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Springs for Telephone App‘udtu\ .. . . . . . Townsend . . VII1—586
AMeter Calibration . . Dennis oL XI1—311
Microscope, Ultra-V 1olet .. . . . . . . . . Luas . . . VIll-s74
Motion Pictures in Relief . . . . . . . . . . . . . . . .. X—367
N
Networks
Adjustable Band-Pass Filter . . . . . . . . . Levell . . . Xll—173
Adjusting Precision Filters . . . . . . . . . . Kahl. . . . XlI-379
Carrier Circuit Equalizers . . . . . . . . . . Stillwell . . Xll—113
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Electrical Delay Circuits
Electrical Reflections and Their ]\Ie’murement
Filters in Carrier Svstems
Filters in Action .
Line Filters for Program ClrLults .
Nomogram for Circuit Problems .
Retardation Coils for Precision Filters .
Shielding for Electric Circuits .
Transmission Networks and Their IVIedsurement
Tuned-Transformer Coupling Circuits .
24,000 Watt Filter .

Noise Abatement

o

Oscillators (see also Quartz)

A Heterodyne, of Wide Frequency Range . .

For Radio Frequency Rdnge (\V-IO4I4 W- 10465)

Low-Frequency : . .
Oscillographs and ()s(l“OS( “opes

For Rapid Record .

Lmeqr I'ime Axis for (,Athode R o

New Timing Disc for . .
Seeing Sound at the World’s Falr .

P

Patents—The Prior Art . .
Photoelectric Cells (see also F(levmon)

Caesium-Oxvgen-Silver

New Types .

Western Electric l’hotom atic I* qulpment .
Power Plants (see also Maintenance; Lubrication)

Charging Batteries .

Emergency Units (Buffdlo l\pe Al T l‘ ngme\)

For Magneto Offices .

For Voice-IFrequency Equlpment ll‘dn\dtldntlk bhm t-

Wave Radio

Local Batteries

Maintaining Quality in Drv Lell> . . )

Radiator Cooling Units for Reserve Power Pldl)t\ )

Reduction of Radio Interference from

Ringing-and-Coin-Control Generators

Thousand Ampere Choke Coil .

T'one Alternator e
Private Branch Exe¢ h.uwes (see also Teletypewriter)

Dial PBX (750-A) for Residences .

Dial PBX (740-C) for Large Residences .

Dial PBX (701-A) of Large Capacity .

For Large Establishments (702-A, 606-A)

In Airplane Carriers . .

Multiple PBX (605-A) .

No. 3 Order Turret .

Regulating Central-Office and l ie- ’l runk Servue

Ringing Conditions on PBX Trunks and Tie Lines .

Selector-Connectors for PBX Service

Tie Lines Between PBX’s .

Universal Turret for Desk Mounting
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Holcomb [X—229
Laskey X—374
Mills XI—zgi
Lane . XIl— 2
Clement XII—-167
Slonczewski X— 71
Darnell . XII—-375
Ferguson X— 88
Adugustadt . X—296
Christopher XI-195
Brotherton . X—127

VIII—598;1X—52, 123
Kreer XI—-137
Grant . X1—237
Hudack . X—378
Curtis VIII—-580
Samuel . I1X—571
Schreiber VIII—333
Mallina X1—361
Adams VIII—306
Kelly XII— 34
Olpin IX—310
Field X—399
Trucksess Xl—343
Callahan VIII—158
deNay I1X—180
Larew VIII— 21
e XI1I—352
IV right . XI11—-332
Callahan X— 25
Duguid . X—124
Stune XI- 73
Swoboda Vili—i1o09
Tan Duyne XIl— 6
Harper . VIll—278
Ferguson VIIl—416
Blocklin VIII— 36
King XI—-210
Fergusan VIII—458
Harper . Vili—105
Hagland XI— 2
Harper . Xl1I—-235
Krom 1X—188
Draper . 1X—219
Harper . VIII- 32
Gilmore IX—488
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Prizes and Other Honors
Edison Medal to Bancroft Gherardi . .
Elliott Cresson Medal to Davisson and Germer .
John Price Wetherill Medal to E. C. Wente .
Morris Liebmann Prize to E. Bruce .
Order of the Sacred Treasure to F. B. Jewett .
Protection
Development of Protector Block .
Electrolysis Switch
Fuses .
Resistance L lmp\ .
Underwriters’ Laboratories . .
Public Address Systems (see also Audltor\ Pempeatlve)
Addressing Atlantic City Conventions
Bus Announcing Outfits .
Distributing Programs in the \ledorf A\torn
Loud Speakers in New York Hospital

Q
Quartz
High-Frequency Quartz Crystal Oscillators .
Mounting Quartz Plates .
New Oscillator for Broadcast I‘xequenuu
Quartz Crystal Resonators
Silica Springs .

R

Radio (see also T'ransformers; Vacuum Tubes; Quartz)

General
Direction of Arrival of Waves .
Effects of Meteors .
Electrical Constants of the (Jr()und
Long-Wave Testing
Measuring the Frequencies of R'ldl() Slgn'lls
Radio’s Past and Future .
I'ransmission Lines
Ultra-Short-Wave Tranhmmlon

Aircraft
Aircraft Communication for Police Work .
Aircraft Radio Receivers . .
Airplane Receiver 14B, We: lther md Bedmn .
Airplane Transmitter 11A
Airplane Transmitter 13A
Airport Receiver 1113 .
Airport Transmitter 10A .
Equipment for Transport Pl‘me\ (706 A)
Fairchild Plane for Aircraft Communication W ork
New Ford Plane Arrives at Hadley Field
New Radio Transmitters for Airways
Radio-Telephone Equipment for Airplanes .
Reception to Graf Zeppelin . .
Superheterodyne Receiver (12A)
Test Truck for Aircraft Radio .
Tuning Control for 14A Receiver .

May .
Tebo .
Savage .
Insley

IV hitehead .

Crowley
Collins .
Kuhn

Findley .

Lack
Lack

Hovgaard .

Marrison
Heinhart

Feldman

Feldman

DeCoutouly

Roetken

Millikan
Feldman
Eunglund

Anderson
Reichle .
Bishop

Tinus

Fischer .
Knott .
Martin .

Bair .
Martin .
P lcclze’r

(’(mjhp\
Browine .
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. XI—-140
[X—429,493
[X—136, 493

X—278
VII—538
Xi- 8o
VIII—-364
XII— 27
XIl—170
X1—247
X—111
XI—151
X—187
Xl—241
VII- 54
XI—200
X—106
X—194
X11—-316
XI1l—305
Xl—r112
XIl—372
XI—178
1X—585
[X—510
XI—117
XI11—- 66
1X—-2406
IX— 71
X11—264
XIl— 21
X1—267
XI11-258
X1— 17
X1—262
IX—194
VIH—134
I1X— 65
11X~ 59
VIII= 42
X1-273
1X— 77
XI1I—-268
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Broadcast

Bloaduxsting from Two Stations on the Same Car-
rier Wave . i

Common Frequency Brodduﬁtmg Devel()pment 5

Distribution in Apartment Buildings

For WHANI . .

Frequency Monitoring Unit

Improvements in Broadcast Transmitters

Interference Effects with Shared-Frequency Broad-

casting
Low-Power Transmitter (12A)
New York City Police Radio
Portable Speech-Input Equipment .
Rectifier for 6B Transmitter
Caribbean
Introduction
Pictures .
13A Receiver .
Transmitters .
Voice-Frequency
Marine
Ship-to-Shore Telephony . . .
Ship Equipment for Harbor Craft Telcphone .
Shore Equipment for Harbor Craft Telephone
‘T'rial of the Radiophone in Alaska
T'ransmitter for the Coast Guard .
Two-Way Radio T'elephone on Fireboat.
Transoceanic (see also Power Plants, Networks)
Commercial Problems in Engineering the Short
Wave T'ransatlantic Radio
Horizontal Diamond-Shaped Antenna
New Overseas Radio-Telephone Extensions
Radio Engineering in Buenos Aires
Radio T'ransmission to South America
Roval Address Carried by I'ransatlantic Radlo
Service with South America .

Terminals .

Voice-Frequency Equipment for the Tran\dtlantu

Radio . .
Receivers, Testing with Artlhcnal Ear .
Recording Sound (see also Sound Pictures)

Demonstration of Magnetic System .

Demonstration of Vertical System .

Magnetic Recording .

New System of Sound Renondm«r .

Permanent NMNagnet Light Valve .
Relays (see also Magnetization; '\Luntemm(e)

Application of Relays to Telephone Circuits

Economics of Relay Winding Design
Repeaters (see Amplifiers; Telegraph; Toll;

patching)

Rolling Joints
Rubber, Nixing

Shipping and T'ransportation .
Skin Effect
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Train Dis-

I VIII—541
Gillett [X—181
Boeck Xl—203
. Al—220
Coram Ml—113
Kishpaugh VIIT—51as
Aiken X— =g
KNishpaugh XI— 37
S X—244, 429
Fracker . X— 49
Reise X1l—347
. X1-365

X1-84, 90, 172

Budenbom . XI1-375
Nordahl X1-381
MacMaster XI1—-369
Heising . VIIl—204
Hoodworth XI— 77
St. Clair XI— 62
Hoodworth [X—363
Iovgaard . X—205
IX—139

Webb VIIT— 25
Bruce . X—291
Oswald . X— 66
Howard Vill—j053
Burrows IX— 21
VIII—335

VIII—436

Coy . . . VII- 15
Crutchfield XII— 8;
XII—192

.o X—-370
Hickman XI—308
Harrison X—38¢9
Perreault X—112
Wells [X—224
Priessman . VIII—274
Moore X— 73
XI—209

Boyles . VIIl—425
Schelkunoff XI—109
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Sound Pictures (see also Recording Sound ; Laboratories;

Hard of Hearing)
Answer to Poor Talkies .
Acoustical Characteristics of Movie bgreens
Damping Methods for Electrical Reproducers
Loud Speaker Good to 12,000 Cycles .
Noiseless Recording .
Portable System for Sixteen Hlllumtm l‘lll]] .
Recording the Sound Picture .
Reproducing Machine for Picture Aml Sound .
Re-recording Machine for Sound Films
Shallow Horn for T'heatre Use .
Sound Picture Slang . .
Sound Reproducing Lqmpment for lhe(meb .

Sound, Speech, Hearing and Acoustics (see also Hdl’d
of Hearing; Sound Pictures; Auditory Perspective)

Acoustic Delay Circuits .
Analyser for Speech and Music .
Articulation Testing

Artificial Voice for Transmission Studies
Do Our Ears Grow Old?
Excellence in Auditoriums
Measuring Reverberation

Measuring Transmission Loss lhloug,h \V’llls .

Aethod for Estimating Audible Frequencies .
Phonograph Records Ilustrating Distortion
Pitch Sensitivity of the Ear .

Portable Sound Meter

Restoring Speech :

Speech and Nlusic Ranges

Standards

Basic Electrical Units . Lo
Naster Transmission Refeume b\ stem .
T'housand-Cycle Frequency .

Subscriber Station Equipment (see (lls() ll(ln\lnltt(l\
Power Plants; Maintenance; Protection; Private

Branch Exchanges)

Early Handsets .
Early Telephone Bell\ . .
Jacks and Plugs for Portable lelephones .
Kev Equipment for Residences (154, 23A)
Multiplying the Subscriber’s Line
Splash-Proof Dial
Station Ringer
Subscriber Set, A bmdll
Telephone for Explosive Atmospheres
Testing in Explosive Atmospheres
Wires for Subscribers’ Premises

T

Telegraph Systems and Equipment (see also Teletype-

writer)
Circuits, Cross-Fire Neutralization of .
Ground-Potential Compensator

Fvans
Hopkins
Blattner
Bostwick
MacNair
Jones

Shea .
Pfannen v/wh[
Kuhn

Ely

Puller

Mason
Dunn
Munson
Lacy .
Holman
Montgomery
MoacNair
Eyring
Swartzel
Marrison
Snow
Biddulph
Castuer .

Rivsz

Zammatary
Gray .
Armitage

Frederick

Krantz .
Beanmont .
Cruser
Abbott
Stuart
Lohmeyer
Hayward

I heeler
Dixon

Bell .

Spencer .
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VII—-313
VIll—531
1X—329
1X—433
Xl1l-219
X—417
VI1I—356
V11— 28
X—249
[X—241
VIII-363
1X—3%8
1X—430
1X—118
XIl—-273
XI11—-276
XI1- 85
X—311
VI1ll—325
1X—315
XI1—246
VI—178
1X—373
XI1— 45
X—334
VIII— 64
XII—314
N11—358
VII—- 8§
Vill—372
XJl—322
XIl—160
X1I—343
X1—244
Vill—s27
XI— 15
X—385
X— 43
X1l—297
X1l=301
X—121
IX—171
[X—271
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Long Distance Circuits . . . . . .. Marshall . . Xll—154

Regenerative Repeater . . .o - o Bell .. Vlill—s50

Retardation Coil for (,omposlt( S(t> -~ . . . . . Botsford . . X—209

Single-Line Repeater . . . . . . . Cummings . . X~ 39
Teletvpewriter Systems and Equipment  (see also

Telegraph)

Nation-Wide Teletvpewriter Service . . . . . . Locke . . . X—145

PBX Systems . . o Locke .. [X—214

Police of New York \t‘lte A(IODt the lclet\pev\ riter . Stmon .. X— 58

Printing the Test-Board Instructions . . . . . . Kinkead . X—234
Television (see also Photoelectric Cells)

Glow Discharge Lamps for Television . . . . . . Weinhart . . IX— 8o

Progress in Two-Way Television . . . o dves . 1X—262

Sign L(mg uage Conversation Over Two- W av bv\rem o IX—310

Television Images, Quqllty of . . . . Gannett | 1X—358

Two-Way . . . . oo Tves o000 V=399
T'ime, Accurate Measurement . . "B s B . M oa Nowow . L X—118
T'ime by Telephone . . . S .. Lewis . . . IX—335
Time Factor in Telephone ll’dn\l‘ﬂl\\lon . .. Blackwell . . X—138

Toll Systems und Equipment (see also th]e Net-
works; Transformers; Bridges; Radio; T(legraph;
Telet_vpv\\ riter; I\Iainrenance; Amplifiers)

A-C. Busy Lamps for Toll Boards . . . . . . Kootz o X167
Chicago Toll Office . . . . - . MHovdard . . VII1—282
Circuit Equipment for Program 'I ransmission . . . Leconte . . . IX—233
Distributing T'ickets Pneumatically . . . . . . . Ouman XIl—145
Stone . . Xll—1530
Four-Wirve Telephone Circuits . . . . - . . Crawford . . X— 6
Key Pulsing for No. 3 Toll Boards . . . . .. Newsom . . [X—131
Measuring Longitudinal-Circuit Unbalance . . Elliott X[—184
Methods of Handling Toll Calls . .~ Wilbur = . VIII— 73
Open-Wire Program Circuits . - . . . Leconte. . . Xll—162
Repeaters for "Two-Wire Toll CIILUIT\ - Case . . . . IX—5%9
Switching Unit for Program Circuits . . . Eng . X—130
Toll Tandem Switchboard . . . . Hokanson . . VII [—473
Toll Bswill ¢ o @ o o o 5 5 8 « & « & » 3 Bugz. . . . X—131
Traffiec Studies
Holding Time Recorder . . . . < -« . . . Nicol . . VIll=s09y4
Trunking as a Problem of Plohdbllltv oo Molina ... X11-3354
Train Dispatching
Key Equipment . . . . . . . Lid X—283
Repeaters . . S . .. . Kelso . . XI1—281
Transformers (sec 1]xo I\erwml\\)
Current, for Low Radio Frequencies . - - - . . Hilton . . . XIl— 24
For Aircraft Radio . . . . . Gramt . XI—173
For Large Experimental Radio Transmitter . . . . Lyon . . X—357
IFor Neutralizing Disturbance Voltages . . . . . . Brigham . . Xll—311
Modulation in . . Y - {70 . ¢ | B
T'ransmission M(dxlnements on . - Ellivte X1l—120
Transmitters (sec also Radio; Auditory P(ISDCLtIV()
Adapting Moving-Coitl quophone to Commercial Use  Giles . . e X—319
Artficial Transmitter Carbon . . . Sigrks . Xl—-279
Coal for Transmitters . . . Licher . X-150
Coal Talks . . . . . . Orois . . X—200
Filling Condenser I\hunphone W’II’I] 1\Tltrogen s = K B i oA & _ . X— g2
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For Operators’ Use (396A) Bennett . X—-182
Lapel Microphone . . Jones X—-170
Mountings, Connectors and Ampllhel f()r \l()vm; (,011
Microphone Lenvelink X—323
Microphonic Action Goucher VIll—566
Moving-Coil Microphone Thuras X—314
Rubber Moisture-Proohing [)mphr rms Ingmanson XIl— 57
v
Vacuum Tubes
Elasticity of Filaments o Marshall NI— 48
For Short-Wave T'ransoceanic Service . Mendenhall VIll— 60
High Vacuum T'ube Comes Before the bupreme (,()ult Ballard . 1X—513
Life Testing of Vacuum "Tubes . Rockwoond . IX—320
“Low-Hum” Tubes for Alternating Current . M eNally XI-158
Microphonic Noise Pidgeon X1—145
Radiation-Cooled Power lubex Mendenhall XI- 30
Role of Barium in Vacuum Tubes . Becker I1X— 54
Standard Test Set for Vacuum Tubes Lindsay IX— 85
100 Kilowatt Mendenhall XII— ¢8
Viscosity in Solids . Iegel VIII— g4
Vitamin B XII—285
A\
Water at West Street . Leyden XII— 13
Wetting of Solids by quuld\ . MeLean XITI— 49
Wood Preservation
Forecasting Behavior of Preservatives Haterman XI— 67
How Wood Decays . Colley XI—301
Proving Grounds for Poles . Lumsden Xl- ¢
Y
Year of Progress in Telephony (1929) . Giffurd . VIIE-350

Captions tor Frontispieces

Measuring thin sheets of material with an optimeter accurate to one

Welding by the electric-arc method in the new welding laboratory.
An electrometric analysis of a salt solution used for the preservation

Turning the die for an experimental transmitter diaphragm, in the

1932

MAarcH

hundred-thousandth of an inch.
APRIL Sequence switches in a panel dial ofhce.
May
June

of telephone poles.
JuLy

development shop at West Street.
AugusT

SEPTEMBER

Sinking a die for the phenol-plastic mounting of an experimental
model.

Lathe-type glass-working machine used in the manufacture of modern
power vacuum tubes.

()CTOBER . A new broadcast transmitter (12A) which, with an associated ampli-
fier, covers the power yange from 100 to 1000 watts.

NOVEMBER An iron screw inside its galvanized coating, as photographed in the
Alaterials Laboratory by double exposure with an intervening acid
treatment. Each small square is 0.0005 inch on a side.

DECEMBER Apparatus used at Bell Telephone Laboratories for measuring the

quantity of various gases in ferrous alloys.
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Janvary

FEBRUARY

M ARrcH

APpRiL

May

June

JuLy

AugusT

SEPTEMBER
OCTOBER
NOVEMBER

DEecEMBER

JANUARY
FeBruAaRry
MAarcH

APRIL
Nay

Jung
JuLy

Avucusr

1933

When this central-office fuse blows, the spring makes a contact which
rings an alarm, and at the same time raises the colored glass indicat-
ing bead so that it can be quickly located and the fuse replaced.
Interior of one of the transmitters built in the Laboratories for the
new Central America radio-telephone service.

X-ray photograph of potted network assembly, taken to show the
relative positions of the coils and condensers after the can has been
filled with sealing compound.

Upper half of jig for testing toroidal cores. The pointed conductors
dip into small wells of mercury to form a 75-turn winding around the
core to be tested.

Dr. Leopold Stokowski, Director of the Philadelphia Orchestra,
whose voluntary cooperation greatly facilitated the Laboratories’
studies leading to the reproduction of music in auditory perspective.
Apparatus employed at the Summit laboratories for measuring the
rate of flow of humidified gases through wood sections.

In this unique three-element vacuum tube, on display at the Century
of Progress, the plate is coated with a fluorescent material, and the
brightness of the luminous bands across it is an indication of the plate
current.

Three electrode high-vacuum thermionic tube, developed by H. D.
Arnold; used in 1914 as a repeater element in transcontinental tele-
phony.

Measurement of surface leakage on glass insulators.

The quality of the enamel insulation on wire, once tested by the
thumb nail, is now tested accurately by an automatically recording
machine.

Apparatus for extracting organic materials from various bodies by
means of ether.

In this resistance furnace, crucibles rise through the interior of the
alundum tube shown in the foreground while their contents are
being heated.

1934

Apparatus used in research studies of photoelectric cells.

A group of duralumin transmitter diaphragms studied in the Chemi-
cal Department to determine the effects of various metallurgical
treatments m corrosion resistance.

Loud speakers for reproduction in auditory perspective, In the fore-
ground are the loud speaker and horn for high frequencies.

Winding grids for experimental vacuum tubes at the Tube Shop.
Assembling the 700A Selector used for remote control of radio trans.
mitters.

The cathetometer is a convenient means for measuring the deflection
of a quartz-spring balance.

High-frequency quartz plate showing an interference pattern in an
optical test for flatness.

The amount of gas evolved from a metal is measured by noting the
increase in weight of an absorbing agent suspended on a quartz spring.

www americanradiohistorv com


www.americanradiohistory.com

FREE LIBRA

BELL |
LABORATORIES

RECORD

|
N

FILTERS IN ACTION "
C. E. Lane :

‘ D-C CONDUCTION IN
z DIELECTRICS
4 /1 E. J. Murphy m n

A1\ GASES IN METALS
; P E. E. Schumacher

q . SEPTEMBER 1933 Vol.XII No. 1



www.americanradiohistory.com

BELL. LABORATORIES RECORD

Edited by the Bureau of Publication:

PauL B. FiNDLEY Managing Editor
PuiLir C. Jones Associate Editor

Board of Editorial Advisors:
O. E. BuckLey = W. FonprLLer  H. A. FREDERICK
O. M. GrunTt H. H. Lowry W. H. MarTHIES
Joun MiLLs D. A. QuarLes J. G. RoBErTs
W. B. Sanrorp  G. B. THomas R. R. WiLLiams

BeELL TELEPHONE LABORATORIES, INCORPORATED
463 West Street, New York, N. Y.

I this Issue

Froutispieee . . % & o 'a via @ orime 2lend 5o 1
Measurement of surface leakage on glass insulators

Filters.in AGtian ', & 4 400 ¥ 5 4 v0 s 804 : 2
C. E. Lane

Direct Current Conduction in Dielectrics . . . . 8
E. J. Murphy

Water at West Street . . . . . . . . . . ., . 13
A. F. Leyden

GasesinMetals. . . . . . .. .. ... ol
E. E. Schumacher

Quantitative Test for Tackiness . . . . . . . . . 21
7. H. Cox

Current Transformer for Low Radio Frequencies . 24
L. B. Hilton

BUSEs . . o x oim o o lelin o wl% A ot 27

E. §. Savage


www.americanradiohistory.com

BELL LABORATORIES
RECORD

VOLUME TWELVE-—NUMBER ONE
for
SEPTEMBER
1933

www.americanradiohistorv.com


www.americanradiohistory.com

O ) ) D D IR

Filters in Action

By C. E. LANE
Telephone Apparatus Development

ODERN long distance

communication, both
_L radio and wire, is dependent
in a large measure on the electric
filter. Invented by G. A. Campbell
of the American Telephone and
Telegraph Company, the electric
filter consists of a group of condensers
and coils so connected that they have
the property of readily passing alter-
nating currents of certain frequencies,
and of greatly attenuating currents of
other frequencies. Those most com-
monly employed may be divided into
three types: the low pass filter, which
passes all frequencies below a stated
frequency and attenuates all those
above 1t; the high pass filter, which

T T

2 4
O O

Fig. 1—0ne form of section for an electrical
band pass filter

passes all frequencies above a speci-
fied value and attenuates those below;
and the band pass filter, which passes
all frequencies between values known
as the upper and lower cut-off fre-
quencies, and attenuates all those
beyond these values.

The unit of filter design is the filter
section, of which many different types
are possible. A section commonly em-
ployed for a band pass filter is shown
in Figure 1. A complete filter will

[’)

include one or more of such identical
sections connected in tandem, and
the attenuation for any frequency is
the summation of the attenuation of
all the sections.

A single section, and thus a com-
plete filter to a greater extent, acts in
two ways towards alternating cur-
rents passing through it. It produces
an attenuation and a phase shift—
both of which vary with frequency.
An ideal phase shift characteristic is
shown by the solid line in Figure 2,
and an 1deal attenuation chamcterls-
tic is similarly shown in Figure 3. The
shape of these curves is the same for
a section as for a complete filter, but
the actual ordinate values are greater
for the complete filter in proportion
to the number of sections. It will be
noticed that for both phase shift and
attenuation there is a sharp break in
the characteristics at two points
marked f, and f,, and these are the
cut-off frequencies.

Ideal filter action requires that the
terminating impedance be of a definite
value, and this value is different, in
general, for each frequency. It is not
practicable, of course, to provide a
terminating impedance that will have
the different values required at each
frequency. However, by proper filter
design the ideal impedance required
for terminating the filter may be made
nearly a constant resistance over a
large part of the passed band. When
this is done, the use of a fixed re-
sistance 1s quite satisfactory. The
effect of terminating the filter in such

]
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Fig. 2—1Ideal and actual phase shift char-

acteristics of a section of a mechanical band

pass filter. The elecirical analogue of a
section of this filter is given in Figure /

a fixed resistance is to slightly round
off the ideal characteristic at the cut-
off frequencies, thus giving a char-
acteristic indicated by the dotted
lines on the two graphs.

Although the characteristics of fil-
ters may be completely and concisely
expressed in mathematical terms, it
would be very helpful if one could
actually see the increasing phase shift
and attenuation from section to sec-
tion. In theory a fairly good indirect
method of seeing would be to Insert
meters in a filter as shown in Kigure
4. The variation in excursion of the
meter pointers along the length of the
filter would indicate the attenuation,
and the difference in relative position
of the various pointers at any one
instant would indicate the phase
shift. There is one very obvious diffi-
culty with such a method of watching
the action of a filter. If the fre-
quencies were In the voice range or
higher, the pointers would move so

rapidly that the eye could not follow
them. To be able to use this method
to advantage the frequencies should
be of the order of one cycle per second,
but electrical filters for such low fre-
quencies are not practicable.

It 1s practicable, however, to make
a filter for such low frequencies by
substituting mechanical for electrical
elements. Fundamentally, filter ac-
tion is a resonance phenomenon, and
resonance can be secured mechani-
cally as well as electrically. The action
of the pendulum of a clock is a familiar
example. A series of pendulums prop-
erly connected together may be
made to act as a filter, and such an
arrangement 1s shown in the accom-
panying illustrations. The filter con-
sists of seven sections of the type
shown in Figure 1.
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Fig. 4—A band pass filter with meters inserted to indicate the internal operation

In this mechanical filter the mass
of the pendulum bobs acts as the
series inductance, and the attraction
of gravity on the bob, as the series
capacitance, while the spring con-
necting adjacent pendulums serves as
the shunt capacitance. The first
pendulum at the left is driven from
the flywheel of a small motor through
a flat spring, and by varying the speed
of the motor, the frequency of the
mechanical force is changed. A re-
sistance termination is obtained at
each end of the filter by allowing the
two bobs at the ends of the filter to
swing through viscous oil.

The amount of swing of the pendu-
lums corresponds to the current flow-
ing in the electrical filter, and the
attenuation produced by the filter
can be observed by noticing the dif-
ference in amplitude of swing between
the first and last pendulums. Phase
shift per section is indicated by the
difference in position of adjacent
pendulums at the same instant. Since
at all frequencies up to the lower cut-
off there is little or no phase shift, all
pendulums will be in about the same
relative positions at the same instant
for frequencies below the lower cut-
off. Above the upper cut-oft, the

Fig. 5—0Operation of the mechanical filter below lower cui-off

(4]
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Fig. 6—Yust above the lower cui-off the phase shift per section is about 14° and there is
a slicht overall atienuation

phase shitt approaches 130° per sec-
tion so that when one pendulum is at
one end of its swing, the next will be
at the other end. Between lower and
upper cut-off the phase shift between
adjacent pendulums will vary de-
pending on the frequency.

To show these two eftects photo-

graphically, an exposure of several
seconds was made which brings out
the total arc of swing of each pendu-
lum. At some instant during this ex-
posure, an instantaneous flash was
made which records the position of all
the pendulums at the same instant,
and thus shows phase shift. The pass

Fig. 7—1In the middle of the pass band there is no atlenuation, and the phase shift per
section is about 90°

(5]
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Fig. 8 FJust below the upper cui-off a slight overall attenuation is again noticeable and
the phase shift per section has increased to 120°

band of this mechanical filter is from
0.73 to 0.93 cycle per second and the
accompanying photographs show the
conditions at and somewhat below the
lower cut-off, at and somewhat above
the upper cut-off, and in the middle
of the pass band.

In Figure § the frequency was 0.68

cycle per second and the large degree
of attenuation, about 50 db, is readily
evident. Since there are seven sec-
tions this means an attenuation of
about 7 db per section, and it will be
noticed that the second bob has
slightly less than half the amplitude
of the first; the third, half the ampli-

Fig. 9—Above the upper cut-off the large attennation is evident and the phase shift per
section is 180°

[6]
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tude of the second; and so on. The
motion of the fifth bob is so slight
that it 1s barely perceptible. The
phase shift, it will be noticed 1s 0 per
section: all pendulums are in exactly
the same relative positions.

In Figure 6 the frequency is about
0.74 cvcle per second, just above the
lower cut-off. At this frequency the
attenuation per section is very shght
but is plainly evident for the overall
filter. The phase shift is also small-—
being 14° per section. The total phase
shift for the entire filter 1s about 98°,
and it will be noticed that the last
boby is a little over 90° out of phase
with the first.

Figure 7, at a frequency of 0.84
cycle per second, shows the condi-
tions at about the middle of the pass
band. There is no noticeable atten-
uation: the amplitude of swing of the
last bob is almost exactly the same as
that of the first. The phase shift per
section is about 90°. In all cases, each
pendulum is about 90° out of phase
with those on each side of it.

In Figure 8 the frequency 1s 0.90
cycle per second, just below the up-

per cut-off. Here again, since the
frequency 1s nearly at the cut-off
value, some overall attenuation is
noticeable but it amounts to only
about 3 db. The phase shift per sec-
tion, however, is in the neighborhood
of 120° which can be seen by noticing
that every third pendulum is in the
same relative position.

Figure 9 shows the conditions for
a frequency above the upper cut-ott—
at a value of about 1.00 cvcle per sec-
ond. Overall attenuation is 50 db,
which is so great that no motion is
noticeable at the last bob. The phase
shift is the full 180° per section, which
is plainly evident in the photograph.

With such a mechanical filter all the
phenomena that occur in an electrical
filter may be reproduced and actually
watched. In the photographs shown
only the two characteristics of normal
phase shift and attenuation have been
illustrated but other effects such as
reflections of various sorts, the con-
sequence of using incorrect terminat-
ing resistances, and a variety of
transient phenomena may be repro-
duced and visually studied.
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Direct Current Conduction in Dielectrics

By E. J. MURPHY
Chemical Laboratories

THEN a constant potential
! 1s applied to a sheet of
rubber, a galvanometer of
sufficient sensitivity, inserted in the
leads, will register a current. This
current 1s not constant, however, as
1t would be through a metal: it de-
creases with time, at a rate which
vartes with different samples of the
material. What, then, is one to call
“the conductivity” of rubber? This
question is frequently answered for
practical purposes by taking the cur-
rent flowing one minute after the
application of the measuring voltage
as the basis for comparing the insulat-
ing quality of commercial samples.
Following this practice, some ex-
perimenters once encountered a sam-
ple of rubber through which flowed

a current unusually large at the out-
set, and decreasing so rapidly with
time that they could not estimate the
galvanometer deflection accurately
after the minute had elapsed. Think-
ing some accident caused the anomaly,
they removed the potential and then
repeated the measurement. This time
the current was changing slowly
enough to permit accurate measure-
ment, and they accepted this value.
Had they repeated the measurement
at once, they would have felt con-
firmed. But had they repeated it
next day, they would again have
found a large, rapidly changing, ini-
tial current.

If these experimenters had attempt-
ed to measure, according to the same
definition, the conductivity of cotton
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exposed to high humidity, they would
have encountered a phenomenon less
bewildering, perhaps, but more de-
ceptive. Their galvanometer would
have shown the current to be virtually
constant with time. If suspicion pre-
vented them from asserting at once
that cotton has a ““constant conduc-
tivity”’, and led them to measure the
current with a microammeter, more
quickly responsive than a galvanom-
eter, they would find that the initial
current was some fifty times greater
than the value previously observed,
and dropped to that value within a
second or two.

These examples illustrate a few of
the many contrasts between “dielec-
tric” materials and metals as con-
ductors of electricity. When a con-
stant potential 1s applied to a metal,
a constant current flows; but a con-
stant potential applied to a dielectric
usually gives a current which de-
creases with time, and sometimes one
that increases with time. Increasing
the voltage to any ordinary value
leaves the conductivity of a metal
unchanged, but may either increase
or decrease the conductivity of a
dielectric. Reversing the direction of
the potential does not affect the con-
ductivity of a metal, but the apparent
conductivity of a dielectric so treated
may increase sharply and then de-
crease slowly, or increase slowly and
then decrease, or remain virtually un-

W\
O——— 0
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Fig. 1-—"The simplest model for explaining

the behavior of dielectrics as conduciors con-

sists of an electrical circuit with two parallel

arms, one a condenser and vesistance in
sevies, and the other an electrolytic cell

changed, depending upon the material.

A key to the explanation of the con-
trasts so far cited can best be pro-
vided by citing two more. In the
first place, when the potential applied
to a metallic conductor is reduced to
zero, the current vanishes as rapidly
as the inductance of the circuit allows;
but when the potential applied to a
dielectric 1s reduced to zero, a current
in the opposite direction to the orig-
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Fig. 2—To accord wmore closely with the
behavior of any particular dieleciric, the
model of Figure I must be complicated bv
dividing the condenser-resistarnce arm into
several such arms, with time-constants vary-
ing from a small fraction of a second to
several hours, and the electrolvtic cell must
be given a complicated shape so that diffu-
sion through it will be slow

inal current will usually be detected
by a galvanometer in the metallic
circuit connected to the dielectric.
This “residual” or **anomalous dis-
charge current” may be quite large
even after several minutes. The time
required for it to decrease to any
given small value, such as the smallest
current detectable by the galvanom-
eter used, is greater the longer the
time of charging; it may extend into
hours or days.

Secondly, no matter how long a
current of moderate value flows
through a metal, the conductivity will

(9]
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vary only with the temperature; but
prolonged passage of current through
a dielectric often changes considerably
its apparent conductivity. Accom-
panying these changes, and largely

explaining them, are chemical changes
at the boundarles between the dielec-
tric and the electrodes. These chem-
ical changes occur because in most
dielectrics, as in solutions, ions are
the current carriers, rather than elec-
trons as in metals. In a circuit
through which the current is carried

r
NORMAL
[ POLARIZATION
I CURRENT

|
l
I
=
2 ! RESIDUAL
4 ‘ POLARIZATION
@ CURRENT
3 |
| I
I
l
I
—1 —————————————————————————
| CONDUCTION

CUR{?ENT

TIME OF APPLICATION OF POTENTIAL
Fig. 3—This curve has a shape typifving
the conducting behavior of dielectrics in
which residual polarization curvents are
large relative to the conduction current.
The times at which different effects take
place differ widely from case to case. The
initial current is limited by inductance, or
the inertia of the charges

successively by ionic and electronic
conduction, chemical changes take
place at the boundaries where the type
of conduction changes.

The changes of current with time,
observable in many types of insulating
materials subjected to a constant
potential, are so varied that a model
which will predlct the properties ob-
served, at least in a general way, is
useful.  As in Figure 1, a dielectric

can be visualized as a condenser and
resistance, to account for discharge
currents, in parallel with an electro-
lytic cell, to account for chemical
changes electrically produced. The
strange behavior of the sheet of rub-
ber focusses attention on the con-
denser, which was uncharged at the
beginning of the first measurement,
was partly charged by the current
flowing during that measurement and
consequently exerted a back e.m.f. at
the time of the second measurement,
and would have become discharged by
the following dav. In the case of
cotton at high humidity, the elec-
trolytic cell plays the dominant role:
the formation, at the electrodes, of
electrolytic products weakly disso-
ciated and consequently of high re-
sistance is an important cause of the
rapid decrease in the current passing
through the material.

This model is in close accord with
present theories of dielectrics. Both
dielectrics and conductors are con-
sidered to be composed of aggregates
of positive and negative charges, and
differ in that conductors contain more
numerous or more mobile free charges,
in the form of ions or electrons, than
do dielectrics. Whether bound or free,
each charge moves so that the resul-
tant force upon it is zero, and thus
when a uniform potential is applied
the free charges drift in the direction
of the electric field, while the bound
charges, after moving only a short
distance, are restrained by binding
forces equal and opposite to those of
the field. The current due to the
motion of the free charges is called
the conduction current; and of the
bound charges, the polarization cur-
rent. The polarization current is the
vector sum of the velocities of all the
bound charges. In dielectrics this
polarization current greatly predom-

[10]
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inates over the conduction current.
To explain the slow charging and
discharging processes observed with
many dielectrics, it 1s only necessary
to extend the usual notions of the
times required for the formation of a
polarized condition in a dielectric.
For the formation of one class of
polarizations, times of less than 107
seconds are required. Other polari-
zations, due for example to molecules
with permanent electric moments®,
having relaxation times** as long as
one-tenth second have been found.
There is no reason to suppose 1t im-
possible that the relaxation time of
a polarized condition might be as
great as an hour or more, such as
would be necessary to explain the
residual-charge effects of dielectrics.
Turning to the electrolytic aspect
of conduction in dielectrics, one must
notice that diffusion is slower n a
dielectric than in the usual electrolytic
cell because the dielectric is a solid
often of complicated physical struc-
ture. Products of chemical changes
which take place at the interface be-
tween the electrode and the dielectric
will only gradually spread by diffusion
into the bulk of the dielectric. Thus
there may occur electromotive-force
effects such as are produced in con-
centration cells, and the resistance
mayv change according to the nature,
rapidity of formation, and distribu-
tion, of the products of electrolysis.
The simple electrical model can
readily be adapted to these complexi-
ties (Figure 2). The condenser-re-
sistance arm can be divided into se-
veral parallel arms, one for each type
of polarization involved, and each

*RECORD, 1931, June, p. 462; July, p. 535
**The relaxation time is the time required for
polarization to fall to l—th of its original value,
where e is the base of Naperian Logarithms

with a time constant corresponding
to the relaxation time of the polari-
zation it represents. |he electrolytic
cell can be given the same conductance
as that contributed by the free charges
in the dielectric, and can be built with
such a tortuous conformation that
changes in resistance, and in concen-
tration-cell effects, could persist for
many days. This model may be re-
garded as translating some general
features of the present theories of
dielectric behaviour into terms 1n-
volving simpler systems (capacities,
resistances and electrolytic cells) whose
properties are very familiar. Its use-
fulness lies in providing a means of
interpreting the complicated changes
of current with time and of selecting
the proper value of the current on
which to base a measurement of con-
ductivity.

Anyone inspecting this model would
immediately say that its direct-cur-
rent conductance, properly speaking,
was the conductance of the electro-

CURRENT

CONDUCTION
CURRENT

|

TIME OF APPLICATION OF POTENTIAL

|
: FINAL
I

Fig. +—The shape of this curve typifies the

conducting behavior of dielectrics in which

the residual polarization current is negli-

gible in comparison with the conduction

curvent, and electrochemical reactions mod-
ify the conductance appreciably
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lytic cell before electrochemical reac-
tions had changed its composition
appreciably. Tt is the corresponding
property of a dielectric which can best
be called its “true conductivity”*,
because 1t is this property which
measures the number of free charges
times their mobility, and thus cor-
responds to the similarly-named prop-
erty of a metal. It is difficult to
measure this property in some cases,
for it 1s hard to separate the true
conduction current from polarization
currents, and to be sure that the
passage of current has not changed

the composition and the resistance of

the dielectric. Figure 3 shows that
tor dielectrics of low d.c. conductivity,
the value of the current which pre-
vails after it has stopped changing
rapidly with time is the proper value
on which to base the calculation of the
true conductivity. Figure 4 applies
to dielectrics of high d.c. conductivity,
which exhibit a current decreasing
with time because of electrochemi-
cally produced changes in the com-
position of the material. Here it is
evident that the true conductivity
should be calculated from the value
of current prevailing soon after apply-
ing the potential. The value in ques-
tion corresponds to the comparative-

*The “true conductivity’’ may be defined as
the conductance per unit cube contributed by
the free ions.

ly flat portion of the curve after
polarization currents have become
negligible and before the cumulative
effect of electrolysis produces an ap-
preciable change in the composition
of the material and a resulting change
in the conduction current.

Obviously a knowledge of the *“ true
conductivity” of a dielectric may
sometimes be of less practical impor-
tance than a knowledge of some
apparent conductivity. In the case
of cotton at high humidity, where the
polarization current is relatively small,
the initial high conductivity, missed
altogether by the galvanometer, is
probably close to the “true conduc-
tivity”, but it is for some purposes
less useful to know this value than to
know the value of the lower and more
stable conductivity almost immedi-
ately reached. In measuring the
conductivity of rubber sheet, where
the one-minute value of conductivity
includes an appreciable contribution
due to polarization currents, the ex-
perimenters came closer to the ““true
conductivity” in their second mea-
surement. Had they accepted their
first measurement, howe\'er, even
though inaccurately estimated on the
galvanometer, the value would have
been a better means of comparing this
sample with others measured accord-
ing to the definition of conductivity
which they used.
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Water at West Street

By A. F.

LEYDEN

Plant Department

ORTY million gallons of water,

the amount which passed into

the West Street buildings dur-
ing 1932, is comparable to the amount
of water annually supplied to a small
suburban community. Its provision
is a task of equivalent scope and 1m-
portance, and the growth of the Lab-
oratories, as of a community, has
necessitated continuous development
of the water svstem. A failure of the
svstem at any time would leave the

l.aboratories thirst-parched, unclean,
and at the mercy of fire.

In contrast with the ordinary com-
munity, which must often buld 1ts
own reservoir, the Laboratories draws
its water, through twelve metered
connections, from the city mains
which pass it on all four sides. On
the other hand it must distribute its
water over a fairly large vertical range,
and pressure problems are thus en-
countered which are not present to

Fig. 1—The pumping station in Basement B

[13]
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complicate the horizontal distribution
of water in most small suburbs.
Water tor general purposes is dis-
tributed through the Laboratories in
part directlv from the mains and in
part from tanks on the roof. The
city water pressure is adequate for
distribution in  buildings not more
than five stories high, and accordingly
the water from the mains supplies
directly Sections G, I and L., the first
five floors of Sections | and K and
certain special areas in the lower
floors of Sections C and H. To the
remaining areas of the Laboratories,
Sections A, B, C, D and H, and the
upper floors of Sections | and K,
water flows from tanks elevated in a

penthouse above the roof of Section
13-D, and filled by pumps. The

1

14 TH FLOOR :
BASEMENT _— - =
o EMERGENCY
FROM METER STEAM TURBINE

WASHINGTON ST. DRIVEN PUMP

FROM METER
BETHUNE ST.

PUMP DISCHARGE LINE
SUPPLY LINE

r SPOOL PIECE
—

TO COLD WATER
RISER IN
SECTION"B”

drinking water svstem* which is
separate from the general system,
draws its water independently from
the mains. Two connections with the
mains are emploved solely for the
emergency fire pump in Basement H.

Thirty per cent of the water flowing
mto the Laboratories is used for cool-
ing purposes, as i the high voltage
vacuum tubes in Section 2-G, the air
conditioning machine in Section L,
and the ammonia compressors in
Basement B. Since this water passes
through the cooling jackets in a closed
pIping system, It is iIn no way im-
pared, although its temperature is
raised sometimes as much as 20 de-
grees F. This water is therefore re-
turned to suction tanks in the base-
ment, and thence pumped to the roof
tanks tor further use,
in the sanitary and fire-
prevention systems,

HOUSE TANKS

along with water taken
directly from the

) l @il
HOUSE WATER
— e———

¥ DRAIN

mains.

For more than a
quarter century the
pumps supplying the
roof tanks were driven
by steam generated in
our boiler plant. In
1924 the Plant Depart-
ment proved it eco-

| DISTRIBUTION
i HEADER

.

ELECTRICALLY
DRIVEN PUMPS
IN SECTION"B"

o

3-WAY COCKS

SUCTION TANKS
SECTION "B”

>

FROM METER
'BETHUNE ST.

Fig. 2—Schematic of the piping of the general

house water syvstem

£ piPE FITTINGS
SHOWING DIRECTION

—>= CUTOFF VALVE

FROMMETER  nomical to give up our
+Ox--  1solated electric gen-
erating plant in favor

cHECK of public utility electric

power.  Two electri-
cally driven centrifugal
pumps took over the
pumping task, and the
steam-driven pumps
were shut down, re-
maining as emergency

{FROM METER
BETHUNE ST.

CHECK VALVE
OF FLOW

*RECORD, July 1927, p. 403
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equipment in the event
of outside power fail-
ure. The following
year, to conform with
newly enacted legal
requirements regard-
ing elevation and re-
serve capacity for fire
stand-pipe use,new and
larger house tanks were
built at a higher
elevation and the
original tanks were re-
moved from the 13th
story roof level. This
greater elevation
placed an added bur-
den on the electric
pumps, but larger im-
pellers overcame the
handicap.

In 1926, after two
years of reliable ser-
vice, the new electric
supply received the
stamp of approval, and
the steam-drivenequip-
ment was removed.
The need for an emergency standby
for the electric pumps still existed,
however, and the Plant Management
selected a steam driven centrifugal
pump capable of operating at the much
reduced steam pressure set at the
time the 1solated electric plant shut
down. The characteristics of this
turbine make 1t economical to run
the pump regularly during the winter,
since the exhaust steam can be used
for the heating sytem.

The demand for water gradually
outgrew the electric pump capacity,
and the peak demands of the summer
of 1930 made it necessary to run the
turbine-driven pump to assist the
electrics. As a routine operation, this
method was not justifiable, for the
turbine was non-automatic and un-

Fig. 3—One of the more spectacular uses of water in these
Laboratories’ research is in the accelerated corrosion lests on
the roof of Section G

suited to regular summer operation
when available steam is at a minimum.
The choice of additional equipment
logically went to a larger electrically
driven pump. Accordingly, the pres-
ent pumping station in Basement B,
which already housed the suction
tanks, was engineered and installed
by the Plant Department.

This installation is shown in Figure
1. The pump at the left is the latest
acquisition, a Goulds three-stage
pump rated 200 gallons per minute at
225 foot head. The other two are the
original pumps installed in Basement
D in 1924, each delivering 125 gallons
per minute at 130 foot head. These
three electric pumps can draw from
the City mains or from the suction
tank. The turbine driven pump (not

[15]
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Fig. 4—Experimental sound-picture film

shown in Figure 1), which delivers 250
gallons per minute at 130 foot head,
draws trom the mains only. Their
method of coordination is shown in
Figure 2.

Normally the two older electric
pumps operate in series from the suc-
tion tank, delivering 175 gallons a
minute to the roof. Should the suc-
tion tank become empty, the center
pump stops, leaving the pump at the
right drawing from the City main
to supply approximately the same
amount. Proper location of check
valves, and the use of float switches
on all tanks, make this operation en-
tirely automatic.

The higher rating of the new pump

..{

o ~HERTS RN

§i.1r
-

s washed by water sprays in Section L

enables 1t to draw from the suction
tank, pumping directly to the roof
approximately 200 gallons per minute.
The delivery characteristics curve on
which the pump was selected is such
that, drawing from the City mains at
considerably higher suction pressure,
it will still operate satisfactorily in
parallel with the other two electric
pumps. A proper manipulation of
valves permits the operation of all
three pumps in a series-parallel com-
bination, capable of delivering more
water than can conceivably be de-
manded for a long time ahead. This
arrangement provides as flexible a
system as any building operator could
desire.
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Gases 1n Metals

By EARLE E. SCHUMACHER
Chemical Laboratories

HE presence of minute traces

of gas in a metal may change

its properties radically. The
magnetic permeability of commer-
cially pure iron, for example, may be
greatly increased by eliminating the
small amounts of gas that it contains.
A few thousandths of one per cent of
oxygen in copper will make 1t useless
for certain purposes. Since iron and
copper and, in fact, most metals are
used extensively in the telephone in-
dustry, the effect of gases on them
is of extreme importance to the Bell
System. In the metallurgical lab-
oratories, sensitive equipment Is
available for measuring the gas con-

tent of metals and for obtaining
metals in an essentially gas free con-
dition.

Although it is not difficult to ob-
tain metals that are moderately free
from gases, a prolonged treatment
under high vacuum is required to ob-
tain the high degree of purity re-
quired for research studies. To drive
off the gas, the metal is heated in
vacuum above the melting point, but
the process is often complicated by
the fact that, even at low pressures,
sufficient gas may remain in the metal
to be troublesome. If this occurs, a
process consisting of alternately melt-
ing and partially solidifying the metal

[17]
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under high vacuum may be employed
to take advantage of the decrease in
gas solubility at the freezing point.
Almost complete elimination of gas
may be obtained in this manner.
The apparatus employed in the
metallurgical laboratory is shown di-
agrammatically in Figure 1. Essen-

tially, it provides both a means of

melting the metal in a closed chamber
and facilities for maintaining a high
vacuum in the chamber during the
entire operation. Since the effective-
ness of the method depends largely on
the degree of vacuum that can be ob-
tained, the improvements incorpo-
rated in the present apparatus are for
the most part associated with se-
curing, maintaining, and measuring
extremely low gas pressures.

The metal to be freed from gas is
placed in a shallow boat of fused
aluminum oxide—known by the trade
name of alundum. This form of con-
tainer rather than the more usual deep

crucible was adopted in order to se-
cure a greater surface exposure, as
well as to reduce the head of metal
through which the gas must pass to
escape. The boat is placed within a
cylindrical alundum heat radiation
shield which rests on two alundum
cradles. This whole assembly is then
sealed in a pyrex glass tube, which
connects to the pumping system.
After the apparatus has been sealed,
and the pump has been placed in
operation the gases adsorbed on the
glass walls and assembly are driven
off by baking in a nichrome resistance
furnace which is placed around the
furnace tube. The temperature of
450° C. 1s maintained until gas is no
longer liberated from the apparatus.
A high frequency coil is then sub-
stituted for the nichrome furnace and
the metal in the alundum boat 1s
melted by induced high frequency
current. Since the alundum shield
shuts oft considerable radiated heat,

ALUNDUM BOAT
ALUNDUM THIMBLE

;\ , ALUNDUM CRADLES
11/8"DIAM
MC LEOD = ®
GAUGE T /
GAEDE WE. IONIZATION
MERCULRY ~— MANOMETER
h oFFusion | T~ HIGH FREQUENCY COIL
PUMP 2 1/2"DIAM.
Sy
4-STAGE MERCURY /) |
f—Fk"seaL |
| )
| AN | aSy
1‘/ [T LEADS TO HIGH
I ,{ AR = REQUENCY CONVERTER
1 \L i | ‘ ; \1 S
AN WATER - LIQUID AIR \
8y A ’ TRAP "I aten
\r,‘ To oL ,‘
i f PUMP
al’
5 /
PYREX GLASS
TO vacuum !

Fig. \—Apparatus developed in the metallurgical laboratory for freeing metals of gases

[18]

www americanradiohistorv com


www.americanradiohistory.com

and the high vacuum
prevents heat transfer
by conduction and con-
vection, 1t 1s possible
to keep the metal at
1ts melting tempera-
ture indefinitely with-
out heating the pyrex
glass tube to its soft-
ening point.

The gases given up
by the metal are
pumped out of the
system by a 4-stage
Gaede mercury diffu-
sion pump backed by
an o1l pump. A liquid
alr trap prevents mer-
cury vapor from pass-
ing back into the
furnace tube and, In
addition, increases the
efficiency of the pump-
ing system by remov-
ing the carbon dioxide
and water vapor.
Rough measurements
of the gas pressure,
particularly during the
period of lower vacuum
at the beginning of the process,
are measured by a Mcl.eod gauge
connected to the system between the
vacuum pump and the liquid air trap.
Measurements of the very low gas
pressures existing during the later
stages are made with an 1onization
manometer connected between the
liquid air trap and the furnace. The
final pressure may be as low as one
billionth of an atmosphere.

To measure the quantities of gases
in iron and its alloys, the apparatus
shown in the photograph at the head
of this article and in Figure 2 is em-
ploved. These gases are chiefly oxy-
gen, hydrogen, and nitrogen. The
gas is removed from the metal for

Fig. 2 At the right are the light glass weighing baskels sus-
pended from quartz springs which contain the absorbents
for water and carbon dioxide

analysis by induction heating much
as with the gas elimination apparatus
just described, except that the cru-
cible material is graphite instead of
alundum.

The procedure with this apparatus
is first to heat the furnace to a high
temperature and at the same time to
run the exhaust pump. This frees
the furnace structure from adsorbed
gases and creates a moderate vacuum.
After this preheating operation, the
vacuum pump connection 1is closed
and the sample of metal to be ana-
lvzed is dropped into the hot crucible
from a vacuum compartment located
above the furnace. By means of the
induction heater, the metal 1s then
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Fig. 2—The brushes are hinged so thev may be
lifted up for the insertion of the slider

to a six inch radius. It is light enough
so that at 72° F and 509, relative
humidity the atmospheric condi-
tions established for the test — no
noticeable indentation is made in the
surface of the wax when the tripod is
carefully placed on it. Possible ir-
regularities in the results, due to
variations in the wax surface, are
diminished by emploving a three
legged device rather than a flat or
spherical one. It was found that a
smooth uniform surface texture could
be obtained by heating the wax
compound to a liquid state and pour-
ing it while the dish was cold. This
procedure must be carried out accord-
ing to a detailed specification.

In the apparatus employed at the
I.aboratories a small motor, mounted
independently of the test apparatus
and connected to it through a rubber

tube to eliminate vibration,
serves to raise one end of the
plane at a uniform and ad-
justable rate. Speed control
1s obtained by use of a brake
In conjunction with a slide-
wire resistance in the arm-
ature circuit. The motor is
reversible, and the control
key 1s arranged so that the re-
sistance 1s In the circuit only
while the plane 1s rising, thus
allowing the plane to be
returned rapidly to the hori-
zontal position.

There i1s no definite angle
at which the slider begins
to slip on wax compounds.
Fven at small inclinations
the slider will move down-
ward very slowly. Although
time, angle of slope, and
distance moved are thus all
involved in the measure of
tackiness, the angle of slope
is the most important factor. As the
base is tipped up the tripod moves
imperceptibly even at very small
angles, but it begins to move apprecia-
blv only at some definite and larger
angle. To allow for the slow creep at
small angles without appreciably
affecting the angle at which the major
movement begins, a small amount of
motion must be allowed before the
measurement of angle is made.

To determine when the slider has
moved the specified distance, an
electrical circuit is employed of which
the slider is a part. The movement of
the slider and the resulting breaking
of this circuit releases a drop which
carries a pencil to make a mark on a
strip of paper to indicate the angle
attained by the plane. The details of
the apparatus are shown in Figure 2.
A strip of contact metal is fastened to

[22]

www.americanradiohistorv.com


www.americanradiohistory.com

the top of the slider running length-
wise with the base. Two brushes
rest lightly on this strip; the one
nearest the hinge of the base remains
in contact as long as the slider is on
the sample, but the upper contact
projects inward from the edge of the
slider only a definite distance, de-
termined by a small projection trom
the lower surface of the brush. At the
beginning of the test this projection
is allowed to rest against the edge of
the slider.

This upper brush may be moved
in its support so that the shder may
be placed in any convenient place on
the sample and then the upper contact
moved until the projection on the
lower side just touches the edge. The
motor is then started, and when the
slider moves out from under the upper
brush, the circuit is broken, and the

pencil marks the angle the plane has
attained. This mark is made on a
piece of paper fastened along the
edge of a permanent scale with scotch
tape. The scale is graduated in
tangents of angles in steps of 1/100 of
the tangent of the angle from zero to
forty-five degrees.

There are a number of variables
which can be only partially controlled,
but with reasonably caretul manipu-
lation the tackiness test gives repro-
ducible results which are in keeping
with the results obtained from the
compounds in use. Beeswax com-
pound, which has given good results
in service for a number of vears, was
taken as the standard for an accept-
ance test for this class of material,
and the test definitely eliminates
several compounds which are known
to be undesirable.

THE USE OF THE TELEPHONE

“Typical of this nation’s ready acceptance of mechanical
convenience,”’ savs a recent editorial in the NEW York Evex-
inG Post, “is the universal use of the telephone, set forth in
figures which show that 56 per cent of all the world's telephone
numbers are listed in the United States. The number of
phones per capita, or ‘telephone density’, of this country 15
eight times that of Europe. Canada comes second 1n this
respect and Denmark third. The usefulness of the telephone
increases according to the number of telephones in use. It
would be small advantage to possess one if there were nobody
to call by means of it. This is an enviable industry, therefore,
which can offer better service as it comes closer to the saturation
point. I¥ith 15.8 telephones to every 100 persons in the
United States, the saturation point is still some distaice away.”
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A Current Transtormer
tor Low Radio Frequencies

By L. B.

HILTON

Telephone Apparatus Development

HE development of radio fre-

quency circults operating at

high power levels has recently
created a demand for apparatus suita-
ble for the measurement of large
currents at radio frequencies. In
general the most convenient method
of measuring large alternating cur-
rents is to use a current transformer,
in which is induced a relatively small
current whose value may be read on
a small alternating-current ammeter.
Current transformers for power fre-
quencies have long been available
and are in common use commercially.
They have also been used in a few
low-power applications at radio fre-
quencies in the long wave trans-
atlantic telephone link. For high-
power use at radio frequencies, how-
ever, it was necessary to develop
an improved type to measure high
currents, with insulation suitable for
the accompanying high potentials to
ground.

Such a transformer, designed for
measurements at radio frequencies of
the order of sixty kilocycles, is shown
in Figure 1. It can be used to measure
currents ranging from 10 to 500
amperes in conductors whose poten-
tial above ground may be as high as
10,000 volts. The conductor carrying
the current to be measured is placed
through the opening in the center of
the apparatus, to act as the primary
winding of the transformer.

The secondary windings are inside

the apparatus proper and are arranged
about the permalloy-dust core in such
a way as to make possible the precise
measurement of a wide range of
currents with a single instrument.
This is accomplished by designing
the transformer secondary windings
so as to provide four different current
ranges for maximum currents of 500,
300, 100, and 50 amperes in the
primary conductor. For each range,
the transformer is designed so that
the current from the transformer
windings reaches a maximum of one
ampere when the primary conductor
current 1s the maximum for that
current range.

To measure the current a thermo-
ammeter with a range of zero to one
ampere, is connected to the secondary
windings. The thermo-ammeter has
two parts which may be widely
separated, the thermo-couple or
“heating element”, and the meter. A
special compartment is provided in
the top of the transformer to hold the
thermocouple, which can thus be
connected easily to the transformer
windings and yet kept completely
shielded from any external high power
circuits. By heating this clement, a
radio-frequency current of one ampere
flowing through it causes a DC
potential to be impressed on the meter
which produces a full scale deflection.
The tvpical calibration shown in
Figure 2 for a transformer of this type
indicates the wide range of primary

4]
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conductor currents which it can mea-
sure, and illustrates the overlapping
of the different current ranges for
greater precision of measurement.
The instrument draws very little
power from the circuit for its opera-
tion,—only a small fraction of a watt
per ampere.

A current transformer for either
power or radio frequencies must have
its secondary terminals short-circuited
if the meter is disconnected. Failure
to do this would cause an excessive
rise in voltage at the transtormer
terminals, which would create a dan-

Fig. 1—The conductor carrying the current
to be measured is passed through the center
of the current transformer and held there by
the insulating bridges at both sides. The
heating element for the thermo-ammeter, in
the upper part of the transformer, is con-
nected to one of the four binding posts (upper
right) for the desired curvent range
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Fig. 2—By providing four curvent ranges
in one current transforiner, the instrument
is given wide wntility

gerous operating condition and might
even destroy the transformer. In the
new radio-frequency current trans-
former, this danger has been elimi-
nated by providing a permanently
connected protector® inside the trans-
former, which will prevent the build-
ing up of excessive secondary voltages
in the transformer if the heating
element should accidentally be left
disconnected.

Since the normal circuit potential
between the conductor and ground
may be as high as several thousand
volts, alternating at radio frequencies,
the conductor must be carefully in-
sulated from the case to prevent
breakdown and to avoid the possibil-
ity of corona formation, with conse-
quent loss of energy and introduction
of noise into the circuit. The illustra-
tion shows how this transformer has
been constructed to enable it to op-
erate satisfactorily up to approxi-
mately 10,000 volts. Insulating
bridges, located well away from the

*Including the Nos. 26 and 27 protector
blocks, described in the RECORD for November,
1932, p. 80.
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opening, hold the conductor centered
in the opening. No insulating materi-
als other than air are permitted in the
space between the conductor and the
metal transformer case. Ior the
highest voltages the inside surface of
the transformer opening must be
smoothed or polished to remove every
irregularity and the outer surface of
the conductor must also be smooth.
Each end of the opening is smoothly
flared on a large radius. The size of
conductor fitting the bridges 1s the
optimum for the transformer dimen-
sions,—a smaller conductor diameter
reduces the potential at which corona
forms, and a larger reduces the break-
down potential.

Before a current transformer was
developed, large radio-frequency cur-
rents were usually measured by means
of high-current thermo-ammeters. The
meter, and the wires connecting it to
the heating element, were at the same
radio-frequency potential as the heat-
ing element, and all had to be care-
fully insulated from ground. When
the meter was located on the operat-
ing panel, glass windows had to be
provided to protect the operating per-
sonnel from the high voltages.

Current transformers offer decided
advantages over the directly con-
nected thermo-ammeters previously
used. One of the new transformers,
with 1ts single low-current meter, can
measure as wide a range of currents
as can be measured with several dif-
ferent thermo-ammeters, which are
especiallv expensive in the larger
sizes. The transformer may be placed
anvwhere in the circuit over existing
conductors. The high sulation of
the transformer permits the trans-
former case, meter and connecting
cable to be grounded, thus simplify-
ing the installation and providing
maximum safety to the operator.

A number of these current trans-
formers will be installed at various
points in the antenna coupling cir-
cuits of the high-power amplifier in
the proposed long-wave transatlantic
radio transmitter. In these circuits
they will operate at frequencies in the
neighborhood of sixty kilocvcles.
While the transformer illustrated 1s
designed primarily for the frequencies
used in this transmitter, the design
can be modified for much higher fre-
quencies such as are used in high-
power radio broadcast transmitters.
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Fuses

By E. S. SAVAGE
Telephone Apparatus Development

F the eight million fuses pro-
duced annually in normal times
for use in the Bell System, the
great majority fall into two general
classes, the tubular and the flat. Both
of these types operate on the same
familiar principle: a fusible conducting
element, heated by the current passmg
through it, melts or vaporizes in some
portion when the current reaches the
limiting value, and opens the circuit.
The current at which the fuse will
“blow” 1s determined largely by the
material and dimensions of the fusible
element.
Tubular fuses, ot which the No. 11
(Figure 1) 1s a good example, consist

essentially of a cylindrical shell of

an insulating heat-resistant material
with metal plugs in each end serving
as terminals between which a fuse
wire passes through the tube. The
tube 1s generally made of red fibre,
but in some cases of black tfibre,
porcelain or glass. The fuse wire
usually is made of lead
or a lead alloy; it 1s
soldered to the metal
plugs, and in a number
of cases is enveloped
by asbestos sleeving.
In the case of fibre
fuses, a vent hole in
the end, or transverse
slots in the shell permit
the escape of gases
generated and expand-
ed by the intense heat

developed when the Fi

7]

fuse blows because of severe overload.

The principal use for tubular tuses
of this type is for the protection of
central office and station apparatus
from abnormal current due to contact
with electric light and power lines.

Fuses of the flat type are used in
battery supply circuits for the pro-
tection of the apparatus in central
offices. In its simplest form, the No.
24 (Figures 2a and 2b), this type of
fuse consists of an insulating strip
made of phenol fibre with metal
terminals at the ends, between which
the fuse wire passes. The terminals
are notched, one longitudinally and
the other transversely, enabling the
fuse to be clamped in place by slipping
the notches under the heads of ma-
chine screws without removing the
screws from the fuse posts or mount-
ing bars.

Fuses of the flat type are usually
mounted on panels in central offices
in large numbers, and under these

V- —Tubular fuses, such as the No. 1/, are used in pro-

tectors and cable terminals
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Fig. 2—Central-office fuses have evolved from the simple
Aat-type fuse, No. 24 (a and b), to the indicating alarn
fuses of two sizes: larger, No. 35 (e and f); and smaller,

No. 44 (c and d)

conditions it would be difficult to lo-
cate a blown No. 24 type fuse. Ac-
cordingly, the present standard cen-
tral office fuse, the No. 35 type
(FFigures2e and 2f), embodies an alarm
and a simple automatic indicating
device. To the terminal having the
longitudinal slot is attached a helical
spring and to the other terminal a
flat spring. The helical spring is on
the upper side and the flat spring on
the under side of the fuse. The fuse
wire is stretched between the free end
of the helical spring and the free end
of the flat spring through a small
hole in the insulating strip. The ex-
treme of the free end of the helical
spring carries a short length of colored
glass tubing, the ‘““bead.” In these
“indicating alarm” fuses, the use of
differently colored beads distinguishes

between the ditferent
capacities. When the
fuse operates (Figures
2d and 2f) both springs
are released, the helical
spring raises the bead
into a conspicuous
position, and the flat
spring closes an alarm
circuit through the
alarm bar on the fuse
panel which operates a
bell and a signal light.

Fuses of this sort are
usually mounted so
close to one another
that when used in cir-
cuits of the order of
130 volts, the opera-
tion of a fuse is often
attended by enough
arcing to cause false
operation of adjacent
fuses. In fuses so
used, the fuse wire is
now enclosed in glass
tubing (Figure 3)
which confines the side flash and thus
protects the adjacent fuses.

As insurance against installing a flat
fuse of high capacity where a low
capacity fuse should be, the lower

Fig. 3—Glass tubing confines the effects of

the arcing which often accompanies the

operation of fai-tvpe fuses used in 130-volt
circuits
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capacities are slotted for No. 10
mounting screws, and the higher for
the smaller No. 6 screws. 1n the un-
equipped positions on panels for flat
type fuses, dummy fuses (No. 63A
or 64A) of black insulating material,
are inserted so as to prevent the in-
sertion of fuses in these positions
through error when replacing operated
fuses in adjacent positions.

Still in some use is a non-indicating
alarm fuse (No. 43) with an alarm
spring the same as that of the indicat-
ing fuses, but without the helical
spring and glass bead.

Outside of these most widely used
types of fuses, there are a few others,
manufactured in relatively small quan-
tities to fill special functions. Ex-
amples are those, such as the Nos. 60
and 62 types (Figure 4), in which
the fusible element is a globule of low
melting alloy joining two heating

-

el

=i
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Fig. 4—The No. 60 (above) and 62 (below)
fuses are more nearly heat coils than fuses
tn principle

Fig. 5—The No. 59.4 fuse is sensitive to ex-
tremely small currents

wires which are placed under tension
by a small helical spring. Currents
above a definite value heat the wires
enough to soften the globule, so that
the spring pulls the wires apart.

To protect delicate apparatus such
as thermocouples, an unusual fuse,
the No. 59A (Figure 5), has been de-
veloped which will blow at a very low
value of current. It consists of a small
fusible resistance wire about four
ten-thousandths inch in diameter,
mounted inside an evacuated glass
bulb. So mounted, the wire will melt
when carrying a current of not more
than one-fortieth of an ampere, one-
third of the value at which it will blow
if in air. Besides increasing the sensi-
tivity to this extent, the evacuated
bulb protects the fine wire from at-
mospheric corrosion and mechanical
injury.

Interesting problems arose in de-
veloping a method of manufacturing
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the fine resistance wire to exacting
specifications. It was found that
drawing the wire through a diamond
die to the proper dimensions was
extremelv difficult when the diam-
eters of the wire and die were so small.
A process was accordingly devised in
which a wire larger than desired is
electrolytically etched to the size re-
quired. By determining the resistance
of the wire as it passes through the

etching solution, its final dimensions
can be held within very close limits.

In the design of apparatus like
fuses, used in such large quantities by
the Bell System, close attention to
details of construction, cost of ma-
terials and manufacture is necessary.
Further to hold the System’s fuse bill
to a minimum, systematic repair of
blown fuses 1s carried on in the shops
of the Western Electric Company.

POPULARIZING SCIENCE

I reporting the addresses of leading scientists who joined
with Science Service in its recent conference on the diffusion
of scientific knowledge, the Science News Letter for Fuly 22

said in part: “Dr. Robert Andrews Millikan

held

that scientists themselves should be trained to express them-
selves in condensed and popular language, not only for the
education of the public but for their own benefit in clarifying
their thinking and better expressing their own special knowledge.

In a democratic country . . .

if science 15 to get on.
analysis the final verdict.

. public support must be won
Public judgment of value is in the last
The education of the public is its

largest social problem. To handle it from a more rational and
less emotional point of view, people must be given at least the
beginnings of a knowledge of the scientific method.”
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Contributors to This Issue

C. E. Lane received an A. B. degree
from the University of Iowa in 1920 and
an M. S. degree from the same university
in 1921, and immediately joined the
Engineering Department of the Western
Electric Company, now Bell Telephone
Laboratories. His first five years were
spent in the Research Department en-
gaged in general studies of acoustics per-
taining to speech, hearing, and loud
speaker development. Since that time
he has been engaged in the development
of transmission networks in the Apparatus
Development Department.  For some
time he has been in charge of the group
developing special filters.

After receiving the degree of B. S. in
Mechanical Engineering from New York
University in 1922, A. F. LLevpex joined
the Plant Department, entering the elec-
trical engineering group. In 1924 he be-
came head of that group, and two years
later he took charge of the design and
installation of the new power room in
Basement B and the system for distrib-
uting its services through the new Sec-
tion H. After a period devoted to the

revision of shop order handling and office
scheduling routines, he assumed charge
of the plant construction group in 1929.
In this capacity he supervised the design
and installation of many recent plant
projects, such as the chemical laboratories
in 10-B, the welding and x-ray research
laboratories in the basement, and the
film processing equipment in Section L.
Qualifications based on such experience
earned him the Professional Fngineering
License from New York State in 1930.
Two years ago he was assigned to act as
the Laboratories’ representative in con-
nection with the New York Central Rail-
road alteration project.

E. J. MurprHy received the B. Sc.
degree from the University of Saskatch-
ewan in 1918 and then continued his
studies, first in engineering at McGill
University, and later in physics at Har-
vard University. He joined the Chemical
Laboratories in 1923, and for the follow-
ing four years worked on the conduction
characteristics of textiles. He has since
been occupied with general studies of the
properties of dielectric materials.

C. E. Lane

A. F. Leyden

E. 7. Murphy
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E. §. Savage

After service as an artillery designer in
the Ordnance Department of the United
States Army during the World War, E. S.
SavaGe received the degree of B. S. in
C. E. from the University of Texas in
1920. He then spent about two years in
the FEngineering Department of the
Cleveland Twist Drill Company on the
design of machinery for the production
of small tools, and in 1923 he joined the
Technical Staft of the Laboratories. At
first he was engaged in design and de-
velopment work on plugs, jacks, and
similar manual central ofhce apparatus.
More recently he has been occupied with
development work on fuses and pro-
tector blocks.

E. E. ScuumacHer 1s a graduate from
the University of Michigan. He entered
the Research Department of these Lab-
oratories in 1918 and for several years

E. E. Schumacher

L. B. Hilton

tmmediately thereafter was engaged with
the development of vacuum tube filament.
Since then his work has been primarily
in the metallurgical field.

L. B. Hivtox received the B. S. degree
from Bates College in 1924, and two years
later the M. S. degree from Massachusetts
Institute of Technology. On entering the
Apparatus Development Department in
1926, he became engaged in the design
and development of induction coils and
audio-frequency transformers, principally
those used in broadcast program repeat-
ers for open wire and cable circuits.
More recently he has been concerned
with the design of high-frequency trans-
formers for carrier systems, and the de-
velopment of radio-frequency trans-
formers such as are used in the radio
receiving installation at the Hotel Wal-
dorf-Astoria.

www americanradiohistorv com


www.americanradiohistory.com

