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Measuring Small Relative Motions 1n
Central-Office Switches

By W. S. GORTON
Physical Research

EVERAL years ago in an in-
vestigation of contact noise in
panel switches, it became neces-
sary to devise an instrument to meas-
ure the relative motion between a

Fig. 1—Part of a central-office panel bank
showing one multiple brush in contact with
a set of bank terminals

terminal of a panel bank* and the

brush resting on it, since it was known

that there was a certain degree of

relationship between relative motion

and contact noise. A close-up view of

part of a panel bank and one of the
*Recorp, October, 1931, page §4.
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panel brushes is shown in Figure 1.
The terminals, on one of which the
end of the pencil rests, are part of the
rigid frame, but the shoe of the
brush is held against the terminal by
pressure of the flat spring. Vibration
may cause a slight relative motion be-
tween brush and terminal, and it is
this motion that is to be measured.
The measuring device must be very
small to fit in the small space avail-
able, and it must be very light so as
to cause minimum interference with
the motion of the brush. In the
frontispiece to this issue, the small
vibrometer is barely visible just to the
right of the auxiliary optical system.

The problem of measuring small
motions has been met time and again
in physics and engineering; a large

- number of instruments, mechanical,

optical, and electrical, have been de.
vised for the purpose, and were con-
sidered for the problem in hand. The
instrument to be used had to indicate
correctly the motion over the band of
frequencies from 10 to 300 cycles per
second, which had been observed in a
previous study of absolute vibration,
and, naturally, over as much wider a
band as possible. Another important
requirement was that the means used
should be as insensitive as possible to
electromagnetic disturbance. These
requirements resulted in the choice of
a mechanical device, with an optical
lever that was developed to furnish
part of the necessary magnification.
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After a consideration of the various
mechanical means foramplifying small
motions, the choice finally rested upon
the principle of imparting the motion
to be measured to one of two flat
plates between which rolls a metal
cylinder of as small a diameter as
practicable. This device is mentioned
in several places in the literature of
physics but no account of its per-
formance could be found. The method,
however, had been used in previous
work in the Laboratories, and its per-
formance and a theoretical study of it
indicated that it should be satis-
factory for the purpose.

The instrument as finally devel-
oped and used in many hundreds of
measurements in the telephone plant
is shown schematically in Figure 2 and
photographically in two forms in
Figures 3 and 4. The latter measures
the horizontal component of the rela-
tive motion, and the former the verti-
cal. The base of the instrument is
clamped to a group of terminals near
the particular terminal to be investi-

RESTORING
SPRINGS

Fig. a—Diagram of essential elements of vibrometer used for
panel switches. The arbor of the vibrometer is onlv fifteen
thousandths of an inch in diameter
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ALUMINIZED
MIRROR

Fig. 3—Vibromcter for measuring vertical
motion—about rwice actual size

gated. The vibrometer proper is on
ways and can be moved relative to the
base by an adjusting screw which 1s
manipulated by a special wrench.
The finger that makes contact with
the brush is attached to the upper
plate or carriage, which is separated
from the lower plate by two round
arbors, approximately
.015 inch in diameter.
The carriage is held
against the arbors by
the S-shaped steel re-
storing springs, shown
in Figure 2, which also
furnish the force neces-
sary to hold the finger
against the brush. To
one of the arbors 1s
fastened a concave gal-
vanometer mirror Y4
inch in diameter. Light
from the straight-line
filament of an incan-
descent lamp 1s re-
flected from the mir-
ror and brought to a
focus on a screen for
visual observation, or
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on a revolving photographic film for
graphic record. Magnification has
ranged between 2,000 and 4,000 times
in actual use.

Fig. 4—Vibrometer used for measuring
horizontal motion of panel switches—slight-
ly more than actual size

Another form of the instrument,
which was devised for measuring the
relative motion between a step-by-
step selector arm and its bank contact,
1s shown in Figure 9. The principle of
operation is the same but the moving
plate is curved instead of plane, and
the arbor is held in place by the
elasticity of the quadrantal carriage.

Wherever possible, the principal
parts of the vibrometers are made of
duralumin for lightness. Both plates
of the “panel” vibrometers are shod
with runners of flat clock-spring steel.
The quadrantal carriage of the “step-
by-step” vibrometer was formed from
sheet steel and then hardened and
tempered. The arbors presented a
special problem. Drill rod carefully
polished with the finest emery paper
and crocus cloth in the usual way was
not round enough. A special abrasive
process had to be devised before satis-
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factory roundness could be secured.
Various special tools were needed to
handle the vibrometers, to put them
in place on the panel bank, and to re-
move them from the panel bank.
Some of these are shown in the accom-
panying illustrations.

The method generally employed
for communicating the motion of the
brush to the vibrometer is to press the
finger of the carriage against the
brush by turning the adjusting screw
until the potential acceleration fur-
nished by the restoring spring of the
carriage 1s greater than the maximum
acceleration of the brush. This results
in the finger of the carriage always
remaining in contact with the brush.
The principle involved in this method
is illustrated in Figure 5. The mass m
attached to the spring s is deflected by
the object B, the motion of which is to
be investigated. The spring is poten-
tially capable of imparting a certain
acceleration to the mass M if the re-
straining force of the object B is re-
moved. If this acceleration is always

LINE OF
MOTIO'N OF B

LIMITS  [~——- &
OF MOTION
OF B e QM

| (“e_ POSITION OF M
i ~"IN ABSENCE OF B

Fig. 5—By choosing the proper stiffness for
the restoring spring s, the vibrometer will
remain in contact with the brush over the
entive range of frequencies being studied

100%10” “ineH
" =
NS P
- 0.1 SEC. —————=

Fig. 6—Typical photographic record made
with the vibrometer
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greater than the maximum accelera-
tion of B at any time in its motion,
then B and M will always remain in
contact. There is no necessary rela-
tion between the frequency of motion
of B and the natural frequency of the
mass M when B is removed. While
the natural frequency of the panel
vibrometer alone is of the order of ten
cycles a second, the vibrometer fol-
lows faithfully frequencies at least as

Fig. 7—The horizontal-motion vibrometer
with special tool for putting it in place

high as goo cycles a second. A limit to
this ability of a spring-supported
mass to follow a vibrating object may
be reached as the frequency of the
motion approaches the natural fre-
quency of the spring itself.

To be able to dispense with the
force (about one gram) necessary to
secure adequate contact in the panel
switch, a procedure was developed for
cementing the finger to the brush.
This process, including the necessary
dissolving of the cement, while not as
quick as the biasing spring procedure,
was relatively expeditious. An in-
vestigation, however, showed that the
force necessary to keep the upper

March 1942

Fig. 8—

Vertical-motion vibrometer with its
mounting tool

plate in contact with the brush did not
have any appreciable effect on the
motion being investigated, and so the
cementing method was not used for
most of the studies.

The inertia of the moving system of
the vibrometer is due chiefly to the
moment of inertia of the galvanom-
eter mirror, and amounts to about 0.9
gram. Its effect was estimated by not-
ing the indications of the horizontal
vibrometer both with and without the
application of the vertical vibrometer,
and of the vertical vibrometer with
and without the horizontal one. It was
found that the indications of one
vibrometer were not affected by the
presence of the other.

As used for visual observation in
the telephone plant, the width of the
image of the filament on the trans-
lucent screen was approximately .o1
inch, and the width of a graduation
on the scale was approximately the
same. Under these circumstances a
motion of one-fifth of the width of the
line, that is, .002 inch, could easily
be measured with the aid of a hand
magnifier. Since the amplification
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used was always at least 2,000 times,
motions of one-millionth of an inch
could be seen and measured. This
distance 1s approximately one-twen-
tieth of a wavelength of visible light,
which is about the limit of measure-
ments of distance made by light

Fig. g—Step-by-step vibrometer

waves. A photographic record of
relative motion between brush shoe
and terminal 1s shown in Figure 6.
The overall performance of the
instrument was investigated by driv-
ing it from a moving-coil loudspeaker
motor actuated by a beat-frequency
oscillator and power amplifier. Up to
1,000 cycles per second the perform-
ance was in accord with the simple
theory outlined above. Calibration
was effected by driving the vibrom-
eter from a relatively massive tuning
fork, which furnishes the purest ob-
tainable sinusoidal motion. The am-
plitude was made as large as the
vibrometer would permit, and was
measured by a microscope. Several
tuning forks having frequencies up to
approximately goo cycles per second
were used, and the calibration was
found to agree with the static one
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and also with that computed from the
dimensions. Independent dynamic
calibration was obtained from meas-
urements made by light waves in a
related line of work.

An important practical advantage
of using an arbor rolling between two
plates, where the motion is com-
municated by friction, is that not so
much effort has to be expended in ad-
Justing the relative position of the
vibrometer and the object to be
measured. If the mirror turns out not
to be pointed in the right direction, it
may be turned with a small pointed
stick to bring it into the right position
without the slightest harm to the in-
strument or detriment to the meas-
urements. Another advantage arises
from what at first sight might be
judged a disadvantage, namely, the
relatively sharp limit to the force of
friction between the moving parts.
When the acceleration of the carriage
exceeds a certain amount (about three
times the acceleration of gravity in
the present vibrometers) the force of
friction between the arbor and the
plate is no longer sufficient to impart
the necessary acceleration to the
arbor, and the arbor slips and the
mirror deflects irreversibly by a large
amount. This unmistakable signal that
the range of the vibrometer has been
exceeded has been a valuable aid in in-
suring the reliability of the results.

The vibrometers have been used
for many hundreds of observations,
and photographic records have been
made in important busy central
offices in Manhattan. Much informa-
tion on the motion and noise in actual
working contacts under representa-
tive central-office conditions has been
secured. What is perhaps fully as im-
portant is that it has been done with-
out mterfermg with the operation of
the offices in question.
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Brittle
Temperature of

Rubber

By M. L. SELKER
Chemical Laboratories

NTEREST in the behavior

of natural and synthetic

rubber at low temperatures
has grown considerably in re-
cent years. Airplanes flying at
very high altitudes and motor
vehicles operating in arctic
climates may encounter ex-
tremely low temperatures, and
since both use rubber com-
pounds, the need for precise
knowledge of the behavior of
rubber at low temperatures is
essential. It has been known that rub-
ber compounds become brittle at very
low temperatures, but no published
accounts have been found that give
the effects of various factors on the
brittle temperature for a wide variety
of materials. Rubber is used primarily
because of its insulating and elastic
characteristics, and since the value of
rubber insulation is largely lost if the
material cracks under shocks at low
temperature, the appearance of brit-
tleness seriously affects the insulating
power of the rubber as well as its
elastic characteristics. The brittle
temperature of the material thus de-
termines to a large extent the useful-
ness of rubber and similar substances
at low temperatures.

When crude rubber is held at a
moderately low temperature for some
days, say in the neighborhood of
14 degrees Fahrenheit (—10 degrees
Centigrade), crystallization will occur.
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The rubber will get stiff and opaque,
but will remain elastic to some extent;
it can be stretched slightly and be
bent without breaking. Well-vulcan-
ized rubber does not crystallize, but
as the temperature is lowered, it loses
its ability to retract when stretched.
If either crude or vulcanized rubber is
cooled to some 70 or 8o degrees
Fahrenheit below zero, however, it
loses its elastic properties completely.
If bent suddenly at right angles, it
will break off very much like glass.
It has been found that this transition
to brittleness occurs at a sharply de-
fined temperature, which is different
for various natural and synthetic
rubbers.

To assist in the study of the brittle
temperatures recently made in these
Laboratories, the simple apparatus
shown in Figure 1 was constructed. A
quadrant arranged to carry as many
as six rubber specimens is mounted on
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a shaft, which may be turned with a
simple crank, and is supported in a
narrow, insulated tank into which
acetone and dry ice, or other cooling
solution, may be placed. The specimen
to be tested is fastened to the
quadrant and turned down
into the cooling solution long
enough for it to assume the
temperatureof the bath , which
is determined by suitable ther-
mometers. A quick rotation of
the crank then brings the
specimen sharply up agamst a
rigid metal bar projecting from
the edge of the tank toward
the rim of the quadrant. If the
brittle temperature has not
been reached, the specimen
will bend, but if it has, the
specimen will break off cleanly.
It has been found that the
rubber becomes so tough at
these low temperatures that
considerable force is required
to break it, and because of this
only a single specimen is usu-
ally mounted on the quadrant.

With this apparatus a series of tests
were run on a wide variety of natural
and -synthetic rubbers. It was found
that the brittle point of soft vulcan-

degrees Fahrenheit (—s59 degrees
Centigrade), is essentially the same
for all the vulcanizing periods com-
mon in industry. Certain of the syn-
thetic mixtures show the same be-

T

Fig. 1—dpparatus used in measuring brittle tem-

peratures of rubber specimens

havior. With rubber compounds
vulcanized with an accelerator and a
large amount of sulfur, or with sulfur
alone, it was found that the brittle

ized rubber, which is about —75 temperature varied nearly linearly as
the amount of chemically com-

e bined sulfur. This is shown in

(8] . . .

0 a7 ® RUBBER SULFUR STOCK 221 Figure 2, which gives data for

wt O ACCELERATED GUM STOCK Prd bb lf k d

L ey a rubber-sulfur stock and an

@ A accelerated stock.

72 el pe All the usual rubber com-

£ -s3 | o7 Lo pounds, the studies indicated,

= ” .

g .. el have brittle temperatures

u /1’0// above that of crude rubber.

= =7 = Any addition of asphalt or

19 s :

@ _s9 P [ resin, and of many oils, tends

o] | 2 3 4 5 6

COMBINED SULFUR IN PER CENT

Fig. o—Relationship between britile temperature and

percentage of combined sulfur
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to raise the brittle tempera-
ture a few degrees. Zinc oxide
and carbon black, however,
can be added in large quan-

March 1942

www americanradiohictorv com


www.americanradiohistory.com

tities with but small
effect. The use of ap-
preciabls  amounts
of coarse fillers such |

TaBLE I—REeLaTioNsHIP BETWEEN BRITTLE
TEMPERATURE AND MOLECULAR SIZE

. . Approx.
as calcium carbon- Molecular Temperature
ate, on the other Material Weight Appearance EXG 2228
|

hand, produ(‘es com- ‘ Rubber 6,000 viscous brown liquid—solid —48.0 —34
pounds with h]gh Rubber 30,000 masticated pale crépe— —61.5  —79 |
brittle points after | iy By ‘

1 . . Th ) Rubber 100,000 pale crépe—elastic solid —61.5 —79
! §amzat10n. € Polyisobutylene 1,500 viscous liquid —230 —10 |
Val:louS types of re- Polyisobutylene 10,000 very viscous liquid —s502  —358 |
claimed rubber can Polyisobutylene 100,000 elastic solid —s50.2 —38 !
be disringuished on | Polyethylene low  soft, waxy —150 + §
the basis of their Polyethylene high  tough, waxy but hard —68.5 —g1

5 I _ . S
brittle tempera-

tures, that from tire tubes having the
lowest. Only two of the synthetic rub-
bers are comparable to natural rubber
in elasticity at low temperatures. Syn-
thetic rubbers also differ from natural
rubber in having higher brittle tem-
peratures than their compounds.
There seems to be a relationship
between brittle temperature and the
size of the molecule of the substance.
In general the large molecules have
lower brittle temperatures than the
small, but the change seems to be sud-
den rather than gradual, as is indicated
by the data of Table 1. There seems

to be a definite molecular size that
must be attained before the brittle
temperature characteristic of the ma-
terial is reached. For rubber, this size
corresponds to a molecular weight
between 6,000 and 30,000, while for
polyisobutylene it is between 1500
and 10,000. The difference between
the brittle temperatures for large and
small molecules may be very great, as
exemplified by polyethylene, which has
a brittle temperature of +5 degrees
Fahrenheit (—15 degrees Centigrade)
for small molecules, and —91 degrees
F. (—68.5 degrees C.) for the large.

THuEe JOHN ScorT MEDAL

has been presented to Robert R. Williams, Director of
Chemical Research, in recognition of his synthesis of
Vitamin Bi. Other present and former members of the
Laboratories who have been similarly honored are H. D.
Arnold, G.IV. Elmen, . D. Houskeeper and H. E. Ives.
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UTDOOR telephone sets are
now increasingly in demand
for many diferent kinds of
service in exposed locations. The
recently improved 300G set shown

here fulfills this requirement. It 1s
easier to manufacture and has a
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ATelephone Set
for Exposed

L.ocations

longer operating life than previous
outdoor sets. Standard handset, ringer
and condensers are provided. The
hinge of the self-closing door has been
strengthened and cast iron has been
used for the housing to conserve
aluminum. There is a spring in the
hinge to close the door automatically.
A self-locking device that opens with
a key is regularly provided but a lock
which requires a key both to lock and
unlock the case can also be furnished.
The illustration below shows one of
several types of these telephones being
manufactured by the Western Elec-
tric Company at Hawthorne.
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NEWS AND PICTURES

Walter S. Gifford, President of the American Telephone and Telegraph Company, wasckhes R. J.
Riley as he rolls a strip of permalloy on a cold mill in the metallurgical laboratory at Murray Hill
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|



www.americanradiohistory.com

G GGG GGG IEIIEIEIEHEH E)EEH CHECEHEE)
News of the Month

BeLL System ExEecutives
Visir Murray Hivo

AN INTERESTED VIsSITOR to the Murray Hill
Laboratory recently was Walter S. Gifford,
President of the American Telephone
and Telegraph Company. Accompanied by
F. B. Jewerr, O. E. BuckiLey and M. B.
LonG, he was shown a number of places
of particular interest, each of which was
explained by one of the men responsible
for the work. The boiler house, the elec-
tric power sub-station and the water sup-
ply system were described by C. A. Cuase.
In the acoustics building, the auditorium
and the large room later to be sound-
deadened were shown by C. S. Haines, of
the architects. Tea was served in the

restaurant with E. V. Mack, plant opera-
tion manager, as host. In one of the partially
finished laboratories J. G. MoTLEY, con-
struction engineer for the Laboratories,
described the methods, developed under his
supervision, for carrying pipe and wire

In the carbon laboratory of the Physical Research Department at
Murray Hill Mr. Gifford discusses various experiments with R. O.
Grisdale, center, and Dr. F. S. Goucher, left

[ii]

services to the point of utilization. The
Carbon Laboratory of the Physical Research
Department was described and the work in
progress was explained by F. S. GoucrEr
and R. O. GrispaLE. After a look at the
Development Shop, the Medical Depart-
ment, and one of the self-service stock-
rooms, the party proceeded to the Metal-
lurgical Laboratory where one of the heavy
rolls was shown in operation by D. H.
WENNY and the Rohn mill, which will
produce tapes as thin as o.0002 inch, by
Dr. Buckiey. Equipment and projects of
the Outside Plant Laboratory were described
by R. A. Hasip.

Following the inspection, the party to-
gether with the heads of the departments
concerned dined with Dr. Jewett at the
Short Hills Club.

ExroLLMENT FOrR First AID
CrLasses [s 270

DvuE To the importance of first aid treat-
ment in civilian de-
fense activities, 270
members of the Lab-
oratories enrolled in
the Spring Term of
the Out-of-Hour First
Aid Course. This has
necessitated the for-
mation of five classes,
one for Advanced
work and four cover-
ing the Standard
Course. Classes are
held each night, Mon-
day to Friday, in the
Club Lounge from
§:30 to 7:30 P.M.

There are 85 men
and women taking the
Advanced Course.
This course, consist-
ing of five two-hour
sessions followed by
an examination, is de-
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signed for those who have just
completed the Standard Course
and desire more instruction
and practice in practical prob-
lems, and, in certain cases, for
those who took the Standard
Course some time previously
and desire to bring their
knowledge up to date. An Ad-
vanced First Aid Certificate,
valid for five years, will be
issued jointly by the Red Cross
and the I.aboratories to those
who satisfactorily complete
the course. L. E. Coox and
W. F. Smits, Jr., are the in-
structors. The twenty-one as-
sistant instructors in the four
Standard Course classes act as
group leaders.

The other four classes, one
for women and three for men,
are taking the Standard First
Aid Course of the American National Red
Cross. This course develops a practical
ability in rendering First Aid in cases of
sudden sickness or accidents occurring in the
home, on the street, and while at work, and
consists of ten two-hour sessions followed by
an examination.

Instructors for these classes are:

C. F. Benner M. V. Hunter
F. B. Blake Robert Pope
Katherine M. Doring Harold Sagefka
J. M. Dunham H. P. Smith

J. S. Edwards L. C. Wescoat

The assistant instructors, who also act as
group leaders in the Advanced Course, are:

Helen G. Adams R. P. Jutson
T. M. Benseler C. E. Kempf
P. G. Clark A. C. Millard

J. R. Erickson Margaret J. Portelroy
Georgine L. Fredericks Ruth O. Robinson

G. H. Greb A. H. Schafer

A. D. Hargan H. B. Smith

W. M. Hill E. W. Waters

I. L. Hopkins I. V. Williams

A. L. Johnsrud J. B. Worth
R. L. Young

The classes will be devoted to the study
of wounds, burns, fractures and common
emergencies, with demonstrations and prac-
tice in the control of bleeding, artificial
respiration, and the application of dressings,
bandages, and splints. A Standard First Aid
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J. G. Motley and M. B. Long explain to Mr. Gifford some
of the Laboratory services available at Murray Hill

Certificate will be issued to those who satis-
factorily complete the course.

Consideration is now being given to the
possibility of arranging another Advanced
Class immediately upon the completion of
the four Standard Classes.

CoLLoQuIiuM

At THE JANUARY 12 MEETING of the
Colloquium, C. N. HickMmaN, retiring presi-
dent, spoke on .Archery Paradise, Paradox
and Paralysis. Up until about twelve years
ago, the velocity of an arrow had never been
measured except by the use of a stop watch.
During the last ten years the study of the
internal ballistics of the bow and arrow has
furnished a paradise for a number of
physicists. Many of these fascinating prob-
lems were discussed by Mr. Hickman. For
at least two centuries archers have tried to
explain the paradox of how an arrow gets
around the bow to hit the mark at which
it is pointed. An explanation of this paradox
was given, together with moving pictures
taken at the rate of 4000 frames per second.
Over fifty per cent of all archers, sooner or
later, are stricken with what is often called
paralysis or freezing. This interesting but
aggravating affliction was discussed in de-
tail from first-hand experience and methods
of its prevention and cure revealed.
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A. O. Jehle was appointed General Auditor
of the Laboratories at the January 26 meeting
of the Board of Directors

B. W. KenpaLL spoke on Telephone
Switching Systems at the January 26 meet-
ing. Mr. Kendall discussed the fundamental
requirements and methods of switching
telephone circuits; described the three sys-
tems standard in the Bell Telephone plant—
step-by-step, panel, and crossbar; and com-
pared these systems, giving the limitations
of each.

A. T. & T. NarioNaL ADVERTISING

INFORMATIVE copy is the backbone of
A. T. & T. national advertising in 1942.
Keved to these crucial times, the advertise-
ments stress the vital importance of tele-
phone service and the character of the or-
ganization which renders it. As wartime
needs require, pertinent information on the
use of telephone services will be addressed to
the public.

For Long Lines advertising, because con-
ditions for the present make advisable the
curtailment of long-distance promotion ef-

[iv]

forts, an informative approach is being used.
Business papers will present the advantages
of Classified Telephone Directory adver-
tising for local merchants and of Trade
Mark Service for national advertisers. In
consumer magazines, the classified tele-
phone directory is being publicized as
America’s buying guide. The college pro-
gram will keep the business, industrial and
professional leaders of the future informed of
the aims, policies and accomplishments of
the Bell System, together with advantages
of Bell System employment.

“Tue Juicy Atrom” CENSORED

In 1936, in a technical treatise discussing
The Theory of Magnetism presented before
students at Yale University and later pub-
lished in the Bell System Technical Journal,
K. K. Darrow said, “If I say that an orange
consists of soft yellow juicy atoms, or that a
marshmallow is made of sweet white sticky
atoms, you recognize at once that those are
not serious atomic theories: they are just
futile and somewhat ridiculous statements.”
This phrase has since been made famous by
being recorded on an endless steel tape and
used on transoceanic radio circuits for lining-
up purposes.

However, spy-conscious short-wave radio
fans, some time before war took them off the
air, were suspicious of the ethereal voice
talking about atoms—soft yellow juicy ones
and sweet white sticky ones. Was this an
Axis fifth columnist’s code? The matter was
reported to the government and the news-
papers. As a result, a new recording was made
to correct the confusion and this now reads:
“The following is a test transmission by a
station of the American Telephone and
Telegraph Company for circuit adjustment
purposes. Magnetism is a quality which we
attribute to the atom. We affirm that iron,
nickel, gadolinium, gaseous oxygen, and in
fact all substances, are magnetic because
there is magnetism in their atoms.” This is
repeated over and over again until the dis-
tant technician has completed his job of
lining up.

News NotEks

Accompaniep By O. E. BuckLEey, several
other members of the Board of Directors
visited the Murray Hill Laboratory on
January 28. Those present were C. F. Craig,
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The Laboratories have
qualified as an issuing
agent for Defense Sav-
tngs Bonds purchased
under the Payroll Al-
lotment Flan. In this
photograph the first
group of bonds is being
prepared for issuance
on an aidressograph
machine. Left 1o right:
J. Gris, Daniel Spic-
ciati, F. W. Seibel,
R. F. Newcomb and
G. B. Small. Albert
Vabulas is operaiing
the machine

C. G. SrorL, W. F. Hosrorp and J. M.
Bancker. They were met by M. B. Loxg,
who with E. V. Mace and J. G. MorLry,
showed them a number of points of interest
in the buildings.

LEAVES OF ABSENCE for military service
have been granted to I'rank J. FLEISCHER,
United States Maritime Commission Acad-
emy, Great Neck, New York, and to Jorw

i L AN m“\--
g
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C. Rok, Second Corps Area Headquarters,
New York City.

K. J. Ocaarp, who returned from army
service some months ago, has been recalled
to active service and 1s now at Camp Upton.

Many mMEMBERS of the Laboratories at-
tended the winter convention of the Insti-
tute of Radio Engineers held in New York
from January 12 to 14. In addition to the

William H. Harrison, left, and
Donald Nelson, War Prodiction
Board chief. Of Mr. Harrison,
named to head the Production
Division of the newly forined
Board, Mr. Nelson has said,
“I bear a great deal of confi-
dence 1n him. He 15 hard
enongh, and tough enough, to
see a good production job done,
and the bottlenecks cut through”

[v]
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The Medical Department
at Murray Hill

Dr. Orrin F. Crankshaw is on duty from
10:00 f0 12:00 every morning and available
on call at other times

Tke receptionist iz Martha Schmitt, w.
takes care of the medical and personn
records at Murray Hill

During a periodic physical examination, made on all
persons who handle food, Dr. Crankshaw checks the blood
pressure of Otto Mohni, head cook of the restaurant

Miss 8. Crawford (right), full-time nurse at Murray Hill,
in the medical laboratory
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address of I. B. JEw-
ETT on The Mobili-
zation of Science with
Special Reference to
Communication, a
three-page abstract
of which was pub-
lished in the last is-
sue of the REcorp,
papers were pre-
sented bv W. G.
SHEPHERD and R. O.
Wise on Pariable-
Frequency Bridge-
Stabilized Oscillators
and by W. P. Mason
and I. E. Fair on A
New Direct Crystal-
Controlled Oscillator
Sor Ultra-Shori-W ave
Frequencies. At the
annual banquet di-
plomas were pre-
sented to Mr. Mason
and G. E. SoutaworTz who became Fellows
of the Institute. Serving on various conven-
tion committees were H. A. AFFEL, chairman
of the Papers Committee, F. A. POLKINGHORN,
Registration, and P. B. FinpLey, Publicity.

Rarra Bown gave a non-technical dis-
cussion before the January 9 meeting of the
Radio Colloquium held at the Holmdel
Radio Laboratory on his experiences during
his recent “Clipper” trip to Europe which
was made at the request of the National
Defense Research Committee.

Kart K. Darrow spoke on The Concept
of Entropy before the Physics Colloquium of

Brown University. He discussed Physics and

Write to Our Men !
in Service

Next to mess call, there is noth-
ing so welcome to a man in the
service as a letter from someone
who knew him back home. Latest
addresses can be secured by drop-
ping a note to Benefit Plan Opera-
tion, West Street Mail.

March 1942

Major dndrew W. Clement of the
Coast Ariillery Board in front of
his quarters

Ensign R. 4. Kempf is Com-
munications Officer reporting to

Chief of Naval Operations

Chemical Forces before the Brown University
chapter of Sigma Xij; before a joint meeting
of electrical, radio and illuminating engineers
sponsored by the University of Cincinnati
student branch of the A.ILE.E.; before the
Physics Colloquium of Washington Uni-
versity in St. Louis; and before the New
York Electrical Society.

R. M. Burns visited Princeton, New
Jersey, to interview prospective employees.
Mr. Burns was also at the Western Electric
Company in Hawthorne on various chemical
matters.

C.S. FuLLer visited the Hawthorne plant
of the Western Electric Company to discuss
the use of thermo-plastics for telephone sets.

C. J. CHRrISTENSEN was also in Hawthorne
regarding the production of quartz crystals.

H. W. HErmaNCE visited the Brandywine
central office at Pittsburgh in connection
with establishment of experimental cleaning
practices for panel-bank contacts. Mr. Her-
mance has been appointed a Councilor of the
New York section of the American Chemical
Society.

L. H. GErRMER presented a paper entitled
Electron  Diffraction  Studies of Order in
Copper-Gold Alloys before a joint meeting of
the Pittsburgh chapter of the American In-
stitute of Mining and Metallurgical Engi-

[vii]
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neers and the Pittsburgh
Science of Metals Club.

As THE THIRD LECTURE in
the Symposium on Non-
Linear Circuit Theory, spon-
sored by the Basic Science
Group of the New York
A.L.LE.E. section, W. R.
BennerT discussed Fourier
Series Solutions.

Two paPErs by members
of the Laboratories were pre-
sented at a meeting of the
American Wood Preservers
Association held in Minne-
apolis on January 26. They
were Greensalt—A New Pre-
servative for Wood by W.
McManon, C. M. HiLL and
F. C. Kocu and Greensalt
Treatment of Poles by G. Q. LumspeN and
A. H. Hearn.

F. ¥. Lucas discussed High-Power Metal-
lography before the Syracuse chapter of the
American Society for Metals.

Henry Hovianp ReTires
Hexry Hovianp of the Systems Develop-
ment Department retired on February 28
after over forty-one years of service in the
telephone industry, both independent and

Harry W. MacDovagaLL
of the Patent Department
completed forty years of serv-
ice in the Bell System on
February s

[viii]

Henry Hovland

Ray S. Hovr
of the Technical Consulting
Staff  completed  thirty-five
years of service in the Bell
System on February 22

Bell System. After studying
at the University of Minne-
sota he joined the Nicollet
County Telephone Company
in Minnesota in 1900 where
he assisted in the installation
of an automatic dial system
in Jaylord, Minn. Three years
later he became associated
with the Automatic Electric
Company in Chicago and for
the next six years was chiefly
concerned with field work—
checking telephone installa-
tions and training the operat-
ing personnel.

In 1909, two years before
the A. T. & T. acquired con-
trol of the Lincoln Telephone
and Telegraph Company, Mr.
Hovland joined the latter where he became
supervisor of maintenance. He came to West
Street in 1913 and, in the Systems Develop-
ment Department, took part in the trial instal-
lations of panel-type selecting equipment at
Newark and Wilmington. Later he engaged in
the development of circuits for private branch
exchanges employing dial systems. More
recently he has been associated with the de-
velopment of circuits for step-by-step central
offices. An article by Mr. Hovland, describ-
ing the facilities for handling
large PBX trunk groups in
step-by-step areas, was pub-

lished in the September,
1941, issue of the REcorp.
* * *

G. M. Bouton has been
appointed a member of a
special advisory committee
of metallurgists which will
assist metal-producing or
metal-working manufac-
turers engaged in war pro-
duction. The committee was
formed by the New York
chapter of the American So-
ciety of Metals and is known
as the War Products Ad-
visory Committee.

THE WINTER CONVENTION
of the American Institute of
Electrical Engineers was held
in New York from January

March 1942
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Wicttam T. Boortn
of the Transmission Appa-
ratus Development Depart-
ment comnpleted  thirty-five
years of service on Feb. 17

Davip D. HacGErTv
of the Personnel Departiment
completed thirty-five years of
service in the Bell System

on February 9

Low visited the Hawthorne
plant of the Western Electric
Company to discuss the
manufacture of experimental
switching apparatus.

C. ErLanp NELSON was in
Pittsburgh in connection with
panel-bank contact studies.

J. D. Teso of the Labora-
tories and H. G. MEHLHOUSE
of the Western Electric Com-
pany presented a paper, Soie
Mechanical Aspects of Tele-
phone Apparatus, before the
Detroit Section of the
A. S. M. E. in Detroit on
February 3.

J. W. KEnnarp and L. M.
GawmsBriLL of Point Breeze
were in Murray Hill in con-
nection with the develop-
ment of toll cable facilities

26 to 30. While no formal papers were pre-
sented bv members of the Laboratories,
many attended the various technical ses-
sions and participated in some of the special
conference meetings arranged to discuss
pressing questions, particularly the con-
ference which was devoted to the subject of
the use of substitute materials in the com-
munications industry.

C. D. Hocker attended the Executive
Committes meeting of the American Society
for Testing Materials held in Philadelphia
on January 20.

W.T. Booru, N. Y. Priessman and M. A.
FroBERG were at the General Electric Com-
pany at Lynn, Mass., in connection with
problems of supply of selenium rectifiers.
They also visited the plant of the Aerovox
Corporation, manufacturers of electrolytic
condensers, at New Bedford, Mass.

P. B. DraxEe visited New Haven in con-
nection with a step-by-step apparatus main-
tenance problem.

J. R. TownsenD, on February 12, spoke
on Plastics before a group at the Newark
College of Engineering.

R. Norpexswax and G. H. Downes
were in the New Haven offices of The Southern
New England Telephone Company regard-
ing the use of pressure cleaning equipment.

H. O. Sieemunp, I. S. Rarusg, and F. K.
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and testing problems.

C. A. WEBBER visited the Point Breeze
plant of the Western Electric Company to
discuss cord development problems. He also
visited Hawthorne where he conferred with
various engineers on problems of wire.

Harry Schucht, an electrician in the Building
Shops, modifying an annunciator

[1x]
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The Library at
Murray Hill

Dorothea Charlton, above, 15 in

charge of the Library at Murray

Hill. H. T. Reeve and D. H.

Wenny are at one of the periodi-
cal tables

C. D. Hocker, above, looks ouve

an article in a current periodice

which Barbara Vatter has I
cated for him

T. C. Henneberger, left, usii
one of the siudy carrells
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C. H. Amapon has recently visited the
Philadelphia, Harrisburg and Pittsburgh
headquarters of The Bell Telephone Com-
pany of Pennsylvania for conference dis-
cussion and field demonstration of approved
methods of inspection and appraisal of wood
poles that are in service.

D. M. Osterholz obtains a coil from stock-
keeper H. A. Hesch in the Graybar-Varick
tenth-floor stockroom

O~ a RECENT TRIP to Minneapolis and
Chicago R. H. CorLey and R. C. EcGLEsTON
discussed with pole and crossarm manu-
facturers and suppliers the production and

A. J. Kizelevich measuring the capacitance
and conductance of 400-type condensers in the
coil-test room of the Development Shop

treatment of cedar poles. Proposed changes
in the design of crossarms were also pre-
sented and studied.

J. G. SEGeELKEN went to Norfolk in con-
nection with engineering studies that are
being made of the commercial kiln drying
of southern pine poles.

S. C. MiLLer attended a~meeting in
Philadelphia on January 14 of the section on
lead coated hardware, American Society for
Testing Materials, Subcommittee VI of
Technical Committee A-s.

MEMBERS OF THE LABORATORIES To WHoM Patents WERE IssuED
During THE MoONTH OF JANUARY

H. H. Abbott S. J. Harazim

H. M. Bascom J. B. Harley

J. Baumfalk G. Hecht

H. I. Beardsley R. E. Hersey

R. B. Blackman W. H. T. Holden
L. J. Bowne J. D. Hubbell

H. Eckardt W. F. Kannenberg
J. O. Edson B. J. Kinsburg

0. C. Hall B. F. Lewis

C. W. Halligan

H."ALewis |
F.'B. Llewellyn
A. A. Lundstrom

V.'L. Ronci
V.lE. Rosene
H. H. Schneckloth

W. P. Mason K. D. Swartzel, Jr.
H. J. McSkimin R. J. Tillman

P. B. Murphy A. Tradup

F. A. Polkinghorn C. W. Vadersen
W. A. Rhodes L. Vieth

G. H. Rockwood J. M. West

C. F. Wiebusch
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Some Members of the Laboratories

BioGrarHIES oF MEMBERS of the Iabora-
tories chosen by lot from those who have
been with us more than six months and less
than twenty-one vears follow.

* * * * *

A HUNDRED PER CENT Laboratories home
is that of George W. Meszaros, of Toll
Equipment Development, since Mrs. Mes-
zaros is in the F.quipment Drafting Depart-
ment at the Davis Building. Their ac-
quaintance began here, and they were mar-
ried three years ago.

After graduation from Stuyvesant High
in 1926, George entered the Systems Draft-
ing Department, where he prepared new
drawings specializing on wiring diagrams.
He has recently completed evening session
courses at City College which have earned
him a B.E.E. degree. In 1939 he joined the
Trial Installation group and helped in the
engineering and installation of the radio
telephone system for emergency vehicles at
32 Sixth Avenue, the K2 carrier telephone
installation between New York and Pitts-
burgh and the program on K carrier in-
stallation between New York and Boston.
Shortly thereafter he worked in the Current

George W. Meszaros

[xii]

Development Group analyzing special proh-
lems in connection with Western Electric
carrier telephone installations. Last year he
transferred to the Toll Equipment group
where he assisted in the development of the
3C Teletypewriter Switchboard. He is now
in the Power Plant Development group
doing his part in the war effort of the Lab-
oratories by developing power plants for
the armed forces.

Many interests contribute to George
Meszaros’ life. For several years he has been
a member of the Bowling League and of the
Stamp Club. In the summer, his recreations
are tennis and swimming; in the winter he
collects stamps and breeds tropical fish in
his uptown apartment.

* * * * *

HEerB Sarcu’s work is a good index of the
activities of the Laboratories, for across his
desk and his partner’s flow all the orders to
replenish stocks of materials. In busy times
like the present the two, Herb and Eddie
Collins, handle approximately 100 orders a
day. When the stock of any item is nearing
the re-ordering point the record card goes to
Herb or Eddie. After making certain calcu-
lations based on past per-
formance, the theory of prob-
ability, etc., they determine
the most economical amount
to order. From this informa-
tion posted on a stock pur-
chase card the Purchasing De-
partment is authorized to
place the order on the supplier.

Born in West Hoboken,
Herb attended local schools
and graduated from Dickinson
High School in Jersey City in
1922. Then entering the Lab-
oratories, he was soon trans-
ferred to apparatus informa-
tion, where he cared for the
stock of “Y-models.” Those
are samples of all sorts of ap-
paratus made in the Labora-
tories for test, and frequently

March 1942
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drawn out by engineers for
further study. Herb became so
well known as “librarian” of
the collection that some of his
acquaintances still think of
him as the man to call about
Y-models. Actually, he has
been in the Stock Control
group since 19335.

In Secaucus, where he and
Mrs. Salch live now, Herb is
superintendent of a Sunday
School and an exempt fireman.
He used to play baseball on
his department’s team in the
Laboratories league, but now
between his work and his two
boys — five and one-and-a-
half years respectively — he
finds time and energy for no
games more strenuous than
“horseshoes.”

* * * * *

As SOON As HE GRADUATED from Perth
Amboy High School, Jens F. Jensen began
his career as an analyst by getting a job in
the assay laboratory of American Smelting
at Perth Amboy. That was in 1910; during
the next five years he took evening courses at
Pratt and Brooklyn Polytechnic. Then his

profession took him to a copper smelter in

Herbert W. Salck
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Jens F. Jensen

Peru; he gave that up to serve in World
War I, and was mustered out as a Second
Lieutenant. After two years at a silver mine
in Mexico he came back to New York where
in the research laboratory of Guggenheim
Brothers he studied the refining of low-grade
tin ores.

In 1929 Mr. Jensen became a Member of
the Technical Staff in our general analytical
laboratory. This group con-
tributes to our work by deter-
mining the constituents of a
great variety of materials.
Sometimes they have a good
idea of what is in the sample,
in which case the early steps of
an analysis are obvious. Often,
however, results are conflict-
ing; or the physical properties
are not explained by the ap-
parent chemical constitution.
That is where Mr. Jensen’s
long experience is so valuable.
Among his recent analyses
have been wood preservatives,
alloys, and proposed substi-
tutes for zinc and nickel as
protective coatings. He has
also contributed materially to
the Laboratories’ work on the
development of standard tech-
niques for analysis.

[x111]
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Sherwood King

In Summit, where Mr. and Mrs. Jensen
live, they have a daughter in senior high
school and a son in junior high school.
At one time, Mr. Jensen played softball on
the “Bell Labs” team of the Summit League;
he still plays tennis. At present he is a
member of the advisory council of a nearby
recreation center.

* * * * *

Berore SHERwooD King graduated from
Harvard (B.S. ’38), and particularly while
he was doing graduate work at Lafayette
(M.S. ’40), he had his eye on the Labora-
tories, so he took all the courses that bore on
communication. After a few months under
training in the switching laboratories, he
was transferred to the toll transmission
group where he is now developing equipment
for national defense.

Like many another young Laboratories
couple, the Kings live in the Village. When
the war emergency and his Out-of-Hour
Courses leave him time for recreation, he en-

joys photography.

[x1v]

M. V. Hu~TER visited Mt.
Holly, N. J., in connection
with the installation of an
emergency power supply for
calculagraphs.

D. VanxMETER was in
Lowellville, Ohio, to supervise
the installation of new facili-
ties in the step-by-step com-
munity dial office.

C.H. AcueEnBacH and V. T.
CarraHAN visited gasoline en-
gine manufacturers in Chicago
and Minneapolis. Mr. Calla-
han also visited manufac-
turers at Canton, Ohio, and
Lansing, Michigan.

J. H. SoLE is at Fort Wayne,
Indiana, on machine design.

C. S. KnowLTON was at
Wright Field in Dayton and
the General Electric Company
in Schenectady on power ma-
chine problems.

I.'T. ForsTER observed bat-
tery operation at Washington.

A. J. Wier and F. A.
Brooks, at Philadelphia, in-
spected a new model of the
Leeds and Northrup controller, which is
used in the gain regulators of the type-K
carrier telephone system.

A. C. THomprson and B. McWHhaN spent
most of January in Baltimore testing the
a-c key-pulsing equipment installed in the
No. 1 toll switchboard that will complete
connections into No. 1 crossbar dial offices.
B. McKim and L. M. ALLEN also made short
visits to Baltimore on this project.

G. A. Hurst spent several weeks in
Jonesville, N. Y., testing the No. 380 cross-
bar unattended dial office.

TweNTY-I'1VE-YEAR SERVICE
ANNIVERSARIES

J. B. KeLLy, well known for his work on
audiometers and audiphones, first worked
for the Bell System during summer vaca-
tions while attending Pennsylvania State
College. Following his graduation with the
degree of B.S. in Electrical Engineering in
1917 he immediately entered the Engineer-
ing Department of the Western Electric
Company. With the Research Department
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he was engaged for several
years in studies of the quality
of telephone transmission. In
1924 he began his work on
the development of audiom-
eters and audiphones for the
hard of hearing. As part of
this work, a considerable
portion of his time was de-
voted to the problem of
measuring children’s hearing
in public schools.

I.ate in 1935 Mr. Kelly be-
came executive assistant to
the Physical Research Direc-
tor. Four vears later he trans-
ferred to the Specialty Prod-
ucts Division of the Western
Electric Company where he
was engaged in sales promo-
tion problems in connectionwith hearing
aids and audiometers. In this he worked
closely w:th the Laboratories, audiphone
dealers and members of the medical pro-
fession. In June, 1940, he returned to the
Laboratories and after a year with the
Bureau of Publication transferred to the
acoustical group of the Physical Research
Department. At present, in addition to
certain fundamental acoustical studies, he is
associated with a study sponsored by the
National Research Council to evaluate the
effectiveness of a high-quality group-hearing
aid in schools for the hard of hearing; and
with another study under the same sponsor-
ship to investigate the application of audi-
phones to children with impaired hearing in
the public schools.

Every vacation finds the Kellys, who live
in Queens Village, Long Island, roaming
around some part of the North American
continent. Last summer they made an ex-
tensive automobile tour of Mexico. As a
recreation Mr. Kelly plays golf. He is a
member of the Telephone Pioneers of
America.

* * * * *

Most or C. E. RamsBoTHAM’s service
with the Laboratories has been in the Patent
Department. After a few years in the Ac-
counting Department, mostly on special
studies, he transferred to the service group of
the Patent Department and then to the
group making routine studies of all patents
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C. E. Ramsbotham

J. B. Kelly

issued that were in any way concerned with
the telephone industry. Since 1929 he has
been primarily concerned with the prepara-
tion and prosecution of patent applications
covering general equipment such as hand-
sets, resistances, variable condensers, train
dispatching and clock systems and other
apparatus and systems.

Before joining the Bell System Mr. Rams-
botham had worked for thirteen years with
other companies. He spent twelve years
with the brass, iron and steel firm of McNab
and Harlin Manufacturing Company in
Paterson, N. J., particularly on plant engi-
neering and operating phases including cost
analysis and estimating. Following this he
then spent a year in the New York office of
the Canadian Inspecting and Testing Lab-
oratory of Montreal.

The Ramsbothams live in Mountain
View, N. J., and have a daughter who is a
trained nurse at St. Vincent’s Hospital in
Montclair and a son who is a senior in high
school.

* * * * *

A. A. Maver joined the Engineering De-
partment of the Western Electric Company
in 1917 and shortly thereafter went into the
circuit laboratory, where he was engaged in
contact metal studies. Following this he
tested manual and toll circuits in this lab-
oratory and then in 1920 transferred to
similar work in the panel laboratory. He
studied at the College of the City of New

[xv]
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York and in 1925 received his B.S. in Flec-
trical Engineering.

Since 1923, in what is now the Switching
Development Department of the Systems
Department, Mr. Mayer has been con-
cerned with the preparation of practices
covering the requirements and adjusting
procedures of all central-office apparatus. At
present he is engaged in the preparation of
similar practices covering tests of the
various circuits used in the crossbar system.

The Mayers live in the Flat-
bush section of Brooklyn with
their seven-vear-old boy.

*. * * ’

For seveEn vEars before
H. R. CLarkE joined the Bell
System in 1917 he did engi.
neering work, first with the
Ellis Adding Typewriting
Company, then with the Pub-
lic Service Electric Company
of New Jersey, the Crucible
Steel Company, and finally asa
member of the firm of Andrus,
Kramer and Clarke Engineer-
ing Company. During these
vears he took evening courses
at the Newark Technical
School from which he gradu-
ated 1n 1915. His first work at
West Street was in the radio
group on the development of
wind-driven generators for air-

[xvi]

H. R. Clarke

craft. Shortly after World
War I he entered the Speci-
fications Department on its
formation where he prepared
manufacturing information
covering all types of tele-
phone apparatus.

Since 1922, in what is now
the Station Apparatus De-
velopment Department, Mr.
Clarke has been intimately
concerned with the develop-
ment of station apparatus,
including transmitters, re-
ceivers, handsets, mountings,
headbands and testing equip-
ment on which he has been
granted twelve patents. He
was associated with the origi-
nal design of the handset
handle on which he holds a patent covering
the mechanical and electrical interlinkage
to prevent howling. Much of the work on
the lineman’s rubber handset, described in
the November, 1941, issue of the Recorb,
was done by him. Mr. and Mrs. Clarke live in
the South Mountain section of Milburn, New
Jersey, where he has a wellequipped shop,
both machine and woodworking, for home
experimentors as well as a hobby for him-
self. Mr. Clarke is a Telephone Pioneer.

Walter Whinn turning a steel shaft in a bench lathe in the
Development Shop

March 1942

www americanradiohistorv com


www.americanradiohistory.com

C. H. McCaxpLESS
spent several days in Chi-
cago to attend the cut-
over of the Rogers Park
crossbar office where
28,650 lines were installed.

L. J. Stacy has made
further visits to New
Haven in connection with
the study of dialing in
step-by-step areas.

F. R. LAMBERTY was in
Washington in connection
with new private-branch
exchange facilities recently

" made available for the
War Department and the
O.E.M.

RoBerT Pore attended
a meeting of the Cathodic
Section of the Petroleum
Industry Electrical Asso-
ciation in Kansas City on
January 15 and 16. Co-
operative methods of pre-
venting corrosion on very

long pipe-buried structures were discussed.
B. A. Merrick attended a meeting in
Philadelphia on January 12 of the Section on

William Weiler threads a piece of three-inch pipe in the
Building Shop in Section H
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International News Photo

When G. H. Downes of the Facilities reported at his Selective

Service headquarters to vegister, across the table froin him was

Mrs. Downes, a volunteer draft worker. She asked him all the
stock questionr and noted down his answers

Galvanized Hardware, American Society
for Testing Materials, Subcommittee VI
of Technical Committee A-5.

H. G. Jorpan and P. F.
JonEs participated in tests of
the type-Ka carrier telephone
system between New York
and Pittsburgh.

E. IF. Vaace has been in
Allentown and Pittsburgh in
connection with the trial of
the type-K2 carrier system.

A. J. Aikens, G. H. BakEr,
L. B. Hocugrar and R. ]J.
Symonps conducted crosstalk
tests at Ligonier, Altoona and
Lewistown, Pa.

R. J. Symonxps and R. S.
Tucker took part in radio
interference tests at Sands
Point, N. Y.

M. Arvuck and D. F. Hortx
conducted noise investigations
on local circuits in northern
New Jersey.

E. S. Wircox, C. O. Cross,
C. H. Gorman and H. KanL
were in Nebraska and Colo-

[xvit]
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Frank Wallenius in the Precision Room of the Development
Shop grinding a plunger for a mold

rado making crosstalk tests on the Omaha-
Denver toll cable.

H. B. NovEes completed crosstalk tests on
the San Francisco-Oakland cables and re-
turned to New York.

B. C. Grirrit and W. C. BaLL spent a
few days in Baltimore on noise studies in
connection with the 0.8-mc coaxial system.

SiNCE THE MIDDLE oF DECEMBER the New
York-Philadelphia coaxial cable has been in
limited commercial service and has been
operating without trouble.
Forty-eight telephone circuits
are now routed through this
cable system.

J. W. Scumiep and W. F.
Smmpson attended a hearing
before the Primary Examiner
in interference proceedings
conducted at the Patent Office
in Washington.

R. A. DeLLer has been
spending part of his time in
Washington with the War
Production Board assisting
that organization in obtaining
the services of men with
special training and experience.

G. W. Cowrey, C. A, W,
Grierson, R. L. TamBLING
and W. P. FrRawLEY have re-

[xviii]

turned from Key West and
Havana where they have been
engaged in making tests on a
new Key West-Havana car-
rier telephone system.

M. E. CampBeLL and H. H.
BENNING spent several days
along the route of the Balti-
more-Washington cable and
at the terminals making tests
on the new o.8-mc coaxial
equipment.

K. C. Brack, H. H. Ben-
NING and F. H. Best made an
inspection tour of the Stevens
Point-Minneapolis cable to
discuss the operation of the
system and possible changes
in future testing methods.

How the Coaxial Cable Works
was explained by J. F. WeEnTz
to an Out-of-Hour class of
New York Telephone Com-
pany employees on January 19. His talk was
illustrated by lantern slides and described
how various electrical processes are used and
fitted together to produce the desired overall
operation of a coaxial system. He also
briefly discussed recent installations.

Tue Feperar Communications Com-
mission’s monitoring station near Laurel,
Maryland, was inspected recently by H. J.
Fisuer, O. D. EncsTrom, H. F. WiNTER
and E. I. Greex.

Teddy Olsen of the Building Shop makes up a pipe detail

for a cooling system
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C. HorrMaNN, 1888-1942

OBITUARIES

J. W. KELLY, a draftsman in the Patent
Department, died suddenly on January 21.
Mr. Kelly joined the Patent Department in
1929 and since then had been associated with
the production of patent drawings covering
all types of communication apparatus and
systems. Before joining the Bell System he
had had previous mechanical drafting ex-
perience, one year with Sackett and Wilhelm
Lithographing Corporation, with the United
States Army from 1919 to 1922, and then
seven years with the International Motor
Company.

* * * * *

CuHarLEs HorFmanN, who retired from
the Systeris Development Department in
1929 after twenty-two years of service in the
Bell System, died on January 10. Mr. Hoff-
mann joined the manufacturing organiza-
tion of the Western Electric Company in
1906 and for many years adjusted and as-
sembled relays. When the manufacturing
activities were transferred to Hawthorne he
became a wireman in the manual circuit
laboratory of the Systems Development De-
partment. During the eight years previous
to his retirement he was in charge of the
wiremen in the toll circuit laboratory.

* * * * *

F. L. Cox, a former member of the Tech-
nical Staff in the Systems Development De-
partment, died on February 5. Mr. Cox
began work in the Thames Street shop of the
Western Electric Company in 18953, install-
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J. W. KELLY, 1900-1942

F. L. Cox, 1867-1942

ing power and light equipment. When the
present West Street building was being con-
structed he assisted in wiring the first two
sections—B and C. He was later permanently
transferred to telephone wiring work and, at
the time of his retirement in 1932, was in
charge of wiring activities in the local sys-
tems testing laboratory.
* * * * *

DurING THE MonTHs of January and
February the following members of the Lab-
oratories completed twenty years of service
in the Bell System.

Apparatus Development Department
J. S. Clark D. H. King
Miss Florence Metz D. W. Pitkin
Systems Development Department
R. B. Bauer W. V. K. Large
Christopher Hartley
Patent Department
Miss Elizabeth Culbert A. J. Zerbarini

Research
Joseph Haverl

General Accounting
James Cameron

Commercial Relations
C. W. Stevens

Plant Department

R. N. Carr Patrick Higgins

AT A MEETING on January 26 of the Board
of Directors, A. O. JEHLE was appointed
General Auditor. Reporting to Mr. Jehle
are G. B. Smatrt, Auditor of Disbursements,

[xix]
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G. T. SELBY, Assistant General Auditor, and
J. S. McDov~oucr, Chief Auditor and
Methods Supervisor. Reporting to Mr. Small
are F. W. Se1BeL, payroll, T. J. MurTHa,
voucher, and J. W. SToNER, tabulating
service; to Mr. Selby, J. SAUER, corporate
accounting, H. M. GessNEr, plant ac-
counting, and K. M. WEEKs, costs and ex-
pense; and to Mr. McDonough, W. E.
MaRrouUsEK, audits, and C. W. F. HaunEg,
methods and office standards.

F. H. Best visited Minneapolis and
Stevens Point in connection with tests of
the coaxial system.

R. G. KooxTz was in Baltimore to discuss
with engineers of The Chesapeake and Poto-

mac Telephone Company changes in the
number-group circuits for the Saratoga
crossbar office.

C. E. BoMan visited the Harvey Hubbell
Company and the General Electric Com-
pany at DBridgeport, Conn., to discuss
special cables.

H. W. Hemsacu visited Baltimore in
connection with problems on the a-c key-
pulsing equipment. Mr. Heimbach also went
to Hawthorne in connection with the manu-
facture of sender-test frames for the No. 4
toll crossbar.

T. J. Grieser and A. C. GILMORE, also at
Hawthorne, discussed private-branch ex-
change equipment.

[xx]

THE ViTAL Task oF COMMUNICATION

The American battlefront stretches around the world. To suc-
ceed in this kind of war a nation must have fast and accurate
communications. The science of sound on which modern com-
munications is built is at the very heart of the world-wide struggle.

Good communications are vital to an army, a navy or an air
JSorce—to direct men and ships and planes; to synchronize tank
columns with infantry and plane support; to keep the fighting
Sronts in the eye of the command. Planes are located and artillery
directed by sound. In a hundred different ways the science of
sound fits into modern war. Communications make possible the
effective human management of the far-flung and three-dimen-
sional battle-line.

The men of Bell Telephone Laboratories have long been work-
ing on the science of sound for PEACE. For some time now they
have been concentrating with fierce intensity on their science—for
WaR. Their knowledge and developments will help us to win. . . .

And all through the land, where the battle for production must
be won, we have a nation-wide telephone system operated by ex-
perienced and loyal Americans. They are on top of their job.
They will see to it that our country gets the best telephone service
in the world.

The Telephone Hour, February 2, 1942.
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High-Precision Frequency Comparisons

By L. AL MEACHAM
Civenit Keseareh

N THE development of frequency

sources of high precision and sta-

bility, used in many branches of
electrical communication, it 15 neces-
sary to provide means of measuring
the performance of these sources.
The measurements, to he H:;_u;niﬁn;:unt
must detect irregularities smaller than
the allowable variations of the cur-
rents themselves: if a 100-kc oscil-
lator, for example, is intended to be
stable within one thousandth of a
cycle per second, the test circuit
should be able to detect a variation in
the order of one ten-thousandth cycle
per second.

One means for checking the sta-
bility of high-frequency oscillators has
already been described in the REc-
orD:* the “spark chronograph.” This
equipment does not measure instan-
taneous changes, but
records the average
variation over a con-
siderable period of
time. The number of
cycles of current gen-
erated by the oscillator
is counted by a syn-
chronous motor, while =52 200000~
the elapsed time is in-
dicated by signals from

Ny
fi=g

=100,000.1"v

HYBRID
CcoiL
H

SYNCHRONOUS

2-STAGE
100-KC
AMPLIFIER
1 DIODE
—{ RECTIFIER
N VARIABLE
E+Ep DC BIAS

week or more provide a satisfactory
measure of the tested oscillator’s
average performance.

When the measurement must be
made within a short period this direct
method fails, because elapsed time
cannot be determined with sufficient
accuracy; but since deviations rather
than absolute values are of interest, it
is possible to substitute comparisons
between the frequencies of two or
more similar but independent oscil-
lators. If these are constant with re-
spect to each other within observed
limits and are truly independent,
probability assures the constancy of
the individual frequencies within the
same or closer limits. That excellent
precision is obtainable by this method
is shown by experience with equip-
ment built in the Laboratories to

SPARK
THYRATRON COIL
G T

M
MERCURY
VAPOR
LAMP

the Naval Observatory
at Arlington. The score
of cycles versus time 1s
chalked up by the
chronograph at the end
of each hour. Observa-
tions carried on over a

*October, 1939, page 54.
March 1912

1000"V FROM
FREQUENCY
STANDARD

UNEXPOSED
FiLM
CHAMBER

FIiLM

IMAGE OF NUMBERED
SCALE DIVISIONS

STORAGE

|_|DEVELOPING ||
CHAMBER

TANK

FIXING
TANK

Fig. 1—Circuit for measuring short-time stabilities of
standard-frequency oscillators
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check the performance
of the bridge-stabilized
oscillators used in the
Bell System frequency
standard. The oscil-
lators were designed to
be stable within one
ten-thousandth cycle
per second, and the
testing circuit had
therefore to detect a
variation in the order
of one hundred-thousandth cycle.
Furthermore, since the changes to be
examined might be momentary, it was
essential that the measurements rep-
resent nearly instantaneous frequency
values and be obtained at very brief
intervals.

Figure 1 is a simplified schematic of
the testing circuit. The two 100-kce
oscillators 0, and o, are adjusted to
differ in frequency by about one-tenth
cycle per second. Their outputs are
added together in a hybrid coil and
the sum amplified and rectified to

/
// // ROTATION
% i OF Ey

Fig. o—Vector diagram of voltages at input
of measuring circuit

fire a thyratron tube once each beat
cycle, in turn discharging condenser ¢
through a spark coil. High voltage
generated by the coil causes a brief
flash of light in the neck of a mercury
vapor lamp. To record the time be-
tween flashes a circular scale marked
in milliseconds 1s rotated by a 1000-
cycle motor synchronized with cur-
rent from the frequency standard.
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Fig. 3—Section of a typical film recording from the timing
disc. Differences between successive readings give the beat
periods in milliseconds

Each discharge illuminates the scale
and records the time on a slowly
moving film.

In this way the time elapsed during
a single ten-second beat cycle is re-
corded to the nearest thousandth of a
second, and any irregularity in the
beat frequency amounting to more
than one part in ten thousand be-
comes apparent. As the frequency of
the beat pulses is only one-millionth
(;) of the frequency of

10 X 100,000
either 100-kc osc1llat0r, the prec151on
of the comparison between the pair of
oscillators is approximately one part
in ten thousand million (i0%). To
take a specific example, suppose that
one of the oscillators, o;, has a fre-
quency of precisely 100,000 cycles per
second and the other, 0, a frequency
of 100,000.1 cycles. This difference of
0.1 cycle per second, or one part in a
million, produces a beat once in ten
seconds. If the frequency of o,
changes to 100,000.1001, the beat
period will be shortened by .ot second,
or ten divisions on the scale. Thus an
irregularity so small as to be undetect-
able by any rapid direct method pro-
duces a very noticeable record in the
measuring device.

The principal problem in designing
the measuring equipment is to insure
that the thyratron will be fired at the
same point in each beat cycle; other-
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Fig. 4—Equipment for precision frequency comparisons

wise a recorded change may be due to
irregularity in the testing device
rather than in the oscillator. The two
oscillator outputs must be so com-
pared that some condition for firing
1s satisfied abruptly and at a definite
relative phase angle of the cycle. How
this is done can most easily be ex-
plained by referring to the vector dia-
gram shown in Figure 2.

In this diagram E; represents the
output voltage of one

of the oscillators rotat- .

fied to provide nega-
tive bias on the thyra-
tron grid. When the
bias falls below a cer-
tain value determined
by the design of the
tube and represented
by the radius of circle
c, the tube fires. In
other words, a record
is made whenever the
end of vector E; dips
inside c.

If the point of entry
is at @, as when the two
output voltages are
precisely equal, the fir-
ing comes earlier than
if they are slightly
different and the end
of ;1 barely grazes the
circle at & or 4. The
possible error thus in-
troduced is measured approximately
by the ratio of the radius of c to the
circumference of the circle swept by
the end of Ei. This error is made
sufficiently small by amplifying the
vector E; +E: before rectification, and
thus increasing the sensitivity, or
effectively reducing the radius c.
When the voltages are thus critically
compared their amplitudes must be
almost identical or no record is ob-

THERMOSTAT

CYCLE OF
“‘CRYSTAL"‘
| _OVEN

) ik

£ - b

.
0
!
o

ing in phase at the beat
frequency with respect &

Qo 0=
to the other, E.. The So | s%
sum of the two volt- ©z olf
ages, added together 22 1
in the hybrid coil, is §§_|o
represented by the vec- &
tor E; -+ E, which 2

o] e 4

changes constantly in
length throughout the
beat cycle. This vector
is amplified and recti-
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Fig. s—Short-time frequency comparisons between inde-
pendent bridge oscillators in normal operation
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tained; but if the thyratron fires at
all, 1t must do so at a time known
within exact limits. In the practical
measurcment of the bridge oscillators
enough pain was used so that oscil-
lator outputs were about 65 db larger
than the critical value of their sum
required to fire the tube and thus had
to be alike in amplitude within about
0.05 per cent.

Other problems encountered in de-
signing the measuring equipment are
overloading in the amplifier, varia-
tions in its gain, and changes in the
firing potential of the gas tube. The
ampllﬁer daoes overload severely dur-
ing most of each beat cycle, but not
during the critical period when E,+Es
becomes small. The other items cause
first-order changes in sensitivity, but
only very small errors in the measure-
ments themselves. Harmonics of 100
ke, if present in the mixing circuit and
amplified, might prevent the desired
complete cancellation of the oscil-
lator outputs. This has been avoided
by tuning the amplifier to 100 kc at
several interstage points. The efficacy
of the tuning has been checked by
noting that when the outputs are in
optimum’ level adjustment, the mini-
mum value of E; +E, is well within the
critical firing value.

Possible tendency for the two oscil-
lators to lock into step, or otherwise
mutually interfere, has been found
negligible, for several reasons. A
buffer amplifier is employed in the
output of each oscillator; the frequen-
cies being compared differ by a large
amount in comparison to their indi-
vidual fluctuations; they are com-
bined in a balanced hybrid coil which
affords perhaps 20 db of attenuation
between them; and all the consecutive
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records are made at the same point in
the beat cycle, accurately repeating
any cyclic advance or retardation of
phase, which thus subtracts out when
the beat periods are calculated.
Figure 4 shows the motor and the
optical system attached to the frame
of a Bell Laboratories rapid-record
oscillograph and utilizing its film
drive and developing apparatus. Light
from the mercury vapor lamp is fo-
cused on the film within the oscillo-
graph turret. The film moves Just
fast enough to separate successive
records. Figure 3 shows a typical
film recording from the timing disc.
Differences between successive read-
ings, augmented by an initial stop-
watch check of the ten-second inter-
vals between flashes, give the beat
periods in milliseconds.
Measurements of a pair of the oscil-
lators now used in the Bell System
frequency standard are given in
Figure 5 for a typical half-hour run.
The plotted points represent fre-
quency differences between the oscil-
lators. For clarity the average of the
whole set of measurements has been
taken arbitrarily as the zero of devia-
tions. The measurements show a
sinusoidal variation with an ampli-
tude of about six parts in ten billion.
The obvious guess that this sine wave
1s associated with the intermittent
heating of the crystal temperature
control ovens has been confirmed by
correlation of the periods involved.
The small scattering of individual
readings, in the order of only plus or
minus one part in ten billion, is due
to the fluctuations in all other oper-
ating conditions, such as the supply
voltages, and to remaining inaccu-
racies in the measuring equipment.
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PPPPPPPPHVPYVPPGPOHRPPPHPOPOOS
Grounding of High-Gain High-Frequency

Ampliﬁ ers

By T. F. GLEICHMANN

Transmission Development

of incalculable advantage in the
design of amplifiers, since it
gives almost complete control of vari-
ations In gain, and makes possible
drastic reductions in the distortion
and noise produced in the amplifiers
themselves. It is secured by providing
a carefully designed feedback path
between the output and input of an
amplifier stage or of an entire ampli-
fier. While feedback may thus be a
blessing to the amplifier designer, it is
so only because it takes place over a
properly designed path. If, however,
the path over which the feedback oc-
curs is a fortuitous one, singing or ob-
jectionable crosstalk between differ-
ent amplifiers may take place unless
the amount of feedback is very small.
In almost any amplifier there are
couplings of one sort or another be-
tween circuit elements, and these may
form paths over which the feedback is
not controlled. With amplifiers of
small or medium gain, however, oper-
ating at moderate frequenc1es the
amount of feedback over such paths
may generally be kept small enough
to have little effect on the operation
of the amplifier. With high-gain
amplifiers operating at very high fre-
quencies, however, the situation is
more difficult to control because both
high gain and high frequency tend to
increase the amount of fortuitous
feedback that is present in the circuit.
A common cause of these feedback

STABILIZED feedback has been
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couplings is mutual impedances in the
ground path of several stages; that is,
currents in the ground path of one
stage flow through impedances that
are also part of the ground path of an-
other stage. Consider, for example, an
amplifier of which some of the ele-
ments of the first and last stages
might be as represented in the upper
diagram of Figure 1. Ground connec-
tions are commonly made by attach-
ing the lead to the metal panel on

Fig. 1v—In a typical amplifier, currents
from plate to cathode flow in the panel for
all stages, and thus have the common im-
pedance AZ. Such an arrangement is thus
equivalent electrically to the lower diagram

which the apparatus is mounted, and
in Figure 1 it will be noticed that both
of the cathodes are so grounded as are
also the input and output circuits.
The return path between plate and
cathode for the stages thus includes
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the common panel which has an im-
pedance that may be called Az. In
view of this situation the circuit may
be represented electrically as shown in
the lower diagram. An analysis of this
diagram shows, for example, that cur-
rent flowing in the output circuit due
to e; must return to the cathode
through Az. This results in a voltage
drop e; across Az, which is applied
directly to the input as a potential ¢,.

In the situation represented by
Figure 1, the feedback coupling is
through a common impedance, but
other types are possible. Even when
the ground leads are run so that there
is no physical impedance common to
the input and output stages, there
may be coupling due to mutual in-
ductance between the ground leads.
This is indicated in Figure 2. The ef-
fect of this mutual inductance is the
same as that of the mutual impedance
in Figure 1.

Coupling may also occur through
capacitance as shown in Figure 3.
The shield between the windings of
the output transformer may be
grounded, and thus any current flow-
ing in it may pass to the input
through any such mutual impedances
as indicated in Figures 1 and 2. Out-
put current may enter the shield
through the capacitance between
windings and shield, and will then
affect the input as in the previous
examples. The electrical equivalent of

Fig. o—FElectrical equivalent of a circuit

stmilar to that of Figure 1 but with mutual

inductance between ground leads of input
and output stages
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this circuit is shown in the lower dia-
gram of Figure 3. Current flowing
from the plate of the output tube
through the capacitance to the shield
passes through the mutual impedance
Az, causing a voltage drop e; and a
voltage ¢, across the input to the first
tube. Although the capacitance be-
tween the shield and winding of the

M- ————— €3 - >

A%

== AZ

Fig. 3 ~Ground current may also flow

through the capacitance to the shield of the

output transformer, and thence through any

existing mutual couplings. The electrical

equivalent of this circuit is shown in the
lower diagram

output transformer was picked as a
specific example, the capacitance of
any element to the panel may be part
of the coupling path.

With a high-gain amplifier, the
value of the mutual impedance Az
must be kept exceedingly small. Con-
sider, for example, a line amplifier for
the type-K carrier system, and as-
sume that the singing margin by way
of the fortuitous feedback path must
be at least 20 db if the effect of the
feedback is not to be objectionable.
At 60 ke, the voltage amplification
from the input to the output, ex-
clusive of the input and output trans-

March 1942

www americanradiohistorv com


www.americanradiohistory.com

formers, is 105 db, and thus if the net
loss around this feedback path is to
be 20 db, the loss from the output
back to input over the feedback path
must be 125 db. The voltage across
Az will be in the same proportion to
the output voltage as the impedance
Az is to the output impedance. In this
amplifier, the output impedance is
3500 ohms, and thus to keep the feed-
back to the desired value, the ratio of
Az to 3520 must be that represented
by 125 db, the desired loss in the
feedback path. 125 db, however, cor-
responds to a ratio of I to 1,778,000,
and thus Az must not be greater than
3500 1,778,000, which is .002 ohm.
This is an extremely small impedance.
At 60 kc a piece of No. 18 copper wire
0.4 inch long has about this imped-
ance, and two parallel straight wires,
one inch long and o.5 inch apart, also
have the same impedance through
their mutual inductance. For the situ-
ation shown in Figure 3, the value of
Az may be somewhat larger, because
of the small capacitance between
winding and shield, but in all cases the
mutual impedance must be exceed-
ingly small.

The coupling paths indicated in
Figures 1 to 3 become increasingly

important as the frequency is in-
creased. The impedance of the panel,
since it is mainly inductive, increases
with frequency and thus Az becomes
greater, and coupling by paths similar
to Figures 1 and 2 is made worse. In
the situation represented by Figure 3,
a double effect takes place as the fre-
quency is raised, since the impedance
of the coupling capacitance is reduced
while Az is increased. Hence, while it
may be relatively easy to hold a par-
ticular gain at one frequency, it may
be difficult to hold the same gain at a
higher frequency.

Once the nature of this feedback
situation is realized, the course the
correction should take is fairly ob-
vious. The ground paths for each
stage should all be closed on them-
selves so that there is no common
impedance for the currents of different
stages. This method is shown sche-
matically for one of the type-K carrier
amplifiers in Figure 4. It will be
noticed here, for example, that the
plate and cathode circuits for each
stage are connected to the same point
so that the Az of Figure 1 is elimi-
nated. Also the shield of the output
transformer is so connected that there
is no common impedance for the
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Fig. 4—Simplified schematic of line amplifier for the K carrier system showing system
of grounding adopted to avoid mutual impedances in ground paths
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shield current and that of the input
circuit. Furthermore, all ground con-
nections are made as short as possible
and kept away from those of other
stagres. For this reason the ground
leads should never be run in “forms”
with other leads but carried directly
to the ground points.

The impedance Az of Figures 1 to 3
does not necessarily have to be on the
same panel, but may be a common
impedance between two panels. Under
these conditions v1 and v3 would be
on separate pancls, and the voltages
shown would give rise to objectionable
crosstalk between amplifiers.

The method of grounding shown in
Figure 4, which keeps the high-
frequency currents out of the panel,
also aids in reducing the crosstalk be-
tween amplifiers when several are
mounted on the same relay rack. If
this method is not used, part of the
signal current flowing in one panel
may find its way into the panel of an-
other amplifier on the same rack. This
current flowing through the panel im-
pedance sets up voltages within the
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second panel, and results in a voltage
appearing at the output of the second
amplifier due to a signal on the input
of the first amplifier. One way in
which this has been eliminated in the
past is by breaking up the path by
insulating the panels from the racks,
thus keeping the current from one
amplifier from entering the other
amplifier. By following the grounding
technique outlined, amplifiers with
gains of 70 db or more at 60 kc may be
mounted directly on a rack one above
the other, the separation between the
outputs being 100 db or more.

This grounding technique has
proved valuable in meeting the sing-
ing margin and crosstalk requirements
for the type-J and K repeaters. In the
design of a ten-megacycle amplifier
for a high-frequency oscilloscope,*
this technique resulted in sufficient
separation between the outputs of two
6o-db amplifiers to permit the ampli-
fiers to be mounted on the same panel.
The separation was at least 5o db at
ten megacycles.

*REcORD, December, 1941, page 95.
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Contributors to this Issue

M. L. SELKER received the B.A. de-
gree from Western Reserve University in
1936 and the M.A. in colluid chemistry in
1937. After receiving his Ph.I). degree in
physical organic chemistry from the same
institution in 194¢ he joined the Chemical
Laborato-ies. In the rubber group of the
Organic Research Department he has

since been engaged in the cold-testing of

insulating materials and research in vul-
canization chemistry.

T. F. GLEICHMANN was graduated from
Johns Hepkins University in 1929 with
the B.E. degree, and joined the Systems
Development Department of the Labora-
tories in [uly of that year. Since then he
has been associated chiefly with the de-
velopment of repeaters for carrier tele-
phone systems.

H. M. PrubEn* joined the Engineering
Department of Western Electric during
the summer of 1919 and engaged in
laboratory work on voice-frequency sig-
naling. As a Member of the Technical
Staff since 1924, he has been engaged in
development of voice-frequency signaling
and dialing systems, and of voice-oper-

M. L. Selker
March 1942

T. F. Gleichmann

ated switching devices and control cir-
cuits that are employed in radio systems.

A. C. PETERsON, Jr.,*received the B.S.
degree in Electrical Engineering from the
University of Washington in 1928, and in
December of that year joined the D & R
Department of the American Telephone
and Telegraph Company. With the later
consolidation of this department with
the Laboratories, he became a member
of the Transmission Development De-
partment and in 1940 a member of the
Research Department. With these organi-
zations, Mr. Peterson has been concerned
prmc1pally with problems dealing with
radio transmission and development. In
1937 he received the E.E. degree from the
University of Washington.

L. A. MEeacHaM received the B.S. de-
gree in electrical engineering at the Uni-
versity of Washington in 1929. The fol-
lowing year he pursued graduate studies

*Articles by H. M. Pruden and A. C. Peterson,
Jr., were made up as part of this issue of the REcorD.
Although they dealt with peacetime telephonic
developments, in view of the possibility that they
might disclose technical material useful to the enemy,
they were withdrawn as the magazine went to press.

H. M. Pruden
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A. C. Peterson, Jr.

at Cambridge University in England
where he received the Cambridge “Certi-
ficate of Research” in 1g30. That year he
joined the Laboratories and has since
been working on problems in connection
with the generation, distribution and use
of constant-frequency currents. Mr.
Meacham received the 1939 Eta Kappa
Nu Recognition of Outstanding Young
Electrical Engineers for his distinguished
research in the generation of constant-
frequency currents and his participation
in the cultural life of his community.

W. S. GorTonx received the A.B. degree
from Johns Hopkins University in 1go8;
the A.M. in 1910 and Ph.D. in 1914 from
the same institution. He was Instructor in

L. A. Meacham

W. S. Gorton

Electrical Engineering at the Massa-
chusetts Institute of Technology from
1911 to 1913; Physicist with the Brady
Urological Institute of Johns Hopkins
Hospital from 1914 to 1917; and Associate
Physicist at the Bureau of Standards
from 1917 to 1919. In 1919 he joined the
Laboratories where he has since been en-
gaged in problems relating to voice-
operated telephone repeaters; the de-
velopment and manufacture of submarine
telegraph and telephone cables; and the
properties of base metal telephone con-
tacts as affected by mechanical vibration.
In addition to his technical work he is
also executive assistant to the Physical
Research Director.

DEerFENSE Savings BonbDs

To assist its members in the purchase of U. S. Bonds by
deductions from salaries, the Laboratories in recent years has

contributed services by its Accounting and Financial Depart-

ments. Today many are buying Defense Savings Bonds under its

payroll allotment plan; and a recently formed committee is under-
taking an intensive campaign for even greater participation
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