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Laboratory for Welding Studies

By J. R. TOWNSEND
Materials Development

ELDING is one of the
s;g/ most ancient practices of
the metal arts. In the

colonial times of our country, hand-
wrought iron work which involved the
welding of parts together by hand
was much in evidence. The orna-
mental iron work on the porches of
houses in the Vieux Carré of New Or-
leans, and in Savannah and Charles-
ton, was practically all hand welded.
Much of it was originally fabricated
on rough forges by negro slaves.
Locks and hinges used throughout the
colonies were also made by forge
welding.

Later welding was more or less

supplanted by cast iron. Many parts
could be made by casting more easily
and at a less cost, than by the old
hand-wrought process. With recent
developments in electric and gas
welding the tables are now turned. In
increasing numbers of instances weld-
ing is replacing casting, with great
savings in the cost of fabrication. In
addition welding in some instances is
supplanting bolting and riveting in
structural steel and iron work. Here a
saving in weight of approximately 20
per cent 1s possible with no loss in
strength. Tests have shown that the
welds when properly made are even
stronger than the surrounding ma-
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terial. A further economic advantage
of welding for structural purposes is
that cheap hot-rolled structural parts
may be sheared out and welded to-
gether without elaborate punching or
the use of forming tools and gauges.
Repairs are easily made and may be
done on the job.

Modern attention to the possi-
bilities of welding dates from the re-
pair of the engines of the Leviathan
following their damage at the time
of America’s entrance into the war.
Broken parts were welded together
and the engines were repaired on the
spot by electric and gas welding. A
great impetus was given to welding
during the war period when it was
widely used to meet the need for
quick construction work. With the
development of automatic and semi-
automatic welding machines, welding
came to be applied to production
work. Automobile manufacture is
now largely dependent on welding to
achieve low production costs. Welding
1s being used more and more in build-
ing and structural work. Welded pipe
lines for gas and o1l extend half way
across the continent.

In telephone work welding has been
employed for years to attach precious
metal contacts to relay springs. It has
been also used for years to weld pole
pieces of the telephone receiver by the
electrical-resistance method. A recent
application of modern arc-welding

Fig. 1— X ray photograph of weld

methods i1s 1 connection with stecl
loading-coil cases. The old cast-iron
case has been replaced by a new de-
sign mn which two sections of stecl are
pressed mto a U shape and then
welded together by an automatic arc
welding machine ™

In Bell Telephone Laboratories a

Fig. 2 (above)—Welded seam (iop side)
produced by the automatic arc welder. Fig.
3 (below)—"The wnder side of the seam

new laboratory has been recently es-
tablished to study welding. Its pur-
pose is to obtain engineering infor-
mation necessary to the design of
welded parts, to experiment with new
welding methods, to adapt the design
of telephone apparatus to welding
technique, and to experiment with
new welding materials. It contains
automatic, semi-automatic and hand
arc-welding equipment, oxyacetylene
gas welding equipment and atomic
hydrogen welding apparatus; and an

X-ray machine has been set up to ex-

*RecorD, Fuly, 1931, p. 517.
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Fig. y—Automatic seam welder in operation

amine the quality of the welds. In
short, all equipment necessary to
study the applications of welding has
been included.

The appearance of a seam such as
that produced by the automatic arc
welder on loading-coil cases is shown
in Figure 2. In this instance two plates
of hot-rolled structural steel com-
monly known as fire box steel have
been welded together. The abutting
edges of the steel were cut at an angle
of 30°. The plates were than laid flat
and the space between the beveled
area was filled with metal deposited
by the arc. The arc was formed be-
tween a metal electrode, or welding
rod, and the plates. As the welding
rod melted, the hot metal deposited
on the plates below filled up the
beveled groove and, since the heat
also melted the surfaces of the plates

slightly, the two plates were
thus welded together. Figure
3 shows the bottom of the two
plates. The bead down the
center was formed by some of
the molten metal seeping be-
tween the two abutting plates.
This is the appearance of a
satisfactorily welded plate.

These welds were made by
the automatic arc-welding ma-
chine shown in Figure 4. The
electrode material comes down
from a reel mounted on the
top of the carriage of the ma-
chine and passes through an
apparatus which guides it and
automatically regulates the
arc formed between electrode
material and the beveled steel.
This automatic welding ma-
chine not only continuously
supplies electrode material to
the arc and adjusts the posi-
tion of the arc, but also by
means of a traveling head lays
a bead of metal between the plates.
All that 1s necessary in making a
seam weld with this machine is to
make minor adjustments to suit the
particular work at hand.

In the frontispiece the arc welding is
accomplished 1n much the same way
except that the arc is guided and
directed by hand. Here it will be seen
that one electrode 1s connected to the
work whereas the other electrode is
carried in the hand of the operator.
The operator views the arc through a

lass screen that eliminates most of
the glare. It 1s also necessary that the
operator protect his hands and face
and body from the burning effects of
the ultra-violet light which is gener-
ated by the arc.

The oxyacetylene gas torch used for
cutting structural shapes is shown in
the headpiece. After marking out with
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chalk the shape of cut that is desired,
it 1s then a simple matter to guide rhe
torch by hand. When the shapes are

put together to form a structure, any

‘maecut acy n rhe LUI’I’]Hg can l)e rdken

care of by filling 1n voids with weld
metal.

The temperature of the oxyacety-
lene cutting torch is about §800° F.
This 1s also true of the oxyacetylene
welding torch. In welding the gas
flame 1s brought near to the two abut-
ting metal surfaces, causing the metal
to melt slightly. At the same time a
welding rod 1s brought into the flame
and melted on to the abutting pieces

of metal. The temperature in electric

arc welding is approximately the
same.

Many metals are difficult to weld
together by these methods since they
have a tendency to oxidize rapidly.
IFor example, trouble 1s encountered
in welding stainless steel or aluminum
because of this tendency. The oxide
film that forms is so tenacious that it

1s difficult to get the two pieces of

metal to fuse together A method of
overcoming thisis to produce with the
gas torch an excess of acetylene which
reduces the atmosphere surrounding
the arc and prevents oxidation of the
metal. This method 1s successful for
welding aluminum. In the case of the
stainless steel, however, i1ts much
higher melting point combined with
its tendency to oxidize renders it
necessary that other means be em-
ployed.

The atomic-hydrogen torch consists
of two tungsten electrodes between
which an arc i1s formed. Hydrogen is
forced along each of these electrodes
and the two streams meet at the point
where the arcis formed. The heat of the
arcconverts the hydrogen into nascent
hydrogen which re-formsinto ordinary
hydrogen as it proceeds away from

the arc. This molecular change raises
the temperature of the arc to approxi-
mately 72507 I, and at the same time
produces an envelope of highly reduc-
ing hydrogen gas at the outside of the
flame. The atomic-hyvdrogen welding
torch was developed three vears ago
by Dr. lrving Langmuir of the
General Electric Qompdnv With this
torch 1t 1s possible to weld stainless
steel, high-speed steel, aluminum al-
loys and practically every metal that
shows a tendency to oxidize. In the
atomic-hydrogen torch, instead of
employmg welding 10d, usually two
pieces of metal are caused to melt and
fuse together.

The only suitable method of deter-
mining whether a weld 1s satisfactory,
without actually destroying it, is by
means of the X-ray. An N-ray ma-

Fig. s—The X-ray apparatus is controlled
Jrom an outer chamber. A lead-glass win-
dow permils the operator to view the interior
of the X-ray room as he stands at the controls
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Fig. 6—The X-ray exposure room. Parts

the X-ray film.
ground are used lo regulate the voltage

chine capable of making photographs
of steel parts up to 3 inches thick has
been installed in the laboratory for
this work. The whole apparatus is
placed inside of a room lined with
Y4-inch lead to protect the operator

The sphere gaps shown in the back-

from the X-rays. The ma-
chine 1s controlled from a small
antechamber which permits
the operator to view the work
through a lead-glass window
(Figure s).

The exposure room with the
X-ray tube in place is shown
in Figure 6. The tube has a
capacity of 200,000 volts at
a current of § milliamperes,
Figure 1 shows a typical X-ray
photograph of a weld. The
gas pockets formed between
the collecting drops of elec-
trode material on the weld are
plainly discernible. With some
experience it is possible by
examination of the X-ray
shadowgraph pictures to esti-
mate the quality and strength
of the weld.

The equipment described
enables us to carry out all of
the necessary investigational
work in adapting welding
methods to telephone appa-
ratus design. The work not
only offers the means of im-
provingupon present methods,
but should hkewise prove
invaluable in bringing out more ex-
tensive applications of welding in
telephone apparatus. That it consti-
tutes a prominent contribution to the
materials development program seems
assured.

to be
X-rayed are lying on a plate holder which contains
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Do Our Ears Grow Old?

By H. C. MONTGOMERY

Acoustical Research

ELL, 1 guess I must be
getting old.” Such ex-
pressions as this on the
part of people who find that their
hearing ability is somewhat below
normal indicate the popular belief
that hearing deteriorates with in-
creasing age. A recent investigation
has led to the conclusion that there
i1s some basis for this belief, but that
the deterioration is small.
This 1nvestigation was conducted
with the aid of the Western Electric
2-A audiometer. It consists of an
oscillator which will produce any one
of eight different pure tones varying
in octave steps from a frequency of
64 cycles to 8192 cycles. These fre-
quencies cover the useful hearing
range, and correspond to the C’s on
the piano, omitting the lowest, and
adding one above the highest. The
intensity may be gradually reduced
by an attenuator to the threshold of
audibility, the point where the observ-
er can no longer detect the sound.
Measurements of the threshold of
audibility at various frequencies, to-
gether constitute an audiogram. Asa
standard, the normal threshold of
audibility has been determined by
averaging the thresholds of a number
of young observers who had been
examined by an otologist, and whose
hearing appeared to be normal. This
normal threshold is used as the stand-
ard of hearing acuity, and individual
acuities are expressed in terms of
decibels below the normal. Thus

IYigure 1 represents the audiogram of
a person with good hearing, and of one
whose hearing 1s sufficiently impaired
to cause him some difficulty in under-
standing ordinary conversations. The
dotted curve represents the level at
which a sound 1s intense enough to
cause pain, and may thus be taken as
the limit of serviceable hearing.
About 200 audiograms were avail-
able, mostly of Laboratoriesemployees
ranging in age from 20 to 6o years.
The subjects were selected in such a
way that the proportion having defec-
tive hearing 1s about what might be
found in any normal group of people.
These audiograms were divided ac-
cording to the age of the subject into

-20
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o
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100 AN

\\ /I
\\ 7
N /
120 —
\\~. ~+
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Fig. 1—In cases of moderately impaired
hearing, nearly half the useful range of
intensities may be lost
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four groups, each group including ten
years. The hearing of each age group
was summarized (Figure 2) by finding
the median value of the hearing loss
at each frequency. The median was
used rather than the average because
it 1s not so much affected by extreme
cases.

It 1s noteworthy that the difference
between the thresholds of the young-
est and oldest age groups is quite

small compared to the difference be-
tween the normal and hard-of-hearing
ears shown in Figure 1. In fact, at
frequencies below 2000 cycles the
differences are negligible, but at fre-
quencies above 2000 cycles the differ-
ences become appreciable. This de-
crease in average hearing ability with
increasing age might be the result of
either of two causes: a considerable
impairment of the hearing of only a

-20 ; T
% a0 :
@ AGES 20-29 (96 EARS)
v) ———- AGES 30-39 (162 EARS)
a -—-— AGES 40-49 (84 EARS)
z —w—w-— AGES 50-59 (28 EARS)
2 60 =
w)
3\ |
2 \ |
g \ |
< |
w \ i
I

80 \

100 \L ] e A

o N . /
N |
d ‘
\\ //
e
— e = o
| |
‘ |
'4054 128 256 512 1024 2048 4096 8192

FREQUENCY INCYCLES PER SECOND

Fig. 2— Investigation showed that with advancing age little impairment of hearing
normally takes place except at high frequencies
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portion ot the older group, or a shght
impairment of the hearing of the
whole group. Reference to the origi-
nal data indicates that the latter is
the more nearly correct explanation,
for the average deviation of the cases
from the median 1s practically the
same for all the age groups.

A very common form of hearing
difhculty 1s known as ‘‘nerve deaf-
ness,” a typical case of which is
shown in the audiogram of Iiigure 3.
[t is well known from individual case
studies that this form of diffculty
usually becomes progressively worse
with 1ncreasing age. Its resemblance
to the average type of impairment
shown in Iigure 2 immediately sug-
gests that both are caused by the same
sort of physiological changes. What
those changes are and what causes
them are matters upon which physi-
cians are not yet agreed.

A question of practical interest is
what effect the indicated change in
hearing acuity will have on the ability
to hear and understand in actual
situations. The upper part of the
frequency range, the only part sen-
81bly atfected, is of importance chiefly

dlstmgmshmg certain consonants
and in appreciating the timbre or
quality of musical sounds. In ordinary
conversation, where speaker and lis-
tener are close to each other, no
difficulty would be experienced by
the 5o-60 group, because the level of
sound at the ear is high enough so
that the falling off at the high fre-
quencies would not be noticed.

The theatre or lecture hall presents
a different situation. Here the level
of sound at the ear is often quite low.
Moreover, the higher frequency com-
ponents are usually relatively weak by
the time they reach the ear, due to

selective absorption in the room.

['nder these circumstances the 5o 60
group mlght experience some difh-
culty n dlstmgm%hmg consonant
sounds, and mistake “thin”” for “‘sin,”
“ famlsh for ““vamish,” and the like.

Music would probably sound some-
what different to members of the older
group, but it 1s doubtful whether they
would be aware of this ditference be-
cause they would lack a standard of

-20— “' — l —_—
o]

\/
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Fig. 3—1n a typical case of nerve deafness,
hearing at high frequencies is considerably
impaired

comparison. Melody and rhythm
they would appreciate as well as any-
one. But the tones would lack bril-
liance, and differences between the
instruments would not seem so pro-
nounced to them as to younger per-
sons.

Thus the average difference in
hearing ability between a person aged
25 and one aged 55 1s relatively small,
but there 1s a tendency for hearing
to deteriorate with increasing age. A
study including more advanced age
groups would probably uncover
marked differences in hearing ability.
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A Sensitive Moving-Coil Micmphone of
High Quality

By A. L. THURAS
Acoustical Research

T 1s a common occurrence in the
history of inventions that a per-
fectly operative device finds no

commercial application until many
years after the conception of the idea
by the inventor. Other developments
must be awaited before the new in-
vention may be used advantageously.
The moving-coil microphone very
well illustrates such a situation. A
microphone of this type was invented
by Siemens as early as 1877, but only
since the development of amplifiers
has it become of practical use.

In its essentials, the moving-coil
microphone consists of an acoustic
diaphragm to which is attached a coil
of wire that projects into a radial

magnetic field. When the diaphragm

1s set in vibration by sound waves, a
voltage of the same pitch or frequency
1s generated in the coil by magnetic
induction. In general, therefore, it
transforms sound to electrical vibra-
tions as did the first telephone of
Alexander Graham Bell, and might
have become a serious competitor of
1t but for the advent of the carbon
microphone which soon became the
universally used transmitter.

The moving-coil microphone is han-
dicapped by its inability to deliver to
an electrical circuit more power than
1t derives from the actuating sound
waves. It resembles Bell’s transmitter
in this respect. The carbon micro-
phone, on the other hand, can deliver
much more power than it receives

{3141
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from the sound wave. It acts as an
electric valve to control, in accordance
with the actuating sound wave, the
release of much greater amounts of
power supplied by an electric battery.
The carbon microphone thus serves
as a combination of transmitter and
amplifier, and it was exactly the
amplifier feature that was needed to
make the moving-coil microphone of
practical value.

Suitable amplifiers were not avail-
able at the beginning of the telephone
era so that the carbon microphone
had an impregnable advantage in
early commercial telephony. Even
today no type of microphone has been
devised that can compete with it in a
field where simplicity is of great im-
portance. Where simplicity and efh-
ciency are not so essential, however,
the moving-coil microphone has the
great advantage of being free from
carbon noise, which may become ob-
jectionable when the sounds to be
picked up are of low intensity. Ior
sound recording, for radio broadcast-
ing, and for other similar fields, there-
fore, the moving-coil microphone has
a distinct advantage.

In 1ts design another important
difference between the two types of
microphones had to be considered. In
the carbon microphone the change in
resistance, which gives rise to the
microphonic action, is proportional
to the displacement of the diaphragm.
In the moving-coil microphone, on the
other hand, the voltage generated is
proportional to the velocity of the
cotl, which in turn is proportional to
the product of displacement by fre-
quency. The design of a moving-coil
microphone thus resolves itself pri-
marily into the problem of controlling
the diaphragm so that its velocity per
unit of force is the same at all fre-
quencies. Under these conditions

faithful reproduction will be secured.

Under applied forces a diaphragm
vibrates with an amplitude which de-
pends on both its stiffness and mass.
At low frequencies stiffness 1s the con-
trolling factor but at high frequency,
mass has the greater influence. At
some intermediate frequency — known
as the resonance frequency—a balance
exists between stiffness and the mass,
or inertia effect, and a relatively large
amplitude of vibration results. At
low frequencies where stiffness pre-
dominates, the velocity is propor-
tronal to ﬂequemy while at the higher
frequencies, with inertia controlling,
the velocity varies inversely as fre-
quency.

To make the velocity independent
of frequency, resistance must be added
i sufficient amount to make it the
controlling element. A familiar ex-
ample of the use of resistance to
obtain constant velocity is the para-

/
DIAPHRAGM-. M

TN S

W

L \
R \ NN \\\\\

Fig. 1—Air, moving back and forth in a
narrow slit forming the only outlet of an air
chamber back of the diaphragm, supplics the
resistance control for the new microphone

chute. Without a parachute the speed
of a man falling under the constant
force of gravity would be governed
almost entirely by inertia; his accele-
ration would be constant but his
velocity would continuously increase.
With a p‘u‘uhute however, enough
air resistance s itroduced to become
a controlling factor, and the Velomty
of fall becomes constant. Air resist-
ance performs a similar function in
the new moving-coil microphone.

[ 315 ]
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If a diaphragm is made to form one
wall of a small enclosure provided
with a narrow annular slit, as shown
at S in Figure 1, air will be forced to
and fro in the slit as the diaphragm
vibrates. This rapid motion of air in
the narrow sht provides a resistance
load on the diaphragm. The amount
may be varied over a wide range by

at low frequencies and mass at high
frequencies be compensated or par-
tially offset.

The chamber and narrow slit con-
struction of the new mlcrophone
partially secures this compensation
for the mass, or inertia, of the dia-
phragm at high frequencies. If the
slit were closed, the air in the cham-

ber would be com-

Ss DIAPHRQETZ pressed and rarefied

N A . as the diaphragm

By ‘fm/l 7 s [ moved back and forth

A .\\QE@"‘” 7 Y ISSEYY  during a cycle. The air
% KL 2 gacy

? " N \\ N / 7 chamber would then

7 Si \ \\\ N T /]  act as a cushion and so

7 / / add to the stiffness of

AL the diaphragm, and

7%

thus to a certain extent
offset the mass. At
high frequencies pre-
cisely this action takes
place in the actual

\\\\\

Fig.2—d cross-section of the laboratory model shows the slit
furnishing resistance control and the tube furnishing compen-
sation for stiffness at low frequencies, as well as other features

of the construction

adjustment of the various dimensions.

As previously stated the voltage
generated by the moving coil 1s pro-
portional to the velocity of the dia-
phragm, and to have the voltage inde-
pendent of frequency it is necessary
to have resistance the controlling
element. Velocity, however, 1s in-
versely proportional to resistance,
when resistance 1s the Lontrollmg
factor, so that to obtain high sensi-
tivity, or large velocity per unit force,
the resistance must be kept as low as
possible. To keep the resistance low
and at the same time to make it the
controlling factor, requires that both
the stiffness and mass of the dia-
phragm be kept as small as possible,
and that by some means the stiffness

microphone because
the period of one cycle
1s so small that the time
is insufficient for any
but a very small quan-
tity of air to flow back
and forth in the slit. The conditionsare
practically the same as though the slit
were closed. This stiffness added at
high frequencies, by counteracting
the 1nertia effect, tends to produce a
velocity that is independent of fre-
quency, and thus allows a lower value
of controlling resistance to be used.

A Laboratory model of the moving-
coil microphone is shown at the head
of this article and a cross-section of it,
in Figure 2. The central portion of the
diaphragm 1s dome shaped, making
it rigid. A light aluminum ribbon
coil,* fastened to the diaphragm at
the base of the dome, projects into
the radial magnetic field between the

*REecornp, March 1928, p. 208, and August 1928,
P- 409

M NE. 6 ﬂ
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W the diaphragm is g-0f—+ T ‘
clamped to, but held a & : |
40 50 100 500 1000 5000 10000

short distance from,
the pole-pieces. The

FREQUENCY IN CYCLES PER SECOND

small air space back of  Fig. 4 The response of the inicrophone in actual use varies
the diaphragm s with the direction of the incident sound as indicaied by the

closed except for the
narrow annular shit S,
which connects 1t with the larger
space within the body of the magnet.
This slit serves to control the response
of thediaphragm as already described.

[he first models of these micro-
phones showed an irregularity n the
response in the neighborhood of 6,000
cycles, which was probably caused by
some form of resonance oscillation
within the air chamber under the
dmphmgm To correct tt, an addi-
tional cavity C was formed within the
central pole-piece and connected to
the air chamber by the narrow annular
slit S,. This construction gave sufhi-
cient damping to eliminate the irregu-
larities in the response previously
observed.

As already pointed out the stiffness
of the diaphragm would control its
motion at low frequencies— producing
a velocity that decreased with fre-

upper and lower curves of this illustration

quency —except for the resistance
element. Such stiffness control begins
at about 200 cycles. Below this fre-
quency the sensitivity of the micro-
phone would tend to fall off. If the
force on the diaphragm, however,
could be increased at a rate corres-
ponding to the falling oft of velocity
due to stiffness, a uniform response
would be obtamed. This action is
secured by an air connection from the
front of the diaphragm to the air
chamber within the magnet made
through the tube T. By proportioning
the length and diameter of this tube,
it is possible to exert a suction—
which increases as the frequency de-
creases—on the rear of the dmphmgm
at the same time that pressure 1s ap-
phed to the front. At low frequencies
this suction increases the velocity,
and thus by producing an additional

force tends to offset

o 10 | the increasing etfect of
o stifness at low fre-
i . quencies.
o] — N - - D
z ¥ —— [ The effect of this
- A _ M :
w =5 P zu‘r'tngement m rm-
z 1
2-10 B +4 4 proving the umfomnry
. of response 1s shown in
40 50 100 500 1000 5000 10000 [jgure 3. Here curve

FREQUENCY IN CYCLES PER SECOND

B indicates the re-

Fig. 3—The response of the complete new microphoie M/// sponse without the

a constanl pressiure acling on the diaphragni, curve A,
practically ﬂal»/;o'm 40 10 10,000 cycles

tube T, and shows the
falling oft 1n response

[ 317 ]

www americanradiohistorv com


www.americanradiohistory.com

at low frequencies. With the tube
connected, the response is given by
curve A, and varies only a few db
from 45 to 10,000 cycles. The curves
of Figure 3 show the frequency re-
sponse of the microphone for a con-
stant pressure applied over the surface
of the diaphragm. The response when
the microphone is used as a sound
pick-up i1s somewhat different due to
the distortion of the sound field caused
by the microphone and because the
sound pressure over the surface of the
diaphragm 1s not uniform nor in
phase at all frequencies. The response
was therefore obtained with the mi-
crophone placed in a sound field of
known intensity, and certain of the
results obtained are shown in Figure
4. The upper curve shows the calibra-
tion when the incident sound is per-
pendicular or normal to the dia-
phragm. The random incident curve
shown in the same illustration was
calculated from measurements taken
when the microphone was placed at
various angles to the direction of the

sound source. The response of the
microphone under most conditions of
operation will fall somewhere between
these two curves. The pressure
calibration of Figure 3 is also shown
with these curves for comparison.

A transformer is normally employed
to connect the microphone to a vac-
uum tube amplifier, and under this
condition the microphone delivers
about 10 db more voltage to the grid
than the condenser transmitter, which
was designed to operate at maximum
efficiency up to about 7,000 cycles. It
1s better adapted, therefore, for uses
where the source of sound is at some
distance from the transmitter, since
with the smaller amplification re-
quired, mechanical and electrical dis-
turbances—and amplifier noises in
general—may be kept at a relatively
lower level. A commercial form of this
instrument, in which are incorporated
the fundamental principles described
in this paper, i1s now being used for
radio broadcasting, sound recording,

and public address:

FEconomic Control ofé"{’ucz/z'ty of
Manufactured Product

The publication of “Economic Control of Quality of Manu-

factured Product’

by W. A. Shewhart, another text in the

Laboratories’ series, is announced by D. Van Nostrand Com-
pany. It is based upon investigations carried on by Mr.
Shewhart in the Laboratories to develop the most efficient uses
of statistical methods in solving problems that arise in the
quantity production of complex assembled products, such as in

telephone apparatus.

The material in the text was originally organized for presenta-
tion in the Qut-of-Hour course given by Mr. Shewhart. It was
later revised for use in a course of lectures presented by him at
Stevens Institute of Technology. The book outlines means of
effecting economies through the statistical control of the quality
of manufactured product in all stages from raw material to

finished article.
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P R I N O OO IOV OV PRV PPY

Adapting the Moving-Coil l\’licrophone

to Commercial Use

By L. W.

GILES

Transmission Instruments Engineering

ERTAIN of the basic ideas

underlying the moving coil

microphone were conceived
during the early stages of the develop-
ment of the telephone. As long ago as
1877 1t was suggested that the per-
formance of Bell’'s microphone could
be improved by making the dia.
phragm of non-magnetic material and
attaching to it a coil, preferably of
aluminum, arranged to vibrate in a
magnetic field. Such an arrangement
had several inherent advantages, but
at that time there were many obsta-
cles in the way of its accomplishment.
Besides certain fundamental difficul-
ties, pointed out in an accompanying
article* of this issue, which retarded

*A. L. Thuras, p. 314
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the early use of the moving coil micro-
phone, there was available at that
time neither the accumulated re-
search in acoustics nor the long ex-
perience in the design of transmission
instruments that have played such an
important réle in the production of a
moving coil microphone suitable for
commercial use.

Among the many desirable features
that could be secured by the use of a
moving coil are a uniform electrical
impedance and a constant force factor
over a wide frequency range, the ab.
sence of static force on the diaphragm,
and freedom from non-linear distor-
tion even at large amplitudes. Even
with these advantages obtained by the
adoption of the moving coil principle

AIR CHAMBER
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Fig. 1--Crosi-sections of the commercial microphone
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alone, however, the resulting instru-
ment would not be suited for high
quality reproduction of sound. To
secure the uniformity of response re-
quired to make a moving coil micro-
phone satisfactory over a wide fre-
quency range, 1t has been necessary,
in addition, to couple several acous-
tical elements to the diaphragm and
coil. The success of the present mov-
ing coil microphone is due, in a large
measure, to these supplementary de-
sign features.

The functions of these various ele-
ments are discussed in the article al-
ready mentioned, but the microphone
there referred to and shown in cross-
section differs somewhat from that
manufactured for commercial use. So
far as response characteristics are
concerned the differences are small,
but greater departures are evident in
the construction since one microphone
was a research model and the other
1s a commercial product. The major
features of the commercial micro-
phone are shown in the cross-sections
of Figure 1.

To avoid the necessity of using a
polarizing potential, a permanent
magnet of cobalt steel 1s employed to
establish the magnetic field in which
the moving coil vibrates. The proper-
ties of cobalt steel are such that the
size and weight of the magnet can

VALVE FOR REGULATING

/’
CENTER POLE PIECE

be reduced to a minimum and de-
magnetization practically eliminated.
Soft-iron  pole-pieces are employed.
The inner pole-piece is welded to the
central portion of the permanent
magnet and the outer one is secured
in - correct alignment by two pins
which fit into soft iron inserts in the
magnet.

The diaphragm is made of thin
duralumin and has a dome-shaped
center portion which extends to the
inner edge of the moving coil. This
stiffens the center of the diaphragm
and 1nsures that it will vibrate sub-
stantially as a plunger throughout
the frequency range of interest, The
moving coil 1s made of aluminum rib-
bon wound on edge. Varnish is em-
ployed both to insulate the turns and
to hold them together, and is also
used to fasten the coil to the dia-
phragm. The assembly is then baked
to drive off the volatile material and
to insure a rigid bond between the coil
and the diaphragm.

A perforated metal grid protects
the diaphragm from mechanical in-
jury, and a silk screen, which covers
the grid, aids in preventing dust and
particles of magnetic material from
accumulating on the diaphragm. Both
the grid and the metal housing which
encases the microphone are mnsulated
from both moving coil and diaphragm,
and form a shield
which may be con-
nected to ground

\SE_L\OiOF AIR SLOT ASSEMBLY
(AIR INLET [ ] (

|
MANOMETER AND
VENTUR) TUBE

FOR MEASURING
VOLUME VELOCITY

[RHWITH S

through one of the
three contacts in the
|| jack located on the
-~ back of the micro-
MANOMETER FOR .

measuring ack  phone housing. The
RRESSURE two outside contacts

in the jack, described

In an accompanying

Fig. 2— By the use of such a calibrating fixture the center slor article,* are connected

assembly can be adjusted to give the proper acoustic resistance

*B._I:eﬁvelink, 2. 323.
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to the moving coil. The locking device
on the jack, in addition to insuring
a positive contact, prevents the plug
from being acadentally withdrawn
while the microphone 1s in use.

As already pointed out, various
acoustic elements have been coupled
to the diaphragm to control the re-
sponse of the transmit-

The response characternistic ot a
microphone under the various con-
ditions of use encountered 1n sound
recording, broadcasting, and simlar
fields cannot be expressed by any one
response curve. Iiffraction of the
sound by the microphone, and the
angle of incidence of the sound wave

ter over a wide range 9 ° | [
of frequencies. Itis of @7 AN
course essential that & -80 m= J \%/m §
these elements be indi- 2 -es 060\1 91 }5‘{ A
vidually - adjusted to 290 0db=1VOLT (OPEN CIRCUIT) 30\ o\
within predetermined § o  PER BAR o H:]
limits. The transmit- &_ HH l l [I Il“ =
30 50 100 500 1000 5000 10,000 20,000

ter for commercial pro-
duction, therefore, has
been designed to facil-
itate making such ad-
justments prior to the
final assembly of the transmitter.

The details forming the center pole-
piece slot can be assembled as a unit
and its acoustical resistance measured
in a fixture represented n Figure 2.
When this resistance has been ad-
justed to the proper value, the unit is
screwed into the center pole-picce as
shown in Figure 1. The outer pole-
piece slot may also be tested by means
of the fixture represented in Iigure 2
and the adjustment of acoustical re-
sistance made before final assembly.
When this unit is assembled in the
microphone, acoustic leakage at the
base of the slot is prevented by a
rubber gasket that seats on a shoulder
on the center pole-piece and presses
against the ring forming one side of
the slot.

The third acoustical element used
for controlling the response of the
microphone consists of a metal tube
which, as shown in Figure 1, fastens
into the outer pole-piece and connects
the air space behind the diaphragm to
the air in front of 1t.

FREQUENCY IN CYCLES PER SECOND

Fig. 3—Response characteristics of the cominercial iicro-
phone for several angles of incidence of the actuating sound

affect the response of the mstrument
to a marked degree. These ettects are
represented in Iagure 3, which shows
the response for several angles of ap-
proach of the sound wave when the
microphone 1s placed in a sound field
of constant pressure. It will be noted
that these curves differ considerably
from that shown in the accompanying
article where the response of the in-
strument when subjected to a con-
stant pressure on the diaphragm is
given. The conditions most likely to
be encountered in the use of the mi-
crophone are such that the eftective
angle of incidence 1s generally between
o and go°. In the design of the moving
coil microphone for commercial pro-
duction, the various elements have
been adjusted, therefore, to give an
overall response characteristic which
is substantially uniform for an angle
of incidence approximately midway
between o and go°. In all cases, where
the microphone 1s to be used for
precise acoustic measurements, it
should be calibrated under the

[ 321 ]

www americanradiohistorv com


www.americanradiohistory.com

actual conditions of use, if possible.

By careful design, and selection of
materials, the new microphone has
been made practically independent of
variations 1n temperature, barometric
pressure, or humidity likely to be
encountered in its use. The tube intro-
duced to improve the response at low
frequencies inherently provides the
means for equalizing barometric pres-
sure, and all metal parts of the micro-
phone are protected from corrosion by
suitable finishes. In addition to free-
dom from effects of temperature,
humidity, and changes in barometric

compared on an equivalent basis, is
more efficient than the conventional
form of condenser microphone and,
unlike 1t, may be used at a consider-
able distance from its associated
amplifier. These features are of con-
siderable practical importance and, in
conjunction with the choice of mount-
ings provided, should enable the new
microphone to prove of great useful-
ness in a wide variety of fields.

A number of moving-coil micro-
phones of the type described in this
article are already in use and the re-
sults obtained appear to be very

pressure, the new microphone, when satisfactory.

“Proﬁtaé/_e Practice in Industrial Research’

PRESIDENT JEWETT contributed the opening chapter to a
book “‘Profitable Practice in Industrial Research” recently
issued by Harper & Brothers. It was prepared under the
auspices of the National Research Council and contains con-
tributions by distinguished men of science on the place of the
research laboratory in industry and on methods and practices
that have led to success in industrial research.

Dr, Fewett's account is entitled *‘Philosophy and Practical
Application.” He touches briefly on the nature and history of
research and explains the difference between the industrial re-
search laboratory and the university laboratory which he terms
the research laboratory’s senior partner. The main difference
between the two, he points out, is one of motive: the institution
in the university having as its objective the extension of the
realm of knowledge and the development of men trained in
scientific methods; the industrial laboratory of necessity directing
its activities to the solution of purely utilitarian problems.

In the same book Fohn Mills discusses methods for the selec-
tion of the Laboratory research worker and states that specifi-
cations for the man rather than for the job are paramount.
Citing the main specifications which from his experience are
applicable in the employment of college men for any industry,
he describes an interview method which reveals to the employer
the candidate’s mental aptitudes, preference and personality,
rather than stressing his technical ability which is easily ascer-
tained from his former instructors.
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NEWS AND PICTURES
of the Month

Making a periodic test of the 1,000 gallon electrically driven

pump. Fire Inspector William Wissel observes the pressure

vauges after the switch is thrown by W. C. Somers, in charge
of the power plant.

BUILDING'’S SAFEGUARDS GIVE
FIRE LITTLE CHANCE

BeLL TeLErHONE [.ABORATORIES en-
joys a very low fire loss, thanks to the
safeguards established b\ our alert and
enelgetlc Plant ])epartment and the co-
operation of all members of the Labora-
tories. Not only are great precautions
taken against the occurrence of fire, but
equally thorough preparations are made
for extinguishing any that may occur. In
addition to the safeguards provided by
the automatic sprinkler and alarm sys-
tems, fire doors completely isolate each
section of the building from its adjoining
section. Portable fire equipment is located
at convenient places and 1s periodically
tested to insure that it is readily available

in case of any emergency that might arise.
The watch dog of the sprinkler system
is the automatic head. When the air
temperature surrounding the head rises
above a specified maximum, a plug re-
leases and a spray of water is thrown
down uniformly over an arca approxi-
mately 14 feet in diameter. The heads are
placed at sufhcient distance apart so that
the entire area of a room is protected.
There are two tvpes of head in use in
the building. One is the fusible tvpe i
which the head operates by the failure of
a soldered strut which holds a glass plug
in place. In the second, a newer type, the
plug is held in place by a glass capsule
containing an expansible lquid. The ex-
pansion of this liquid at the danger tem-
perature bursts the capsule. In both
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types the failure of the plug support per-
mits the plug to be forced out by the
pressure of the water in the system.

In tanks on the roof of the main build-
ing 62,000 gallons of water are stored to
supply the automatic sprinklers. A similar
service is performed by tanks holding
15,000 gallons on the roof of Section “L”
for the sprinklers in the Sound Picture
Laboratories and others holding 12,000
gallons for sections “J”” and “K.” In case
of a severe fire these supplies could be
supplemented by water pumped by the
City Fire Department through outside
connections into the sprinkler system.
These Y-shaped outside connections which
project from the sides of the buildings on
each of the four bordering streets are
dubbed “‘Siamese” by the firemen.

Each section of the main building
shares with 1ts neighboring section a fire
standpipe. On each floor there is a valve
on the standpipe with a nozzle and
sufficient fire hose so that from two ad-
lacent standpipes complete coverage of
the area between i1s obtained. These
standpipes are supplied by a reserve of
3,500 gallons in a tank on the 13th floor

I'-'“rlll._ ey |

A sprinkler head with its glass capsule in
place.

roof. As in the case of the sprinkler system,
this supply may be reinforced by water
pumped through outside connections;
those which reinforce the sprinklers are
painted green; the standpipe connections
are painted red.

A further supply of water is provided
by an electrically driven pump in the base-
ment of Section “H”’ which can feed 1,000
gallons of water per minute into either
the standpipe or the sprinkler system.
It is supplied with City water from two
separate street water mains through a
special type water meter only permitted
on fire services.

The heads of the automatic fire alarm
system are distributed on the ceilings,
wired in closed circuits, and operate by
the failure of a soldered electrical con-
nection, due to high temperature. The
system i1s installed and maintained by the
Automatic Fire Alarm Company. Alarms
over this system are received at the main
office of the Automatic Fire Alarm Com-
pany which notifies the Fire Department.

There are several kinds of fire doors in
the building. One type 1s constructed of
corrugated iron plate fastened to an angle
iron frame. Another type consists of
several plies of wood completely clad with
sheet metal. Sull another type 1s the
hollow metal door filled with non-com-
bustible material. All the newer types of
these doors bear the Underwriters’ ap-
proval as evidenced by a metal tag per-
manently fastened to each door.

Outside of working hours every roorit
wn the building 1s visited each hour by a
watchman who carries a small circular
case containing a magneto which he plugs
into outlets placed at the various loca-
tions on each floor. The magneto sends a
current to a watchmen’s clock situated
on the 11th floor and perforations on a
large sheet of paper record the visits to
each station.

Fire protection falls within the duties
of the Plant Inspection Department and
is under the immediate charge of Messrs.
A. M. Nicholson and William Wissel.
Mr. Nicholson was experienced in in-
spection work for fire insurance companies

lit]
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Publication, has en]O\ed an unusually
successful season. Fifty-two men com-
peted in the progressive contract tour-
nament held last fall and eighty-four men
plaved in the special tournament on
January 11.

D.H.ANDREWS AND .. H.GERMER
ADDRESS COLLOQUIUM

Proressor Donarp H. Anbrews of
Johns Hopkins University spoke on
The Raman Spectra and the Chemical Bond
at the meeting of the Colloquium on
March 14.

In 1928 Raman observed that when a
beam of light is passed into a liquid, there
1s in addition to the radiation which
passes directly through, a secondary radi-
ation emitted from the light in all direc-
tions and due to the scattering of the
light by the molecules in the liquid. This
scattered light, Professor Andrews said,
when observed with a spectrograph gives
a group of rather sharp lines, displaced
from the wavelength of the unscattered
light by amounts which depend on the
structure of the molecules in the liquid.
These frequency differences correspond
in general to the frequencies in the infra
red region at which the different parts of
the molecule are vibrating. Such fre-
quencies are often observed as absorption
band in the infra red spectra.

Since this pattern of lines caused by the
scattered light is sharply characteristic
of the molecule causing it, it forms an
ideal means for qualitative identification,
the speaker brought out. By proper in-
terpretation of the different features of
the pattern, moreover, such features in
the structure of the molecules as double
bonds, rings, extra heavy atoms and the
like can be readily recognized.

At the meeting on March 28 L. H.
Germer described recent electron diffrac-
tion experiments. Pointing out that dif-
fraction patterns produced by the scatter-
ing of electrons by crystalline substances
offer a new means of studying crystal
structures, Dr. Germer mentioned that
although the diffraction patterns are often
similar to those of x-rays, they permit

experiments which cannot be made by

x-rays. Some of these experiments were
discussed by the speaker, such as the
determination of the size and orientation
of crystals in extremely thin foils and the
marked changes which are produced by
hammering and annealing; the examina-
tion of films existing upon metallic sur-
faces as a possible aid in the study of
corrosion and chemical catalysis; and
attempts to discern the nature of polished
surfaces.

CLUB ORCHESTRA PROVIDES
EASTER MUSICAL

A RICH AND entertaining Easter musical
was given by the Club Orchestra under
the direction of L. E. Melhuish on March
24 1n the Auditorium. Two of the numbers
on the program, compositions for soprano
solo by Gounod and Rodney, were sung
by Mrs. R. J. Podeyn, accompanied by
the orchestra.

The other numbers on the program
included Mendelssohn’s ““Priests’ March
from Athalia” and the Triumphal March
from “Sigurd the Crusader” by Grieg,
played by the Club Orchestra; and Liszt’s
“Liebestraum’’ played by a violin trio
consisting of R. J. Podeyn, M. H. Quell
and P. F. Hoyt accompanied by W.
Whitney at the piano.

ADMINISTRATION

Dr. JEweTT spoke on industrial re-
search at the annual dinner of the Engi-
neering, Architectural and Technical
Societies of Rochester on March 28. He
was welcomed to the City of Rochester
by Mayor Owen and introduced to the
audience by W. Roy McCanne, president
of the Stromberg-Carlson Telephone
Manufacturing Company. Following the
talk L. S. O'Roark gave a demonstration
which included speech and music charac-
teristics and vertical recording.

On the morning of the talk Dr. Jewett
was guest of honor at a breakfast given
by heads of various organizations in
Rochester. Those present in addition to
Dr. Jewett were Messrs. Bausch, Lomb
and Eisenhauer of the Bausch & Lomb
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Company, \WW. R. McCanne, J. P. Bovlan,
president of the Rochester Telephone
Company, L. S. O’Roark and D. G.
Blattner, who was in Rochester to set up
and oversee the operation of the vertical
reproducing equipment.

Following the breakfast visits were
made to various centers of interest in
Rochester and to the Bausch & I.omb and
Stromberg-Carlson plants.

H. P. CuariteswortH has been ap-
pointed a member of the Corporation of
the Polytechnic Institute of Brooklyn.

Dr. JEweTT, MRr. CHARLESWORTH and
General Patent Attorney J. G. RoBerts
attended the celebration of the opening
of the new Patent Office at Washington
on April 11. At a dinner held 1n the
Mavflower Hotel Dr. Jewett gave an ad-
dress “Modern Research Organizations
and the American Patent System.” An
excerpt from his remarks appears on
page 326.

AN INDUSTRIAL saga rises out of A. F.
Dixon’s career in the Bell System which
reached the thirty vear mark on April 29.
He came to the Clinton Street factory in
C|ll(dg0 as a young draftsman with some
experience on steam boiler work. He was
not without anxiety as to his fitness in
handling smaller telephone details but
was assured that a good draftsman would
soon accustom himself to the work.
Applying himself diligently to his tasks,
he undertook outside studies of the
mathematics involved 1n this new work.
Soon he achieved the reputation of an
expert draftsman, and was entrusted
with the design of various apparatus. He
was sent to New York in 1907 to work
under the late . B. Craft, at that time a
young man like himself who possessed a
remarkable genius in the design of intri-
cate apparatus used in telephone work.

In 1912 Mr. Dixon was placed in
charge of the printing telegraph develop-
ment. He supervised this work until 1915
and within this period the Western
Electric multiplex system was developed
and work on the start-stop system, one of
the basic features of Bell System tele-
typewriter service at the present time,

was alreadyv well under way. The multr
plex system was adopted by the Western
Union Telegraph ((;mpan} for use on
the most important ot their trunk lines.

In 1915 the first semi-mechanical ma-
chine switching installation was placed in
operation in Newark. It was the panel
type and the important panel bank had
been designed by Mr. Dixon while he was
still in Chicago. Shortly after the first
semi-mechanical systems went into opera
tion, Mr. Dixon was placed in charge of
further development. The program  of

A. F. Divon

full-mechanical switching was soon under
way and with 1t in the years that were to
follow came important features of the
panel system as we know 1t today—the
link and start circuits, decoder and refay
call indicator. These developments were
all carried on under Mr. Dixon’s super-
vision and guidance.

In 1919, with the addition of the equip-
ment and toll circuit groups, Mr. Dixon’s
department assumed practically its pres-
ent form in which it is responsible for the
Laboratories’ contributions to the feld
of telephone systems.

[v]
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Since 1928 his title has been Director
of Systems Development. While, as that
title indicates, Mr. Dixon’s activities have
increasingly become those of the organizer
and leader, he still retains the interest in
creative engineering which has placed his
name on sixty-seven patents.

PUBLICATION

Joun Miits and W. C. K. FarnELL
visited the Century of Progress, Chicago,
to confer on plans for the proposed Bell
System exhibit at the 1933 World’s Fair.

A DEMONSTRATION of the characteristics
of speech and music was given at Ro-
chester by .. S. O’Roark in connection
with Dr. Jewett’s talk.

P. B. FinprLey described Western Flec-
tric airplane radio equipment before
members of the Princeton Club of New
York on March 22. By means of an air-
plane receiving set the audience listened
to the beacon signals and weather reports.

On March 25, Mr. Findley addressed
the Science FKorum of the Unitarian
Church of Flushing, on “Sound Pictures
in Education.” A number of the educa-
tional films prepared by E. R. P. I. were
shown with one of the recently developed
16 mm. sound picture projectors.

RESEARCH
TransmissioN INSTRUMENTS

EquirmMENT FOR the demonstration of
vertical recording at a talk given by J. E.
Otterson, president of ERPI at Hotel
Astor was set up by D. G. Blattner, H. B.
Ely, W. Kalin and T. C. Sedgwick. The
occasion was a luncheon held by the New
York Electrical Association. The richer
tonality and increased volume of the new
recording were compared with tones from
phonographs of 1918 and 1925. Mr.
Blattner was also at Rochester during the
month for a similar demonstration given
in conjunction with Dr. Jewett’s talk.

W. C. Jones and L. W. GiLEs visited
Hawthorne for conferences on trans-
mitters and receivers. With N. Blount
Mr. Jones also visited Washington where
they discussed with Naval engineers

problems concerning telephone equip-
ment for the U. S. Navy.

AN ADDRESS The Recording and Repro-
duction of Sound was given by H. A.
Frederick before the Morris County
Engineers at Mountain Lakes.

CueMmicar LABORATORIES

Accomraniep BY H. H. Glenn of the
Apparatus Development Department, C.
S. Fuller visited the Northern Electric
Company’s plant at Montreal in connec-
tion with development of enameled wire.

ImpROVED APPARATUS for micro-electro-
analysis is described by B. L. Clarke and
H. W. Hermance in the Journal of the
American Chemical Society for March.

S. O. Morcan and A. H. WHITE have
an article The Dielectric Constant and
Power Factor of Rosin Oil and Ethy!
Abietate in the March Journal of the
Franklin Institute.

ELEcTrO-OrricAL RESEARCH

H. E. Ives spoke on Pictures in Relief
before the Physics Club at the University
of Pennsylvania.

TransmissioN RESEARCH

S. A. ScHELkUNOFF visited Mass-
achusetts Instite of Teclinology to inspect
the differential analyzer developed by
Vice President Bush of the M. I. T.
faculty. Mr. Schelkunoff has an article
Complex Numbers in Elementary Mathe-
matics n School Science and Mathe-
matics for March.

AcousTical. RESEARCH

AcousTtic TEsTS in the Academy of
Music in Philadelphia have been made
by H. Fletcher, J. C. Steinberg, W. B.
Snow, A. R. Soffel and K. E. Hammer.

Rapio anp Vacuum TuBE

IN THE FaraDAY Society Transactions,
Volume 28, there is an article T/e Use of
Thermionics in the Study of Adsorption of
Vapours and Gases by J. A. Becker which
is contributed as part of a symposium on
the adsorption of gases by solids.

T. R. GrrrriTH of the Tube Shop com-
pleted twenty years of service on April 29.
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A PAPER describing experimental stud-
1es of the virtual heights of the Kenellv-
Heaviside layer, by J. P. Schafer and
W. M. Goodall of the Deal Laboratorv,
was presented at the annual convention
of the Institute of Radio Fngineers at
Pittsburgh.

INSPECTION ENGINEERING

O~ arriL 9, W. A, Shewhart sailed for
.ondon, bingland, where on May 3, s,
and 6 he will deliver by invitation of the
University of London a course of three
lectures on The Rile of Statistical Method
in  Industrial Standardization.  While
abroad, Dr. Shewhart will confer with
some of the leading authorities in the
hields of statistics, economics, and stand
ardization both in Fingland and on the
Continent. He has recentlv been elected
a lellow in the Roval Statistical Society
of Great Britain.

H. A~person visited Fast Pitts-
burgh in connection with a quahity survey
on rectifiers and engines at the plantof the
Westinghouse Flectric and Manufac
turing Company.

R. M. Moobvy, in company with A. |.
Boesch, Field f.ngmeet, Phlladelplna
was at Richmond, in connection with an
engineering complaint on step-by-step
relavs.

.. G. Hovr visited the warehouse of
Electrical Research Products Incorpo-
rated, Chicago, on current problems.

(;. Garsicz, Field Fngineer, Los
Angeles, visited Anaheim and Fontana,
California, on field engineering work.
H. W. Nylund, Field FEngineer, San
Francisco, made similar trips to Seattle
and Portland.

\ QuaLity survey on 600-A Trans
mitters was attended by L. G. Hovt and
. H. Betts at Hawthorne.

H. K. DobGE gave a short discussion on
Use of Graphical Charts in Controlling
Quality of Manufactured Products betore
2 meeting of the Management Division
of the American Society of Mechanical
I ngineers held at the E .ngineering Socie-
ties Building in New \ ork on April 6.

H. I'. Kortagver's career in the Bell

Svstem passed the thirty-five year mark
on April 6. Part of this time was spent
in Furope where he was a member of the
Commission which made the prelimimary
survey for the Paris to Strasbourg toll
cable, one of the first in Europe to be
equipped with telephone repeaters. H
pertormed a similar service in 1920 In
connection with the Stockholm-Gothen
burg cable in Sweden. kollowing the
survev for the Swedish cable he was in

H. F. Kortheuer

both London and Stockholm as equip-
ment engineer of the project during the
manufacture of the repeaters and as-
sociated equipment and during therwr
subsequent installation.

Mr. Kortheuer also supervised the
manufacture of repeaters after the com-
pletion of the first transcontinental line
when there arose a demand for repeaters
in other long toll lines. At that time the
Hawthorne plant was not in a position to
manufacture repeaters so thev were made
by Fngineering Department in New York,
about §oo being manufactured under
Mr. Kortheuer’s direction. At about this
time he was also associated with carrier
development program, then in its early
stages.

Following his activities in Furope which
extended from 1919 to 1923 he became a
member of the Inspection kngineering
Department where he has since worked
on survevs of Inspection Methods and
Quality of Manual and Toll Equipment.

[Vll‘
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APPARATUS DEVEIOPMENT
SreciaL Proprers Desion

T. k. SnEea was in Washington to make
preliminary arrangements for the S. M.
P. F. convention to be held there in May,
He also visited the Bureau of Standards,
and Commerce and Navy Departments
while in Washington.

Rapio DeveELorMENT

Accomraviep By E. W, Thurston of
the Western Electric Company and O. F.
Richardson of the Graybar Electric Com-
pany, F. W. Cunningham visited Station
WAPI at Birmingham, Alabama.

J. C. HerBER inspected the 1-kw radio
telephone  broadcasting  equipment  at
station WISN owned ‘hy the Evening
Wisconsin Company at Milwaukee. He
also inspected the so-kw radio telephone
broadcasting equipment recently installed
for the Columbia Broadcasting System at
Wayne, New Jersey.

A sugvEey for the installation of a roo-
watt radio transmitting equipment and
associated speech input equipment for the
Independence  Broadcasting  Company,
station WHAT, at Philadelphia was made
by F. H. Mclntash.

0. W. Towxea visited Los Angeles to
inspect stations KRKD and KFAC
owned respectively by Daltwons, Incer-
porated and the Las Angeles Broadcasting
Company. He was alsa at Phoenix,
Aruizona, to inspect the radio telephone
braadcasting equipment owned by the
RTAR Broadcasting Company.

THE INsTALLATION Of 4o0-watt radio
telephone equipments. for the Police De-
partment of New York City at stations
WPEE and WPEF located respectively
m Brooklyn and the Bronx, were -
vised by B. R. Cole and W. P, Fm
These stations are now in on in
conjunction with Station W the
rooo-watt Western Fleceric transmirter

plane were overhauled at the Prare &
Whitney factory.

A k. Docan, of the Whippany Lah-
oragsory, in his capacity as Hanover Town.
ship commitweeman, made the first call
through the new comman battery switch-
board recently cut ower at Whippany,

ATt Somervitie, Massachusetts, ¥, H.
Mclntosh supervised the mstallation and
test of a 4oo-watt radio telephone trans-
mitter for the Police Department.
Eighteen automobiles and twa traffic
posts are equipped with receivers. One of
the latter effected the capture of counter-
feiters, three minutes after they had
dashed from a store where the spurious bill
had been detected. Abour forey “alarms™
are sent oyt by radio, many of them hav-
ing been recejved over the palice tele-
typewriter network.

Sounp Pictuke Lasoratory

J. Cravrree and W. Hexkriorr visited
the Eastman Kodak Company and the
Bausch & lLomb Optical Company in
Rochester to gonfer on a8s0-
ciated with the recording of sound on film.

F. L. Huvr was at the Buresu of
Standards in Washington.

TransMIssION ApPaRATUS
W. J. SHackeLmon went to the Burcay
of Standards in Washington in connec-
tion with the determination of new and
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Mechanical Springs of the American
Society of Mechanical FEngineers, of
which he is chairman, held at the Society’s
Headquarters in New York.

H. N. Van Deuse~ and J. M. WiLsox
visited the Western Electric Company at
Hawthorne in connection with phenol
fibre problems.

H. L. Covy~E was also at Hawthorne
on corrosion studies of wound apparatus.
Mr. Coyne and C. W. Bowler visited the
13th Street Fxchange in connection with
this work.

I'. k. Luvcas spoke on high power
photomicrography, both with visible and
ultra-violet light, in an address before the
District of Columbia branch of the Sigma
Xi at Washington.

Maxual, APPARATUS

Ix connecTion with the development
of a new jack and jack-panel for use with
a combined test and cable terminal, J. k.
Baldwin and P. Neill visited the trial of
cable carrier equipment which is being
conducted by the Laboratories in the New
Jersev Bell Telephone Company office at
Morristown.

H. T. MarTi~N visited Hawthorne for
discussion of new types of telephone sets
and telephone station appliances. On
April 22 Mr. Martin completed twenty
vears in the Bell System.

Forrty-oNE MEMBERs of Mr. Martin’s
organization held a dinner and sociable

evening at the Elks’ Club in Union City,
New Jersey. After dinner, bowling and
other games were enjoyed for the re-
mainder of the evening. The affair was
in charge of a committee consisting of
S. T. Curran, R. W. Davis, D. H. King,
F. Lohmeyer, W. J. Means and J. M.
Peabody.

F. R. McMu&kry visited the Teletype
Corporation in Chicago for a discussion
of development problems on printing tele-

graph apparatus.

Diar APPARATUS
H. F. Dossin visited Hawthorne for
conferences on new dial developments.
C. I. BAKER was twenty years a mem-
ber of the Bell System on April 1.

M. E. Seacer rounded out twenty
vears in the Bell System on April 22.

SYSTEMS DEVELOPMENT
EoQuirmenT DEVELOPMENT

[N AN ENGINEERING advisory capacity
J. R. Stone attended the installation n
Louisville of centrifugal exhausters for
pneumatic tube systems in the new toll
office.

J. H. SorE visited Lvnn and Boston 1n
connection with the development of 1m
proved voltage regulators.

ToLt

Tests on teletvpewriter switching de-
velopments were conducted by A. B.
Dickinson and R. A. Vander Llppe mn
Atlantic City.

R. I.. Casg, G. C. Crawrorp and
M. R. Kreist were at Princeton to ob-
serve the operation of the return loss
measuring equipment which is being used
there in connection with the B-88 cable
circuit tral.

R. A. Braper spent a week in Picrs-
burgh, observing the performance of a
new remotely-controlled test panel for
testmg and ad]ustmg toll-line signalling
circuits.

H. 1. Romxes in Chicago, inmtiated a
series of tests on the stability of long toll
cable circuits.

DEVELOPMENT

Locar CextraL OFFICE
THE THIRTIETH Service anniversary of

J. A. Frey occurred on April 27. He is in

F. A. Frey

[1x]
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charge of the power supply for the Local
Systems laboratory.

His first work with the Western Electric
Company was in the cable department
where he worked nearly four years. He
was engaged in switchboard installation
for more than ten years, working chiefly
in the New England Territory for the
Western Electric Company. He came to
the Engineering Department to perform
layout work on high frequency bridges.

In 1922 he transferred to the Local
Svstems laboratory where he was largely
engaged 1n wiring circuits of new or
changed design for engineer’s test. Lately
Mr. Frey has taken over charge of power
supply for the wiring laboratory.

J. L. Dow completed twenty-five years
with the Western Electric Company and

¥. L. Dow

Laboratories on April 28. As Laboratories
Engineer for the Local Systems Depart-
ment he is in charge of laboratory analysis
and testing, of the determination and
compiling of apparatus requirements for
central-office maintenance, and of com-
pilation of Bell System practices. He was
graduated from Kansas State Agricul-
tural College in 1906 (B.E.) and started
on the student course at Clinton Street,
Chicago, shortly thereafter.

After being successively associated
with the equipment engineering on central
office apparatus, non-associate sales engi-
neering, and returning to equlpment
engineering, he came to New York 1

1916. He worked on the development of
manual circuits until 1919 when he was
assigned to panel dial system develop-
ment. Soon afterward he was placed in
charge of the testing of step-by-step
circuits and later panel circuits.

Mr. Dow became Laboratories Engi-
neer in 1921. The Laboratory group of
which he is in charge analyzes from the
standpoints of manufacture, installation
and operation, all circuits and systems,
proposed by the Local Systems circuit
design group and tests out these circuits
under the most stringent conditions of
actual operation.

INn 1913 E. H. CLaRrk, at that time an
equipment engineer at Hawthorne, came
to New York to work on the development
of circuits for machine switching. The
next year he took part in testing the first
semi-mechanical installation in Newark.
When the plans for the Metropolitan toll
semi-mechanical tandem office were pro-

jected, he was assigned to the develop-

ment of circuits and had a prominent part
in the ultimate circuit design for that
office which was cut into service in 1920.
Associated closely with this project was
the development of circuits for the relay
call-indicator and later the key-indicator
circuit, with both of which he was closely

E. H. Clark

1dentified. This work stands out promi-

nently in Mr. Clark’s career in the Bell
System which reached the twenty-five
year mark on April 1.

[x]
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On the Metropolitan toll project he

also had an active part in the design of

test circuits for senders. During the war
period he spent some time in Pittsburgh
expediting the completion of much needed
equipment. He has 46 patents to his
credit, mostly related to machine switch-
ing systems. At the present time he is
a member of the I'undamental Develop-
ment group.

Forry vEArs of service in the RBell
Svstem were completed by E. R. Lundius
on April 1.

Mr. Lundius is supervisor of one of the
groups handling Manual Development

E. R. Lundius

work. Extensive experience with several
operating companies as well as nearly a
score of vears devoted to engineering
activities ably fit him for this work. He
worked as cable tester with the former
New York and New Jersey Telephone
Company and on switchboard mainten-
ance for the New York Telephone Com-
panv. In 1905 he became division wire
chief in the San Joaquin division of the
Sunset Telephone and Telegraph Com-
pany. Later he was wire chief of the
Inland Division of the Pacific Telephone
and Telegraph Company and Equipment
Superintendent in Portland, Oregon and
Seattle.

In 1914 My. Lundius returned east to
the Engineering Department of the New
York Telephone Company. The tollow-

ing vear he became associated with the
then Engineering Department of the
Western Electric Company and since has
been chiefly occupied with Manual Sys-
tems engineering.

O~ tHE occasion of W. L. Dodge’s
twenty-htth anniversary in the Bell

N
>

. L. Dodge

System, a biographical note in the
Recorp for November, 1931, concluded
with the hope that he might be restored
to health and soon rejoin his associates in
the [Laboratories. The hope was not to be
realized; Mr. Dodge’s wvitahity slowly
ebbed and his death occurred on April 7.
Sincere regret at the passing of a friend
1s mingled with gratification that he was
permitted to see the successful outcome
of so many of the projects to which he
contributed in the field of circuit develop-
ment for dial systems.

COMMERCIAL SERVICE

ComMERcIAL sErVICE Manager K. B.
Dohertv completed his twentv-fifth vear
in the Bell Svstem on April 1.

On entering the employ of the Western
Electric Company he worked on Material
Inspection and shightly more than a year
later he went to the Records Division
where he helped to institute the first engi-
neering filing system. For a number of
years he was associated on special work
with the late E. B. Craft and during the
war pertod he was at New London on

[xi]
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production work for the submarine de-
tection program on which the Western
Electric Company was concentrating a
large part of its energies at that time.
Following the war he was given charge
of the Central Office Files and later the

K. B. Doherty

Ofhce’ Service work including mails, tele-
graph and messengers was added to his
supervision. In 1926 he assumed his
present duties as Commercial Service
Manager in charge of commercial activi-
ties associated with engineering projects.

PATENT

IN CONNECTION WITH various patent
duties during the month E. W. Adams
visited Atlanta, Richmond and Washing-
ton; T. P. Neville was in Washington;
and A. G. Kingman was in St. Louis,
Indianapolis, Kansas City and Chicago.
Mr. Kingman also attended a hearing

before the Examiner of Interferences in
Washington.

AT a paTENT Department luncheon
during March, H. A. Burgess spoke on
new developments in carrier transmission.

J. J. Hart was admitted to the New
York State bar on March 3.

PLANT SHOPS

O~ arriL 10, Otto F. Vollheim of the
Development Shop completed his thirtieth

Otto F. Vollheim

year in the Bell System. For the Western
Electric Company Mr. Vollheim worked
on the assembly of relay coils and the
inspection of deskstands. In 1914 in the
Model Shop he assembled coils and later
transferred to work on the heat treating
of steel. Recently he has been placed in
charge of the work of impregnating coils
in the Development Shop.
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Mountings, Connectors, and Amplifier for

Moving-Coil Microphone

By B. LEUVELINK
Special Products Design

ITH the advent of broad-
casting and sound pic-
tures, a need arose for a

microphone of high efficiency and
good response. It was met by the con-
denser microphone which for a num-
ber of years has been used with
success. Because of its high imped-
ance, however, the condenser micro-
phone required an amplifier very close
to its terminals. Although the ampli-
fier designed, already described in

the Recorn*, was of very small di-
mensions, it was large enough with
the microphone, to be not entirely
satisfactory for certain sound picture
uses. Development work was under-
taken, therefore, to secure a micro-
phone which, by not requiring an
amplifier immediately adjacent to it,
would be smaller and more readily
handled.

As a result of this work a sensitive,

*BeLL LaporaToriEs RECORD, Furne, 1928, p. 324.
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Fig. 1—The new moving coil microphone,
known as the 618-A, is only some three
inches in diameter

high-quality ~ microphone of the
moving-coil type has been developed
and 1s now available for use. As al-
ready pointed out in the REcorp,*
its impedance 1s low enough so that
1ts amplifier may be located at some
distance from it. This leaves only the
microphone itself which, with “its
small diameter, permits a maximum
of concealment in
sound-picture sets.
Since the new micro-
phone may be used for
broadcasting and pub-
lic address, as well as
for sound-pictures, a
variety of mountings
had to be provided. In
motion picture studios
the microphone 1s usu-
ally suspended from an
adjustable boom and
for this purpose a sus-
pension mounting was
designed. A simple
ring-clamp holds the
microphone firmly in
place and permits it to

*BeLL LasoraTOriES REC-
ORD, 2. 319.

be raised or lowered to the desired
position by the boom. The clamping
ring is supported by trunnions so that
the face of the microphone may be
tilted to any vertical angle desired,
and by rotating the support on the
shaft of the suspension eye any de-
sired horizontal angle is readily ob-
tained.

For broadcasting and public-ad-
dress systems 1t 1s ordinarily required
that stands for either floor or table
mounting be supplied. The accom-
panying photographs show the appa-
ratus provided. In both of these
stands the clamping ring 1s attached
to the upper end of a short shaft that
slides into the top of the stand. These
upper sections, or heads, are alike for
both types of stand: a feature which
1s expected to be desirable since 1t
permits quickly transferring a micro-
phone from one type of stand to the
other. In neither of the mountings 1s
provision made for tilting the micro-
phone.  Although the suspension
mounting 1s intended primarily for

Fig. 2— Stands have been provided for both floor and table
mounting. R. L. Hanson is demonstrating the equipment in
the Sound Picture Laboratory
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sound-picture work
and the other two
supports for broad-
casting and public
address, any of the
forms provided may
be employed wher
ever they seem most
suttable.

Because of the low
operating level of the
circutt, which under
extreme conditions
may be in the neigh-
borhood of -go db,
and of the low 1impedance ot the n-
strument, a_very high grade contact
is necessary at the detachable con-
nection between the microphone and
the amplifier. To provide 1t, a spe-
cial plug and jack were developed.
Three contacts are required so that
the plug is equipped with three flat
prongs, each of which hts between
double clips in the jack. Positive con-
tact is obtained by applying heavy
pressure through a cam lever on one
side which fits snugly ;11011g the side
of the plug in the closed position. The
construction is shown in Figure 3. One
of the jacks is arranged for htting
directly on the back of the mluophone
and a plug 1s mounted on the ampli-
fier designed for use with the micro-
phone. A cord with a jack on one end

Fig. 1 L poriant accessory of the new
microphone is a plug and jack in which the
contact pressures are high

Fig. 4—The amplifier, but seven inches high, may be either
mounted on a rack or used as portable equipnient

and a plug on the other is used as the
connecting hnk.

The amplifier, shown in the accom-
panying ph()rog'uph was designed
principally to permit field trials of
the new microphone under sound-
recording and  broadcasting  condi-
tions. Although the amphher was
proposed primarily as a portable unit,
brackets have been provided which
allow 1t to be mounted on a rack
where that method 1s preferable.
Under these conditions 1t 1s held mn
place by only two screws so that it
may quickly be removed and carried
to other locations for temporary use.
A back cover pumlts ready access to
the interior ot the dmpl]hel and
front cover 1s ploded for p]orectlon
when the dmphhu 1S bemg carried.
A handle used for carrying the amph-
fier drops below the top of the box
when not in use. This permits the
amplifiers, when mounted on a rack,
to be placed one above another with a
minimum of space. In addition to the
jack for the connection from the
mluophone the amplifier 1s PIO\’IdCd
with a six-conductor plug for the
power and speech output circuit,
Soldering terminals are also provided
for use when the amplifier 1s perma-
nently mounted on a rack.
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Two stages of resistance- coupled
amplification are provided. A six or
twelve volt battery is required for
the filament, and a 135 or 200 volt
battery for the plate supply. The
amplifier has a gain of 45 db and is
intended to work from an impedance
of 25 ohms into either a 5o or 200 ochm
balanced circuit.

This new microphone with its high
quality and small size, and with its
variety of interchangeable mountings
should prove a valuable adjunct to
sound picture studios. For all broad-
casting and public address purposes
1its advantages in size and quality
would seem to predict a widespread
use.

The Patent System

“Thanks to the workings of the patent system, there has been placed
in the hands of our people, during this past century and a half, a vast
array of new tools. For the most part labor saving in character, these
100ls have enabled a new and relatively sparse population to subdue
and develop a wilderness and at the same time to do it under condi-
t1ons which have raised the average standards of living and enjoyment
of life to heights far beyond anything theretofore conceived possible or
elsewhere obtained. That we have not always in the past and are not
now utilizing the things of our creation to the maximum advantage of
the people in the maltter of greatest happiness, contentment or release
from drudgery, is no basis for valid criticism against the patent system
or its continued maintenance. Rather, it is an indictment of our rate
of progress as human beings in our social and political relations as
regards the elements of greed and avarice, of lust for power, and of a
just regard for the common decencies of living together.

“In this respect our urgent problems of the present and the future
are not concerned with stopping or diminishing the flow of new things
into the current of life’s activities, but are rather the problems of find-
ing the best way of utilizing these things and of distributing the benefits

of that use to the best advantage of all our citizens.

To e the idea

that there should be a holiday in scientific research, in the quest for
new and useful applications of science, or a weakening of the forces
such as those which result from the urge of our patent system, as many
now urge, is an abhorrent thought. Instead I would seek to stimulate
increase of activity, since to me there is nothing repugnant in the idea
of a goal which has for its aim the minimum of human drudgery and
the maximum of human enjoyment in living. To me the great prob-
lems ahead are the problems of so distributing the benefits of our human
ingenuity and of so educating people in the profitable use of these
benefits and of the time salvaged from the mere daily operation of
securing food, shelter and raiment, that the sum total of our effort will
be a happier world for our descendants than the one we now know.”

—From an address by Dr. Jewett at a dinner celebrating the
opening of the new United States Patent Office.
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The Service ot Analytical Chemistry

to Research

By B. I.. CLARKE
Chemical Research

SAMPLE of a supposedly novel
and useful product was re-
cently submitted to the Ana-

lytical Division of the Chemical
Department for their opinion as to its
value. It is common for new com-
mercial materials to pass under the
hopeful scrutiny of the Laboratories,
and nearly always a chemical analysis
is the first step taken. After careful
examination the analyst reported that
the material, far from being a new
discovery of extraordinary properties,
was in fact an exceptionally low grade
product, not only greatly inferior to
that in use by the Bell System but
possessing strong potentialities of haz-
ard. Analysis revealed a chemical
composition failing entirely to confirm
the extravagant claims made for it.
Thus it came about that a relatively
simple chemical analysis saved the

System the bother and expense of
elaborate service tests.

While such clear-cut instances are
not frequent, it is nevertheless true
that analytical chemistry 1s indispen-
sable to research and engineering in
its continual checking of the compo-
sitions of materials. IFor composition
1s an important factor in determining
performance, and satisfactory per-
formance 1s the goal of all our efforts.
As the number of different materials
in the telephone plant is enormous, so
also 1s the diversity of types of deter-
mination the Analytical Division 1s
called upon to perform. There are
few things one could mention that
have not been submitted, at one time
or another, to these Laboratories’
analysts. The following list, selected
at random, 1s illustrative of this di-
versity, though far from exhaustive:
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alloys of every type, oils and waxes,
phenol plastics, textiles and paper,
paints and varnishes, atmospheric
dust and gases, adheswes acetone-air
mixtures, corrosion products, water,
soaps, woods, milk, ink.

The importance of accurate chemi-
cal analysis to research will be mani-
fest to the thoughtful engineer. The
composition of a material is like the

SUPERVISOR
METHODS GENERAL
DEVELOPMENT ANALYTICAL MICROANALYSIS
AND RESEARCH LABORATORY

Fig. 1—The organization of the Analytical
Chemical group

finger-print of a man: a nearly infal-
lible means of identification and classi-
fication. Chemical constitution otfers
the most practicable means of corre-
lating new knowledge of the perfor-
mance of materials with previously
discovered knowledge.

A magnetic alloy of definite elec-
trical specification is required, for ex-
ample. The engineer refers to a graph
showing the desired properties plot-
ted against composition— the concise
summary of, it may be, years of re=
search. He selects the suitable com-
position and has his alloy made up by
the metallurgists. At every point here
composition 1s the medium, the univer-
sal language, that links the several
steps of the project and makes pos-
sible their synthesis and successful
culmination. Without a knowledge of
the composition of magnetic alloys,
this almost routine project would be-
come a research of major proportions.

Adequate recognition of the im-
portant r6le played by analytical
chemistry in industrial research has

not always been accorded. Neither
has it been universally realized that
the technical skill required for the
proper performance of any save the
most perfunctory of analytical opera-
tions 1s comparable with that required
elsewhere in research. Laboratories
otherwise soundly conceived some-
times use an analytical method dis-
carded by analytical specialists a
decade ago; and entrust to an in-
experienced laboratory assistant an
analysis that may be the most mo-
mentous step in a research expensively
prosecuted by doctors of philosophy.
Where research on new analytical
methods has been unavoidable these
specialists 1n other fields have been
compelled to undertake it, resulting
always in costly detours ﬁom their
main interest and often in the publi-
cation of analytical methods inex-
pertly devised.

If the analyst has suffered thereby
from loss of dignity, research itself
has been equally the sufferer from
loss 1n efficiency. It is seldom indeed
that when a new material, such as an
alloy hitherto unknown, is submitted
for analysis, a method can be found in
the literature that is applicable with-
out modification. As the divergencies
from standard compositions in new
materials developed by research may
vary from slight to profound, so
varies the investigatory skill required
of the analyst who is called upon to
adapt or develop his methods. The
expert and versatile master of modern
analytical chemistry unquestionably
deserves a status parallel with that
of other research workers.

In the modern science of analytical
chemistry are properly included not
only the classical separations and sys-
tematic analyses familiar to most from
undergraduate years, but also many
novel methods which utilize tools un-
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Fig. 2 The General Analytical Laboratory performs those analyses which do not
require extensive ise of special methods

Fig. 3—The balance is an indispensable adjunct to much quantitative analysis
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known or unperfected in the days of
the pioneers. Microanalysis, for ex-
ample, reduces the scale of all opera-
tions and strives to extract from a
minute sample the largest possible
amount of analytical information.
Electrometric analysis applies electro-
chemistry in various ways to analyt-
ical problems. Spectrometry deter-
mines small traces of impurities by
measuring the intensities of their
spectra. Polarimetry permits the ac-
curate determination of a class of
organic substances whose solutions
rotate the plane of polarized light.
Nephelometry measures the turbidity
of a liquid caused by suspended par-
ticles of other substances. In an up-
to-date analytical organization there
must be, in addition to skilled “old
line” analysts, experts in the tech-
nique and theory of all these newer
methods and of many others.

The Chemical Department for sev-
eral years past has been making in-

tensiveetforts toincrease theefficiency
of its Analytical Division so that
analytical chemistry might perform
its full service to research. The ana-
lytical unit in a research organization
functions at maximum efficiency only
when itisable to carry out all required
analyses with the desired precisions
at the maximum speed. Continually
closer approach to this ideal is the
prime objective of the Chemical
Department.

There are, however, two supple-
mentary objectives which are im-
portant: performance of fundamental
research in analytical chemistry; and
acting as a liaison agency for assisting
groups outside the Chemical Depart-
ment, and therefore presumably
without detailed chemical knowledge,
to make contacts conducing to the
efficient service of chemistry to gen-
eral research in communication. This
latter function is based on the con-
viction that many entirely unneces-

Fig. 4—A corner of the microanalytic laboratory
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sary analyses are per
formed when an an-
alytical division con-
ceives itself as merely
an uncritical service
unit. Our Analytical
Division, therefore, o
welcomes  opportuni- Sy v
ties for consultation

with engineers who

wish analytical work

performed but are not

certain exactly what

should be done. In re-

porting the results of

Lot LABO® Y

cace wo, 34474
“ATENE SUBMITIED
CEMIGNATION
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REQUEST FOR CHEMICAL ANALYSIS

oare 13/1/31
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mpt t wver t

it re anical properties.

analytical WOI‘k, ]t 21180 | HOW IS ANALYSIS EXPECTED TO CONTRIDUTE TO SOLUTION OF PROBLEMT L o .

attempts to assist the
engineer in the inter- n
pretation of these data

in the light of his pe- |
culiar problem.

The work 1n funda- |
mental research which |
our Analytical Divi-
sion carries out s justi-
fied for two reasons.
It is frequently neces-
sary in order to per-
form a requested
analysis to develop a
suitable method. Usu-
ally a comparatively
slight modification of
an existing method is all that is re-
quired, but occasionally months of
research are called for. Furthermore 1t
sometimes comes about that, when a
method has been worked out for a
specific purpose, it is possible by
relatively slight extension of effort to
collect data of more general signifi-
cance. To neglect these opportunities
would constitute failure to acknowl-
edge the general responsibility for the
advancement of fundamental scien-
tific knowledge.

The organization of the Analytical
Division 1s outlined in Figure 1. The

L

oxveam e
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Pravison

Fig. s—The Request for Chemical Analysis is the formal
basis on which analytical work is undertaken

central unit is obviously the General
Laboratory, wherein are carried out
the majority of requested analyses.
The main function of the Methods
Development and Research group 1s
to supply the General Laboratory
with suitable methods for the work
they are called upon to perform. The
Microchemical group handles prob-
tems in which the sample available 1s
too small for macrochemical attack.
This work 1s highly specialized in both
technique and apparatus. It has been
our expertence that many of the
special laboratory techniques devel-
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Fig. 6—Electrometric methods of analysis are coming into increasing use

oped for microanalysis can be advan-
tageously applied to macroanalysis.
It happens sometimes also that, even
where a large sample is available, the
microchemical approach is more effi-
cient. This group is therefore charged
with the additional duty of surveying
the methods used in the general
laboratory with a view towards in-
corporating into them any micro-
chemical principles that will increase
their speed or permit a closer ap-
proach to the desired precision.

It 1s hoped in the early future to
organize a fourth group with the title
“Photometric Analysis.”” Under this
head can logically be included all
methods for determining composi-
tion—except direct visual observa-
tion—that utilize radiation as a tool.
Further classification might be made
on the basis of the particular portion
of the radiation spectrum employed.

Practically, however, ordinary and
X-ray spectrometry comprise the full
application that has been made of
radiation to analytical chemistry.

[t will be instructive to follow
through an analytical examination
from the origin of the request to the
final report. An engineer interested
in cable sheath finds that a new alloy
has unusual mechanical properties.
Hoping that a knowledge of com-
position will aid him in explaining
this observation, he prepares a “Re-
quest for Chemical Analysis.”” This
1s a blank form which when properly
filled out will not only give sufficient
information to enable the analyst to
make the actual analysis intelligently
but will also give him some knowledge
of the general research problem in
which his work plays a part. This lat-
ter 1s necessary 1f the analyst is to be
expected to regard his work as any-

[ 3321
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thing more than rou :
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the analyst who is to
do the work, heisgiven
a copy of the proper
method, which he
adapts to the problem in hand. At the
conclusion of the work he writes out
his report from which is prepared the
formal “Report of Analytical Lab-
Orator'y " for the engmeer malxmg the
Request.

This Report gives a suthiciently de-
tailed summary of the analytical data
together with a statement of the pre-
cisions of these data. The Report also
has a space headed "Conclusions and
Recommendations” in which is given
any supplementary information be-
lieved to be helpful to the engineer.

Copies of the Tentative and Stand-
ard Analytical Procedures are avail-
able to any interested engineer. The
preparation of these methods is the
special duty of the Methods Develop-
ment and Research group. kvery
effort is made to make them complete,
concise and unambiguous. Full state-
ments are given of any limitations in
the applicability of each method and
of the precisions attainable. These
precisions are arrived at by the Re-

Fig. 7

A complete description of the method to be pursued
1s furnished the analyst for each analysis he undertakes

search group, who make a suthciently
large number of determinations on
identical samples to permit the appli-
cation of statistical analysis to the
data. If, for example, the determina-
tion of antimony in standard cable
sheath 1s stated to have a precision of
+0.029%), this statement means
that on the average an antimonv
determination will have this degree of
certainty.

[t means this, however, only pro-
vided the analyst always carries out
the manipulations with care and skill.
Since carryving out the trequently in-
tricate operations of chemical analy-
sis with consistent care and skill
requires ability ot a high order, the
staff of the General Analytical Lab-
oratory must clearly be as alert and
proficient as in the more definitely
research divisions of the Chemical
Department. Theirs 1s a considerable
responsibility; for there are few places
where mistakes can be more costly
than in an analytical laboratory.
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A Portable Sound Meter

By T. G. CASTNER

Transmission Research

LTHOUGH the seriousness of
room noise in 1ts effect on tele-
phone service has long been

recognized, it is only in the last few
years that there has been a strong
public interest in the reduction of
noise in general. In studies both of
the methods of noise reduction, and
of the effects of noise on people—such
as interference with hearing, annoy-
ance, and influence on working effi-
ciency and health—measurements of
the amount of noise are highly im-
portant. Apparatus for such measure-
ments was accordingly developed by
the Laboratories. Employing an indi-
cating meter to obtain the advantage

[ 334 1
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of a visual reading, it measures noise
and sound in general, and has thus
been called a sound meter. The ap-
pearance of the sound meter, which is
arranged in two boxes, is shown by
the photograph at the head of this
article, and a simplified schematic
showing the relation of the principal
elements, is given in Figure 1.
Measurements of sound are made
difficult by the complex relationship
existing between the sensation known
as sound and its physical cause—pres-
sure variations in the air. The sound
meter is designed to receive these
pressure variations or waves, amplify
them electrically, and evaluate the
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characteristics of the corresponding
electrical wave, including 1ts fre-
quency composition, intensity, and
duration, so as to produce a measure
of the sound.

An electrodynamic transmitter,used
as the sound pick-up, converts the
sound into electrical energy of the
same frequency composition. A five-
stage amplifier with a calibrated gain
control 1s employed to raise the energy
level received from the sound pick-up
sufficiently to give a meter reading
at the lowest sound level for which the
meter is designed. Between the third
and fourth stages of the amplifier is
inserted the network used for weight-
ing energies at different frequencies
approximately according to their rela-
tive contribution to loudness, so that
the indication of the meter will cor-
respond, in general, to what is heard
by the average ear, and not merely to
the physical energy content in the
sound. A rectifier converts the ampli-
fied and weighted energy into direct
current for operating the indicating
meter.

Present data indicates that the ear
is most sensitive to sound at a fre-
quency in the neighborhood of 2,000
cycles; at either higher or lower fre-
quencies greater intensities are re-
quired to produce the same loudness.
Due in some measure to the way we

hear, this increase in intensity 1s dif-
ferent for each loudness level, and
experimental curves, showing the rela-
tive increase in intensity for frequen-
cies below 2,000 cycles at four dif-
ferent loudness levels, are given in
Figure 2. Zero loudness level for the
purpose of this work 1s taken as the

0
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Fig. 2—To produce the same londness,

sound must be increased in pressure inten-

sity as the frequency falls below 2,000 cveles.

The relationship at four loudness levels is

shown above. [evels are expressed in db

threshold of audibility at 1,000 cycles,
and other levels are given 1n decibels
above this level-—the level in db
being ten times the common logarithm

of the ratio of the in-

CALIBRATING SOUND [~ ——— ——=— — — -~ - - 777 " T T ] tensity at the level
RECEIVER  PICK-UP| s STAGE | tak to that at zer
1 A L Lo stace [ | taken to that at zero
WITH | [WEIGHTING AMZI;‘I;IER INBDAIEC_]-A;;NG [ level.
N R NG [ NETWORK (— — ' 1 1 f
CALIBRATING RECTIFIER | An inspection of the
I GAIN CONTROLS I .
curves of Figure 2

CALIBRATING

| C OSCILLATOR

Fig. 1—An oscillator and receiver, used for calibration, form
part of the equipment of the sound meter

shows that only at the
lower frequencies are
there large differences
between the various
curves. It seemed pref-
erable, therefore,
rather than to com-
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plicate the design and use of the
meter by employing a network ad-
justable for loudness, to select some
one of the curves of Figure 2 as a
basis for the design of the weighting
network. That for 40 db loudness
seemed to be the one that would be
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Fig. 3—Response of the ear to sounds of
short duration

most useful for general sound measur-
ing work. The network was designed,
therefore, to attenuate the received
frequencies in a manner complemen-
tary to the 40 db
curve of Figure 2.
Loudness data i1s not
at present available
for frequencies above
4,000 cycles so that for
this range the thresh-
old of audibility for
the average ear was
used as a basis for
the weighting curve.

After the complex
wave has been
weighted by the net-
work, 1t 1s rectified so
that the combined ef-
fect of the various
component frequencies
1s indicated by the
meter. Each compo-
nent frequency, of

course, has its own loudness level
but the ear does not recognize
these various separate levels but
rather a single level in which the
various components are combined in a
complex manner. The full-wave recti-
fier employed, of the copper oxide
type, 1s a square-law rectifier which
provides the best approximation to the
performance of the ear in combining
different frequency components that
can be obtained in a simple and port-
able device. The best available infor-
mation on the response of the ear to
sounds of short duration indicates
that the ear fully appreciates the loud-
ness of a tone lasting two-tenths of a
second or more. Loudness of tones of
shorter duration is a function of the
time during which the tone persists as
shown in Figure 3. The indicating
meter selected, therefore, is one that
gives a full deflection for sounds last-
ing longer than about two-tenths of a
second. It has a long, easily readable
scale calibrated over a range of
twelve db. The total noise level is the

Fig. 4—The battery box includes the calibrating equipment,
and has room for carrying the sound pick-up
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control
ampiiner

dial of the
plus the 1n
dication of the meter.
The gain-control dial
is calibrated in ¢ db
steps and in use is ad
justed so that the vari
ations in sound may be
read on the meter

Fhe sound meter is
calibrated to read in
db above a reference
level which 13 dehned
as a pressure of [ e /

yne per squar ntr-/
meter of a free pro
ressive wave at I,
cycles. (Chosen because i1t 1s definite
and easily reproducible by purely
physical measurements, this reference
level is approximately 10 db above th
threshold of audibility for the average
observer. This primary calibration is
made by placing the sound pick-up in
a free progressive wave of 1,000 cycles
at a point at which the pressure has
been determined from measurements
with a search tube condenser trans.
mitter previously calibrated by com
parison with a Rayleigh disk. By a
calibrating control on the amplitier,
adjustable with a screwdriver so as
not to be disturbed n use, the gain 1s
set so as to make the meter read the
level of the 1, cycle wave in db
above the refereice level.

The range of the meter is from
about 10 to 100 db above reference
sound level. Sound levels less than
1o db are rarely found except in very
quiet residences or in sound-proof
rooms, and levels greater than 1oo db
are almost painful. This 9o db range,
however, requires a high gain ampli.
fier. This high gain together with the
use of low-power tubes — necessary
because they must operate on dry

cells —has required a number of pre-

autions in the design of the amph
tier. To make the sound meter read
differences in level correctly, over-
loading of the vacuum tubes, and
feed-back between parts of the circuit
had to be made neglhgible. Sufficient
shielding had to be used to make the
effects of commonly encountered
electro-magnetic and electrostatic
fields of no 1mportance. Cushion
mountings were used for both the
vacuum tube sockets and for the
amplifier as a whole to eliminate
microphonic pick-up.

Although the sound meter amph-
fier 1s very stable electrically, 1t was
thought desirable to include as part
of the associated equipment, a means
of making an overall acoustic cali
bration in the field so that there will
be no doubt that the meter is operat-
ing properly. The apparatus for this
secondary calibration consists of a
stable type of telephone receiver, a
small 2,000 cycle oscillator for ener-
gizing the receiver with a known cur-
rent, and a means of coupling the
receiver to the sound pick-up in order
to produce a definite acoustic pressure
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on the pick-up. A small milliammeter
mounted in the battery box is used for
measuring the current applied to the
recetver, and by means of a key may
also be used to check the “B” battery
voltage. The arrangement of the
battery box 1s shown in Figure 4.
Before calibration, the filament
current of the amplifier must be ad-
justed to the normal value. A filament
rheostat is provided on the front of
the sound meter panel, evident in
ligure 5, and the output meter may
be used to measure the filament cur-
rent by the operation of a key. The
shunt associated with this meter is
designed so that with normal filament
current a mid-scale reading is ob-
tained. When the battery voltages are
within their normal limits calibration
once a day is sufficient for most work.
Experimental models of the sound
meter have been available for only
about a year but already a number of
important uses for the meter have
been found. In the Laboratories,
measurements of room noise in offices
and shops, noise produced by the
operation of machine switching dials
and by ventilating fans for telephone

|
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booths have been made. The meter
has been a valuable aid in setting up
artificial room noises to simulate room
noise encountered in typical telephone
locations, and has been wused for
measurements on telephone bells and
other signalling devices.

Outside the Laboratories the sound
meter has been extensively used in
measurements of street noise, room
noise in telephone operating rooms,
and noise due to various types of
machinery. It has also been of service
in determining the suitability of dif-
ferent types of warning signals in the
presence of various amounts of back-
ground noise. The sound meter has
also been employed extensively by
the Acoustic Consulting Department
of Electrical Research Products, Inc.
for determining the distribution of
sound energy throughout large rooms
such as theatres and lecture halls; in
setting up optimum sound levels in
recording and broadcasting work; in
determining the value of sound insu-
lating and sound absorbing materials
for reducing noise; and in the control
of uniformity of manufactured prod-
ucts for which quietness is important:
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Contributors to This Issue

J. R. TownsEeND joined the Engineering
Department of the Western Electric Com-
pany in 1919. He was first concerned
with the testing of telephone apparatus,
but later he specialized in the develop-
ment of testing methods and requirements
for the materials which composed the ap-
paratus. To further this work, he and the
organization of which he is in charge have
built up a remarkablycomplete laboratory
and technique for the testing of materials.
Last year the American Society for Test-
ing Materials awarded the
Dudley Medal to him, joint-
ly with W. A, Straw of
Western Electric and C. H.
Davis of the American Brass
Company, for their article,
“Physical Properties and
Methods of Test for Some
Sheet Non-ferrous Metals,”
published in the proceedings
of the A.S.T.M.

After receiving the de-
gree of B.S. in Chemistry
from George Washington
University in 1921, B. L.
CLARKE spent a year of

B. L. Clarke

F. R. Townsend

B. Leuvelink
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graduate study at the Nobel Institute
in Stockholm, Sweden. In 1923 he re-
cetved the M.A. degree from Columbia
University, and the following year the
Ph.D. degree, instructing meanwhile in
chemistry at the College of the City of
New York. After a year as a Research
Fellow at the Carnegie Institute of Wash-
ington, and a like period as a National
Research Fellow in Chemistry at Stanford
University, he joined the Chemical Re-
search Department of these Laboratories
in 1927. During his first two
years here he worked on the
nature and prevention of
the corrosion of lead cable
sheath by the fumes from
wooden cable duct. Since
1929 he has had charge of
the analytical and lubrica-
tion groups.

B. LEUVELINK became a
member of the Engineering
Department of the Western
Electric Company in 1918.
After three years in the
Drafting Division he was as-
signed to the specifications

H. C. Montgomery
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plicate the design and use of the
meter by employing a network ad-
justable for loudness, to select some
one of the curves of Figure 2 as a
basis for the design of the weighting
network. That for 40 db loudness
seemed to be the one that would be
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Fig. 3—Response of the ear to sounds of
short duration

most useful for general sound measur-
ing work. The network was designed,
therefore, to attenuate the received
frequencies in a manner complemen-
tary to the 40 db
curve of Figure 2.
Loudness data is not
at present available
for frequencies above
4,000 cycles so that for
this range the thresh-
old of audibility for
the average ear was
used as a basis for
the weighting curve.

After the complex
wave has been
weighted by the net-
work, 1t 1s rectified so
that the combined ef-
fect of the various
component frequencies
1s indicated by the
meter. Each compo-
nent frequency, of

course, has its own loudness level
but the ear does not recognize
these various separate levels but
rather a single level in which the
various components are combined in a
complex manner. The full-wave recti-
fier employed, of the copper oxide
type, i1s a square-law rectifier which
provides the best approximation to the
performance of the ear in combining
different frequency components that
can be obtained in a simple and port-
able device. The best available infor-
mation on the response of the ear to
sounds of short duration indicates
that the ear fully appreciates the loud-
ness of a tone lasting two-tenths of a
second or more. Loudness of tones of
shorter duration is a function of the
time during which the tone persists as
shown in Figure 3. The indicating
meter selected, therefore, is one that
gives a full deflection for sounds last-
ing longer than about two-tenths of a
second. It has a long, easily readable
scale calibrated over a range of
twelve db. The total noise level is the

Fig. 4—The battery box includes the calibrating equipment,
and has room for carrying the sound pick-up
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justed so that the vari-

reading on the gamn
control dial of the
amplifier plus the n-
dication of the meter.
The gain-control dial
is cahibrated mm 5 db

steps and 1n use 1s ad-

ations 1n sound may be
read on the meter.
The sound meter 1s
calibrated to read n
db above a reference
level which 1s defined
as a pressure of .00l Fig. g

meter of a free pro-

gressive wave at 1,000

cycles. Chosen because 1t 1s definite
and easily reproducible by purely
physical measurements, this reference
level 1s approximately 10 db above the
threshold of audibility for the average
observer. This primary calibration is
made by placing the sound pick-up in
a free progressive wave of 1,000 cycles
at a point at which the pressure has
been determined from measurements
with a search tube condenser trans-
mitter previously calibrated by com-
parison with a Rayleigh disk. By a
calibrating control on the amplifier,
adjustable with a screwdriver so as
not to be disturbed in use, the gain 1s
set so as to make the meter read the
level of the 1,000 cycle wave in db
above the reference level.

The range of the meter 1s from
about 10 to 100 db above reference
sound level. Sound levels less than
10 db are rarely found except in very
quiet residences or in sound-proof
rooms, and levels greater than 100 db
are almost painful. This go db range,
however, requires a high gain amph-
fier. This high gain together with the
use of low-power tubes-—necessary
because they must operate on dry

An experimental model of the new sowund meler.
dyne per square centi-  FEach of the two uniis weighs about 35 lbs. 5o that the complete

unit is readily portable

cells—has required a number of pre-
cautions in the design of the ampli-
fier. To make the sound meter read
differences 1n level correctly, over-
loading of the vacuum tubes, and
feed-back between parts of the circuit
had to be made neghgible. Suthcient
shielding had to be used to make the
etfects of commonly encountered
electro-magnetic  and  electrostatic
fields of no importance. Cushion
mountings were used for both the
vacuum tube sockets and for the
amplifier as a whole to eliminate
microphonic pick-up.

Although the sound meter amph-
fier 1s very stable electrically, 1t was
thought desirable to include as part
of the associated equipment, a means
of making an overall acoustic cali-
bration in the field so that there will
be no doubt that the meter 1s operat-
ing properly. The apparatus for this
secondary calibration consists of a
stable type of telephone receiver, a
small 2,000 cycle oscillator for ener-
gizing the receiver with a known cur-
rent, and a means of coupling the
recetver to the sound pick-up in order
to produce a definite acoustic pressure
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on the pick-up. A small milliammeter
mounted in the battery box is used for
measuring the current applied to the
receiver, and by means of a key may
also be used to check the “B” battery
voltage. The arrangement of the
battery box is shown in Figure 4.
Before calibration, the filament
current of the amplifier must be ad-
justed to the normal value. A filament
rheostat is provided on the front of
the sound meter panel, evident in
Iigure 5, and the output meter may
be used to measure the filament cur-
rent by the operation of a key. The
shunt associated with this meter is
designed so that with normal filament
current a mid-scale reading is ob-
tained. When the battery voltages are
within their normal limits calibration
once a day is sufficient for most work.
Experimental models of the sound
meter have been available for only
about a year but already a number of
important uses for the meter have
been found. In the Laboratories,
measurements of room noise in offices
and shops, noise produced by the
operation of machine switching dials
and by ventilating fans for telephone

i
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booths have been made. The meter
has been a valuable aid in setting up
artificial room noises to simulate room
noise encountered in typical telephone
locations, and has been used for
measurements on telephone bells and
other signalling devices.

Outside the Laboratories the sound
meter has been extensively used in
measurements of street noise, room
noise in telephone operating rooms,
and noise due to various types of
machinery. It has also been of service
in determining the suitability of dif-
ferent types of warning signals in the
presence of various amounts of back-
ground noise. The sound meter has
also been employed extensively by
the Acoustic Consulting Department
of Electrical Research Products, Inc.
for determining the distribution of
sound energy throughout large rooms
such as theatres and lecture halls; in
setting up optimum sound levels in
recording and broadcasting work; in
determining the value of sound insu-
lating and sound absorbing materials
for reducing noise; and in the control
of uniformity of manufactured prod-
ucts for which quietness is important.
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Contributors to This Issue

J. R. TownseNnD joined the Engineering
Department of the Western Electric Com-
pany in 1919. He was first concerned
with the testing of telephone apparatus,
but later he specialized in the develop-
ment of testing methods and requirements
for the materials which composed the ap-
paratus. To further this work, he and the
organization of which he is in charge have
builtup a remarkablycomplete laboratory
and technique for the testing of materials.
l.ast year the American Society for Test-
ing Materials awarded the
Dudley Medal to him, joint-
ly with W. A. Straw of
Western Electric and C. H.
Davis of the American Brass
Company, for their article,
“Physical Properties and
Methods of Test for Some
Sheet Non-ferrous Metals,”

published in the proceedings
of the A.S.T.M.

After receiving the de-
gree of B.S. in Chemistry
from George Washington
University in 1921, B. L.

ok,
CLARKE spent a year of J. R. Townsend

B. L. Clarke

B. Leuvelink
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graduate study at the Nobel Institute
in Stockholm, Sweden. In 1923 he re-
ceived the M.A. degree from Columbia
University, and the following year the
Ph.D. degree, instructing meanwhile in
chemistry at the College of the City of
New York. After a year as a Research
Fellow at the Carnegie Institute of Wash-
ington, and a like period as a National
Research Fellow in Chemistry at Stanford
University, he joined the Chemical Re-
search Department of these Laboratories
in 1927. During his first two
years here he worked on the
nature and prevention of
the corroston of lead cable
sheath by the fumes from
wooden cable duct. Since
1929 he has had charge of
the analytical and lubrica-
tion groups.

B. LEuvELINK became a
member of the Engineering
Department of the Western
Electric Company in 1918.
After three years in the
Drafting Division he was as-
signed to the specifications

H. C. Montgomery
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A. L. Thuras

group in preparing manufacturing infor-
mation 1n specification form. In 1928 he

was transferred to the Mechanical Design
Division of the Special Products Depart-
ment, specializing in the design of sound
1ecordmg, reproducing and public address
system equipment.

H. C. MoNTGOMERY received the A.B.
degree in physics from the University of
Southern California in 1929, and joined
the Acoustical Research group of these
Laboratories shortly afterward. Since
then he has been engaged in the develop-
ment of methods for measuring certain
aspects of hearing ability, and in the
study of the data which are obtained by
these methods.

A. L. Tuuras received a B.S. and an
E.E. degree in Electrical Engineering
from the University of Minnesota in 1912
and 1913 and then joined the staff of the
Bureau of Standards in Washington. He
served as Scientific Observer on an ex-
pedition to Newfoundland and from 1916
to 1920 was Oceanographer for the Coast
Guard. This work consisted in the de-
velopment and use of continuous re-
cording instruments for measuring the
temperature, salinity, and density of sea
water. Records were made chiefly in the
vicinity of the Great Bank of Newfound-
land, and were used to locate and study
the water movement of the Labrador
Current and the Gulf Stream. In 1920 he

L. W.

T. G. Castner

Giles

joined the technical staff of the Labora-
tories where he has been engaged in the
study and development of electro-acousti-
cal instruments.

Before taking the work of his senior
year at Worcester Polytechnic Institute,
L. W. GiLEs spent a year at the Labora-
tories associated with the development of
receivers for station use. He then re-
turned to the Institute and after receiving
a B.S. degree in Electrical Engineering, in
192§, returned to the Laboratories. Here
he engaged in the development of small
receivers and earpiece attachments for the
audiphone, and of loud speakers for
sound-picture systems. In 1928 he was
placed in charge of a group responsible
for the development of transmission in-
struments involving a magnetic circuit,
and has been concerned with the develop-
ment of receivers and of microphones for
high-quality sound reproduction.

T. G. Castner graduated from Drexel
Institute in 1925 with the degree of B.S.
in Electrical Engineering, and spent the
following year in graduate work in physics
at Columbia University. In 1926 he
joined the Technical Staff of the Labora-
tories where he engaged 1n general trans-
mission and noise studies with the Re-
search Department. At the present time
he is in charge of transmission-quality
testing and of the development of quality
testing apparatus and methods.
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AT THE TOP OF THE

A LoNE figure in overalls
surveys the fields of his
labor. Freshly planted
rows point their even
lines around a gently
rising hill. Seemingly
the world and its people
are far away. But this
man is not alone!

His home is at the top of the distant hill.
And in his home is a telephone. Eighty-five
million miles of wire lead to it. His call is a
command to one or more of several hundred
thousand employees. Day or night he may
call, through the Bell System, any one of
nearly twenty million other telephones in
this country and an additional twelve
million abroad. v

And yet, like you, he pays but a small
sum for a service that is frequently price-
less in value. The presence of the telephone,

HILL

ready for instant use, costs only a few
cents a day. With your telephone, you
are never alone. It is an investment in
companionship, convenience, and secur-
ity. Through it you can project your per-
sonality to the faraway places of the
earth, or bring familiar voices to the
friendliness of your fireside.
Undoubtedly a great factor in the con-
tinued progress and improvement of tele-
phone service is the intangible but real spirit
of service that has become a tradition in the
telephone business. This spirit expresses it-
self daily and in any emergency. And be-
hind the army engaged in giving service is
the pioneering help of a regiment of five
thousand scientists and technical men, en-
gaged in the sole task of working for improve-
ment. This group devotes itself exclusively to
seeking ways and means of making your tele-
phone service constantly better and better.

AMERICAN TELEPHONE AND TELEGRAPH COMPANY
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