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An Open Letter to Radio Tube Manufacturers 
May 15, 1934 

Dear Mr. Tube Maker: 

Have you been operating your plant for many months 
at little or no profit - possibly even at a loss? Have you 

been wondering for some time how you could meet the increased 
costs imposed on your business by various codes and turn your 
losses into profit - or increase your profits? 

If so, we offer you a positive solution to your prob- 
lems in the form of a fine, pure metal for internal vacuum 
tube parts at half the cost! Because of its purity it is more 
uniform and reliable. It is lighter in weight. It has a 
higher heat resistance. It has less occluded gas. It welds 
more easily and may be adapted to any shape, form or condition. 
It may be had in softer temper for deep drawing, bending and 
forming. It has a higher heat conductivity and getter cups 
flash better. Plates are more rigid - yet will withstand more 
heat. Less gas means less ionization and longer life. Thus 
you may produce a tube of greater uniformity, strength, effi- 
ciency and life. 

There is an old saying that the best is cheapest in 
the long run but it is not often that the cheapest is best in 
the long run. This is true of the new metal. If you are using 

25,000 lbs. of strip and wire in a year, your saving in cost 

will be about $12,000 annually. If you are buying 120,000 lbs. 

you can save over $60,000 a year. This is quite a lot of money 

and worthy of your serious consideration! 

Frankly, wont a better material that will save you 
from $1,000 to $5,000 a month (or more) help to turn your losses 

into profit or increase your profits handsomely? 

If you agree, please get in touch with us so that you 
may benefit from the use of this new material - SVEA METAL. 

Very truly yours, 

SWEDISH IRON & STEEL CORPORATION 

17 Battery Place - New York City 
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Efficiency and Economy 
THE GOAL OF ALL ENGINEERING EFFORT 

IS ACHIEVED WITH 

isnthe 
Iinsulates the antennas of the 

world's greatest radio communica- 
tion system. From antenna to vac- 

uum tube component it guards against 
high frequency losses throughout the 
circuit of commercial short wave radio 
transmitters and receivers. 

Just as ISOLANTITE has contributed 
to the success of commercial radio com- 
munication ... so it will contribute to 
more efficient and dependable all -wave 
receivers for the home and hence their 
wider public acceptance. 

Central Receiving 
Station, R.C.A. Com- 
munications, Inc.. 
Riverhead, Long Is- 

land, N. Y. 
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"birthday" of the RMA in Chicago 
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for a large "radio family" formal ban- 
quet on June 13 during the joint con- 
ventions of the RMA and the Radio 
Wholesalers Associations. 

The entire radio industry, RMA and 
RWA members, non -members, ladies 
and other guests are invited to the 
Tenth Anniversary Banquet of the 
RMA, to be held Wednesday evening. 
June 13, in the Grand Ball Room of 
the Stevens Hotel. 

Trade promotion plans of compre- 
hensive and national scope, to stimulate 
sales of dealers and jobbers as well as 
manufacturers will be prominent on 
the program of both RMA and RWA 
meetings. 

A feature of the RMA convention 
will be a gathering of many radio 
pioneers who have served under the 
RMA banner during the past decade. 
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CLAROSTAT 
THE LEADING RESISTOR AND 
CONTROL SUPPLIER TO THE 
RADIO INDUSTRY'S LEADERS 

LINE RESISTORS 
EXTERNAL TYPE: These line reducing 
resistors are equipped with both male 

and female plugs in five varying com- 
binations, are especially suitable for the 
export market and designed to reduce 

line voltage. 

INTERNAL TYPE: This line of fixed re- 

sistors has been designed especially for 
use in reducing the voltages of 110 volts 

and 220 volts DC line, to the values re- 

quired by the filament circuit of receiv- 

ers. These new units eliminate the neces- 

sity of using protective housings over 

such resistors. They readily mount into 

standard tube sockets and operate at, 

lower temperatures due to their efficient 
design. 

VOLUME CONTROLS 
WIRE WOUND TYPE: For years leading 
receiver manufacturers have employed 
our units because they are manufactured 
carefully to the specifications set for 
them and are reliable, compact, rugged 
and include an ample safety factor. Only 
the finest quality materials are used. 
Recent improvements in design and 
manufacturing facilities permit us to 
offer better controls than ever before. 

COMPOSITION ELEMENT TYPE: Our 
new series of composition element volume 
and tone control rheostats and poten- 
tiometers, embodies an improved and 
time tried resistance element which is 

immune fo humidity and contact erosion. 
These controls are available in various 
resistance gradients. 

FLEXIBLE RESISTORS 
FLEXIBLE RESISTORS: We have just 
perfected a new series of flexible re- 
sistors of superior quality at prices com- 
petitive with carbon resistors. In design 
they are trim. In accuracy, the commer- 
cial tolerance is maintained at ±10%. 
In ruggedness and tensile strength, their 
new design permits them to exceed 
manufacturers requirements from 250% 
to 500 %. The R.M.A. color code for re- 
sistance values is used throughout. Pro- 
duction facilities permit unlimited quan- 
tities on short notice. 
METAL CAN RESISTORS: Our complete 
line of asbestos covered, enclosed in 
metal can resistors may be had in 
straight resistors, tapped resistors and 
in many other varieties. They are so 
constructed to mount flush to the chas- 
sis; or raised off the chassis to your 
specifications; or upright mounting 
position; the entire height not exceed- 
ing the height of the radio set's tubes. 

VISIT US AT ROOM 319 - I. R. E. CONVENTION 

We solicit inquiries on mass production or special resistor prob- 
lems, for radio, sound, communication or industrial application. 

NEW CONTROL REPLACEMENT GUIDE UPON REQUEST 

CLAROSTAT MFG. CO., Inc. 
285 North 6th Street Brooklyn, N. Y. 

"AD- A- SWITCH" was originated by Clarostat 
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EDITORIAL 

ALL -WAVE SETS 

TO INFORM THE RADIO buying public as well 
as the trade, means to establish identification 
of "all- wave" and other receiving sets have 
been adopted by the RMA. The object is 
to definitely classify the new and improved 
receivers, to avoid misrepresentation and to 
facilitate merchandising of sets. 

Nomenclature and frequency ranges for 
a standard broadcast receiving set, the "all - 
wave" receiver and the "standard and short- 
wave," or "dual- wave" receiver, were 
adopted by the RMA Board of Directors 
April 18, at Chicago, following recommend- 
ations from the Association's Engineering 
Division. 

The "standard broadcast" receiver is 
defined to include sets having the regular 
frequency range from 540 to 1500 kilocycles. 

The definition of the "all- wave" receiver 
applies to sets with frequency ranges from 
540 kilocycles to at least 18,000 kilocycles. 

The "standard" and "short- wave" or 
"dual- wave" receiver as defined by the 
RMA will apply to sets having frequencies 
between 4,000 and 20,000 kilocycles with 
a short-wave range covering a ratio of max- 
imum to minimum frequencies of at least 
two and one -half to one. 

The definitions outlined above were 
adopted by the RMA Board as the simplest 
possible to correctly advise the buying public 
and the trade. Detailed standards defining 
the nomenclature and frequency ranges of 
three types of receivers will be issued soon 
by the RMA Engineering Division. 

The radio editors of newspapers and class 
magazines can assist immeasurably by inter- 
preting these classifications for the public - 
more so, probably, than can the dealers. 
Efforts have already been made to acquaint 
the buyer with the underlying difference 
between "broadcast" and "short- wave" re- 
ception, and on the whole there has been a 
pleasing lack of hokum. 

The magazine, The New Yorker, always 
with an eye to the whims and fancies of 
the city and suburban dweller, lists "short- 

wave radio" as the latest and most popular 
indoor sport. In a recent issue an associate 
writer recounted with considerable accuracy 
the classes of receivers available, what one 
might expect from each class, and generally 
what the buyer should keep in mind when 
looking over the market with a view to 
purchasing. 

Some of the more active radio editors, 
with a clear understanding of short -wave 
reception, have published articles dealing 
with matters other than frequency coverage, 
listening times, etc. The public has been 
hearing a great deal from these men about 
the judgment of "all- wave" receivers by the 
number of points on the wave -changing 
switch, the size of the tuning dial and its 
scale, the ratio of the vernier control, and 
whether or not the receiver has one or more 
active tuned radio -frequency stages on the 
short -wave bands. 

The public is learning to select these 
receivers. Most purchasers will look for 
the features listed above, and in time may 
demand even more than is being offered. 
Any general scientific item gets out of the 
laboratory and into the open market when 
it becomes convenient to operate. The 
greater the convenience, the more apt is 
the item to meet large sales. Such features 
as ; a beat - frequency oscillator employed as 
a station finder ; enlarged or magnified dial 
scales ; mechanical band spreading ; and tun 
ing control panels made adjustable so that 
one may tune without fatigue, may have to 
be added before "all- wave" receivers be- 
come generally acceptable. 

Manufacturers of "all- wave" and "dual - 
wave" receivers should place more stress on 
the advantages of a special antenna for 
short -wave reception. A noise -reducing 
aerial is almost a necessity in just those 
areas where the potential market is largest. 
Within the last month, two new types of 
"all -wave antenna systems" have been de- 
veloped, both of which appear to be worthy 
of the name. These systems eliminate the 
necessity of employing two aerials for an 
"all- wave" set. Though they are not easily 
installed, the radio service man can erect 
them with no difficulty. The buyer should 
be informed of this by the manufacturer 
or dealer. 
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SHAKEPROOF 

Ai the 
rw:s/es teeth 
Mari loch ' 

LOC qk q 
TERMINALS that prevent 

CIRCUIT FAILURES 
5ltultcproof 

Send today for 
your free copy of 
this complete 
Shakeproof Cata- 
log. Explains thor- 
oughly the many 
advantages that 
Shakeproof offers 
-also shows. new 
patented Shake - 

proof products. 

HERE'S the way to give electrical 
connections real protection against 

vibration. The twisted teeth of the 
Shakeproof locking principle are built 
right into the terminal -thus eliminat- 
ing any need for an extra lock washer. 
These powerful twisted teeth biteinto both 
nut and work surfaces and never let go. 
The result is that the terminal is held in 
a perfectly rigid position -which means 
that circuit failures are almost impos- 
sible. That's why Shakeproof Locking 
Terminals are purchased by the millions 
for ignition systems, radio construction, 
and by the leading manufacturers of 
electrical appliances. Be sure to send 
for free testing samples, today! 

SRAKEPROOF 
Locl¿,Wisher Company 

(Division of Illinois Tool Works) 
2509N. Keeler Ave. Chicago, Ill. 

Type 15. Type 20. Locking 
Countersunk Terminals 

U.S. Pat. 1,419, 664 -1,604 ,122 -1,697,954- 1,782,387 -Other Pat. Pending -Foreign Pat. 

MAY, 1934 

GET YOUR COPY 

OF THIS USEFUL BOOK 

Be one of the first to get this new complete 
book on ARMCO ELECTRICAL SHEETS. The 
handy coupon below makes it easy. Fill it out in 

a jiffy and mail. We'll see that you get your 
copy In it the different grades are identified 
and described; typical core loss curves are shown 
and core loss factors tabled; general specifications 
are given; and several quick- reference tables are 
compiled for your guidance You will have to 
see this book, leaf through its interesting pages, 
to appreciate its great value to you. Like ARMCO 
ELECTRICAL SHEETS, no pains and expense have 
been spared to give you the best. There is thirty 
years of experience behind Armco electrical steel. 

That is why it is so uniform, 
easy to punch, flat stacking 
and magnetically efficient. 

Clip the coupon and mail it 
today. Learn how handy and 
helpful this book really is. 

THE AMERICAN ROLLING MILL COMPANY 
Executive Offices: Middletown, Ohio 

MAIL THIS FOR FREE BOOK 
Send me a copy of your handy new book on ARMCO ELECTRI- 
CAL SHEETS. 

We use electrical sheets chiefly for these purposes.._...._._...._....._ 
(list principal products) 

Firm Name.._ 

My Name .... 

Address.._ 

RE-6-94 
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A close-up of several 

SUMMERILL ADVANTAGES 

For Radio Tube Construction 

A Few More 
Summerill Specialties 

Aircraft Tubing 
Hypodermic Needles 
Golf Shaft Tubing 
Fishing Rods 
Deisel Engine Feedlines 
Industrial Control and 

Bourdon Tubing 
Capillary Tubing 
Stainless Steels and Other Alloy Tubes 
Condenser Tubing 
Refrigerator Tubing 

UNIFORMITY 
1111 Summerill Seamless cathode tubes are uniform in 
density of material and accurate to size both in 
diameter and wall thickness. This permits the smoother 
application of the emissive coatings, insuring better 
operating, longer lived tubes. 

RIGIDITY 
The seamless construction of Summerill Cathode 
Tubing assures a greater mechanical strength and 
eliminates weak spots due to lap avers and crimping. 

PURITY 
Summerill Cathode Sleeves are made of the purest 
nickel commercially obtainable. The highest heat dis- 
sipation is achieved. 

CAPACITY 
Our modern plant and up -to -date manufacturing 
methods permit us to make Seamless Tubing of all 
types in any quantity you may require, on short notice. 

SIZES 
Standard sizes in Cathode Sleeves are from .016" 
outside diameter and larger with walls of .0015" to 
.002". We are prepared to cut to your length ready 
for assembly. 

DELIVERY 
The care used in making Summerill Cathode Sleeves 
extends to the shipping case, a container constructed 
to insure the tubes against damage in transit. There 
is no waste through crushing or bending. Each tube 
arrives in perfect condition, just as it was when 
packed. 

SUMMERILL TUBING COMPANY 
"Specialists in Tubing Specialties" 

Bridgeport, Montgomery County, Pa. PHILADELPHIA DISTRICT 
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FOR MAY, 1934 

Ninth Annual I. H Convention 
HOTEL BENJAMIN FRANKLIN PHILADELPHIA MAY 28 -29 -30 

APPROXIMATELY TWENTY -EIGHT PAPERS Will be delivered 
during the three days of the Ninth Annual Convention 
of the Institute of Radio Engineers, at the Hotel Ben- 
jamin Franklin, Philadelphia, Pa. They will represent 
to a great degree a gauge of the progress made during 
the last year or two in any number of divergent lines of 
radio and allied research. 

A complete listing of 
covered, with their 
time of delivery, will 
be found on the f ol- 
lowing page. Included 
in this list are many 
subjects of particular 
interest in respect to 
commercial transmit- 
ter and receiver de- 
sign, and other sub- 
jects offering indica- 
tion of the direction 
being taken by many 
of our foremost en- 
gineering and research 
men. 

The paper on the 
new WLW 500 -kw 
transmitter includes 
data on the vertical 
radiator, with meas- 
urements comparing 
its performance to the 
performance of the 
standard "T" antenna 
formerly used. Also a 
description of the 
high -level Class B 
modulator producing 
audio-frequency out- 
puts of 350 kw, the 
"isolation" operation of 
centric transmission lines. 

Of special interest is the paper, "High- Fidelity Re- 
ceivers With Expanding Selectors," by Wheeler and 
Johnson. It may be summarized as follows: 

A high -fidelity receiver for general use requires means 
for continuously expanding or contracting the resultant 
band width of all the carrier selectors in order that the 
best compromise between fidelity and selectivity may be 

the technical subjects to be 

chosen for any given operation conditions. An expand- 
ing selector ( "XPS ") arrangement is provided whose 
expansion is controlled by moving the tuning knob in 
the axial direction. Tuning the receiver when the band 
width is expanded is generally undesirable because ac- 
curate tuning is difficult and the operator hears only part 
of the number of the available signals. Therefore, an 
interlocking mechanism is provided which permits the 

operator to tune the 
receiver only when the 
band width is con- 
tracted. The operator 
is thereby constrained 
to follow the correct 
procedure of first tun- 
ing with maximum se- 
lectivity and, second- 
ly, expanding to im- 
prove the fidelity to 
the extent permitted 
by noise or adjacent 
channel interference. 
Several methods for 
expanding are avail- 
able. 

A companion sub- 
ject, "Acoustic Test- 
ing of High- Fidelity 
Receivers," by Wheel- 
er and Whitman, is 
treated from a fresh 
angle. Acoustic test- 
ing of radio receivers 
is most useful as an 
aid to designing the 
receiver to reproduce 
uniformly the required 
range of audio fre- 
quencies. The prob- 

lem is fundamentally the coordination of transmitter pick- 
up and receiver reproduction, to give the listener the il- 
lusion of being present at the original performance. The 
mounting of the loudspeaker and its position in the listen- 
ing room materially affect the sound reproduction. The re- 
sultant effect is readily analyzed in terms of the average 
sound in the listening room, as measured at several posi- 
tions by means of a non -directional crystal microphone. 
Receivers designed on this basis are found to give ex- 

CONVENTION COMMITTEE HEADS 

Standing left to right -E. B. Patterson, Entertainment; A. F. Murray, Exhibitor; 
Knox McThorin, Registration Information. Seated left to right -E. W. Engstrom, 

Papers Technical Session; H. W. Bylers, Treasurer; W. F. Diehl, Convention Chair- 
man; Jesse Haydock, Publicity; E. L. Forstall, Program. Not in picture: Pierre 

Boucheron, Publicity; Mrs. W. H. W. Skerrett, Ladies' Committee Chairman; 
R. L. Snyder, Treasurer; Harry Sadenwater, Entertainment. 

the control circuit and the con- 
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cellent reproduction when the transmitter technique and 
other conditions are adequate for high -fidelity reception. 

The principal difficulties in the design of high-f re- 
quency receivers reside in the complexity of the multi - 
range circuits. In the paper, "The Design and Testing 
of Multi -Range Receivers," by Harnett and Case, sev- 
eral circuits and a unit assembly arrangement are de- 
scribed which improve the frequency calibration and 

simplify the design. Testing is facilitated by the use of 
simplified signal generators having "piston" attenuators. 
The attenuator comprises a pair of coplanar coils, coaxial 
coils or condenser plates, one fixed and one movable 
axially in a moderately long cylindrical copper shield. 
The attenuation in decibels is directly proportional to 
the displacement of the movable element, and the calibra- 
tion can be computed. 

COMPLETE I. R. E. CONVENTION PROGRAM 
SUNDAY, MAY 27. 

Registration ; 4 :00 P. M. -6:00 P. M. 

MONDAY, MAY 28. 
9:00 A. M.: 
Registration and opening of exhibition 

rooms for inspection. 
10:00 A. M. -12 NOON: 
Official welcome and technical session. 

Addresses by C. M. Jansky, Jr., President 
of the Institute; W. F. Diehl, Chairman 
of the Convention Committee ; Harold 
Pender, Dean of the Moore School of 
Electrical Engineering, University of 
Pennsylvania, and W. R. G. Baker, Vice 
President and General Manager, RCA 
Victor Company, Inc. 
TECHNICAL SESSION, CRYSTAL 

BALLROOM. 
"A Lapel Microphone of the Velocity 

Type," by R. F. Olson and R. W. Carlisle, 
RCA Victor Company, Inc., Camden, N. J. 

"Westinghouse KYW in Philadelphia," 
by R. N. Harmon, Westinghouse Elec. and 
Mfg. Company, Chicopee Falls, Mass. 

"Nonlinear Theory of Maintained Elec- 
trical Oscillations." By B. Van der Pol, 
Philips' Incandescent Lamp Works, Eind- 
hoven, Holland. 

10:00 A. M.-12 NOON: 
Official greeting at ladies' headquarters. 
12 NOON -2:00 P. M.: 
Luncheon and inspection of exhibits. 
12 NOON -2:30 P. M.: 
Ladies' luncheon and shopping tour. 
2:30 P. M.-4:30 P. M.: 
Trip No. 1- Ladies' inspection trip to 

WCAU studios. 
2:00 P. M.-4:00 P. M.: 

TECHNICAL SESSION, CRYSTAL 
BALLROOM. 
"The WLW .500 Kilowatt Broadcast 

Transmitter," by J. A. Chambers, Crosley 
Radio Corp., Cincinnati, Ohio; G. W. 
Fyler, General Electric Co., Schenectady, 
N. Y.; J. A. Hutcheson, Westinghouse 
Elec. and Mfg. Co., Chicopee Falls, Mass., 
and L. F. Jones, RCA Victor Company, 
Inc., Camden, N. J. 

"Comparative Analysis of Water- Cooled 
Tubes as Class -B Audio Amplifiers," by 
I. E. Mouromtseff and H. N. Kozanowski, 
Westinghouse Elec. and Mfg. Co., East 
Pittsburgh, Pa. 

"Some Engineering and Economic As- 
pects of Radio Broadcast Coverage," by G. 
D. Gillett and Marcy Eager, Consulting 
Engineers, Washington, D. C. 

3:00 P. M.-4:00 P. M.: 
TECHNICAL SESSION, BETSY 

ROSS ROOM. 
"Some Chemical Aspects of Vacuum 

Tube Production," by R. E. Palmateer, 
Hygrade Sylvania Corporation, Emporium, 
Pa. 

"Contact Potential," by R. M. Bowie 
Hygrade Sylvania Corporation, Emporium, 
Pa. 

"Hot- Cathode Mercury Rectifier Tubes 
for High Power Broadcast Transmitters," 
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by H. C. Steiner, General Electric Co., 
Schenectady, N. Y. 

4:00 P. M.-6:00 P. M.: 
Annual meeting Sections Committee, 

Independence Room. 
4:00 P. M. -6:00 P. M.: 
National Association of Broadcasters, 

Engineering Committee Meeting, Laf ay- 
ette Room. 

4:00 P. M. -6:00 P. M.: 
Inspection of exhibits. 
8:00 P. M: 
Trip No. 2 -To the Franklin Institute. 

TUESDAY, MAY 29. 
9:00 A. M.: 
Registration and opening of exhibition 

rooms for inspection. 
10:00 A. M. -12 NOON: 

TECHNICAL SESSION, CRYSTAL 
BALLROOM. 

"Theory of Electron Gun for Cathode Ray 
Tubes," by I. G. Maloff and D. W. Ep- 
stein, RCA Victor Company, Inc., Cam- 
den, N. J. 

"Cathode-Ray Oscillograph Tubes and 
Their Applications," by W. H. Painter, 
and P. A. Richards, RCA Radiotron Com- 
pany, Inc., Harrison, N. J. 

"The 'Sound Prism,'" by Knox Mcllwain 
and O. H. Schuck, University of Pennsyl- 
vania, Philadelphia, Pa. 

10:00 A. M. -12 NOON: 
TECHNICAL SESSION, BETSY 

ROSS ROOM. 
"A Mechanical Demonstration of the 

Properties of Wave Filters," by C. E. 
Lane, Bell Telephone Labs., Inc., New 
York. 

"Control of Radiating Properties of An- 
tennas," by C. A. Nickle, R. B. Dome and 
W. W. Brown, General Electric Company, 
Schenectady, N. Y. 

"Measurement of Harmonic Power Out- 
put of a Radio Transmitter," by P. M. 
Honnell and E. B. Ferrell, Bell Telephone 
Labs., New York City. 

"Frequency Standards and Frequency 
Measuring Equipment," by J. K. Clapp, 
General Radio Co., Cambridge, Mass. 

"North Atlantic Ship -Shore Radiotele- 
phone Transmission During 1932 -1933," by 
C. N. Anderson, Bell Telephone Labs., 
Inc., New York City. 

12 NOON -5:00 P. M.: 
Trip No. 3- Ladies' luncheon and bridge 

at the Pennsylvania Athletic Club. 
12 NOON -3:00 P. M.: 
Trip No. 4-To RCA Victor plant, 

Camden. Luncheon will be served at the 
plant through the courtesy of the RCA 
Victor Company. 

3:00 P. M. -5:00 P. M.: 
TECHNICAL SESSION, CRYSTAL 

BALLROOM. 
"An Experimental Television System," 

Introduction -E. W. Engstrom. 
Transmitter -R. D. Kell, A. V. Bed- 

ford, M. A. Trainer. 
Relay Circuit -C. J. Young. 

Receivers -R. S. Holmes, W. L. Carl- 
son, W. A. Tolson. 

RCA Victor Company, Inc., Camden, 
N. J. 

3:00 P. M.-5:00 P. M.: 
RMA Service Managers' meeting, In- 

dependence Room. 
7:00 P. M.: 
Informal Banquet. 

WEDNESDAY, MAY 30. 

9:00 A. M.: 
Registration and opening of exhibition 

rooms for inspection. 
10:00 A. M.-12 NOON: 

TECHNICAL SESSION, CRYSTAL 
BALLROOM. 
"The Design and Testing of Multi - 

Range Receivers," by D. E. Harnett and 
N P Case, Hazeltine Corporation, New 
York. 

"High-Fidelity Receivers with Expand- 
ing Selectors," by H. A. Wheeler and J. 
K. Johnson, Hazeltine Corp., New York. 

"Acoustic Testing of High- Fidelity Re- 
ceivers," by H. A. Wheeler and V. E. 
Whitman, Hazeltine Corp., New York. 

"A Common Source of Error in Meas- 
urements of Receiver Selectivity," by E. 
N. Dingley, Jr., Bureau of Engineering, 
Navy Dept., Washington, D. C. 

10:00 A. M.-12 NOON: 
TECHNICAL SESSION, BETSY 

ROSS ROOM. 
"Recent Studies of the Ionosphere," by 

S. S. Kirby and E. B. Judson, Bureau of 
Standards, Washington, D. C. 

"An Analysis of Continuous Records of 
Field Intensity at Broadcast Frequencies," 
by S. S. Kirby, K. A. Norton and G. H. 
Lester, Bureau of Standards, Washington, 
D. C. 

"Modern Methods of Investigating Ioni- 
cation in the Atmosphere," by G. L. 
Locher, Bartol Research Foundation, 
Swarthmore, Pa. 

"Seasonal Variation in the Ionosphere," 
by J. P. Schafer and W. M. Goodall, Bell 
Telephone Labs., New York. 

10:00 A. M.-5:00 P. M.: 
Trip No. 5- Ladies' sight- seeing trip, in- 

cluding visit to Valley Forge, where 
luncheon will be served. 

12 NOON -2:00 P. M.: 
Luncheon and inspection of exhibits. 
2:00 P. M.-4:00 P. M.: 

TECHNICAL SESSION, CRYSTAL 
BALLROOM. 
"Development of Transmitters for Fre- 

quencies above 300 Megacycles," by N. E. 
Lindenblad, R.C.A. Communications, Inc., 
New York City. 

"An Electronic Oscillator with Plane 
Electrodes," by B. J. Thompson and P. D. 
Zottu, RCA Radiotron Company, Inc., 
Harrison, N. J. 

Transmission and Reception of Centi- 
meter Waves," by I. Wolff, E. G. Linder 
and R. A. Braden, RCA Victor Company, 
Inc., Camden, N. J. 
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Tube Yetal Characteristics 
IN LESS THAN A season on tube produc- 
tion the objections to the use of Svea 
Metal have been dissipated. Many of 
the objections were imaginary, due as 
much to natural reluctance to change 
as to a confusion between Svea Metal 
and Swedish Iron. There were, of 
course, some real grounds for misgiv- 
ings at first. Oxidation and carboniza- 
tion presented two different problems 
for solution. They were no different 
from thousands of other problems which 
have long since been solved by intelli- 
gent engineers, but they did, neverthe- 
less, serve for a time to delay progress 
with the new metal. 

These two factors are worthy of spe- 
cial comment, supplementing what has 
already been written: 
OXIDATION 

As mentioned in previous articles, 
iron, however pure, will oxidize read- 
ily at ordinary temperatures unless cer- 
tain elementary precautions are taken. 
A certain percent of oxide, of course, is 
bound to be the source of gas if it is 
permitted to remain on the plate, but 
any trace of iron oxide present on the 
surface of the plate will diffuse into the 
metal during bombardment. It is only 
necessary to exercise reasonable care 
that the metal does not come into con- 
tact with undue quantities of moist or 
fume -laden atmospheres between the 
time when the part is thoroughly 
cleansed in hydrogen and the time when 
it is mounted. 

If a layer of oxide is permitted to 
collect on the surface of the plate, and 
remain, there is likely to be a gassy 
tube with, possibly, lower emission. An 
iron plate properly cleaned and placed 
on the mount with reasonable prompt- 
ness will give a high emission and cause 
no trouble whatsoever. All of this re- 
fers mainly to primary plates. 

For other internal tube parts an 
oxide coating on the metal does not 
seem to have an injurious effect and 
some engineers have expressed the defi- 
nite opinion that it is beneficial for pur- 
poses of radiation. It is well known 
that tubes with oxidized nickel plates 
have been made, and are still being 
made, on a commercial scale. Many 
thousands of tubes containing Svea 
Metal plates which have been purposely 
oxidized are now on the market and 
tests of these tubes show them to be 
highly efficient and superior in many 
respects. The whole subject of oxida- 
tion may be summed up by saying that 
if there is any question as to the effect 
of iron oxides on the plates these may 
easily be avoided by simple precautions 
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and proper bombardment. It is the 
writer's belief that the objections are 
prompted mainly by consideration of the 
appearance of the plates rather than by 
the injurious effects. It must be re- 
membered that while some are object- 
ing to the appearance of any oxides, 
others are purposely subjecting the 
metal to a uniform oxide coating which 
not only gives a uniform appearance to 
the part, but at the same time produces 
characteristics in the tube which are 
sought after and desired. 

CARBONIZATION 
As previously written, some consid- 

erable quantities of Svea Metal have 
been carbonized. A number of lots have 
been put through with excellent results 
comparable to any other carbonized ma- 
terial within the writer's knowledge. 
Several coils of carbonized strip have 
been sent to critical tube makers' labor- 
atories for test purposes and approved. 
This strip has been run through the 
standard tube -making process, including 
stamping and forming into plates, and 
undergone bombardment in the tube, 
and the reports were entirely satisfac- 
tory. 

When, however, it came to a repro- 
duction of the strip, difficulties were 
experienced due to the fact that experi- 
mental lots had been made in a small 
unit without sufficient equipment to ade- 
quately control temperature regulations, 
time and treatment. Thus it has been 
found necessary to make many modifi- 
cations to the original unit and add vari- 
ous controls which would enable the 
operator to repeat a previous operation. 
This work has involved some time and 
caused a considerable delay. The fur- 

The third of a series of articles 
relative to the characteristics 
of Svea Metal as compared to 
other materials, and its appli- 
cation in the manufacture of 
vacuum tubes. The important 
subjects of oxidation and car- 
bonization are covered in 

detail. 

nace, however, is now in operation and 
it is hoped and expected that carbonized 
strips will be available within a short 
period of time. There can be no doubt 
but that what has already been done so 
satisfactorily can be repeated with pre- 
cision and accuracy with the new equip- 
ment. 

With these two problems thus dis- 
posed of there remained only a third 
matter which had been a stumbling 
block to the immediate adoption of the 
material- namely, the difficulty of con- 
vincing those interested that there is a 
tremendous difference between Svea 
Metal and Swedish Iron! It was only 
after careful analyses and physical and 
chemical tests were made by the engi- 
neers themselves in their own labora- 
tories that the wide difference between 
Swedish Iron and Svea Metal was dem- 
onstrated beyond a question. For the 
purposes of our readers, the writer 
wishes to state here that these differ- 
ences may be summed up in a few words 
as follows: 

STRUCTURE 

All Swedish Iron is of fibrous struc- 
ture -Svea Metal is of extremely fine 
crystalline structure. Swedish Iron con- 
tains slag, fairly high percentages of 

carbon, silicon, phosphorus, sulphur and 
manganese. Svea Metal contains no 
slag and its total impurities combined 
are less than four hundredths of one 
percent. Swedish Iron blisters badly at 
higher temperatures and, in fact, begins 
to blister when much heat is applied to 
it. Svea Metal, on the other hand, does 
not blister and may be heated up to 
1,000 degrees C. without blistering. 
Swedish Iron, due to its method of 
manufacture, is very liable to contain 
air pockets or blow holes or pipings. 
Svea Metal is free from all such defects. 
Swedish Iron rusts quite readily. Svea 
Metal resists oxidation to a high de- 
gree and if properly treated will not 
oxidize under ordinary atmosphere con- 
ditions for several months. Swedish 
Iron contains a high percentage of oc- 
cluded gas, whereas Svca Metal is prac- 
tically free from this, having been 
thoroughly degasified in the process. 
Swedish Iron is merely a raw material 
made by the Lancashire process which 
is used as a base and from which Svea 
Metal is made by special processing. 

METAL CHARACTERISTICS 
Thus it may be understood that those 

who jumped to the conclusion that 
Swedish Iron could be applied to inter- 
nal vacuum tube use were destined to 

(Continued on page 19) 
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ACOUSTICS AND 

A quantitative discussion of the acoustical 
requirements necessary for high- fidelity sound 
reproduction, with special references to frequ- 
ency and volume range, amplitude distortion, 
resonance effects, studio and room acoustics. 

INTRODUCTION 
THE RADIO SET HAS long passed the 
stage of being considered a scientific 
toy and the past decade of development 
has enormously contributed toward giv- 
ing radio a prominent place among the 
necessities of present -day civilization. 
Having achieved this position, it is only 
natural that more stringent demands are 
continuously being imposed upon the 
quality of reproduction. 

Unfortunately, until relatively recent 
times acoustical engineering was not 
sufficiently developed to quantitatively 
determine and specify the conditions 
necessary for real high -fidelity repro- 
duction; consequently, the use of the 
term served only to qualitatively state 
that the new equipment sounded better 
than the one which it was intended to 
replace. Today, however, we have 
reached a stage where we are capable of 
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quantitatively specifying most of the 
conditions necessary for high -fidelity 
reproduction. It is the purpose of this 
paper, therefore, to give some quantita- 
tive idea regarding the various factors 
that are involved in connection with the 
faithful reproduction of speech and 
music. 

A list of such factors that are defi- 
nitely known to influence the quality of 
reproduced sounds is given below, and 
each item will be briefly discussed in 
this paper. 

A. Frequency range. 
B. Volume range. 
C. Amplitude distortion. 
D. Resonances in the system. 
E. Acoustical characteristics of the 

studio and the reproducing room. 
F. Volume level of reproduction vs. 

volume level of the original sound. 
G. Binaural effect. 
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Fig. I . Showing the 
frequency range re- 
quired for the faith- 
ful reproduction of 
various musical in- 
struments, speech, 
and noises. 

(after Snow) 

By FRANK MASSA 
Acoustical Research Engineer 

RCA -VICTOR CO., INC. 

(A) FREQUENCY RANGE 

Frequency range is undoubtedly the 
most important single factor in the de- 
termination of the merits of a repro- 
ducing channel. Today, it is well known 
that the human ear can recognize as 
sound, vibrations varying from 20 cy- 
cles per second to 20,000 cycles per 
second. Obviously, this complete range 
of frequencies is not always necessary 
for certain types of reproduction. For 
example, the ordinary telephone man- 
ages to get along with a frequency 
range of approximately 500 to 1500 
cycles. Although this range is only a 
very small part of the audible range, the 
intelligibility of speech over the tele- 
phone is fairly satisfactory; however, 
the characteristic of the reproduced 
voice is far from that of the original. 

]Many investigators have tried to get 
a quantitative idea of the frequency 
range necessary to reproduce various 
types of sounds so that the reproduction 
could not be recognized from the origi- 
nal source. The most comprehensive 
study has been published by W. B. 
Snow,' in which the effect on the qual- 
ity was observed, by a group of per- 
sons with normal hearing, when various 
portions of the frequency range were 
cut out from the reproduced sounds. 

Fig. 1 shows the results of such a 
test. It is interesting to note from the 
figure that noises such as footsteps, 
hand clapping, key jingling, etc., re- 
quire frequencies above 10,000 cycles 
for faithful reproduction, while most 
instruments and speech are faithfully 
reproduced when the high -frequency 
limit is less than 10,000 cycles. Most of 
the sounds shown in the figure do not 
require less than 80 cycles for their 
faithful reproduction. The bass viol and 
organ (which is not included in the in- 
struments tested) require frequencies 
extending down almost to the lower limit 
of audibility. 

To faithfully reproduce male speech, 
a frequency range of 120 to 7000 cycles 
per second is necessary, while for fe- 
male speech, a range of 200 to 9000 
cycles is required. 

In addition to the results shown in 

'W. B. Snow, "Audible Frequency Ranges of 
Music, Speech and Noise," J. Acons. Soc. of 
Amer., July, 1931, p. 155. 
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HIGH FIDELITY 
Fig. 1, an 18 -piece orchestra was also 
investigated under similar conditions 
and the effect on the quality caused by 
removing high and low frequencies is 

shown in Fig. 2. The author's own ex- 
perience has shown that the large ma- 
jority of listeners could detect a change 
in quality in reproduced music when the 
frequency range was made less than 80 
to 8000 cycles. Certain types of selections 
required up to 10,000 cycles for satis- 
factory reproduction and for noises 
such as paper tearing, key jingling, etc., 
a range up to 14,000 cycles was neces- 
sary. 

(B) VOLUME RANGE 

By volume range in speech and mu- 
sic, we mean the ratio between the 
highest_ and lowest values of acoustic 
intensities produced by the sources of 
sound under normal conditions. The 
range of intensities capable of being 
recognized by the human ear as sound 
varies with frequency,2 it being about 

'Fletcher and Munson, "Loudness, Its Defini- 
tion, Measurement and Calculation," J. Acous. 
Soc. of Amer., Oct., 1933, p. 82. 

fig. 2. Showing the 
effect of removing 
high and low fre- 
quencies on the qual- s 4o 

ity of reproduced 
orchestral music. t to 

(A) All frequencies 
below abscissa re- 
moved. (B) All fre- 
quencies above 
abscissa removed. 

(after Snow.) 
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FREQUENCY IN CYCLES PER SECOND 

80 decibels at 100 cycles and about 110 
to 120 decibels in the range of fre- 
quencies between 500 and 12,000 cycles. 
Obviously, it is apparent that a range 
of 120 decibels is not required for the 
reproduction of ordinary speech and 
music, since we are aware that the 

TABLE I 

Peak Power of Musical 

Instrument 

36" x 15" Bass Drum -A 
36" x 15" Bass Drum -B 
30" x 12" Bass Drum -C 
34" x 19" Bass Drum -D 
Snare Drum 

Whole 
Spectrum 

Peak 
Power 
Watts 

24.6 
1.2 

13.4 
4.9 

11.9 

Corresponding 
To of Intervals 

6 

1% 

3 
2' /: 

15" Cymbals 9.5 71/4 

Triangle 0.050 
0.012 

1 

37 

Bass Viol 0.156 2 

Bass Saxophone 0.288 25 
BB^ Tuba 0.206 17 

Trombone 6.4 5 

Trumpet 0.314 18 

French Horn 0.053 6 

Clarinet 0.050 
0.055 

Flute 0.014 
0.0035 

1% 
38 

Piccolo 0.021 
{ 0.084 

10 

1st Method 0.166 16/ 
Piano -A 2nd Method 

3rd Method 
0.437 
0.198 

16 
16 

Average 0.267 16 
Piano -B- Average 0.248 

1i/ 15 -Piece Orchestra J 9.0 
Ay. of 2 Methods l 2.2 16 
18 -Piece Orchestra 
Av. of 2 Methods 

J 2.5 
l 8 

75 -Piece Orchestra -A 8.2 6 

75 -Piece Orchestra -B J 13.4 9 
1 66.5 1 

75 -Piece Orchestra -C 13.9 114 

75 -Piece Orchestra -D 13.8 6 

Pipe Organ -A 3.5 11/. 

Pipe Organ -B 12.6 36 

Instruments 

Band 
Containing 
Maximum 

Peaks 

Band 
Peak 

Power 
Watts 

Corresponding 
% of Intervals 

250 -500 C.P.S. 9.8 1 

( 20 -62.5 0.24 1 

1 250 -500 0.19 4 

125 -250 1.7 1 

20 -62.5 1.2 9 
250 -500 3.7 1 

8000 -11300 0.95 1 

{ 5600-8000 0.017 6 

62.5 -125 0.078 3 
{ 125.250 0.078 2 

250 -500 0.228 4 

250 -500 0.082 18 
( 500 -700 0.064 1 

l 2000 -2800 0.051 4 
f 250 -500 0.047 

1 500-700 0.047 4% 

250 -500 f 

1 

0.053 
0.013 

1 

18 
250 -500 0.0055 2y 
700 -1001 0.0045 4 

1400 -2000 0.0045 2 

{ 
2000 -2800 0.021 3 

250 -500 
250 -500 
250-500 
250 -500 
250 -500 
250 -500 

2000 -2800 
J 250-500 
I 2001 -2800 
` 125 -250 

' 250 -500 
2000 -2800 
250 -500 

8,000--7 
250 -500 

2000 -280 
125-250 
250 -500 

2000 -2800 

250 -500 

20 -62.5 

0.166 
0.437 
0.198 
0.267 
0.248 
0.45 
0.32 
0.80 

Not Taken 
0.82 
LO3 
1.03 
6.7 
5-3 
1.4 
1.4 
1.7 
1.7 
1.7 

J L75 
Ì 0.44 

{ 

10.0 

2.5 

7 
7 
7 
7 

1PA 
12 

3 

2 
12 

1% 
1 

1 

6 
1Yí 
2 

11 

8 

22 
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common types of sounds never reach 
the threshold of pain under normal con- 
ditions. 

The peak speech power measured for 
a large number of spoken syllables 
shows that the volume range required 
for speech reproduction,3 if it were 
possible to hear just above threshold 
intensity, to be about 50 decibels. In 
most rooms, the existing noise (which 
even in the most quiet living room is 
more than 20 decibels) does not permit 
hearing down to the threshold limit of 
audibility. Therefore, it is not neces- 
sary to reproduce down to the extreme 
low levels which would be masked by 
the room noise. A practical volume 
range necessary for high -fidelity repro- 
duction of speech is about 40 decibels. 

For musical reproduction the re- 
quired volume range is higher than 
above. The absolute power outputs in 
different frequency bands for various 
instruments have been measured' and 
Table I shows some of the results that 
were obtained. From the tabulated data, 
it follows that to cover the peak inten- 
sities of the various instruments a vol- 
ume range of about 70 decibels is re- 
quired. The necessity for a noiseless 
environment for the enjoyment of this 
wide volume range is a very important 
requirement that must be met. 

(C) AMPLITUDE DISTORTION 

The study of permissible amplitude 
distortion that can be present without 
effecting the quality of reproduced 

'L. J. Sivian, "Speech Power and Its Measure- 
ment," Bell System Technical Journal, Oct., 
1929, p. 646. 

' Sivian, Dunn and White, "Absolute Ampli- 
tudes and Spectra of Certain Musical Instru- 
ments," J. Acous. Soc. of Amer., Jan., 1931, p. 
330. 
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Fig. 3. Showing effect of harmonic distor- 
tion on the quality of reproduction of 
speech. (Single tube overloading, 2nd 
harmonic predominant). A, C and D are 

male speakers; B and E are female. 

sounds has received very little attention. 
Some time ago, the author made a quan- 
titative investigation of the allowable 
distortion in reproduced speech,5 and 
definitely found that as the frequency 
range was increased the permissible dis- 
tortion became less. Also, less third 
harmonic distortion could be tolerated 
than second harmonic distortion. 

Figs. 3 and 4 show the change in 
quality for reproduced speech, with fre- 
quency ranges of reproduction up to 
14,000, 8000 and 5000 cycles, as a func- 
tion of second and third harmonic dis- 
tortion. Each curve in the figures 
marked with a different letter repre- 
sents a different speaker, and the sys- 
tem of rating adopted for the judgment 
of quality follows : 

Barely noticeable -The amount of 
distortion which just began to produce 
a detectable change in quality (by com- 
paring the distorted output with the un- 
distorted output). 

Noticeable -The amount of distortion 
which produced a detectable change in 
the quality of reproduction without 
comparing with the undistorted repro- 
duction. 

Obvious -The amount of distortion 
which could be definitely identified as 
such in the output (the distortion just 
becoming objectionable). 

Very objectionable -The amount of 
distortion which is unbearable to the 
average listener. 

From Figs. 3 and 4, the minimum 
distortion required to produce a notice - 

'F. Massa, "Permissible Amplitude Distortion 
of Speech in an Audio Reproducing System," 
Proc. I.R.E., May, 1933, p. 682. 
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able change in the quality of reproduc- 
tion is tabulated in Table II. 

(D) RESONANCES IN THE SYSTEM 

In section A, the frequency ranges 
required for various sounds were shown 
without mention of the tolerable varia- 
tions in the response throughout the 
range. We have found that if peaks 
rising more than 4 decibels above the 
average response level were introduced 
in a high -quality audio system they 
could be detected by several listeners, 
particularly if they were introduced in 
the mid- frequency range. 

A particularly bad form of resonance 
is the so- called "cabinet resonance" 
which results when most cabinets con- 
taining loudspeakers are placed near a 
wall. The action of the cabinet is simi- 
lar to that of a Helmholtz resonator 
which results in the amplification of a 
small low band of frequencies giving 
rise to a "barrel" effect in the repro- 
duction. This type of resonance must 
be obviously overcome in a high -fidelity 
system. Several methods are available 
for solving this problem, such as en- 
closing the back of the cabinet (pro- 
vided the volume of the enclosure is 
large enough not to resonate with the 
mass of the loudspeaker cone within the 
desired range of reproduction) and in- 
serting absorbing material in the en- 
closure to prevent standing waves, or 
the use of "absorption resonators" 
which are "tuned" to the natural fre- 
quency of the cabinet and placed in the 
cabinet to absorb the excess sound pres- 
sure which would otherwise be set up. 

Another form of resonance to be 
guarded against is that due to the reac- 
tion of a small room on the sound 
source at low frequencies. Sometimes a 
loudspeaker may be located in the room 
so that for a particular frequency the 
standing wave pattern set up may be 
such that the sound source is at a pres- 
sure loop, in which case the energy 
radiated will greatly increase. In some 
cases this may be corrected by changing 
the position of the loudspeaker or by in- 
creasing the absorption in the room. 

(E) ACOUSTICAL CHARACTERISTICS 
OF THE STUDIO AND THE REPRODUC- 
ING ROOM 

The building up of sound energy in a 
room due to multiple reflections from 
the walls is known as reverberation. 
The reverberation time, which is the 
time required for the sound energy in 
a room to decrease 60 decibels after the 
source is cut off, is the most important 
single factor in the acoustical design of 
auditoriums and studios. It is generally 
known that if the reverbation time is 
below a certain value, the quality of 
the reproduced sound is characterized 
as being "flat." If the reverberation 

time is above another value, the sound 
becomes "jumbled" and loses articula- 
tion or intelligibility. The range be- 
tween these two limits is known as the 
optimum reverberation time and its 
value varies with the size of the room, 
the frequency, and the type of program 
being played. For example, the rever- 
beration time required for music is 
usually higher than that required for 
speech. 

In general, the optimum reverberation 
time of an auditorium must be higher 
at the lower frequencies than at the 
higher frequencies if the loudness of 
each tone is to decrease at the same 
rate. If the reverberation at the lower 
frequencies were not prolonged, the low - 
frequency sounds would die out faster 
than the high- frequency components, 
due to the non -linear relation between 
intensity and apparent loudness at the 
lower frequencies. It actually requires 
a smaller change in intensity at the 
lower frequencies than is required at 
the higher frequencies for the same 
change in loudness ; thus to keep the low 
frequencies from dying away faster 
than the remaining components it is 
obvious that the low- frequency rever- 
beration must be increased. 

Numerical values for optimum re- 
verberation times for different sizes of 
rooms and various frequencies may be 
found in an article by W. A. Macnaira 

8W. A. Macnair, "Optimum Reverberation 
Times for Auditoriums," J. Aeons. Soc. of Amer., 
Jan., 1930, p. 242. 
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Fig. 4. Showing effect of harmonic distor- 
tion on the quality of reproduction of 
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in which he also gives the findings of 

other investigators. 
If a room or studio is to be acoustic- 

ally correct as a link in a high -fidelity 
system, reverberation time measure- 
ments should be made to cover the en- 
tire frequency range of the system. It 
often happens that materials show peaks 
or dips in their absorption character- 
istics either inherently in the material 
or else arising from the method of in- 
stallation. In many instances the mate- 
rial is installed in panels which display 
natural periods of vibration resulting in 
reduced reverberation times at the reso- 
nant frequencies. Also, at the higher 
frequencies, there is absorption of sound 
in the air itself and this factor, too, 
must be taken into account in designing 
the acoustical characteristics of a room. 

In the past, it was found that if an 
orchestra were playing in a broadcast- 
ing studio in which the reverberation 
had to be kept low, the musicians found 
it difficult to keep in tune. The "live 
end -dead end" studio was designed to 
remedy this trouble. In this type of 
studio, one end is left quite "alive," i. e., 

low absorption, while the remainder of 
the room is heavily damped with acous- 
tical absorbing material. The orchestra 
is placed in the "live" end, where they 
find it very easy to play, and the micro- 
phone is located in the "dead" section 
of the studio so the effective overall 
reverberation is correct. 

(F) VOLUME LEVEL OF REPRODUCTION 

VS. VOLUME LEVEL OF THE ORIGINAL 
SOUND 

If speech or music is transmitted over 
a "flat" channel and reproduced at the 
same loudness level as the original 
source, the balance (i. e., the ratio of 
high to low frequencies) will be the 
same and hence the quality, in so far 
as frequency characteristic is concerned, 
will not be changed. If, however, the 
reproduced intensity of the sound is at 
a different loudness level than the origi- 
nal, frequency discrimination will occur 
due to the variation in the frequency 
response sensitivity of the human ear 
with changes in loudness. As the in- 
tensity level of the reproduced sound is 
decreased, the apparent decrease in 
loudness for the low- frequency compo- 

nents will be greater tnan the decrease 
in loudness for the high- frequency com- 
ponents and hence the quality becomes 
"thin" or lacking in low frequencies. 
The amount of frequency discrimination 
for a specific condition is obtained from 
Fig. 5. Assuming the source of sound 
to produce an average loudness level of 
70 decibels, the frequency discrimina- 
tion in the ear at this level is shown in 
curve A (Fig. 5). If the average level 
at which the sound is reproduced is 40 
decibels, the frequency characteristic of 
the ear at this level is shown by curve 
B. The difference between the two 
curves (curve C) shows the loss in 
apparent low- frequency response due to 
reproducing a 70 -db source at a 40 -db 
level. 

In order to keep the same relative 
proportions of high and low frequencies 
when the sound is being reproduced at 
the low level mentioned above, it is ob- 
vious that the amplifier characteristic 
must be as shown on the 40 -db curve 
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s Fig. 5. Curve A shows relative loudness 
of a constant -intensity sound 70 db above 
threshold; curve B the same for 40 db 
above threshold. Curve C shows decrease 
in loudness occurring at various frequen- 
cies when a sound source of 70 -db level is 

reproduced at a 40 -db level. 

in Fig. 6. In the same figure are shown 
the compensations required for repro- 
duction at 50- and 60-db levels as well. 
Thus it is obvious that to maintain the 
proper frequency balance in sounds 
which are reproduced at relatively low 
levels, the low- frequency sensitivity of 
the amplifier must increase as the vol- 
ume is decreased in the manner indi- 
cated in Fig. 6. 

(G) BINAURAL EFFECT 

In all the foregoing discussions, the 
conditions which were specified may be 
termed the one dimensional require- 
ments for high -fidelity reproduction. 
Another requirement that must be met 

is that of binaural reproduction. When 

TABLE II 
Per Cent Harmonic Necessary to Produce a 

the Quality of Reproduced 

Directly Comparing Distorted Reproduction Against 
Undistorted Reproduction 

Cut -off 
Frequency of 

System 

Single Tube 
Overloading 

(2nd Harmonic 
Predominant) 

Push -Pull 
Overloading 

(3rd Harmonic 
Predominant) 

Detectable Change in 
Speech 

Without Comparison Against 
Undistorted Reproduction 

Single Tube Push -Pull 
Overloading 

(2nd Harmonic 
Predominant) 

Overloading 
(3rd Harmonic 
Predominant) 

14,000 5% 3% 10% 5 %a 

8,000 5% 5% 10% 7 %r 

5,000 12% >10% 17% >10% 
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Fig. 6. Increase in low -f equency senstvity 
required in an audio sy tern at the various 
loudness levels of reproduction marked on 

the curves. (Loudness level of original 
source = 70 db.) 

the original source of sound is being 
heard by a human being, his two ears 
permit him to discriminate against un- 
desired sounds as well as to locate the 
positions of the various components. In 
general, when the sound is reproduced 
over a single channel, the ability to 
discriminate among the . various com- 
ponents enormously decreases and the 
reproduction appears "cramped." 

If two microphones placed in the ears 
of a dummy are used for picking up the 
source of sound and each microphone 
output is transmitted over a separate 
channel, each of which supplies power 
to an earphone placed on the same ear 
as the microphone is placed on the 
dummy, the reproduction will have a 
binaural effect. An alternative method 
employs several channels, each con- 
nected to a loudspeaker arranged in the 
same relative position at the point of 
reproduction as the microphones oc- 
cupy in the studio. This latter method 
effectively transfers the sound sources 
to the listening room, spreading them 
out more or less in the same manner 
that they appear in the studio. The 
main disadvantage to the above systems 
of binaural reproduction is the require- 
ment of more than one transmitting 
channel. 

By employing directional sound -col- 
lecting and sound -dispersing systems, it 
is possible to discriminate against unde- 
sired sounds and to reduce the effective 
reverberation with a single transmitting 
channel, thereby approaching the condi- 
tions obtained in a binaural system. For 
the details of the operation and possi- 
bilities of this system, the reader is re- 
ferred to a comprehensive paper7 on the 
subject which is soon to be published in 
the Journal of the Society of Motion 
Picture Engineers. 

SUMMARY 
From the brief discussions given 

above, we may conclude that the fol- 
lowing acoustical requirements must be 
met for high- fidelity reproduction: 

1. The frequency range must never 
be less than from 80 to 8000 cycles, and, 

(Continued on page 19) 

rH. F. Olson and F. Massa, "On the Realistic 
Reproduction of Sound with Particular Reference 
to Sound Motion Pictures." Presented at the 
Spring Convention of the S.M.P.E. at Atlantic 
City, April 23 to 26, 1934. 
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IONOSPHERE 

EARTH 
ENGLAND HOLMDEL 

FIG. I. A SIMPLIFIED CONCEPTION OF 
SHORT -WAVE TRANSMISSION PATHS BE- 

TWEEN ENGLAND AND AMERICA. 

direction of Arrival of Waves 
By C. B. FELDMAN BELL TELEPHONE LABORATORIES 

A SIMPLIFIED VERSION of the mode of 
propagation of short radio waves, on 
a London to Holmdel circuit for ex- 
ample, might be represented as shown 
in Fig. 1. Here the waves are shown 
leaving England at three different ver- 
tical angles, suffering one or more re- 
flections in the ionosphere, and as a 
result being received at Holmdel at 
three different angles with the horizon- 
tal. The lengths of these three paths 
differ and thus waves traveling by them 
will be delayed by different amounts 
and, as a result, shifted in phase rela- 
tively to each other at the receiving 
station. The amount of phase shift in 
degrees will vary with the frequency, 
and thus selective fading results. 

PATHS OF PROPAGATION 

Transatlantic propagation is by no 
means so simple as Fig. 1 suggests. It 
involves several layers in the ionosphere 
and considerable non -uniformity over 
the circuit due to the varying latitude 
and longitude. Completely discrete 
paths are never found, but instead a 
number of more or less separate d us- 

ters of paths are observed, each cluster 
comprising several paths of nearly the 
same delay and angle. Sometimes an 
almost continuous distribution of paths 
seems to exist. Invariably, however, 
the waves of greater delay possess the 
higher angle with the horizontal. 
Receiving antennas used at the present 

time have a directional response broad 
enough to include all the important 
ingles of arrival. As a result, there- 
fore, the received signals suffer a cer- 
tain amount of fading because of the 
superposition of signals of the same 
frequency but differing in phase. With 
a view to improving short -wave recep- 
tion, investigations are being carried on 
at the present time at Holmdel to deter- 
mine the angle of reception of short 
waves sent out from England. Efforts 
to measure these angles by means of 
a continuous carrier signal are handi- 
capped by interference of the several 
waves. The mean angle of the cluster 
of waves and an estimate of the angular 
spread can be obtained by employing a 
continuous carrier, but the angles of 
the individual waves cannot. The 

Fig. 2. The synchronous motor that controls the sweep circuit is mounted so that its frame 
may be rotated for the adjustment of phase . 

studies have been carried out, therefore, 
by transmitting a series of very short 
pulses spaced far apart in time relative 
to the duration of a single pulse. Under 
these conditions each single pulse is 
received as a sequence of echoes ; the 
delay between these echoes being 
caused by the difference in the lengths 

¢ AND OAPE 
EwnSE NEiAnD.,i0x5 

e -t l'- ,'.,,,,,.,..,,,......, " 

FRONT 

Fig. 3. Two antennas a known distance 
apart and connected together through e 

phase changer make it possible to deter- 
mine the angle of arrival. 

of the paths they travel. Each of the 
echoes, on the basis of Fig. 1, will be 
received at a different angle. 

TRANSMISSION OF PULSES 

The pulses employed are approxi- 
mately 0.2 millisecond in duration and 
they are transmitted at the rate of fifty 
per second. The separation of the 
pulses is thus 100 times their duration. 
They are sent out from England by 
the British Post Office in synchronism 
with the 50 -cycle power system. At 
Holmdel they are picked up with wide - 
band receivers, and the envelope of the 
rectified output is displayed on a 
cathode -ray oscillograph provided with 
a linear time axis making sweeps in 
synchronism with the pulse frequency 
of fifty per second. This time axis is 
obtained with a time constant sweep 
circuit of the conventional type employ- 
ing a saturated diode as a resistance 
and a gas -filled tube as a condenser dis- 
charger. Synchronization of the sweep 
with the frequency of the transmitted 
pulses is accomplished by taking advan- 
tage of the frequency stability of the 
British and American power systems. 
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A very interesting article dealing with the equip- 

ment and means employed for determining the 

direction of arrival of radio waves between 

England and America. The angle of reception 
is determined by the use of two receivers. 

At Holmdel, where 60 -cycle power is 
available instead of the 50 -cycle power 
supplied at Rugby, a 60 -cycle synchro- 
nous motor is geared down in a 6 -to -5 
ratio, and a magnetic switch, operated 
by the low -speed shaft, is used to con- 
trol the sweep circuit. 
FREQUENCY CORRECTION 

In both England and the United 
States the power systems are used to 
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ANGLE OF ARRIVAL IN DEGREES 

Fig. 4. For any position of the phase 
changer there will be a series of vertical 
arrival angles that result in a null reading. 

operate electric clocks and their average 
frequency is therefore maintained very 
accurately to the nominal value. There 
may be slight variations from normal 
over short periods, however, and to 
allow correction for these variations as 
well as for differences in phase, the 
motor frame is mounted in bearings so 
that it may be rotated with a crank, 
as shown in Fig. 2. This is turned 
just enough to maintain the pulse pat- 
terns in a constant position on the 
front of the cathode -ray oscillograph. 

Two receivers are employed. One 
is connected to a simple half -wave ver- 
tical antenna, and the other to a com- 
bination of two similar antennas spaced 
several wavelengths apart in the direc- 
tion of the great circle from the trans- 
mitting station. The two antennas are 
connected through an adjustable radio - 
frequency phase changer. A schematic 
of the arrangement is shown in Fig. 3. 
The outputs of these two associated 
antennas will be out of phase by an 
amount which is a function of the dis- 
tance between them as measured in the 
direction of the incoming wave. This 
distance is equal to the horizontal dis- 
tance, d, times the cosine of the angle 
that the received wave makes with the 
horizontal. Thus, the phase displace- 
ment of the output of the two antennas 
is a measure of the angle of reception, 
and the phase displacement in turn is 
measured by the amount of phase shift 

required to bring the two outputs into 
phase opposition and thus to produce a 
null reading. Since the two antennas 
are spaced several wavelengths apart, 
however, there are several angles of 
reception that will produce a null read- 
ing for the same setting of the phase 
changer. A typical reception curve for 
the two antennas for one position of 
the phase changer is shown in Fig. 4. 

RECEPTION ANGLE 

In determining the angle of reception 
the output of the two receivers, one 
connected to the single antenna and the 
other to the two associated antennas 
and phase changer, are alternately con- 
nected to the cathode -ray oscillographs 
in such a way that the two traces are 
displaced, that of the single antenna 
lying above the other. Each of the 
0.2 millisecond pulses, because of mul- 
tiple of reflections in the ionosphere, 
will arrive as a series of echoes. When 
picked up by the single antenna they 
will thus cause a series of deflections 
of the electron stream of the oscillo- 
graph. These will be separated in time 
-from left to right along the tube -by 
an amount dependent on the difference 
between the lengths of the paths they 
travel. The relative heights of the de- 
flections will depend on the signal 
strengths of the various paths. 
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ANGLE OF ARRIVAL IN DEGREES 

Fig. 6. By moving the phase changer the 
receiving pattern is shifted so as to bring 

the null positions to successive angles. 

The output of the double antenna, 
displayed below that of the other, will 
show the same received signals but the 
relative heights will depend on the posi- 
tion of the phase changer. As this is 
moved the relative heights vary because 
of the relationship between phase shift 
and angle of reception already dis- 
cussed. When one of the deflections 
disappears, indicating that the output 
of the two component receivers are in 
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Fig. 5. Three sections of film each frame of which shows the output of the ; ingle 
antenna, above, and the double, below. 
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pnase opposition, the angle of arrival 
of that particular echo may be deter- 
mined from the position of the phase 
changer. Ambiguity due to the several 
null angles may be avoided by using 
various antenna spacings. 

The motor controlling the sweep cir- 
cuit also drives a commutator that al- 
ternately connects the two receivers to 
the oscillograph. Since there are fifty 
pulses per second, each receiver traces 
its curve on the oscillograph 25 times 
per second, which, because of the per- 
sistence of vision, appears as a station- 
ary trace. Any motion is due to a 
phase shift between the power systems 
of England and the United States, and 
is corrected by rotating the frame of 
the synchronous motor by the crank 
provided. The traces on the oscillo- 
graph are photographed on a 16 mm. 
motion picture film. 
DETERMINING ANGLE 

The method of determining the angle 
of the various paths is indicated by Fig. 
5, which shows three sections of film 

each for a different position of the 
phase changer. In the upper frame of 
film 4 is the trace of a 1000 -cycle wave 
used for timing purposes. In the other 
frames of this film can be seen the 
traces of the envelopes of three groups 
of received pulses; the upper trace in 
each frame being that from the single 
antenna and the lower, from the two 
associated antennas. In this film the 
earliest or left hand pulse is practically 
obliterated on the lower traces, thus in- 
dicating that the phase changer has 
brought the outputs of the two antennas 
into phase opposition and that the angle 
of arrival for that particular pulse is 
determined. Films 5 and 6 indicate 
similar conditions for two other posi- 
tions of the phase changer. In film 5 

the middle pulse is brought to essen- 
tially a zero indication, and in film 6, 
the right hand pulse. 

The effect of moving the phase 
changer is to shift the receiving pattern 
of Fig. 4 along the axis of angles and 
thus to change the angle of reception 

which will give a null indication. This 
is illustrated in Fig. 6. The three posi- 
tions of the receiving pattern indicated 
here correspond to films 4, 5, and 6. 
The angles of reception of the three 
groups of echoes are indicated at the 
top of each diagram, and the patterns 
have been shifted by the phase changer 
so as to make phase opposition apply 
to each successively. 
CONCLUSION 

This particular method of determin- 
ing the angle of reception is known as 
the rejection method, since one of the 
paths after another is rejected. Other 
methods are employed to meet different 
conditions. Angles ranging from a few 
degrees to about 40 degrees with the 
horizontal have been observed. The 
average relation between difference in 
angle and difference in delay is about 
7 degrees per millisecond. All of the 
waves have been found to arrive sub- 
stantially within the great circle plane - 
departure of more than two degrees 
being uncommon. 

Steel Rectifier Tubes 
A HIGH -VOLTAGE GRID -CONTROLLED TUBE CAPABLE OF DELIVERING ONE MILLION WATTS 

DEMONSTRATIONS OF THE operation of 
the first high -voltage grid -controlled 
steel rectifier tube made in the United 
States were held recently at the Allis - 
Chalmers Manufacturing Company 
plant in Milwaukee before several 
groups of prominent radio engineers 
from many parts of the country. Com- 
pared to the largest glass vacuum tubes 
used in broadcasting stations at the 
present time, this steel rectifier tube 
is of entirely different construction, of 
a much larger size, and higher rating. 
It is about six feet in height and three 
feet in diameter, and weighs more than 
one ton. See accompanying illustration. 

This new steel tube is actually 
equivalent to six rectifier tubes com- 
bined into one. It contains no fila- 
ment, but makes use of a mercury arc, 
and therefore cannot burn out. It is 
continually maintained in proper con- 
dition by means of vacuum pumps. 

The tube is rated up to an output 
voltage of 25,000 volts d -c, and has been 
successfully tested at higher voltages. 
This voltage is much higher than re- 
quired by any radio transmitters today, 
and is several times higher than at- 
tained by motor -generator sets used to 
supply direct current power to radio 
broadcasting transmitters. The tube 
will deliver one million watts of direct 
current power. 
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It takes less than one second to place 
this new steel rectifier tube in service, 
and it can be completely controlled 
from a remote operating position. The 
arc drop loss within the tube is so 
small that it can be operated at more 
than 99.9 per cent efficiency. 

An outstanding feature of this new 

The new grid -controlled steel rectifier tube. 
Vacuum is maintained with a pump. 

Allis -Chalmers grid -controlled steel rec- 
tifier tube is that it can automatically 
protect radio equipment by cutting off 
power in less than 1/60 second to clear 
a flashover in the transmitter and can 
automatically replace power on the 
transmitter in less than 1/10 second 
thereafter. The speed of operation of 
the new tube in automatically cutting 
off power to clear a flashover is very 
much more rapid than the speed of 
operation of circuit breakers, and after 
clearing a flashover power may actually 
be restored to the transmitter before 
most high speed circuit breakers could 
have even opened the power supply cir- 
cuit to interrupt the flashover short - 
circuiting current. 

Another outstanding feature of this 
new type of rectifier tube is that its 
direct -current output voltage can be 
adjusted to any value between maxi- 
mum and zero by means of a very 
simple control circuit operating on the 
tube itself. This eliminates the neces- 
sity of using voltage regulators or 
transformer tap changing switches. 

Whereas this high -voltage grid -con- 
trolled steel radio rectifier tube is the 
first one to be built in the United States, 
about three dozen have already been 
made by the Brown- Boveri Company 
in Eureope, an associate of Allis - 
Chalmers. 
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High -Fidelity 
RECEIVERS 

PART 3 

THE USE OF A linear detector for high - 
fidelity reception is too well known to 
require justification here. However, 
there are certain advantages to linear 
detection not generally realized which 
will be briefly reviewed. 

In a square -law detector the funda- 
mental audio output is proportional to 
the product of carrier and sideband 
amplitudes. Therefore, high- frequency 
noise of a given amplitude, be it hum, 
tube noise, or thermal noise, will result 
in an audio noise output proportional to 
the carrier. If the carrier is increased, 
the noise will increase proportionally. 
In the case of a linear detector, how- 
ever, the fundamental audio output is 
proportional to the sideband amplitudes 
alone and is independent of the carrier 
amplitudes. Therefore, for a constant 
input of high- frequency noise to a linear 
detector the resulting noise output for 
an increasing carrier will be constant 
and will not rise with the carrier. 

This may be shown by assuming a 
modulated carrier input of the form: 

E = A cos wt (1 + K cos pt) 
and assuming the selectivity of the re- 
ceiver is slowly increased. Then for a 
square -law detector the set noise (i.e., 
thermal agitation and tube noise) out 
of the detector will increase linearly 
with sensitivity, while the signal out- 
put will increase as the square of the 
sensitivity. 

AUTOMATIC VOLUME CONTROL 

It is customary to use the change in 
plate current due to rectified carrier to 
change the bias on the amplifier tubes 
for automatic volume control. In a 
square -law device the change in d -c is 

proportional to the square of the car- 
rier input. This can be made to func- 
tion satisfactorially for low percentage 
modulation. However, for deep modu- 
lation the change in plate current is 
effected by sidebands as well as carrier. 
In this case then, it would appear that 
the peaks of sidebands would tend to 
compress the audio output. At 100 -per 
cent modulation, then, we would expect 
d -c voltage applied to the control grids 
to be twice that for no modulation. If 
the mutual conductance of the ampli- 
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By A. GERARD HANLEY 

Little -known advantages of linear detection are 
discussed, and there is given a circuit p:ovid- 
ing linear detection at small inputs. Channel 
control, audio transformers, and tone and gain 
controls, are also covered. 

fier tubes is a linear function of grid 
bias, as is largely true, then a com- 
pression of audio output of 6 db would 
occur for 100 -per cent modulation. 
Actually it may be worse than this de- 
pending on the point of operation (i.e., 
the strength of the carrier). However, 
it is certain to be at least 6 db. In the 
linear detector, the direct -current out- 
put is proportional to carrier alone and 
independent of sideband amplitude. 
Therefore, no compression of the audio 
output can occur when the change in 
plate current in a linear detector is 
used for automatic volume control. 

It was pointed out earlier in this 
series that the second harmonic of the 
audio signal will appear in the square - 
law detector output. It was also shown 
that the ratio of second harmonic to 
fundamental was equal to 25 per cent 
of the percentage modulation, so that 
at 50 -per cent modulation, the second 
harmonic would be 12.5 per cent of the 
fundamental and at 100 -per cent modu- 
lation it would be 25 per cent. In a 
linear detector no harmonics of the 
audio signal appear. Another source of 
distortion in square -law detection for 
deep modulated signals results from 
beats between sideband frequencies. 
Again, such action does not occur in 
linear detectors. For a modulated wave 
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Circuit for providing linear diode detection 
for both small and large inputs. 

of the form [A cos '+t (1 + K cos pt)], 
we have for the outputs in the two 
cases: 

Square law - 
A' A'K A'K' 

L - cos pt + - cos 2 pt + 
2 2 4 ... high- frequency terms. 

Linear - 
A Ak L=- +- cos pt +... 
7r 2irr 

high- frequency terms. 

FULL- LINEAR DIODE CIRCUIT 

Now it is well known that the diode 
detector is linear for all but small in- 
puts. In general this makes but little 
difference, since all signals for which 
high quality is essential will necessarily 
be of large amplitude. Moreover, when 
AVC is used the detector will be oper- 
ated at high levels for all but signals 
near the noise level. However, the 
diode can be made linear even for small 
inputs by use of the circuit of Fig. 1. 

This is accomplished by employing an 
additional tube in which it is possible to 
obtain a reversed plate current and hav- 
ing a linear plate current -plate volt- 
age curve beyond the reversed current 
portion of the characteristic. The dyna- 
tron action of an ordinary screen -grid 
tube may be used for this purpose. The 
diode is arranged to prevent the current 
reversal in the unstable portion of the 
screen -grid tube. In this way a very 
sharp cutoff may be produced, and the 
rest of the characteristic can be made 
substantially linear. This circuit is of 
more interest in measuring equipment 
than in radio receivers, however. Nev- 
ertheless, it indicates some of the possi- 
bilities where the number of tubes and 
the power drain are not important. 

The use of a separate diode for AVC 
is usually justified by employing delayed 
AVC, which might cause intolerable 
distortion of weak signals if the same 
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diode were used both for detection and 
AVC. It is not generally realized that 
delayed AVC is advantageous even if 
a squelch circuit is used. Since the de- 
lay bias is usually chosen so that the 
signal must be of sufficient magnitude to 
completely load up the receiver before 
overcoming the bias, it follows that the 
AVC characteristic will also be more 
uniform. 

CHANNEL CONTROL CIRCUITS 

It is good practice to employ one or 
two highly selective circuits before the 
squelch circuit as illustrated in Fig. 2. 
(See Wurlitzer circuit in this issue. - 
Ed.) These circuits should be carefully 
adjusted to the center of the i -f band, so 
that they will respond only to the car- 
rier as nearly as possible. This pre- 
vents their operation by noise. When 
properly done, a noise voltage 50 to 100 
times as great as the weakest carrier 
will usually be required to operate the 
squelch circuit. The highly selective 
circuits associated with squelch circuits 
must be extremely stable, as must be 
the i -f amplifier, in order to insure 
proper tuning. 

AUDIO -TRANSFORMERS 

It goes without saying that high - 
fidelity audio -transformers are required 
in a high -fidelity receiver. However, it 
is not generally realized that high fidel- 
ity does not necessarily mean high cost. 
For example, assuming unity coupling 
between primary and secondary, it is 
generally assumed that low- frequency 
response increases with . primary in- 
ductance. This is, of course, true, but 
just as in everything else the point of 
diminishing returns is soon reached, 
and unless this is kept in mind the 
transformer costs may be unduly high. 

It was once common practice to tune 
the primary with the plate by -pass con- 
denser at some low frequency, say 50 
cycles, to boost low- frequency response. 
This is still a very satisfactory method 
of procedure and from a purely practical 
standpoint is frequently entirely ade- 
quate unless worked too hard. A gain 
of 4 or 5 db at 50 cycles is entirely 
practical. 

The matter of primary inductance of 
input and interstage transformers may, 

Breakdown of an audio -frequency 
transformer circuit. 
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Schematic of a channel control circuit which will unlock the audio channel only when the 
receiver is tuned close to the carrier. The selective circuits are tuned to the center of 

the i -f band and are not effected by noise voltages. 

by reference to Fig. 3, be investigated 
as follows: 

L, 

Let K = -J- = turns ratio 
L. 

At low frequencies, the input impe- 
dance of the tube is large and to a first 
approximation the impedance looking 
toward the çrimary is: 

Z,= R. +JX 
E, 

Whence: I. = nearly 
R, +JX1 

MME, 
Then: I. = 

KK,E, 
(R,+JX,) Z. 

(R, +JX.) Z 

At low frequencies it is justifiable 
neglect Z. in comparison with Z., 

KX,E, 
whence: E_ = Z.,I, - 

E. 
Let T _- - 

E, 

R,+JX, 

K', O 

Then : T' = 
R.' + X,' 

From practical considerations let: 

= K'X, = A 

K .A' 
X, 

Then : T' = 
K'R,' + A' 

X, = Ro holds should be well below 
the desired low- frequency cutoff. Thus 
let it be required that the response of 
the transformer fall less than 0.5 db 
from 300 cycles to 60 cycles. 

If co, =3w 
T' = .9K' 
T = .95K 

If R,= 10' 
10' 10' 

then L. = -= = 84 henrys 
2.r.20 

Had three times this value been em- 
ployed a gain in response of about 0.25 
db would result at 60 cycles, which 
hardly appears worth the effort. 

If unity ratio interstage transformers 
are used, the leakage may be short dr- 

to cuited by a condenser C. as shown in 
Fig. 4. Such a condenser might be of 
the order of 0.1 to 1.0 mfd, depending 
on the degree of shorting required and 
the magnitude of the leakage. In this 
figure C. might be used to resonate the 
transformer at a low frequency to in- 
crease low- frequency response as well. 
The effect of leakage reactance may, 
also, be largely annuled by terminating 
the transformer in a resistance. In gen- 
eral, compensation methods of increas- 
ing the fidelity of response are not to 
be recommended. If used with a reason - 
ble degree of care, however, they may 
be made very effective. 

6 

Setting - (T') = 0 
6K 

We have: K'A'(4K'R,') = 
+ A') 

That is, T is a maximum when: 
A = K'R, or R. = X, 

For any frequency greater than w, say w, 

w, 

X, = 8+,I, = - 
w 

w12 

K2 Ro2 2 
And T2 = 

R. 

,,2 + w,2 

Ro' + 
w2 

And T= K when w, »w 
Therefore, the frequency at which 

POWER TUBES 

If the receiver response at low fre- 
quencies is good and an adequate loud- 
speaker system is used, considerable 
care should be taken to keep the a-c 
ripple input low and to avoid any ten- 
dency toward motorboating. A high - 
fidelity receiver should also have a wide 
volume range and this implies a low 
hum level. In many modern receivers, 
a large part of the hum is introduced 
in the power stage. In general, this is 
due to poor balance in the output trans- 
former associated with filament type 
tubes. There. appears to be no good 
reason why push -pull pentode 2A5's or 
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42's, both of which have unipotential 
cathodes, should not be used in high - 
fidelity receivers. In correctly designed 
circuits operated below the overload 
point the distortion is negligible from 
listening tests even with trained ob- 
servers. While the use of such tubes 
does not mean that balance of the out- 
put transformer is of no importance, it 
does permit the use of commercial toler- 
ances and provide practical immunity 
from output stage ripple. 

TONE AND GAIN CONTROLS 

It seems that some of the arrange- 
ments for increasing selectivity or de- 
creasing the receiver response at high 
frequencies is essential in a high -fidelity 
design. Of course, this may be accom- 
plished by a variable band -width inter- 
mediate- frequency amplifier stage or by 

The leakage in e unity -ratio inter -stage 
transformer may be short circuited by a 

condenser (CI ). 

equivalent low -pass filters in the audio 
circuit. If a diode is used for the sec- 
ond detector there appears to be no 
preference so far as performance is 
concerned. It is generally agreed, how- 
ever, that the latter is the simpler and 
the cheaper of the two. 

Once the intermediate amplifier is 

adjusted and arranged to operate prop- 
erly with squelch circuits, etc, it is 
poor policy to hamper it with adjust- 
ments or controls of any sort. Once 
it is set up, it should be left strictly 
alone and it should be made sufficiently 
stable that it will require as little tin- 
kering as possible during the useful life 
of the receiver. 

Control circuits should he used in the 
first audio stage if possible to prevent 
transients of annoying amplitude be- 
ing set up by these circuits. It can be 
demonstrated or proved mathematically 
that filters or tone controls behave bet- 
ter in circuits of low volume. The need 
for such arrangements has already been 
emphasized and it seems that more and 
better tone controls will be required in 
high- fidelity receivers than ever before. 

(Conclusion) 

TUBE METAL CHARACTERISTICS 
(Continued from page 9) 

find many troubles such as gas, blisters, 
rust, lack of uniformity, brittleness and 
similar troubles which might be ex- 
pected of an impure raw material. Be- 
cause of the much lower price of cold - 
rolled Swedish Irons and their intro- 
duction into the market promptly after 
Svea Metal, one or two concerns pur- 
chased and attempted to use them. The 
disastrous results naturally led to a 
quick condemnation of Swedish Irons - 
including Svea Metal. It was a costly 
venture for these tube makers and in- 
directly deprived them for some time of 
the many advantages and profits which 
would have accrued from the immediate 
use of Svea Metal. The primary reasons 
for the success of this new material 
may be traced to certain character- 
istics- namely, the following: 

1- Uniformity 
2- Adaptability 
3 -Low shrinkage 
4-Heat resistance 
5- Conductivity 
6-Low gas content 
7 -Low cost. 
Much has been written regarding 

these advantages and it will suffice to 
comment on them only briefly. It 
does not take an engineer to realize 
that as a material approaches its pure 
state there are fewer variable factors 
which tend toward lack of uniformity. 
Whereas, most metals deal in impurities 
in terms of tenths of percents, Svea 
Metal impurities are down in the thou- 
sands of percent and this obviously 
means a uniformity throughout the 
metal. Uniformity likewise may be 
translated into stability and reliability. 
ADAPTABILITY 

Adaptability is another important ele- 
ment in the use of any metal. Svea 

MAY, 1934 

Metal has been made on production for 
deep drawing and punching parts down 
to a Rockwell hardness of 78 and it has 
likewise been made with a Rockwell of 
110. Thus the temper shows an adapta- 
bility to wide variation. It maintains 
throughout its range of temper a 
strength and rigidity essential to proper 
tube construction. 

Because of its uniformity and its 
adaptability it has a low shrinkage fac- 
tor. There is little, if any, material to 
be discarded other than the natural 
waste from original stampings and 
formings. 

The heat resistance of the metal gives 
it longer life and high efficiency and, 
conversely, tubes made from Svea Metal 
show a peak efficiency throughout their 
life period. 

Conductivity also is important. It has 
a higher conductivity than nickel and 
this is of particular value in the flash- 
ing of getter cups. 

Of course, low gas means low ioniza- 
tion and longer tube life. While most 
metals under bombardment give up a 
surface gas they are very likely to re- 
tain internal gases throughout bombard- 
ment and be placed in the vacuum tube 
in this condition. Svea Metal, by reason 
of its thorough degasification contains 
less than half the gas found in most 
other metals and practically the only 
gas carried by it is that contained in 
the microscopic pores of the surface, 
most of which is hydrogen from the fir- 
ing process. This surface gas is given 
up readily upon evacuation and the 
metal thereafter does not tend to give 
off gas in the tube. Thus, during the 
life of the tube there is no added impe- 
dance to electronic emission provided, 
of course, that the plates are put into 
the tube in clean condition and the tube 
properly evacuated. 

ACOUSTICS 
(Continued from page 13) 

in certain cases, it must be extended 
more in each direction. 

2. The volume range of reproduction 
must be of the order of 70 decibels and 
the noise level in the reproducing sys- 
tem (including room noises) must be 
very low in order to prevent masking of 
extreme low end of volume range. 

3. The amount of amplitude distor- 
tion, if it consists mostly of second or 
third harmonic distortion, must be less 
than 5 per cent. 

4. The frequency- response character- 
istic of the complete system must be 
free of peaks which rise more than 4 
decibels above the average level. 

5. There must be no selective ab- 
sorption of sound in one particular fre- 
quency band, and the reverberation 
times of both the studio and the repro- 
ducing room should be higher at the 
low frequencies than at the high fre- 
quencies in order that the loudness of 
all frequencies will die down equally. 

6. If the average volume level at 
which reproduction is taking place is 
lower than the volume level of the origi- 
nal source, it is necessary to increase 
the low- frequency response sensitivity 
of the amplifier in order to correct for 
the losses which take place in the hu- 
man ear. The lower the reproduced 
volume level, the higher must the low - 
frequency response be raised. 

7. To secure complete realism in 
high -fidelity reproduction, it is neces- 
sary to use a binaural system, which 
requires two independent channels. A 
directional sound collecting and repro- 
ducing system on a single channel ap- 
proaches a binaural system due to its 
ability to discriminate against unde- 
sired sounds and to focus the attention 
on the main source. 
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CONVERTING PENTODE 
CHARACTERISTICS 

ALTHOUGH VACUUM TUBES are gener- 
ally operated with the "typical" elec- 
trode voltages recommended by the 
manufacturer, special circumstances 
sometimes make it necessary to use 
tubes at other voltages. In such cases, 
new operating conditions which will 
give the best results must be obtained. 

cr 
I.I 
> z ó 

1 

Design . . NOTES AND 

Plate Volts 
Screen Volts 
Control Grid Volts 
Plate Milliamperes 
Screen Milliamperes 
Mutual Conductance (Micromhos) 
Load Resistance (Ohms) 
Power Output (Watts) 

TABLE I 

250 -Volt 
Condition 

200 -Volt 
Factor Condition 

250 F. = 0.80 200 
250 F. = 0.80 200 
-25 F. = 0.80 -20 
32 Fi = 0.71 22.7 
5.5 Fi = 0.71 3.9 . 

1800 Fl.,, = 0.90 1620 
6750 Fr = 1.12 7550 

3.4 = 0.58 1.98 

These curves are especially useful for power pentodes in 
calculating with fair accuracy from published operating 
conditions, other operating conditions to meet special 
plate voltage requirements. First, determine the ratio 
of the new plate voltage to the published plate voltage 
nearest the desired new conditions. This. ratio, the Volt 
age Conversion Factor (Fe), is then used to determine the 
new screen and the new control. grid voltage. It is also 
used to determine from the curves, factors for the other 
new operating conditions. 
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The new conditions can be readily ob- 
tained for pentodes by means of the ac- 
companying chart, worked up by RCA 
Radiotron Co., Inc. 

If, for example, the 89 with pentode 
connection is to be used with a plate 
voltage of 200 volts, what will be the 
correct operating conditions? The 
"typical" values given by the manufac- 
turers are for plate voltages of 250, 
180, 135, and 100 volts, none of which 
quite fits the case. The ratio of the new 
plate voltage to a known voltage (250 
volts) is 200 ± 250 = 0.8. This is 
called the voltage conversion factor and 
is identified as F.. Multiplying all volt- 
ages by F. gives the new voltages 
shown in Table I. 

By means of the accompanying curves 
and the voltage conversion factor (F,), 
the new values of the screen and the 
control grid voltage, the plate and the 
screen current, mutual conductance, 
power output, and load resistance can 
readily be determined. The factors FI, 
F., Fr and F:,., are the ordinates read 
from the curves at the abscissa value of 
0.8. The accompanying table gives the 
calculated values for a plate voltage of 
200 volts. 

In the same manner, operating condi- 
tions can be determined for other volt- 
age ratios. This method is particularly 
adaptable to output pentodes where the 
plate and the screen current are fairly 
high and vary according to the 3/2 
power law, and where the voltage con- 
version factor is not over two to three 
or less than one -half to one- third. 

WURLITZER CHANNEL CONTROL SYSTEM 

AN INTERESTING METHOD of insuring 
correct tuning and eliminating inter - 
station noise is the channel control sys- 
tem used in the Wurlitzer 13 -tube 
superheterodyne receiver, Model SA- 
133, which under certain conditions 
silences the audio channel and under 
other conditions unlocks the audio 
channel. 

The schematic diagram of this sys- 
tem is shown in the accompanying 
illustration, from which it can be seen 
that two tubes are used ; namely, a 
channel control tube, C, and a silencing 
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COMMENT .. Production 
or relay tube, S. The operation of 
this system follows: 

Operation 

First, consider the arm of the 15,000 - 
ohm channel control adjustment 8 to 
be at the negative side. There will 
then be zero bias on the channel control 
tube, C, and this tube will draw plate 
current irrespective of signal conditions 
in its grid circuit. This plate current, 
in turn, passes through resistor 4 -9 and 
biases tube S to cut -off, giving normal 
bias on the first a -f tube. Therefore, 
the channel control will be inoperative, 
the receiver operating as the usual 
superheterodyne with automatic gain 
control. 

However, if the arm of the channel 
control adjustment is advanced to the 
positive side, the bias on tube C will 
increase past cut -off. Now, if exactly 
cut -off bias is applied to tube C, the 
plate current through 4 -9 stops, the bias 
on tube S returns from cut -off to nor- 
mal which allows plate current to flow 
in the plate circuit of tube S through 
resistors 2 -4 and 11 -12, the current 
through 2-4 produces a voltage in series 
with the normal bias developed across 
resistor 2 -14, and these combined volt- 
ages bias the first a -f tube to cut -off, 
thus silencing the audio channel. 

If a signal of sufficient strength is 
applied to the grid of tube C, this tube 
will draw plate current, biasing tube S 
to cut -off and returning the audio chan- 
nel to normal operating conditions. The 
signal strength required to perform this 
operation is determined by the degree 
past cut -off to which tube C is biased. 

The signal to actuate the channel 
control circuits is induced in a tuned 
tertiary winding of the third i -f trans- 
former so coupled to the primary that 
the selectivity at the grid of the tube 
C is considerably greater than the se- 
lectivity at the grid of the second de- 
tector. As a result of this, the signal 
at the grid of tube C will not be suffi- 
cient to unlock the audio channel unless, 
of course, the receiver is tuned almost 
exactly to the carrier. Since the re- 
ceiver signal does not pass through this 
selective control circuit, the high -fre- 
quency response is not impaired by the 
amount of selectivity. 

Ratio of Noise fo Signal 

It becomes more difficult for a signal 
to unlock the audio channel as the ratio 
of noise to signal increases. Since this 
is a rather peculiar situation, an ex- 
planation is thought to be of interest. 

The signals that operate both the 
channel control and the automatic gain 
control circuits are derived from the 

plate circuit of the second i -f, a 58. 
Now any signal impressed on the grid 
of the automatic gain control tube tends 
to reduce the sensitivity of the receiver. 
Also, any signal impressed on the grid 

Skeleton diagram 
of the channel 
control system 
used in the Wur- 
litzer SA - 133 

superheterodyne. 
C is the channel 
control tube, and 
S the silencing 
tube which con- 
trols the bias on 
the 56 a -f triode. 

ß:. 

s 

half as much voltage will be impressed 
on the grid of tube C. If this voltage 
is comprised wholly of noise, the auto- 
matic gain control circuits Íunction to 
maintain this voltage at almost the same 

of the tube C tends to unlock the audio 
channel. Again, the conductance of the 
automatic gain control coupling circuit 
is a direct function of frequency, and 
the conductance of the channel control 
coupling circuit is practically zero ex- 
cept for the frequency at which the 
i -f transformer has been tuned -at this 
frequency the conductance is high. If 
a voltage of any frequency not includ- 
ing the i -f, such as noise, appears in 
the plate circuit of the second i -f, this 
voltage will be transferred to the grid 
of the automatic gain control tube and 
result in a reduction of the sensitivity 
of the receiver. However, this voltage 
will not be transferred to the grid of 
the channel control tube owing to the 
frequency discrimination of the channel 
control coupling circuit and will, there- 
fore, have no effect on the channel 
control circuits. 

In other words, the only voltage that 
will have any effect upon the channel 
control circuits is one whose frequency 
is almost equal, or equal, to the fre- 
quency to which the i -f transformer is 

tuned. The automatic gain control cir- 
cuits function to maintain a constant 
voltage across the plate load of the 58 

second i -f tube with little regard for 
the frequencies present in that voltage. 
Example 

The automatic gain control circuits 
function to maintain a constant voltage 
across the plate load of the second i -f. 
If this voltage is made up of only the 
i -f signal, a certain voltage will be 
transferred to the grid of tube C. If, 
however, this voltage is made up of 
equal parts of signal and noise, and is 
the same value as in the first case, only 

value as though it were at i -f, but the 
channel control coupling circuit trans- 
fers none of this voltage to the grid 
of tube C, and the audio channel re- 
mains quiet. 

HIGH FIDELITY 
THE RMA HAS recognized the high - 
fidelity receiver but is inclined toward 
the belief that a name other than "high - 
fidelity" might be more appropriate and 
more descriptive. 

A change of name will at least fore- 
stall inquiries from fluffy women as to 
whether or not "high- fidelity" receivers 
will keep their husbands home nights. 

BUREAU OF STANDARDS BULLETINS 

THE THREE FOLLOWING bulletins have 
been released by the U. S. Department 
of Commerce, Bureau of Standards: 
Research Paper RP62I 

"A Radio Direction Finder for Use 
on Aircraft," by Wilbur S. Hinman, 
Jr. 
Research Paper RP629 

"Radio Observations of the Bureau 
of Standards During the Solar Eclipse 
of August 31, 1932," by S. S. Kirby, 
L. V. Berkner, T. R. Gilliland, and 
K. A. Norton. 
Research Paper RP632 

"Studies of the Ionosphere and Their 
Application to Radio Transmission," by 
S. S. Kirby, L. V. Berkner, and D. M. 
Stuart. 

Copies of these bulletins may be ob- 
tained from the Superintendent of Doc- 
uments, U. S. Government Printing 
Office, Washington, D. C., at a cost of 
5 cents each. 
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A Chronological History 
of electrical communication 

- telegraph, telephone and radio 

This history began with the January I, 1932, 

issue of RADIO ENGINEERING. The items are 

numbered chronologically, beginning at 2000 

B.C., and will be continued down to modern 

times. The history records important dates, dis- 

coveries, inventions, necrology and statistics, 

with numerous contemporary chronological tie - 
in references to events in associated scientific 
development. The material was compiled by 

Donald McNicol. 

PART XXIX 

(1135) Six incorporated wireless telegraph companies in 
the United States operate 122 tower stations, and 
during the year handled 163,617 messages. The total 
income for the year was $122,154, and the expenses 
$169,782. 

(1136) 625 railroads in the United States report 33,441 tele- 
graph offices employing 68,197 telegraph operators 
and train dispatchers. The number of Morse tele- 
graph instruments in use (sets) is 99,519, and 
4,384 instruments of other systems. Total cells of 
battery in use is 383,891 cells of primary and 13,411 
cells of storage battery. Telephone sets for railroad 
use number 30,115. The miles of telegraph and tele- 
phone pole line number 224,476. Railroad telegraph 
departments during the year handled 258,589,333 
telegrams on railroad service and 5,923,483 com- 
mercial telegrams. 

(1137) William Thompson (Lord Kelvin) dies. (Born in 
England 1824.) 

(1138) Lee DeForest procures a United States patent for 
an audion amplifier of pulsating or alternating current. 

(1139) David T. Kenney obtains U. S. patent 847947 (March 
19) for electric vacuum cleaners. 

1908 (1140) Thomas A. Edison receives the John Fritz medal in 
recognition of his many telegraphic and other elec- 
trical inventions. 

(1141) Marconi stations in Canada and England are opened 
for radio telegraph service across the Atlantic. 

(1142) Bell telephone companies absorb 350,000 telephone 
stations previously owned and operated by Indepen- 
dent telephone companies. 

(1143) Louis A. Ferguson is elected president of the A. I. 
E. E. 

(1144) The Telepost Company is organized for the purpose 
of establishing a telegraph system to place in opera- 
tion the high -speed chemical telegraph invented by 
P. B. Delany. 

(1145) Railroads throughout the United States and Canada 
install additional telephone facilities along their 
lines with the object of furthering the handling of 
train orders by telephone in place of the telegraph. 

(1146) On July 1 all through and local passenger trains on 
the New York, New Haven and Hartford Railroad, 
operating between Grand Central Terminal and 
Stamford, Conn., are operated by electric power. 

(1147 An Electrical Exposition is held at Marseilles, France, 
September 14 -21. 

(1148) R. A. Fessenden has constructed a 70,000 -cycle 
alternator with an output of 2.5 kw. at 225 volts, 
for radio signaling purposes. Fessenden reports suc- 

cessful radio telephone tests between Brant Rock, 
Mass., and Washington, D. C., a distance of 600 
miles. 

(1149) The International Telegraph Convention is held at 
Lisbon, Portugal. 

(1150) During the year the sales of electrical apparatus in 
this country amounted to $250,000,000 ; electric rail- 
ways earned $350,000,000 ; central electric light and 
power stations earned $225,000,000. 

(1151) Long- distance toll telephone service is placed in oper- 
ation between New York and Denver, Colo. 

(1152) A `loaded" toll telephone underground cable is placed 
in service between Chicago, Ill., and Milwaukee, Wis. 

(1153) The price of aluminum is 23 cents per pound. 
(1154) The Pennsylvania Railroad tubes under the Hudson 

River, New York, are completed. The electrical 
equipment will be installed in 1909. 

(1155) The Pennsylvania Railroad Company installs an 
experimental line of concrete telegraph poles near 
New Brighton, Penna. An installation of fifty -three 
reinforced concrete poles installed near Maples, Ind., 
a few years ago is giving satisfaction. 

(1156) The Excello Arc Lamp Company, marketing a 
"flaming -arc" electric lamp, meets with considerable 
success. 

(1157) Louis Steinberger, of Brooklyn, N. Y., brings out 
several new forms of high -tension insulators. 

(1158) The gross sales of the Western Electric Company for 
the year ending November 30, were $30,000,000. The 
company has built and delivered a complete telephone 
exchange equipment for Paris, France. 

(1159) The Union Switch and Signal Company is awarded 
contracts for 500 miles of automatic block signal 
equipment for the Chicago, Rock Island and Pacific 
Railroad and similar equipment for 750 miles on 
the lines of the St. Louis and San Francisco Railroad. 

(1160) A Convention of Telegraph Engineers is held in 
Budapest, Hungary. All large countries are rep- 
resented with the exception of the United States. 

(1161) The Mexican Telegraph Company's gross receipts 
for the year were $811,342. The company pays ten 
per cent in dividends on its common stock. 

(1162) The Central and South American Telegraph Com- 
pany's gross receipts for the year were $1,664,506. 

(1163) During the year telegraph and telephone companies 
purchased 2,562,239 wood poles. Electric light, 
power, and railway companies purchased 531,497 
poles. 

(1164) The Consolidated Telegraph and Electrical Subway 
Company, New York, this year reports assets amount- 
ing to $14,131,658. The company supplies conduits 
for all of the high -power wires for light and power. 
Of the 18,750 shares of stock of the company the 
New York Edison Company owns 15,160 shares. 

(1165) The Empire City Subway Company, New York, 
reports assets of $11,768,317. The company furnishes 
underground conduits for all low- tension wires, tele- 
graph, telephone, etc., in New York. Of the 43,240 
shares of the company, the New York Telephone 
Company owns 38,025 shares. 

(1166) The first 15- cycle, single -phase, 11,000 -volt, a -c. 
electric railway in the United States, using electric 
locomotives, is placed in operation by the Visalia 
Electric Railroad Co., Visalia to Lemon Cove, Calif., 
a distance of twenty -two miles. 

1909 (1167) The S. S. REPUBLIC and S. S. FLORIDA collide 
off the American coast (January 23). The REPUB- 
LIC sinks after all of her passengers and crew are 
rescued by other vessels called to her assistance by 
wireless telegraphy. 

(1168) The tungsten filament electric lamp, recently intro- 
duced, has a wide application in lighting service. 

(To be continued) 
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NEWS OF THE INDUSTRY 
DARDELET THREAD HANDBOOK 

The Dardelet Threadlock Corporation, 
Dept. HC, 120 Broadway, New York, 
N. Y., have available for distribution to 
responsible parties copies of the recently 
released "Dardelet Thread Handbook." 

The Handbook is pocket size, has a flex- 
ible leatherette cover and contains 220 
printed pages dealing with the theory and 
design of the threadlock principle, tests, 
dimensions and specifications, thread form- 
ing, heat treatment, plating, gaging and 
measuring, applications, etc. 

It is suggested to those who are unac- 
quainted with the Dardelet self -locking 
screw thread that a request also be made 
for a copy of Bulletin No. 5 as well as a 
copy of U. S. Department of Commerce 
Research Paper No. 227, dealing with the 
electrical resistance of contacts between 
nuts and bolts. 

NEW BRUSH OFFICES 
The Brush Development Company an- 

nounces the removal of their offices and 
factory from 3715 Euclid Avenue, Cleve- 
land, Ohio, to Perkins Avenue at East 40th 
Street of the same city. 

GENERAL CABLE BULLETIN 
The General Cable Corporation have a 

new bulletin on URC Weatherproof Wires 
and Cables, which contains a great deal of 
interesting and valuable 'information on 
weatherproof defects and their causes, tem- 
perature susceptibility, asphalt saturants, 
and Weather -ometer test, the latter includ- 
ing a bend, melt, and drip test 

A copy of this bulletin may be had free 
upon request to their offices at 420 Lexing- 
ton Avenue., N. Y. C. 

HAZELTINE -A. K. LITIGATIONS 
TERMINATED 

A complete settlement of all outstanding 
patent litigation between Hazeltine Cor- 
poration and Atwater Kent Manufacturing 
Company including its distributors and 
dealers has been reached and the agree- 
ments signed. 

Under the terms of settlement all actions 
and counteractions, instituted at various 
times since the original suit was filed eight 
years ago, are withdrawn, and the Atwater 
Kent Manufacturing Company is granted 
a license under the patents of Hazeltine 
Corporation and its subsidiary, Latour 
Corporation. 

Hazeltine Corporation acquires the ex- 
clusive power to' grant licenses, particu- 
larly to Hazeltine Corporation licensees, un- 
der all of the patents owned by the At- 
water Kent Manufacturing Company in 
the field of radio. 

NEW CORNELL -DUBILIER CATALOGS 
Two new catalogs have just been issued 

by the Cornell -Dubilier Corporation of 4377 
Bronx Boulevard, New York, and are 
available to the trade free of charge. Both 
contain important news of the latest con- 
denser developments and will prove of 
timely interest and practical use. 

Catalog No. 126 is for the amateur and 
broadcast station engineer, and contains 
useful information on all types of mica, oil 
and pyranol transmitting condensers with 
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ratings from 600 volts d -c to 60,000 volts 
d -c. Many special and interesting units 
are described and illustrated. 

Catalog No. 127 is the revised General 
Catalog for use by consulting and designing 
engineers, manufacturers, distributors and 
others interested in the large variety of 
condensers made by the Cornell -Dubilier 
Corporation. 

NEW KENYON CATALOG 
Kenyon Transformer Co., Inc., have just 

released their new Spring catalog. 
It is somewhat changed in form from 

earlier issues, as it appears in two parts. 
The Laboratory Standard, the Portable. 
the Transmitting, and the All- Purpose 
lines appear in one catalog of twenty 
pages, and these are presented with full 
detailed information in tabular form. The 
Replacement line is covered in a separate 
eight -page folder and contains many new 
items, both in the power transformers and 
audio line. 

Copies may be procured free on request. 

NEW PIONEER PLANT 
For the third time in less than three 

years the Pioneer Gen -E -Motor Corp., of 
Chicago, manufacturers of rotating type 
auto -radio "B" eliminators and electric mo- 
tors, have found it necessary to move to a 
new and larger plant. 

At each change their production facilities 
and plant size have been more than doubled. 
This new plant, located at 466 W. Superior 
Street, has been necessitated by the very 
heavy production scheduled this summer on 
auto -radio "B" units for the leading radio 
set manufacturers. 

For several weeks previous to moving, 
new machinery was installed at the new 
plant, and when completed, production was 
resumed at more than double the former 
rate, without a single day's shutdown. 

FLECHTHEIM ANNOUNCES 
NEW APPOINTMENT 

A. M. Flechtheim, President of A. M. 
Flechtheim & Co., Inc., manufacturers of 
paper and licensed electrolytic condensers, 
recently announced the appointment of 
Sanford L. Cahn as General Sales Man- 
ager. 

GOAT TUBE SHIELDING CIRCULAR 
Goat Radio Tube Parts, Inc., 314 Dean 

Street, Brooklyn, N. Y., announce the 
edition of an up -to -date circular on tube 
shielding. In addition to general discussion 
of shielding, details are given regarding the 
Goat form fitting tube shield manufactured 
by this Company. Copies of the circular 
are available to recognized tube and set 
manufacturers. 

"BERT" DOWDEN PASSES ON 
Reporting the death of A. G. "Bert" 

Dowden, one of the most widely known 
men in radio, and Atwater Kent sales rep- 
resentative in the Eastern territory, James 
Hitchcock, assistant sales manager of the 
Atwater Kent Manufacturing Company, 
writes : 

"From New York to Southern Tennes- 
see, Atwater Kent distributors and dealers 
will mourn the death of their friend, "Bert" 

Dowden at 4 :30 P. M. on Monday, April 
30th in the William Penn Hotel, Pitts- 
burgh, Pa. "Bert's" kindly heart laid down 
on the job and his friendly smile and sym- 
pathetic understanding look were lost to 
his numberless friends forever. 

"A. G. Dowden, much better known as 
"Bert," joined the Atwater Kent organiza- 
tion in 1929. His supreme knowledge of 
the art of selling was second only to his 
personal appeal as a trustworthy and re- 
liable representative of a great manufactur- 
ing company. His pals in the Atwater 
Kent organization, and I think everyone 
who has had the privilege of his friendship, 
grieve his passing, as will hundreds of 
Atwater Kent dealers in New York, Penn- 
sylvania, West Virginia, Kentucky, and 
Tennessee." 

NEW PLASTICS BULLETIN 
General Plastics, Inc., North Tonawanda, 

New York, have issued a new bulletin on 
Durez Molding Compound, written espe- 
cially for designers and engineers. 

The bulletin, which may be obtained free 
on request, includes data on the character- 
istics of the molding compound as applied 
to its mechanical applications. 

THORDARSON TRANSMITTER GUIDE 
The Thordarson Electric Mfg. Co., 500 

West Huron St., Chicago, Ill., have issued 
a 32 -page booklet known as "Transmitter 
and Power Amplifier Guide No. 344." The 
price is 15 cents. 

The Guide contains the diagrams and 
constructional data on numerous amateur 
transmitters, speech amplifiers, power sup- 
ply systems and power amplifiers. There 
is also a section given over to plate and 
filament transformers, chokes, audio coup- 
ling units, line coupling units. etc. 

Of particular interest is the data on 
page 18 given over to new type air -cooled 
plate transformers. 

COLUMBIA STOCK SALE 
John F. Ditzell, President of the Co- 

lumbia Phonograph Company announced 
the sale of all of the Columbia Company's 
stock interest in the Public Broadcasters' 
operations of Radio Station WJJD, Chi- 
cago. The Public Service Broadcasting 
Company, Ralph Atlas, president, is the 
purchaser. 

The Public Broadcasters was the wholly 
owned subsidiary of the Columbia Phono- 
graph Company and was operated by the 
same executive personnel as the parent com- 
pany. 

The consideration or terms were not 
announced. 

NEW GRAMMES AIRPLANE DIALS 
L. F. Grammes & Sons, Inc., manufac- 

turers of metal products of numerous types, 
are now in production on their new type of 
airplane dial with indirect lighting, as well 
as new escutcheons. 

The airplane dials are made in a number 
of types, in some of which the dial numbers 
are stamped out of the metal and lighted 
from the rear. 

Complete information may be obtained 
by communicating directly with the manu- 
facturer. 
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NEW PRODUCTS 
FLEXIBLE RESISTORS 

The Clarostat Manufacturing Co., Inc., 
285 North 6th Street, Brooklyn, N. Y., 
have announced a new line of flexible re- 
sistors. These units have a resistance tol- 
erance of +10 per cent, and not more than 
one per cent change of original value when 
wound upon a three -eighths inch diameter 
arbor. These resistors are wound upon a 
flexible center piece, which is in turn cov- 
ered with insulation and the end connec- 
tions soldered on, the color being the stand- 
ard R. M. A. and the terminals being 
No. 24 B & S tin -coated copper wire. 
These units have, in addition, a tensile 
strength of 50 pounds, and a continuous 
watt rating. 

RCA VICTOR FIELD INTENSITY METER 

The RCA Victor Type TMV -75 -B Field 
Intensity Meter is said to possess greater 
stability, higher accuracy, and wider range 
of field intensity and carrier frequency. 
The complete equipment is shown in the 
accompanying illustration and consists of 
the Field Intensity Meter and a separate 
case to house the loops, plug -in coils, and 
batteries. 

In general, this instrument will measure 
from 6 volts down to 20 microvolts per 
meter for frequencies varying from 500 to 
20,000 kc, and is made up of a loop type 
superheterodyne receiver having an i -f of 
300 kc. The gain of the set is controlled 
by a 300 -kc resistor -attenuator in the i -f 
amplifier, an additional attenuator being re- 
quired to measure extremely high frequen- 
cies. Four sets of plug -in coils and four 
loops are required to cover this frequency 
range, while the calibration is maintained 
by a calibrating oscillator and mutual in- 
ductor attenuator. 

A choice in batteries is permitted, the 
equipment requiring 1.6 amperes at 6 volts 
for the "A" and 25 ma at 135 volts for the 
"B" supply. It is further stated that be- 
cause of the calibration method used, loop 
constants do not have to be measured, 
which eliminates a number of operations 
necessary in former equipment of this sort. 

NEW AIRPLANE MICROPHONE 
A new airplane -type transmitter has re- 

cently been perfected by Automatic Elec- 
tric Company, of Chicago, Illinois, de- 

signed to effectively exclude all extraneous 
sounds and operate with high efficiency 
under the difficult conditions of vibration 
and noise encountered in airplane opera- 
tion. This transmitter is designed to be 
used both for inter -communication between 
pilots and observer, and also for radio 
transmission to ground stations. 

Its current -carrying capacity is rated up 
to 400 milliamperes for inter- communicat- 
ing use, but it is recommended that not 
more than 100 milliamperes be used when 
operated in conjunction with the radio ap- 
paratus, since best transmission results at 
approximately that figure. A button is 
provided for quickly switching the micro- 
phone in and out of the circuit as desired. 
A rubber -covered cord is supplied with 
the transmitter, together with a plug which 
is standard with most commercial com- 
panies. 

CATHODE -RAY TUBES 

The Allen B. Du Mont Laboratories of 
Upper Montclair, N. J., announce three 
new types of cathode -ray tubes: Types 
34 -8, 54 -8, and 94-8. These tubes are simi- 
lar to the types previously supplied with 
the exception that separate leads are taken 
from each deflection plate. which in cer- 
tain cases is of considerable advantage as 
it eliminates the asymmetric effects caused 
by having one deflection plate of each pair 
connected to the anode. Since in normal 
tubes the voltage required to give full - 
scale deflection is about 5 to 15 per cent 
of the normal accelerating voltage, when 
one deflection plate of each plate are tied 
together the effective accelerating voltage 
is made to fluctuate by plus or minus 5 
per cent or plus or minus 15 per cent when 
full -scale deflections are produced, the posi- 
tive peaks applied to the isolated deflector 
plate being added to and the negative being 
subtracted from the effective accelerating 
voltage. With separate leads from each 
deflection plate this effect may be elimi- 
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Illustation of the 
RCA Victor Field 
Intensity Meter, 
together with the 
loop aerial and 

battery cese. 

nated by a symmetrical push -pull arrange- 
ment in which both pair of plates of a pair 
are connected to the anode through input 
circuits of equal impedance and oscillate in 
potential symmetrically about the ground 
potential of the anode. 

The Type 34 -8 tube has a three -inch 
screen, the Type 54 -8 a five -inch screen. 
and the Type 94 -8 a nine -inch screen. 

LOW -VOLTAGE RECTIFIER 

The Model A9S Low Voltage Rectifier, 
manufactured by the Gates Radio and Sup- 
ply Company, Quincy, Ill., is said to be 
adaptable to Western Electric talking pic- 
ture systems requiring 12 volts at 4 am- 
peres for each projector, though it is not 
limited to talking picture service, as the 
voltage and current supply is standard for 
practically all broadcast speech amplifiers. 

The Model A9S copper -oxide rectifier 
illustrated here delivers a total of 12 volts 
at 8 amperes in two sections of 4 amperes 
each; i.e., it is two complete 12 -volt, 4- 
ampere rectifiers. In addition. the total 
power consumption is 220 watts, and the 
ripple content is 0.1 per cent. 

The unit is constructed on a panel 19 
inches wide and 30 inches high which is 
mounted on a heavy angle -iron frame built 
from 14 -inch angle iron. Dust covers en- 
close the various component parts, and the 
rectifying elements are mounted on the 
front of the panel to insure good ventila- 
tion. Further, a rheostat is provided for 
each section to make adjustment for vari- 
ances in line voltages, while a voltmeter 
allows checking of both rectifiers. 

Further information may be had by writ- 
ing to the above company for Bulletin 19. 

ROLA AUTO -RADIO SPEAKERS 

The Rola Company, 2530 -70 Superior 
Avenue, Cleveland, Ohio, have recently 
announced a new series of dustproof units 
designed for automobile radio receivers. 
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THE Group Subscription Plan for 
RADIO ENGINEERING enables a group 
of engineers or department heads to 
subscribe at one -half the usual yearly 
rate. 

The regular individual rate is $2.00 a 

year. In groups of 4 or more, the 
subscription rate is $1.00 a year. (In 
Canada and foreign countries, $2.00.) 

The engineering departments of hun- 
dreds of manufacturers in the radio 
and allied industries have used this 
Group Plan for years, in renewing 
their subscriptions to RADIO ENGI- 

NEERING. 

Each subscriber should print his name 
and address clearly and state his oc- 
cupation- whether an executive, engi- 
neer, department head, plant super- 
intendent, or foreman, etc. 

Remember this Group 
Plan when Your 
Subscription Expires 

(Radio Engineering) 

Bryan Davis Publishing Co., Inc. 
19 East 47th Street 

New York, N. Y. 

1. i 4 - 
AUDIOLA 
Features: 

The fact that no 
suppressors are 
used in its auto 
radio and that 
its tone and per- 
formance are 
free from noise. 

Reproduction of 
A ndioia fall 
page advertise- 
ment in Radio 
Retailing, 
March, 1934. 

2. NV 
Another 

AUDIOLA 
Feature: 

5 
GOAT 
SHIELDS 
ARE USED IN 

EACH SET 

`,=....ti:w..._ 
w ,. .L... .. ,.. 

UDtot 
1,010 CO 4a,, 

I 

Chassis of AUD/OLA AUTO 
R A D I O in which tubes a 

shielded with Coat form- f4ttin7 
Tube Shields. 

There's a reason - Goat Form- Fitting Tube 
Shields are of steel and therefore shield against 
magnetic as well as electro static disturbances 
such as are caused by the ignition coil and gen- 
erator. When you consider the better tube per- 
formance achieved through the use of Goat 
Shields in spite of the proximity of the radio 
chassis to the sources of man -made interference, 
it is apparent that Goat engineers are offering 
an outstanding contribution to auto radio and 

its wider acceptance. 
In addition, the effectiveness 
of Goat Form- Fitting Tube 
Shields is achieved at low cost 
and with definite economies in 
space requirements. 

Goat Shields are available 
for all types of tubes. Con- 
sult Goat on your shielding 
problems. 

GOAT RADIO TUBE 
PARTS, Inc. 

314 DEAN STREET 

BROOKLYN, N. Y. 
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This new construction embodies a domed 
center cap, new spider construction and 
acoustic filter assembly, which protects the 
voice coil and air -gap against the entrance 
of metallic particles of dust and other for- 
eign substances. This, however, in no way 
restricts the free movement of the voice 
coil, it is said. 

The same construction is now being ap- 
plied to household sets to eliminate the 
problem of metallic particles picked up in 
the assembly of receiving sets and which 
eventually find their way to the loud- 
speaker. 

OCTAVE TONE CONTROL 
The Octave Tone Control, a patented 

tapped condenser which eliminates the 
usual resistance strip, was especially de- 
veloped for tone control by the Filtermatic 
Manufacturing Co., Philadelphia, Pa. This 
trait is sturdily built, compact, and is con- 
structed with bronze plates, mica dielec- 
tric, and bakelite case. All exposed parts 
are plated to prevent corrosion, and it is 
impregnated with condenser wax, making 
it practically moisture proof. 

This tone control can be supplied either 
with or without a power switch. The shafts 
are g inches long to permit their use as 
original equipment, although shafts of any 
desired length are available. Threaded 
Na -inch diameter mounting bushing per- 
mits single hole mounting in 38 -inch or 
7/16 -inch hole. The bushing is 3a -inch 
long permitting mounting on panels up to 

-inch thick. The unit measures 11/16 
of an inch by IN inches, and only two 
soldered connections are required. 

The Octave Tone Control has a vari- 
able capacity of from 50 mmfd. to .006 
mfd., and was developed especially for the 
grid circuit. The unit is composed of seven 
steps of capacity. However, they state 
that there is no noticeable interruption be- 
tween capacities ; rather it produces a 
smooth, gradual tone taper. 

"HIPERM" ALLOY TRANSFORMERS 
The United Transformer Corporation 

announces an addition to their line of trans- 
formers. This new group, designed for 
portable use, are compact and light in 
weight. The fidelity of these units meas- 
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ures up to high- quality broadcast stand- 
ards, they state, being uniform in response 
from 40 to 12,000 cycles. It is further stated 
that these high- fidelity transformers are 
the smallest quality transformers of their 
class, and have only been made possible 
through the development of "Hiperm" 
Alloy, a nickel -iron alloy having a high 
initial permeability. The alloy is not only 
used for the core material, but also for the 
shielding case. Another feature contribut- 
ing to their size is the elimination of all 
extended mounting flanges, these being re- 
placed by simple threaded metal inserts in 
the case allowing mounting with terminals 
either up or down. 

A 50, 125, 200, 250, 333, and 500 ohm 
variable impedance line arrangement is in- 
corporated in transformers used to couple 
to one or two grids, one or two plates, 
velocity microphone, crystal microphone, 
photocell, and to another universal line for 
mixing purposes. Three sizes of cases are 
used, two of which are given here. The 
case used for mixing, input, interstage, and 
low -level output transformers is IN x 2y¢ 
x 2N inches. Audio reactors, filter reac- 
tors, and audio equalizing networks are 
housed in a larger case, being 17 x 3 3/16 
x 2N inches. 

ISOLANTITE TEST ELECTRODES 
Isolantite, Inc., of Belleville, N. J., 

manufacturers of high grade ceramic in- 
sulators, with New York Sales Offices at 
233 Broadway, have introduced a new set 
of high potential (hipot) test electrodes 
having Isolantite insulating grips, ni- 
chrome electrodes and detachable high 

voltage cables 5 feet long with suitable ter- 
minal lugs. These electrodes are furnished 
in pairs, one with red and one with black 
cable. Cables of special lengths will be fur- 
nished to customer's specifications. 

These electrodes should prove invaluable 
in laboratories, testing departments and in 
service and repair organizations. 

REMLER LADDER TYPE ATTENUATORS 
Remler Company, Ltd., San Francisco, 

announces newly designed Ladder Type At- 
tenuators, which mount attractively either 
a 23N" hole or by means of 3 screws 
through the panel. Attenuation is in- 
creased in 53 steps of 34 db. each to 45 
decibels. 

A rising attenuation characteristic serves 
to completely fade the program from 45 

decibels to infinity. Flat frequency char- 
acteristic from 20 to 20,000 c.p.s. Ex- 
tremely low noise level. Heavy laminated 
wiping contact arm. Improved unifilar 
winding with finest quality silk covered 
resistance wire. 

The unit is enclosed in an aluminum 
shield 2 5/16 inches deep. 

Standard impedances of 50, 200 or 500 
ohms. Special values available on order. 

These Remler Ladder Type Attenuators 
are said to meet the most exacting voice 
circuit requirements for broadcast trans- 
mission, recording and projection. 

DUREZ TUBE BASE MATERIAL 
A fast molding Durez tube base material 

is now being produced by General Plastics 
Incorporated, North Tonawanda, New 
York. This material cures on thin wall 
pieces, is readily branded, has excellent 
performing qualities, and lends itself to 
production molding with a small number of 
rejects, they state. It has, in addition, a 
transverse strength of from 10,000 to 12,000 
pounds and an impact strength of 0.145 to 
0.150 ft. lbs. 

ALL -WAVE SWITCH 
C.R.C. has announced a compact and 

efficient All -Wave Switch. The diameter 
of switch is 1- 9/16" single 34" hole mount- 
ing ; the indexing mechanism prevents stop- 
ping between positions ; biting contact with 
1 /1000 ohm resistance, absolutely noiseless 

action, and low capacity are among the 
advantages claimed. In addition, the 
C.R.C. All -Wave Switch can be built up 
to as many sections as desired, each section 
being an independent unit allowing any 
switching combination from eleven position 
single pole to two position six pole, includ- 
ing innumerable combinations. 
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Approved and Used by Leading Tube Manufacturers! 

KULGRID "C" 
(Pronounced "COOL -GRID ") 

TUNGSTEN -WELDS 

Kulgrid Wire 
KULGRID "C" WIRE 

Dosi geed for use as lateral grid supports. 
Maintains ri rigidity and better alignment than 
copper. Highly conductive core and non- 
corrosive sleeve lowers operating temperatures 
and reduces grid emission. Welds readily 
to Nickel. 

Measured on .005" diameter wire. 

Applications 
KULGRID 

Designed for use as 
round grids. Elongation 
strength .9 to 1.15 kg. 

KULGRID ' 

Designed for use as 
flat grids. Elongation I 

strength 1.0 to 1.4 kg. 

"I" WIRE 
grid wire for 
110 to 18 %.prBreaking 

'S" WIRE 
grid wire proper for 
0 to 20 %. Breaking 

KULGRID "C" STRAND 
Does not oxidize or flake under 

high temperatures during beading, 
stein making, sealing -in and exhaust 
operations. 

Does not get brittle. Strands once 
welded stay welded and remain flex- 
ible at all times. 

Welds easily and permanently 
with Tungsten. All strands bond 
firmly to Tungsten producing welds 
of lower resistance. 

CALLITE 
PRODUCTS DIV. 

UNION CITY NEW JERSEY 

DAYS 

FREE 
Trial 

Try BUD Sound 
Equipment 

For Five Days 
Absolutely Free! 

BUD 
Laboratory -Built 

P. A. Equipment 
ELECTRO - DYNAMIC UNITS 

DOUBLE BUTTON CARBON 

MICROPHONES 4 & 6 FT. 

ALL ALUMINUM TRUMPETS 

FIELD EXCITERS AIR COLUMN 

HORNS LOW AND HIGH 

FREQUENCY UNITS FOR WIDE 

RANGE THEATRE USE 

MAY, 1934 

WE invite careful,critical inspec- 

tion of our entire line of BUD 
laboratorybuilt sound equip- 
ment. We suggest that you con- 
duct your own comparative test. 

We CHALLENGE you to duplicate 
BUD performance and BUD 

DEPENDABILITY AT ANY PRICE! 

Write today for descriptive 
literature and prices and details 
of our FREE FIVE DAY TRIAL offer. 

BUD SPEAKER CO. 
INSIMM JACKSON ST. 
TOLEDO. OHIO -U.S.A. 

Sensational 
Perform,nce/ 

o epena 

II IIIIIIIIILm 1111111 

,s/1II 
A meerite Model SItSO. For studio and public address. 
Reproduction of the highest fidelity. Free from background 
noises. Directional quality reduces acoustical feedback. 
Frequency response. 25 to 14,000 C.P.S. (Dfarlaum dif- 
ference 1 db.). Output 90 decibels. Pickup range on front 
side, 120°; on the back side. 20'. (Can be changed to 
order). Output impedance 50 to 200 ohm. Other salves if 
requested. Highest grade (35% Cobalt) steel magnets, 
irsuring extremely long life. Ribbon of specially treated 
and beaten aluminum alloy that can't be stretched or dis- 

torted. Not affected by temperature, pressure or 
humidity. Elastic coupling between microphone and 
scrod absorbs all shocks and mechanical vibrations. 
Write for Bulletin SR80. 

-\ /1111`I 2L41:I'1, 
1111111111111 111111111111111111111111111111111111111B11tu 

- LIFELIKE -MORE ECONOMICAL 
The new Amperite phonograph pickup 
requires only one stage of audio ampli- 
fication, yet gives lifelike reproduction. 
Connected directly on ordinary radio set. 
resulting in flat response 30 to 5000 
cycles. No wiring changes, no filters 
necessary. Simple, rugged. A quality 
pickup; yet reasonably priced. Write 
for literature. 

II'P?kiiiãI I :a 
u111u11111111[ulu11uu111IIII1111I111111141111f111111111111111u111 iii 11 

Lary cell operation demands radio tube filaments with low cuvent 
drain. Such filaments are easily overloaded. A 10% overload de- 
creases life of filament 25%; a 15% overload, 40%, etc. Amperite. 
the automatic voltage regulator, keeps the filaments at the proper 
voltage and prolongs the life of the tubes and battery. 

Write for Bulletin 2V. 

AMPERITE Grporation 561 6RAY 
NEW 

0600.W., 
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P. M. LOUDSPEAKER 
The P. M. 8 Loudspeaker units manu- 

factured by Sound Systems, Inc., 1311 
Terminal Tower, Cleveland. Ohio, are 
adaptable to sound and centralized radio 
systems for schools, hospitals, and hotels; 
are housed in finished spun aluminum cab- 
inets; are acoustically correct and durable; 

and the sensitivity, tone fidelity and power 
handling ability of these speakers are com- 
parable to that secured in the finest of 
electro- magnet energized types, it is stated. 
In addition, no field current is required, 
the magnetic air -gap and voice coil are se- 
cured against the entrance of metallic par- 
ticles and dust that are attracted to these 
parts, a new and efficient type of magnet 
core construction and other features of as- 
sembly give increased flux density. These 
units are equipped with transformers to 
correspond to any of the standard output 
tubes. 

PORTAB' E P -A UNIT 
Sound Systems, Inc., 1311 Terminal 

Tower, Cleveland, Ohio, have a portable 
p -a system that consists of an amplifier, 
dynamic speaker, and crystal mike. One 
cabinet finished in black leatherette with 
back cover for transportation houses the 
amplifier and dynamic speaker, the latter 
having a special voice coil to prevent dam- 
age from dust, metallic particles, and the 
like. This Model PAC -3 has a three -stage, 
high -gain audio circuit and operates with a 
crystal microphone into the grid of the first 
stage and either a crystal or high-impe- 
dance pickup into the second stage, the 
crystal microphone having a frequency re- 
sponse from 30 to 10,000 cycles. Special 

polarized plugs are provided with a pro- 
gram switch. One 56, one 57. one 2A5, 
and one 80 tube are required, and the am- 
plifier operates on 110 -115 volts, 60 cycle 
current. A tuned frequency filter is in- 
corporated in the circuit which permits the 
use of the microphone at high gain in close 
proximity to the speaker without micro - 
phonic feedback, it is stated. 

NEW MODULATION METER 

The Type 66-A Modulation Meter pro- 
duced by the General Communications Lab- 
oratories, Inc., Ridgefield Park, N. J., is 
an instrument which, they state, is not 
only direct reading but actually measures 
modulation degree, maintaining an accu- 
racy of 5 per cent on transients as fast as 
one -tenth second. In addition, the follow- 
ing advantages are claimed : complete ab- 
sence of replacement or upkeep cost, low 
initial cost, complete absence of calibration 
and manipulation in use, and carrier shift 
indication. 

The operating frequency for this unit is 
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100 kc to 30 mc, the power supply being 
a -c, 110 volt, 60 cycle. In addition the 
audio -frequency response is from O to 24,- 
000 cycles per second. 

The instrument is mounted on a standard 
relay rack panel, finished in baked black 
crystalline lacquer and suitably engraved. 
A nickel- plated brass shield protects the 
instrument from injury and eliminates the 
effects of stray electric fields. The shield 
is easily removable by means of four thumb 
screws. 

FARATRON INVISIBLE CONTROL 
The Lumenite Electric Company of 

Chicago presents the Faratron "Invisible 
Control" Relay, a new electro- magnetic 
device available in a sufficient number of 
types to meet all requirements. The units 
are furnished with power relays capable 
of carrying 30 amperes a -c, double out- 
lets for normally "on" or normally "off" 
power loads. The units operate from 110 
volts a -c or d -c. They are housed in 
black steel cases approximately 7" x 6" x 6 ". 

Three general methods of control are 
available to operate the power relay in its 
complete cycle. First, operation by ap- 
proach whereby the unit responds to the 
approach of a body from a distance. Sec- 
ond, operation by touch or contact where 
the body increases the "antenna" length 
for the resulting action. Third, the ground- 
ing of the "antenna" in connection with 
some mechanical control. 

The unit may be used for automatic 
control in industrial, lighting, and adver- 
tising systems, to mention only a few. 

VACUUM TUBE BASE PINS 

Patents have recently been issued to the 
Waterbury Brass Goods Corporation, 
Waterbury, Conn., covering their seamless 
vacuum tube base pins. These pins may be 
obtained in numerous shapes and sizes so 
that almost any requirement may be met 
satisfactorily. 

In addition to numerous other articles, 
such as, eyelets, small wire terminals, 
shells for screening. and the like, this com- 
pany specializes in the manufacture of 
screen grid caps. 

"UNIVERSAL" RECORDERS 
Two types of semi -professional recorders 

were placed on the market in April by the 
Universal Microphone Co., Inglewood, Cal., 
to be used by stations, agencies and spon- 
sors for air checks, making permanent 
records of radio programs, personal re- 
cordings and other purposes. 

The models will come equipped with a 
volume indicator, volume control, off and 
on switch and a Universal combination 
pickup and recording head. There will be 
two speeds, 33 1/3 and 78 RPM. One type 
will record on blank aluminum discs up to 
12 inches and another up to 16 inches. 

They are to be mounted on natural fin- 
ished wood ready for use on 50 -60 cycles. 
110 v.a -c. Two impedances are provided. 
400 and 5000 ohms. There will be a single 
model, and a dual turntable for continuous 
recording. 

ADJUSTOHM RESISTORS 

Ward Leonard Electric Co., Mount Ver- 
non, New York, have brought out a com- 
plete line of "Adjustohm Resistors" which 
may be readily adjusted to the correct re- 
sistance for the need. 

The vitreous enamel covering most of 
the resistor provides protection against me- 
chanical injury and prevents the wires 
from shifting. 

Loosening a screw on a metal contact 
band permits adjustment of the resistance 

to the desired value. Potentiometer con- 
nections may be obtained by using end 
terminals and band connections. 

The units are procurable with wattage 
ratings of 20. 40, 80 and 160, and in values 
from 1 to 100,000 ohms. 

NEW FLUORESCENT SCREEN 

Improvements in technique have enabled 
the Allen B. Du Mont Laboratories of 
Upper Montclair, N. J., to overcome the 
blackening of the fluorescent screen, when 
the electron beam is allowed to remain 
stationary, on all cathode -ray tubes having 
the high -intensity screen developed previ- 
ously by that laboratory, it is said. This 
means that the life of the screen is mate- 
rially increased as the darkening caused 
deterioration of the fluorescent screen and 
hence loss of light. Furthermore, because 
of this defect in cathode -ray tubes it has 
not previously been practical to use them 
for certain purposes, such as, sound record- 
ing or indicating meters where the spot or 
line light remained stationary for a consid- 
erable period of time. 

AMPLEX CONDENSER INDICATOR 
A condenser indicator that indicates open 

condensers, leaky condensers, and the re- 
placement capacity necessary, has been an- 
nounced by the Amplex Instrument Labor- 
atories, 240 West 23rd Street, New York, 

N. Y. The unit is 7" x 4 ,A" x 13" and is 
direct reading -no curves or calculating 
being necessary. The switches are positive 
action self -cleaning with analyzer knobs. 
The unit is made to test all condensers up 
to those having a 600 -volt peak, and it is 
made to cover two ranges ; namely, by -pass 
from .0001 to 1.0 mfd, and filter from 2.0 
to 12.0 mfd. 

U. S. E. TYPE 26 -B AMPLIFIER 
The Type 26 -B amplifier made by the 

United Sound Engineering Co., 2233 Uni- 
versity Avenue, St. Paul, Minn., is de- 
signed to handle large sound installations. 
The chassis construction makes this ampli- 
fier suitable for standard rack mounting 
or for portable use, and all connections 
are made through socket receptacles at the 
rear and sides of the chassis. Master gain 
control, power switch, and tone control are 
mounted on the panel. 

The 26 -B has 4 stages, a rated maximum 
undistorted output of 26 watts, and a gain 
of 97.6 db at 60 cycles, the hum level below 
maximum rated output being 60 db. The 
input impedance is approximately 500,000 
ohms, and the field current supply is 40 
watts available for up to six 2500 -ohm 
fields with no compensation required when 
using none or any part of field supply. 
The microphone current supply is 10 mills, 
sufficient for one double -button carbon 
microphone. This unit uses one 57, one 56. 
three 59's, and one 83, its power supply 
being 110 -volt a -c, 60 cycle. 
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NEW DEVELOPMENT 
PORTABLE ADDRESS 

SYSTEM WITH 

CRYSTAL "MIKE" 
Three -Stage High Gain 
Amplifier. No Hum. In- 
destructible "Crystal 
Mike." High Sensitivity. 
Dynamic Speaker. At- 
tenuated in certain fre- 
quencies reducing micro - 
phonic feed back. 

PRICE $75.00 
Tone Quality Desired By Dance Bands Circular on request. 

Sound Systems, Inc. 
1311 TERMINAL TOWER CLEVELAND, OHIO 

NAME PLATES 
of Distinction 

Etched, Lithographed, Embossed, Hard Enameled, Stamped, 

Engraved and Cast name plates in all kinds of finishes and 
metals. The highest quality with the best service. 

L. F. GRAMMES & SONS, Inc. 350 Union St. Allentown, Pa. 

Autocar 

LANDOHMS 
ARMOURED WIRE WOUND RESISTORS 

WILL LOWER YOUR COSTS 
OVER EIGHT MILLION IN USE 

MAY WE SAMPLE AND QUOTE 

THE MUTER COMPANY 
1255 So. Michigan Ave., Chicago 

Use MOTOR DRIVEN 
WIRE STRIPPERS for 

Faster, Better Work 
Our machines are especially adapted 
for Radio Coil and Wire Stripping. 
BRUSH TYPE STRIPPERS remove 
insulation from coil leads as close 
to coil as desired. 

KNIFE TYPE STRIPPERS remove 
insulation from all wire ends. 

Write today for Bulletin on these 
and other Insulated Wire Strippers. 

THE WIRE STRIPPER CO. 
1725 Eastham Ave. E. Cleveland, Ohio 

MAY, 1934 

-ELMET- 

MOLY 
FOR 

GRID WIRES 

SUPPORT WIRES 

ELECTRIC FURNACE 
HEATING ELEMENTS 

ALSO FOR 

SCREEN GRIDS -- CATHODE COILS 
MANDRELS - -- CONTACTS, ETC. 

ALL OF THE ABOVE PRODUCTS MAY 
BE HAD IN VARIOUS COMPOUNDS OF 

MOLYBDENUM- TUNGSTEN 

Write for Information and Prices 

American Electro Metal Corp. 
Lewiston Maine 

Presents 

High Fidelity HIPERM ALLOY 
Audio Components for Portable 
Pre -Amplifier and Remote 

Pickup Applications 
These high fidelity transformers 

are the smallest quality trans- 

formers of their class and have 

only been made possible through 
the development of HIPERM 

ALLOY, a nickel iron alloy hav- 

ing extremely high initial per- 

meability. A typical transformer 
as shown in the pre -amplifier 
illustrated weighs only 20 ounces 

and its size is only I1 /e x 2 y x 

23/q inches. 

4 stage pre -amplier, gain over 
100 DB-output 10 DB. 
Weight of entire unit 9 lbs. 

Write for bulletin HIP -IA, describing this new line 
of low level audio transformers. audio reactors, filter 
reactors and audio equalizing networks. Free for 
the asking. 

UNITED TRANSFORMER CORP. 
264 CANAL STREET NEW YORK, N. Y. 
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Now Acc'epted as Standard 
PERMANENT MAGNET SPEAKERS 

For Sound Systems - Centralized Radio in 
Schools - Hotels - Hospitals - Clubs 

Mounted in Etched 
Aluminum Clock 
Style Cabinets 
Lacquer Finish 

Durable 
Acoustically Correct 

PRICE $17.50 
6 -Inch Cone $15.00 

Clrrtdar on request. 
8 -Inch Cone 

Sound Systems, Inc. 
1311 TERMINAL TOWER CLEVELAND, OHIO 

BRUSH 
MICROPHONES 

For Fidelity and Ruggedness 

THE BRUSH DEVELOPMENT CO. 
New Locaton: 

EAST 40th STREET AND PERKINS AVENUE 
CLEVELAND, OHIO 

BASES and CAPS 
ALL TYPES 

ALUMINUM - BRASS 

TUNGSTEN WELDS 
ANY COMBINATION 

Special Strand Wire (O. F. H. C.) 
Nickel - Tungsten - Moly 

Quality Products for Electronic Tubes 
Send in Your Specifications for Samples and Prices 

"THE ENGINEERING CO." 
57 -59 BRANFORD STREET NEWARK, N. J. 

FUSES 
INSTRUMENT 
Precision - 

1 /100 amp. up 
RADIO 
HIGH VOLTAGE 
AUTO 
AIRCRAFT 
A nit-Vibrato's 
LITTELFUSH LABS. 
4505 Ravenswood Ave. 

CHICAGO. ILL. 

Drop in ! 

Radio Engineering 

Exhibition Room 

No. 347 

I.R.E. CONVENTION 
HOTEL BENJAMIN FRANKLIN 

PHILADELPHIA, PA. 

MAY 28, 29, 30 

University Course in 
RADIO COMMUNICATION 
Open to high school graduates. Complete in 9 months. 
High standard of instruction and equipment. Fall term 
opens September 14. 

UNIVERSITY OF WISCONSIN 
Extension Division 

623 W. State Street Milwaukee, Wis. 

BLILEY PIEZO- ELECTRIC CRYSTALS 
FOR USE IN RADIO 

Transmitters - Receivers - Monitors - Standards 
Supplied to any frequency from 20Kcs to I5,000Kcs. 

Send for price list and descriptive circular. 

a BLILEY PIEZO- ELECTRIC CO. 
237 Union Station Bldg. Erie, Pa. 
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ABSOLUTE ACCURACY 
All "Scientific Radio Service Crystals" ... 

are accurately ground to an accuracy better than 
.03% on equipment tested regularly by U. S. 
Bureau of Standards, Standard Frequency Signals 

Since 1925. owners of Broadcast Since 1925, we could be depended 
and Commercial Short Wave upon to make Prompt Shipments. 
stations have found that no This coupled with a crystal Second 
chances can he taken in getting to None considering Output and Ac- 
the cheaper grade of crystals and curacy of Frequency has earned during 
that invariably they call on these years a reputation which me 
SeientiSc Radio Service for the Jealously guard. Therefore, Get the 
Best. Best. 

Price list sent upon request 

FREE! -Send for Our New Illustrated Booklet -FREE! 
Superior by Comparison Prompt .Chip nirn r. :1,nr,vl 

SCIENTIFIC RADIO SERVICE 
"The Crystal Specialists" Since 1925 

124 JACKSON AVE., UNIVERSITY PARK, HYATTSVILLE, MD. 

Dept. RE-5 

WAXES 
*COMPOUNDS 

VARNISHES 
For Insulation of Condensers 

Transformers, coils, power pecks, pot heads, sockets, 
wiring devices, wet and dry batteries, etc. Also 
WAX SATURATORS for braided wire and tape. 
WAXES for radio parts. Compounds made to 
your own specifications if you prefer. 

ZOPIIAII MILLS, INC. 
FOUNDED 1845 MEMBERS OF N.R.A. 

Court, Lorraine and Creamer Sts., Brooklyn. N. Y. 
Agents: Ralph B. Clark. 2007 Calumet Ave.. Toledo. Ohio 
H. A. B. Sneve Co.. San Francisco. Seattle. New Orleans 

For Your Experimental Department 
A tube of 500 as- 
sorted lugs and 
terminala - h o t 
tinned for easy 
soldering. 

Price $1.00 

We are also pre- 
pared to handle 
production stamp 
inge. 

Write Us for 
Quotations 

". 

COMPANY 
., New York, N. Y. 

F. R ZIERICK MFG. 
Bronx Lehigh Bldg., 385 Gerard Ave 

for Audio & Power Transformers 
SPECIALIZED METHODS - YEARS OF EXPERIENCE 

Wide Variety of Stock Standard Sizes 
Dimension and Price Sheets on request 

We Also Make 
PERMANENT MAGNETS- DIES -TOOLS- 

METAL STAMPINGS 

Facilities for prompt service 

E Thomas & Skinner 'too to lt20 
f. Twenty -Thtrci St 

Steel Products CO. tnornnnnosrs, INS 

MAY, 1934 

First Choice of men who 

know is Gates Equipment 

Impartial engineers who 
base their recommenda- 
tions on fact and proof 
choose Gates built equip- 
ment for 

Broadcast Stations 
Public Address 

Theatres 

Because it has been tried, 
tested and proven the 
world over since 1922. 

Let the choice of these 
experts be your guide. 

CATES RADIO & SUPPLY CO. 
Manufacturing Engineers 

QUINCY, ILLINOIS 

r jt Announces 
the 

AERO -FLOAT 
MICROPHONE STAND 
Press the Button to Raise or Lower 

An invaluable contribution 
to the broadcasting indus- 
try. The upper stem, sup- 
porting the microphone, 
floats on an air cushion. 
It can be raised or low- 
ered to the desired height, 
with one hand, by merely 
pressing the button. Back- 
ground and vibration noises 
are eliminated. 

RV 3 High 
Fidelity Velocity 

Microphone 
This rugged microphone, 
affording a frequency re- 
sponse range of 30 to 
14,000 cycles, is a reel 
favorite in the dozens of 
studios now using it after 
having subjected it to 

severe tests. 

Literature will 
be sent upon 

request. 

PEND. 

BRUNO LABORATORIES 
20 -22 W. 22d St. New York City 
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24 YEARS of 
LEADERSHIP 

THE basic refinements which, in 1910, made 
Hammarlund Condensers the choice of radio 
pioneers now make them still the unchal- 

lenged preference of today's leaders. 
They have changed in design, of course, accord- 
ing to the needs of the times. But the one thing 
which remains as fixed as Gibraltar is their 
quality. 
Whether your condenser requirements are for 
receiving or transmitting, balancing, trimming, 
equalizing, padding or what not, remember there 
is a Hammarlund model to fit your exact needs 
-moderately priced and backed by a name and 
resources which guarantee your complete satis- 
faction. 

HAMMARLUND MFG. CO. 
424 -438 W. 33rd St., New York 
Write Dept. RE -5 for free catalog. 

e.uah a ri 
II ammärlund a 

(I 
PRODUCTS 

'Youl live to 

%it 
, RipeOld ' Age 

Nothin' wrong with this boy. If 
you ask us he's a tough hombre 
. . he ought to be . . for he was 
Baptized with Fire at 2700 de- 
grees and he's vibration proof, 
heat proof and moisture proof. 

On that next replacement job 
try a CENTRALAB FIXED 
RESISTOR and note the differ- 
ence. Good business too . . for 
the customer won't be coming 
back with a squawk. 

At your jobber 

df.nY Ruila Semler M 
JÇfII ,>.mernmembers/Me 

..,, el 446. s..... a- 

Centralab 
RESISTORS 

MILWAUKEE 
WISCONSIN 

Cable Address: "Centralab" 
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COILS 
To the receiver manufacturer -large or small - 
and to the manufacturing laboratory, the SICKLES 
COMPANY offers increased coil manufacturing 
facilities. 

Universal windings for compactness. 

Two layer bank windings for high Q. 

Four layer bank windings for compactness and 
high Q. 

Special I.F. windings for 456 and 370 KC that 
make possible selectivities comparable to 175 KC 
I.F. transformers. 

Increased production facilities insure prompt delivery. 
Added laboratory equipment guarantees accuracy 

and quality. 

Enlarged engineering staff develops new coil data. 

THE F. W. SICKLES CO. 
SPRINGFIELD, MASS. 

MANUFACTURERS OF HA010 COILS SINCE 1922 

Export Department: 116 Broad Street, New York, N. Y. 

Cable Address: Auriema, New York 

Adju 
No 

auto 

(PE 5000 -IF TRANSFORMER 

sting condensers side by side. 
mechanical interaction. Shield 
square. Especially suitable for 

radio. Insulated trimming screws. 

AND ROUNDING OUT A LINE 

WITH A CYLINDRICAL 
TRIMMER 

T` 

Adju 
New 
I 7/ 
ming 

(PE 6000 -IF TRANSFORMER 

sting condensers in same plane. 
type of trimmer. Round can 
16" diameter. Insulated trim - 
screws. 

AND A DE LUXE ASSEMBLY WHERE 

HIGHEST QUALITY IS PARAMCUNT. 

ALL 
TU 

PO 

TYPES AVAILABLE FOR SINGLE 
JED, DOUBLE TUNED OR COM- 
IITE UNITS. 
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High Fidelity .Speakers 

Racon 
is equipped to furnish TWEETERS 
in Quantity to Radio Receiver 
Manufacturers! 

To meet 1934 HIGH FIDELITY specifications 
RACON offers a new Electrodynamic type High - 
Frequency Loudspeaker. This new unit will repro- 
duce faithfully all components present in the source 
from 3000 to 10,000 cycles, uniformly, without peski- 
ness, shrillness or over -accentuation. This unit is 
not a modification of a low- frequency unit, nor is it 
intended to introduce "psychological highs" that are ) not present in the source. It is not a makeshift. It 
is a true High- Frequency Loudspeaker. 

The manufacturer's model is supplied with horn, in 
one assembly, as illustrated. Voice coil and field 
coil leads supplied in length specified. Various field 
resistances available. A sample will be sent gladly 
to established manufacturers requesting it by letter 
or by wire. 

KAVAN ELEVTI IC Co. INS 

52 EAST 19th STREET NEW YORK CITY 

LONDON, ENGLAND TORONTO, CANADA 

Sales Offices in Yrincipal Cities 
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