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FOCUSING A MICROSCOPE 

AROM 4 FEET AWAY... 

.., is readily done with 

S. S. WHITE FLEXIBLE SHAFTS 

The M.S.A. MICROPROJECTOR is 
used in dust determinations. By pro- 
jecting an enlarged image of the 
microscope's field on a ruled translu- 
cent screen, it greatly simplifies and 
speeds up the accurate counting and 
size -estimation of dust particles in col- 
lected impinger samples. It is made 
by the Spencer Lens Co. and distributed 
exclusively by Mine Safety Appliances 
Co., Pittsburgh, Pa. 

In this M.S.A. MICROPROJECTOR, three S. S. WHITE 
Flexible Shafts serve as the means for focusing the 
microscope from a distance of approximately four feet. 
And the satisfactory functioning of the shafts for this 
purpose proves their suitability for instruments and 
other applications requiring close, and even delicate, 
adjustment from a remote point. 

Consideration of the illustrations also makes clear 
how flexible shafts reduce the problem of remote ad- 
justments to simplest terms. 

The particular shafts used are of the type developed 
by S. S. WHITE for remote control, with special char- 
acteristics which satisfy the requirements. 

On request, we will be glad to send you printed 
matter giving details about these remote control shafts 
and their application. Write for it. 

Anytime you have a mechanical re- 
mote control problem let our engi- 
neers help you work it out . . . No 
obligation. 

S. S. WHITE 
The S. S. White Dental Mfg. Co. 

INDUSTRIAL DIVISION 
Department E, IO East 40th St., New York, N. Y. 
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JV2XMN, 
Frequency 

awe RF/. Frequency Modulation Transmitter as above, 
with doors closed. 

FREQUENCY 
MODULATION 

(ARMSTRONG SYSTEM) 
Alpine, N. J., Major E. H. Armstrong's original 40 -Ku., 
Modulation Transmitter Tower . Metropolitan New 

York's newest landmark. 

1-Z-5-50 Kw 
FREQUENCY 

MODULATION 
TRANSMITTERS 

WIXOJ, Yankee Network's 2,000 Watt mountain -top 
Frequency Modulation Station at Paxton, Mass. REL 

now installing 50,000 Watts. 

REL 1-2-5 Kw models Frequency Modulation Trans- 
mitters, showing attractive arrangement of control, 

panels, etc. 

Radio Engineering Laboratories, Inc. are the builders of Frequency Modulation Transmitters 
(Armstrong System). As pioneers in the field of "high -signal -to -noise -ratio" radio transmission, 
we have already equipped the following stations with REL Frequency Modulation Transmitters, 
where they are now in regular use: 

STATION 

W2XMN 
W2XCR 
W1XOJ 
WEOD 
W3XO 

In addition, we are at 
well-known stations: 

WHAM 
WTMJ 
WHEC 
WQXR 

LOCATION OWNED BY 

Alpine, N.J. 
Yonkers, N.Y. 
Paxton, Mass. 
Boston, Mass. 
Washington, D.C. 

Major E. H. Armstrong 
C. R. Runyon, Jr. 
Yankee Network 
Yankee Network 
Jansky & Bailey 

present building REL Frequency Modulation Transmitters for the following 

Rochester, N.Y. 
Milwaukee, Wisc. 
Rochester, N.Y. 
New York, N.Y. 

Stromberg -Carlson Telephone Mfg. Co. 
The Journal 
WHEC, Inc. 
J. V. L. Hogan 

Within the next 6 months, pending final approval by the F.C.C., approximately a dozen other of the 
nation's leading broadcasters are also planning to use REL Frequency Modulation Transmitters 
(Armstrong System), ranging up to 50 Kw. 

RADIO ENGINEERING LABORATORIES, INC. 
35-54 36th STREET 

Phone RAvenswood 8-2340 
Cable "RADENGLABS" LONG ISLAND CITY, N. Y. 
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HEAT, COL 0, AND HUMIDITY CAN EASILY CHANGE 

TUNING CAPACITY, UNLESS DEPENDABLE 

SII UfR-M/CA CONDENSERS ARE USED 

Erie Type K Silver Micas are 
made in capacities from 15 
MMF to 500 MMF. Other Erie 
Silver Micas are available up to 
2500 MMF. See these con- 
densers and other Erie Resistor 
products at the Rochester I.R.E. 
meeting. 

YOU CAN'T change the weather when heat, cold or humidity 
play havoc with your automatic tuning, but you can protect 

your receivers against capacity change in condensers by using 
dependable, Erie Silver Micas. 

Repeated tests have shown that after 100 hours in 100% relative 
humidity at 104° F. maximum capacity change is less than .05%. 
But even more astonishing is the low average capacity change of 
±0.113% after being subject to 5 complete cycles of 5 hours 
at -30° F. and 15 hours at 180°F. 

You will agree that any condenser that is affected so little by these 
extreme conditions will not throw any automatic tuning system out 
of adjustment due to weather conditions encountered either in 

shipping or in actual use. 

We will be glad to send you complete test data on these molded 
Type K Silver Mica Condensers. 

ERIE RESISTOR CORPORATION,tL, 
TORONTO, CANADA LONDON, ENGLAND PARIS, FRANCE-J.E.CANETTI CO. 

MANUFACTURERS OF RESISTORS CONDENSERS MOLDED PLASTICS 

4 November 1939 - ELECTRONICS 
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FOR RADIO NINERJ 
CONTEMPLATING PURCHASE OF 

NEW TRANSMITTER EQUIPMENT 
Dedicated to the cause of more efficient, trouble -free 
radio transmission, these Lapp specialties should be on 
the check list of every engineer contemplating installa- 
tion of new transmitter equipment or modernization of 
present equipment. "Insulated by Lapp" is a phrase syn- 
onymous with operating security in radio transmission 
and in electrical power transmission the world over. 

BIZ 

BSI 

Inn 

MIS 

LAPP GAS -FILLED CONDENSERS 
New, superior design and rigid mechanical construction 
in the Lapp Condenser results in genuinely trouble -free 
service. Maximum capacity for given external dimensions. 
Practically zero loss. No change in capacitance with 
change in temperature. Puncture -proof. Wide range of 
sizes for practically every transmission requirement. 

LAPP TOWER FOOTING INSULATORS 
Sectionalizing types for insulation of existing structures. 
Push-pull types for self- supporting radiators. Base insu- 
lators for guyed radiators up to woo -foot height. All 
these base insulators utilize the Lapp patented curved -side 
compression cone for maximum mechanical strength. 

LAPP GUY INSULATORS 
Mast guy insulators are available in a range of sizes suit- 
able for supporting structures up to and including tono 
feet high and Soo KW duty, for break-up duty and primary 
installation. Construction with the Lapp compression 
cone assures that porcelain be loaded only in compression. 

LAPP PORCELAIN WATER COILS 
The famous Lapp Water Coil for transmitter tube cooling, 
the coil that eliminated sludging in the water system. Be- 
cause water used with the Lapp coil remains pure and at 
high resistance, tube life is increased and expense and 
inconvenience of changing water and replacing hose and 
fittings is eliminated. Alternate cooling system can be 
worked out with Lapp porcelain pipe, pieces and fittings 
of which are available for practically any requirement. 

Complete descriptive literature is available on all these Lapp spe- 
cialties for radio transmission. Write today. 

LAPP 
INSULATOR CO., INC., LE ROY, N. Y., U. S. A. 

1;I,E1;'l'KI1NIl;ti -- November 1939 
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SCREW COSTS mount up 
... and where PHILLIPS screws 

CUT THEM DOWN 
AVERAGE 50% LESS ASSEMBLY TIME 

The patented Phillips recessed head means that 
every screw is used. Phillips Screws cling to the 
driver-none fumbled, even with one hand steady- 
ing the work. Phillips Screws are self-centering- 
none driven crooked. Phillips Screws fit the driver 
snugly-no reaming action to throw up burrs. 

Shape, taper and depth of the genuine Phillips 
recess were determined after thousands of tests. 
The recess utilizes the driver's maximum turning 
power without sacrifice of strength in the screw 
head ... without danger of shearing the metal. 

So, give your assemblies the benefit of this fas- 
tening method that so many thousands of manufac- 
turers have adopted. And give yourself the benefit 
of profits that Phillips Screws will earn on your pro- 
duction line. 

Write for facts about further advantages-elim- 
ination of spoilage, tighter assemblies, improved 
appearance, etc. Address one of the firms listed 
below. 

This Booklet will help your plant to cut fas- 
tening costs and improve assemblies. Address 
one of the firms below for free copy. 

YOU WOULDN'T PLAY EVERY SHOT 
WITH ONE DRIVER 

For efficient driving, contact between recess and driver 
should extend as far as possible from the screw's axis. On 4 
the other hand, too big a driver means stripping threads 
or tearing fibre structure of wood or metal. Thus it re- 
quires four driver sizes to drive properly the entire range 
of recessed head screws. Two sizes of Phillips Drivers 
handle diameters No. 5 through No. 16 or approxi- 
mately 85% of all screws driven. a 

i 

THE RIGHT WAY 

SMALL SCREW- 

DRIVER TOO LARGE 

PHILLIPS recessed head screws 
MACHIN! CREWS SHEET MEAL SCREWS 

American Screw Co., Licensor, Providence, R. I. 
Chandler Products Company, Euclid, Ohio 
Continental Screw Co., New Bedford, Mass. 

WOOD REWS ST E BOLTS 

U. S. Patente on Product and Methode Noe. 2,046,843;2 046,887; 2,048,889;2,046,840. 2,082.086;2,084.078: 2,084.079;2.090,888. 
Other Domeatlr and Foreign Patents Allowed and pending. 

Corbin Screw Corporation, New Britain, Conn. Pheoll Manufacturing Company, Chicago, Illinois 
The Lamson & Sessions Co., Cleveland, Ohio Russell, Burdsall & Ward Bolt & Nut Co., Port Chester, N. Y. 
National Screw & Mfg. Co., Cleveland, Ohio Scovill Manufacturing Co., Waterbury, Conn. 
Parker-Kalon Corporation, New York, N. Y. Shakeproof Lock Washer Co., Chicago, Ill. 

IT COSTS LESS TO USE PHILLIPS SCREWS 
6 November 1939 - ELECTRONICS 
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Micro Switch with 
snap spring actu- 
ator operated by cam. 

Reset Button Micro Switch with 
special plunger as an 
adjustable thickness de- 
tector. 

Adjusting Screw 

Double Thickness 

Micro Switch built 
into a sealed metal 
housing for pre- 
cision service in 
tough spots. Cam 
actuated. 

Micro Switch with plunger 
used as a door switch. 

Micro Switch with 
regular plunger 

operated by 
bellows ther- 
mostat. 

Micro Switch with 
snap spring actuator used as 
a break indicator. 

MICRO Ms SWITCH 
If you use time, temperature, pressure, weight, 

relay, or solenoid controlled devices or fractional 

H. P. motors in the manufacture of your product, you 

can apply the Micro Switch to advantage. It is now 

used on products in this partial list of classifications. 

CONTROLS 

Air Conditioning_Blower 
and Draft._Boiler_Cycle 
Circuit Damper Regulators 

Electric Furnace _Mag- 
netic-Pressure_ Test_ 
Gate Control-Relays_Sig- 
nals-Interlocks_ 

INSTRUMENTS 

Flow Meters-Fuel Indica- 
tors_Fuel Tank Level Testers 
_Humidistats_Electrom- 
eters__RPM Indicators_ 
Tickers_X-Ray Timing De- 
vices- 

THERMOSTATIC DEVICES 

Incubators_ Brooders_ In- 
dicating-Industrial_ Oven 

Room 

MACHINES & MACHINE TOOLS 

Coin Operated _Auto uì itic 
Hobbing_Honing_ IIy. 

draulic Presses_Automatic 
Gauging_Bottling _ Count- 
ing and measuring _Cutting 
_Die Sinking_ Drilling_ 
Tapping- Lathes_ Auto- 
matic Screw_Milling_ 
Riveting_ Packaging_ 
Rubber Working_Printing 
_Textile_ Welding_ 

SAFETY DEVICES 

Burglar Alarms_ Recorders 
_Oil Burners Stop Light 
Systems Traffic Signals_ 
Transformer Protection_ 

MISCELLANEOUS 

AnnunciatorSystems_Count- 
ing Devices DirectionIndi- 
cators_Daters and Printers _ Flashers- Cameras - Oil 
Regulators-Phonographs 
_ScalePivots_Scale Weight 
Printer SteamingDevices 
__Animated Displays_ 

A compact, sensitive, light weight snap action switch 

that is only 115/6" long, '/8" high and 3/4" deep, and weighs 

only 1 ounce-operates precisely on small energy, small 

movement and small force at speeds as high as 600 times a 

minute.... It is rugged, resists vibration, needs no leveling, 

endures millions of operations.... It has a conservative 

rating of 10 amperes at 125 volts A.C.; 5 amperes, at 250 

volts A.C.; 3 amperes, 460 volts A.C.; 2 amperes, 600 volts 

A.C.; and is adaptable to loads of %2 H. P., 115 to 460 volts; 

1200 watts, 115 to 600 volts. It is listed by the Underwriters' 

Laboratories and the Hydro -Electric Power Commission 

of Ontario.... If your problem involves any of the oper- 

ating factors; or your product is similar to those listed on 

the left, we will be pleased to work with you. 

MICRO M5 SWITCH 
MANUFACTURED IN FREEPORT, ILLINOIS BY 

MICRO SWITCH CORPORATION 
New York Chicago Boston 

ELECTRONICS - November 1939 7 
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Physical Properties of Grade XPND-33 
in the 1/16 inch thickness 

Flexural Strength 18,500 lbs. per sq. in. 

Water absorption (3"x1"x1/16") 24 hrs. 3.9% 
Rockwell Hardness (11/4" ball, 

100 kilogram load) 73-75 

Dielectric strength, 
short time test 650 volts per mil 

Power factor at 1,000 kilocycles .039 

Dielectric constant 6.05 

THERE have been great improvements in the work- 
ability of laminated material of recent years as 

exemplified by Formica Grade XPND-33 from which 
intricate shapes can be punched cold up to 5/64 
inch thickness with a clean edge and a minimum of 
surface cracking between the holes. Simple shapes 
may be punched cold up to I/8 inch thickness. 

The workability of the sheet is combined with good 
insulating qualities. Faster production and lower costs 
are made possible on many jobs by this grade. 

IF YOU ARE HAVING TROUBLE WITH PUNCHING 
STOCK, ASK FOR SAMPLES OF THIS NEW PRODUCT. 

THE FORMICA INSULATION COMPANY 
4658 Spring Grove Ave., Cincinnati, O. 

oRMICA 

November 1939 ELECTRONICS 
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OF THE SEVERAL methods for computing antenna input power as 
now required by the Federal Communications Commission Rule 3.54, 
the bridge method offers the simplest and most accurate means avail- 
able. The necessary data are read directly on the G -R Type 516-C 
Bridge. With this bridge the only power source required is a cali- 
brated low -power oscillator such as the G -R Type 684-A. With these 
two instruments and a simple radio receiver, all of the measurements 
can be made. Measurements made with this equipment are acceptable 
to the F.C.C. 

In addition with this combination you can 

Determine equivalent inductance and capacitance 
Locate guy wires or other conducting structures with natural 
periods near the operating frequency 
Determine the presence of high energy losses in poor dielectrics 
in the antenna system 
Adjust transmission lines and their terminations 
Adjust output terminating networks 
Adjust impedance matching networks 
Measure the mutual impedance between the antennas in a direc- 
tive system 

This bridge is invaluable for the adjustment of Doherty and other 
high -efficiency r -f amplifiers. 

Type 516-C Radio -Frequency Bridge. . . . $225.00 
Type 684-A Modulated Oscillator 340.00 

For information address: GENERAL RADIO COMPANY, 30 State 
St., Cambridge, Mass., or Branch Offices in New York and Los Angeles 

Write for 

Bulletin 493 

for Complete Data 

ELECTRONICS - November 1939 9 
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At the New York World's Fair .. . 

MALLORY 
P. R. MALLORY 8 CO.. Inc. 

*Fp ( Fabricated 
Plate MARK REG. 1 late U. S. PAT. OFF. 

CAPACITORS 
help you HEAR as well as see 
the General Motors Exhibit 

10 

In the great General Motors Exhibit "High- 
ways and Horizons", the sightseers glide along 
in their comfortable chairs for a third of a mile 
seeing the world of 1960 unfold before their 
eyes. Viewing 35,000 square feet of the largest 
scale model ever constructed is dramatic enough. 
But that isn't all! The visitors hear about the 
marvels of the future as well as see them. 
Automatic speakers at each chair tell the 
story of the passing panorama. To accomplish 
this modern marvel, the gigantic Western 
Electric sound reproducing system delivers 
147 different descriptive talks simultaneously. 
In selecting the parts for the speech amplifiers 
it is significant that Mallory FP Capacitors 
were chosen. 

10 to 1 capacity ratio ... assured chemical 
purity and freedom from corrosion ... low 
R.F. Impedance ... surge proof construction ... these are just a few of the revolutionary 
features of FP Capacitors. Millions are in use. 
Millions more already scheduled. 

Appearance is being imitated, so be sure to spec- 
ify genuine FP (Fabricated Plate) Capacitors. 

P. R. MALLORY & CO., Inc. 
INDIANAPOLIS INDIANA 

Cable Address-PELMALLO 

P. R. MALLORY 8. CO.. Inc. 

MALLORY 
November 1939 - ELECTRONICS 
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ELECTRONICS . . . . KEITH HENNEY, Editor . . . . NOVEMBER, 1939 

BLOOD AND THUNDER . . . How 
many times have you been caught up 
in the excitement of a news commenta- 
tor's voice who thought he had some- 
thing hot to tell-only to find the item 
in the next morning's paper hidden 
away in some corner, of no real im- 
portance! This was going on before 
the war, and evidently is a style into 
which certain commentators throw 
themselves in order to let the listener 
believe something good has come in 
over the wire. 

No one blames a commentator for 
trying to make his stuff sound impor- 
tant but the "now I am going to hand 
you a hot one" style does not wear 
well unless there is really some warmth 
in the news. 

Mr. Swing's rapid rise into a major 
place among the nightly commentators 
may come, partly at least, from the 
fact that he does not seem all opt of 
breath with the importance of his 
comments. 

T.E.I A In 1936 students of an 
extension course in television in Holly- 
wood formed the Hollywood Television 
Society. Now the Society enlarges the 
scope of its activities by forming a 
national organization whose aims "will 
be the same as the I.R.E.'s are for 
radio." This will be known as the Tele- 
vision Engineers' Institute of America; 
George H. Seward is the moving spirit; 
and national headquarters are to be at 
763 Gower Street, Hollywood. Members 
are welcome and applications may be 
obtained by applying to Mr. Seward. 

SERVICE . . . Opportunity to en- 
list and to serve in the United States 
Coast Guard is made possible at the 
moment by the fact that this branch 
of the Government is to greatly in- 
crease its force of enlisted men. Espe- 
cially wanted are radiomen. Ex -radio - 

CROSS 

TALK 

men having served previously in the 
Navy or Coast Guard may be advanced 
immediately to radioman, third class. 
The requirements for enlistment for 
apprentice seamen are: unmarried men, 
age 18 to 24 inclusive, height five feet 
six inches to six feet four inches, mini- 
mum weight 122 pounds, grammar 
school education. Apply the nearest 
Coast Guard office. 

NO FIGHT . . . On October 2 an- 
nouncement by RCA and Farnsworth 
that an interchange of patent agree- 
ments had taken place, put an end to 
much speculation as to what would ulti- 
mately happen between these two large 
holders of television patents when the 
time came to put television on the map. 
By these agreements each party re- 
ceived the right to use the inventions 
of the other in the fields of television 
and in other fields of their respective 
businesses. Neither Corporation ac- 
quired any right to grant sub -licenses 
to third parties under the patents of 
the other Corporation. 

Incidentally, much interesting infor- 
mation on the patent policies of RCA 
will be found in a publication of the 
RCA Institutes Press, a brochure by 
Otto S. Shairer, Vice-president of RCA. 
It tells of the early history of the Cor- 
poration, and of its cross licensing 
agreements with GE, Westinghouse, 
AT&T, etc., and of the manner in which 
these agreements have changed with 
time. It relates something of the man- 
ner in which RCA acquires its patents, 
or rights to use other's patents, how 
it pays inventors for those patents it 
purchases, of why it prefers to buy 
outright rather than to pay royalties, 
and gives data on the royalties which 
RCA's competitors pay it for the use 
of its patents. This amounts to about 
3$ per cent on the manufacturing 
licensee's selling price of complete re- 

ceivers sold for domestic use, about 1.8 
per cent of the manufacturer's price 
for sets to be via abroad, 5 per cent of 
the manufacturer's price for radio tubes 
for domestic use and 2A per cent for 
tubes for export, 

It is interesting to note that several 
hundred licenses have been granted 
for the nominal sum of one dollar to 
radio broadcast stations which ac- 
quired their apparatus from unlicensed 
sources. 

In this brochure there is a list of 
patents not yet expired which enter 
into the design and construction of 
radio receivers and tubes. 

INVENTION . An advertisement 
of a new automobile antenna states 
that this new aerial is the only 
one that "is grounded in two places." 
This reminds us of an antenna we once 
had. It fell down and got covered up 
with wet leaves. It did not work very 
well, which was disappointing, because 
we thought we might have something 
new. We burned the leaves and hung 
the wire up on insulators and finally 
grounded the near end of the wire 
through a coil tightly coupled to one of 
the coils in the set. This worked much 
better than the grounded antenna. (Ad- 
vertisement really meant that the shield 
was grounded in two points. Why can't 
they write these ads, correctly?) 

CREDIT . . . Through an unfor- 
tunate oversight the photograph used 
as cover of the September cover was 
not credited to its photographer, Mr. 
Richard Wurts of Wurts Brothers, New 
York City. Not only is Dick Wurts a 
good photographer, but he is a good 
fellow to boot, and your editors had 
every intention of pointing out the 
fact that he was responsible for the 
cover photo. 

www.americanradiohistory.com



RECENT progress in the field of 
the ultra -ultra high frequencies, 

above 500 Mc, has consisted princi- 
pally in the development of more 
efficient generators, more sensitive 
detectors. Behind the scenes, how- 
ever, several organizations have been 
working toward the application of 
the very short waves to the prob- 
lems of aerial navigation and guid- 
ance. One of the outstanding ex- 
amples of this work is the collabora- 
tion between the Civil Aeronautics 
Authority and the Massachusetts In- 
stitute of Technology on a system of 
instrument landing which employs 
40 centimeter waves* and which 
makes use of nearly all of the mod- 
ern developments in the field of 

* A preliminary report of this work was 
carried in the January, 1939 issue of 
Electronics, pages 12-14. The demonstra- 
tion was reported from the aeronautical 
point of view in the November, 1939, issue 
of Aviation. 
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Left, the transmitting equipment set up on the East Boston Airport. 
In the foreground are two triode oscillators and modulating equip- 
ment used in the tests. Center, close-up view of one of the 
700 -Mc oscillators. Right, looking into the mouths of the two 
horn radiators which set up the overlapping horizontal signal 

patterns 

microwave research. The system is 
the solution of a problem proposed 
by a C.A.A. engineer, Irving Metcalf, 
and developed in practical form by 
the electrical engineering depart- 
ment staff of M. I. T. under Pro- 
fessor E. L. Bowles. The apparatus 
was recently demonstrated in ex- 
perimental form to C.A.A. officials 
at the East Boston Airport. 

Beams from Horn Radiators 

The transmitting equipment oper- 
ates on a frequency of approxi- 
mately 700 Mc. At such high fre- 
quencies, beams may be formed 
by radiating the energy from horn 
structures of convenient dimensions. 
Two such horns were used in the 
demonstration, each fed by a sep- 
arate transmitter. The horns are 
wooden structures, about 26 feet 
deep, and 10 by 2i feet at the 

mouth. They are lined with copper 
sheeting. At the end of each horn 
is a rectangular box which closes the 
throat. Inside the box is a quarter - 
wave antenna which protrudes into 
the box directly from a coaxial 
transmission line. The length of 
the antenna is about 10 ems, 
(roughly 4 inches). The 700 -Mc 
energy radiated from the antenna 
is conveyed down the horn to its 
mouth, and there it spreads out in a 
flat fan -like pattern, whose width is 
at right angles to the long dimension 
of the mouth of the horn and parallel 
to the ground. (This relation- 
ship obeys the rule for diffraction 
effects, namely that the diffraction 
pattern spreads widest at right an- 
gles to the long dimension of the 
slit) . Consequently the horn gener- 
ates a flat nearly horizontal beam of 
signal, inclined at a slight angle 

November 1939 - ELECTRONICS 

www.americanradiohistory.com



40 -CM Waves for Aviation 

Tests at M.I.T. reveal practical apparatus for generating a 40 -cm "hillside" of signal for 

blind landing of airplanes. Horn radiators and a receiver having 15 -microvolt sensitivity 

show practicability of 700 -Mc communication 

Similar in appearance to a hypodermic needle, this "coaxial" 
antenna is mounted on the wing strut of the plane. The antenna 
proper is the quarter -wave (4 -inch) length of wire protruding 

from the coaxial line 

to the airport surface. Two horns 
are used, each fed with signals of 
the same frequency, one modulated 
at 150 cps, the other at 90 eps. 
The horns are set up so that 
the central axis of one makes an 
angle of 5 degrees to the earth's 
surface, the other an angle of 10 de- 
grees. The fan -like beams from the 
two horns overlap in a region which 
extends from about 3 degrees to 7 
degrees. The overlap region consti- 
tutes a "hillside" of signal down 
which the plane glides to the airport 
surface. In the plane, the receiver 
tells the pilot when both signals (90 
cps and 150 cps modulations) are re- 
ceived. When both are received at 
equal strength the glide angle is 7.5 
degrees, which is somewhat steep 
for most aircraft, hence the re- 
ceiver is set to indicate the proper 
position when the upper beam is 

The klystron oscillator, mounted in a truck complete with high 
voltage power supply and vacuum system, is capable of power 
in excess of 100 watts at 40 cms. This is one of the first applica- 

tions of the new "beam -group" tubes to radio communication 

received somewhat stronger than the 
lower, producing a normal glide 
angle of from 3 to 4 degrees. 

The arrangement just described 
gives so-called "vertical guidance", 
that is, it guides the plane in the 
up -down direction. Similar guidance 
in the horizontal or left -right direc- 
tion is also necessary. In the demon- 
stration the horizontal guidance was 
provided by a conventional long -wave 
runway ' localizer transmitter,, de- 
signed and operated by engineers of 
the Washington Institute of Tech- 
nology. When the C.A.A.-M.I.T. 
system is completed, the horizontal 
guidance may be set-up by 40 -cm 
waves in the same fashion as the 
vertical guidance. 

The 700 -Me Generators 

The horn structures just described 
are highly directional (in the plane 

of the fan pattern) and hence con- 
serve the energy fed to them from 
the transmitter proper. For this 
reason, very small amounts of trans- 
mitter power will suffice, so long as 
the receiver in the plane has ade- 
quate sensitivity. Two possibilities 
arise : a transmitter of several hun- 
dred watts power may be used with 
an insensitive receiver, or a few 
watts of transmitter power may be 
used with an elaborate receiver. The 
low -power arrangement was used at. 
the demonstration, although the 
high -power method has been tested. 
with success. 

The generation of hundreds of 
watts of power at 700 Mc has been 
possible only since the advent of 
the beam -type of cathode-ray gener- 
ator. One of the "klystron" genera- 
tors originated at Stanford Univer- 
sity was available for the purpose, 
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and was set up in operating condi- 
tion on the airport, mounted in a 
truck complete with high voltage 
power supply and a continuous 
vacuum -pumping system. With less 
than 100 watts output, in previous 
tests, adequate signal strength was 
received in the plane at a distance of 
more than 25 miles, which consti- 
tutes a record for microwave trans- 
missions. In the demonstration, 
however, it was more convenient to 
use lower power, and to rely on the 
high sensitivity of the receiver. 
Accordingly, two conventional tri- 
ode oscillators were used, one for 
each horn radiator. The oscillators 
employed the Western Electric type 
316A door -knob tubes in coaxial -line 
tuned circuits, and were fed with 
about 25 watts of power, one modu- 
lated at 90 cps, the other at 150 cps. 
The output of the oscillators was in 
the neighborhood of one watt at 700 
Mc (43 ems), but even this small 
power was adequate to produce a 
strong signal at distances greater 
than five miles. Since the glide path 
to the airport surface is usually less 
than five miles long, the performance 
was satisfactory, despite the very 
low power of the transmitters. 

The 15 -Microvolt Microwave Receiver 
From the standpoint of radio 

engineering, the most significant de- 
velopment in the project (save pos- 
sibly the use of horn radiators) is 
the 40 -cm receiver. This receiver 
displays the phenomenal sensitivity 
of 15 microvolts input for full out- 
put (off -scale swing on the indicat- 
ing meter) . The tube lineup is 
shown in the accompanying figure. 
The antenna is of the coaxial variety 
developed by the Bell Labs. It is 
fixed to one of the wing struts. The 
coaxial lead-in connects to the input 
circuit. The first detector is a diode 
tube, a W. E. development type. This 
tube serves two functions. In the 
first place it develops the third har- 
monic of the oscillator output, and in 
the second place it mixes this third 
harmonic with the input signal, 
producing a 10 -Mc intermediate 
frequency. The dual aspect of the 
diode action is illustrated in the ac- 
companying diagram. Three tuned 
circuits are connected in series with 
the diode, as shown. The first is 
tuned to 700 Mc, the input fre- 
quency. The second is tuned to 230 
Mc, the oscillator frequency, and the 
third is tuned to 10 Mc, the inter - 
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The diode first -detector circuit in the superheterodyne receiver. Circuits 
tuned to the signal frequency, the oscillator frequency and the inter- 
mediate frequency are connected in series with the diode, which de- 
velops the third harmonic of the oscillator output and mixes it with the 

signal, simultaneously 

700 Mc 

Diode 10 Mc 10 Mc 2nd det. Audio Audio Audio Audio first I -f I -f A -v -c, A -f triode pentode pentode triode 
detector 1852 1852 6SQ7 6SK7 6SK7 6SK7 6SK7 

690 Mc 
(Third i 

harmonic) 

955 
Triode 

oscillator 
230 Mc 

v -c 

Zero 
center 
meter 

6F8G ,-90cps 

Filter 

Amp "/50 cps 
Rectifiers 

Tube line-up of the receiver. Two 700 -Mc signals, modulated at 90 and 
150 cps respectively, are amplified several hundred thousand times 

before separation in a filter and applied to the indicating meter 

mediate frequency. At other than 
these resonant frequencies, the tuned 
circuits are essentially short cir- 
cuits, so it is possible to consider 
the action of each circuit as though 
it were the only element in the series 
with the diode. Hence the diode pro- 
duces a 690 Mc frequency as the 
third harmonic of the oscillator volt- 
age, mixes it with the 700 Mc input, 
and derives the 10 Mc i -f voltage, 
simultaneously. 

The oscillator proper, which em- 
ploys a 955 acorn triode, is a spe- 
cially -designed coaxial tuned circuit 
similar to those developed by Peter- 
son. The tuned circuit is in the form 
of a high -Q resonator, which en- 
closes the tube, and which is so pro- 
portioned as to produce a highly 
stabilized output. 

The i -f output of the first detector 
is amplified in two 1852 i -f stages, 
which pass a band several hundred 
kilocycles wide, but which develop a 
gain of several thousand times over- 
all. The second detector is a diode 
element in a 6SQ7 diode -triode tube. 
Then follows the triode section of 
the same tube as an a -f amplifier. 

A -v -c voltage is developed and ap- 
plied to the 1852 tubes. The eudio 
output of the 6SQ7 is then fed to 
an elaborate a -v -c controlled audio 
amplifier employing four 6SK7 
tubes, the first and last triodes, the 
others as pentodes. 

The output of the third 6SK7 
feeds a 6R7 which acts as an a -v -c 
diode and amplifier. A -v -c voltage 
is applied to all four 6SK7's, with 
the result that the output is sub- 
stantially constant (within about 20 
per cent) with audio frequency in- 
puts ranging from one millivolt to 
three volts. The gain in this ampli- 
fier is very great, of the order of 
100,000 times. The problem of 
motor -boating and noise has been 
solved by the use of resistance -ca- 
pacitance band-pass couplings be- 
tween stages, which pass components 
from 50 to 400 cycles, thus including 
the 90 -cps and 150 -cps modulations 
which are of importance, but dis- 
criminating against noise, and in- 
hibiting low -frequency oscillations. 

The output of the final 6SK7 amp- 
lifier leads to a filter which sep- 
arates the 90 cps signal from the 
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Above, the two horns 
viewed from the side. 
The axis of one horn ex- 
tends at an angle of 5 

degrees to the airport sur- 
face, the other at 10 de- 
grees. The overlap region 
between the flat hori- 
zontal signal radiated from 
them constitutes the signal 
followed in landing the 

plane 

150 cps. Each of these components 
is amplified individually in the sec- 
tions of a 6F8G double triode, and 
applied to two copper oxide bridge - 
type rectifiers. The connection be- 
tween opposed outputs of the two 
bridges is made to a zero -center 
microammeter which thereby is made 
to indicate the relative strength of 
the 90- and 150 -cps components. The 
gain of the 90 cps channel may be 
varied in the 6F8G stage relative 
to that in the 150 cps channel. This 
allows a zero -center indication to 
be obtained with varying ratios of 90 
cps to 150 cps modulation, which 
in turn corresponds to positions in 
the upper and lower portions of 
the overlap region between the two 
fan patterns. By adjusting the rela- 
tive gain of the two channels, the 
glide angle may be adjusted to suit 
the landing characteristics of dif- 
ferent types of planes. 

Observations During Test Flights 

In the test flights, the pilot flew 
about five miles from the airport, 
and picked up the glide path at an 
altitude of about 900 feet. By keep- 

ing the two cross pointers on the in- 
dicating instrument (one for the 
vertical guidance, the other for the 
horizontal), he guided the plane to 
the airport surface, but did not land 
because of a high crosswind which 
would have made landing difficult. 
Throughout the descent, the rate of 
climb meter and the airspeed indi- 
cator remained fixed in position, 
indicating that the plane was follow- 
ing a straight line to the ground. 
The straight-line aspect of the sys- 
tem is an important distinction from 
that of the conventional longer -wave 
instrument -landing systems, which 
follow a more or less curved contour 
of constant signal strength. The 
straight line path of the new system 
makes a definite point of' contact 
with the ground, so that the plane 
reached its lowest altitude over a 
region no more than 50 feet in 
diameter. 

The indications of the system 
were also made to appear on a 
cathode-ray tube, on whose face 
three spots appeared. The spots 
were formed by a commutating sys- 
tem, and were so controlled that they 
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Below, the test plane 
making an approach to 
the field, following the 
indications of the landing 
instruments. The horns 
are situated to one side 
of the landing path. The 
signal regions radiated 
are inclined to and nearly 
parallel to the airport 

surface 

indicated not only the position of the 
plane relative to the glide path but 
also the tilt of the planes wings, and 
its azimuthal position. The latter 
indications were derived electrically 
from the gyro compass and artificial 
horizon instruments in the plane, in 
the manner described in the refer- 
ence previously cited. The three 
luminescent spots have the appear- 
ance of fixed spots on the ground, 
and hence allow the pilot to judge 
almost instinctively his position rela- 
tive to the airport at all times dur- 
ing the descent. 

Since the horns determine the 
shape of the pattern, the glide path 
is not changed by variations on the 
airport surface, such as would be 
caused by a snowfall. The signal re- 
gions extend a considerable distance 
to the left and right of the horn 
openings, hence it is quite feasible 
to place the horns to one side- of the 
glide path, and thus remove them 
from the airport surface. The photo- 
graph above shows the plane ap- 
proaching the field on the landing 
beam, and the relative positions of 
the path and the horns.-D.G.F. 
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THE 
NOVACHORD 

FURTHER evidence that the art 
of electronics is occupying an 

increasingly important role in the 
field of instruments for creating 
music directly is presented in the 
recently introduced Hammond Nova - 
chord. 

To duplicate even partially its 
musical effects from conventional 
non -electronic instruments would 
require many of the tonal resources 
of a church pipe organ, piano, or- 
chestra brasses, woodwinds, harp, 
and bowed strings. Although not 
intended to duplicate any existing 
musical instrument, the Novachord, 
shown in Fig. 1, accomplishes all 
this with a single simple keyboard 
playing technique and occupies as 
little space as a 4A -foot square. 

Vacuum tube oscillators for pro- 
ducing musical tones have been 
suggested many times', but the prob- 
lems of frequency drifting, timbre 
variety and proper amplitude -time 
starting and decaying character- 
istics to simulate organ or percussive 
qualities for a keyboard chordal in- 
strument have necessitated the use 
of many tubes in a tremendous com- 
plexity of circuits. Consequently the 
design of a practical commercial 
model of small size and low cost 
that could be made in mass produc- 
tion represents an outstanding 
achievement in electronics engi- 
neering. 

Principle of Operation 

The present device' contains 163 
vacuum tubes, most of which are ar- 
ranged within the easily accessible 
shielded compartments of the main 
chassis for generation and control 
of the alternating current. This 
chassis is shown in Fig. 2. There 
are no strings, hammers, reeds, or 
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organ pipes in the generator system, 
in fact no moving parts except the 
vibrator pendulums. 

The twelve top octave frequencies 
are generated by separate constant 
frequency audio oscillators operating 
continuously. There are no other 
oscillator tubes because all the lower 
frequencies are separated by octave 
intervals and furnished by novel fre- 
quency halvers, called dividers. In- 
dividual tone keying and determina- 
tion of amplitude -time character- 
istics are performed in the control 
tube sections where the way in which 
the grid bias value varies from the 

instant of keying is the important 
factor. With the exception of the 
top octave that needs no frequency 
dividers, there are two tubes, i.e. 
the divider and control tubes, asso- 
ciated with each of the 72 playing 
keys. Timbre regulation is accom- 
plished both at the input to the 72 
individual non-linear amplifier con- 
trol tubes and also at common out- 
put multiple resonant circuits. 

The Oscillator Units 

The oscillator circuit for a single 
tempered frequency is shown in 
Fig. 4 and it is noted that the iso- 
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Fig. 1- Left, by the use of vacuum 
tube oscillators, the Novachord pro- 
duces a wide variety of musical 

tones 

DEEP TONE 

i 

Y 

FIRST 
RESONATOR 

Fig. 2 Above, a total of 163 tubes 
is used to generate and control the 
alternating currents which produce 

the tones 

SECOND t THIRD BRIGHT 

RESONATOR RESONATOR BRILLIANT TONE FULL TONE 
SOFT 

OFF OFF OFF er BASS BALANCER 

MELLOW 

STRONG 
ATTACK 

BASS I FAA 

Y 

S. 
4. 

SLOW 

trolling oscillators need be adjusted. 
The instrument is normally set at 

A 440 cycles per second at the fac- 
tory but should it be necessary to 
retune to say A 444 then this can 
be accomplished in six minutes by 
the musician himself. First the A 
frequency is set according to that 
desired by the orchestra conductor. 
Then a jumper lead couples two con- 
trol tube grids in second octave 
from top. Each oscillator is tuned 
by a clear zero beat formed by pure 
fourths and fifths, with the slight 
expansion of 4th and contraction of 
5th for tempering the scale fur- 
nished by a single small fixed con- 
denser bridging across the grid coil 
of the oscillator being adjusted. The 
closure error, or sum of all the 
errors from setting the individual 
oscillator frequencies is checked by 
beating the final E against the A 
starting point. If this beat rate is 
slow enough to be counted, then the 

COMBINATION VOLUME 
PERCUAWN ,HIGH 

SINGING .1.0W 

NORMAL SMALL 
VIBRATO VIBRATO STARTER 

OFF OFF Llrr AND '(LIASE 

Fig. 3-Control board of the Novachord. By manipulation of the various controls, music similar 
to that of the pipe organ, piano, orchestra brasses, woodwinds and plucked and bowed strings 

may be produced 

lation of feedback capacity resis- 
tance RC by a second triode section 
resembles a modified relaxation oscil- 
lator. The tuning coil L1 is of spe- 
cial high Q construction to improve 
the frequency stability. 

The output of the first triode is 
essentially sinusoidal in waveshape, 
one of the alternations having its 
peak lopped off somewhat. The 
second triode section gives an ex- 
tremely rich harmonic output be- 
cause the grid is operated nearly at 
cut-offs. Two separated output points 
are used for isolation and also to 
be able to place a higher amplitude 
signal on the following divider tube. 

As long as the various tube oper- 
ating voltages have the same ratios, 
the frequency remains constant 
over a wide range in their actual 
magnitudes. This is realized in 
practice by the simple expedient of 
a common voltage divider so that 
line voltage changes as much as 80 

to 130 result in no perceptible beat 
with another instrument on 110 

volts. Naturally then the exact fre- 

quency of supply line is also unim- 
portant in affecting the oscillator 
frequency. 

Tuning 

Rough tuning is originally set by 
the condenser C1 and fine tuning 
carried out by turning a knurled 
knob in one of the oscillator com- 
partments to move in and out of the 
coil a single lamination and vary the 
permeability. Once an instrument 
has been installed the tuning re- 
mains satisfactory for many months 
except when the chassis receives 
severe shipping shocks or after long 
aging of tubes. Normally the orig- 
inal factory tuning makes an' addi- 
tional tuning at installation un- 
necessary. Unlike other frequency 
generating systems such as the con- 
ventional piano with strings or a 
single oscillator tube per tone, the 
octave tuning never gets out be- 
cause of the frequency halving units 
controlled by the master oscillators. 
Therefore, obviously, only the tem- 
perament as set by the twelve con - 
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temperament is accurately adjusted. 

Vibrato 

The use of twelve master oscilla- 
tors permits a frequency variation 
constituting a vibrato rather than 
the customary volume variation 
tremulant and since it is rare that 
two adjoining keys will be depressed 
simultaneously the number of vi- 
brato units at the oscillators may 
be cut down to but six, one for each 
two consecutive generators. 

These vibratos are set at slightly 
different rates so that the phase 
differences are constantly changing 
to produce a rich choir effect. The 
actual unit consists of reeds equipped 
with contacts to switch small con- 
densers in and out of the tuned cir- 
cuits. A compensating switch with 
correcting condenser maintains the 
mean frequency constant regardless 
of whether the vibrato rate is fast, 
slow or not in use at all. 

There are twelve distinct fre- 
quency dividing systems correspond- 
ing to the twelve chromatic tones 
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of the octave; that is, one system 
provides all but one of the C octave 
tones, another all but one of the C# 
octave tones, etc. Within a given 
system there may be as many as five 
frequency halving units with a 
single pentode 6W7G to each unit. A 
given system consists of a series of 
these vacuum tubes connected to- 
gether in cascade fashion and sup- 
plied at the input by one of the 
master oscillators. The outputs of 
each divider unit are also rich in 
harmonics. It is re-emphasized that 
these tubes are not oscillators for if 
the input signal is removed, then no 
output signal remains. Each tube 
acts as a non-linear amplifier. 

The typical divider circuit il- 
lustrated in Fig. 5 merely passes 
plate current pulses for every other 
positive grid voltage alternation. 

Tuning coil 

To 
vibrato 

Triode 
No. 2. 

To ground through 
control tube grid resistor 

T 

+2sov 

Fig. 4 Oscillator circuit for a single 
tempered frequency. L, is of high -Q 
construction to increase frequency 

stability 

Flg. 5-Typical frequency divider 
circuit. Every other grid voltage 
pulse permits a passage of plate 

current 

From divider 

Bright - mellow 
switch 

To key circuit 

'-25v 

Signal to 
control box 

Fig. 6 --Control tube circuit in 
which is generated a voltage rich 
in harmonics and which controls 

the brillance of the tone 
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The arrangement resembles a self 
biased, cascade connected resistance 
coupled amplifier except for the cir- 
cuit constants and the two addi- 
tional condensers C, and C,. Owing 
to the self biasing of the tube, the 
cathode floats at a direct current 
potential with respect to ground so 
that the voltage between cathode 
and grid will be the cut-off voltage 
of the tube. Hence the direct cur- 
rent through the tube is practically 
fixed, almost entirely independent of 
the input signal and extremely small 
in average value. 

One can thus consider the opera- 
tion taking place at a point so close 
to cut-off that completely non-linear 
operation results. Naturally if the 
grid voltage goes only a minute de- 
gree positive with respect to cathode 
voltage, a sudden large surge of cur- 

-Playing key 

Pedal 
sustaining 

rod 

Taps connect to 
other sections of -C4 
'cut-off "bus bar 

To control 
tube 

8 

Attack 
switch - -> 

17v--" 

5 

x270 

Fig. 7 This keying arrangement 
provides slow, medium and fast at- 
tack. Means for sustained tones is 

also provided 

rent will take place. On the other 
hand any further increase of bias 
can only serve to reduce an already 
small plate current. Only alternate 
positive excursions of the grid are 
effective in producing plate current 
pulses because of the inter -depend- 
ence of the grid to cathode potential 
owing to the condenser C and the 
influence of C. in discharging owing 
to the rapid flow of cathode current 
to finally produce cut-off. The grid 
becomes sufficiently negative to pre- 
vent the following signal cycle from 
pulsing the plate but by the time 
the second input signal cycle arrives 
the grid potential has diminished 
enough to allow another short dura- 
tion plate current pulse. 

While both waveforms across C. 

and C. are sawtooths, that at Ca has 
the greater amplitude and slope and 
is therefore more effective in driv- 
ing the next frequency halving unit. 

It is interesting to note that an 
increase of the R, R, combination 
beyond the 1 to 3 megohm range 
may result in frequency being di- 
vided by three or a larger integer 
than the desired two. Below one 
megohm the output frequency may 
be the same as the input. 

Envelope Control Tube and Circuit 

The onset and decay of the musical 
tone are just as important as the 
harmonic content, for if the timbre 
is kept constant and only the ampli- 
tude -time characteristics altered, one 
may, for one example, pass through 
the surprising range of musical ef- 
fects of a plucked string (guitar), 
a struck string (piano), a bowed 
string (violin) and even an organ 
tone. A rectangular beginning and 
ending envelope heard in an acousti- 
cally dead room is generally tire- 
some when used for an appreciable 
time and certainly unlike any famil- 
iar non -electronic instrument. Con- 
sequently it is desirable to have the 
envelope different from that given 
by sudden switching of a loud- 
speaker to a continuously operating 
alternating current generator. 

For each key of the Novachord 
there is one control tube that allows 
not only wide latitude in the choice 
of envelope, but also the timbre. Even 
were the input to the control tube 
grid substantially sinusoidal, the 
output would still possess many har- 
monics because the grid bias is 
normally at cut-off so that only the 
positive peaks of signal voltage con- 
tinuously applied are effective in 
producing plate current pulses'. 
With playing key in up position the 
grid is so negative that no plate cur- 
rent results even though there is 
signal voltage on the grid. The elec- 
trostatic field of the grid is effec- 
tively blocked from affecting the 
plate by virtue of the intervening 
shield of the pentode. 

Under normal conditions the in- 
put signal voltage to grid is saw- 
toothed so that the control tube act- 
ing as a non-linear distorting tube 
furnishes an extremely rich har- 
monic output. In the control tube 
circuit shown in Fig. 6 the use of 
C, alone gives a sufficiently brilliant 
string tone. The addition of C: 
serves to diminish the sharpness of 
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Fig. 8-The importance of the vari- 
ous parts of the musical tone range 
is controlled by the circuit shown 

here 

slowly through Rs and in turn the 
increase of negative potential car- 
ried over to C4 through R8, results 
in slowly diminishing the positive 
cathode potential, so that positive 
signal peaks are effective in pro- 
ducing very brief plate current 
pulses of increasing amplitude. The 
transient charging over, the plate 
current pulses continue constant in 
amplitude as long as the key re- 
mains depressed, since E, provides 
a fixed bias value less than cut-off. 
If the key is now allowed to rise, 
E, no longer passes bias potential 
along to C, and on the contrary C, 
is nearly discharged by R, and C4 

quickly returns to normal cut-off po- 
tential because of the shorting R9. 

An organesque tone decay results. 
But should the sustaining pedal be 
depressed before the key is released, 

Fig. 9-The power pack which supplies 250 volts uses vacuum tubes 
for filtering in place of the condensers usually used for this purpose 

the positive signal voltage alterna- 
tion so that a more mellow timbre 
of weaker upper harmonics results. 
This "bright" -"mellow" switch is 
uni -controlled for the entire 72 
tones, although the circuit arrange- 
ment is slightly different for the 
highest octave and none is used in 
the 18 bass control tubes. 

The keying arrangement for the 
control tube circuit is given in Fig. 
7 and permits both slow, medium, or 
fast attack as well as the sustaining 
of the tones through a foot pedal 
similar in effect to the piano pedal 
used to remove string dampers. 

A brief explanation of the func- 
tioning is as follows. For organ ef- 
fects the attack switch may be 
placed at "slow" so that condenser 
C. has very little charge when play- 
ing key is up, owing to Re being of 
much less resistance than R,. When 
the key is depressed C, charges up 

then Cs does not dissipate its charge 
across R. but instead much more 
slowly through the tube itself. 

For the case of the fast attack, C. 
starts off with a large charge when 
the key is up, rapidly losing it 
across Rs, and C. Re combination. 
This results in only a momentary 
application of grid bias less than 
cut-off. 

An intermediate setting of the at- 
tack switch permits envelopes be- 
tween those of a plucked string and 
a bowed string, the piano being one 
such example. 

Examples of amplitude -t i m e 

curves for various settings of the 
attack control switch and with 
key held down are given in Fig. 10. 
#1 corresponds to a plucked string, 
rapidly damped tone while the ex- 
treme #7 represents a slow bowed 
string attack. 

The generator system for the 
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Novachord does not permit control 
over the amplitude of the individual 
harmonics since the output from a 
single source, the control tube, is al- 
ready rich in overtones. When it is 
remembered that many orchestral 
instruments are limited in pitch 
range and the timbre characterized 
by a group of adjacent harmonics 
being especially prominent, the elec- 
trical counterpart is provided by 
adding one or more inductive -capac- 
ity circuit elements tuned to differ- 
ent frequencies as shown in Fig. 8. 

The "Full Tone" section alone will 
provide equal loudness for all the 
keys. The "Brilliant" portion ac- 
centuates the upper harmonics and 
thus the treble while the bass is 
weakened; the "Deep Tone" accom- 
plishes the reverse. In this way the 
timbre and tone volume between 
bass and treble is balanced without 
any sudden discontinuities. 

The keyboard range of funda- 
mental frequencies to be reproduced 
is from 43.7 cycles per second to 
2637 cycles per second, a full six 

Time in seconds 

t-0, key depressed About 
and held down 0 I second 

Fig. 10-Amplitude-time curves for 
attack switch positions 

octaves. It is noted that the reson- 
ant frequency of the third tuned 
circuit is approximately 2500 cycles 
per second, just at this upper key- 
board limit. Obviously harmonics of 
the fundamentals extend far beyond 
the 2637 value. 

If one of the resonator circuits 
has its largest resistance setting and 
all other resistances are set at zero, 
then a given band of harmonics will 
be particularly emphasized. A set- 
ting of some resistance at the "Full 
Tone" will allow part of the regular 
output from control tubes to pass 
through unaltered as well as di- 
minish the accentuation of a par- 
ticular resonant frequency range by 
that resonator. 

Although the keys are not touch 
responsive as the ordinary piano is, 
this is partly compensated for by 
the attack switch being set at posi- 
tion #3 or #4 to allow the tone vol- 
ume from the longer held keys to 

(Continued on Page 92) 
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FREQUENCY MODULATED 
TRANSMITTERS 

Twenty-five broadcast stations are making active preparations to go on the air with fre- 
quency -modulated transmitters in the near future-and the list is growing. The equipment 
used, now commercially available, is here reviewed 

FREQUENCY modulation has 
changed its status almost over- 

night in the minds of broadcast 
engineers. A few months ago, the 
system was discussed as an inter- 
esting and highly successful method 
of high fidelity broadcasting which 
might eventually cause a revolution 
in the radio industry. Then, sud- 
denly, the interest took on a warmer 
tone. Now many broadcast engi- 
neers are actively considering the 
system as an operating reality. At 
the present writing there are about 
25 broadcast stations who either 
have a frequency -modulated station 

in operation, have received a con- 
struction permit, or have applied for 
a permit, and the list is growing at 
the rate of two or three stations a 
week. There is a strong temptation 
to state that an avalanche of activ- 
ity in frequency -modulation is now 
gathering momentum, and indeed 
every indication points to it. But 
predictions in the radio industry 
have a habit of backfiring, so we will 
content ourselves with a review of 
the facts as they exist. This review 
is designed especially for the broad- 
cast engineers and operators who 
may now be considering applying 
for a f -m license and who want to 
know what commercial f -m trans- 
mitting equipment is in operation, 
how much it costs. 

As a preliminary, we can review 
the status of stations in operation, 
those in construction and those 
whose applications are pending. The 
outstanding transmitter is W2XMN, 
the 40 kilowatt set owned and oper- 
ated by Major E. H. Armstrong at 
Alpine, N. J. This station is now on 
regular schedule with 30 kw output 
(40 kw occasionally) from 4 to 11 

pm, except Saturdays and Sundays, 
with the regular programs origin- 
ating from WQXR and WABC. 

In power it will shortly be eclipsed 

The G. E. "king's 
GL -880, developed 
sion, now a part of 

of over 3 

crown" tube, type 
originally for televi- 
G.E. f -m transmitters 
kw power 

by the Yankee Network Installation, 
W1X0J, at Paxton, near Worcester, 
Massachusetts. At present this sta- 
tion is operating at 2 kw output, 
broadcasting all the regular pro- 
grams of the Yankee Network on 43 
Mc. Soon a 50 -kw amplifier will be 
added to bring this installation up to 
its full auVthorized power. John 
Shephard, Jr. of the Yankee network 
has also applied for two commercial 
licenses, one for 5000 watts atop 
Mount Washington . (altitude 6300 
feet), and one for 50 kilowatts at 
Alpine, N. J. These non -experi- 
mental applications have not yet 
been acted upon, but they show the 
way the wind is blowing. Mr. Shep- 
hard, in his applications, states that 
the period of experimentation with 
frequency modulation is past, and 
the time for commercial service has 
come. 

Experimental transmitters now in 
operation include 1000 watts in 
Washington (W3X0) operated by 
Jansky and Bailey. Another consult- 
ing firm, McNary and Chambers, are 
preparing to experiment with the 
system. Dr. Doolittle, owner of 
WDRC in Hartford, Conn. has a 
frequency -modulated station in oper- 
ation atop the Meriden mountain. 
The ex -amateur W2AG (now experi- 
mental W2XCR), in Yonkers, N. Y., 
is on the air occasionally, usually as 
an adjunct to W2XMN in Alpine. A 
construction permit has been granted 
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to Stromberg -Carlson in Rochester 
(their 2 -kw transmitter will be 
ready for demonstration to the engi- 
neers at the Rochester Fall Meeting, 
November 13-16). Other c -p appli- 
cations granted are for WTMJ, Mil- 
waukee, WHEC, Rochester, both 2 

kw; WQXR, New York, 1 kw; for 
the Bell Telephone Laboratories, for 
the National Broadcasting Company, 
for the Mutual Broadcasting System 
(WOR). It was recently announced 
that the Columbia Broadcasting Sys- 
tem has applied for a 50 -kw author- 
ization for New York City. WTIC 
in Hartford, WEBC in Duluth, 
Minn., WTAG in Worcester and 
WGAN in Portland, Maine, have per- 
mits for construction granted. 
WFBL, WHDH, and WHIO have ap- 
plications on file. A Westinghouse 
station in Springfield, Mass., is in 
regular operation. Zenith, Chicago, 
has applied for a 5 -kw permit. Be- 
fore these words can be printed, it is 
safe to assume that five or ten more 
applications will be in. 

The F -M station most truly repre- 
sentative of the latest practice, 
from the broadcast engineer's view- 
point, is the transmitter at Paxton, 
Mass. operated regularly by the 
Yankee Network. While less power- 
ful, at present, than Major Arm- 
strong's transmitter, it is newer 
equipment and most significant, it 
was purchased by an established 
broadcaster under very much the 

The 250 -watt relay transmitter built for the Yankee network by 
R.E.L. Now in relay operation sending programs from Boston 

to the Paxton transmitter 

same conditions which face the 
rest of the industry. 

The Paxton installation makes use 
of two F -M transmitters. The first 
is the relay transmitter at Boston, 
which shoots the programs direc- 
tionally over the 45 -mile path to the 
Paxton transmitter. The relay equip- 
ment has 250 watts power and oper- 
ates on a center frequency of 133 Mc. 
The complete relay system is flat, 
so far as the audio system goes from 
30 to 15,000 cps within 1.0 db, and 

the noise at all times is -65 to -70 db, 
Distortion at maximum modulation 
at the low frequencies is measured 
under one per cent. The claim of 
the engineering is that this relay 
system does a better job than a 
wire line could possibly do, and at 
considerably less expense. The relay 
transmitter has two complete modu- 
lators, with a change -over switch 
between them. In the event of fail- 
ure the switch may be flipped from 
one modulator to the other in less 

Block diagram of the Armstrong circuit as applied in the R.E.L. equipments 
from 1 kw to 50 kw output. The 50 -kw version is scheduled for early installa- 

tion at Paxton, Mass. 
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than a second's time. Thus far in 
the several months since the station 
went on the air, this change from 
one modulator to the other has never 
been required, but has been carried 
out to permit checking and mainte- 
nance of both units. The transmit- 
ting antenna at the Boston end is 
4 -bays of three elements each, 
(reflector, radiator, director) hori- 
zontally polarized. The receiving 
antenna is a double V, one V above 
the other, with reflectors spaced 0.1 
wavelength behind each. The length 
of each leg of the V is about 10 wave- 
lengths. The efficiency of the di- 
rective system is such that the final 
amplifier of the transmitter may be 
disconnected without observable de- 
crease in the signal-to-noise ratio. 
Likewise a failure of the V receiving 
antenna does not interrupt the 
service. 

The transmitting equipment at 
Paxton is very similar to that of the 
relay transmitter, so far as the 
modulating equipment is concerned, 
but the r -f stages operate at 43 Mc, 
and the final power output is now 
2 kw. The audio input (applied at 0 
db) is first put through the pre - 
distorter and corrector amplifiers, 
which employ receiving type tubes. 
This function is carried out in the 
uppermost panel of the modulator 
rack, and takes a total of seven 
tubes. The audio is then applied to 
the balanced modulator in the second 
panel which applies the audio to the 
output of the 200 kc crystal and 
buffer stage in such a way that the 
phase of the output of the modulator 

shifts by a maximum phase angle of 
30 degrees, at the audio frequency 
rate. Thereafter, this signal with 
its varying phase shift is multiplied 
in frequency a total of approximately 
3000 times. This seems like a tre- 
mendous amount of frequency -mul- 
tiplication, and judged by ordinary 
standards it is a very large amount. 
Nevertheless a multiplication of 
1000 times is carried out in but 
three panels, all of which employ re- 
ceiving tubes, except the last which 
employs 807 beam power tubes. In 
the Paxton transmitter, the 807's 
operate at one third the carrier fre- 
quency but in later models of the 
same equipment, the full carrier 
frequency is attained in the 807 
stage. In the Paxton transmitter, 
the modulator output, at one third 
the final frequency, is fed first to a 
pair of 807's then a pair of RK -48's 
and then to a power tripler stage, 
which produces the carrier fre- 
quency in a pair of 1500T tubes and 
gives a two or three times power 
gain at the same time. The final 
amplifier is also a pair of 1500T's. 
The antenna is a 4 -bay turnstile 
mounted on the top of Mount Asne- 
bumskit, at a total elevation of about 
1400 feet above sea level. Signals 
from this station are received regu- 
larly at New York, over a distance of 
roughly 150 miles. In Boston, at a 
distance of 45 miles, the signals are 
so strong as to provide a better serv- 
ice, hour by hour, than that offered 
by the local Boston stations. When 
the 50 kw amplifier is added, it is 
expected that an equally excellent 

Two General Electric transmitters. On the right is the 250 -watt modulator - exciter which can act as a low -power transmitter, or, as shown at left, as 
an exciter for a 1 -kw amplifier 

signal will be available in New York, 
although at present the New York 
reception does not constitute a regu- 
lar high fidelity service because of 
occasional fading and an inadequate 
signal-to-noise ratio. 

Commercially Available Transmitters 
At present three names are asso- 

ciated with the development and 
manufacture of frequency -modu- 
lated transmitters. Westinghouse 
is building a form of frequency 
modulated transmitter for their own 
stations W1XFN at Springfield and 
W1XKA at Boston and Pittsburgh. 
It is anticipated that possibly at a 
later date, Westinghouse may offer 
commercial equipment for sale. 

The General Electric Company, 
which has been cooperating with 
Major Armstrong in F -M develop- 
ments for several years, offers a 
series of five transmitters. The 
smallest, 250 watts output, is com- 
plete in itself but is intended also 
for use as a driver stage for higher 
powers. Designs have been com- 
pleted for 1-, 3-, 10- and 50 -kw fre- 
quency -modulated amplifiers. De- 
scriptive specification for all these 
units are now available. 

The G. E. transmitters differ 
somewhat from the Armstrong 
method of obtaining frequency 
modulation in that they employ 
the so-called "Crosby" circuit. A 
single crystal is used as the fre- 
quency determining source. Feed- 
back is used for stabilization, and 
reactance -tube modulation is used, 
which results in a material reduc- 
tion in the number of tubes required 
in the modulator. Engineering re- 
ports indicate that high fidelity, low 
distortion characterize the new 
transmitters, and that their opera- 
tion is simple, economical and re- 
liable. 

In the power amplifiers of 3 kw 
power and higher, the new 880 
"king's crown" tube is used. This 
tube was originally designed for 
television service, and proved to 
have many advantages in u -h -f serv- 
ice. It is a water-cooled triode with 
a reentrant anode shell which re- 
duces the electrode length without 
reducing the cooling surface. 

General Electric is now building 
a high power F -M station near the 
site of their television transmitter 
on the Helderberg mountains near 
Schenectady. The relay channel for 
the television sound is also operated 
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The 2 -kw Yankee Network equipment now operating regularly from Paxton, 

near Worcester, Mass., as it appeared when on test in the R.E.L. plant. The 

addition of a 50 -kw class -C amplifier will shortly increase the power to 50 kw 

on a low -power directional F -M 

system. 
The third name in the commercial 

picture is the Radio Engineering 
Laboratories in Long Island City, 
N. Y. This concern built the modu- 
lator and all the amplifier stages, 
except the final, for Major Arm- 
strong's Alpine station, and they are 
also responsible for the relay and 
main transmitters at the Paxton lo- 
cation. 

The R.E.L. line includes the basic 
modulator with 10 watts output at 
carrier frequency (this power out- 
put is not intended for actual trans- 
missions, although the modulator is 
in itself a complete low -power F -M 
transmitter) . The amplifiers avail- 
able are of 1-, 2-, 3-, 5- and 50 -kw 
rated output. 

The stage line-up for the R.E.L. 
transmitters is shown in the ac- 
companying block diagram. The 
modulator is quite similar to that 
described above (the Paxton trans- 
mitter) but the output, instead of 
being at one-third the carrier fre- 
quency, is at the carrier frequency 
itself. The final stage in the modu- 
lator is a pair of 807 beam power 
tubes, all other tubes in the set-up 
being receiving type tubes. 

The power amplifiers for 1 -kw 
service make use of a pair of RK -47 
tubes in class C "telegraph" service 
which drive a pair of 450TL tubes 
in the output stage. The power sup- 
ply for this transmitter is included 
in the cabinet with the amplifiers. 
The 2-, 3 -kw outfits make use of a 
pair of RK -48's in the driver stage, 
and a pair of 1500T's in the final 

out -put. The 5 -kw final uses 2000T's. 
The main difference for the various 
powers is in the power supply. The 
50 -kw amplifier employs a pair of 
899 tubes (formerly called AW-200 
tubes) which are of the conventional 
water-cooled variety, having a con- 
ventional anode shell but adapted to 
u -h -f service. These tubes form the 
final stage of the Alpine transmitter. 

Several of the operating charac- 
teristics of these transmitters are of 
interest. All the small receiving 
tubes in the modulator unit are op- 
erated at 180 volts, whereas the 
maximum tube ratings are 250 volts 
or more. The 807 output stage of 
the modulator operates at 350 volts 
(maximum tube rating of 600 volts), 
Hence the tube economy is high, and 
failures are so rare that they can be 
readily circumvented by periodic 
checking. The total frequency mul- 
tiplication in the modulator unit is 
of the order of 3000 times (from 200 
kc to about 43 Mc with one inter- 
mediate frequency conversion down- 
ward) . The final amplifiers, in the 
1-, 2-, 3-, and 5 -kw equipment, have 
plate efficiencies of the order of 60 
to 70 per cent. The -total frequency 
swing for 100 per cent modulation is 
about 150 kc, 75 kc each side of the 
center frequency. 

Power and Price 

Most of the present FCC author- 
izations for F -M service call for 
power of one or two kilowatts, with 
a few permits and one or two ap- 
plications for 50 kw. The prices of 
transmitter, complete with power 
supply, tubes and crystal controls, 
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but no site, building, antenna or in- 
stallation are roughly $8000 to $10,- 
000 for a 1 -kw transmitter to $65,000 
to $85,000 for a 50 -kw equipment, 
with intermediate powers in rough 
proportion. For the low power 
equipment (below 1 kw) the prin- 
cipal item of cost is for the modu- 
lator, but at high power, the cost is 
taken up almost entirely with the 
high power tubes, circuits and power 
supplies. Corresponding prices for 
amplitude modulation equipment of 
50 -kw carrier power for the b -c band 
are roughly 25 to 35 per cent higher. 
Thus far no one has built a 50 -kw 
a -m transmitter for the u -h -f bands, 
but its cost would certainly be very 
much more. 

One of the interesting aspects of 
the power problem is the ease with 
which power may be increased or 
decreased when special conditions 
arise. One such condition is the 
forming of ice on antennas and 
feeders. In the high and exposed 
locations where F -M transmitters are 
usually located, the icing conditions 
may be very severe. Feeder systems 
which have been trimmed up to 
eliminate standing waves under 
normal conditions may show a con- 
siderable increase in the standing 
wave amplitude when ice begins to 
form. In that case the power of the 
transmitter may be reduced tem- 
porarily to whatever level is neces- 
sary to protect the feeder and 
antenna from the voltage peaks set 
up by the standing waves. Power 
reduction in a -m equipment involves 
reducing the modulator level simul- 
taneously with the r -f level, but in 
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R.E.L. 2 -kw transmitter, similar in appearance to the 1 -kw and 5 -kw outfits. 
The modulator at the left develops the carrier frequency at 10 watts, while 

two class -C stages at the right feed the antenna 

f -m it is only necessary to reduce 
the plate voltage on the final r -f 
amplifier. Such reduction of power 
does temporarily reduce the quality 
of the transmissions at the fringes 
of the service area, but the effect on 
the bulk of the audience will go en- 
tirely unnoticed until conditions per- 
mit the power to be raised to its 
normal level. This simple adjust- 
ment of plate voltage is character- 
istic of the ease with which the 
class C amplifiers may be controlled, 
and is indicative also of the relia- 
bility and simplicity of class C 
operation. Broadcast operators in 
general (unless they happen to be 
hams with straight telegraph equip- 
ment of high power) are not famil- 
iar with the day -in day -out work- 
ability of the constant -level class C 
amplifier since this mode of opera- 
tion has no use in a -m practice. 

Raising the power is similarly 
simple. Tubes and power supplies 
will take plenty of load when not 
subjected to peaks of power, so that 
air-cooled tubes can be used, even at 
40 Mc, for power levels up to 10 kw. 
But of even greater significance 
from the long-range point of view is 
the ease with which higher power 
stages can be added to existing 
equipment. Both manufacturers now 
offering commercial equipment have 
so designed their units that addi- 
tional amplifiers may be added with 
a minimum of changes, and with 
practically no detriment to the ap- 
pearance of the equipment. Thus 
many of the present f -m broadcasters 
have bought 2 or 3 -kw transmitters, 

24 

even though their construction per- 
mit calls only for 1 kw, in anticipa- 
tion of operating the equipment at 1 

kw output until conditions warrant 
higher power and the permit to use 
it is obtained. A 2 kw final ampli- 
fier makes an excellent driver for 
a 50 kw stage, if the latter should 
be added at a later date. Thus the 
present investment in equipment is 
not lost in the event that higher 
power becomes the rule on the F -M 
channels. 

Monitoring equipment is available 
for use with each of the transmit- 
ters described above. A typical unit 
made by R.E.L. is a 10 -tube re- 
ceiver which tunes through the 
range from 40 to 44 Mc, and which 

has a pair of 6V6 beam power tubes 
in the audio output. 

Receivers intended for the home, 
while not of direct concern to the 
broadcast engineer, are of general 
interest to all those of the radio fra- 
ternity who may desire to check the 
new system for themselves. Besides 
the R.E.L. monitor model which 
sells for $120 (speaker column $75), 
the General Electric and Stromberg - 
Carlson lines for 1940 contain re- 
ceivers of several types. A G.E. 8 - 
tube table model receiver for a price 
of about $60, contains circuits for 
F -M only, has an intermediate value 
of sensitivity, and adequate, but 
not elaborate audio equipment (five 
watts output) . A similar "F -M only" 
receiver is available also in a con- 
sole. The most elaborate receiver 
is a 13 -tube outfit providing recep- 
tion on both f -m and a -m with 20 
watts audio output. 

The Stromberg -Carlson line in- 
cludes a table model for about $60 
which includes F -M only, which is 
equipped with a high -frequency 
tweeter speaker. The low -frequency 
output is fed to the phonograph in- 
put jack of any standard broadcast 
receiver. This receiver comes close 
to being a "frequency -modulation 
attachment" despite the fact that it 
is a complete receiver. Two more 
elaborate models containing a -m as 
well as f -m circuits are also avail- 
able in the Stromberg -Carlson line. 
One is a medium-priced console 
model, the other a more elaborate 
console with an acoustic labyrinth. 
-D.G.F. 

10 -tube f -m monitor receiver furnished by R.E.L. for general service in con- 
junction with their transmitters. The r -f sensitivity is 10 microvolts 
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A Direct Reading 
Vacuum Tube Millivoltmeter 
Investigation in the field of bio -electronics has led to the development of the instrument 

described herein whose stability is of a high order and which with few changes may be 

adapted to other applications involving the measurement of small voltages 

By WALTER LYONS and 
RICHARD E. HELLER 

Michael Reese and Chicago Memorial 
Hospitals, Chicago 

THE greatly increased interest in 
recent years in the measurement 

of electric potentials in biological 
systems has resulted in the develop- 
ment by the authors of a direct cur- 
rent vacuum tube millivoltmeter 
which is stable, sensitive, portable 
and of moderate cost. It is of in- 
terest to the electronics engineers 
because of its applications to other 
branches of endeavor. For instance, 
by making minor changes in the cir- 
cuit, it may be used as the direct 
current amplifier in oscillographic 
studies. 

Such studies as those mentioned 
in the bibliography have involved 
the use of rather cumbersome equip- 
ment which is expensive and not 
readily adaptable to measurements 
of potentials developed in the human 
body. The instrument used is of the 
vacuum tube potentiometer type, a 
stable and delicate instrument for 
measuring minute voltages. In the 
past, vacuum tube voltmeters of 
such sensitivity have been unstable 
because of the difficulty of establish- 
ing a constant zero base line. This 
difficulty is due to two major 
factors: (1) Variations in the de- 
gree of amplification due to changes 
within the elements of the circuit 
i.e., tubes and resistors, and (2) 
variations in the supply voltages. 
Therefore the design of an instru- 
ment which approximates the poten- 
tiometer in stability and sensitivity 
involves the development of a stable 
circuit and of a nearly constant 
power supply. Buchtal and Nielsen 
(see bibliography) have designed a 
stable amplifier, but of limited range 
and powered with a large number of 

Circuit diagram of the vacuum tube millivoltmeter. The push- 
pull circuit arrangement contributes to the stability of the 

instrument 

dry cell batteries. This instrument 
uses many stages, each one of low 
amplification and each stage is in- 
dividually shielded. 

The diagram shows the circuit of 
the direct reading vacuum tube volt 
meter designed especially for the 
measurement of bio -potentials and 
which will operate from a 110 -volt 
a -c power line. As may be seen 
readily from a cursory examination 
of the disposition of the circuit ele- 
ments, the inherent stability is of a 
high order. This is due to the push- 
pull circuit which is used. Electrodes 
are connected to the input grids of 
two pentode amplifiers. The, output 
circuits of these tubes produce po- 
tential changes across their respec- 
tive loads 180 degrees out of phase, 
one from the other. Hence, any plate 
supply voltage variation will be 
nullified very nearly, since both 
plates will follow the voltage change 
to nearly the same degree and thus 
have little effect upon the recording 
instrument. In addition, the amplifi- 
cation of pentode valves varies in - 
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significantly with plate supply po- 
tentials. However, the amplification 
changes markedly with a variation 
in screen supply voltage. This unde- 
sirable characteristic is removed by 
the push-pull arrangement since 
both screen grids, varying with a 
changing supply voltage, will pro- 
duce amplified signals in their re- 
spective plate circuits in phase. 
Therefore, no deflection on the gal- 
vanometer which is connected from 
plate to plate will occur if both 
tubes produce the same degree of 
amplification. 

Variations in the a -c line voltage 
cause filament current fluctuations 
which, if of considerable magnitude, 
will cause slow oscillations of the re- 
cording device. This oscillatory mo- 
tion is ordinarily very slow due to 
the thermal inertia of the cathode 
emitter of the modern heater type 
of tube. However, if it is objection- 
able, it may be eliminated by draw- 
ing the filament current from a 
separate 6.5 volt compensated trans - 

(Continued on Page 93) 
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TUBE LIFE: 75,000 HOURS 
The new Western Electric type 102F triode repeater tube has a life expectancy of eight 
and one-half years, continuous operation. Careful manufacture and conservative opera- 
tion contribute to this phenomenal length of service, perhaps the longest life of any 
commercial electronic device 

1. The filament coating machine at the Western Electric tube shop. Exact 
control of this process is necessary to insure long tube life. The filament 

operates at 2.1 volts, 0.5 ampere 
2. Each operator is a master of the entire tube mounting process, rather 

than of a single operation as is customary in commercial receiving tube 
manufacture. Here filament, grid, and plate are assembled and welded 

3. The tube mount is sealed in to the envelope, a separate operation from 
the exhaust process. In contrast, sealing -in and exhausting are carried 

out in one machine in high-speed production of receiver tubes 
4. The exhaust machine was designed by Western Electric engineers espe- 

cially for the purpose. Careful and prolonged bombarding and outgassing 
eliminate gas which would reduce the tube life 

5. The tube base is little different from that of the repeater tubes placed in 
service twenty years ago. Special alloy tips on the pins require a nice 

soldering technique 

6. Testing for filament activity, filament voltage, impedance, plate current, 
and grid insulation is performed on each tube, followed by elaborate 

spot -testing of sample tubes 

THE COVER: The tubes are 
aged for 16 hours. The cover shows 
300 tubes on the aging rack. If placed 
in service consecutively, the life of 
the tubes in this rack would extend 

back to the founding of Rome 
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MINIATURE BATTERY TUBES 

The great success of the battery portable set has prompted improved methods looking 

toward lighter sets and lower battery drain. Four small and efficient tubes, a converter, r -f 

pentode, diode -pentode, and output pentode, are now available for use at 45 volts B supply 

By KENNETH G. BUCKLIN 

RCA Mfg. Co., Harrison, N. J. 

BECAUSE of the popularity of 
midget receivers, there has been 

during the last few years a gradual 
reduction in tube size. However, it 
is in portable sets that small tubes 
appear to have particular advantage. 
The advent of the 1.4 -volt battery 
tubes has made it possible to pro- 
duce portable sets which are both 
efficient and economical in operation. 
With the intention of making pos- 
sible further reduction in the weight 
and size of these receivers the RCA 
Mfg. Co. has developed four "mini- 
ature" tubes very small in size and 
highly efficient in operation with a 
45 -volt B supply. 

These new tubes include a 
converter, radio -frequency pentode, 
diode audio -frequency pentode and 
power output pentode, and provide a 
complete complement for receiver de- 
sign. This article describes the 
physical characteristics of these 
tubes and briefly covers the elec- 
trical features of each type. 

A requisite for the success of new 
tubes intended for radio use is that 
their cost must not be out of line 
with comparable tubes already avail- 
able. A curve of cost versus tube 
size shows that tube cost drops ap- 
preciably with decrease in bulb size 
from ST -16 (2 -inch diameter) or 
ST -14 to the T-9 (1* inch diameter) 
bulb in widespread use today. This 
decrease is due largely to more eco- 
nomical use of material. If, how- 
ever, a further reduction in tube 
size requires closer spacings between 
electrodes, assembly difficulties 
caused by increased trouble with 
shorts and by greater percentage 
variation in alignment during proc- 
essing will increase tube cost faster 

Fig. 1-The four new tubes reproduced life size in comparison with a 
cigarette. The lead wires serve as base pins 

than material economies reduce it. 
The acorn tube because of its special 
ultra high -frequency requirements 
is an example of reduction in size 
leading to an inherently costly de- 
sign. For this reason it cannot be 
expected to enjoy widespread use in 
conventional radio receivers. 

The design of the new miniature 
tubes has been chosen to retain most 
of the economical manufacturing ad- 
vantages of conventional tubes and 
at the same time to make possible 
tubes occupying a minimum of 
space. 

A comparison of volume discloses 
that a tube of the new design oc- 
cupies only about one -fifth as much 
space as the smallest conventional 
type, represented by the GT line. 
Figure 1 shows the miniature tubes, 
their size indicated by a cigarette. 
The diameter is slightly under three 
quarters of an inch and the overall 
length is less than 2* inches. No 
base is used, but instead 0.040" 

wires from the seal serve as pin 
connections to the socket. The stem, 
as shown in Fig. 2, is similar to the 
button stem which has been used in 
metal tubes for some years. The 
seven leads are arranged in a circle, 
with an eighth lead omitted to pro- 
vide for base orientation. A feature 
of this button type of seal is that it 
requires only about If" space from 
the top of the base pins to the elec- 
trode leads inside the tube. The 
leads within the tube are reduced in 
diameter, to facilitate forming them 
by machine for proper connection to 
the tube electrodes. The exhaust 
tube is located at the top of the 
bulb. All of the types are of the 
single -ended construction; i.e., no 
top cap connection is used. 

The grid and plate structures are 
identical in length to those of con- 
ventional 1.4 -volt battery tubes. As 
a result, the same span of filament 
is available to provide comparable 
emission area. The reduction in 
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Fig. 2 Component parts of the 1R5 converter: button press, elements 
and completely assembled mount. Minimum use of material results in 

lowered production costs 

tube length, therefore, is due en- 
tirely to the compact method em- 
ployed to make connections from the 
electrodes to the socket terminals. 
Since the filament length is un- 
changed, the spacing from filament 
to control grid can be maintained 
the same as that of conventional 
types and, as a result, the same effi- 
ciencies of operation can be ob- 
tained. In general, the grids have 
conventional dimensions. The plates, 
however, occupy considerably less 
space, and therefore make possible 
the large reduction in bulb diameter. 

These new tubes use the pins on 
each side of the missing eighth pin 
for their filament connections. The 
negative filament, pin No. 1, has tied 
to it suppressor grids and whatever 
shielding is incorporated in the 
tubes. Pin No. 1, therefore, is in- 
tended to be the ground connection. 
Pin No. 7 goes to the positive 
filament. 

For portable radios reduction of 
the space and weight of the plate 
supply battery is important. To 
make this reduction practical, the 
miniature tubes have been designed 
especially for efficient operation at 
45 volts. They may, of course, be 
operated at higher voltage with a 
corresponding improvement in per- 
formance, but their performance at 
45 volts far exceeds that obtainable 
with conventional types. With the 
exception of the output tube, which 
contains two filaments in parallel, 
the new tubes have a filament rating 
of 50 milliamperes at 1.4 volts. 
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A brief review of the electrical 
characteristics of these tubes will 
show some of their operating 
advantages. 

Type 1R5 Converter 

The design of the miniature 1R5 
converter type is based on that of 
the 6SA7. The use of this design 
principle provides much better per- 
formance at low plate voltage than 
any conventional pentagrid con- 
verter designed for the same low 
voltage. The 1R5 has a remote cut- 
off voltage of -9 volts and an 
improved oscillator transconductance 
of 1200 micromhos. At 45 volts, it 
is superior in performance to 
hitherto available battery type con- 
verters operated at 90 volts. This 
improved performance is obtained 
with a 50 milliampere filament and 
no increase in B -battery drain. The 
high oscillator transconductance is 
of especial value for short-wave 
reception. 

Type 1T4 R -F Pentode 

Internal shielding is incorporated 
in the 1T4 so that a bulb shield is 
not required. The grid -to -plate ca- 
pacitance is less than .01 lei when 
the tube is used with a shielded 
socket. The 1T4 has a remote cut- 
off characteristic to provide opti- 
mum performance with automatic 
volume control if desired for this 
stage. The cut-off value matches 
that of the converter. The transcon- 
ductance at zero bias is 650 micro - 

mhos with a plate current of 1.9 
milliamperes. 

Type 1S5 Diode Pentode 

Consideration was given to the 
design of a diode triode, but the 
higher gain which can be obtained 
from a pentode at low B -supply 
voltage was an important advantage. 
The 1S5 will give about three times 
as much amplification as can be 
obtained with a triode designed to 
give ample output voltage for the 
grid of the power tube at the end of 
life point of 45 -volt battery. Elec- 
tron coupling and capacitance coup- 
ling between the diode and pentode 
sections have been kept at a 
minimum. 

Type 1S4 Power Output Pentode 

Although the other tubes are in- 
tended for operation at zero bias, a 
bias is necessary for satisfactory 
operation of a power output pentode. 
Since the bias required subtracts 
from the available plate supply volt- 
age, every volt used on the grid is 
important when the supply is lim- 
ited to 45 volts. At the same time 
the plate current must be kept low 
for good battery life. These require- 
ments call for a tube of high effi- 
ciency and good power sensitivity. 
The 1S4, when operating on self - 
bias at a bias equivalent to -4 
volts, gives a power output of 50 
milliwatts, with only 3.5 milliam- 
peres plate current. 

Typical Receiver Performance 

The following table shows the 
gains which have been obtained in 
a typical four tube receiver with a 
plate supply of 45 volts, at a total 
drain of 7.5 milliamperes. 

Tube Number Tube Type Gain per Stage 
1R5 Converter 25 
1T4 I -f amplifier 60 
1S5 A -f amplifier 35 
1S4 Power amplifier 50 mw at 

10% distortion 

To enumerate the possible appli- 
cations of the miniature battery 
tubes would require too much space 
in this article. Many, such as hear- 
ing aids, meteorological work, port- 
able sets for policemen, firemen, as 
well as general public will occur to 
the reader. With expansion of these 
applications, many of the component 
parts of the receivers will undoubt- 
edly be reduced in size to take full 
advantage of the small dimensions 
of the miniature tubes. 
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High Frequency Pre -Emphasis 
Reduction of noise and distortion result when the high audio frequencies are empha- 

sized at the transmitter and correspondingly attenuated at the receiver. Results of recent 

NBC tests which led to the adoption of pr e -emphasis as standard for television sound 

By J. L. HATHAWAY 
Development Laboratory, 

National Broadcasting Company 

BACKGROUND noise has been 
and will continue to be a major 

problem in radio broadcasting since 
it determines the service limits on 
all transmitters. High power, high 
modulation, volume compression, cir- 
cuit polarization, special antennas 
and receivers have all been developed 
to push noise down. Frequency 
modulation also has been found use- 
ful in combating noise, especially 
when the received interference volt- 
age is somewhat below that of the 
desired signal voltage. 

A system is now coming into use 
whereby substantial reduction of 
background noise is achieved with 
little complication, by the simple ex- 
pedient of pre -emphasizing the high 
audio frequencies at the transmitter 
and compensating in the receiver. 
This is applicable to both amplitude 
and frequency modulation and in- 
volves such minor differences from 
the normal present day system and 
yet offers such definite advantages 
that it should be fully and carefully 
considered for use, wherever possi- 
ble, especially in sound broadcasting 
on ultra high frequencies. A stand- 
ard for such pre -emphasized trans- 
mitting and receiving has been 
adopted for television sound by the 
RMA. The system also appears to 
have some advantage in the stand- 
ard broadcast band and may even be 
useful in video transmission. Elec- 
trical transcriptions utilizing this 
system have been found vastly su- 
perior to the conventional. Pre - 
emphasis methods have been adopted 
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in the newly -developed RCA -NBC 
Orthacoustic transcriptions. 

Previous Tests 

Advantages in reduction of noise 
level and distortion by means of pre - 
emphasis were demonstrated in the 
National Broadcasting Laboratory 
in 1931 but because of apparatus 
difficulties and the narrow frequency 
band employed, 4500 cps, results 
were partially masked. At that time 
also, engineering philosophy was 
that each component of a circuit 
should be flat, even though some 
benefit could be derived by other 
means. This was probably justi- 
fiable, since a general chaos might 
have resulted without standardiza- 
tion by the industry. However, dis- 
tinct advantages in noise level and 
harmonic distortion reduction were 
found. 

By 1938 it was felt that compensa- 
tions might be safely applied to 
transmitters and in March of that 
year another investigation of the 
possibilities of high frequency pre - 
emphasis at the transmitter was con- 
ducted with particular reference to 
the standard broadcast band with 
its 10-kc channels. One of the major 
portions of this investigation dealt 
with the problem of adjacent chan- 
nel interference. Because of the 
favorable findings a moderate 
amount of high frequency pre -em- 
phasis was introduced and used with 
complete satisfaction in the WEAF 
and WJZ transmitters. 

Practicability of High Frequency 
Pre -emphasis 

Pre -emphasis of high frequency 
energy in the transmitter is possible 
because of the relatively low peak 
energy existing at these frequencies. 
Ordinarily most programs carry 
maximum peak energy in the fre- 
quency range between 150 and 400 
cps with very little above 2000 cps. 
Typical curves showing relative peak 
amplitudes per frequency increment 
are shown in Figs. 1 and 2. These 
represent relative peaks reached for 
0.5 per cent of the time of average 
selections, and indicate that high 
frequencies may usually be pre - 
emphasized greatly without appre- 
ciably increasing the program peak 
amplitude. Tests were conducted in 
the National Broadcasting Company 
Laboratory, covering a total observa- 
tion time of more than 100 hours to 
determine what degree of high fre- 

Fig. 3 -Below, Filter characteristics 
employed at the transmitter to ascer- 
tain the effects of different amounts 

of pre -emphasis 

Fig. 4 Bottom, Overall response 
characteristic, transmitter through 

receiver 
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Fig. 3 

quency peaking could be tolerated 
without creating an excessive in- 
crease of peak amplitude on a given 
circuit with a fixed low frequency 
level. It was found that a peaking 
curve similar to that of "Position 3" 
of Fig. 3 seldom caused any increase 
of peak amplitude, as judged by an 
oscilloscope. The only musical pro- 
grams showing a definite increase of 
peak amplitude with this high fre- 
quency accentuation were orchestras 
having instruments of extreme high 
frequency energy, such as cymbals, 
snare drums, harmonicas, gourds, 
piccolos, etc. When peak amplitudes 
definitely did show an increase with 
peaking, the amount of increase was 
not more than about 4 db. This was 
checked a great number of times 
and it seems reasonable to assume 
that not more than 1 part in 100 of 
our musical program time would 
produce appreciable increase of 
peak level, with the pre -emphasis 
indicated in Fig. 3. Curve "Position 
2" was almost the same in this 
respect, except that due to the rise 
starting at about 500 cps, there was 
often a peak increase of about 
one db. 

On normal speech or singing, the 

high frequency pre -emphasis does 
not appreciably alter the peak ampli- 
tudes of the program. However, an 
increase of peak amplitude was 
noted on certain voices wherein the 
sibilants were inherently unnatural. 
The voices creating this condition 
sounded peculiar with normal pres- 
ent day transmission and even more 
so with pre -emphasized high fre- 
quency transmission unless approxi- 
mately 3 db less low -frequency gain 
were used in the circuit. This so- 
called "spitting S" is objectionable 
in ordinary broadcasting and it is 
hoped that its cause may be definitely 
corrected in the near future. 

Since high frequency pre -em- 
phasis of normal radio programs 
does not lead to an appreciable in- 
crease of peak level on the trans- 
mitter, it is axiomatic that receiver 
background noise may be reduced by 
compensating the receiver, that is 
by reducing its high frequency re- 
sponse permitting the receiver to 
discriminate against the high fre- 
quency components of both program 
and noise. 

It is sometimes pre -supposed that 
high frequency overloading caused 
by pre -emphasis will give increased 
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harmonic distortion. Tests, however, 
indicate just the reverse. Since the 
high frequencies are accentuated in 
the circuit prior to the introduction 
of distortion and are cut down after 
it, they are generally reduced even 
though cross -modulation products 
may be increased. The reduction of 
high order high frequency har- 
monics actually reduces the crack- 
ling type of distortion which is so 

objectional to the listener. 

Possible Difficulties 

The system of pre -emphasizing 
high frequencies at the transmitter 
and compensating within the re- 
ceiver may lead to certain minor dif- 
ficulties, but these should be readily 
solved. They include (1) the pos- 
sible necessity of reducing by 2 or 
3 db the low frequency level to the 
transmitter, (2) the possible design 

in February 1939 and was primar- 
ily directed to the ultra -high fre- 
quency spectrum with particular at- 
tention to the associated sound chan- 
nels of television. 

It was assumed that television re- 
ceivers should reproduce sound as 
naturally as possible. Although some 
persons hear tones above 15,000 cps, 
it has been indicated that for most 
persons a 12,000 cps upper limit is 
sufficient for essentially perfect 
realism. This investigation, there- 
fore, related to the provision of 
optimum reproduction of audio fre- 
quencies up to a limit of 12,000 to 
15,000 cps. 

Demonstration 

A verbal report of the results of 
the investigation was tendered to a 
RMA Sub -committee on High Fre- 
quency Pre -distortion. The test ap- 
paratus was made available to the 
committee members and demon- 
strations were given of noise and 
distortion reduction. The results 

difficulties within the transmitter 
in order to obtain high modulation 
percentages at the high frequencies, 
(3) the possibilities of wide side - 
band interference created by occa- 
sional high frequency over -modula- 
tion, (4) the possibility of interfer- 
ence with video signals created by 
audio high frequency over -modula- 
tion in the television receiver first 
detector, and (5) the possibility of 
improper level control caused by 
high frequency peaks actuating the 
limiter, unless the limiter control 
were arranged to operate at a higher 
level on pre -emphasized frequencies. 

Pre -emphasis of Highs on Ultra -High 
Frequencies 

The most recent investigation in 
the National Broadcasting Company 
laboratory of pre -emphasis of high 
frequencies at the transmitter was 
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were so obviously beneficial that a 
decision was reached by the com- 
mittee to propose adoption of high 
frequency pre -emphasis on televi- 
sion sound channels. 

Further tests were made follow- 
ing these demonstrations, results all 
indicating the value of the proposed 
system. A sequence of tests was set 
up to demonstrate the system, an 
RCA 100F transmitter being used in 
conjunction with a special NBC ND - 
25 receiver. Thermal noise in the 
receiver was generated by utilizing 
the signal at low level, whereas the 
impulse type of noise was generated 
by a sparking buzzer. The overall 
characteristic of the system through 
the loudspeaker, Fig. 4, was constant 
for all of the three test conditions, 
except that related to narrow chan- 
nel transmission. The sequence of 
four tests used to demonstrate the 

31 

www.americanradiohistory.com



system is given in the following out- 
line together with the correlated re- 
sults of the listening groups. These 
consisted of more than twenty-five 
competent listeners. 
Test No. 1: Apparent Noise 
Reduction 

Details : Background noise reduc- 
tion effected by receiver compensa- 
tion was measured for individual ear 
characteristics by supplying con- 
stant level, constant quality program 
to a loud speaker and injecting 
noise voltage into the program, as 
shown in Fig. 5. The noise voltage 
was derived from a high fidelity 
radio receiver, and was in the form 
of hiss or impulse type as desired. 
High frequency compensation was 
then applied to the noise voltage, as 
shown on the curves of Fig. 6. 
Simultaneously with this the noise 
voltage was raised by an amount 
such that its interfering effect in the 
background of the program, although 
differing in character, remained es- 
sentially unchanged in level as 
judged by the listeners. 

Results : Both hiss and impulse 
types of noise, contrary to theory, 
seemed to be reduced by similar 
amounts. This amounted to about 
3 to 4 db for high level background 
noise and 10 to 12 db for low level 
noise. The reason for so little im- 
provement on high level noise is ex- 
plainable in that this noise was 
actually tending to mask the pro- 
gram. It is well known that low 
frequencies are especially effective 
in such masking, therefore, the re- 
duction of high frequency noise com- 
ponents gave only minor benefit. 

Test No. 2: Audible Distortion 
Comparison 

Details : High frequencies were 
pre -emphasized in the transmitter 
by means of filters according to the 
curves of Fig. 3, with apparatus as 
shown in Fig. 7. The receiver filters 
exactly compensated for the cor- 
responding pre -emphasis and the 
overall characteristic on all three 
switch positions is shown in Fig. 4. 
Program level to the transmitter was 
exactly the same at 200 cps on all 
positions, and was adjusted so that 
slight distortion occurred, over 100 
per cent modulation, with flat trans- 
mission and reception. Switching 
between position 1, 2 and 3 then per- 
mitted comparison of the audible 
distortion with and without pre - 
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emphasis. Peak levels were indi- 
cated on a cathode ray oscilloscope 
connected across the input to the 
transmitter. 

Results: Results were essentially 
the same for orchestra, organ, piano 
and most voices, the distortion on 
the pre -emphasis system being less 
audible than on the conventional flat 
system. Approximately 2 db higher 
level to the transmitter was required 
on the pre -emphasis system to ob- 
tain the same audible distortion as 
the conventional system. The only 
exception to this was on certain 
voices having unnatural sibilants or 
"spitting S's". 

Test No. 3: Overall Comparison of 
Noise and Distortion 

Details : Circuits were arranged 
as in test No. 2. A weak signal was 
supplied to the radio receiver and 
normal level fed to the transmitter 
so that over -modulation occasionally 
occurred. Switching between posi- 
tions 1, 2 or 3 then gave an overall 
demonstration of differences in re- 
ception between conventional and 
pre -emphasized transmission. 

Results : With high level back- 
ground noise the distortion was 
noticeably reduced. The noise mask- 
ing effect was almost unchanged 
(about 3 db improvement with pre - 
emphasis) but the noise was much 
less disagreeable. With low level 
background noise, the distortion was 
noticeably reduced and background 
noise diminished 10 to 12 db. 

Test No. 4: Overall Comparison on 
7500 cps Band 

Details : Circuits were arranged 
as in tests No. 2 and 3 except that a 
sharp 7500 -cps cut-off filter was 
used in the loudspeaker circuit. The 
filter characteristic is shown in Fig. 
8. The same comparisons were then 
made as in test No. 3 except that 
pre -emphasis and corresponding 
compensation were used as desig- 
nated by "Position 4" in Fig. 3. It 
should be noted that this position 4 
compensation produces a frequency 
characteristic similar to present day 
"high fidelity" broadcast receivers. 
Pre -emphasis is alternately added to 
and removed from the transmitter to 
show the improvement in standard 
broadcasting quality and noise re- 
duction effected by even this small 
amount of pre -emphasis. 

Results : Same as in test No. 3, 
but with less improvement, as only 

about 6 db reduction of low level 
noise was obtained. Less distortion 
existed than with conventional sys- 
tem. 

Pre -emphasis Curve 
Various degrees of pre -emphasis 

were considered and tested, but that 
finally standardized by the RMA 
seems entirely satisfactory. There 
was little or no difference between 
several similar curves tested, al- 
though it should be noted that exces- 
sive amounts of pre -emphasis ac- 
centuated peak amplitudes too great 
a percentage of the time, whereas 
insufficient pre -emphasis did not per- 
mit full advantage of the system. 
The standardized curve is similar to 
"Position 2 of Fig. 3" and may be 
specified as high -frequency pre - 
emphasis characterized by the im- 
pedance characteristic of a 2 ele- 
ment series inductive -resistive net- 
work with a time constant of 100 
microseconds. 

Conclusion 

There are no apparent reasons 
why high frequency pre -emphasis at 
the transmitter and corresponding 
compensation at the receiver will not 
lead to a very appreciable improve- 
ment in overall program reproduc- 
tion especially on ultra -high fre- 
quency transmission. This improve- 
ment consists of a slight decrease 
of audible distortion together with a 
great reduction of noise level. Al- 
though impulse type noise should 
theoretically be reduced more than 
hiss type, there seems to be little 
audible difference. For a system re- 
producing up to 12,000 cps, high 
level background noises fall by at 
least 2 db, whereas low level back- 
ground noises are diminished by 10 
or 12 db. This indicates that excel- 
lent reception may be obtained with 
the proposed pre -emphasis system 
at a distance which would require, 
for the same excellence of reception, 
a transmitter of about 10 times as 
much power with the conventional 
system. 

The Empire State television sound 
channel has operated with high fre- 
quency pre -emphasis since March, 
1939. Results have been most satis- 
factory and many favorable reports 
have been received on the excellence 
of studio sound quality as well as 
the freedom of background noise 
on the compensated television re- 
ceivers. 
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Modern Vacuum Practice 
in Electronics 

The entire electronics industry is dependent upon the electron tube which in turn is 

dependent upon the production of high vacuum. In this article the author discusses 

modern vacuum technique and the application of recently developed synthetic organic 

compounds to diffusion pumps 

THE production of high vacuum 
appears to be one of the funda- 

mental problems inherent to the 
manufacture of almost every elec- 
tronic device. The actual final pres- 
sures required may vary from a 
fraction of a millimeter for a neon 
sign to less than 10' mm in the case 
of a high voltage cathode ray tube. 

Mercury diffusion pumps devel- 
oped by Gaedel, Langmuir2, and 
others' have for many years been 
standard equipment for the commer- 
cial exhaustion of x-ray, cathode- 
ray; and radio tubes, photo -electric 
cells, etc. Because of the relatively 
high vapor pressure of mercury at 
room temperatures, i.e., approxi- 
mately 10' mm, and the tendency of 
a mercury vapor to remain super- 
saturated, pumps of this type can 
generally be employed only with the 
aid of cold traps employing refriger- 
ants such as liquid air or solid car- 
bon dioxide. In addition to the ex- 
pense and inconvenience of provid- 
ing such refrigerants, the more com- 
mon traps materially reduce the 
available pumping speed, generally 
by a factor of from 4 to 10. Al- 
though mercury has the advantage of 
being an inexpensive and stable ma- 
terial, it is subject to contamination 
and the vapor tends to wander. For 
optimum performance, mercury 
pumps and attendant pipe lines may 
require frequent cleaning. 

Burch' advanced the art a signifi- 
cant step by suggesting the use of 
low vapor pressure fractions of hy- 
drocarbon oils as a substitute for 
mercury. These fluids, commercially 
known as Apiezon oils, permit the 
attainment of relatively low pres- 

Experimental vacuum system to ex- 
haust transmitting tubes without the 

aid of a cold trap 

By RICHARD S. MORSE 

Distillation Products, Inc. 

sures, less than 10' mm, without a 
cold trap of any type. Although 
with such oils a considerably lower 
fore pressure is required than with 
the older mercury pumps, units 
charged with the Apiezon oils soon 
found limited usefulness abroad in 
the broadcasting industry where they 
provided the vacuum for demount- 
able transmitting tubes. However, 
in spite of their high pumping effi- 
ciency as compared with mercury, 
these materials have not found 
wide application in the commercial 
field in the United States. This is 
probably due to three causes, the 
most significant being that pumps 
of a type capable of bringing out 
their best features were not avail- 
able. Hydrocarbon fluids also tend 
to crack, breaking down into higher 

vapor pressure components, par- 
ticularly if air is admitted when 
the pump is hot. 

In 1930, Hickman and Sanford' 
suggested replacing the hydrocar- 
bon oils with highly purified syn- 
thetic organic compounds such as 
esters of phthalic acid and in par- 
ticular butyl phthalate. 

More recently the development of 
compounds of much lower vapor 
pressure' have rendered n -butyl 
phthalate obsolete except in cases 
where the lowest pressures are not 
of primary importance. By employ- 
ing some of the newest esters such 
as Octoil and Octoil-S it is possible 
to obtain pressures at room tem- 
perature which are as low or lower 
than those made possible with the 
best mercury pumps employing liq- 
uid air traps. 

In operating any type of diffu- 
sion pump regardless of whether 
one employs mercury, hydrocar- 
bons, or synthetic oils, the question 
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of contamination of the fluid is of 
prime importance. Gaede has 
shown that the lowest pressure at- 
tainable with a vapor pump corres- 
ponds to the vapor pressure of the 
working liquid. It must also be re- 
membered that this pressure may 
depend upon contaminating mate- 
rials even though present in minute 
quantities. 

Hickman' has investigated this 
general problem and has demon- 
strated that through the use of frac- 
tionating pumps the lowest pres- 
sures commensurate with the pump- 
ing fluid are assured at all times 
even though reactive and relatively 
high vapor pressure materials are 
being handled by the system. These 
findings have been confirmed by 
others and the term "Fractionat- 
ing pump'1O has come into use for 
any type of diffusion pump in 
which the pumping fluid is continu- 
ously purified during operation, the 
volatile constituents being rejected 
or segregated at the fore pressure 
end of the system and only the low- 
est vapor pressure materials being 
allowed to reach the high vacuum 
jets. 

Exhaustion of Transmitting Tubes 

In spite of the extremely low 
pressures which have been consis- 
tently obtained with fractionating 
oil pumps by many scientific 
workers equipment of this type has 
only recently been used for com- 
mercial purposes. In order to dem- 
onstrate the effectiveness of this 
newly developed apparatus, several 
types of standard transmitting 
tubes have been evacuated accord- 
ing to schedules generally used with 
mercury pumps employing liquid 
air traps. 

A typical arrangement of work of 
this type is shown on page 33. The 
diffusion pump is a 3 -compartment, 
2 -jet all -glass fractionating unit 
and as can be seen, direct connec- 
tion is made to the manifold with- 
out the usual high impedance trap 
or cold sink. 

During the exhaust schedules of 
various types of transmitting tubes, 
continuous pressure readings were 
made on the manifold with an ion- 
ization tube (Western Electric Type 
D79512). The fore pressure was 
also measured with the aid of a 
Pirani type gauge. Typical results 
are shown in the upper diagram, the 
schedules as given approximating 
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those employed by several manu- 
facturers of medium power trans- 
mitting tubes. 

Curve No. 1 is representative of 
an exhaust procedure followed with 
the 2 -jet pump as illustrated. A 
rise in pressure was, of course, 
noted each time that bombardment 
of one of the electrodes took place. 
Because of the relatively high ca- 

pacity of the pump employed and 
the fact that no trap with its cor- 
responding high impedance was 
placed between the manifold and 
the high vacuum jet, the pressure 
was reduced very rapidly after each 
evolution of gas. Problems of ion- 
ization during the early stages in 
the tube were, therefore, practically 
eliminated. 
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In an effort to obtain the lowest 
possible pressures additional tubes 
of several types were evacuated 
with a 4 -compartment, 3 -jet frac- 
tionating pump and the connecting 
tube between the manifold and the 
pump maintained at 0°C with ice. 
Typical results of this work are 
shown by Curve No. 2 and it can be 
seen that the final pressure attain- 
able was of the order of 1.5x10'8 
mm. 

Although usually the speed of ex- 
haustion is limited by the diameter 
and length of the seal -off tube, in 
many cases considerably higher 
pumping speeds could well be used 
on the exhaust manifold itself. The 
more commonly employed mercury 
pumps rarely have speeds in excess 
of one to three liters per second at 
10' mm. Assuming, therefore, a 

Metal oil diffusion pump exhast- 
ing the cyclotron without the aid 

of a cold trap at M.I.T. 

trap efficiency of 20 per cent, the 
available pumping speeds may well 
be below 0.2-0.6 liters per second. 

The 4 -compartment, 3 -jet and 3 - 

compartment, 2 -jet pumps used 
during these tests have speeds of 
15 liters per, second and 12 liters 
per second respectively for all 
pressures below 10'` mm. This 
capacity is adequate to handle sev- 
eral large tubes and it has been 
demonstrated that one such pump 
is capable of simultaneously ex- 
hausting ten nine -inch cathode-ray 
tubes. 

Data is also given for the fore 
pressures normally encountered 
under average conditions. As can 
be seen, these readings offer an ex- 
cellent indication as to the operation 
of the pump and the pressure in the 
system under exhaust. 

These do not represent the best, 
or by any means the shortest, pro- 
cedures which might be employed, 
as the tests were conducted merely 
to obtain a direct comparison be- 
tween tubés exhausted with mercury 
pumps and those evacuated with the 
simple setup as shown using only 
air cooling. 

Commercial tubes made according 
to both of the above procedures 
have been submitted to life test and 
gas current measured under recom- 
mended operating conditions. In all 
cases, the final products were found 
to be as good or better than tubes 
made with mercury pumps employ- 
ing liquid air. 

Stability of Pumping Fluid 

For commercial applications of 
oil pumps the question of decomposi- 
tion of the pumping fluid under ad- 
verse operating conditions must be 
considered. In employing the pumps 
for production work, there is always 
the possibility of exposing the fluid 
to atmospheric pressure because of 
breakage of a tube under exhaust, 
mishandling, etc. In order to dem- 
onstrate the stability of the newer 
low vapor pressure fluids, particu- 
larly Octoil and Octoil-S, a series of 
tests were made with the 4 -com- 
partment, 3 -jet all glass fractionat- 
ing pump. 

After the pump was operated for 
several hours, a study was made of 
the effect of exposing the hot oil to 
atmospheric pressure. The results 
of tests of this type are shown on 
page 34 and it can be seen that even 
when the heaters, which are im- 
mersed directly in the oil, were op- 
erating and the pump was exposed 
to atmospheric pressure for thirty 
seconds the same ultimate vacuum 
was attained. As a matter of fact, 
with this particular condition lower 
pressures were reached for any given 
time after pumping action began. 
In this case the fluid was sufficiently 
hot to permit pumping action during 
the initial stages of exhaust al- 
though decomposition was detected 
by a rise in fore pressure. 

These tests indicate that these 
pure organic esters, which have been 
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selected from a large number of less 
suitable compounds, represent a 
very real advance in pump fluids. 
Although with all fluids decomposi- 
tion may take place under conditions 
of high temperature and pressure, 
the products coming from the new 
esters are more volatile than the 
esters themselves and are easily re- 
moved by the fore pump. The com- 

pound remaining in the pump is a 
relatively pure substance essentially 
the same as the original oil except 
for the development of a slight color 
under adverse conditions. 

Advantages 

Providing sufficiently low fore 
pressures can be maintained at all 
times oil pumps may, in almost all 

cases, be advantageously substituted 
for mercury units in order to pro - 

Three -stage glass fractionating pump 
used to exhaust Raytheon getter - 

less transmitting tubes 

duce economically the lowest pres- 
sures. It is also interesting to note 
that the capacity of any mechanical 
pump may be effectively increased 
many times in the lower pressure 
regions through the aid of so-called 
"oil boosters." Units of this type 
operate against high fore pressures, 
i. e. greater than 0.5 mm and yet 
they can be designed with capacities 
of hundreds or even thousands of 
liters per second. If, for, example, a 
booster is operated with a fore pres- 
sure of 0.5 mm and the system under 
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exhaustion is at 5x10-' mm, the com- 
bination of mechanical pump and 
booster permits an equivalent pump- 
ing speed of 1000 times that of the 
mechanical pump alone. 

In considering the use of fraction- 
ating oil diffusion pumps the follow- 
ing factors are of interest: 

A. Use of Cold Traps. Because 
of the extremely low vapor pressures 
of the newer organic fluids oil pumps 
may be operated without the aid of 
cold traps of any type. Pumping 
speeds are thus not impaired, the in- 
convenience of maintaining liquid 
air or solid carbon dioxide is elimin- 
ated and considerable saving can 
usually be effected. 

B. Speed. Because of the higher 
pumping efficiency and the unique 
types of design which may be used 
with oil pumps, extremely high 
pumping speed may be obtained. In 
general, these are many times that 
of common mercury pumps. 

C. Cooling. Because of the low 
vapor pressure materials which are 
employed with the newer oil pumps, 
those of glass construction operate 
very satisfactorily with air cooling. 
The larger metal units generally re- 
quire water but the heat to be dis- 
sipated for a given speed is rela- 
tively low. 

Other Applications 

Although it has been demon- 
strated that fractionating oil pumps 
are particularly useful for the eco- 
nomical exhaustion of "getterless" 
transmitting tubes, there are many 
other electronic devices with which 
they may well be employed. 

In spite of the many advances 
which have been made by the elec- 
tronics industry in recent years, an 
improvement in vacuum technique 
appears to be peculiarly lacking. Ex- 
haust schedules employed by dif- 
ferent organizations in some cases 
differ from twenty minutes to four 
hours for the same type of tube. 
Obviously in the latter case, a sub- 
stantial reduction in the manufac- 
turing cost could be achieved by 
more appropriate design of exhaus- 
tion equipment and proper adherence 
to the fundamentals of high vacuum 
technology. 

Television and cathode ray tubes. 
In the exhaustion of both cathode 
ray and, in general, all types of 
"image" tubes, the highest possible 
vacuum is generally desirable. Be - 
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cause of the relatively large volumes 
involved, the problems of outgasing 
must be more seriously considered 
and relatively high pumping speeds 
are desirable. Glass fractionating 
pumps are now being used for work 
of this type and pressures are be- 
ing consistently reported which are 
as low or lower than those attain- 
able with the best mercury pumps 
employing liquid air traps. 

Receiving tubes. In the manufac- 
ture of receiving tubes with auto- 
matic machines, it is questionable 

Glass fractionating pump used in 
the exhaustion of commercial tele- 

vision picture tubes 

whether extremely low pressures are 
necessary or in some cases even de- 
sirable. Because of the small ex- 
haust ports, extremely high exhaust 
speeds are quite impossible. Pro- 
viding that adequate fore pressures 
can be maintained, there appears to 
be some justification for replacing 
the generally employed mercury 
pumps with metal oil boosters in 
order to make somewhat lower pres- 
sures possible and obtain savings in 
both water and power consumption. 

It is interesting to contemplate 
the possibility of attaching a high 
capacity oil pump to a large volume, 
this in turn being maintained at a 
pressure of perhaps 10' mm. Con- 
nections could then be made from 
this volume to various ports on the 
machine and the large number of 
mercury units which are generally 
employed would be eliminated. In 
this way, extremely high effective 
pumping speed would always be 

available at each exhaust position. 
The question of breakage with sub- 
sequent loss of vacuum at any ex- 
haust position could be adequately 
taken care of with the aid of prop- 
erly designed automatic check valves. 

X-ray tubes. The problems of ex- 
haust with both the x-ray and cath- 
ode-ray tubes are quite similar, al- 
though in the former case somewhat 
higher pressures may be tolerated. 
Through the use of even the smallest 
glass oil pumps adequate pumping 
speed and sufficiently low pressures 
may be attained. 

Neon signs, etc. In the exhaus- 
tion of neon and other types of gas 
discharge tubes, extremely low pres- 
sures are rarely required. Never- 
theless relatively small oil pumps 
are being used by many manufac- 
turers because of the ease with 
which they permit the rapid ex- 
haustion down to pressures of 10' 
or below. Here again, particularly 
with the present interest in large 
size fluorescent tubing, higher pump- 
ing speeds are of interest. 

Continuously evacuated systems. 
At the present time there is consid- 
erable interest both in this country 
and abroad in the development of 
high power demountable transmit- 
ting and x-ray tubes. Although high 
pumping speeds are not generally 
required, reliability of operation is 
of utmost importance and the ques- 
tions of maintainance and operating 
cost must be considered. Although 
the design of proper baffle arrange- 
ments to prevent back streaming of 
the oil vapor should receive serious 
consideration, through the use of 
fractionating oil pumps, cold traps 
may be eliminated and assurance 
given that the lowest possible pres- 
sures will be maintained at all times 
even over long periods of operation. 
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A Central Antenna System 
A means by which receivers located in bui] dings in congested areas may be supplied with 

high quality signals from a single antenna. The signals are amplified at the antenna 

and fed through a transmission line to the individual receivers 

THE increased interest in high 
quality reception calls for wide - 

band transmission and wideband re- 
ceivers. This again brings forward 
the question of signal-to-noise ratio. 
The simplest and probably easiest 
improvement in the signal-to-noise 
ratio is obtained by the use of a 
high receiving antenna . with a 
shielded lead-in cable. 

In the larger cities, where the sig- 
nal-to-noise ratio is poor on account 
of man-made static, the erection of 
high antennas for individual re- 
ceivers is particularly difficult in the 
majority of cases. The larger build- 
ings for instance, offer no possibil- 
ities for high individual antennas 
for all receivers and in many cases 
indoor antennas with a poor signal - 
to noise ratio are used. 

A solution can be found by erect- 
ing one central antenna on a build- 
ing and by feeding the individual 
receivers in the building from it. An 
attempt to put this idea into prac- 
tice shows a number of complica- 
tions however. The main points are : 

(1) Some receivers will be at a re- 
mote distance from the antenna so 

that a simple lead-in wire will suffer 
too much loss and moreover, will 
pick up noise, (2) a number of 
receivers in parallel will have a total 
impedance which is too low to match 
the antenna -impedance, (3) the 
power available from the antenna 
will be insufficient for a large group 
of receivers and (4) interaction be- 
tween receivers is likely. 

These difficulties can be overcome 
in the following ways: 

1. The power from the antenna 
can be conveyed to remote points by 
means of a transmission line, with 
small losses and noise pick-up. A 

transmission line can be designed 
having such characteristics that a 
wide band of frequencies can be 
passed with small losses. As short - 

By D. J. FRUIN, Hilversum, Holland 
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The input impedance of each receiver should be high compared 
to the impedance of the transmission line. The low impedance 
transmission line is terminated with a resistance equal to the 

characteristic impedance of the line 

wave reception should be possible, 
the frequency -band which has to be 
passed is very wide indeed. All fre- 
quencies from the long -wave broad- 
cast band up to some 15 Mc should 
be passed. This can be done by 
means of a transmission line having 
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a low impedance and terminated at 
the far end by a resistance equal to 
the characteristic impedance of the 
line. 

2. A large group of receivers can 
be connected in parallel to such a 
line as the impedance of the line 
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In order to cover the frequency range from 150 kc to 15 Mc, 
there are two amplifier sections, one to cover the upper portion 

of the range and the other to cover the lower portion 

can be much lower than the im- 
pedance of the receivers. All re- 
ceivers must have input impedances 
which are high compared with the 
line impedance or the transmission 
line characteristics will be upset. 
A resistance of a certain minimum 
value can be connected in series with 
each receiver. This resistance also 
prevents short-circuit of the line in 
the case of an accidental short- 
circuit in one of the receivers. The 
impedance of the line can be matched 
to the impedance of the antenna by 
means of impedance -matching trans- 
formers. 

3. As the impedance of the line is 
low a considerable step-down ratio 
must be used. This brings the avail- 
able voltage on the line down to a 
very low value. This can be over- 
come by the use of an amplifier. The 
amplifier must have a flat response 
over the broadcast -frequency band. 
As the short-wave band should be in- 
cluded, this means a flat response 
over a frequency band from 150 kc 
up to 15 Mc. The line can be con- 
nected to the amplifier by means of 
impedance -matching transformers 
and the amplifier should be able to 
furnish the power required for all 
receivers together plus line losses. 

4. Interaction between receivers 
can be overcome by the series re- 
sistance in each receiver. 

The Philips Antennaphil System 

The general lay-out of a practical 
system is shown on page 37. One 
antenna is used and is connected to 
the amplifier by a shielded lead-in 
cable. The amplifier should be 
mounted as near the antenna as is 
practicable, to shorten the lead-in 
cable. The transmission line from 
the amplifier is run through the 

building and tapped in all rooms. It 
is not allowed to make side -taps on 
the line, as these side -lines will up- 
set the impedance match. So the 
transmission line is run from one 
room to the other throughout the 
building and in every room an out- 
let is mounted on the wall. In the 
series resistance and a blocking- 
condensor are incorporated in the 
outlet. The condensor prevents the 
line voltage from coming into the 
line or into the receivers and the 
resistor prevents short-circuit of the 
line or excessive power -drain from 
a defective receiver. The last out- 
let at the end of the line also con- 
tains the terminating resistance. 
The value of the resistance is 64 
ohms which is the characteristic im- 
pedance of the line. 

The line consists of an inner con- 
ductor, surrounded by a special in- 
sulating low -loss material. Around 
this insulation is a copper braid 
which acts as a screen and provides 
a ground for the receivers. The 
shield is grounded at several points 
in the building. The shield is cov- 
ered with a protective cover. 

The Amplifier 

The amplifier has several interest- 
ing features. The circuit diagram 
is shown above. A rather flat 
response is required over a fre- 
quency band from 150 kc up to 
15 Mc. It has not been found pos- 
sible to design an amplifier with 
such characteristics in one stage. 
So the frequency band to be covered 
is split into two sections. One sec- 
tion covers the high -frequency band 
and the other section covers the 
broadcast bands. The amplifier ac- 
tually consists of two one -stage 
amplifiers in parallel and the antenna 

is connected to both amplifiers. Each 
stage has an output transformer 
which matches it to the line and as 
one amplifier covers only part of the 
frequency band, the transformer has 
to be designed for only that part of 
the frequency band. Since some 
power is required, power tubes are 
used. The amplifier will furnish the 
antenna power for 50 receivers plus 
line losses. Tubes of very high 
mutual conductance such as the 1852 
or 1853 are used so that sufficient 
gain is obtained with only one stage. 
The use of high -mu tubes renders 
the amplifiers liable to self -oscilla- 
tion at some frequencies which can 
be prevented by the use of damping 
resistances. The tubes used have 
characteristics of which a large por- 
tion is a straight line. This is im- 
portant since a bent characteristic 
will cause cross -modulation. Cross - 
modulation may occur however on 
powerful local transmitters and 
cause excessive grid -swing. To pre- 
vent this, two wave -traps have been 
incorporated into the amplifier. One 
for the long -wave and the other for 
the short-wave broadcast band. They 
may be tuned or switched out of the 
circuit. 

Performance 

The voltage gain of the amplifier, 
comparing the input voltage and the 
output voltage at the line near the 
amplifier measured under rather 
poor conditions, is as follows: 

200 kc voltage gain 1.4 
600 kc " " 1.0 

1200 kc 1.0 
8000 kc 23 0.5 

The voltage gain found by com- 
paring the input voltage to the amp- 
lifier with the output voltage meas- 
ured at the far end of the transmis- 
sion line is: 

200 kc voltage gain 1.2 
600 kc " " 0.8 

1200 kc 0.8 
8000 kc 91 0.2 

A transmission line of 400 meters 
was used. If practical, two lines with 
a total length of 500 meters can be 
connected in parallel to the ampli- 
fier. If this length is insufficient, 
two antennas, two amplifiers and two 
transmission lines should be used. 
If short-wave reception is not re- 
quired, a transmission line of 2000 
meters may be used on a single 
antenna and amplifier. 
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Transient Amplifier Analysis 

IN calculating the gain of an amp- 
lifier stage, defined as the ratio of 

the voltage on the second stage to the 
voltage on the first stage, no refer- 
ence is usually made to the shapes of 
the two voltage waves for it is 
tacitly assumed that both are sinu- 
soidal. In fact, if the plate resis- 
tance R, and the amplification factor 
µ are assumed to be constant, no dis- 
tortion is accounted for and the 
output must have the same shape as 
the sinusoidal input voltage. 

The solution is not so simple if the 
input voltage is a complex wave for 
the various harmonics are amplified 
disproportionally and the shape of 
the input and output voltages are 
quite different. For instance, an in- 
stantaneous pulse of voltage, such as 
is required in some television cir- 
cuits, may become quite distorted. 
There are two methods by which the 
shape as well as the magnitude may 
be determined. 

To illustrate the first method, sup- 
pose that the input signal is the 
periodic pulse shown in Fig. 1. 

Let us further suppose that this 
pulse recurs 13,230 times each sec- 
ond, and that it is one microsecond 
wide. The Fourier series of this 
wave is found to be: 

n= 

f(z) =Ebb {- ña (1 - cos nb) sin (2v nft) 

n1` 
IL= co 

+ En (sin nb) cos (2a nft) 

2r 

n=1 

where f = 13,230; E is the height of 
the pulse, n is the number of the 
harmonic to be found, and b is the 
duration of the pulse. 

If one begins to substitute values 
of n in the above equation it is soon 
evident that many terms will be re- 
quired before their effect on the 
resultant wave becomes negligible, 
or before the series begins to ap- 
proximate the square -topped pulse. 
Then to find out how much each har- 
monic is amplified it is necessary to 
extend the gain -frequency curves 
much further than is usually done. 

A simpler method of finding both 

By ERIC A. WALKER 
Tufts College Engineering School 

. 

Ie9 

4,1 b 

Fig. 1 Periodic pulse on which 
analysis is based 

Fig. 2 Actual, equivalent and op- 
erational circuits for high frequency 

response 

iff3A »ea 

Fig. 3-Derivation of pulse from 
two unit voltages 

the shape and the magnitude of an 
amplified pulse requires the use of 
simple operational methods. The 
solution is usually in three steps: 

(1) Determine the operational 
impedance of the circuit. 

(2) Find the operational expres- 
sion for the driving function, in this 
particular case the voltage pulse. 

(3) Find the solution in a table 
of operators or by any other method 
necessary or available. The methods 
of the operational calculus are 
found in many text books."") Only 
the necessary steps will be given 
here. 

To find the operational impedance 
of a circuit the circuit is redrawn 

ELECTRONICS - November 1939 

replacing the inductances with im- 
pedances equal to pL and replacing 
the capacitances with impedances 

equal to - . Then the input impede 
PC 

ance is found in the ordinary man- 
ner. The entire process will be car- 
ried through for several circuits. 

Figure 2a shows a circuit con- 
sisting of a tube and a resistance 
load. Figure 2b shows the equivalent 
circuit neglecting all inductance and 
capacitance. The impedance is: 

Zia = R, -I- RL (1) 

Figure 3 shows the method by 
which the voltage function is put 
into the equation. The pulse can be 
considered as made up of two volt- 
ages (often called Heaviside unit 
functions) -I-µ', and -µe the 
second applied at a time b later than 
the first. This method can be used 
for periodic functions if the two or 
more transients which are caused 
by the pulse have decayed to negligi- 
ble values before the next pulse is 
impressed. 

If one first impresses the positive 
unit pulse on the impedance Z. one 
gets: 

-I- eo Ri 
(2) e.= R, -I -RL 

The solution is obviously a continu- 
ous, positive voltage. Add to this a 
solution with -µe, as the driving 
voltage, lagging in time by b and 
the amplified pulse is obtained. 

Figure 2c is the same circuit in- 
cluding a shunt capacitance C. In 
this circuit 

and 

R, -I-RL -I-pR,RLC 
Z'a- 1-I-pRLC 

1 

e0 R,-RL e. 
= R, C Cp + R, RL C 

The solution is: 

(3) 

(4) 

+ RL 

µ e° RL 
e 

R, RLC e.-R,-}-RL[ 

This equation shows that the maxi- 
mum amplification which can be at - 

RL tained is R, RL. Add to this a 

(1)Operational Circuit Analysis (a book). 
V. Bush. John Wiley & Sons, N. Y. 

(2)Heavisldes Operational Calculus (a book). 
E. J. Berg. McGraw-Hill Book Co., N. Y. 
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Fig. 4- Actual and equivalent cir- 
cuits for low frequency response 

Fig. 5-Right, pulse (crosshatched) 
and response of amplifier. The re- 
sponse is the superposition of the 
two portions a and b corresponding 
to positive and negative voltages 

Fig. 6 Compensated amplifier cir- 
cuit for wide -band response 

solution lagging in time by b and 
with a negative sign and the result- 
ing pulse is obtained. 

Many circuits include a coupling 
capacitor as is shown in Fig. 4a. If 
an attempt is made to solve the 
complete circuit as shown an equa- 
tion with, four roots is obtained. 
Its solution is laborious. Much in- 
formation can be obtained by study- 
ing two simpler circuits. These are 
the case where C, is so large it can 
be neglected and the case where the 
stray capacitances C, and C2 are so 
small they can be neglected. 

40 

Figure 4b shows the circuit of 4a 
with C,, replaced by a short circuit. 
This circuit yields exactly the same 
equation as the circuit of Figure 2c 
if the C and the RL of Equation (5) 
are replaced by: 

C=C1+C2 R. Rot 
RL = R. + Ro1 

as is shown in Figure 4c. 
Equation (5) then becomes: 

µeoR.Rot 
eo Rio R.+RPRotR.Rot 

(RP Re+RpR,i +R.R.1 1 

C1 
- E CR,R.R.1 ).1 (6) 

If one uses a Type 954 tube and 
assumes the following values: µ =- 

1100; C, + C2 = 11µµfds; R. = 
10' ohms and R,1 = 106 ohms and R, 
= 106 ohms, this equation becomes : 

¡' - 0.903 X 10'71 

J 
e. = 10.78 eo L 1 - e (6a) 

Some idea of the effect of the 
coupling capacitor which has been 
neglected can be obtained by con- 
sidering C, and C2 as sufficiently 
small so that they can be ignored in 
a trial solution. Then : 

e. = 
µe9RR91C.p 

pC.[(R.+RN) (R,+R.) -R.1+ + R. 
(7) 

where 

µ eo R. Rot r p 
ep R,R.+R,Rat+R.Rot + a (7a) 

where 

+ R. a 
Co (R, R. + R, R01 + R. Rot) 

The solution then is: 
µ ey R. Rot 

e° R,R.+R, Rot +R.Rot 
R, -{- Re 1 

E (Co (Rp R, + R, R.1 -f- R. R.1) )11 (8) 

The decrement factor, founJd by 
evaluating a for this circuit is 9.9. 
The effect of this term is negligible 
for the micro -second pulse which 
we have been considering and there- 
fore this capacitance can be safely 
neglected. 

A common circuit is one in which 
inductive compensation is used as is 
shown in Fig. 6. A solution of this 
circuit is given by : 

IR. Rot 1 e.=µeo 
Rr +2bRpLC 

(R. 
-L (a + b) 

- (a }- b)1 

b+a e 

+Re-L(a-b)e 
b -a I (9) 

Ra = R,Rat+R.Rot+RpR. 
R. 1 1 

a 2L+2 Rio C+2RytC 

1 R. 1 1 
2 

b 
4 L RpC RotC) 

1 

\1`a+/ 
The two decrement factors a + b 
and a - b may be real or complex 
depending on the values of the con- 
stants. If they are complex the cir- 
cuit will oscillate. For the critical 
case a value of L can be chosen 
which will make the constant b equal 
to zero. Because b also appears in 
the denominator of the equation this 
makes the transient theoretically in- 
finite in magnitude but of very short 
duration. If one recalls that it and 
R, are constants only as long as the 
path of operation is on a linear por- 
tion of the tube characteristics it is 
evident that the output voltage 
peaks will not actually become infi- 
nite. There are two values of in- 
ductance which will make the con- 
stant b equal to zero. For the above 
circuit they are L = 11.165 and L 
= 0.272 X 10-e henries. 
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IN radio engineering it is frequently 
necessary to convert from the 

polar form of coordinates to the rec- 
tangular and vice versa. These con- 
versions arise frequently in designing 
networks and analyzing their action, 
since the impedances involved are often 
given in rectangular form (as resis- 
tance and reactance) whereas the cur- 
rent -voltage relation of the impedance 
depends on the polar form (the abso- 
lute magnitude of the impedance and 
its phase angle). A simple means of 
performing such conversions, to very 
nearly the same degree of accuracy as 
offered by a ten -inch slide rule, is given 
in the accompanying chart. The use of 
the chart is best illustrated by the fol- 
lowing examples: 
EXAMPLE 1. TO CONVERT FROM 

THE RECTANGULAR TO THE 
POLAR FORM 
Given: 3.00 + j4.00. Locate the 

smaller component 3.00 on the S scale 
and the larger component 4.00 on the 
L scale. Connect by a straight line. 
Read the vector angle 53.1° at the in- 
tersection of this line with the LS scale, 
reading on the SMALL + jLARGE 
side of the scale. Locate the same 
angle 53.1° on the MS scale and con- 
nect by a straight line with the 3.00 
previously located on the S scale. Read 
the magnitude of the vector 5.00 at the 
intersection of this line with the M 
scale. Hence: 3.00 + j4.00 =5.00 
/ 53.1°. Were one given 4.00 + j3.00, 
the LARGE + jSMALL angle scales 
would be read, giving 5.00/ 36.9°. 
EXAMPLE 2. TO CONVERT FROM 

THE POLAR TO THE RECTAN- 
GULAR FORM 
Given: 13.0/ 22.6°. The method is 

the inverse of example 1. Locate the 
vector magnitude 13.0 on the M scale 
and the vector angle 22.6° on the MS 
scale. Connect by a straight line. Read 
the smaller component 5.00 at the in- 
tersection of the line with the S scale. 
Locate the vector angle 22.6° on the LS 
scale and connect by a straight line 
with the smaller component 5.00 just 
found on the S scale. The intersection 
of this line with the L scale gives the 
larger component 12.0. The side of the 
angle scales on which the angle is 
read determines form of the result, 
namely, LARGE + jSMALL. Hence: 
13.0/ 22.6° = 12.0 + j5.00. 
EXAMPLE 3. TO CONVERT FROM 

ANGLES TO COSINES A N D 
POWER FACTORS 
Given: 24.5°. Locate the angle on 

the LS scale. Connect by a straight 
line with the PF point. The intersec- 
tion of the line with the PF scale gives 
the cosine, 0.910, or the power factor, 
91.0 per cent. Always read PF and 
LS scales on corresponding sides. 

EXAMPLE 4. The components and 
vector magnitude may be divided or 
multiplied by a common factor, multi- 
pies of 10 in particular. Thus for" 90 + 
j137 set 9.0 + j13.7 and multiply re- 
sultant by 10. Angle and power fac- 
tor remain unchanged. 
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DESTRUCTION TEST: In this tank 
tubes are tested to destruction. 
The one shown is a type 18áP4/- 
1803. The large tubes are normally 
subjected to 70 pounds pressure, 
which is the limit. The smaller 
tubes have been left in the tank 
over night at pressures running as 
high as 75 pounds without breaking. 
This determines the factor of safety. 

H:YuI%A I JE SYLVANIA 

picks NICKEL for 

TELEVISION TABES 

Experience with this metal in 
radio tube production has dem- 

onstrated its many advantages 

LONG known as a big producer of qual- 
ity radio tubes is Hygrade Sylvania 
Corp., of Emporium, Pa. Like other 
leading makers, Hygrade for years has 
used Nickel. 

Only natural, then, is the use by this 
company of Nickel and Nickel -base 
alloys for vital parts of its latest prod- 
uct ... cathode ray and other tubes for 
television. 

Hygrade has learned by actual ex- 
perience that Nickel offers exceptional 
advantages in the fabrication and stor- 
age of delicate parts. Also, that the use 
of Nickel cuts down loss due to rejec- 

ELECTRONICS - November 1939 

MEASURING CATHODE HEIGHT: This machine, 
though not quite as accurate as the original, 
is a copy of a piece of research equipment 

which will measure the distance as short as 
1/400 second growth of beard. Maintain- 
ing the accuracy of delicate metal parts 
is one of the important reasons for 
using Nickel and Nickel base alloys 
in television. 

ACCURATE ALIGNMENT: (Left) Mount- 
ing a type 5BP4/1802 gun on to the wafer 
type header. A special jig is required for 
accurate assembly and alignment so that 
when the tube is operating, only a tiny, 
perfectly round spot will fall on the 
screen, the sharpness of the pin point 
spot being the prime factor determining 
the clarity of the picture definition. 
Maintaining this accuracy is an impor- 
tant Junction of Nickel, performed by its 
lasting strength. 

tion of finished tubes. In addition, they 
know that trouble -free operation in 
actual service is also assured by Nickel. 

That Nickel, so long the choice for 
radio tubes, is now widely used in tele- 
vision, points to one conclusion: That 
it is an excellent material for elec- 
tronic applications in general. 

Perhaps you are making a product 
in which the use of Nickel would be 
highly advantageous. If so, submit the 
facts briefly to INCO's Technical Serv- 
ice. They will gladly work with you, 
and out of a wide experience may be 
able to furnish valuable technical data 
and help in other ways. Write to: 

THE INTERNATIONAL NICKEL 
COMPANY, INC. 

67 Wall Street New York, N. Y. 

SEALING: (Below) Sealing in a type 
5AP4/1805 tube-note 8 lead wafer 
header. Important to the tube maker 
is Nickel's ability to withstand heat. 

Nickel's Advantages in 
Television 

a. Easily formed, makes sound 
welds. 

b. Strength to withstand deforma- 
tion during forming and at high 
temperatures during bombard- 
ment. 

c. Resistant to corrosion and im- 
mune to rust. 

d. Low in gas content and easily 
degassed at moderate tempera- 
tures. 

e. Good electron emission charac- 
teristics. 
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0h4 S eeaP4 alíe 
"too big for his britches" 
Someday, perhaps, we will boast of the fact that 

Superior Tube Co. was founded "way back in 1934". 

But today we are pardonably proud of the few years 

which separate our birth and our 1939 stature. In spite 

of lengthening sleeves and letting out seams every 

so often, business at Superior is still too big for its 

britches. So, thanks to an ever-growing list of cus- 

tomer -friends, we are forced (not against our will) 

to build another substantial addition to a plant we 

supposed was adequate. It's an anniversary gift to 

ourselves but we hope you will make good use of it. 

SUPERIOR 
TUBE CO. 

THE BIG NAME IN SMALL TUBING 
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but... 

Ian 

The darker shaded portion of the above sketch shows the latest addition to 

"Our Factory in the Fields'". Into this structure we will move offices and 

laboratory and convert the vacated space into larger manufacturing quarters 

for our one and only product - Fine Small Tubing. 
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New Books 

The Decline of Mechanism 
in Modern Physics 
By A. D'ABRO. D. Van Nostrand Co., 

Inc., New York, 1939. 982 pages, 61 
illustrations. Price, $10.00. 

THE PRACTICING ENGINEER in electron- 
ics today may find very little use for 
the advanced findings of the research 
physicist, just as the electrical en- 
gineers of 1910 found little of value 
in the then new discoveries in thermi- 
onic and photoelectric emission. But 
many electronic engineers have found 
it worthwhile to keep up with advances 
in physics because the most significant 
findings have appeared in the atomic 
and sub -atomic domain. A more prac- 
tical reason lies in the fact that it 
takes (judging from past experience) 
only 15 years for the academic dis- 
coveries of physics to become the prac- 
tical realities of engineering. 

But keeping up with modern physics 
has not grown easier in recent years, 
because the physicists have found it 
necessary to adopt a very specialized 
mathematical approach and to think 
in terms of concepts which seem far 
removed from the hard facts of ex- 
perience. In his latest book, Mr. d'Abro 
has recognized this fact and has written 
a treatise intended to explain and make 
plausible these new concepts without 
resorting to involved mathematical 
demonstrations. To do so without tak- 
ing great liberties with the rigour of 
the subject is a difficult job, but Mr. 
d'Abro has succeeded, to the same 
degree in fact (though in a very dif- 
ferent way) as has K. K. Darrow in 
his reviews of contemporary physics. 

The book is a large one, and its price 
proportionately great. This fact may 
deter many from buying it who prefer 
to reserve major expenditures for books 
to be used frequently for reference. 
The Decline of Mechanism is not a 
reference work, but it is a masterpiece 
of simple exposition of an abstruse 
subject. For those who wish to be 
conducted in not -to -hurried fashion 
from the familiar concepts of Newton, 
Huygens, and the classic physicists to 
the bizarre ideas of de Brogile and 
Heisenberg, this book is certainly well 
worth the price. 

The book has no fewer than 41 chap- 
ters, divided into three parts: I, Gen- 
eral Considerations (the scientific 
method, the basic of cause -and -effect 
theories, including one interesting 
chapter on "The Psychological Differ- 
ences Among Physicists") ; II, Physi- 
cal Theories of the Classical Period 
(mathematical formulation, gravity, 
undulatory theory of light, thermo- 
dynamics and kinetic gas theory) ; and 
The Quantum Theory (Planck's origi- 

nal work, the Bohr atom, de Broglie's 
Wave Mechanics, Heisenbergs Uncer- 
tainty principles, Schrodinger's me- 
chanics and radiation theory, matrix 
concepts, Dirac's theory of the electron, 
new statistical methods, etc.) . Through- 
out, the mathematics employed should 
give no difficulty to an engineering 
graduate. The author has a lot say, 
and he has taken plenty of space in 
which to say it, but he says it well. 
-D.G.F. 

Principles and Practice of 
Radio Servicing 
By H. J. HICKS, Radio Instructor, 
Hadley Vocational School, St. Louis. 
McGraw-Hill Book Co., New York, 
1939, 305 pages. Price, $3.00. 

THE SERVICING BRANCH of the industry 
is well served by this book. The prob- 
lem of servicing radio receivers and 
allied equipment is approached from 
both the theoretical and practical view- 
points. The author states in the pre- 
face that the fundamental principles 
are carefully explained and then the 
application of these principles to 
various components of radio receivers 
is discussed. In addition, the more 
complicated problems are covered in 
some detail and definite instructions 
are given. 

The first two chapters are devoted 
to the fundamentals of magnetism, 
electricity and radio. In Chapter III 
are discussed radio tubes, their oper- 
ation and application to the basic cir- 
cuits. R -f amplifiers, a -f amplifiers, 
power supplies and detectors are treated 
in separate chapters. The various con- 
trol circuits such as volume and tone 
controls, loud -speakers, antennas and 
the elimination of static are covered 
in considerable detail. The design and 
use of test equipment including the set 
analyzer, Wheatstone bridge, a -f and 
r -f oscillators, vacuum -tube volt meter, 
etc. are described. There is also in- 
cluded a chapter on public address 
systems with a discussion of micro- 
phones, circuits, installation and oper- 
ation. The last chapter is entitled "The 
Business Side of Radio Servicing" and 
endeavors to get across to the reader 
the idea of how to best use the knowl- 
edge gained in reading the previous 
chapters. Incidentally, any one in 
business would do well to read this 
chapter because the ideas presented 
are by no means limited to the field 
of radio servicing. An appendix is in- 
cluded which contains much frequently 
referred to information and a list of 
twenty-nine helpful books and maga- 
zines. 

This book is well worth its cost and 
the time of studying to any service 
man who is interested in consistently 
doing a first-class service job. It is 
also valuable to the person who de- 
sires an elementary treatment of the 
theory of radio and the practical ap- 
plication of that theory.-c.w. 

Electron Optics 
By the Research Staff of Electric and 
Musical Industries, Ltd., compiled and 
written by Otto Klemperer. Cambridge 
University Press, The Macmillan Com- 
pany, New York. Paper bound, 117 
pages. Price $1.75. 

THIS SHORT BOOK is one of the series of 
"Cambridge Physical Tracts" w ich so 
ably review the progress of odern 
physics. It has been written for the 
advanced physics student and the re- 
search worker, but does not presuppose 
any but a general knowledge of physical 
theory. In particular it is not assumed 
that the reader has specialized in the 
geometrical optics of light. However, 
the text is not "elementary," since it is 
necessary to follow the usual calculus 
demonstrations, including one or two of 
the vector calculus variety. The chap- 
ters include an introduction, discussions 
of cardinal points of lense and of field 
plotting, descriptions of electrostatic 
and magnetostatic lenses and their ab- 
errations, followed by a review of prac- 
tical applications. The concluding chap- 
ter describes the uses of fields having 
radial symmetry (as against the axial 
symmetry of conventional "ray" elec- 
tron optics) taking the beam power tube 
as an important example. The book is 
recommended as a concise introduction 
to the subject, written in a manner un- 
derstandable to those who have had a 
good course in college physics.-D.G.F. 

Neon Tube Practice 
Second Edition 
By W. L. SCHALLREUTER, PH. D. Chem- 

ical Publishing Co., New York, 1939. 
255 pages, 28 figures, 30 plates. 
Price, $4.25. 

THIS SECOND EDITION has been enlarged 
and detailed treatment has been ac- 
corded two developments which have 
assumed increased importance since the 
first edition: the hot cathode and the 
fluorescent tube. The book, although 
written and printed in Great Britain, 
is generally applicable to American 
practice. The treatment is simple, since 
the book is intended for technicians 
who manufacture, install, and maintain 
neon signs. The more advanced reader 
will find of interest the data on special 
effects (such as "wriggle tubes" in 
which the gas discharge path main- 
tains a continuous motion) and on 
vacuum practice.-D.G.F. 
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ALL THESE RELAYS 

USE ISOLANTITE 

Photos courtesy of Advance Electric Company, Guardian Electric Manufacturing Company, Leach Relay Cont. 

pony, Struthers Dunn Inc., and Ward Leonard Electric Company. 

ON the relays of the leading manufacturers of radio 

and electrical equipment, 'Isolantite' is liberally 

used because it meets the most exacting requirements of 

design engineers. Both electrically and mechanically, it 

offers definite advantages to the equipment manufacturer. 

Its extremely low power factor makes it an efficient insu- 

lator, particularly at high frequencies. Impervious to the 

effects of moisture and temperature, it also offers the 

excellent stability under all operating conditions required 

by delicately adjusted relays. Its high mechanical strength 

decreases the danger of breakage through shock and 

continued vibration to which many relays are subject. 

Moreover, Isolantite has the advantage of being readily 

adaptable to new shapes. Its manufacturing processes per- 

mit the economical production of special parts. Isolantite 

engineers will be glad to cooperate with you in working 

out the most economical design of parts that meet your 

requirements. This is part of the cooperative consulting 

service that Isolantite offers to the radio, television, and 

electrical industries. Through its long experience in the 

design of ceramic insulators, and its specialized knowl- 

edge of the industries it serves, Isolantite is enabled to 

meet present needs and anticipate future ones. Consult 

with Isolantite engineers on your insulator requirements. 

`Registered Trade -name Jar the products of Isolantite Inc. 

ISOLANTITE INC. 
CERAMIC INSULATORS 
Factory: Belleville, N. J. Sales Office: 233 Broadway, New York, N. Y. 

www.americanradiohistory.com



Nerv Socfri Instrum 
EASY, QUICK, LOW-COST WAY TO 

tet.yo. 

.a ,fee. 

aeeez:'e 
eßesetee, 

INSTANT 
APPLICATION 

and Quick Data on any 
Machine 

LOW-COST SOCKET .. . 

Convenient, Accurate, Fast 
This NEW development -a convenient socket that can be installed 
at low cost in any circuit - now makes it possible to get complete 
operating data without interrupting production. 

Just plug in the instrument you need -a wide variety of them is 
available - and the facts appear instantly. No wiring to change - 
no connection to make - no time wasted. 

Here is industry's quickest, surest, cheapest way to know exactly 
what every machine is doing. 

Ask any Westinghouse man, or write for your copy of Booklet 
2136 and Booklet 2219 which discuss means of control by the 
Westinghouse Electrical Analysis System. 

J-40232 
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ic 4,' Weáthghøuse? 
;ET ACCURATE OPERATING DATA 

PLUG IN ANY INSTRUMENT 

AMMETERS 
Self-contained ratings up to 
125 amperes with higher 
values available through 
transformers. 

VOLTMETERS 

Self-contained ratings 150, 300 
and 600 v. a -c, and 150, 300, 500 
and 750 v. d -c. Higher a -c voltages 
with transformers. 

WATTHOUR METERS 

Standard watthour meters also 
fit socket in same ratings, 
single-phase or polyphase. 

TA Analyzer for a -c. 

RECORDERS 

Circular chart type ammeters 
and voltmeters - accurate, re- 
liable records available without 
change of wiring. 

INDUSTRIAL 
ANALYZERS 

Give complete operating data on any 
machine, without change of wiring 
and without interrupting production. 
Applied to socket with test jack. 
Quick, accurate, portable. 

WATTMETERS 
Single - phase or polyphase; 
110 volts; 5, 10, and 20 am- 
peres capacity. Higher values 
with convenient transformers. 

TEST JACK 
Base plate, handle and blades 
for plugging into socket. Adapts 
any instrument or the complete 
analyzer to socket use. 

TX Analyzer for d -c. 

Instruments 
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TUBES AT WORK 

A SIMPLE high -quality beat oscillator, 
the problem of measuring dosage in 

s -w therapy, measuring thin films by 
capacitance, and testing coils with r-f- 
this month's crop of tube applications 

A Modern Beat Oscillator 
BY 

C. W. CALDWELL AND C. W. HARRISON 
Purdue University Lehigh University 

THE DESIGN OF beat frequency oscil- 
lators has passed through many stages 
from the elaborate 10 -tube to the sim- 
plest 1 -tube signal generator. The sim- 
plified oscillator is limited in applica- 
tion due to its poor wave form while 
the elaborate oscillator is limited by 
its expense. The details of an oscilla- 
tor that can be used for almost every 
purpose, with very high standards of 
performance, are described in this 
paper. This oscillator has the follow- 
ing desirable features: 

(1) Simplicity of design 
(2) Constant output voltage 
(3) No elaborate shielding required 
(4) Multiple range of voltage and 

impedance output 
(5) No locking -in tendencies 
(6) Excellent waveform 
(7) Appreciable output at one cycle 

per second 
(8) Band spread which offers a full 

scale to 1000 cycles variation, plus or 
minus that of the set frequency 

(9) Inexpensive to construct. 
The high frequency oscillators which 

beat together to give the difference 
frequency play a large part in the 
design of the signal generator. A 
small percentage change in the fre- 
quency of one oscillator will affect the 
output or audio signal directly, un- 
less the other high frequency oscilla- 
tor should vary an equal amount in 

50 

the same direction. This condition calls 
for two principal characteristics: an 
inherently stable, electron -coupled os- 
cillator and symmetry in the physical 
layout with respect to internal heat 
and to the electrical symmetry of the 
oscillator inductances. 

Another element used to stabilize 
the oscillators electrically is a highly 
capacitive L -C circuit. The additional 
capacitance, which may be either a 
mica dielectric or an air dielectric con- 
denser, is of value for another reason, 
that is, the fact that a trimmer con- 
denser on the fixed frequency oscilla- 
tor will not produce a large percentage 
change in capacity of the resonate 
L -C circuit. The band -spread feature 
of this beat frequency oscillator de- 
pends upon the trimmer condenser. It 
varies the frequency of the "fixed fre- 
quency" oscillator from 169 to 170 
kc which gives a change in the audio 
output of 1000 cycles regardless of the 
difference frequency already produced. 

The trimmer condenser is distinctly 
an economic advantage because it saves 
the expense of a tapered variable con- 
denser on the variable oscillator. The 
output of the fixed frequency oscilla- 
tor is fed into a resonant circuit which 
filters out the harmonics and gives a 
sine wave output over the 169 to 170 
kc range. The resonant circuit is nec- 
essary to prevent superfluous beat 
notes that would otherwise be pro- 
duced. 

The variable frequency oscillator is 
quite similar to that of the fixed fre- 
quency oscillator, the principal dif- 
ference being that in place of the 
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Fig. 1-Complete circuit diagram of a stable and simple beat oscillator 

trimmer condenser a 500 µµf variable 
condenser is used. The inductance coils 
of the oscillators may be designed for 
the audio frequency range desired, the 
only limitation being that both oscilla- 
tor inductances must be identical, 
physically and electrically. To obtain 
good waveform the fixed frequency os- 
cillator signal is strong and of con- 
stant output while the variable oscil- 
lator signal is rather weak. This re- 
sults in favorable waveform as well 
as constant voltage output over the 
entire frequency range. The tubes used 
in the oscillator are metal, hence the 
only shielding necessary is that di- 
rectly over the oscillator inductances. 

Fig. 2-Tuning indicator circuit 

The transformer (T) is an inter- 
mediate -frequency, three -winding type 
whose adjustment is not critical as long 
as the primary resonates at 169 to 
170 kc. Balanced detection is espe- 
cially adaptable because there is no 
tendency to lock -in at low audio fre- 
quencies. This detector affords an ap- 
preciable output, approximately one 
volt at intermediate frequencies. The 
plate resistance of the detector is used 
as the terminating input resistance in 
the filter design and the filter is ter- 
minated into the plate load resistors. 
The coupling condensers, C4, are 
0.5 µf each, and even though they offer 
a high resistance at low frequencies, 
five volts may be obtained at one 
cycle with an infinite terminating 
impedance. 

The filter design is of the usual 
7r -section type, and is necessarily in 
both halves of the audio amplifier. 
When this filter is properly designed 
and terminated it will remove all radio 
frequency and will help to suppress 
superfluous beat notes. Some design- 
ers find it necessary to include two 
sections but this is not necessary if 
the design and terminating resistors 
are correct' 

A dual volume control is necessary 
because of the push-pull, class A ar- 
rangement of the audio amplifier. This 
volume control is in the input of the 
first amplifier stage. The output of this 
amplifier may complete the oscillator 
as 10 or more volts may be obtained 

1F. E. Terman, "Measurements of Radio 
Engineering," McGraw-Hill Book Co., 1935, 
pp. 298-303. 
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SPECIALIZATION 
For 17 years the entire IRC organization has 

focused its research work, its ability and its energy 

exclusively upon the design and manufacture of 

fixed and variable resistors. From this specialization 

have resulted products of tested quality, a world 

wide reputation for engineering achievement and 

a thorough knowledge of resistance problems. 

DIVERSIFICATION 
This concentration of effort has resulted in the 

development of many kinds of resistors for widely 

divergent applications and is constantly providing 

new designs for current research problems. 

2 sizes Variable Metallized Controls 

4 sizes Insulated Metallized Resistors 

10 sizes High Frequ6ncy Metallized Resis- 

tors (1/3 to 150 watts) 

4 sizes Ultra -High Range Metallized Re- 

sistors 

3 sizes All -Metal Power Rheostats (2 to 

50 watts) 

2 sizes Attentuators 

1 sizes Insulated Wire Wound Resistors 

(1/2 to 20 watts) 

5 sizes High Voltage Metallized Resistors 

5 sizes Metallized Suppressors 

12 sizes Precision Wire Wound Resistors 

53 sizes Fixed and Variable Power Wire 
Wound Resistors 

INTERNATIONAL RESISTANCE COMPANY 
403 N. BROAD STR 

ELECTRONICS - November 1939 

ADELPHIA, PA. 
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.. . the pioneer antenna structure 
for FM (frequency modulation) 
transmission erected by Major 
E. H. Armstrong at Alpine, New 
Jersey is equipped with Super 
Low -Loss Alsimag 196 Insulators. 
You, too, can use this fine Steatite 
material at no increase in price 
over the ceramic material you are 
now using. Write us. 

Chattanooga, Tennessee 
Branch offices in principal cities 

(See phone book) 

between 100 and 12,000 cps. This woul 
complete the 4 -tube (working) beat 
frequency oscillator which has all the 
performance characteristics excluding 
automatic volume control, found in 
most commercial beat frequency oscil- 
lators. 

The last stage was added . purely to 
make the beat -frequency -oscillator more 
versatile. It offers a higher voltage 
output and a choice of impedance..: 
The 6F6 is normally used as a pentode 
but its distortion proved to be rela- 
tively high; hence, it was connected as 
a triode. The resistors in the 6F6 
plate load provides an impedance at 
low frequencies. The double pole triple 
throw switch provides an adequate 
method for changing output imped- 
ances. 

View of completed oscillator 

In place of automatic volume con- 
trol, a simple vacuum tube voltmeter 
assures a constant output independent 
of frequency. The vacuum tube volt- 
meter used is a simple cathode-ray 
indicator, shown in Fig.. 2.2 The out- 
put is adjusted to the desired level by 
the calibrated control on the vacuum 
tube voltmeter and the eye is closed 
by the volume control on the beat 
frequency oscillator. Adjustment is 
normally required only over the low 
frequency range. 

2 Conner, "The Vacuum Tube Voltmeter 
as a Service Tool," Bulletin. 

Dosimetry 
In Short Wave Therapy 

BY EUGENE J. MITTELMANN, 
E. E., PH. D. 

SHORT WAVE THERAPY is now in Com- 
mon use all over the world as a very 
successful branch of physical therapy. 
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ELECTRONICS circulation among 
engineers and executives in every 
important manufacturing plant in 
the radio set industry, the com- 
munication equipment, electrical 
instrument, electron tube, non - 
communicating equipment, and 
sound industries, has made this 
publication a profitable medium 
for selling industrial products to 
these manufacturers. 
As a plus circulation, ELECTRONICS 
has more than 2,000 paid sub- 
scribers in industrial plants-men 
controlling the operation and buy- 
ing the equipment for applica- 
tions of the electron tube in metal 
mining and refining; chemical, oil 
and food processing; public utili- 
ties; automotive, railroad and air- 
craft transportation. 
Many industrial products can 
be merchandised successfully 
through ELECTRONICS to this val- 
uable group of buyers. 
Write ELECTRONICS today for fur- 
ther information on how you can 
sell this industrial market eco- 
nomically and effectively. 
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MASTKS 

Select Richardson as your source of supply 
for all laminated and molded plastics. Enjoy 
the extensive manufacturing facilities, as well 
as the services of highly specialized techni- 
cians in engineering, design and research 
laboratories, of this complete organization. 
Whatever your requirements, consult Richard- 
son. An interview will be advantageous. 

1NSUROK 
the Precision Plastic 

9/e RICHARDSON COMPANY 
MELROSE PARK, (CHICAGO) ILL. FOUNDED 1858 LOCKLAND, (CINCINNATI) OHIO 

NEW BRUNSWICK, N. J. INDIANAPOLIS, IND. 
DETROIT OFFICE: 4-252 G. M. BUILDING. PHONE MADISON 9386 
NEW YORK OFFICE: 75 WEST STREET, PHONE WHITEHALL 4-4487 
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Unfortunately one of the most im- 
portant problems of the new therapy 
remained unsolved for many years. 
When a body is introduced between the 
electrodes of a short wave therapy ma- 
chine, heat is created in the interior of 
the body due to the dielectric losses in 
the object under treatment. It is of the 
utmost importance from the point 
of view of duplicating a certain treat- 
ment under similar conditions to know 
the exact amount of energy absorption 
in the body. The number of calories 
developed in the interior of the body is 
proportionate to the amount of the 
energy absorption. The total power de- 
livered by a short wave therapy ma- 
chine is divided into two components. 

Intolerable heat g M M 

Absorbed Wafts 
o N o OION 

$) V 
O 0 .o 1 

o O O N $ el o 
'Threshold level of warmth sensation 

Heat impression vs. absorbed power 

One part is radiated in the air space 
due to the radiation losses, the magni- 
tude of which will depend on the 
distance and area of the electrodes. 
The other component is absorbed by 
the dielectric losses of the object in- 
troduced between the electrodes. This 
power is of interest to the physician. 
The technical problem is to measure 
this magnitude alone, i.e., a certain 
fraction of a given total power. To 
make the problem more complicated, 
both the total power and the fraction 
to be measured are widely varied due 
to the different techniques of electrode 
application during the treatment. 

Considering this basic problem, if 
dosimetry is to satisfy all demands 
which can reasonably be placed upon 
it, the following are the minimum con- 
ditions which must be fulfilled : 

(1) The measurement must be direct 
reading and register the actual high 
frequency power absorbed by the 
patient and only that energy alone. 

(2) The measurement must be avail- 
able during the treatment in a manner 
permitting reading a scale ranging 
from zero to maximum. The instrument 
must follow and indicate every varia- 
tion in energy absorbed by the object 
under treatment. Only such a method 
of measurement which facilitates con- 
stant control of treatment meets with 
the essential demands. 

(3) The method must have no in- 
fluence on the usual medical technic; 
in other words, measurement should 
be possible irrespective of the size or 
position (air distance) of the electrodes 
and for all objects under treatment. 

The principle on which the instru- 
ment developed by the author' is based 
may be explained in the following 
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ELECTROLYTIC CAPACITORS 
Etched Foil Type For Direct Current Applications 

The exclusive C -D electro -chemical etching 
process employed in the production of electro- 
lytic capacitors for direct current applications 
is the result of many years of costly research 
and development work. 

The ever-increasing demand for etched foil 

capacitors bearing the C -D trade mark is 
proof that this engineering effort, usually 
taken for granted, is appreciated.The low elec- 
trical leakage, minimum power -factor, high 
degree of capacity stability* over wide tem- 
peratures, long life characteristics and small 
physical size of the containers, makes these 
capacitors ideal units for use in circuits where 
size, dependability and economy are essential. 
'C -D type UP Electro -Chemically Etched Foil Capacitors have been found most 
suitable for use in automobile radio receivers by a majority of manufacturers 

CORNELL -D UBILIER 
ELECTRIC CORPORATION 
1006 Hamilton Boulevard, South Plainfield, New Jersey 
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The above curves show the effect of variations in ambient temper. 
ature op capacity and power - factor values of etched foil units. 

PRODUCT OF THE WORLD'S 
LARGEST AND OLDEST MANU- 
FACTURER OF CAPACITORS. 

Engineering data describing 
the C -D etched foil electrolytics 
available on request. For indus- 
trial oil and transmitting capaci- 
tors, send for catalog No. 160T. 
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Scores of commercial radio 
stations are taking advan- 
tage of the unusual capa- 
bilities of Eimac tubes. It 
will pay you to investigate. 
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figures. In Fig. 1 L and C denote the 
total secondary inductance and capacity 
of the patient circuit. The object O is 
introduced between the electrodes E. 
This actual circuit may be reproduced 
by the electrically equivalent circuit 
of Fig. 2 in which C represents all 
circuit capacity. The total losses of the 
circuit are given by the parallel re- 
sistances R, and R2. R1 represents the 
equivalent total loss resistance of the 
circuit due to the radiation losses and 
the loss of the unloaded circuit itself. 
R2 is the equivalent parallel resistance 
introduced in the circuit by introducing 
the object between the electrodes. The 
magnitude of the resistance R2 will 
depend on the coupling capacities be- 
tween the electrodes and the object 
corresponding to the distance chosen. 

Fig. 1 Basic therapy circuit 

Fig. 2-Equivalent circuit with 
resistance load 

Considering Figs. 1 and 2, the only 
way to measure the power absorbed 
by the patient under treatment is by 
first determining the "equivalent pa- 
tient resistance." This may be done 
in a very simple way. Let's assume, 
that the circuit in Fig. 2 is excited by 
a constant primary voltage. In this 
case the resonant voltage across the 
terminals of the circuit will be pro- 
portional to the magnitude of the 
equivalent parallel resistance, which 
represents the total losses of the cir- 
cuit. Let us denote by e, the resonance 
voltage when no object is introduced 
between the electrodes and all losses 
are represented by the parallel re- 
sistance R1. Then R1= k e1. After in- 
troduction of the patient between the 
electrodes the resistance R2 is switched 
in parallel to resistance R1 and the 
resonance voltage e2 will be propor- 
tional to the resultant resistance of 
both R1 and R2. 

R1 R2 -k e2. 
R1 -RZ 

From (Eq. 1) we get 

e2 
R2=R, 

e1-e2 

(1) 

(2) 
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PEER-calling all stations-to re- 

mind them once more that SPEER 

Graphite Anodes cannot warp, fuse, blow 

out or soften, and do help keep tubes gas - 

free by absorbing gases given off by other 

tube elements. 

Why accept less when you can have ALL 

these advantages simply by using tubes 

with SPEER Anodes? A list of such tubes 

and Anode Booklet No. 70 will be mailed 

promptly on request. 

e 
4 

SPEER CARBON COMPANY 
ST. MARYS, PA. CHICAGO CLEVELAND DETROIT MILWAUKEE NEW YORK PITTSBURGH 

945 
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STOCK OR 

SPECIAL UNITS 

TO MEET YOUR 

EXACT NEED 

It pays to check your needs with Ohmite - 
for here you can often find the quick, eco- 
nomical solution you seek in the wide range 
of Ohmite stock types, sizes and ratings (the 
largest, most complete stock of close control 
Rheostats, wire -wound Resistors and high - 
current Tap Switches available today). Or, 
Ohmite Engineers, with their wide experi- 
ence, will be glad to work with you in de- 
signing and producing special units for your 
specific application. 

Send us your specifications or 
Write Today for Catalog 17. 

OHMITE MANUFACTURING COMPANY 
4817 Flournoy Street, Chicago, U. S. A. 

RHEOSTATS 

Unequalled for perma- 
nently smooth, close - 
control. All -porcelain 
vitreous enamel con- 
struction-nothing to 
smoke, char, shrink or 
shift. Widest size 
range - from 25 to 
1000 watts, in many 
resistances. 

TAP SWITCHES 
New efficiency for high 
current circuit switch- 
ing. All -enclosed cer- 
amic construction; sil- 
ver -to -silver contacts; 
slow -break ; quick - 
make action; 4 sizes 
from 10 to 75 am- 
peres; 240 volts A.C. 

BROWN DEVILS 
High quality, small 
size, extra sturdy, 
wire -wound, vitreous - 
enameled resistors for 
voltage dropping, bias 
units, bleeders, etc. 10 
and 20 watt sizes; 1 
to 100,000 ohms. 

Vitreous -Enameled 

RESISTORS 
T i m e -proved, trouble - 
free performance. Fixed, 
Adjustable and Tapped - Regular, Non -Induc- 
tive, Corrib and other 
types, in a wide range 
of' sizes and values. 

Prrrhiou 
RESISTORS 

High quality "Rite - 
ohms" - 1 watt, 1% 
accurate. Non -Induc- 
tive, pie -wound Her- 
metically -Glass -Sealed 
o r Vacuum Impreg- 
nated or single -layer 
wound Vitreous Enam- 
eled. Wide range of 
resistances. 

&. Aezeidaria IHIMOTIE 
RHEOSTATS * RESISTORS * TAP SW TCHES 

58 

It may be proven that the re- 
sistance R, which represents the total 
losses of a given short wave therapy 
machine with no objects between the 
electrodes, is with great accuracy in- 
dependent of the position of the elec- 
trodes, if the distance of the unloaded 
electrodes does not go beyond a certain 
lower limit, which practically never 
will be reached under working 
conditions. Considering this and the 
assumption that we maintain the 
exciting primary voltage and the res- 
onant voltage e, constant, the re- 
sistance R2 is given as a pure function 
of the resonant voltage e2. 

0 
Short wave 
generator 

Fig. 3 Measuring circuit to check 
output power 

Since the equivalent patient re- 
sistance is known, it is only necessary 
to measure the voltage E across the 
circuit under working conditions, to 
obtain the absorbed power as given by 
the equation 

P = E2 
R 

(4) 

The schematic diagram of the cir- 
cuit indicating the power absorption in 
the body by a direct reading on a linear 
scale is given in Fig. 3. The voltage E 
across the circuit is measured by a 
thermocouple Th which is coupled by 
small condensers C' to the circuit. The 
thermocouple produces a current in the 
galvanometer G proportional to the 
square of the voltage E. As the deflec- 
tion of the galvanometer is proportional 
to the current flowing through the 
moving coil and to the sensitivity of 
the system, the instrument will read 
values proportional to the absorbed 
power, if we adjust the sensitivity of 
the meter so that it will be propor- 
tional to the reciprocal of the equiva- 
lent parallel resistance R2. This is car- 
ried out in the simplest way by 
shunting the meter by a calibrated 
resistance Rsh. The dial of this re- 
sistance is calibrated in such a manner 
that when setting the dial to the 
corresponding reading as indicated by 
the resonant voltage e, the correct 
sensitivity is obtained to convert the 
galvanometer into a direct reading 
wattmeter. The average accuracy of 
the instrument is about 3-5 per cent, 
regardless of the position and size of 
the electrodes. 
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WHAT USERS SAY: - Owners of 
50kw transmitters are enthusiastic about the 
performance they're getting from Western 
Electric 100 kilowatt tubes. They'll tell 
you that 298A's give the greatest value per 
kilowatt of output of any tubes now in 
service! Here's why: 

1. Brazed copper water jacket is a permanent 
part of the tube. 

2. Heavy copper grid lead-in and support allows 
safe operation at higher frequencies than are 
possible with other tubes of comparable ratings. 

3. Double -ended construction, along with new 
tube mounting, facilitates quick changes. 

4. Jeweled expansion bearings give long mechani- 
cal life. 
Grid made of tantalum laterals welded to six 
heavy conducting supports. 

6. Copper to glass seals used for all lead-ins per- 
mit operation without cooling air streams. 

7. Exact filament voltages supplied for the rated 
emission in tube booklet to encourage maxi- 
mum tube economy. 

8. Filament tension spring located in the coolest 
portion of the tube. 

9. Extra large, pure tungsten filament assures long 
burnout life and low tube hour costs. 

10. Flexible filament leads. 

s. 

e/i.0 f 
Nominal Filament Voltage 27 volts 
Average Filament Current . . .. 225 amperes 
Average Filament Emission . . . 35 amperes 
Amplification Factor 32 
Average Plate Resistance at 

18,000 v. and -250 v. bias ... 1,450 ohms 
Transconductance 22 000 micromhos 
Normal Water Cooling Flow . 35 gals. per min. 
Maximum Plate Dissipation . . . . 100 kw. 
Maximum Plate Voltage 20 kv. 
Maximum Plate Current 11 amperes 
Approximate Inter -Electrode Capacities: 

Plate to Grid 48 mmf. 
Plate to Filament 10 mmf. 
Grid to Filament 31 mmf. 

DISTRIBUTORS: Graybar Electric Company, Graybar Building, New 
York, New York. In Canada and Newfoundland: Northern Electric 
Co., Ltd. In other countries: International Standard Electric Corp. 

Western Electric G-6-:11 

GráybáR 

RADIO TELEPHONE BROADCASTING EQUIPMENT 
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LIGHTNING 

DIRECT 
BUT this prOtec or did its job! 

Globar Brand Type B Resistor 
with metallized ends, one end 
multi -pointed. Negative voltage 
characteristic. In the meter pro- 
tector, three of these resistors 
are located below a non -arcing 
metal plate. 

stroke destroyed 
this M & W 

A directhas 
lightning 

Watt Hour Meter 
Protector.. 

the 

, 

fused metal parts, 
burnt out the 

resistor 

1 üñ Bathed ns 

elements came 
through 

but the 
,.but in dissipating 

the stroke 
it protected 

valuable meters 
and potential 

coils 100,x 
Pre- 

vious to installing 
this M & W Protector 

several 

season at this parts 
ar 

meters were 
lost every 

htning surges' 

location because 
of lig 

Globar solves resistor problem on new 
M & W Watt -Hour Meter Protector 

Globar Brand Ceramic Resistors are 
an important part of the new watt- 
hour meter protector recently intro- 
duced by he M & W Electric 
Manufacturing Co., Inc. Working 
with the designers of this device, 
Globar engineers were able to pro- 
duce a special resistor to meet the 

many exacting requirements neces- 
sary for efficient, dependable opera- 
tion. As the result of this coopera- 
tion, the manufacturer soon found 
his resistor problem was no problem 
at all! Perhaps you, too, can benefit 
from the same helpful Globar serv- 
ice. Let us know about your problem. 

GLOBAR DIVISION 
THE CARBORUNDUM COMPANY, NIAGARA FALLS, N. Y. 

REQ. U. S. P.T. OFF. 

Sales Offices and Warehouses in New York, Chicago, Philadelphia, Detroit, Cleveland, Boston, 
Pittsburgh, Cincinnati, Grand Rapids 

(Carborundum and Globar are registered trade -marks of The Carborundum Company) 

Some results of a long series of 
measurements are reproduced as they 
were carried out with the described 
instrument as shown on page 54.2 

BIBLIOGRAPHY: 
Mittelmann, E. Dosimetry in short wave 

therapy, Archives of Physical Therapy, 
Chicago. Vol. XVIII, 1937, pp. 613-699. 
Mittelmann, E.: Die Messung der Hoch- 
frequenzleistung bei Kurzwellentherapiesen- 
dern; Elektrotechnik and Maschinenbau, 
Vol. LV. 1937, copy 38. 

2 Mittelmann, E. and Kobak, D. Dosage 
measurement in short wave Diathermy, 
Archives of Physical Therapy, Chicago. Vol. 
XIX, 1938, pp. 725-736. 

Investigating Insulation Value 
of Molecular Films 
INVESTIGATING the properties of films 
of molecular thickness has revealed the 
fact that ordinary materials may pos- 
sess unusual dielectric properties in 
such thin sections. One fact revealed 
by this work, now being carried out in 
the General Electric Research Labora- 
tories, has shown that such organic 
compounds as barium stearate have 
unsuspected dielectric strength, and 
dielectric constant. 

Film thickness gauge using mercury 
electrodes 

Since the capacitance displayed by 
two plates depends inversely on the 
thickness of dielectric between them, it 
follows that very high capacity is as- 
sociated with molecular films. In order 
to obtain capacitances for measurement 
which have values within the usual 
ranges of measuring equipment, it is 
necessary to use a very small area of 
film. Actually the area in typical cases 
is only 0.003 square inch. A mercury 
point electrode is used to establish con- 
tact with the film over this small area. 
By measuring the capacitance between 
the electrode and the base plate, it is 
possible to calculate the thickness of 
the layer within an accuracy of two 
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WESTON Panel Instruments . .. available in sizes, 
shapes and ranges to meet all panel and "built- 
in" requirements. 

WESTON Maintenance Instruments... compact, 
rugged, inexpensive. Large, easily read scales 
facilitate maintenance testing. 

WESTON Multi -purpose Instruments ... ideal for use 

in assembly and inspection ... available as 

volt-ohnuneters ... voltoluu-milliauuueters .. . 

and other combinations. 

ELECTRONICS November 1939 

Correct use of dependable 

instruments eliminates work 

interruptions ... costly main- 

tenance ... in the busy shop 

With sudden demand straining production fa- 
cilities, the methods used for "getting by" in 
leaner days quickly break down ... invariably 
turn into expensive bottlenecks. 

* Costly work interruptions and equipment repairs 

are the penalties of infrequent or inadequate 
testing of motor driven equipment. 

* Costly rejects and impaired product quality are the 
price of inadequate testing along the electrical 
assembly and inspection lines. 

* Excessive service costs and customer dissatis- 
faction result when inadequate instruments are 
"built-in." 

Right now is the time to check your instrumen- 
tation ... make sure it is adequate for today's 
needs and any sudden impact which may come. 
Call in the WESTON instrument specialist in 
your vicinity. His counsel on instrument selec- 
tion and use will make for greater simplicity in 
assembly, lower service costs, and enable you to 
maintain your equipment at the highest avail- 
ability and efficiency. Weston Electrical Instru- 
ment Corporation, 618 Frelinghuysen Avenue, 
Newark, New Jersey. 

WE S TON 
Jnsfnaneîils 
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.,-` 
utº The Mystery 

SOLVED! 
It was the difficult case of an extremely thin gauge laminated 

insulation where dielectric strength had to be greater than normal 
without sacrificing physical strength. Insulation headquarters was 
brought into the picture and Continental -Diamond's engineers went 
to work. It took a thorough knowledge of all insulating materials 
and many experiments to solve the problem involved. But the 
solution was found and thereby another satisfied customer obtained. 
In our hundreds of formulae we may have exactly the right one to 
produce an insulation that will improve your product's performance 
or reduce production costs. If we haven't, we know it can be 
developed here. Write, telling us how we can serve you best. 

CONTINENTAL -DIAMOND FIBRE CO. 
Newark, Delaware 

Represented in Canada by DIAMOND STATE FIBRE CO. OF AMERICA, LTD., TORONTO 

DILECTO 
A laminated plastic, commonly known as 
phenol fibre, made in sheets, rods and tubes 
or fabricated parts to specifications. Has 
high electrical insulation properties, great 
resistance to water, practically unaffected 
by oil or mild acids. It is a strong, tough ma - 
ferial with a wide application for use in con- 
nection with modern electrical appliances. 

DIAMOND 
VULCANIZED FIBRE 

A tough, economical, insulating material 
made in standard sheets; rods and tubes. 
Can be readily fabricated or formed. A 
material of countless applications. 

VULCOID 
A thermo-plastic, non -hygroscopic insulating 
material made in standard sheets, rods and. 
tubes. It is strong and tough, has good 
electrical insulating properties and is readily 
fabricated. 

MICABOND 
Thin splittings of mica bonded together with 
specially developed binders into standard 
plates, tubing or in formed rings, punched 
and sawed segments or other special ports. 
Micobond has high dielectric strength, is 

practically unaffected by acids, has high 
hebt and 'moisture resistance, is readily 
punched, sowed or formed. 

CELLULAK 
A laminated form of insulating tubing, 
possessing extremely high dielectric proper- 
ties, and marked resistance to flash -over. 

CELORON 
A phenolic molded fabric base material of 
exceptional mechanical strength yet extremely 
light in weight. Can be molded to any de- 
sired shape and contour to replace intricate 
metal and insulation assemblies. Write for 
CELORON Bulletin. 
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molecules. At present the investigations 
are in the realm of pure science, al- 
though such useful application as the recently announced "glareless" glass 
have already resulted from it. 

Oscillator used for Coil 
Testing 
A NEW COIL TESTER which makes use 
of a high frequency oscillator to 
develop high voltage between the 
turns of a coil to be tested has been 
developed in the General Electric 
research laboratories. A standard 
vacuum -tube oscillator, fed from a rec- 
tifier power supply from 110 volts a -c 
source is used to excite a laminated 
iron core, made of special high fre- 
quency material. On either side of the 
winding small detector coils are 
mounted and connected in a v -t volt- 
meter bridge circuit. The voltages in- 
duced in the detector coils are balanced, 
normally, and the v -t voltmeter reads 
zero. However, if the excited unit 
succeeds in breaking down the insula- 
tion in the coil under test, the flux 
through the nearest detector coil is 
reduced, the bridge balance disturbed, 
and the v -t voltmeter indicates. The 
whole unit is mounted in a steel case 
fitted with interlocks, and an observa- 
tion window is provided for inspecting 
the coils during test. Several hundred 
coils per hour may be tested with the 
equipment. 

COORDINATING FIRE 
PREVENTION 

Fire Chiefs from various parts of 
the nation gathered at local ama- 
teur stations to participate in an 
organized attempt to co-ordinate fire 
prevention activities via radio. Ama- 
teur operators in Colorado, Cali- 
fornia, Missouri, Texas and one sta- 
tion in Peru had local fire execu- 
tives on hand. Above, William H. 
Gardner, Chief of Kansas City 
Underwriters Fire Patrol is answer- 
ing questions put to him by the 
Denver fire chief, in the station of 

James Blair 
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14ere are 
Q 

flew 

STh(KPPLE 

Engineers concerned with design problems 
where low cost and space savings are factors 
will find that these compact inexpensive 
switches fit in exactly with their plans. The 
four types illustrated here have innumberable 
applications for handling small power circuits. 

TYPE SS -1 is a single pole throw switch with Underwriters' 
Approval for .75 amp. 125 volts. May also be supplied with three 
terminals as a single pole double throw switch which is not 
approved by the Underwriters'. This is known as Type SS -2. 

These types suggest the following uses: 

Two -position tone control; Sensitivity control; Change -over switch 
for AC -DC sets; Line switch for small sets; Small motor control; 
Tap switch for power transformer; Dome light switch for auto- 
mobiles; Defroster motor switch; Heater -blower switch for auto- 
mobile use; High -low speed switch for small motors; Battery drain 
control switch for battery sets; Pilot light switch for battery sets. 
TYPE SS -1A is identical with SS -1 except it has a snap -on shield 
approved by the Underwriters' as a terminal enclosure. 

TYPE SS -3 is a double pole double throw switch which suggests 
itself for the following uses: 

Change -over switch for battery -110 volt sets; Band change switch; 
Phono -radio switch; and many other uses. May be supplied as a 
double pole single throw switch known as Type SS -4. 

TYPE SS -3A is identical with SS -3 except has a snap -on terminal 
enclosure. 

WRITE FOR SAMPLES AND PRICES 

All illustrations are actual size. 

FIXED RESISTORS STACKPOLE CARBON COMPANY VOLUME CONTROLS 

SWITCHES 

ST. MARYS, PENNA., U.S.A. 
These products are sold only to manufacturers of original equipment. TONE CONTROLS 
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TUBES... 
a new department 

NEWS of recently issued tube types, their character- 
istics and special fields of use, including a month - 

by -month registry of new tube types compiled by the 
R.M.A. Data Bureau 

Graphic Aid for the Design 
of Degenerative Amplifiers 
SINCE THE USE of feedback amplifiers 
has become rather widespread, an en- 
gineer may occasionally wish to know 
quickly and easily what performance 
to expect from a particular ampli- 
fying system when it is degenerated. 
We are indebted to Hygrade Sylvania 
Corp., Emporium, Pa. for the follow- 
ing graphic aid in determining the 
performance of degenerative amp- 
lifiers. 

It can be shown that if: 
A = the voltage amplification of a 

system in the absence of feed back 
K = that fraction of the output 

voltage which is fed back 
A' = the voltage amplification in 

the presence of feedback 

Then A' 
A 

1 +KA 
When the sign of K is positive then 
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the feedback voltage is in phase -opposi- 
tion to the signal voltage. 
Also it can be shown that if : 

D = the distortion of the system 
in absence of feedback 

K = same as above 
D' = the distortion in the presence 

of feedback 

Then D'=1 + KD 
It is thus seen that gain and distortion 
in the presence of feedback are sim- 
ilarly related respectively to gain and 
distortion in its absence. Thus a 
graph, in which the normal amplifica- 
tion of a system is taken as abscissa 
and the ordinates represent amplica- 
tion with feedback, can likewise and 
simultaneously represent the distor- 
tion content of the system in the ab- 
sence of feedback as abscissa and the 
distortion content with feedback as 
ordinates. 

Figure 1 is a family of calculated 
curves of just such a graph, wherein 

D 

100 , ...----' f 
! h oi f o 

c 
i4 

o'`F°O A2 ------e-' /.% K,0.03 
v 
_ 

/ 
/7i 

K: -.0f05 

K=0.07 . 

Q 10 K-0.1 >/ CS'7.ii %/c r-- 
K= 0 2 

v 

ó % K=0.3 

, K=0.7 

. K=0.95 

10 100 1000 

Normal Amplifier Gain =A 

Fig. 1-Effect of degeneration on amplifier gain. K represents the percentage 
of the output which is fed back to the input of the system 

K is made to vary from 0.01 to 0.95 
(or from 1 per cent to 95 per cent) of 
the output voltage of the system. The 
area to the left of the 45 degree line 
(K = 0) represents a state of re- 
generation or oscillation, while that 
to the right represents a condition of 
degeneration. It will be immediately 
obvious that each of the curves is 
asymptotic to some value. This results 
because of the increased value of the 
"Feedback Factor", KA, which is a 
product of the normal amplifier gain 
and the fraction of the output voltage 
which is fed back. Otherwise stated 
(for the case of degeneration), it is 
because the actual signal voltage is 
the comparatively small difference be- 
tween two large out -of -phase voltages. 
Furthermore, it follows that a given 
per cent of feedback has a very much 
larger effect upon the gain of a high - 
gain amplifying system than upon 
one of low gain. 

For power considerations, since the 
power into any load equals the square 
of the voltage developed across its re- 
sistive component divided by that re- 
sistance value, it follows that the power 
of a degenerated system is related to 
its undegenerated power level by the 
expression (A'/A)2 provided the loads 
are equal and resistive. 

In an experimental set-up to provide 
illustrative data on degenerated ampli- 
fiers which would show their asymp- 
totic gain properties, two resistance 
coupled stages were set up and ad- 
justed with the aid of an oscillograph 
to operate over straight dynamic char- 
acteristic curves. Suitable switching 
allowed a selected per cent of degener- 
ation over either one or two stages. 
Tabulated below are the measured 
gains of this set-up: 

Normal 
Voltage Gain 

13 

700 

Per Cent 
Degenerated 

11.5 
12 

Degenerated 
Voltage Gain 

5.2 
8.2 

An inspection of the family of curves 
will demonstrate at once the effect 
upon a high gain system of even a 
small amount of common -impedance 
coupling between stages, resulting in 
seriously impaired amplification and, 
in case of in -phase coupling, a condi- 
tion of instability. The importance of 
eliminating such coupling elements is 
thus immediately evident. 

Ratings Increased for RCA 
Transmitting Tubes 
AN ENTIRELY NEW system of ratings 
for air-cooled transmitting tubes has 
been announced by RCA Manufactur- 
ing Company, Inc., of Harrison, N. J. 
Instead of one set of maximum ratings 
for each tube type, two sets of maxi- 
mum ratings are given. These ratings 
are designated "Continuous Commer- 
cial Service" (CCS) and "Intermit- 
tent Commercial & Amateur Service" 
(ICAS). 
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A New and Greatly 
Improved Line 

Soon a new and greatly improved 
line of AmerTran transformer and 
reactor components for service in 

electronic circuits will be made avail- 
able to users of precision equipment. 
Two years of intensive research work 
have been completed, standard de- 
signs have been thoroughly tested, 
manufacturing tools have been requi- 
sitioned, and now, actual production 
of standard units is being planned. 

AmerTran's new laminated, bimetallic shield offers the most effective 
electromagnetic shielding thus far developed for audio -frequency trans- 
formers and reactors. It comprises five telescoping shields and covers of 
steel alloy and copper which completely surround the core -and -coil 
assembly inside the regular case. 

New AmerTran electronic components, Types PR and PS, will 
offer equipment of distinctly higher quality than standard 
transformers previously available. Ratings will be listed for 

every usual requirement and all units will be 

mounted in reversible cases and symmetrical 
design. Audio types will be supplied either 
with or without AmerTran's new laminated, 
bimetallic, electromagnetic shield. Similar equip- 
ment in special ratings will also be manufactured 
to order. 

AmerTran transformers and reactors, Types PR and PS, of all ratings 
will be mounted in similar symmetrical cases of the reversible type which 
permit the assembly of neatly balanced apparatus in a thoroughly pro- 
fessional manner with either exposed or concealed wiring. 

Be one of the first to receive complete details 
of this new line which represents an improvement 
on AmerTran's famous "DeLuxe" and "Precision" 
components. Send in your name for a descrip- 
tive bulletin with prices which will be mailed as 

soon as it is received from the printer. 

AMERICAN 
TRANSFORMER CO. 
178 Emmet St. Newark, N. J. 

Manufactured I 
Since 1901 
at Newark, N. J. 
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FOR THE BROADCAST STATION 

A 

PORTABLE SERVICE 

B 

FOR COMMERCIAL AND AMATEUR EQUIPMENT 

C 

FOR THE AMATEUR 

D 

A-LINEAR STANDARD Components have 
a guaranteed flat frequency response 
from 30 to 20,000 cycles with maximum 
shielding and low insertion loss. 

B-ULTRA-COMPACT Transformers weigh 
only 51/2 ounces, and afford uniform re- 
sponse from 30 to 20,000 cycles . . . 

ideal for remote pick-up service. 

C-VARIMATCH Transformers are the per- 
fect solution to the wide range of im- 
pedance matching combinations en- 
countered in amateur drive: modula- 
tion, and cathode modulation service. 

D-UTC SPECIAL SERIES Transformers are 
attractive units representing unprece- 
dented valves . every item designed 
specifically for the amateur. 

E 

F 

G 

H 

E-HIPERM ALLOY UNITS are in high 
conductivity drawn cases. They have 
uniform 30 to 20,000 cycles response 
with medium weight and size. 

F-OUNCER Transformers, as their name 
would imply, weigh approximately one 
ounce, and represent the acme in trans- 
former development for concealed serv- 
ice, hearing aids, etc. 

G-PA POWER COMPONENTS are de- 
signed to commercial and A.I.E.E. stand- 
ards. They are rugged, dependable 
units suitable for every type of com- 
mercial and amateur service. 

H-UTC KITS are available for a wide 
range of PA and transmitter applica- 
tions. Complete modulator kits are avail- 
able for Cathode Modulation. 

o [LS ol 
Write: ENGINEERING DIV. 150 VARICK ST. * 

EXPORT DIVISION: 100 VARICK STREET 
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NEW YORK, N. Y. 

D D 

NEW YORK, N. Y. 
CABLES: "ARLAB" 

The CCS ratings are essentially the 
same as the former maximum ratings. 
The ICAS ratings, however, are con- 
siderably higher, permit the use of 
much greater power input, and pro- 
vide a relatively large increase in use- 
ful power output. For example, the a -f 
power output of two 809s in class B 
is 100 watts at the old maximum plate - 
voltage rating of 750 volts. At the new 
ICAS rating of 1000 volts, the power 
output is 145 watts, an increase of 45 
per cent. In plate -modulated telephony 
service, the r -f output of the 809 is 38 
watts with the CCS ratings and 55 
watts with the new ICAS ratings, also 
an increase of about 45 per cent. Com- 
plete operating data, including both 
CCS and ICAS ratings, have been pre- 
pared for types 802, 804, 806, 807, 809, 
810 and 814, as well as for the new 
811, 812, and 828, and can be obtained 
on request. 

The new system provides transmit- 
ting -tube ratings which recognize the 
diversified design requirements of 
modern transmitter applications. For 
example, there are numerous appli- 
cations where the design factors of 
minimum size, light weight, low ini- 
tial cost, and maximum power output 
are far more important than ex- 
tremely long tube life. In such cases, 
the set designer may very properly 
decide that a small tube operated with 
ICAS ratings better meets his re- 
quirements than a larger tube oper- 
ated with CCS ratings. 

It is self-evident, of course, that the 
harder a tube is worked the shorter 
will be its useful life. Although no 
rule can be set up which will ac- 
curately predict the life performance 
of an individual tube under specified 
operating conditions, it is practical to 
make an estimate of tube life on the 
basis of average results from a large 
number of tubes. In average amateur 
service, a tube operated at the higher 
ratings can normally be expected to 
give about 50 per cent of the life 
obtainable with CCS ratings. 

It has been estimated that an active 
amateur does not have his carrier on 
the air more than 300 hours per year. 
Therefore, a tube lasting 1000 to 1500 
hours when used with CCS ratings 
would give him at least 31 to 5 years 
of service. The amateur, because he is 
usually most interested in low initial 
cost and maximum power output, may 
consequently decide that the ICAS rat- 
ings are better suited for his purpose. 

The engineer designing a broadcast 
transmitter has quite a different prob- 
lem. A broadcast station may operate 
tubes on an average of 18 hours a day. 
Tube failures are expensive both in 
themselves and in advertising revenue 
lost because of interrupted programs. 
Consequently, since reliability is his 
main concern, he should operate tubes 
at the CCS ratings or perhaps even 
lower. Only in this way can he obtain 
the long tube life required for contin- 
uous commercial services. 

In view of the fact that the ICAS 
ratings are considerably higher than 
the former maximum ratings, an ex - 
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CUT POWER LOSSES 
in your H. F. Circuits 

with Bakelite Polystyrene Plastics 

Lead -through bushings for National Co.. Inc. ultra -high -frequency receivers 
molded from Bakelite Polystyrene by the Thomas Mason Co., Inc. 

WITH a power factor and di- 
electric constant superior to 

any other organic plastic material, 
BakelitePolystyrene offers vast new 
possibilities for the improvement of 
high frequency circuits! 

Radio and television parts of ac- 

curate dimensions may be com- 
pletely formed from this low -loss 
dielectric through a comparatively 
simple molding process. Capaci- 
tors and splices may be built for 
minimum loss and maximum effi- 

ciency with Bakelite Polystyrene 
Film-a new sheet form in which 
this material also is available. 

Bakelite Polystyrene offers a 

power factor of less than .0002, and a 
dielectric constant of 2.60 at fre- 
quencies from 60 to 1,000,000 cycles. 
Its stable electrical properties and 
exceptional moisture resistance pro- 
vide dielectric characteristics that 
remain constant even at varying 
temperatures. 

Investigate the important impli- 
cations of Bakelite Polystyrene 
plastics for your high -frequency ap- 
paratus and equipment. Enlist the 
cooperation of our Research and 
Development Laboratories on spe- 
cific problems. Write for detailed 
Reference Bulletin 13 describing 
Bakelite Polystyrene plastics. 

BAKELITE CORPORATION, 247 PARK AVENUE, NEW YORK, N.Y. 
Chicago: 43 East Ohio Street Bakelite Corporation of Canada, Ltd., 163 Dufferin Street, Toronto, Ont. 

West Coast: Electrical Specialty Co., Inc.. San Francisco. Los Angeles and Seattle 

BA K 
PLASTICS HEADQUARTERS 

ELECTRONICS - November 1939 

Bakelite Polystyrene coil forets are used on all RCA 
Victor Television Receivers. 'Unified by Erie lt..i.tor 
Corporation. 

Bakelite Polystyrene Film provides new high efficiency 
in radio capacitors. Supplied in water -white or purple. 
black tint. 

Radio socket bracket of Bakelite Polystyrene used in 
National Co. ultra -high -frequency receivers. The 
Thomas Mason Co., Inc., molder. 
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COLLOIDAL 
GRAPHITE 

music4.41, 

MUSIC 
"Plywood board painted on the 

outside with 'Aquadag' serves to 
shield the back of the (electrical) 
piano" reports F. D. Merrill, Jr. in 
the May 1939 issue of "Electron- 
ics" - - "All the inside cabinet sur- 
faces of the piano must be made 
electrically conductive by painting 
with a colloidal graphite solution". 

This convenient means of obtain- 
ing electrostatic shielding also ex- 
tends to other musical instruments 
such as electrical violins, guitars, 
and organs. 

The homogeneous and tenacious 
graphite films formed with "dag" 
dispersions are not only easy to 
apply but their conductivity is read- 
ily varied by simple alteration of 
graphite content. Write for Tech- 
nical Bulletin 270 giving details. 

The above statements should not be con- 
sidered as recommending the use of col- 
loidal graphite in violation of any valid 

patents which may exist. 

ACHESOA 
COLLOIDS CORPORATION 

PORT HURON, MICH. 
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planation of the basis on which these 
new ratings are established is desir- 
able. The old method of rating trans- 
mitting tubes has been based on the as- 
sumption that tubes would always be 
used under the most severe operating 
conditions possible for each class of 
service. Although it was recognized 
that this method was not representative 
of actual operating conditions, it did 
provide a very large factor of safety. 
In recent years, rapid progress in tube 
design, tube manufacture, transmitter 
design, and operating technique has 
made it practical to refine the method 
of rating transmitting tubes so that 
it more closely represents actual oper- 
ating requirements. 

For example, in class C telegraph 
service, the old ratings were set up 
on the basis of continuous key -down 
operation. In practice, however, all 
class C stages which are keyed are not 
under load when the key is up, as it 
is during spacing intervals. The aver- 
age load on the tube is, of course, 
much less than it is under steady key - 
down conditions. 

In class C plate -modulated telephony 
service, the old ratings were based on 
steady, 100 per cent, sine -wave modu- 
lation. Under this condition, the total 
plate input (dc and ac) is 1.5 times 
the unmodulated d -c plate input. In 
practice, a broadcast transmitter (for 
example) modulates its carrier on the 
average only 25 to 30 per cent. Under 
these conditions, the average plate 
power input is only 5 per cent higher 
than the unmodulated d -c plate input. 

Similarly, the old class B a -f ampli- 
fier ratings were based on steady, full - 
signal operating conditions with a 
sine -wave signal. Actually, the aver- 
age signal is much smaller than the 
maximum value and the average d -c 
plate current and power input varies 
continuously between no -signal and 
full -signal values. In addition, it is 
well known that speech signals place 
a much lighter load on the class B 
amplifier than signals having sinusoidal 
waveform. 

It is apparent from the foregoing 
considerations that increased trans- 
mitting -tube ratings are practical for 
many applications. The new ICAS 
ratings, together with the CCS ratings, 
make it possible for the radio amateur 
and the radio engineer to choose the 
operating conditions best suited for the 
job at hand. 

Tube Registry 

Tube Types Registered by R.M.A. Data 
Bureau During July, August and September 

1939 

Type 117Z6 (GT) 

Prototype 117Z6 (6) 
FULL wave rectifier -doubler; heater 
type; (T-9) glass envelope, seated 

ALLIED RELAYS 
Type P.C.1--2500 Ohms-layer wound coil 
-condenser paper between layers-ade- 
quately impregnated-yoke, armature and 
pole piece made of Armco Iron-over-all 
dimensions 2 5/16" long, 11/2" high, 11," 
wide --designed for plate circuit of vac- 
uum tubes. 
Type P.C.2-Similar to above except coils 
available up to 5000 ohms. 
Type P.C.3-6 volts AC; Type P.C.4 --110 
volts AC; Type P.C.6-6 volts DC; Type 
P.C.7---12 volts DC. 
Also Type D relays for police, air 
craft, and industrial uses. 
Numerous uses as burglar alarms, light 
control, radio, call systems, teletype, etc. 
Because of quantity production, these re- 
lays are sold at extremely attractive 
prices. 
Write for complete descriptive literature 
and prices. 

ALLIED CONTROL CO., INC. 
227 Fulton St. New York City 

Export Dept.: 
Pan Mar Corp., 1270 Broadway, New York City 

SPECIFIED BY OUR COUNTRY'S 

BIGGEST MANUFACTURERS 

Dial or "'"`' Jewel 
PILOT LIGHT ASSEMBLIES 
Sheer merit, alone. has 
gained the enviable repu- 
tation enjoyed by DRAKE 
Pilot Liuht Assemblies. 
Many of our country's 
leading electrical and 
radio manufacturers and 
many more :mailer but 
no less particular buyers 
specify DRAKE Products 
continuously, for their 
uniform high quality and 
dependable performance. 
That's why, within a 
few years, DRAKE has 
become the World's larg- 
est Exclusive Makers of 
Dial and Jewel Pilot 
Light Assemblies! 
Big scale, high speed 
production assures finest 
uniform quality at mod- 
erate cost. If you have a 
pilot light problem, let 
our competent engineers 
help you. Standard units 
available in many styles 
and sizes. Also special 
designs. 

A FEW LEADING 
USERS 

R. C. A. Mfg. Co. 
Zenith Radio Corp. 
Emerson Radio & Phono. 

Corp. 
Farnsworth Tel. & Radio 

Corp. 
E. H. Scott Radio Labs. 
Belmont Radio Corp. 
Majestic Radio & Tel. 

Corp. 
Motorola 
Crosley 
General Electric Co. 
Western Electric Co. 
Drtrola Radio Corp. 
Colonial Radio Corp. 
Sparks-Withington Co. 
Bendix Radio Corp. 
Magnavox Co. 
Curtiss-Wright Corp. 
Lockheed Air -Craft Lines 
Tele -Type Corp. 
Weston Elec. Instr. Corp. 
Western Union Tel. Co. 
U. S. Navy 

WRITE FOR FREE CATALOG, TODAY! 

DRAKE MANUFACTURING CO. 
1713 W. HUBBARD ST. CHICAGO, U. S. A. 
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height 22 inches (max) ; 7 pin, small 
metal shell wafer base. 

e. =117v 
e., = 117 v (max) 
ia. = 60 ma (max) 
i. = .075 amps 

Basing 7-AR. 

Type 6V6 (GT) 
Prototype 6V6 (G) 
BEAM Power Amplifier; heater type; 
(T-9) glass envelope; seated height 
22 inches (max) 7 pin octal base, 
metal shell. 

e. = 6.3 y 
i. _ .45 amps 
e = 250 y 
e. = -12.5 v 
ip = 45 ma 

G.. = 4100 ',mhos 
RI = 5000 ohms 
PO = 4.25 watts (8%) 

Basing 7 -AC 

Type 717 (GL) 
TRIODE-HEXODE converter, remote cut- 
off; heater type; (T-9) glass envelope - 
base; seated height 21 inches; 8 pin 
loktal base. 

e. = 7.0 y 
i. = .32 amps 

TRIODE 
ep = 150 y 
eo = -3 y 
ip = 7.5 ma 

G.. = 1350 µmhos 
rip = 10400 ohms 

HEXODE 
e6 = 250 y 
e, = -3 y 
G. = 310 µmhos 

Rp = 1.5 megohms 
Cif output = 7.5 µµf 
CrJ iwp.t = 5.5 µµf 
Basing 8-Att 

Type 1G4 (GT) 

Prototype 1G4 (G) 

TRIODE; filament type; (T-9) glass 
envelope; seated height 22 inches 
(max) intermediate shell 7 pin octal 
base. 

eJ = 1.4 y 
if = .05 amps 

ep = 90 y 
e, = -6 y 
ip = 2.3 ma 

= 8.8 
R p = 11660 ohms 

Basing 5-S 

Type 1G6 (GT) 

Prototype 1G6 (G) 
DOUBLE triode, Class B; filament type; 
(T-9) glass envelope; seated height 
22 inches; intermediate shell, 8 pin 
octal base. 

= 1.4 y 
if = .10 amps 
e, = 90 volts 
eo =0v i, = '(2 to 14 mamps) 

RI = 12000 ohms 
PO = .675 watts (5%) 

Basing 7-AB 

Here are the a ii'veers..., 

BUILT TO THE FERRANTI STANDARD OF QUALITY 

FERRANTI ELECTRIC CO. Thirty Rockefeller Plaza. N. w York 

Alert Engineers 
will want these 

Ferranti Bulletins! 

ELECTRONICS - November 1939 

Here are up-to-date bulletins on each of six Ferranti Trans- 
former lines: 

(1) Super Series A Line- Audio 
(2) Ultra Series B Line- Audio 
(3) Aero Series C Line - Aircraft and Portable 
(4) Humfree Self Shielded Power Units 
(5) Low Cost Plate -Filament Transformers 
(6) Air Cooled Industrial Transformers 
Here are the answers to the many questions being asked today 
by engineers alert to technical progress ... answers backed by 
57 years of Ferranti experience. Write for your copies of 
these bulletins ... now! 

Ferranti Engineers are at your service to assist you in the 
solution of your technical problems. 

W14/ ELECTRIC 
INCORPORATED 
RCA BUILDING 

NEW YORK, N.Y. 
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For 50 years, we have specialized in the manufacture 
and application of these devices. May we apply our 
experience to your problems? American Automatic Electric 
Sales Co.. 1033 W. Van Buren St., Chicago. 

MAKERS OF TELEPHONE AND SIGNALING APPARATUS 
ELECTRICAL ENGINEERS. DESIGNERS & CONSULTANTS 

ACCURATE 
FORECAST 

OF 
PERFORMANCE 

HUNTER 
PRETESTING! 

Just ask to 
have a repre- 
sentative call; 
there's no 
obligation! 

PRECISION 

MADE 

TO 

Deter miiu in advance the exact 
performance your springs will give! 
Hunter detailed analysis of designs 
and reports on performance help you 
fined the best springs for your pur- 
pose; guesswork is eliminated; facts 
make buying safe! This is a FREE 
Hunter service-it's the No. 1 step 
toward spring quality and economy. 

e 

by Hunter 
HUNTER PRESSED STEEL CO., LANSDALE, PA 

Type 2X2/879 
HALF -WAVE rectifier, filament type; 
(ST -12) glass envelope, seated height 
4 1/32 inches (max) small 4 pin base. 

eA = 2.5 v 
iA = 1.75 amps 

e.o = 4500 v (design 
max) 

id, = 7.6 ma (design 
max) 

ept = 12,500 v (design 
max) 

ZpraA = 100 ma 
Basing 4 -AB 

Type 7D7 (GL) 
FOREIGN service, triode-hexode con- 
verter, remote cutoff; heater type; 
(T-9) glass envelope -base; seated 
height 2-R inches (max) internal 
shield; 8 pin loktal base. 

eA = 7.0 y 
iA = .48 amps 

HEXODE 
en = 250 v eo=-3v 
Oa 275 µmhos 
Rg = 1.5 megohms 

TRIODE 
eº = 150 
e. _ -3 y 
iº = 3.5 mamps 
µ = 32 

G. = 1900 aims 
Rº = 16800 ohms 

Cif ..,º.J = 8.0 µµf 
Crf J.º., = 5.5 µµf 
Basing 8 -AR 

Type 21A7 (GL) 
FOREIGN service, triode-hexode con- 
verter, remote cutoff; heater type 
(T-9) glass envelope -base; s e a t e d 
height 2R inches (max) internal shield; 
8 pin loktal base. 

ea, = 21.0 v 
iA = .16 amps 

HEXODE 
eb =250v 
e., = -3 v 

G., = 275 µmhos 
ft º = 1.5 megohms 

TRIODE 
eº =150v -3v 
iº =3.5ma 
p = 32 

G. = 1900 µmhos 
Rº = 16800 ohms 

Cif a.,º., = 8.0 µµf 
C,f:.ºe 

=58. 
5.5 µµf 

Basing 8-AR, 

Type 12E5 (GT) 

Prototype 61'5 (GT) 
TRIODE; heater type; (T-9) glass en- 
velope; seated height 2i inches; 6 pin 
octal base; metal shell to pin No. 1. 

eta = 12.6 v 
iA = .15 amps 
eº = 250 y 
e, = -13.5 

ám = 1450 µmhoe 
ft º = 9500 ohms 

= 13.8 
,Gk=3.6µµf 
ºCA = 2.6 µµf 
,Cº = 2.8 µµf 

Basing 6-Q 
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A Dependable 
MINIATURE 

FREQUENCY METER 
FOR POWER FREQUENCIES -BE- 
TWEEN 15 AND 500 CYCLES PER 

SECOND 

Frahm Frequency Meters indicate by 
the resonant vibration of accurately 
tuned steel reeds, which hold their orig- 
inal calibration for a very long time. 
Simple. Rugged. Unaffected by wave 
form or by ordinary voltage and tem- 
perature changes. Wide range portable 
and switchboard types also available. 

Write for Bulletin 1555-E 

JAMES G BIDDLE CO. 
I ELECTRICAL INSTRUMENTS I 

1211-13 ARCH STREET PHILADELPHIA. PA. 

A CONTINUOUS 
WORLD'S PAIR: 

VISIT OUR EXHIBIT IN THE 

METALS BUILDING AT 
THE WORLD'S FAIR. 

WILBUR B. DRIVER CO. 
NEWARK, HEW JERSEY 

Type 6AL6 (G) 

Prototype 6L6 (G) 
BEAM Power Amplifier; heater type; 
(ST -16) glass envelope; seated height 
5i inches (max) ; skirted miniature 
top cap; 7 pin medium shell octal base. 

ea=6.3v 
is = .9 amps 
ea - e. = 250 v 
e,= -14v 

i,,. =72 ma, 
s.e = 5 ma 
O., = 6000 pmhos 
RI = 2500 ohms 

PO = 6.5 watts (10%) 
Basing 6-AM 

Type 7Q7 (GL) 
Prototype 6SA7 (M) 
HEPTODE, converter; heater type; (T-9) 
glass envelope -base; seated height 24 
inches (max) ; 8 pin loktal base. 

ea = 7.0 y 
in = .32 amps 
e, = 250 y (max) 
e,s = -35 y 
ego = ers = 100 v 

(max) 
e,s =egs =Ov 
i, = 3.4 ma 

4.44 8 ma 
.5 many. 

ß, = 450 µmhos 
R, = .8 megohms 
cri e, = 9.5 µµf 
CNI ..I = 9.0 µpf 

Basing 8-AL 

Type 14J7 (GL) 

lrototype 7J7 (GL) 
FOREIGN service; triode-hexode, re- 
mote cutoff, converter; heater type; 
(T-9) glass envelope -base; seated 
height 2$ inches (max) ; 8 pin loktal 
base. 

=14v 
it. =.16amps 

TRIODE 
e, = 150 v 
e,= -3v 
i, = 7.5'ma 

Om = 1350 µmhos 
R, = 10,400 ohms 

= 14 

HEXODE 
e, = 250 v (max) 

e.1,4,5 = 100 y (max) 
ePl = -3 y 
r, = 1.4 ma 
i. = 2.8 ma 

R = 1.5 megohms ( = 310 pmhos 
Cr1 tot = 5.5 of 

eel out = 7.5 ppf 
Basing 8-AR 

Type 12B7 (ML) 

Prototype 12B7 (GL) 
R -F PENTODE, remote cutoff; heater 
type, metal envelope, seated height 21 
inches (max) 8 pin locking base. 

ea - 12.6 v 
it, .15 amps 
eh - 250 v 
e. - -3 v 
i, - 0.2 ma 

(iw - 2000 pmhos 
R, - .8 megohms 

Magna - 5.5 µµf 
Camp.'- 7.0 ppf 

eCv - .005 ppf 
(max) 

Basing 8-V 

El ,E(;'I'1ONICS -- November 1939 

"Pincor" 
Type "DA" 

Converter 

"Pincor" 
Type "PS" 

Dynamotor 

A Complete Line 
For Every Purpose 
Radio engineers have learned from ex- 

perience that Pioneer Gen -E -Motor Cot, 
poration's dynamotors, gen -e -motors and 
converters provide the last word in de- 

pendable power supply units for air craft, 
police, marine and auto radios and public 
address systems. They are available in a 

wide range of capacities for every require- 
ment. Designed and constructed to give 

maximum long life and service. Light 
weight and compact. For complete in - 

Formation fill out and mail coupon below. 

PIONEER GEN -E -MOTOR CORP. 
466 W. Superior St.. Chicago 

Export Address 
25 WARREN ST. 

NEW YORK, N. Y. SILVER Bq. 
DYNAMOT QO 

PIONEER OENEMOTOR CORPORATION 
Dept. R4K, 466 W. Superior Street, Chicago, III. 
Please send me "Pincor" 
Catalog and Data Sheets 

Name 

Address 

City State 
Also send me Converter Catalog 

Silver Band Dynamotor 
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with the 

L -C CHECKER 
Just imagine testing condensers 

right in their own circuit-no discon- 
necting, no unsoldering. A truly 
radio test, which checks for capac- 
ity, opens, shorts, intermittents. 

The L -C Checker does a score of 
things. Checks inductances and cir- 
cuits; aids in aligning r.f. and i.f. 
stages; tunes traps; checks chokes, 
antennae, r.f. transmission lines, etc. 
Invaluable in the laboratory, factory, 
out in the field. Costs only $29.50 
net. 

Ask to See it ... 
Your local AEROVOX jobber will 

gladly show you the L -C Checker. 
Ask for data-or write us direct. 

CORPORATION 

NEW BEDFORD, MASS. 
IN CANADA, AEROVOX CANADA. UmIt.d Hamilton, Ont. 

Type 6M8 (GT) 
Prototype 25D8 (GT) 
FOREIGN Service, diode, triode, pentode; 
remote cutoff; heater type; (T-9) glass 
envelope; seated height 2jl inches; 
octal base 8 pins. 

ee = 6.3 v 
is = .6 amps. 

TttIODE 
es = 100 
i = .5 ma 

e, e, =1v 
Gm = 1100 µmhos 

,,CE =45µµf 
Rn = 91,000 ohms 

vex = 2.5 µµf 

PENTODE 
ea = 100 v 
ip = 8.5 ma 

C;. = 5.2 µµf 
Co = -3 v 

Gm = 1900 ohms 
Coat = 10.0 µµf 

R9 = .2 melts 
,Cp = .015 µµf 

Basing 8-AU 

Type 25AC5 (GT) 
l'rototype 25AC5G 
POWER amplifier, triode, positive grid; 
heater type; (T-9) glass envelope; 
seated height, 22 inches (max) ; 6 pin 
octal base. 

ee = 25 v 
in = .3 amps 
ea = 110 v 
e, = ±15v 
ip = 45 ma 

Rp = 15,200 ohms 
= 58 

Gm = 3800 pmhos 
Ri = 2000 ohms 

PO = 20 watts (10%) 
Basing 6-Q 

Type 1LB4 (GL) 
POWER amplifier pentode; filament 
type; (T-9) glass envelope base; 
seated height 2t inches (max), 8 pin 
loktal base. 

e¡ = 1.4-v 
i¡ = .05:amps 
ep =90v 
e. = 90 v 
e, = -9 v 
ip = 5 ma 
i. = 1 ma 

Gm = 925 pmhos 
Rp = 12,000 ohms 
Ri = 12,000 ohms 

P.O = .2 watts (10%) 
Basing 5 --AD 

Type 1B8 (GT) 

Prototype 1H5, 1T5 

DIODE, triode, beam power amplifier; 
filament type; (T-9) glass envelope; 
seated height 2i inches (max) ; 8 pin 
octal base. 

e¡=1.4V 
i¡ = .1 amps 

TRIODE 
ep=90v e=0v 
ip = 0.15 ma 
p = 66 

Rp = .24 megohms 
Gm = 275 pmhos 

PENTODE 
ep = e, = 90 v 

leg =-6v 
= 6.3 ma 

i. = 1.4 ma 
Gm = 1150 pmhos 
7Rt = 14,000 ohms 
PO .21 watts (8.5%) 

Basing 8-AW 

GOAT TUBE SHIELD FEATURES 
that Simplify Set Manufacturing 

1 -VARIETY 
Goat's position as the largest 
independent manufacturer of 
radio tube parts and shields 
is the outgrowth of the co- 
ordinated efforts between 
the industry's most active 
engineers and Goat's crafts- 
men in seeking new ways to 
improve set performance. 

Here at Goat, you can get 
from stock, or manufactured 
upon short notice, numerous 
types of radio tube shield- 
for Goat offers you the 
widest variety available to 
the industry. 

GOAT TUBE SHIELD FEATURES: 
I Variety 
2 Maximum 

ness 

3 High Appearance 
Compact- Value 

4 Tested Performance 
5 Quick Service 

Send for Bulletins 

GOAT RADIO TUBE PARTS, fNc. 
IA DIVISION OF THE MD GOAT CO, EST. I,, 
314 DEAN ST., BROOKLYN, N. Y. 

PLUGS SOCKETS 
TERMINAL PANELS, ETC. 

HUNDREDS OF STANDARD ITEMS 
OR SPECIALS TO YOUR BLUE- 
PRINTS. 

WRITE FOR BULLETINS. 

HOWARD B. JONES 
2300 Wabansia Avenue 

CHICAGO ILL. 
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IT'S NOT YOUR PRODUCT 
Type 6SQ7 (G) 
DOUBLE diode, hi mu triode; heater 
type; (ST -12) glass envelope; seated 
height 3-9/16 inches (max) ; 8 pin, 
small shell octal base. 

et, = 6.3 v i = 0.3 amps 
ep = 250 y 
e, = -2 v 
ip = 0.8 ma 

=100 
R, = 91,000 
G,, = 1100 µmhos 

Basing 8-Q 

Type 1B7 (GT) 

Prototype 1B7 (G) 
PENTAGRID converter, remote cutoff; 
filament type; (T-9) glass envelope; 
seated height 22 inches (max) ; metal 
shell octal base. 

e = 1.4 y 
if = .10 amps 

es = 90 y 
e. =0v 
ip = 1.5 ma 
G, = 350 µmhos 
R, = .35 megohms 

Crl input = 7.0 µµf 
Cif output = 7.5 µµf 
Basing 7-Z 

Type 5W4 (GT) 

Prototype 5W4 (M) 
FULL -WAVE rectifier; filament type; 
(T-9) glass envelope; seated height 
22 inches (max) ; 5 pin octal base. 

e = 5.0 y i = 1.5 amps 
e.e = 400 y (max) 
id. = 90 ma (max) 
epi = 1120 y (max) 

Basing 5-T 

Type 6AE5 (GT) 

Prototype 6AE5 (G) 
TRIODE, heater type; (T-9) envelope 
seated height 22 inches (max) ; 6 pin 
octal base. 

eh =6.3y 
is = .3 amps 
ep = 95 y 
e, = -15 y 
ip = 7 ma 
if = 4.2 

R, = 3500 ohms 
G,,, = 1200 µmhos 

Basing 6-Q 

Type 6T6 (GM) 
FOREIGN service, R -F 
cutoff; heater type; 
sprayed glass envelope 
3-11/16 (max) ; 6 pin 

es = 6.3 v 
is = .45 ma 
e, = 250 v 
e. = 100 v 
e, = -1 y 
ip = 10 ma 
i, = 2 ma 

Gn = 5500 µmhos 
R, = 1 megol,m 

(Tin = 8 µµf 
Cost =12µµf 
,C, = .02 µµf (max) 

Basing 6-Z 

pentode, sharp 
(T-9) metal 

; seated height 
octal base. 

It's your control device; We find we can't 
depend on it 

Yes, it 
happens 

every day, and it's 
a shame, too, consid- 

ering the care with which 
manufacturers, today, study 

their product. 
Don't let this happen to you-send 

for Dunco's new catalog giving full in- 
formation on 

STRUTHERS DUNN, INC. 
148 N. Juniper St. Philadelphia, Pa. 

TAILOR MADE 

RELAYS - TIMERS - THERMOSTATS 
and find out why they are so dependable. 

DUNCO MEANS DEPENDABILITY 

110 VOLTS AC ANYWHERE with KATOLIGHT 

List Price $50.00 and up 
Furnish standard 60 -cycle AC for operating 
sound truck equipment, AC radios, trans- 
mitters, flood lights, motors, moving picture 
projectors, etc. 
A complete line of light and power plants 
ranging up to 10,000 watts capacity. Also 
6, 12 and 32 volt battery charging plants, 
Diesel plants, rotary converters and fre- 
quency changers. 

Write for Latest Ca?slog 

KATO ENGINEERING COMPANY 
Elm and Front Sts., Mankato, Minn., U. S. A. 

ELECTRONICS - November 1939 

WHEN QUALITY COUNTS 
THE CARRIER DYNAMIC MODEL 702-D 

For Broadcasting, Recording, Reinforcing 
Here is an instrument of striking professional appearance 
and outstanding performance. It features the new "Acoustic 
Equalizer"-an exclusive Carrier development-which makes 
possible a response curve whose linearity surpasses that of 
other types. Other features include: Wide range perform- 
ance, Hepco locking type cable connector, magnetic shielding, 
sealed construction. 

Response ±2/ db. 30 to 10,000 cycles. 
Output level -60 db. 

List Price: 30 ohms..$60.00; 200 to 500 ohms..$68.50 
Free catalog 10E fully describes this and other Carrier microphones 

CARRIER MICROPHONE CO 
39 So. La Brea Ave. 
INGLEWOOD, CAL. 

15 EAST 26th STREET, NEW YORK, N. Y. 
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GET SMALL-COMPACT-INEXPENSIVE 

RELAYS by GUARDIAN 
for Every CONTROL Application 
* What is your control problem? An automatic machine or a 
model railroad? A chemical process . . . or counting articles 
on an assembly line? Antenna switching of a radio transmitter 
--or an alarm system? Gauging an inflammable liquid of vary- 
ing specific gravity . . . or counting the attendance at the 
World's Fair? 

These are just a few of the thousands of problems that 
to Guardian for solution. No, we don't solve them all 
but we do solve most of them. 

If Guardian can do your job . and almost always we 
. . . you'll get a fast answer and a cost 
estimate that is most attractive . . . with 
a delivery date that's a lot closer than 
you'd ever expect. 

Ask us to make specific recommendations. 

Write for Catalog "E" Today! 

GUARDIAN ELECTRIC 

1625 W. Walnut St. Chicago, Illinois 

come 

can 

Type R 
Stepping Relay 
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DIRECT READING 
FREQUENCY MONITOR 

MODEL FD8 BY 

FEATURES: 
Provides direct reading of frequency 
deviation. 
Temperature controlled crystal cham- 
ber. 
Monitors four frequencies. 
Operates on any frequency -1500 to 
50,000 KC 

Accuracy of the monitoring frequency 
is .002 per cent 

O Three ranges of measurement -1000, 
5000, and 10,000 cycles 

For further details write 

DOOLITTLE & FALKNOR, Inc. 74C2H1 N13012 . 
O SD. 

Type 3A8 (GT) 
DIODE, triode, pentode; tapped filament 
type; (T-9) glass envelope; seated 
height 23 inches (max) ; skirted mini- 
ature top cap; 8 pin intermediate shell 
octal base. 

er = 2.8 y 
it = .05 amps 

TRIODE SECTION 
ep 
bp 

e, 

R. 

C;,, 
CO 

ocp 

= 90 y 
_ .15 mamps =0v 
= 65 
= .24 megohms 
= 275 µmhos 
= 2.6 µµf 
= 4.6 µµf 
= 2.2 µµf 

PENTODE SECTION 
ep = e. = 90 v 
e, = 0 y 
ip = 1.2 mamps 
i. = .3 mamps 

Gm = 750 µmhos 

Rp = .6 megohms 
C;,, = 2.6 µµf 
Co.. = 10 µµf 
,C,, = .015 µµf (max) 

Basing 8-AS 

Type 35A5 (LT) 

Prototype 35A5 (GL) 
BEAM power amplifier; heater type; 
(T-9) glass envelope; seated height 
2 27/32 inches (max) ; intermediate 8 
pin octalox base. 

ek =35y 
ik = .15 amps 
ep = 110 v (max) 
e. = 110 y (max) 
e, = -7.5 v 

i o = 40 ma , = 3 ma 
G., = 5890 µmhos 
Rp = 14,000 ohms 
Rr = 2500 ohms 
P. = 1.5 wattsp 

(6.5%) 
Basing 6 --AA 

Type 35Z3 (LT) 

Prototype 35Z3 (GL) 
HALFWAVE rectifier; heater type; (T-9) 
glass envelope seated height 2-B inches 
(max) ; intermediate octalox 8 pin 
base. 

et. = 35 y 
ik = .15 amps e = 117 v (max) 

ie. = 100 ma (max) 
ear.p © 200 ma = 16 y 
ep.,k inverse = 700 v 

(max) 
ip..k = 600 ma 

Basing 4-Z 

Type 117L7 (GT) 
RECTIFIER, beam power amplifier; 
heater type; (T-9) glass envelope 
seated height 2Z inches (max) ; 8 pin 
octal base. 

er, = 117 y 
tk = .09 amps 

RECTIFIER 
e., = 105 v (max) 

= 75 ma (max) 
ea..a ® 150 ma = 16 y 

BEAM POWER 
AMPLIFIER 

ep = e. = 105 v (max) 
e, _ -5.5 v 
ip=45ma 
i. = 4 ma 

R, = 20,000 ohms 
G. = 4,000 µmhos 

RI = 4,000 ohms 
P. = 5.5 watts (5%) 

Basing 8-AO 
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O to 135 

VOLTS 

stepless 
VOLTAGE REGULATION 
No laboratory is complete without a means 
of stepless voltage control such as provided 
by the Acme Voltrol. Manually operated, 
the Acme Voltrol provides for stepless regu- 
lation of A. C. voltage from 0 to 135 volts. 
For production line testing this unit has no 
comparison. Put voltage control on all test 
boards and discover the performance char- 
acteristics of your product under all voltage 
conditions. The NEW Voltrol is lower priced 
than ever. 

Inquiries invited from manufacturers who 
use small, special characteristic transform- 
ers in quantity. 
THE ACME ELECTRIC & MFG. CO. 
31 Water Street Cuba. New York 

For the Electronics Equipment 

Manufacturer 

* NEW * 
Safety Terminals, Insulated Rectifier and 

Thyratron Connectors, High Voltage 

Tube Sockets, Iron Core RF Chokes, 

QuartzQ Polystyrene Insulation, High 

Frequency Variable Condensers, Meter 

Type Dials, Cast Aluminum Chassis, etc. 

Catalogue Upon Request 

JAMES MILLEN MFG :CO, INC. 
150 EXCHANGE ST. MALDEN. MASS. 

Type 12K8 (GT) 

Prototype 6K8 (GT) 

TRIODE, hexode; heater type; (T-9) 
glass envelope; seated height 2i inches 
(max) ; 8 pin octal base. 

er. = 12.6 y 
is _ .15 amps 

HEXODE 
e, = 250 v (max) 

sod = 100 v (max) 
e,s = -3 v (min) 
i, = 2.5 ma 
i, = 6.0 ma 

G. = 350 µmhos 
R, = .6 megohms 

TRIODE 
e,=100v 
es =0v 

= 3000 µmhos 

Ci,.=6.6µµf 
Cif out= 3.5 µµf 
Basing 8-K 

Type 20J8 (GM) 
Prototype 6J8 (G) 

FOREIGN service, triode, heptode, con- 
verter; heater type; (ST -12) metal 
sprayed glass envelope; seated height 
3-25/32 inches (max) ; small shell 8 
pin octal base. 

ek = 20 v 
=.15v 
HEPTODE 
= 250 y (max) 
= 100 y (max) 
= -3 y 
= 1.5 ma 
= 3.4 ma 
= 2 megohms 
= 270 µmhos 
=5µµf 
_ .012 µµf (max) 

TRIODE 
e, s100v 
el = 0 i, = 15 ma 

G,,, = 2500 µmhos 
µ = 15 

Basing 8-H 

Type 12SF5 (M) 

Prototype 12SF5 (GT) 

Hi Mu triode; heater type, metal en- 
velope (MT -8) seated height 2-1/16 
inches (max) ; 6 pin octal base. 

ek =12.6v 
it. .15 amps 
e, = 250 y (max) 
e, = -2 v i, =.9ma 

=100 
R, = 66,000 ohms 
G,, = 1500 µmhos 

,Ck = 4.0 µµf 
,ck = 3.6 µµf 
,C, = 2.4 µµf 

Basing 8-P 

Type 7A7 (LM) 

Prototype 7A7 (GL) 

R -F PENTODE, remote cutoff; heater 
type (MT -8) ; metal envelope; seated 
height 2-5/16 inches (max) ; 8 pin in- 
termediate octalox base. 

ek = 7.0 v 
it. = .32 amps 
e, = 250 y 

= 100 y max; e. 
e, _ -3 v min) i, = 8.8 ma 
i. = 2 ma 

Gn, 2000µmhos 
R, _ .8 megohms 
Ci -6µµf 

Copt = 7 pµf 
( _ .005 µµf (max) 

Basing 8- 
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Lingo provides economical 

vertical radiators that reach 

a new high in performance! 

It's not just a matter of coinci- 
dence that many of the leading 
engineers are specifying LINGO 
"TUBE" RADIATORS. Actual 
results offer amazing proof that 
wherever in operation LINGO 
RADIATORS give a new "plus" 
performance. No matter how 
large or small your station-Lingo 
can more than satisfy your re- 
quirements - both in cost and 
efficiency! Don't take our word 
for it. Let us show you the happy 
experiences of stations who have 
installed Lingo "Tube" Radiators. 

Write for Technical Folder 

It costs you nothing to have complete 
details on your desk. Send for our com- 
plete story-and if you include the loca- 
tion, frequency and power of your sta- 
tion, we will provide you with complete 
cost and performance figures in advance, 
without any obligation. 

JOHN E. LINGO & SON, Inc. 
Dept. E-11 Camden, N. J. 

ERTICA 

RADIATORS 
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THE ELECTRON ART 
Each month the world's technical litera- 
ture is scanned to see what physicists and 
engineers are doing with tubes, for 
presentation to Electronics' readers 

Spectrometer for Audio 
Frequency 
AN ELECTRIC WAVE ANALYZER which 
permits making instantaneous meas- 
urements of the amplitudes of any fre- 
quency component present in a com- 
plex film or electric wave is described 
by R. K. Hellman in an article, "An 
Audio Frequency Spectrometer" ap- 
pearing in the October issue of Instru- 
ments. As shown in the diagram, the 
spectrum is made available on the 
screen of a cathode-ray oscilloscope 
tube. 

While no particularly difficult re- 
quirements are imposed upon the type 
of tube used, one having a screen with 
fairly long persistence and good align- 
ment of the deflecting system is desir- 
able. Electrostatic deflection is to be 
preferred to magnetic deflection. 

The operation of the system may be 

Across the output of each filter is con- 
nected a copper oxide rectifier through 
which a condenser is charged. By 
means of a motor driven rotary disk, 
the output of each of these charged 
condensers is selected from a switching 
mechanism and is applied to the verti- 
cal deflecting plates of the oscilloscope. 
At the same time a displacement volt- 
age is applied to the horizontal de- 
flecting plate so as to give a definite 
deflection for each band of frequencies 
to which the various filters respond. 

With the arrangement shown, a com- 
plex voltage (which may have origin- 
ally been produced by a complex sound 
acting on a microphone) is made ap- 
parent on the screen of the cathode- 
ray tube in the usual manner of show- 
ing a spectrum as a series of vertical 
lines. The length of the vertical lines 
of course determines the amplitude of 
the various harmonics, whereas the 

ç 
Input o- 

Amplifiér 

No I 

No. n-1 

ic 

No. n Rectifier 

271 
o 

Band-pass 
filter 

No. 27 

n 
-1 

TC 

.iModulator 

7 

2 3 

. Rotary 
switch 

. 

o . 
27 

.n 
n -I 

Potentiometer 
3 

MOM 

n -A- 
Fi/ter 

-4- 
"Rectifier 

Amplifier 

Oscillator 

Motor 

Cathode ray 
tube 

Fig. 1 Diagrammatic representation of the functioning of the 
audio frequency spectrometer. Only one band-pass filter is 
shown although twenty-seven are employed in practice. The 

spectrum appears on the screen of a cathode ray tube 

described, with reference to Fig. 1, 
in the following manner. The input 
voltage is first amplified after which it 
is fed into a system of band-pass filter 
connected in parallel. These filters are 
so designed that each passes a band 
which is one-third of an octave wide. 
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displacement from an arbitrary zero 
axis determines the approximate fre- 
quency. The arrangement permits 
making a permanent record of the 
spectrum by means of a small film 
camera, by reason of the negligible 
time lag of the reading. There are 

no limitations due to the transient time 
of the filters. The speed of the meas- 
urement depends upon two factors: 
(1) on the speed of the rotary switch, 
the turn of one revolution being the 
maximum for each condenser to build 
up its charge, and (2) on the time con- 
stant of the rectifier circuit. When re- 
cording fast changing sound, this 
should be smaller than the time re- 
quired for one revolution. 

Calculation of Triode 
Constants 
IN A STIMULATING ARTICLE appearing 
in the July issue of Electrical Com- 
munication a new theoretical treat- 
ment, with experimental verification, is 
given by J. H. Fremlin on "Calcula- 
tion of Triode Constants". The equa- 
tions derived are similar, although 
somewhat more elaborate, than those 
which have already been developed by 
Schottky, Miller, King, 011endorff, and 
Vogdes and Elder, since they are 
derived for a more rigorous case than 
has been done heretofore. Equations 
are derived for calculating the anode 
current and the transconductance for 
a triode for both the plane and cylin- 
drical electrodes. A significant feature 
of Dr. Fremlin's derivation is that it 
is derived completely from the mechan- 
ism of a triode rather, as has been 
done in the past, by deriving the 
equations indirectly through reference 
to a diode to which the triode is 
equivalent. The fact that the equations 
derived by a consideration of the tri- 
ode agree with those which have 
previously been derived by consider- 
ing the triode as an equivalent diode, 
provides additional justification (if 
that is now needed) for early workers 
who have employed the "equivalent 
diode" method of approach. Not only 
is his article significant in that it 
appears to be the first treatment in 
which the constants are calculated di- 
rectly from a triode, but the practical 
engineer will be interested in the fact 
that the theoretical equations and ex- 
perimental curves agree unusually well 
for the usual type of triode construc- 
tion. Supplementary equations are de- 
rived which apply to the case when the 
grid wires may be thick, or when the 
grid pitch is larger than the distances 
between the grid and the other two 
electrodes. An appendix gives equa- 
tions which apply for the correction of 
initial velocity and when the two sup- 
plementary corrections are made, the 
equations for tube constants are found 
to hold with good precision for all 
types of triodes having plane or 
cylindrical elements. 

The expressions most frequently used 
for the anode current and transcon- 
ductance of triode are not calculated 
directly for a triode, but are derived 
indirectly as follows : Child and Lang- 
muir showed how the space -charge 
limited current could be calculated for 
any diode, the electrodes of which were 
infinite parallel planes or infinite con - 
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centric cylinders. Then, if it could be 
proved that the current through a 
given triode was exactly that which 
would pass through a particular diode 
whose dimension and anode potential 
were known, this current would be 
known. The particular diode is called 
the equivalent diode. Its electrode 
parameters naturally depend upon 
those of the triode to which it is 
equivalent, and if the conception is 
to be of any value they must be cal- 
culable in terms of the anode poten- 
tisl! V. The formulas for triode design 
were calculated on the simple assump- 
tion that the diode with cathode -anode 
distance, lb = 1, which is the distance 
between the grid and cathode. Sim- 
ilarly, it was assumed that the anode 
voltage of the triode was given by 
VD = V, + DVa. Similar formulas are 
derived for a cylindrical structure by 
assuming that the radius of the equiv- 
alent diode is equal to the cathode - 
grid radius of the triode. In almost all 
cases, the formulas have been derived 
for certain particular conditions which 
may or may not be fulfilled in prac- 
tice. For this reason, some of the 
equations do not give calculated values 
which agree with those which are de- 
termined experimentally. 

The author points out that it is pos- 
sible to calculate the current through 
a triode without direct reference to a 
particular equivalent diode. The ar- 
ticle shows the derivation for the case 
of the plane electrode tube as follows: 

If a current of density i is flowing 
between plane electrodes under space - 
charge limited conditions, the potential 
distribution will be given by 

V8/2=kill (1) 
where 1 is the distance of a point from 

1 
a cathode, and k - 2.34 x -8 

if i 
10 

is measured in amps, per sq. cm. and 
V is measured in volts. Here the 
cathode is taken as origin of V and of 
1, and the effects of initial velocity of 
the electrons are neglected. The above 
equation then merely expresses the 
Child -Langmuir law. The potential dis- 
tribution is shown in Fig. 1. Suppose 
that the anode and grid of the triode 
are introduced into the electron stream 
at such potentials that the original 
distribution is unaltered, i.e., so that 

V. = (kilo)º/a 
(2) 

V, = (kil,)a/a 
We have now a triode with electrode 
potentials which are known in terms 
of the total space current which is 
passing. It is known that the field at 
the cathode of a plane triode is given by 

W V. + D V. 
Sl 

= l,+Dlo 
in the absence of space -charge. In this 

equation D = 
µ 

is the reciprocal 

of the amplification factor, l is distance 
of a point from the cathode, 1, and l 
is distance of grid and anode, respec- 
tively, from the cathode. 

When a space -charge -limited current 

(3) 

;r2ÓÓKAT 7{1f 
MOVEMENT- 

-and your choice will be 
Simpson Panel Instruments 

HIGH -SENSITIVITY 
TESTER- 

Typical of Simpson Testing 
Instruments is this Model 260 
for television and general 
servicing with ranges to 
5,000 volts A.C. and D.C. at 

20,000 ohms per volt D.C. 
1,000 ohms per volt A.C. 

Negligible current consump- 
tion means extreme sensitiv- 
ity. Resistance ranges from 
1/2 ohm to 10 megohms; decibel 
ranges from -10 
to +52DB. Model $275o 
260 is priced at... 

OUTWARD 
beauty is only 

the start of the Simpson 
story. The real story is that 
bridge type movement with soft iron 
pole pieces illustrated above-heart 
of all Simpson Instruments. 

Here is a better type of construc- 
tion expressed in finer workmanship. 
Yet it is found in instruments so 
moderately priced that they have 
won undisputed right to be called 
"the world's greatest value in elec- 
trical metering devices." 

Ask for bulletins describing ten 
models covering all requirements. 

Bridge Type Con 
slruction-With 
Sol Iron Pole 

Pieces 

SIMPSON ELECTRIC CO. 
5212 Kinzie Street, Chicago, Ill. 

CETRON 
PHOTO CELLS and RECTIFIERS 

the accepted standard 
with which all others are compared. 

CONTINENTAL ELECTRIC CO. 
715 HAMILTON ST. GENEVA. ILLINOIS 

Circulars and Prices on Request. 

Note These Features of This New 
Webster Electric Crystal Pick-up! 

Licensed under patents of the 

Brush Development Company 

ELECTRONICS - November 1939 

Moisture -proofed crystal element ... Frequency response 
range from 50 to 8500 cycles ... Rubber cushioned arm 

assembly ... Needle pressure of only 
2.5 ounces ... Convenient single hole 
mounting for motor boards from 1/16" to 
W' thick ... Write for technical details. 
WEBSTER ELECTRIC COMPANY 
RACINE, WISCONSIN, U.S. A. Est. 1909 
Export Dept.: 100 Varick Street, New York 
City. Cable Address: "ARLAB" New York 

Webster Electric 
"Where Quality ,is a Responsibility and Fair Dealing an Obligation" 

77 

www.americanradiohistory.com



150 Watt, Weight 131/2 lbs. 
'/z" Long, 41/2" Wide, 5" High 

When PRECISION Counts 

Many 
motorized J + Inquiries 
models f. invited 
available with 
in single samples of 
stroke and work you 
multiple wish to do 
drive 

TUBULAR 
World's 

WOLLASTON 

TYPE hì04 
BLILEY. 

FREQUENCY CONTROL 
SERIAL NUMBER 

There is one item in your specifications you can 
decide upon without hesitation-T R & S Rivets. 
T R & S quality means every rivet, no matter 
how many thousands you need, is usable; rivets 
of uniform preciseness, accurately gauged to 
drive with smoothness, to clinch with non -brittle 
efficiency. 

We have solved the riveting problems of Amer- 
ica's leading industrial concerns. 

RIVET & STUD CO. 
Foremost Producers of Rivets 

MASSACHUSETTS 

I' MP - `3C. 

MA IA IN Ii ¶ A. 

ERIE, PA. 

IMPROVED CRYSTAL 

CONTROL AT HIGH 
FREQUENCIES 

Police and Broadcast Engineers will find 
the type M02 holder, complete with 
Bliley High Frequency Quartz Crystal, well suited for long periods of rigorous service 

in all types of mobile and portable transmit- 
ters. A unique spring design maintains positive pressure while preventing undesirable elec- trode movement under severe vibration or shock. Catalog G-11 contains complete in- formation-write for your copy. 

BLILEY ELECTRIC CO. 
ERIE PENNA. 

NEW SUPER HI-POWER GENEMOTOR 
for Heavy Duty Service 

Sets a new high standard for Power Units used on Marine, 
Police, and Aircraft Radio. The exceptional Hi Effi- 
ciency, small size, and light weight are the result of a 
new type, one piece field ring, and armature design. 
Grease packed ball bearings require no oiling or atten- 
tion. Double enamel and silk wire on armature insure 
trouble -free operation; end dust cover removable. Made 
in two sizes, 150 and 225 watt output, up to 1000 volts, 
input 5.5 volt and up. 

There is a Carter Genemotor or Converter for every 
requirement. Write for further information 

CARTER MOTOR CO. 
1606 MILWAUKEE AVENUE CHICAGO, ILLINOIS 
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flows, the cathode field is reduced to 
zero, and it is known that for any elec- 
trode system the current required to 
do this is proportional to the three - 
halves power of the cathode field. 
Hence we know that 

i = K(V, + DV .)3I2 (4) 
where K depends on the dimensions of 
the tube. 

Fig. 1-Potential distribution from 
cathode (left ordinate axis) to the 
grid and plate, designated by sub- 
script letters g and p respectively 

Substituting from (2) for V, Va, we 
have 

K = (5) 
k (1,413 -h- D/.4/3)3/2' 

or, in practical units 
2.34 X 10-3 (V, -I- DV,)3/2 

(/,413 -{- Dl, /3)3/2 

2.34 X 10-6( V, -I- DV,)312 

(1,413 -1- D/.418)8/2 

per volt per unit area. 
(6) and (7) we have also 

2.64 X 10-4 i1/3 

g` = 
(dó 13 + D1.413) 

ampere per volt per unit area. 
These differ from the usual formulae 

used only in the replacement of the 
term (1 + D) 8/2 by the term [ 1 -}- D 
(1«/19)4/13/2. 

It will be noticed that the equation 
for current has been derived without 
explicit reference to the equivalent 
diode. The form of the equations shows 
that the triode is equivalent to a par- 
ticular diode, however. 

A similar analysis has been carried 
out to determine the radius and po- 
tential of the anode of the equivalent 
diode for the case of a cylindrical tri- 
ode. Given that D (or its recipro- 
cal, µ) can be calculated, the results 
apply equally well to the squirrel -cage 
or helical grid so long as the emission 
from the cathode surface is appreciably 
uniform. Large grid supports cause a 
definite "beam" effect which makes 
many circular section tubes obey the 
formulae for planes more closely than 
they do those for cylinders. The author 
does not derive the equations for the 
case of the triode with cylindrical 
elements. However, he does give equa- 
tions for the current per unit length 
as well as the transconductance, as 
follows: 

14.7 X 8 (V, + DV,)3/2 i 10- 
t = D R2.49.2)2/8+ (r, /32)21313/2 

K= 

Hence 
i= 

ampere 
From 

(6) 

(7) 

(8) 

(9) 
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RELAYS... 
all types for 

all purposes 
Autocall Relays are the acknowledged 
""Standard of Comparison" because of 
superior engineering, designing and 
manufacture. Many types and sizes are 
carried in stock-others are made to 
customer's specifications. WRITE FOR 

CATALOG! 

TYPE REA 

Potential type. 
Coil position. 
residual gap. 
spring tension 
and contact posi- 
tions are all ad- 
justable. Can be 

adjusted to oper- 
ate at low differ- 
ential voltages. 
Armature is 
pivoted on cone 
pointed hardened 
bearings. 

14-e - SHELBY OHIO 
RELAYS ANNUNCIATORS 
INDICATING DEVICES LIQUID FLOW DEVICES 
BELLS, HORNS, CHIMES CODING TRANSMITTERS 
and MISC. EQUIPMENT SIGNALLING SYSTEMS - 

TERMINAL DISCONNECT BLOCKS ALL TYPES 

ffiaru SE 

VIDEO and 

SEO.BEO FUSES 

FUSES for RADIO, 

TRANSFORMERS, 

AMDLIFIERS,etc. 

Gives you a better understanding of 

how and when to use Littelfuses! 

In these 12 pages you will find most 

essential engineering data, charts, 
curves-with a complete listing of 
Littelfuses, fuse mountings and other 
products-information that you will 
want. Be sure to get your copy. A re- 

quest on your letterhead will bring 
the catalog to your desk free. 

LITTELFUtE INC. 
4755 RAVENSWOOD AVE. CHICAGO. ILL. 

ampere per unit length, and 

22.0 X 10-s (V, -I- DV.)1/2 

- [(r,190,2)2/3 -{- D(r.ß.ó)º/$]8/2 

In the equation, rb and r, are the radii 
of the anode and grid, respectively, of 
the cylindrical triodes, and the terms 
ßC6 and ß0Q are Langmuir's function for 
a cylindrical diode referred to the dis- 
tance between anode and cathode, and 
grid and cathode, respectively. It is 
interesting to compare the equations 
with those expressions most frequently 
used for the anode current and trans - 
conductance, which are given as fol- 
lows: 

14.7 X 10-e(V, -I- DV.)'12 
il = r, p,2 (1 + D)312 

ampere per cm., and 

22.0 X 10-8 (V, + DV.)1!' - 94rß..2 
(1 + D)'!2 

ampere per volt per cm. 
If the more exact equations de- 

veloped by Fremlin are compared with 
those above which are usually used, it 
will be found that the difference be- 
tween the two equations depends in a 
fairly complicated way upon the pene- 
tration factor D (or the amplification 
factor which is its reciprocal), the radii 
of the anode and grid, and two of the 
Langmuir functions which involve the 
radial dimensions of the anode and 
grid with respect to the cathode. If 
the equations for transconductance are 
compared, the same state of affair like- 
wise holds. We may consider that the 
older formulas were not sufficiently 
rigorous primarily because they did 
not adequately take account of all of 
the dimensional effects which are in- 
volved. 

The equations which have been 
worked out by Dr. Fremlin, are derived 
upon the following assumptions: (1) 
that the grid wires are thin; the 
formulas hold well as long as the wire 
diameter is less than 10 per cent of 
the grid pitch, and (2) that the grid 
pitch is itself smaller than the dis- 
tances between the grid and the other 
electrodes. When the distance between 
the grid and the cathode becomes equal 
to the grid pitch the formulas will be 
in error by about 2 per cent. If the 
grid is far from the cathode, the grid - 
anode distance may be considerably 
less than the grid pitch without caus- 
ing serious discrepancies as it is lack 
of uniformity of the field at the 
cathode that causes the major dis- 
turbances observable. 

In order to extend the applicability 
of the equations to cover those dimen- 
sional ratios which have not already 
been adequately taken into account, an 
expression is derived for the penetra- 
tion factor, by the use of the construc- 
tion of electrostatic images. Since the 
penetration factor, D, is the reciprocal 
of the amplification factor, the paper 
may be considered to contain a rigorous 
derivation for the equations of the 
amplification factor, at least for tri- 
odes having plane electrodes. As 
might be expected, this equation is 

(10) 
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Still a 
Leader... 

Introduced nearly two years ago, 
the DuMont Type 168 Cathode -Ray 
Oscillograph remains a favorite with 
laboratory workers and others desir- 
ing a popular -priced instrument with 
characteristics for serious work, 
mainly because: 

High -intensity five -inch cathode-ray tube, with 
medium -persistence screen readily observed in 
daylight and permitting photographic record- 
ing with standard commercial equipment. 

Two independent power supplies, with high - 
gain amplifiers for vertical and horizontal de- 
flection, eliminate interaction between deflec- 
tion axes. 

Voltage gain of 450 from two -stage vertical 
amplifier, permits working directly from mi- 
crophone or vibration pickups. 

Amplified -type linear sweep covers a fre- 
quency range from 15 to 30,000 cycles per 
second. Sweep expansion permits observing 
waves up to 500,000 cycles. Pattern size is 
entirely independent of sweep frequency. 

Incorporates return -trace blanking on cathode- 
ray tube grid. Resistance -capacity coupled 
synchronization operates positively over an 
extremely wide frequency range. 

Position controls for vertical and horizontal 
centering of pattern conveniently provided on 
front panel. 

Completely self-contained, with all equipment 
supplied. Weight, only 31 lbs. May be oper- 
ated from 115-230 volt, 50-60 cycle power 
supply. 

Write for Latest Data. 

Cable Address: trespeslin, New York 
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R E S I S T O R S 

New Vitrohm, the 

THAT OPEN 

WORLD 
MARKETS 

enamel now used on all Ward Leonard Resistors, 
more than meets the use attributes of other 
enamels and has a permanent resistance to 
moisture that has never before been attained. 
Hence the user can sell his products with as- 
surance of resistor dependability in humid 
tropics. Ward Leonard Resistors are geo- 
graphically universal. 

Send for Ward Leonard Resistor Bulletins. The line is complete. 

WARD LEONARD 
ELECTRIC COMPANY 
32 SOUTH STREET MOUNT VERNON. N. Y. 

ELECTRIC CONTROL DEVICES SINCE 1892 

EXTRA PERFORMANCE 
AT 

NO EXTRA COST 
A shielded half -wave mercury-vapor recti- 
fier of superior design ... for longer life 
and more efficient operation in continuous - 
duty power supplies. 

Shielded 

866-$1 .50 

i 

Characteristics 
Filament 5 amp. @ 2.5 volts 
Peak current 500 max. ma. 
Average current 250 max. ma. 
Inverse peak 7500 max. volts 
Average tube drop 10-15 volts 

OUTSTANDING FEATURES 
1. Filament shield to reduce ionic bombardment 

of internal elements. Shield also reduces for- 
mation of deposits on glass and subsequent 
voltage breakdown. 

2. Mesh filament with greater emitting area to 
increase life of tube. 

3. Spiral -wound filament concentrates heat further 
increasing emission capability. 

4. Double filament leads through stem reduce 
heating-each carries only 2.5 amperes in- 

stead of 5-thus decreasing electrolysis in the 

stem. 

5. Top plate supported by mica snubbers in dome 
of bulb to prevent breakage of lead wire. 

Write for complete engineering data. 

HYTRONIC LABORATORIES 

ao 

A Div. of The Hytron Corp. 
SALEM, MASSACHUSETTS 

somewhat more complicated than that 
derived some years ago by Vogdes and 
Elder. 

In order to verify experimentally, the 
validity of the equations developed, an 
experimental triode was constructed 
so that the various electrode voltages 
and currents could be measured. The 
elements of the triode were arranged 
in such a manner as to be adjustable 
with respect to one another, and an 

1,- 0170 1,- 0.673 cm 
a- 0.175 cm d - 0.0089 cm / 
Curve a from former equations / 

b o equation (7) / 
. C . / 

with emission velocity correction / 
/ 

o - Experimental i 
/ i 

/ 
/ 
/ if 
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o 
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Fig. 2-Plate current relations for 
an experimental triode 
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Fig. 3-Transconductance curves 
with experimentally determined 

points 

optical arrangement was put up to 
measure the distances between the var- 
ious electrodes. With the arrangement 
used, the dimensions of the tubes could 
be changed throughout a rather wide 
range, and the corresponding voltages 
and current observed. The paper in- 
cludes a description of the experi- 
mental equipment and technique em- 
ployed as well as the results of the 
number of measurements. One of these 
curves, given in Fig. 2, shows experi- 
mental determinations as well as the 
results of three calculations. Curve a 
is calculated from the formula usually 
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Precision 
TESTING INSTRUMENTS 
for Factory, Laboratory 

and Field Use 
TELEVISO 's line of precision instruments 
includes 

RADIO FREQUENCY MICRO - 
VOLTER, designed for radio labs as 
standard of comparison. Priced at 
$85.00. 
SIGNAL GENERATOR, for the 
laboratory, service booth, as auxiliary 
signal source. Only $45.00. 
VACUUM TUBE VOLTMETER, for 
general measurement procedure, labo- 
ratories, service booths. Net price 
$25.00. 

BEAT FREQUENCY OSCILLATOR, 
portable, accurate, compact, Range 
15 to 15,500 cycles and 0-420 cycles. 
$3 7.50. 

AUDIO SPECTRUM DIVIDER, for 
industrial, geophysical, radio labora- 
tory and field use. $50.00. 

Each of these instruments is designed to bring 
you the utmost in precision at a fair price. 
Televiso standards call for the manufacture 
of instruments of precisión, dependability, 
and standardized design to eliminate obso- 
lescence. All instruments are unconditionally 
guaranteed for one year. GR and National 
Components. 
Write today for your copy of "MODERN STANDARDS OF MEASUREMENT TECH- 
NIQUE", a full description of the Televiso 
line of instruments. 

TELEVISO CO. 
341 N. Crawford Ave., Chicago, Ill. 

EQóRPY 
120 WEST 20th STREET 

NEW YORK, N. Y. 
THE MOST MODERN 

BOMBARDING EQUIPMENT 

Incorporates 

Straight 
line power 

output 
control 

Balanced 
low loss 
circuits 

Simplicity of 

operation 

Safety, 
Hugged 

construction 
and 

many other 
New and 
Exclusive 
features 

Unit, from 11,4 to 35 Kva. 

Mica Condensers. Heater Coils. Watercooled Litz 
Cables and other replacement parts for your pres 
ent bombarding equipment. 

employed for this purpose, while curve 
b is calculated from the formula for 
plate current derived by Dr. Fremlin. 
It is observed that curve a gives con- 
siderably higher values of current than 
does b, although the experimentally 
determined values are somewhat higher 
than that shown by curve b. By cor- 
recting curve b for the effect of initial 
velocity of the electron, by the method 
which is contained in the article, curve 
c is derived which agrees quite well 
with the experimental results. An- 
other interesting experimental curve, 
Fig. 3, shows the transconductance 
plotted against the cathode -grid dis- 
tance measured as a fraction of the 
grid pitch. It will be observed that the 
experimentally determined points fall 
much closer to curve b than to curve a. 
The theoretical curve given by b is 
that derived in the present paper, 
whereas that given by a is the equation 
usually used. It will be seen from 
this curve that the advantage of the 
new derivation is especially apparent 
for low values of l,/a. 

Magnetron High Frequency 
Generators 
AN EXCELLENT GENERAL survey of the 
motion of electrons in electric and 
magnetic fields, and the application to 
magnetrons as ultra -high frequency os- 
cillators is given in the July issue of 
the Philips Technical Review in an 
article compiled by G. Heller and en- 
titled "The Magnetron As a Gener- 
ator of Ultra Short Waves." The 
article is intended for those who are 
well versed in mathematics and electric 
circuit theory but who may not be 
acquainted with the fundamental oper- 
ation of the magnetron as a gener- 
ator. 

The conditions of oscillation are de- 
rived by means of a mechanical an- 
alogy from which the essential electric 
circuit conditions are obtained. The 
second portion of the article deals with 
the motion of electrons in various elec- 
tric and magnetic fields and this in- 
troduction is followed by a description 
of the motion of electrons in the mag- 
netron. 

The magnetron consists of a cathode 
filament, a cylindrical anode, usually 
divided into a number of sections, and 
a homogeneous magnetic field parallel 
to the filament. With such a system, 
two main types of oscillation can be 
generated : (1) oscillation of any rela- 
tively low frequency, and (2) oscil- 
lation with frequency determined by 
the periodic character of the move- 
ment of the electron. In the latter 
case it is possible to distinguish be- 
tween radial and tangential movements 
of electrons. In the case of the first 
type of oscillation the frequency is 
subject to the same restrictions as in 
a radio tube. In the second type, these 
restrictions do not hold and very short 
waves can be obtained. 

In a magnetron the electrons leave 
the cathode with a low velocity and 
are accelerated by a radial field. They 
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"Can you build us"-it 
was the World's Fair calling-"a 
few speakers to handle the output 
of a 2000 watt amplifying system? 
They're for the Lagoon of Nations. 
Outdoors, you know, about 250 
feet from the sound projectors. 
And, oh yes, the atmosphere will 
be a little damp; we're going to 
shoot twenty tons of water into the 
air 24 hours a day". 

How Cinaudagraph accomplished 
this feat is the talk-and the pride 
-of the industry. But the point to 
remember is this: the same special- 
ized knowledge, the same engineer- 
ing skill, the same resourcefulness 
that attracted World's Fair plan- 
ners is yours to command at no 
extra cost. 

If it's speakers-electro-dynamics 
or permanent magnets Cinauda- 
graph can fill your requirements. 
Your inquiry is invited. 

CINAUDAGRAPH 

CORPORATION 
STAMFORD, CONNECTICUT 
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MODEL 2000 $19.34 Net 
130 and 260 Volt Rana_es-750 
and 1500 Watts 

Current Rating 7.5 Amperes. 

Reads Line Voltage and Wat- 
tage Simultaneously. Toggle 
Switch Protects Wattmeter Dur- 
ing Starting Period. 

Light and Compact; In Portable 
Case. 

Model 2000 is a handy portable tester com- 
bining a Triplett Wattmeter and Voltmeter 
in leather case. Ideal for field use In 
servicing radios, refrigerators, fractional 
H.P. motors and all types of household 
appliances. 

No fussy connections to make. Just plug 
the tester into an outlet and the load into 
the tester receptacle. Read Watts on one 
side of twin meter and line volts on the 
other. Available in other ranges at slightly 
higher prices. 

In electronic circuits changes in values of 
condensers, chokes, resistances, etc., are 
reflected in wattage. Instruments of the 
dynamometer type for power determina- 
tion find a place in the laboratory and 
service fields and will adapt themselves 
many times in permanent installations. 

M00E1. 

666'14 

This Volt - Ohm - 

Milliammeter is a 
complete pocket- 
size tester with 
AC -DC voltage 
ranges: 0-10.50- 
250 - 1000 - 5000 at 
1000 ohms per volt: 
D C Milliamperes 
0-10-100-500; High 
and Low Ohms 
Scales. With 
RED DOT Life- 
time Guaranteed Dealer Net Measuring Instru- 
ment. $14.50 

WRITE FOR CATALOG 
The Triplett Electrical Instrument Co. 
Section 2311 Harmon Ave., Bluffton, Ohio 
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ELECTRICAL INSTRUMENTS 

will be deflected by the magnetic field 
and curved paths will result. The 
curvature of their paths at every point 
is, proportional to the field strength, 
and inversely proportional to the 
velocity and thus also to the square 
root of the potential at the point in 
question. When the strength of the 
magnetic field is sufficiently great the 
electrons cannot reach the anode, and 
describe a path like that represented 
in Fig. 1-a. 

With a completely symmetrical 
arrangement the electron emitted would 
return to its starting point, the 
cathode. Due to a slight assymmetry, 
however, it may occur that the elec- 
tron misses its goal; in that case it 
describes a second loop similar to the 
first in shape but turned 90°, and so 
on, so that a closed orbit of four loops 
results. 

When the strength of the magnetic 
field is made to decrease, the diameter 
of the loops increases until at the so- 
called critical field strength the elec- 
trons can reach the anode (Fig. 1-b and 
c.) . At that moment anode current 
suddenly begins to flow, which cur- 
rent remains practically constant upon 
further decrease of the strength of 
the magnetic field. 

When the cathode filament is suffi- 
ciently thin the critical field strength 
can easily be calculated. It may then 
be assumed that the potential is con- 
stant in the greatest part of the space 
and equal to the anode voltage V. The 
electron then describes a circular orbit 

whose diameter 2' at the critical field 
strength Hi. is equal to the radius a 
of the magnetron. 

When the anode cylinder is not con - 

Fig. 1-Paths of electrons in a 
magnetron for varying relative 

magnitudes of magnetic fields 

a b 

Fig. 2-Static and dynamic ache- 
matic diagrams of the magnetron 

tinuous but consists of a number of 
sections with equal potential the paths 
of the electrons will be practically the 
same. If, however, there are differences 
in potential between the sections very 
divergent forms of orbits may appear. 

As an aid to the study of oscillations 
of relatively low frequencies produced 
in the magnetron, consider a magne- 
tron with two anode sections (see Fig. 
2-a), and with a given anode voltage 
V°. Choose a magnetic field so strong 

Stellt GO TO THE HEART 
Nee I e s OF YOUR RECORDING PROBLEMS! 

Users of Stelli Needles prefer them. 
For Stamina-Cutting time of 2 hours is re- 
ported regularly by enthusiastic users. 
For Uniformity - Stelli are precision -polished 
by standardized methods to microscopically per- 
fect points. Each one is individually tested 
by cut and play-back method. 
For Real Economy-Because of their long life 
and precision qualities, Stelli would be eco- 
nomical at twice their reasonable price. 
Stelli "Shorts," 75c. each. Stelli "Specials" 
$1.25 each. Resharpening (Return -mail service) 
40c. each. 

A Trial is Your Best Proof- 
Order a Stelli Needle Today. 

RANGERTONE, Inc. 
201 Verona Ave. Newark, N. J. 

Frequency Measuring Service pioRLDwo 

Many stations find this exact measuring serv- 
ice of great value for routine observation of 
transmitter performance and for accurately 
calibrating their own monitors. 

MEASUREMENTS WHEN YOU NEED THEM MOST 
at any hour every day in the year 

R.C.A. COMMUNICATIONS, Inc. 
Commercial Dept. 

A RADIO CORPORATION OF AMERICA SERVICE 

66 BROAD STREET NEW YORK, N. Y. 

November 1939 - ELECTRONICS 

www.americanradiohistory.com



that' no anode current flows. When a 
difference of potential is caused be- 
tween the plates by the batteries b1 

and b2 such that the average voltage 
remains equal to V., anode current is 
found to flow, and, remarkably enough, 
it flows to the plate with the lower po- 
tential. This shows directly that the 
magnetron is capable of generating 
oscillations. If one considers the cir- 
cuit in Fig. 2-b consisting of a magne- 
tron, an oscillating circuit in which 
there is an oscillation of a certain 
amplitude and a battery with the anode 
voltage V it follows from the above 
that the electrons accelerated by the 
alternating voltage always move to- 
ward that section whereby the alter- 
nating voltage of the oscillating cir- 
cuit has a retarding action. This is 
exactly the condition which was de- 
rived as necessary for the generation 
of oscillations. 

The above -described mechanism for 
the generation of oscillations resembles 
the mechanism in radio tubes inasmuch 
as the oscillations are generated by 
means of a negative resistance. Just as 
in radio tubes, the frequency is lim- 
ited by the transit time of the electrons 
which, with strong magnetic fields, will 
be even longer than in radio tubes 
because the velocity of translation is 
inversely proportional to the magnetic 
field. For this reason, the considered 
manner of generating of oscillations 
can only produce oscillations with rela- 
tively low frequencies. 

With a suitable frequency the con- 
dition for the generation of oscillations 
can be satisfied. Whether or not this 
takes place does not depend only upon 
the frequency, but also on the phase 
of the oscillation at the moment when 
an electron passes the slit. 

When section I has the higher poten- 
tial at the moment when the electron 
passes from section I to section II, the 
electron will give off energy to the 
oscillating circuit; if, however, the 
electrons pass the slit at random times 
no energy will be transferred on an 
average. 

From a closer consideration it is 
found that the electrons do not pass 
the slit at random moments, but show 
a certain preference to pass it in the 
"correct" phase. 

Very short waves can be generated 
by the tangential oscillations. If V. is 
measured in volts and H in gauss, it 
may be shown that 

- 600 Hai 
n V. 

where a is the distance between anode 
and cathode. 

When the external oscillating circuit 
is tuned to the radial oscillations of 
the electrons, the frequency of which 
is given by the rotating motion of the 
electrons in the magnetic field, the 
wave length of the generated wave is 
given by 

10,700 
cm 

H 
Thus by increasing the magnetic field 
H, very short waves may be produced. 
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APPROVED 

ENAMELED 
MAGNET WIRE 
Much of the success of 

this Hudson Wire product is 

due to a new coating method that gives 
a smooth, permanently -adherent enameling. Mercury -process tests 
guarantee perfect uniformity; great tensile strength assures per- 
fect laying even at high winding speeds. Especially adaptable for 
reduction in coil dimensions without sacrificing electrical values. 

Our engineering and design facilities are at your 
disposal-details and quotations on request. 

H DSON WIRE COMPANY 

WINSTED CONNECTICUT 

. . 

.._, 

The Type SC Mea(sur ng Set provides an accurate and rapid 

method for measuring the transmission characteristics of net- 

works at audio frequencies. 
This new set has the following oustanding features which 

contribute to its usefulness in the radio broadcasting field. 

* REFERENCE LEVEL: New stand- * FREQUENCY RANGE: 20 to 

ard of 1 mw. in 600 ohms. 17,000 cycles. 

* METERS: New Type 30 stand- * IMusefulANCES: 
network networkDial input landoload 

n of 

ands. impedances. 
* ATTENUATION RANGE: Zero 

to 110 db. in steps of 1 db. * MISMATCH 
necesry for 

ADDITIONS: 
o 

o 

* POWER RANGE: Calibrated additions 
of impedance. 

from -16 to +45 db. 

TYPE 6C TRANSMISSION MEASURING SET.. $325.00 
Write for additional technical information. 

nn 

THE D AV E N C O ` Ñ A JERSEY 
NY 

158 SUMMIT STREET NEWARK, W 

The Type 6C was developed in co-ordination with the engineering department 
of the Columbia Broadcasting System. 
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News 

THE INDUSTRY IN REVIEW 

+ Oliver C. Spurling, who has been in 
charge of design and construction of 
Western Electric factories for thirty 
years, has retired and is succeeded by 
Henry L. Ward.... Summerill Tubing 
Co., Bridgeport, Montg. Co., Pa. has a 
new laboratory to aid in the manufac- 
ture of seamless tubing.... McMurdo 
Silver is General Manager and William 
F. Diehl is Director of Manufacturing 
of the newly reorganized Airplane and 
Marine Direction Finder Corp. The 
plant is located at Clearfield, Pa. . 

A new book on television, "Television 
Broadcasting: Production, Economics, 
Technique" by Lenox R. Lohr, presi- 
dent of NBC is announced for spring 
publication by McGraw-Hill Book Co. 
. . . Bamberger Broadcasting Service 
is surveying the New York Metropoli- 
tan area for the best place to build its 
new frequency modulation transmitter. 
The call letters of the new station will 
be W2XWI and will operate on 43.3 
Mc with 1000 watts of power.... The 
Vocoder (voice coder) is a new devel- 
opment of Bell Labs. A person speaks 
into it and at the will of the operator, 
the voice is changed into a whisper, a 

84 

shout, monotone or with various kinds 
of inflections. With this instrument a 
singer is now able to sing a duet with 
himself. . . . Cincinnati is getting a 
new high speed teletype fire alarm sys- 
tem. Within three seconds after the 
signal is flashed from headquarters, 
the engine house has the information 
about the location of the fire and with- 
in fifteen seconds the apparatus is on 
its way with a typewritten copy of the 
alarm. It was developed by the Tele- 
type Corp.... The 60th Annual Meet- 
ing of the A. S. M. E. will be held in 
Philadelphia Dec. 4-8. . . . Stewart - 
Warner Corp. reports a profit of $55,- 
948 for the third quarter of 1939... . 

General Electric sales for the first nine 
months of the year amounted to $217,- 
900,154, an increase of 13 per cent over 
last year. The profit available for divi- 
dends is $25,022,631, an increase of 43 
percent over last year. . . . The chief 
engineers of the CBS stations gathered 
at the New York headquarters in Sep- 
tember for a three day technical meet- 
ing. . . . William B. Campbell was 
elected director and executive vice- 
president of National Television Corp. 

MOBILE TELEVISION UNIT 

The first showing of the first Farnsworth mobile television trans- 
mitting unit, designed and built at the firm's laboratory in San 
Francisco, was one of the highlights of the "open house" and 
banquet for radio dealers recently. The men who designed and 
built the mobile unit are, from left to right, F. A. Crooks, Edward 
Atkinson, Bart Molinari, chief engineer and designer, and 

John Stagnaro 

Literature 

Fuses. For many purposes and fuse 
accessories are described in Catalog 
No. 8 by Littelfuse, Incorporated, 4757 
Ravenswood Ave., Chicago. 

Impedance Measurements at High Fre- 
quencies with Standard Parts is the 
title of the feature article in the Sep- 
tember issue of the Experimenter pub- 
lished by General Radio Co., 30 State 
St., Cambridge A, Mass. 

Insulators. Steatite and Ultra -Steatite 
antenna insulators, stand-off insulators, 
lead-in insulators and entrance bush- 
ings and coil forms are described in 
Catalog 100. Also data on physical 
characteristics of steatite. General 
Ceramics Co., 30 Rockefeller Plaza, 
New York. 

Condensers. Resistors and Test Instru- 
ments are described in the 1939-40 28 - 
page catalog of Aerovox Corp., New 
Bedford, Mass. 

Inkless Recorder. Described in Bulle- 
tin GEA -3187A. Limit switches to con- 
trol machines described in Bulletin 
GEA -3043, automatic lighting control 
in Bulletin GEA -2679B, and heat re- 
sisting varnished cambric is discussed 
in Bulletin GEA -3215A. General Elec- 
tric Co., Schenectady, N. Y. 

Wattmeters. Graphic wattmeters are 
discussed in The Graphic, Bulletin 839 
by The Esterline-Angus Co., Indian- 
apolis, Ind. 

Insulation Tubing. Specifications and 
samples given on a chart by Insulation 
Products, Inc., 3 East 17th St., New 
York. 

Transformers. Power and audio, filters 
and equalizers with charts and data in 
Catalog BC -1 by United Transformer 
Corp., 150 Varick St., New York. 

Quartz Crystals. General communi- 
cation frequency quartz crystal, holders 
and ovens for frequencies from 20 kc 
to 30 Mc are described in Catalog G-11 
by Bliley Electric Co., Union Station 
Building, Erie, Pa. 

Storage Battery. Edison D -type Cell is 
described in a booklet by the Edison 
Storage Battery Division, Thomas A. 
Edison, Inc., West Orange, N. J. 

Platinum. A discussion of Platinum 
Metals and the Chemical Industry is 
given in a booklet by Baker & Co., 113 
Astor St., Newark, N. J. 

Tube Handbook. Characteristics on 
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Precision Resistor Company 

Inc 0.1 
WIRE WOUND RESISTORS 

A Preferred Product 

OUTSTANDING CONCERNS 

REPEAT and REPEAT 

AGAIN and AGAIN 

Their Purchases of 

MICROHM RESISTORS 

CONTINUED PREFERENCE 

IS BEST PROOF OF 

UNIFORM 
CONSTANT and 

DEPENDABLE 
QUALITY 

Complete service and advice 
on any and all of your resist 
ance and equipment problems. 

Precision Resistor Company 
334 BADGER AVENUE NEWARK, N. J. 

Individualized to meet your 
specific instrument design 
specifications. 

Clare Relays are available 
in innumerable coil, contact, 
adjustment and timing com- 
binations - accurately made 
of quality material. 

Clare engineers welcome an 
opportunity to assist you in 
your problems. Personal at- 
tention will be given your 
inquiry. 

Write for 
CLARE RELAY 
LITERATURE 

C. P. I IAItI: & CO. 
LAWRENCE d LAMON AVES. - CHICAGO 

15 East 26th St., New York City 

584 different radio tube types are given 
Handbook by National Union Radio 
Corp., 57 State St., Newark, N. J. 

Geophysical Instruments. Described in 
Catalog No. 116. Also a radium de- 
tector in Circular E. Both by Geo- 
physical Instrument Co., 1315 Half St., 
S. E., Washington, D. C. 

Switchgear Control Accessories. De- 
scribed in Bulletin 72-D by Delta -Star 
Electric Co., 2400 Block, Fulton St., 
Chicago. 

Service Aids. Cements, solvents, la- 
quers, plugs, etc. are described in Cata- 
log No. 140 by General Cement Mfg. 
Co., Rockford, Ill. 

Solderless Fittings for small copper 
tube transmission lines described in 
Bulletin No. 101-D by Isolantite, Inc., 
233 Broadway, New York. 

Transmitters. Also receivers and parts 
in Catalog No. 300 by National Com- 
pany, 61 Sherman St., Malden, Mass. 

Service Notes. Complete service data 
and wiring diagrams on 1938 RCA Vic- 
tor radio, Victrola models, test equip- 
ment and the 1939 television receivers 
are given in a 448 page book. The price 
is $1.25. RCA Manufacturing Co., 
Camden, N. J. 

New Products 

Capacitors 
A SERIES OF DYKANOL impregnated 
tubular paper capacitors, Type MD, 
has been introduced by Cornell-Dubi- 
lier Electric Corp., South Plainfield, 
N. J. The following sizes are avail- 
able: 0.0001 to 0.15 of at 800 volts, 
0.001 to 0.1 of at 1200 volts and 0.001 
to 0.05 of at 1600 volts. They are non - 
inductively wound with aluminum foil 
and laminated Kraft paper. Also an- 
nounced by this company are Types 
JR, JRC and JRX dry electrolytic 
capacitors and a series of a -c motor 
starting capacitors. 

Microphone 
A NEW MICROPHONE, the 22X, has been 
announced by The Turner Co., 910 17th 
St., N. E., Cedar Rapids, Iowa. The 
frequency range is from 30 to 7000 cps 
and it has an output level of -52 db. 
The head is full 90 degrees tilting for 
semi- and non -directional operation. It 
has a satin chrome finish. It is shielded 
and is rugged enough for all kinds of 
public address jabs. 

Sound System 
A LOW PRICE mobile public address sys- 
tem, Model 172, for small sound cars 
or trucks has been announced by 
Operadio Manufacturing Co., St. 
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46w... 
PRESTO TURNTABLE 

gives perfect reproduction 

of all makes of 

transcriptions 

Here is a turntable designed for prac- 
tical operating conditions in broadcast- 
ing stations where from two to five 
different makes of recordings are used 
daily. In place of the ordinary tone 
controls this Presto turntable is equip- 
ped with a compensating network accu- 
rately calibrated to reproduce the full 
range of NBC-ORTHACOUSTIC, 
WORLD, A.M.P. and R.C.A. trans- 
criptions, COLUMBIA, DECCA and 
R.C.A.-VICTOR phonograph records. 

A definite setting of the compensator 
is specified to take care of the individual 
characteristics of each of these makes 
of recordings as well as PRESTO in- 
stantaneous recordings. Thus you ob- 
tain a perfect, uniform reproduction of 
the full range (50-9,000 cycles) of the 
finest lateral recordings. 

In addition to this valuable feature 
the Presto 62-A turntable employs a 
radically new drive system. The turn- 
table rim is equipped with a heavy, 
live -rubber tire driven by a steel pulley 
on the motor shaft. With this design 
vibration is negligible and the speed is 
as steady as the finest Presto recording 
turntables. Speed may be changed in- 
stantly from 78 to 33X RPM. 

The pickup is equipped with a per- 
manent diamond stylus which may be 
removed if damaged by accident and 
replaced for a few dollars. 

Attractively finished in two tones of 
gray and chromium, the Presto 62-A 
turntable will improve both the appear- 
ance and performance of your station. 

Write today for descriptive folder. 

PRESTO 

RECORDING 
CORPORATION 

242 West 55th Street, New York, N. Y. 
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A VALUABLE AID 

LFOR 

YOUR 

LABORATORY 
... and an unusual value! 

RCA 5 -inch Oscillograph 

You'll call this RCA 5 -inch oscil- 
lograph a worth -while addition 
to your laboratory. 

It embodies all of RCA's skill 
and experience in oscillograph 
manufacture. And in addition to 
performing all the laboratory func- 
tions of other RCA Oscillographs, 
it may also be used for engine 
pressure measurements and simi- 
lar applications. 

It offers you unusually wide 
amplifier ranges and its 5 -inch 
screen is easy to read. All controls 
are conveniently located on front 
panel. Compact construction as- 
sures easy portability. An unusual 
value at its moderate price. Stock 
No. 160, net price $130. 

Over335millionRCAradio tubes 
have been purchased by radio 
users... in tubes, as in parts and 
test equipment, it pays to go 
RCA All the Way. 

eafieukz' RCA Manufacturing Co., Inc., Camden, N. J. 
A Service of the Radio Corporation of America 
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Charles, Ill. It has a 25 watt amplifier, 
a twelve inch turntable with a 78 rpm 
motor and crystal pickup, two twelve - 
inch permanent magnet speakers and a 
hand type dynamic microphone. Pro- 
vision is made for remote control. It is 
designed to operate either from a stor- 
age battery or from a 110 volt a -c 
power line. In order to conserve power, 
three separate switches are provided 
for the filaments, genemoter and turn- 
table. This increases the useful length 
of a battery charge by 25 to 50 per 
cent. 

Condenser 
THE KODACAP tubular condenser for 
1000 volt operation is announced by 
Micamold Radio Corp., 1087 Flushing 
Ave., Brooklyn, N. Y. The dielectric 
is a special process cellulose derivative 

which permits the size to be about the 
same size as the conventional 600 volt 
condenser of the same capacity rating. 
Tests show the life of the new con- 
denser to be about three times that of 
the paper -insulated condenser. 

Microphone 
A NEW HIGH fidelity velocity micro- 
phone, Model V-1, at a popular price 
is announced by Electro -Voice Mfg. 
Co., Inc., South Bend, Ind. It is small 

in size and flexible in operation. The 
frequency response is 40 to 10,000 cps 
substantially flat when placed six 
inches or more from the sound source. 
The output is minus 65 db. 

Relays 
A NEW LINE of 4 and 6 ampere relays 
for a wide variety of light duty circuit 
control purposes has been announced 
by Leach Relay Co., 5915 Avalon Blvd., 
Los Angeles. The pole pieces are 
nickel plated, heat treated beryllium 
copper. All parts are made and as- 
sembled so that nothing can twist or 
turn out of alignment and the relay is 
isolated from the frame. All iron parts 
are cadmium plated and canvas base 
bakelite is used as insulation unless 
otherwise specified. The relay can be 
supplied of either a -c or d -c operation. 

TVVVVVVvVsavVVVVVVVVVVVVVV 

BEST BUY :.. W:...mde 
INTERCOMMUNICATING 

St/steilt ti 

CROSLEY CHATTABOX 
24 50 per pair, consisting of 

NET TWO COMPLETE 
F. O. B. N. Y. MASTER STATIONS. 

Complete two-way wireless loud speaking 
system. Perfect performance. Plug into any 
110 -volt socket, AC or DC. Equipped with 
CALL -LISTEN -TALK switch and volume 
control. Write for information or catalogue. 
SOLD ON 10 -DAY TRIAL WITH MONEY - 

BACK GUARANTEE. ORDER TODAY. 
Dealers and Distributors: write for quantity 

discounts. 
If your dealer cannot supply you, Write direct. 

AMPLIFIERS -DISTRIBUTORS CORP. 
Dept. E Chrysler Bldg., New York 

Sole Distributors of the 

CROSLEY CHATTABOX 
AAAAAAAAAAAAAAAAAAAAAAAA 

you could call the roll 
IN OUR STOCKROOMS 

They're all here-all the big names 
in radio today. Nowhere-outside 
of the blue book-will you find so 
many famous manufacturers rep- 
resented. And when you deal with 
us-ordering at home to save time, 
or in person at any one of our 
seven convenient branches, our 
guarantee-backed by twenty 
years of service to the industry- 
is added to the manufacturer's. 
No wonder so many engineers 
come to us for everything in radio. 
Have you a copy of our new 1940 
catalog No. 78? It's FREE. 

lia.òio Wire Teleuision Inc. 
formerly WHOLESALE RADIO SERVICE CO., INC. 

LAFAYETTE RADIO 
NEW YORK CHICAGO ATLANTA 

100 Sixth Avenue 901 W. Jackson Blvd. 265 Peachtree St. 

BOSTON NEWARK JAMAICA. L I. BRONX. N. T. 
110 Federal SI. 24 Central An. 90 08 155th SI. SC E. Fenian RI. 
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Phono Pickups 
A NEW CRYSTAL phonograph pickup, 
Series X -79A, is announced by Web- 
ster Electric Co., Racine, Wisconsin. 
The frequency response is from 50 to 
8500 cps and it operates with a 2.5 
ounce needle pressure. The arm as- 
sembly is rubber cushioned which elim- 
inates microphonic feedback and re- 

duces "mechanical reproduction." The 
single hole mounting facilitates mount- 
ing to any motorboard from 1/16 to I 
inch thick. It is available with or with- 
out a built-in pilot light. 

A NEW CRYSTAL phonograph pickup is 
also announced by Astatic Microphone 
Laboratory, Inc., Youngstown, Ohio. 
It is the Model AB -8 which features 
spring -axial cushioning. It uses the 
Astatic Type B cartridge with ebonite 
waterproof coated crystal element. 

Tube Tester 
A NEW DYNAMIC MUTUAL conductance 
Tube Tester, No. 530, is announced by 
The Hickok Electrical Instrument Co., 
10514 Dupont Ave., Cleveland. The 
meter has three ranges of mutual 
conductance, 0-3000-6000-15000 mi- 
cromhos, as well as good, bad and 

doubtful portions of the scale. The 
roll chart which indicates the proper 
positions of the control knobs for the 
various types of tubes has been en- 
larged in size. This instrument tests 
tubes of standard, octal and loktal 
basings. It is available in both counter 
types and portable types. 

Signal Generator 
A LOW COST SIGNAL GENERATOR, Model 
702, has been introduced by Radio City 
Products Co., 88 Park Place, New 
York. It provides fundamental, con- 
tinuously variable frequencies from 95 

USE PORTAPOWER UNITS 
Since their man- 
ufacture in 1932, 
Electronic Power 
Packs have been 
thoroughly tested 
in actual use and 
are now standard 
equipment on the 
products of such 
outstanding o r - 
ganizations a s : 

Bell Sound Sys- 
tems, Inc.; Collins 
Radio Company; 
Electronic Design 
Corporation; Gen- eral Electric 
Company; The 
Hallic raf ter s 
Inc.; Operadlo 
Manufacturing 
Company; Pull - 
m a n Company; 
Rauland Corpora- 
tion; Thorardson 
Electric Manufac- 
turing Co.; Trans- 
former Corpora- 
tion; U. S. Army 
Air Corps; The 
Webster Com- 
pany, and scores 
of others. 

HIGHLY EFFICIENT OPERATION COM- 
BINED WITH A WIDE ADAPTABILITY 
TO 31.ANY TYPES OF APPLICATION . . . 

(top) Types 606 and 607 

(left) Types 604 and 605 

( right) Types 601, 602, 603 

ELECTRONIC 

LABORATORIES, Inc. 
122 W. New York Street 

INDIANAPOLIS, IND. 

PORTAPOWER 
Units are the lat- 
est product of 
this oldest and 
largest maker of vibrator - type 
portable power 
packs. They will 
be found highly 
satisfactory f o r 
the operation of 
tranceivers, mo- 
bile transmitters, 
marine, and Pull- 
man equipment. 

Write for our 
detailed bulletin 
No. 51 containing 
circuit diagrams, characteristics 
and valugraph. 
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A practical Noise Instrument for 

Routine Production Testing 
in your plant 

Industrial Noise Analyzer RA -273 

Simplified controls 
Rugged mechanical construction 

38 filter combinations 
Large indicating meter 

Feedback stabilized amplifier 
A. S. A. standard sound meter 

Used with moving coil microphone 

or vibration unit 

FOR THE PLANT-Large number of fil- FOR THE ENGINEER-A convenient in- 
ter combinations permits segregation 
of different noises characteristic of 
specific defects in assembly. Simple 
controls adaptable to production line 
conditions. Rugged design insures 
calibration stability and reliability. 

strument for wide band frequency 
analysis, to assist in location and cor- 
rection of noise sources. Sound level 
measurement in accordance with A. S. 
A. standards. For more complete in- 
formation write to the address below. 

Electrical Research Products Inc, 
SUBSIDIARY OF 

Nester Electric Coarparty 

195 BROADWAY, NEW YORK, N. Y. 
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Constant Output Volttb 
115 VOLTS ±,f% 

Varying Input Voltage 

95-130 VOLTS 

INSTANTANEOUS ACTION NO MOVING PARTS 

When a precision electrical device or a critical process is powered from 
an AC line, a Raytheon Voltage Stabilizer will permanently eliminate 
all of the detrimental effects caused by AC line voltage fluctuations. 
Made for all commercial voltages and frequencies, single or three phase. 

Raytheon's twelve years of experience in successfully applying the 
Stabilizer to hundreds of perplexing voltage fluctuation problems is at 

your service. It will pay you to take advantage of our engineering skill. 

Write for Bulletin DL48-71 JE describing Raytheon Stabilizers. 

RAYTHEON MANUFACTURING CO. loo Willow Street, WALTHAM, Massachusetts 

N EW CIRCUIT CONLightTROLDuty RELAYS 

Dependable operation of control cir- 
cuits is assured by this new line of 4 and 
6 ampere relays. Built to Leach quality 
standards. Nothing is grounded to the 
frame and all parts are constructed so 
nothing can twist or turn out of align- 
ment. Can be supplied for either AC 
or DC operation. 

Write for our NEW catalog describ- 
ing our complete line of dependable 
relays. 

'j ÌÌ_m 
Type 1157: Contacts iá" dia. 
Rating: 6 amps, at 115 volts AC 
List Price: $4.50 

LEACH RELAY COMPANY 
5915 AVALON BLVD., LOS ANGELES, CALIF. 

15 E. 26th St., NEW YORK CITY Lawrence and Lamon Aves., CHICAGO 

WHY use "MAKESHIFTS"? 
The Cannon Line of Cable Connectors is so diversified that innumerable 
adaptations can be made to meet special needs. In fact, many standard 
CANNON Plugs originated as adaptations of standard parts, which met with 
such universal acceptance for other applications that they, in turn, became 
standard. 
Don't be satisfied with "makeshift" plugs. Consult Cannon . . . Perhaps 
adaptations can be made to meet your special requirements. Inquiries invited. 

Cannon plugs are pre-eminent in aeronautics, sound -recording, geo- 
physicial research, ship -control -at -sea and for laboratory panels. 

CANNON ELECTRIC DEVELOPMENT CO. * 420 West Avenue 33, Los Angeles, California * EASTERN SALES OFFICE, 220 Fifth Ave.,NewVork,N.Y. 
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kc to 25 Mc with harmonics extending 
the useful range to 100 Mc. All ranges 
are directly calibrated in frequency 
and provision is made for direct tuning 
or through a 5 to 1 planetary drive. 
Triple shielding is provided and in ad- 
dition the coil assembly, attenuator 
and r -f circuits are individually double 
shielded. 400 cps sine wave modula- 
tion (30 per cent) is provided by a 
built-in oscillator. A 5 -step ladder at- 
tenuator is used and provides an out- 
put range from 1 microvolt to volt. 
It is ac operated and the overall size is 
8 inches by 11i inches by 5 inches. Also 
announced by this company is a ac -dc 
multimeter and a general utility meter. 

Power Unit 
A PORTABLE POWER unit, Model L Porta 
Power, designed to convert two volt 
battery radios to all -electric operation 
is introduced by General Transformer 
Corp., 1250 West Van Buren St., Chi- 
cago. It operates on 105-125 volts, 
50-60 cycles and provides A voltage, 
two volts; B voltage, 67h, 90, 112k, and 
135 volts and can be adapted to 45 
volts; and C voltage which is variable 
from 4i to 22i volts and two C voltages 
may be provided if necessary. 

Portable Sound System 
A 30-wATT PORTABLE Public Address 
Unit, Model 425 -GG, is offered by Op- 
eradio Manufacturing Co., St. Charles, 
Ill., which incorporate individual bass 
and treble tone compensators in the 
amplifier. The controls of the unit are 
set in an illuminated recess in the face 

of the amplifier. Provision is made for 
remote control. The unit is contained 
in two carrying cases, one holding the 
amplifier, microphone and floor stand 
and the other, a split case, in each half 
of which is mounted a 12 inch perma- 
nent magnet dynamic speaker. Each 
speaker cabinet incorporates an in- 
finite baffle. 

Mercury Switches 
A NEW LINE OF delayed -action mercury 
switches, in both circuit -opening and 
circuit -closing types, has just been an- 
nounced by General Electric Co., Lamp 
Department, Hoboken, N. J. Time - 
delay intervals of from to 15 seconds 
for circuit -opening and from e to 10 
seconds for circuit closing are avail- 
able. The delayed -action of the new 
Kon-nec-tor switches is obtained by 
the restricted flow of mercury through 
a small orifice at the bottom of a 

November 1939 ELECTRONICS 

www.americanradiohistory.com



metal chamber inside the switch. When 
the Kon-nec-tor is tipped, mercury 
flows into the chamber, then through 
the orifice until the circuit is imme- 
diately restored when the switch is 
tipped back to normal position. Defin- 
ite, non-adjustable time intervals are 
built into the individual switches by 
varying the amount of mercury and 
the size of the orifice. 

New Type 
Ionization Gauge 
AN IONIZATION GAUGE, Type VG -1, ca- 
pable of reading the lowest attain- 
able pressures is announced by Distil- 
lation Products, Inc., 755 Ridge Road 
West, Rochester, N. Y. Because of its 
unique construction, the usual prob- 
lems of electrical leakage and outgas- 
sing are reduced to a minimum. It is 
designed primarily for reading pres- 
sures below 10-4 millimeters and is cali- 
brated for dry air. The filament is of 
pure tungsten, the grid is a spiral of 
tungsten wire and the collector is a 
thin film of platinum on the inside of 
the Pyrex glass envelope. The tubu- 
lation is five -eighths of an inch inside 
diameter and the overall size is 3i 
inches high and 1i inches in diameter. 
Two grid leads are available so that 
the grid may be heated electrically for 
degassing. The envelope being of hard 
glass may be safely torched with a 

From the Smallest of 
Them All to the 
Largest Required 

DYNAMOTORS u SED in leading Aircraft, Police, 
Marine and Amateur Transmitters 

and Receivers where smooth, continu- 
ous, trouble -free performance is essen- 
tial. Available in the widest range 
made today-a complete line from the 
smallest of them all to the largest 
required. Also manufacturers of Con- 
verters, Generators, Motors, Alter- 
nators. 

Write today for full details. 

rEenea EDICa 
517 S. Laflin Street, Chicago, U. S. A. 

Export: AD. AURIEMA. INC.. 116 Broad Street 
New York. N. Y. Cable: Auriema, New York 

Lis+ Price 

$10.00 

AST TI C I 

MODEL AB -8 
CRYSTAL PICKUP 
New advanced design incorporating 
such important features as Spring - 
Axial Cushioning, Astatic's famous 
Type B (bakelite encased) Cartridge 
with new internal damping to assure 
permanence, a Bender Crystal element 
with "Ebonite" water-proof coating, 
and last but not least, a massive new 
die-cast arm. Accommodates 10" and 
12" records. Convenient threaded stud 
base. Eight -inch mounting centers. 
Standard finish, statuary bronze with 
chrome trim. Complete with 4 -ft. 
cable and arm rest. List Price $10.00. 

See Astatic Jobber 
or Write for Catalog No. 12 

ASIATIC MICROPHONE 

LABORATORY, Inc. 
YOUNGSTOWN, OHIO 

Licensed Under Brush Development Ca. Patents 

Astatic Patents 
.f._ Pending ...... _:., :..:.......... 
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IRON CORES 
Secure IMPROVED PERFORM- 
ANCES. Cores and prices to meet 
every need-YOU CANNOT AF- 
FORD TO USE ANYTHING IN- 
FERIOR. 
Proven the most dependable and 
uniform (electrically and physi- 
cally) for permeability tuning and 
push-button remote tuning-wave- 
traps, I F transformers and antenna 
coils --sensitive television circuits, 
etc. 
Our engineers with PRACTICAL 
KNOWLEDGE collaborate in secur- 
ing optimum original designs in 
your circuits suitable for commer- 
cial manufacture. 

FERRO CART 
CORPORATION OF AMERICA 

(Devoted exclusively to engineering and 
production of magnetic iron cores) 

Laboratories and Works 
Hastings -on -Hudson, N. Y. U. S. A. 

Cable Address "HARAFORD" 
Chicago Factory Branch 
2021 S. Michigan Ave. 
Telephone Victory 8423 

rxge 
..-- 

ç1; 
Forget what you've heard al t RCI' 
test instrument value. Forget the talk 
about quality, ingenious engineering, 
design so advanced it beats obsolescence 
at Its own gains. Check the instruments 
here on a MONEY'S WORTH balls. 
Look at the features . consider the 
Jobs each instrument performs . . note 
the low price. Match these instruments 
if you can dollar for dollar. Now add 

l' long -1 de pen daWitty and you 
loo will insist next time on RCP test 
email 'nt at your jobbers. For complete 
in formation on all RCP test instruments send 
for nose free catalog No. 121. 

RCP 

UNIVERSAL 

SUPERTESTER 

MODEL 411 

THE MOST 
COMPREHEN- 
SIVE tester ever 
devised to provide measurements of such accu- 
racy in ranges never before available in small 
instruments. Use it to check heavy currents, use 
it in Television testing. Features include: 5 stage 
AC -DC voltage range to 5000 volts. 3 stage AC - 
DC current range to 25 amps. DC milliamps 
0/10/100. DC mleroamps 0-200. 4 stage ohm- 
meter range to 4,000,000 ohms. A.C. milliamps 
and D.B. ranges. In natural hard- 
wood case. Net $1 625 

RCP 

ELECTRONIC 

MULTITESTER 

MODEL 660 

ONLY IN AN 
INSTRUMENT 
COSTING 2 to 

4 times the price will you find the same extra- 
ordinary ranges, the sensitivity and facilities for 
measuring large values this new vacuum tube 
volt -ohmmeter offers. Ranges up to 6000 volts 
and 1 billion ohms. Lowest voltage reading 0.1 
volts. Gets its unusual sensitivity from an input 
resistance of 200,000,000 ohms. Total of 12 
ranges all on direct reading master scales. 
Extreme operating simplicity . . . remarkable 
versatility. Supplied complete in 
hand -rubbed sloping walnut case 
Net 

RCP 

SIGNAL 

GENERATOR 

MODEL 102 

EVEN FINER 
PERFORM- 
ANCE than 
RCP'S former signal generator, and it costs you 
30% less. Has all latest improvements in circuit 
and mechanical design. Extremely wide all wave 
coverage continuously variable from 95 Kilocycles 
to 100 Megocycles. Output modulated at will. 
30% modulation at 400 cycles, sine wave from 
self-contained independent 400 cycle circuit. 
Attenuation in approximate microvolt calibration 
by means of five step ladder attenu- 
ator. Highly attractive professional $22.95 appearance. AC operated. Net .... 

818.85 

2fiDg0 His'W 
PRODUCTS CO. INC. 
88 PARK PLACE, N. Y. C. 
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To 

Serve 

You 

Better! 
Our offices are now 

combined with our recently 
built, modernly equipped 
manufacturing plant which 
has been operating for the 
past several months in a 

most satisfactory manner. 

Our present greatly en- 

larged manufacturing ca- 
pacity will enable us-even 
more so than ever before- 
to render that prompt and 
efficient service to which 
our customers have become 
accustomed during the last 
several years. 

It will also make it pos- 
sible for us to extend our 
service and to make addi- 
tions to our constantly wid- 
ening circle of friends. 

Manufacturers of 
quality recording 
equipment and re- 
cording blanks. 

ALLIED RECORDING 

PRODUCTS COMPANY 

21-09 43rd Avenue 
Long Island City, N. Y. 

Phone-Stillwell 4-23 18 
Cable Address: Allrecord 
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flame. In this way the glass and the 
collector which is a thin coating on the 
inside wall are both freed of occluded 
gases. 

Coil Form 
AN ULTRA -LOW -LOSS coil form molded 
of Amphenol 912 pure polystyrene has 
been announced by American Phenolic 
Corp., 1250 West Van Buren St., Chi- 
cago. They will not absorb moisture 
and will maintain the Q of the coil with 
no insulation losses. The coils may be 
painted with Liquid 912 coil dope to 
keep moisture out of winding and to 
keep winding tight. No holes are pro- 
vided in this form because of the ease 
of drilling. 

Record Changer 
A LOW COST automatic record changing 
mechanism, identical in design with 
the changer used in the finest current 
Victrolas, is announced by RCA Manu- 
facturing Co., Camden, N. J. It will 
play seven twelve -inch records or eight 
ten -inch records automatically and rec- 
ords of any size may be played manu- 

ally. This record changer (Stock No. 
9865) has a top loading crystal pickup 
with an automatic needle ejector. When 
removing a used needle before loading 
the pickup, it is only necessary to 
loosen the needle screw and push the 
ejector lever down. Dimensions of the 
motor board are 142 inches wide and 
11i deep and the space required above 
the motorboard is 4i inches. 

Speed Reducer 
A SPEED REDUCER motor designed pri- 
marily for very low speeds and high 
torques has just been announced by 
Bodine Electric Co., 2264 W. Ohio St., 
Chicago. The motor develops from 
1/50 to 1/20 horsepower, depending on 
the gear ratio used. Speeds as low as 
0.6 rpm and torques as high as 350 

NOw 

PROFESSIONAL 
SERVICES 

(Rates on Application) 

ELECTRICAL TESTING 
LABORATORIES 

Characteristics 
of Vacuum Tubes 

Tests of photo cells, glow lamps, crater lampa. 
Tests of electronic and optical devices East End Avenue and 79th Street 

New York, N. Y. 
Phone: Butterfield 8-2800 

INTERNATIONAL ELECTRONICS, INC. 
DESIGN AND DEVELOPMENT 

Radio Television 
Sound Electronics 

MANUFACTURING METHODS 
Condensers Tubes Resistors 
Vibrators Lamps Speakers 
630 Fifth Avenue New York, N. Y. 

Cable: Interengln, New York 

HAROLD J. McCREARY 
Mem. A.I.E.E. & W.S.E. 

Consulting Engineer 
Laboratory Facilities 

Research Electronics 
Development Television 
Design ltadio 
Factory Practise Railroad Signaling Patent Studies Telephony 

105 W. Adams St. Phone STate 4003 Chicago, III. 

PHOTOBELL CORPORATION 
Consultation-Designs-Models 
Photo -electric applications for industry 

COUNTING: cans, cartons, people 
CONTROLS: machinery, weighing, signs 

ALARMS: burglar, smoke, etc. 
125 Liberty Street, New York City 

PERMAG DYNAMIC-ELECTRO DYNAMIC 
From 2" to 14" Speakers 

Engineers require top Quality and Value that 
is why these two vital requisites are foremost 
in every Oxford speaker regardless of original 
pioneering, engineering or development costs. 
For speakers that Vitalize sound and minimize 
cost-specify Oxford. 

HHH H............................. 

MAIL 
eak- 

Enclosedinhat specifications Please 

T`s send prices and lull details at 

COUPON Name .............................. 
Address ............................ ............. 
City .................. 

Dept. x 

OxFORD-TpRTpK ^ sAofo C.oerosATiow 
V15 W VAN .UREN ST CHICAGO, USA I r 1, 
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inch -pounds and a speed reduction 
range from 72 to 1 to 2880 to 1 may 
be supplied. Lubrication is positive. In 
normal horizontal mountings, the pri- 
mary worm is lubricated by an oiling 
gear and the secondary worm by the 
secondary gear, both of which dip into 
the oil. In the usual flange mounting, 
the primary gear and secondary worm 
are partially immersed in the oil bath. 
The worms are ground from hardened 
steel, the primary gear is of bakelite 
and the secondary gear is of hard 
bronze. 

Condensers 
A NEW LINE OF by-pass and electro- 
lytic condensers, manufactured by a 
new etching process, is announced by 
Ariston Laboratory, Chicago. The new 
process insures a uniformly etched foil 
and extends the life of the condenser. 
They are known as the Ariston New 
Process Condensers. 

Microphone 
A NEW FOUR magnet velocity micro- 
phone known as the M4 was recently 
announced by Universal Microphone 
Co., Inglewood, Calif. The frequency 
range is from 40 to 10,000 cps and the 
output level is -64 db. It is supplied 

in a variety of output impedances. A 
three prong plug is provided to permit 
grounding of center tap is available 
except on the high impedance type. It 
is equipped with adjustable cradle and 
thumb nuts for tilting and locking the 
instrument in any desired position. 

Frequency Monitor 
A VISUAL FREQUENCY monitor, Model 
FD -8, has been announced by Doolittle 
& Falkner, Inc., 7421 Loomis Blvd., 
Chicago. The instrument consists es- 
sentially of a converter tube operating 
in conjunction with an integral crystal 
controlled oscillator which heterodynes 
the signal being monitored producing 
an audio beat note. This note is ampli- 
fied and applied to an electronic count- 
ing device which produces a direct 
indication of frequency deviation on a 
meter. The meter is calibrated from 
0 to 1000 cps, but the range may be 
extended to 10,000 cps by a switch. 
The unit may be coupled to the trans- 
mitter through a shielded lead and 
pickup coil or if a number of trans- 
mitters are to be measured, sufficient 
pickup can usually be obtained from 
a short antenna. The frequency range 
is from 1600 kc to 50 Mc. 

THE STANDARDS FERRIS INSTRUMENTS 
* Microvolters Standard Signal Generators Radio Noise Meters 

16C Precision Standard 
14C Laboratory Standard 
22A General Purpose 

20A1 Production Testing 

18B Ultra High Frequency 
'Reg. U. S. Pat. Off. 

32A Radio Noise Meter 

33A Crystal Calibrator 
300A Regulated 

Power Supply 

Write for bulletins for 
complete details 

FERRIS INSTRUMENT CORPORATION 
BOONTON, NEW JERSEY 

ALL COLORS IN SPECTRUM 

ii+4 FOR TELEVISION TUBES 

Callite Products, pioneer in FLUORESCENT MATERIALS, 

now has available for immediate delivery SILICATES and 
TUNGSTATES, in all colors in the spectrum, for Cathode 
Ray Television Tube applications. Callite engineers will 
be glad to cooperate with you in finding the proper 
fluorescent material for your tube design. 

OF TUNGSTEN-MOLYBDENUM-KULGRID 

ULGRID 

Accept no inferior substitutes. For 
more detailed information write to 
engineering department. Your in- 
quiries are invited. 

Tungsten in Callite Hard Glass Welds is pro- 
cessed to give compact fibrous structure free 
from longitudinal cracks and is centerless 
ground to eliminate surface imperfections. 
Molybdenum supports are rigid and maintain 
proper alignment of tube parts. Only pure 
metals of best quality are used. 
Kulgrid 'C' Strand does not oxidize, does not 
become brittle, and welds more readily to 
tungsten and copper. 

CALCITE PRODUCTS DIVISÍOS 
EISL.ER ELECTRIC CORP. 544 39th ST. UNION CITY. N. J. 
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We manufacture a complete line of equipment 
sl'(rp AVEhl)EltS. electric, from to 500 KVA A. C. Alle Tit ANSMOItMl ItS, ,pecial and standard types WELDFILS 

I Ni ANDESCENT I,A5ll' manufacturing equipment Front 100 to RADII TI IlI'i , ex - ray, cathode ray, photo cells 400 Amps. El.FN'TII0NIC EQUIPMENT, vacuum pumps, etc. 
TUNGSTEN SLUGS, rod and wire manufacturing equipment 
GENERAL GLASS working machines and burners 

COLLtEGE GLASS working units for students and laboratory EISLER ENGINEERING COMPANY, CHAS. EISLER, Pres. 
751 So. 13th St. (near Avon Ave.) Newark, New Jersey 

VACUUM TUBES AND 
ELECTRONIC DEVICES 
Industrial control and circuit problems. 
Design, Development and Construction of 

tubes and circuits. 
VACUTRON, INC. 

20 West 22 St. New York, N. Y. 

FINE RIBBONS 
of Tungsten, Molybdenum and 

Special Alloys 
To your specifications 

Ii. CROSS 
15 BEEKMAN ST. NEW YORK 

ELECTRON TUBE PARTS 
QUALITY All Types EST. 18 YEARS 

Seal Finish Tungsten Welds 
Tungar Welds Coil Springs 
Filament Hooks Bases 
Spot Welders Caps 

Stem Wire Cutting & Forming Machines 

"TheEngineeringCo."of Newark,N.J.,Inc. 
Daniel Kondakjlan, Prei. 

59 Branford Street Newark, N. J. 

UNIVERSAL 15MM. "Streamliner" 
Highest quality sound pickup for 
p. a. recording and amateur. Crys- 
tal or dynamic in any Impedance. 
Modern in design. Incl. loop, flex 
tube, screw plug and 25 ft. cable. 
In De Luxe package. At your job- 
ber's now. 

UNIVERSAL MICROPHONE CO.. LTD. 
424 Warren Lane Inglewood, Calif. 

ACTONE Shadowgraphed Needles 

1 
give true reproduction because they 
form -fit record grooves. Protect ex- 
pensive recordings. Use Actone 
shadowgraphed perfect point needles 
for all reproductions. 

Write for Samples 
H. W. ACTON CO., Inc., 370 7th Ave., New York 

PILOT LIGHTS 
UNDERWRITERS APPROVED MODEL 100 

MfO. IY 

S CO. OF R11?ERI 
,.1.1- National Sales Agents C,q 

134 Lib 
F. 

EeDrttyNStreeNlTT NewAI'LS orkON. YjN 

COMPLETE LINE OF 
PILOT LIGHT 

ASSEMBLIES FOR 
ALL APPLICATIONS. 

Write for 
NEW 6 -PAGE ' 

CATALOGUE 
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"What Can It 
Do For Me?" 
Advertising that is read with 
this thought in mind, may 
provide the solution to a 
problem that has kept you 
awake nights for weeks. 

Remember, back of the sig- 
nature of every Electronics 
advertiser is another organi- 
zation, whose members have 
thought long and hard about 
your business in the course 
of introducing and applying 
their products or services to 
your industry. 

If their offerings can im- 
prove the quality of your 
company's product . . . or 
save your company's money 
. . . they can contribute to 
your company's income. 

We all know, "It pays to ad- 
vertise." It pays just as big 
to investigate what is adver- 
tised! 

Each month, Electronics ad- 
vertisers, old and new, in- 
vite you and over 13,600 
other subscribers to investi- 
gate further the advantages 
they can provide. 

Departmental Staff 
ELECTRONICS 

The Novachord 
(Continued from page 19) 

become weaker while the accentuated 
melody is being played. Also the 
panel "Balancer" control slightly in- 
creases or diminishes the volume of 
the lower half of the keyboard and 
the timbre controls are helpful. The 
action of the left sustaining pedal is 
split at center of keyboard so that 
only lower half may be sustained if 
desired. 

The foot pedal volume control 
operates a 350 µµf variable con- 
denser to vary the gain of a pre- 
amplifier tube through altering the 
plate to grid negative feedback. 
This eliminates the problem of the 
continuous wear of resistor switch 
points as well as forming a stepless 
variable. 

As the loudspeaker is pointed 
towards the floor at a slanting angle, 
the high frequencies are diffused and 
the chance of a listener or player 
being located within the uncomfort- 
able treble radiation cone lessened. 

The power amplifier is a standard 
Hammond Organ amplifier, using 
two Type 56 input tubes and four 
Type 2A3 output tubes in push pull 
parallel. The power consumption of 
the entire self-contained instrument 
is 450 watts, less than what might 
be expected since the tubes are oper- 
ated extremely conservatively. 

Power Pock 

The plate, screen and grid voltages 
for the oscillators, dividers and con- 
trol tubes are exceptionally well 
filtered and isolated by a power pack 
employing vacuum tubes in place of 
the usual filter condensers. 

Referring to Fig. 9 it is seen that 
the rectifier tube supplies 250 volts 
between terminals I. and 5, with the 
filtering by the following three 
tubes. The action is explained as 
follows. If a small ripple appears 
in the 250 volt line it will be im- 
pressed on the cathode of the first 
filter tube, 6J7G, through the con- 
densers and will be amplified by the 
next tube, 6J5G. The amplified rip- 
ple will then appear across R1 and 
will drive the next tube which is 
the actual filter, and the plate cur- 
rent of this tube will change in such 
a way that it opposes the original 
ripple in the line and is of such value 
that it cancels it out. Any high 
frequency ripple introduced by the 
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New 
The Library now 
comprises a re- 
vised selection of 
books culled from 
leading McGraw- 
Hill publications 
in the radio field. 

McGraw-Hill 
RADIO 

ENGINEERING 
LIBRARY 

- especially selected by radio specialists of 
McGraw-Hill publications - to give most complete, dependable cov- 
erage of facts needed by all whose fields 
are grounded on radio fundamentals. - available at a special price and terms 

These books cover circuit phenomena, tube 
theory, networks, measurements, and other 
subjects-give specialized treatment of all 
fields of practical design and application. 
They are books of recognized position in the 
literature-books you will refer to and be 
referred to often. If you are a researcher 
or experimenter-if your interest in radio is 
deep-set and based on a real desire to go 
further in this field-you want these books 
for the help they give in hundreds of prob- 
lems throughout the whole field of radio 
engineering. 

5 volumes 3319 pages, 2298 illustrations 

1. Eastman's FUNDAMENTALS OF 
VACUUM TUBES 

2. Terman's RADIO ENGINEERING 

3, Everitt's COMMUNICATION ENGI- 
NEERING 

4. Hand's HIGH -FREQUENCY MEAS- 
UREMENTS 

5. Henney's RADIO ENGINEERING 
HANDBOOK 

Special Low Price and Easy Terms 

Bought singly, the five volumes comprising 
this library would cost you $24.50. Under 
this offer you save $2.60 and, in addition, 
have the privilege of paying in easy install- 
ments beginning with $2.50, 10 days after 
receipt of the books, and $3.00 monthly there- 
after. Already these books are recognized as 
standard works that you are bound to require 
sooner or later. Take advantage of these con- 
venient terms to add them to your library now. 

SEND THIS ON APPROVAL COUPON 

McGraw-Hill Book Co., Inc. 
330 W. 42nd St., New York, N. Y. 

Send me the McGraw-Hill Radio Engineering Library 
5 vols., for 10 days' examination on approval In 10 
days I will send $2.50, plus few cents Postage, and 
$3.00 monthly till $23.50 is paid, or return books post- 
paid. (We pay postage on orders accompanied by 
remittance of first installment.) 

Name 

Address 

City and State 

Position 

Company L 11-39 

(Books sent on approval in II. S. and Canada only.) 

oscillators into the power supply is 
also filtered out by this system. 
Tubes 5, 6 and 7 operate similarly 
for the 65 volt tap on the voltage 
divider network. 

Because the voltage regulation of 
the output of the 5V4G and supply 
transformers is poor, the filter tube 
plates can be considered as operating 
primarily as variable loads rather 
than to supply a 180 degree out of 
phase hum bucking voltage. 

Control Panel 

The musician's control panel al- 
ready shown in Fig. 4 will be gener- 
ally understood from the foregoing 
description. The "combination" knob 
set at "percussion" instantly gives 
the piano effect by mechanically set- 
ting up the proper positions of the 
other knobs for correct piano timbre 
and envelope. At the "singing" posi- 
tion any previous set-up of knobs is 
cancelled out and a new combination 
immediately arranged mechanically, 
consisting of a mellow tone quality 
and organ -like attack. The volume 
knob position determines the maxi- 
mum volume obtainable by full de- 
pression of the foot volume pedal. 
The Starter is necessary to insure 
the starting of the pendulum vi- 
bratos into motion. 

The Novachord is the first com- 
mercial pure electronic musical in- 
strument possessing a full keyboard 
on which chords may be played. 

References 
(1) Lee DeForest, Patent 1543,990. 

Coupleaux-Givelet. II. S. Patent 1,905,996 
and others. 

(2) For more detailed information refer 
to Laurens Hammond Patent 2,126,682. 
Additional material is found in 2,126,464 
on control tube. 

(3) Related art is found in G. Smiley 
Patent RE 20,825 and Re 20,831, 1938. 

For general information on the entire field 
read "Electronic Music and Instruments," 
B. F. Miessner, Proc. I.R'.E., Nov. 1936. 
Vol. 24, No. 11. 

Bio-millivoltmeter 
(Continued from page 25) 

former of the saturated field type. 
In order to produce further refine- 
ment in stability, the d -c power sup- 
ply is shunted by a voltage regula- 
tor tube. 

The probable error in stability 
due to variations in circuit elements 
is halved in this type of circuit as 
compared to the usual in -line resist- 
ance coupled amplifier since all the 
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TYPE 892 SIX POSITION 

BAND SWITCH 

Will Handle 1 kw Power 
Versatile Application 
Nickel Silver Contacts 
Alsimag Insulation 
Low Loss-Reliable 
Rating at 1 mc: 
15 Amps. 4000 Volts 

WRITE FOR DATA 

HEINTZAKD KAUFMAN 
SOUTH SAN FRANCISCO LTD. CALIFORNIA USA 

If you want to go into the records you'll find that 
every year more engineers are looking to Lafayette 
for their P.A. needs. For the easily checked fact is 
that Lafayette has everything in Sound. Has the 
line, has the values, has all the necessary parts-in 
stock, ready to go. The line is complete. That's the 
first thing. It's "packaged"-ready to operate. And 
with three series for 1940, styled up, engineered 
ahead, priced thriftily, it's P.A. at its unbeatable 
best. Save time, annoyance, important money! Look 
to Lafayette-Headquarters for Sound equipment 
and service to thousands of prominent engineers. 
Mail coupon for FREE catalog. 

NEWYORK,N.Y. CHICAGO, ILL. ATLANTA, GA. 
100 SIXTH AVENUE 901 W. JACKSON BLVD. 265 PEACHTREE ST, 
BOSTON, MASS. BRONX, N. T. NEWARK, N. J. JAMAICA, L. I. 

'liable Wire Television inc. 
1 Dept. 14LP9-100 Sixth Ave., New York, N. Y. 
'Rush FREE 1940 Radio Catalog No. 78 I 
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 PERMANENT MAGNETS 
ALL SHAPES - ALL SIZES 

FOR ALL PURPOSES 
Stamped, Formed, and Cast; Chrome, Tung- 
sten, Cobalt and ALNICO** (cast or sin- 
tered) under G. E. license. 

THOMAS & SKINNER 
STEEL PRODUCTS COMPANY 
1116 E. 23rd STREET INDIANAPOLIS, INDIANA 

Laminations for Radio Transformers - Tools 
Dies - Heat Treating - Stampings 

38 YEARS EXPERIENCE 

NEW BOBBIN 
STURDIER BETTER INSULATION LOWER COST 

SQUARE... RECTANGULAR... 
FOR SMALL TRANSFORMERS . . REACTORS 
. . A. C. RELAYS . . SOLENOIDS . . VIBRA- 
TORS 

ROUND... 
FOR SOLENOIDS . . RELAYS . . SIGNALS . . 
BELLS . . BUZZERS 

Patent Pending 
Write for Prices and Samples 

PRECISION PAPER TUBE COMPANY 
Manufacturers Square, Rectangular, Round Tubes 

2033 W. CHARLESTON STREET CHICAGO, ILLINOIS 

elements are functionally duplicated 
in reverse phase. Wherever possible 
wire wound resistor elements are 
used and the instrument should be 
allowed ample time for heating be- 
fore balancing and using. 

Thus far only one stage has been 
considered. Several stages can be 
coupled together in this type of am- 
plifier by connecting the plates 
directly to the input grids of the 
next stage of amplification. The 
second stage is functionally identical 
to the first. The grid potentials of 
the second stage are highly positive 
because of this connection. It is 
therefore necessary to insert a high 
enough value of resistance between 
the cathodes of this stage and 
ground so that the net potential be- 
tween grid and cathode will be such 
that the grids are slightly negative 
(about 1.5 volts). Incidentally, this 
type of amplifier is unique in that 
only one high voltage source is 
utilized in a multi -stage circuit. 
When using two stages it is of ut- 
most importance that the balancing 
adjustment (P1) be accurately set 
so that the potentials at both plates 
of the first stage are equal. It is 
obvious that any inequalities in po - 

SEARCHLIGHT 
EMPLOYMENT 

BUSINESS 
UNDISPLAYED 

: "OPPORTUNITIES" 
( Classified 

RATES 

Advertising) 
SECTION 

: USEDEQUIPMENT PORNRESALE - 
10 CENTS A WORD. Misusing CHARGE $2.00 
Positions Wanted (full or part time salaried 

employment only) 35 the above rates 
payable in advance. 

Bog Numbers-Care of publication New 
York. Chicago or San Francisco offices 
count as 10 words. 

Discount of 10% if full payment is made 
in advance for 4 consecutive insertions. 

New advertisements must be received not later 

- DISPLAYED 
Individual Spaces with border rules for 

prominent display of advertisements. 
The advertising rate is $6.00 per inch for 

all advertising appearing on other than 
a contract basis. Contract rates quoted 
on request. 

An advertising inch is measured 7/9" ver - 
tically on a column -3 columns -30 
inches to a page. 

than November 28th for the December issue 

DEPENDABLE 
Used 

ELECTRONIC TUBE EQUIPMENT 
A complete line of used equipment for the manu- 
facture of Radio Tubes, Neon Tubes, Incandescent 
Lamps, etc. 
Write for Bulletin showing savings from 25 to 75O10 

EISLER ELECTRIC CORP. 
534 39th Street, Union Clty, N. J. 

HIGH GRADE USED 

ELECTRON TUBE MACHINERY 
Hoye Stock of Every Type and Variety 

KAHLE ENGINEERING CORPORATION 
Specialists in Equipment for the Manufacture of 
Neon Tubes, Radio Tubes, Incandescent Lamps, 
Photo Cells, X-ray Tubes, etc. 

900 DeMott St., North Bergen, N. J. 

FOR SALE 
BASIC FACSIMILE PATENT 

covering the basic Invention of synchronizing and 
picture impulses following each other In sequence 
during one stroke of a stylus, across a longitudin- 
ally moving surface, and a switching action at the 
beginning or end or intermediate point of a line 
traversed by the stylus. 

Write HARRY FUCHS 
1365 Carroll Street Brooklyn, N. Y. 

M1100.14...11. 
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POSITION VACANT 
RADIO TUBE ENGINEER wanted, Must be thoroughly versed in Vacuum Tube design together with a practical knowledge of manu- facturing problems. Write giving full parti- culars. P-222, Electronics, 330 W. 42nd St., New York, N. Y. 

FOR SALE 
STANDS for all types of microphones; Stand- ard or special floor and desk models. Expert repairs Velocity and Carbon microphones. Ellis Laboratory, 189-R W. Madison St., Chicago, 
Ill. 

LEGAL NOTICE 
STATEMENT OF THE OWNEItSHIP. MANAGEMENT, 

CIRCULATION. ETC.. REQUIRED BY THE 
ACTS OF CONGRESS OF AUGUST 24. 

1912. AND MARCH 3, 1933 
Of Electronics, published monthly at Albany, N. Y., for October 1, 1939. 

State of New York 
County of New York f SS' 

Before me. a Notary Publio in and for the State and 
county aforesaid, personally appeared D. C. McGraw. 
who, having been duly sworn according to law, deposes 
and says that he is the Secretary of the McGraw-Hill 
Publishing Company, Inc., publishers of Electronics, 
and that the following is, to, the best of his knowledge and belief, a true statement of the ownership, manage- 
ment (and if a daily paper, the circulation). etc., of the aforesaid publication for the date shown in the 
above caption, required by the Act of August 24. 1912. 
as amended by the Act of March 3, 1933, embodied 

LEGAL NOTICE 
in section 537, Postal Laws and Regulations, printed 
on the reverse of this form, to wit: 

1. That the names and addresses of the publisher. 
editor, managing editor, and business managers are: 
Publisher, McGraw-Hill Publishing Company, Inc 330 
West 42nd St., N. Y. C. Editor. Keith Henney, 830 
West 42nd St., N. Y. C. Managing Editor, Donald C. 
Fink, 330 West 42nd St., N. Y. C. Business Manager. 
H. W. Mateer, 330 W. 42nd St., N. Y. C. 

2. That the owner is: (If owned by a corporation, its 
name and address must be stated and alo immediately 
thereunder the names and addresses of stockholders own- 
ing or holding one per cent or more of total amount of 
stock. If not owned by a corporation. the names and 
addresses of the individual owners must be given. If 
owned by a firm. company, or other unincorporated con- 
cern, its name and address, as well as those of each 
individual member, must be given.) McGraw Hill Pub- 
lishing Company. Inc.. 330 West 42nd St.. N. Y. C. 
Stockholders of which are: James H. McGraw, 830 West 
42nd St., N. Y. C. James H. McGraw. Jr.. 331) 
West 42nd St., N. Y. C. James H. McGraw. James H. 
McGraw, Jr., and Curtis W. McGraw. Trustees for: 
Harold W. McGraw. James H. McGraw. Jr.. Donald C. 
McGraw, Curtis W. McGraw: Curtis W. McGraw. 330 
West 42nd St.. N. Y. C. Donald C. McGraw. 330 West 
42nd St.. N. Y. C. Anne Hugus Britton. 330 West 42nd 
St., N. Y. C. Mildred W. McGraw, Madison. N. J. 
Grace W. Mehren. 73 No. Country Club Drive. Phoenix, 
Ariz. J. Malcolm Muir & Guaranty Trust Co. of New 
York, Trustees for Lida Kelly Muir. 140 Broadway, 
N. Y. C. F. S. Weatherby. 271 Clinton Road. Brook- 
line. Mass. 

3. That the known bondholders, mortgagees, and other 
security holders owning or holding 1 per cent or more of 
total amount of bonds, mortgages, or other securities 
are: (If there are none, so state.) None. 

4. That the two paragraphs next above, giving the 
names of the owners, stockholders, and security holders. 
if any, contain not only the list of stockholders and 
security holders as they appear upon the books of the 
company but also, in cases where the stockholder or 
security holder appears upon the books of the company 
as trustee or in any other fiduciary relation. the name of 
the person or corporation for whom such trustee is act- 
ing, is given: also that the said two paragraphs contain 
statements embracing afflant's full knowledge and belief' 
as to the circumstances and conditions under which 
stockholders and security holders who do not appear 
upon the books of the company as trustees, hold stock 
and securities in a capacity other than that of a bona 
fide owner; and this affiant has no reason to believe that any other person, association, or corporation has. 
any interest direct or indirect in the said stock, bonds, 
or other securities than as so stated by him. 

5. That the average number of copies of each Issue of' 
this publication sold or distributed, through the mails 
or otherwise, to paid subscribers during the twelve months 
preceding the date shown above is. (This information 
is required from daily publications only.) 

D. C. McGRAW. Secretary. 
McGRAW-HILL PUBLISHING COMPANY. INC. 

Sworn to and subscribed before me this 25th day of 
September. 1939. 

[SEAL] H. E. BEIIhNE, 
Notary Publio. Nassau County, Clk's No, 84. N. Y. 

CIk's No. 98, Reg. No. 0-B-90. 
(My commission expires March 30, 1940) 
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tential will be amplified in the second 
stage and render the instrument use- 
less. 

The instrument described is linear 
within the range of zero to 4 milli- 
volts. The total amplification using 
two stages is 6,000; with only the 
first stage, a gain of 202 is obtained. 
The amplification of either stage can 
be readily increased by decreasing 
the resistance of the potentiometers 
P1 and P2. However, this procedure 
would give less flexibility in balanc- 
ing. A maximum gain of about 
20,000 has been obtained in this 
manner, but such sensitivity is 
unnecessary. To increase the volt- 
age range of the instrument, a re- 
sistance of 1,200 ohms, the critical 
damping value, may be shunted 
across the galvanometer. Calibration 
of the meter is accomplished with a 
Leeds and Northrup standard cell 
and standard resistances. 

In the first stage, Type 1603 low 
microphonic tubes were used to re- 
move any possibility of spurious 
readings due to mechanical vibra- 
tion. In the second stage, the Type 
6J7 was used since, being disposed 
unsymmetrically relatively close to 
the power transformer, the metal 
shell serves to shield the elements 
from stray fields. 

Before operating the instrument, 
20 minutes should be allowed for it 
to reach operating temperature. The 
galvanometer is switched into the 
plate circuit of the first stage and 
by means of the potentiometer P1 
the amplification of both valves is 
equalized so that the meter reads 
zero. Then the galvanometer is 
switched to the output of the second 
stage which is now balanced by 
means of potentiometer P2 so that a 
zero deflection is again obtained. 
The machine is now ready to be 
used. Electrodes should be connected 
to the input by means of shielded 
microphone cables having a single 
pole push switch in the line to close 
the circuit. 
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Resistance Tuned = 
AUDIO OSCILLATORS 

COMPACT - NO ZERO SETTING - ACCURATE 
A New Principle of Operation 

MODEL 200B 

20-20,000 cps with Logarithmic Coverage 
Distortion less than 1% above 25 cps 

Output I Watt into 500 Ohms 
Amplitude ± I db from 20 - 15,000 cps 

$71.50 net FOB Palo Alto 
Write Dept. A for complete information about this and other models. 

HEWLETT-PACKARD CO. 
367 ADDISON AVENUE 

PALO ALTO, CALIFORNIA 

Micrometer Frequency Meter 
Type 105 

Write today for data 

F4'LAMPKIN 
A B O R A T O R I E S 

BRADENTON . FLORIDA 

_Announcing 
. the Type 105 

MICROMETER 
FREQUENCY METER 

. . . Similar to the performance - 
proved Type 103, with the addition 
of a precision crystal calibrator.... 
Now, you may have measurements 
at any time, any place, on any 
transmitter up to 56 mc., with 0.01% 
accuracy. 

SHALLCROSS SOLID SILVER SWITCHES 
Superior solid silver switches-#536-single sec- 
tion and #537-two section -1 to 11 contacts of 

fine solid silver and multi -leaf silver contact arms. 
Utilizing Ceramic switch plates with high surface 
leakage; designed to withstand high voltage and 
maintain extremely low contact resistance. Write 
today for complete information in Bulletin #500 KJ. 

rA111-1ALLCROSS MfG. COMPANY 
tic'clrical..11iaratirJ /iultum'alt. 

.and .fccutale orilatL 
COLLINGDALE, PA. 
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INDEX TO ADVERTISERS 

Ma y1w AUDAX wax too good 
hat now see what happens! 

,7hroughout the engineering field the superb quality of 
MICRODYNE is unquestioned-universally accepted as 

"The Standard by Which Others Are 
Judged and Valued" 

Here and there are those who, in the past, held that AUDAX 
was better than was necessary for present recordings . 
However, with the advent of the new recording technique 
comes the startling realization that MICRODYNE has really 
been one step ahead of the industry. 
For OPTIMUM results with this new type record, says the 
manufacturer, the quality of the pickup is vitally important, 
demanding unequivocally: 

uniformly good response to 8,000 cycle* 
loin needle compliance 
absence of harmonic distortion 
low pressure on reproducing point 

Here is a virtual synopsis of the very properties which 
AUDAX pickups demonstrate day in and day out on the 
finest sound equipment in the land! 
Maybe we WERE too good . . . but now it is evident that 
AUDAX standards must become the industry's standards .. . 
because you can't get to first base with these new recordings, 
unless you employ a pickup as good as MICRODYNE. 
MICRODYNE-regardless of climatic conditions-delivers 
consistently uniform response to 8,000 cycles and beyond, 
with the sharp, clean-cut definition of the finest Magneto - 
Inductive Pickup . . . yet for all its superlative quality, 
COSTS NO MORE THAN THE ORDINARY PICKUP. 

LIST PRICES START AT 

$19.50 

WRITE FOR LATEST LITERATURE 

AUJDAK COMPANY 
500 Fifth .A cuuc leicw York City 

' ,ators of High Grade Electrical and 
. Jcoustical Apparatus Since 1915" 

96 

Acheson Colloids Corp 68 
Acme Electric & Mfg. Co 75 
Acton Co., Inc.. H. W 92 
Aerovox Corp. 72 
Allied Control Co 68 
Allied Recording Products Co 90 
American Automatic Electrio Sales Co. 70 
American Lava Corp 52 
American Screw Co 6 
American Transformer Co 65 
Amplifiers -Distributors Corp 86 Astatic Microphone Laboratory, Inc 89 
Audak Co. 96 
Autocall Co. 79 
Bakelite Corp. 67 Biddle Co., James G 71 
Bliley Electric Co 78 
Callite Products Division 91 
Cannon Elec. Development Co 88 
Carborundum Co., Globar Div 60 
Carrier Microphone Co. 73 
Carter Motor Co 78 
Centralab Div., Globe -Union, Inc .Third Cover 
Chandler Products Co 6 
CInaudagraph Corp 81 
Cinch Manufacturing Co 41 
Clare & Co., C. P 85 
Continental -Diamond Fibre Co 62 
Continental Electric Co 77 
Continental Screw Co 6 
Corbin Screw Corp 
Cornell- DubiPier Elec. Corp 55 Cross, H. 92 
Doyen Co. 83 Dial Light Co. of America 92 Doolittle & Falknor 74 
Drake Mfg. Co 68 
Driver Co.. Wilbur B 71 
Du Mont Laboratories, Inc., Allen B. 79 
Dunn Inc.. Struthers 78 
Ecco High Frequency Corp 81 
Elcor Inc. 
Eisler Engineering Co 
Eitel -McCullough, Inc 

89 
92 

Electrical Research Products, Inc 87 Electronic Laboratories, Inc 87 
Engineering Co. of Newark, N. J.. Inc Erie Resister Corp 

92 
4 

Ferranti Electric. Inc 69 Ferris Instrument Corp 91 
Ferrocart Corp 
Formica Insulation Co 

89 
8 

General Radio Co 9 
Goat Radio Tube Parts, Inc 72 
Guardian Electric Mfg. Co 74 
Heintz & Kaufman, Ltd 93 Hewlett-Packard Co 95 
Hudson Wire Co 83 
Hunter Pressed Steel Co. 70 
Hytronic Laboratories 80 
International Nickel Co 43 International Resistance Co. 51 Isolantite, Inc. 47 
Jones, Howard B 72 
Kato Engineering Co 73 
Lam pkin Laboratories 
Lamson & Sessions Co 

95 

Lapp Insulator Co 5 
Leach Relay Co 88 
Lingo & Son. Inc., John E 75 Littelfuse, Inc. 79 
Mallory & Sons, P. R II) McGraw-Hill Book Co 
Micro -Switch Corp. 
Millen Mfg. Co., Inc.. James 

93 
7 

75 
National Screw & Mfg. Co 6 
Oh mite Manufacturing Co 
Oxford-Tartok Radio Corp. éó 
Parker- Kalon Corp. 6 Pheoll Mfg. Co 6 
Phillips Screws 6 
Pioneer Gen -E -Motor Corp 71 
Precision Paper Tube Co 94 
Precision Resistor Co 85 
Presto Recording Corp 85 

Radio City Products Co. 89 
Radio Engineering Laboratories Inc 3 Radio Wire Telivision Inc 86. 93 Rangertone, Inc. 82 
Raytheon Mfg. Co 88 
RCA Communications. Inc 82 RCA Manufacturing Co 
Richardson Co. 
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Shakeproof Lock Washer Co 
Shalicross Mfg. Co 95 Simpson Electric Co 
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Thomas & Skinner Steel Pds. Co 94 Triplett Electrical Instrument Co 8P 
Tubular Rivet & Stud Co 78 

United Transformer Corp 66 Universal Microphone Co 92 
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Ward Leonard Electric Co 80 Webster Electric Co 77 
Western Electric Co 59 Westinghouse Electric & Mfg. Co 48, 49 Weston Electrical Instrument Corp 61 White Dental Mfg. Co.. S. S 2 

Professional Services 90 
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EMPHATICALLY YES! . . IF 

ITS CENTRALAB EQUIPPED 
There is no compromise these days. . .your 
set MUST perform on short wave. In mil- 
lions of receivers (original equipment and 
replacement) short wave reception is an 
accomplished FACT aided by CENTRALAB 
parts. 

Ceramic 
Capacitors 
CENTRALAB ceramic tern- 
peratuie compensating 
capacitors are desirable 
because circuit compo- 
nents commonly have a 

positive drift changing the frequency tuning with chang- 
ing temperatures. This change is particularly objection- 
able at higher frequencies as the dial may be logged at 
one temperature only. 

By calculating the amount of positive drift normally 
present in the radio chassis, CENTRALAB ceramic capac- 
itors with a suitable negative temperature coefficient 

may be substituted for mica capacitors in the circuit 

and the overall frequency drift held to a minimum. 

Centralab Capacitors may be had with any designated 
negative temperature coefficient between zero and .0007 

mmf. per degree centigrade. Available capacities range 
from 2 mmf. to 1000 mf. 

In delicate and intricate short-wave 
components in modern receivers the 

need for accurate tuning is magni- 

fied because of increasing interest 
in world affairs. 

Centralab again steps to the fore 

with quality parts-engineered in 

the typical manner. For original 
equipment or replacements . . . 

always specify CENTRALAB. 

ELECTRONICS - November 1939 
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Wave Change Switch 
CENTRALAB type switches have the 
conventional maximum of 12 contact clips 
per section. These are of the double - 

wiping type or more specifically one half 
having a wiping action and the other half 
a biting action . . . this type is par- 

ticularly desirable where the switch is only occasionally 
adjusted. Rotors of hard rubber or ceramic and stators 
of ceramic are also available where exceedingly low 
loss is desired. 
CENTRALAB "W" type switches are best adapted to 
good short wave reception because they have sub- 
stantially lower capacities from clip- to- clip and from 
clip to ground than equivalent switches of other makes. 
They also make possible an infinite number of switching 
combinations because they provide up to 24 insulated 
clips per section. 
Contact clips are of the double wipe type having very 
long life. Test data shows an actual decrease in con- 
tact resistance after 10.000 cycles 
and less than 20°ó increase at 50,- 
000 cycles. The capacity between 
back-to-back insulated clips is .05 
mmf. The capacity between full rotor 
sections is 1.75 mmf. 
The supreme flexibility 
of these Wave Change 
Switches (there are al- 
most infinite variations 
in the combination of 
switch functions and 
number of index posi- 
tions) plus the inherent 
quality of every Centra - 
lab product makes it im- 
perative to "SPECIFY 
CENTRALAB" wherever 
unquestioned perform - 

ance is required. 

Div. of GLOBE -UNION Inc. 
MILWAUKEE, WIS. 
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TUBE RATINQUIREMENTS OF MODERN 

\it\, 
,,, 

S THAT RECGNIZE Tifi 

DIVERSIFIED 
APPLICATIONS 

:27. 

1 

11 Il 

The initiation by RCA of a Dual Rating System 
for many of the most popular RCA Air-cooled 
Transmitting Tubes marks an important forward 
step in simplifying the selection of tubes to con- 
form to specific transmitter applications. By 
recognizing the fact that amateurs, aircraft and 
police radio users, as well as many others, seldom 
operate power amplifier tubes under anything like 
the constant "key -down" conditions on which 
RCA Class C Telegraphy Ratings have been 
based, this System paves the way for greater 

tube economy in many applications. 
The two sets of maximum ratings now 

given for many tubes are designated 
"Continuous Commercial Service" (CCS) 
and "Intermittent Commercial and Ama- 
teur Service" (ICAS). The CCS ratings 
are on the same basis as the former 

maximum ratings. They take into 
account continuous 18 -hour -a -day - 
or -better service. 

The new ICAS ratings, however, permit much 
greater power input and a relatively large increase 
in useful power output for intermittent services. 
They take full account of the rapid progress in 
tube and transmitter design and are well suited 
for many amateur and intermittent commercial 
applications. 

The new system provides transmitting -tube 
ratings which recognize the diversified design 
requirements of modern transmitter applications. 
For example, there are numerous applications 
where the design factors of minimum size, light 
weight, low initial cost, and maximum power 
output are far more important than extremely 
long tube life. In such cases, the set designer may 
very properly decide that a small tube operated 
with ICAS ratings better meets his requirements 
than a larger tube operated with CCS ratings. 

Pioneered and initiated by RCA, the new ICAS Ratings are your keynote to 
low initial cost, maximum power output and utmost in true performance. 

GCS 
CONTINUOUS 

COMMERCIAL 
SERVICE 

RATING-RCA-810 ATING-RCA-810 
High -mu 

Triode 

(Class C TelegraPhY) 

Max. plate voltage, 2,000 V. 

Max. d -c plate input, 500 W. 

Max. plate dissipation,125 
W 

ICAS 
COMMERCIAL 

AND 
CO 

INTERMITTENT RCA -810 
AMATEUR 

SERVICE - 
(Class C Telegraphy) 

Max. plate voltage, 2,2502 
W 

Max. d -c plate input, W. 
Max. plate dissipation, 

150 

$1 
3.50 net 

ICAS RCA801 Rf Amplifier Pentode CCS ICAS RCA -801 Beam Power Tetrode (CS 

600 V. Max. plate voltage 500 V. 150 V. Max. plate voltage 600 V. 

33W. Max. d c plate input 25W. 75W. Max. d -c plate input 60W. 

13W. Max. plate dissipation 10W. 30W. Max. plate dissipation 25W. 

$3.50 net $3.50 net 

RCA -804 RA Amplifier Pentode RCA809 Rf High mu Triode 

1500 V. Max. plate voltage 1250 V. 1000 V. Max. plate voltage 750 V. 

150W. Max. d -c plate input 120W. 100W. Max. d -c plate input 15W. 
50W. Max. plate dissipation 40W. 30W. Max. plate dissipation 25W. 

$15.00 net $2.50 net 

RCA -806 Tantalum -plate Triode 

3300 V. Max. plate voltage 3000 V. 

1000W. Max. d c plate input 600W. 
225W. Max. plate dissipation 150W. 

$22.00 net 

R(Á814 Beam Power Tetrode 

1500 V. Max. plate voltage 1250 V. 

225W. Max. cf.( plate input 180W. 
65W. Max. plate dissipation 50W. 

$17.50 net 

RCA.811 High mu) 
ICAS RCA -812 (Low mu) Triodes (CS 

1500 V. Max. plate voltage 1250 V. 

225W. Max. d -c plate input 155W. 
55W. Max. plate dissipation 40W. 

$3.50 each net 

turi - .1 .. , 

a 

RCA MANUFACTURING CO., INC., 
CAMDEN, N. J. 

A Service of The Radio Corporation of America 

FIRST -4N -METAL -FOREMOST IN GLASS -FINEST IN PERFORMANCE 
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