit of the third radio-frequency amplifier,
which is designated the modulating amplifier. The modulated carrier then passes through
three further stages of ﬂmp/iﬁmtion and finally passes to the antenna over a balanced
transmission line. The successive stages of amplification are coupled together by tuned

circuits.




comes «a W/ ELCOME VOICE

It may be the voice of a son or daughter away at
school. Of a mother or father in a distant city.
Of a friend or neighbor who is wondering how
you are. Of a business associate upon whose
words some great decision rests.

Across the miles, the telephone brings those
voices to you and carries your voice in answer.
A bell rings and you reach out your hand, know-
ing that somewhere—near or far—another hand
1s reaching toward you.

The telephone enlarges the lives and oppor-
tunities of all who use it because it enlarges the
power to communicate through speech. Con-
tacts with people, ideas exchanged, words spoken
—by these are our minds stimulated and the

entire business of living made more pleasant
and productive.

Because the telephone is so important to so
many people, the Bell System strives to make
its full usefulness available to every one, every-
where, at all times. Always it tries to emphasize
the close contact between each telephone user and
the unseen men and women who make good ser-
vice possible. Always it aims to serve with cour-
tesy, dispatch and sympathetic understanding.

Your telephone offers you the service of a
friend. At any hour of the day or night, you have
but to turn to it to command as many as you
need of the Bell System’s army of carefully
trained workers.

AMERICAN TELEPHONE AND TELEGRAPH COMPANY






