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TUBES 
UOININGtlA 

i-c:,-11- 

Since 1915 
Standard for all Sets 

r- \\\75//, . 
1 type in 1915 

2 types in 1920 
15 types in 1926 
RADIO progress has set a fast and exacting pace these 

past few years. One single type of tube seemed ade- 
quate ten years ago. Four years ago two types apparently 
served the purpose. And to -day, witb its greater and 
more exacting demands for improved radio reception, the 
research and engineering talent back of Cunningham Radio 
Tubes contributes its sbare to radio progess with fifteen 
perfected special purpose types, each one efficiently mas- 
tering its particular task. 

To know the individual and special task of each one of 
these tubes when used in your set will bring to you an 
appreciation of increased radio enjoyment and more real- 
istic tone reproduction. 

Consult your nearest Cunningham Radio Tube dealer - 
learn how the right combination of Cunningham Radio Tubes 
will bring your present radio equipment up -to -date. Be 
sure that your receiver has the right combination of detec- 
tor, voltage amplifier, power amplifier, and rectifier tubes 
to give it present day standards of` performance in sensi- 
tiveness-in selectivity -in tone value. 

j( Fifteen Types 
u AH in the Orange and Blue Carton II 

NEW YORK CHICAGO SAN FRANCISCO 
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The Karas Equamatic has surprised them all 
with its matchless DX performance 

"I logged 40 stations one night 
through powerful local barrage" 
Raras Electric Company, 
19 So. La Salle St., 
Chicago. Illinois. 
Gentlemen: 
I have several sets of the most popular recent 
circuits, and the Karas Equamatic I just 
built -all distance getters of no mean ability. 
But for wonderful quality and unusual distance 
with real volume and unbelievable selectivity 
your Karas Equamatic has them all stopped. 
In one evening I logged 40 stations, includ- 
ing 8 of your own Chicago stations, right 
through a barrage of powerful New York local 
stations. My hat is off to you. 
On another evening I clocked 44 stations, 
among them some startling surprises, like 
W'FFA, Dallas; KGO, Oakland, California. 
and KOA, Denver, just like a local. I held 
KGO for 25 minutes and could go back and 
pick them up at will. 
To be located as I am, right on top of so 
many high powered New York stations, and 
filter through them all and bring in Pacific 
Coast stations with clarity and volume is a 
record of which I am truly proud. 
I do not believe any set but another Karas 
Equamatic could begin to equal it. consider- 
ing quality. selectivity, distance and volume. 
You may use this letter any way you like if 
it will help to let other particular fans know 
what can really he accomplished when once 
you get hold of the REAL THING. I venture 
to say that if only one -tenth of the fans of 
the country could hear an Equamatic just 
once there would be a stampede of Equamatic 
builders and you would have such an avalanche 
of orders for the parts that you couldn't be- 
gin to fill them. There are too many circuits 
and not many good ones. 

Sincerely yours, 
Thos. F. Meagher, 
7765 75th St., 
Glendale, L. I., New York. 

EASY TO 
BUILD 

You can build your 
Karas Equamatic 
easily and quickly by 
following the simple 
instructions given in 
the complete manual 
packed with every set 
of Karas Equamatic 
Inductance Coils. To 
build this receiver you 
will need the Karas 
parts listed in the 
coupon, plus a few 
other standard parts 
easily obtainable any- 
where. 

W HEN the Karas Equamatic Five Tube Sensation was offered the public in October, 1926, we little 
dreamed that in a few short months it would take first place among radio receivers for distance as 
well as for quality of tone -for selectivity and for volume. And yet that is exactly what has occurred. 
Read the two letters from Equamatic builders appearing in this advertisement. Note what they say 

about the performance of the Equamatic. These are but two of many similar letters from our files. 
The tremendous success of the Karas Equamatic is due to the correct principles used in the Equamatic Sys- 
tem -the automatic, absolutely equal transfer of energy be- 
tween primary and secondary inductances at all wave 
length settings of the dials. This energy transfer is main- 
tained at a continuous maximum by a principle unique in 
radio. In the Equamatic System the primary coils of the 
Equamatic Inductances are attached to the shafts of the 
condensers and are adjustable in their relation to both the 
condenser shafts and the secondary coils, while at the same 
time being entirely separated from the secondary coils. The 
latter are adjustable to any practical angle in relation to 
the primaries, which are automatically, constantly and con- 
tinuously varied at a definite ever- changing rate of varia- 
tion, with the turning of the condenser dials. This pro- 
vides the necessary variation in the impedance of the in- 
ductance according to the variations in the frequency, for, 
since impedance varies with frequency, and energy transfer 
from primary to secondary varies with impedance, much 
more inductance is required in a primary coil to tune to 
600 meters, for example, than is required to tune to 200 
meters. 
We want you to read the two letters in this advertisement. 
Read also how Easy it is to build an Equamatic Receiver - 
how you can order the necessary Karas Equamatic parts 
right from this advertisement. Then build this great dis- 
tance- getter. Send to -day for the Karas parts so you can 
build it without delay. 

KARAS ELECTRIC CO. 
1062 Association Building 

CHICAGO 
Equamatic System Licensed 

Under Kings Patents Pending 'r i iIIIIIr.,TDr 

"For Quality, DX Selectivity 
and volume it caps them all" 

Karas Electric Co.. 
19 So. La Salle Street, 
Chicago, Illinois. 
Gentlemen: 
The Equamatic is fine looking. It looks like 
the best ever. You surely have them all beat 
when it comes to good workmanship of parts. It works exactly as you say it does. Its qual- 
ity is exquisitely smooth. As for DX. she is 
a green lizard, better by two times than any 
superhet I have ever built, and I have been a 
superhet boy for a long time. 
Yesterday afternoon. about 3:30. I got two 
Chicago stations. This is wonderful perform - 
ance-to get two Chicago stations in the day 
time. I have to hand it to you for receiving 
I)X broadcasts. 
I never heard such a radin in my life before. 
The quality is superb, more actual than any- 
thing I have ever had before. 
Karas Equamatic has every set I have ever 
seen licked for picking up stations. and he- 
sides gives considerably more amplification on 
distant stations than any set I have ever 
heard. 
Counting everything -quality, DX, selectivity 
and volume -this Equamatic caps them all. 

Very truly yours, 
John Wallace Gillies, 
80 West 40th St., 
New York City. 
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Essential Parts of the Karas Equamatic 

Karas Micrometric Vernier Dial 

An essential in the Equa- 
matic and all other 
highly selective receivers. 
Price, each. $3.50. 

Karas Equamatic Karas Harmonik Audio 
Inductance Coils Frequency Amplifying 

Set of 3. with Translormers 

all necessary are used in the Equa- 
nuts, screws matir to insure per - 
and binding feet amplification and 
posts. Price, utmost volume. Price, 
$12.00. each, $7.00. 

Three Karas Orthometric 
Straight Frequency Line 
Variable Condensers with 
special extended shafts 
are used in the Equa- 
mattc. Each. $7.00. 

SEND NO 
MONEY 

Good dealers in every 
state in the Union 
handle Karas Equa- 
matic Parts or can get 
them for you. If your 
dealer happens to be 
out of stock. as some- 
times happens due to 
the popularity of these 
parts in a number of 
circuits, and if you are 
in a hurry to build 
your Equamatic, you 
can order Karas Parts 
direct from us by fill- 
ing out and mailing 
the coupon. SEND NO 
Mi NEY. Just hand the 
postman the price of 
the parts plus a few 
cents postage. 

r 
KARAS ELECTRIC COMPANY a 

1062 Association Building, Chicago, Illinois 
Please send me a set of 3 Equamatic Inductance Coils. $12.00; 3 Special Orthometric Con- a 

densers with extended shafts, $7.00 each; 3 Micrometric Vernier Dials, $3.50 each; 2 Har- I 
monik Audio Transformers, $7.00 each; 2 Equamatic Retard Coils. $1.00 each: and 3 sub- I 
panel Erackets, 70c, for which I will pay postman $60.20, plus postage. upon delivery. It a 

is understood that I have the privilege of returning any of this apparatus for full refund any a 

time within 30 days if it does not prove entirely satisfactory. a 

Address 

City State 
(If cash accompanies order we will ship postpaid) 
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eA NEW 
AIVIPLIFIER UNIT 

that provides for extremely Faithful reproduction 

SCHEMATIC DIAGRAM 
FOR COMBINATION 2 STAGE DOUBLE IMPEDANCE COUPLED 

AND I STAGE TRANSFORMER COUPLED AMPLIFIER WITH SPEAKER FILTER 
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While the use of double impedances is not new in principle, the General Radio 
Type 373 Double Impedance Coupler is unique in design and performance. To 
facilitate installation the complete unit, consisting of two impedances and a fixed 
condenser, is contained within a metal shell. It is connected in precisely the same 
manner in an audio amplifier circuit as a transformer. 

The extent of its range of even amplification is from appreciably below loo cycles to 
over 1o,coo cycles, with a gradual downward deviation of slightly less than 7% between 
100 to 400 cycles. This deviation in an otherwise perfect amplification curve is so slight 
as to be practically negligible, because the ear of the average individual can not detect 
a variation of intensity of much less than 25 %. 

The amplification curve, in fact, compares favorably with that generally obtained with 
resistance coupled systems which have the disadvantage of large sacrifices of plate voltages. 

The General Radio Double Impedance Couplers have the further advantage that 
when connected as shown in the above diagram, with one transformer coupled stage, they 
may be used with a properly designed Plate Supply Unit. 

Type 373 Double Impedance Coupler $6.5o 

The following parts are used in the General Radio Laboratory Amplifier: 
2 -Type 373 Double Impedance Couplers $13.00 
i -Type 285 -D Audio Transformer 6.00 
i -Type 387 -A Speaker Filter. 6.00 
3 -Type 349 UX or CX Sockets 1.50 
I -Type 410 or 301 Rheostat 6 ohms 1.25 

cAnnouncing a NEW Single 
Hole Mounting Rheostat 

The Type 4i0 rheostats are simi- 
lar in general appearance and 
construction to the well known 
Type 301 rheostat, except that 
they have the single hole mount- 
ing feature, and a flanged knob 
with engraved pointer of moulded 
Bakelite. Furnished with resist- 
ances of 6, 12 and 25 ohms. 

Type 410 Rheostat. $1.25 
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COUPLER 
GENERAL RAOIO CO, 
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Complete cost of amplifier parts $27.75 

If your dealer is unable to supply you with any of the above items, we shall be glad 
to send them to you prepaid upon receipt of list price. 

PARTS and ACCESSORIES 

"Behind the Panels of Better Built Sets" 

1(nnur IFI{nApry wt. i'cbruary, 10'17. Published monthly. Vol. X, No. 4. Published ut Carden City, N. Y. Subscription Price $4.00 a year. b]utere.I III the port office at 
Iauden City, N. Y., as second class 'nail matter. Doubleday, l'ago A('ompony, Garden CID*. N. Y. 
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WìllTraînYou Ata 
HomeTo Fill a 

igPayRadio Job 
"Igive you all 
this apparatus 
so you can learn 
quickly at home 
the Practical 
Way' 

s. 

FREE 

OF 

EXTRA 

COST 

ry9tY"wh. 

If you're earning a penny less than $50 a week, clip coupon 
now. Send for AMAZING FREE BOOK, "Rich Rewards in 
Radio." Why go along at $25 or $35 or $45 a week, when you 

could earn $50 to $250 in the same six days, as a Radio Expert? 
Hundreds of N. R. I. trained men are doing it -- why can't you? 

Earn $50 to $250 a Week- 
RADIO EXPERTS IN BIC DEMAND 
Radio needs trained men. Get into this new live -wire profession 

of quick success. It's the trained man, the Radio Expert, who 
gets the big jobs of this profession -paying $75, $100, $200 a week 
and up. Every day N. R. I. trained men are taking good places in 
the Radio field -men just like you -their only advantage is TRAINING. 
You can prepare just as they did, by new practical methods. Our tested 
clear training makes it easy for you. Big Free Book contains all the proof. 

You Learn Quickly --- - - 
In Spare eTime 

So sure am I that I can train you success- 
fully for a better future in this new Big -Pay 

profession, that I guarantee your training 
with a money -back bond. Lack of ex- 
perience or education won't hold you 

back -common schooling all you need 
to start. You can stay home, hold 
your job, and learn quickly and 
pleasantly in your spare time. My 
practical, helpful methods enable 

you to start RIGHT AWAY to- 
ward one of the bigger Radio 
jobs paying $50 to $250 a 

week. No delay, no losing time 
from work - no scrimping or 

scraping to get your training. 

You Get 
All Of This 

All instruments shown here and 
others sent to all my students free 
of extra cost under short time special offer 
Clip coupon now -find out all about this big 
unequalled offer while you still have time to 
take advantage of it. This training is intensely 
practical -these instruments help you do the 
practical work. You learn workmanship and get 

added confidence in 
your ability. 

$70 In One Day For 
T. M. Wilcox Im in business or my- lf and RECENTLY MADE 

$70 in ONE DAY. I w n loctricin of rich experi- 
nce,occupying a splendid 
position a telephone up- 
erintendent when I enroll- 
ed with you believing It 
would open up greeter op- 
portunities -hre not been 
disappointed. Etimte 
Radio will be worth tens 
of thousands of doller to m In next few yera." 
T. M. Wilcox, Beil Ilnd, 
Newfoundland. 

Operates WMAQ 
Accepted position with 

the Chicago Daily New Sta- 
tion WMAQ. MY INCOME 
PRACTICALLY DOUBLED. thank to you. l handle all 
conuitation, also do operat- 
ing. Your course taught m 
not only the theoretical but 
elso the practical knowledge that make my work easy 
for me." Keith KimbII. 
Stetion WMAQ, Chicago. Ill. 

Get This FREE BOOK 

World Famous 
Training That 
"Pays for Itself" 

My Radio course World - 
Famous as the training that 
"pays for itself." Make more 
money QUICK when you take up this 
practical course. Work on millions of an- 
tennae, receiving sets, offers you big chance 
to make spare time cash while you're learn- 
ing. I'll show you how -teach you the latest 
"dope." furnish you with business cards, show 
you how to get the business and make it pay. My 
students don't wait a year to increase their income -they report QUICK INCREASES as a result of 
this course -often two or three weeks after starting. 

Howard Luce, Friedens. Pa. made S320 in 7 weeks 
during spare time. D. I I. Suitt Newport, Ark.. writes. 
"While taking the course I earned in spare time work 
about S900." Earl Wright, Omaha, reports making $400 
in a short time while taking course -working at Radio in 
spare time I Sylvester Senso, Kaukauna, Wis.. made S500. 
These records not unusual -these men a few of hundreds. 

Most amazing book on Radio ever written 
-full of facts and pictures -tells all about 

the great new Radio field, how we prepare 
you and help you start. You can do what others 
have done -GET THIS BOOK. Send coupon 
today -no obligation. 

J. E. SMITH, President 
NATIONAL RADIO INSTITUTZ 

Dept. B -94 Washington, D. C. 

Your Satisfaction Guaranteed 
We who know the results this practical tested training gets - 

the increased earnings it has brought to men everywhere -stand 
behind it all the way with a signed guarantee bond that we give 
you when you enroll. On completion if you're not entirely satisfied 
in every way, you get back every cent you've paid us. No strings 
to this offer -you yourself are the only judge. Get started today! Its your big chance for one of the bigger Radio jobs -mail coupon 
NOW for my Big FREE BOOK and proof I No obligation. 

EMPLOYMENT SERVICE TO ALL GRADUATES 

J. E. SMITH, President 
NATIONAL RADIO INSTITUTE 

Dept.B -94 Washington, D. C. 
Deer Mr. Smith -Without obligating me In any 

way, send me your f ree book, "Rich Rewards in Raditi and all Information about your practical, home -study 
Radio Course. 

Name Age 

Street Addru 

To. n State 
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aeMERSHON Condensers 
smooth out tone through 13 eliminators as 
a plane smooths the rough surface of dNb oard 

qi 

Makes old "B" eliminators ever fresh 
like brand NEW «B" batteries 

MAINTAINS ORIGINAL FRESHNESS 
OF NEW 'B" BATTERIES 

"B" batteries have to be discarded 
long before they are run down, be- 
cause they begin to distort broad. 
casts and get noisy. This is because 
the internal resistance of the batter- 
ies increases as they age. Connect- 
ing a Mershon across your B" bat- 
teries (with a disconnecting switch) 
overcomes this high internal resist- 
ance and so greatly prolongs the 
useful life of dry cell batteries. The 
Mershon itself does not wear out or 
run down. It may be used contin- 
uously with endless sets of "B" bat- 
teries. 

Connecting a Mershon condenser to your "B" eliminator vastly improves 
the tone quality from your receiving set. The famous Mershon's action is 
two -fold. First, it assists in more perfect filtering (straining) of the uneven 
current supplied by the Lamp Socket. Second, it acts as a reservoir to store 
a lauge amount of energy which is fed to the Receiver in a continuous smooth 
flow as called for by incoming broadcasts. This action may be considered 
the same as the result of using a plane for a rough board. Most "B" elimin- 
ators use a good filter, which can be noted by the lack of any A. C. hum. 
But for perfect results and tone quality comparable to that which is obtained 
from the use of the new "B" batteries, it is essential that a sufficient amount 
of energy be stored directly back of the receiving set. This energy must be 
on tap to instantaneously supply current for loud or long sustained musical 
notes. The famous Mershon enables this storage of energy to be accomp- 
lished electrically rather than chemically. The result is a great improve- 
ment in tone quality. It is particularly noticeable o n low notes which require 
a large amount of current for proper reproduction. 

To connect a Mershon is as simple as connecting a battery to your Receiver. Three 
lead wires are provided attached to the Mershon, the positives being colored red and the 
negative black. 

CAUTION: Of course it must be realized that a Mershon added to a "B" eliminator 
will not improve tone quality (or the use of any other tone improvement device) if the 
design of a Receiving set or loud speaker is such that the tubes or loud speaker are over- 
loaded. 

There are many other uses for Mershon condensers. Write Dept. 2B7 for descriptive 
folder. 

AMRAD CORPORATION 
Medford Hillside, Mass. Harold J. Power, Pres. 
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Type R -171 
$15.00 

Type R -210 
$20.00 

8- ELIMINATOR AND .SUPPLY FOR 
UX-210 POWER AMPLIFIER - 
%.571klet is t ours 

/6r *Asking- 
POWER FROM THE LIGHT CIRCUITS 

! .........................N 

The Complete Foundation 
Unit for Home Constructed 

Power A mplifiers 
HERE is what you have been waiting for -a silent 

and efficient power amplifier and B eliminator that 
will equal anything on the market -one that you can build 
yourself in less than an hour. 
The Thordarson Power Compact is the complete founda- 
tion unit for power amplification. It contains: (1) a power 
supply transformer, (2) two filter choke coils of 30 hen- 
ries, and (3) a power tube filament supply, tapped at the 
exact electrical center (an exclusive Thordarson feature), 
all in one compound filled case. 

Two types of Power Compact are available: R -171 is 
designed for use with power tube UX -171 and Raytheon 
BH rectifier. Type R -210 is designed for use with power 
tube UX -210 and UX 216 -B rectifier. Each type of corn- 
pact supplies the proper values of current for maximum 
efficiency operation of its corresponding power tube. 
Packed with each compact is a complete set of instructions 
which can easily be followed, even by the man with no 
radio experience. 

Remember that when you buy a Thordarson product it is 
guaranteed and backed by over thirty years' manufactur- 
ing of reliable transformers. 

For Sale at Good Dealers Everywhere 
or Direct from Factory 

THORDARSON ELECTRIC MFG. CO. 
500 W. Huron St., Chicago, Ill. 
Gentlemen: 

I would greatly appreciate receiving a 
booklet "Power from the Light Circuit." 

copy of 

3449- E 

your new 

Name 

Address 

City State 

THORDARSON 
eoMeT 

THORDARSON ELECTRIC MANUFACTURING CO Transformer specialists since 1895 
WORLDS OLDEST AND LARGEST EXCLUS TRANSFORMER MAKERS 

Chicago. U. 
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Once Used 
Never Without ! 

WESTON 
Model 506 
"Pin Jack" 
Voltmeter 

ONCE used you will 
never operate your set 

without it. The best set 
performance is assured through 
regulation of filament voltage. Plugs 
directly into the filament voltmeter jacks 
provided on Radiola, Victor, Brunswick - 
Balke, Bosch and Standardyne sets. All 
other sets can be so equipped to use 
this meter by installing pin -jacks which 
are enclosed with each instrument. Only 
$7.50. 

its close 

WESTON Model 506 
Convertible" Pin Jack Voltmeter 

APIN -JACK Voltmeter, as shown above, 
but with the additional unique feature 

of the Weston High Range Stand into 
which the Pin -Jack Voltmeter plugs, making 
a High Range instrument for the accurate 

testing of battery volt- 
ages and for exploring 
the set for circuit 
troubles. Only $10.00. 
For further information 
ask your dealer or write 
us for the interesting 
free booklet -"Weston 
Radio Instruments." 

WESTON ELECTRICAL 
INSTRUMENT CORPORATION 

179 Weston Avenue, Newark, N. J. 

STANDARD THE WORLD OVER 

WEBTON 
Pioneers since 1888 

ALUMINUM IS A NECESSITY IN RADIO 

The R. B. Lab. 2 -tube receiver, housed in Aluminum, 
is an example of advanced design. The Aluminum 
Panel combines shielding with beauty. 

0-DAY the crowding of the air makes 
shielding essential. Radio has turned to 

Aluminum for shielding because its proper- 
ties permit the effective elimination of many 

of the hazards to perfect reproduction. ¶ By using 
Aluminum for top, base, sides, and center interstage 
shield, the designer of the R. B. Lab. 2 -tube Receiver 
has created an effective combination. The 3/32" sheet 
Aluminum Panel is a photographic reproduction of a 
rare piece of walnut. If Hammarlund- Roberts, Silver - 
Marshall, L. C. 27, and Varion A. C. specify Aluminum 
for shielding. ¶ Alcoa Wing type Aluminum shields 
prevent interstage interference effectively and economi- 
cally. If Can -type Shields made of Aluminum are fully 
effective -individually protecting the various stages. 
¶ Alcoa Aluminum is effective due to its high durability 
and low electrical resistance. Used for cabinets and 
Panels Alcoa Aluminum is light, easily worked and is 
available in the most beautiful wood effects. 

Here are some of the Applications: - 
Alcoa Shields, Box Shields, Cabinets, Panels, Vari- 
able Condensers, High -purity Rods, Foil for Fixed 
Condensers, Die - Castings, Screw Machine Products. 

ALUMINUM COMPANY of AMERICA 
PITTSBURGH, PA. 

ALUMINUM 
'401 

MOM ------ - - - - -- 
ALUMINUM COMPANY OF AMERICA 

Room 2319, Oliver Building, Pittsburgh, Pa. 
Gentlemen: Please send me a complimentary copy of the 
booklet checked on this coupon. 

Name 

Street 

City State 

Circuit I now use 

Circuit I will build next 

Check the square for one, or both, of the 
booklets you wish 

Booklet Booklet 
"Aluminum for "Aluminum Radio 

Radio" Shields" 
Describes the general ap- 
plication of Aluminum to 
radio. 

A treatise by Cockaday 
and Free on radio shield- 
ing. 
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There's Westinghouse Mi- 
carta tubing for better wire 
insulation, Westinghouse in- 
struments for better recep- 
tion, and the Westinghouse 
Rectigon for better battery 

charging -at home. 

a 
.,EAW4 

A+ 

Ab-G+ 

C-DEr 

C-1.MP. 

n.'45 

The Extra. Straw 
Like the camel driver, the radio set builder loads the panel 

or sub -panel with condensers, coils, tubes, sockets, trans- 
formers, and fuses until scarcely a square inch of space remains. 

When all the holes are drilled, the sub -panel looks more like 
the family sieve than the actual backbone of the radio set. 
With such construction, only the strongest of materials will 
carry the weight without sagging or warping. 

Micarta panels have withstood the test of years and are used 
by the leading radio manufacturers. Their high insulating 
qualities allow the most compact construction. 

With Micarta you get a deep, permanent finish in black, 
mahogany, walnut grain, or walnut burl. You benefit by con- 
stant research in papers, dyes, and molding methods. 

Micarta Fabricators, Inc., furnish completely machined and 
beautifully decorated panels in manufacturing quantities. 

WESTINGHOUSE ELECTRIC & MANUFACTURING COMPANY 
Offices in Principal Cities - Representatives Everywhere 

Tune in sometime with KDKA- KYW -WBZ -KFKX 

Westinghouse 
MICARTA FABRICATORS, Inc. 

OF NEW YORK 
309 Canal Street 
New York City 

KART MICARTA FABRICATORS, Inc. 
OF ILLINOIS 

500 South Peoria Street 
Chicago, Ill. 
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BEHIND EDITORIAL SCENES 
IF WE can judge from the correspondence which has been 

coming into the office recently, radio folk are at present most 
interested in what steps are to be taken to clear the air and 
unravel the p esent serious broadcast tangle. Almost every 
letter we receive -and our mail man always has a full load - 
has something strong to say about the present situation and 
expresses the hope that something many be done. No one can 
forecast what will happen in Washington where the legislators 
meditate suitable legislation, but every reader who wants 
"something to be done" should write his opinions with a plea 
for action to his Congressman. The people are the Govern- 
ment and letters to our Washington representatives are the 
best way to make one's feeling felt. It may be that legislation 
will be passed even before this magazine reaches the hands of 
the reader, but at present, that happy event seems but distantly 
possible. The leading editorial in "The March of Radio," 
dealing with proposals for widening the broadcast band, is 
worthy of very careful reading. 

THE questionnaire in the "Listeners' Point of View" in 
the January magazine has provoked a large number of 

extremely interesting replies and it is reprinted on page 376 
of this issue for the benefit of those who did not fill out that 
printed in the January number. It is not possible to acknowl- 
edge and thank every reader who sent us the filled out question- 
naire, but we greatly appreciate the fine interest and cooperation 
of the many who went to considerable trouble to reply. The 
January listing of many excellent booklets published by various 
radio concerns has attracted wide interest. An extraordinarily 
large number of readers have returned the coupon requesting 
some of the booklets, which are sent without charge. A more 
complete list is published in this number. 

QUOTATIONS from Senatore Marconi s description of 
his new beams system, contained in Mr. Humphrey's 
leading article, are printed in detail for the first time in this 

country. Much of the description, too, has not heretofore 
been released in the United States. 

rr HE second of, David Grimes's excellent descriptions of his 
1 improvements on his Inverse Duplex System appears in 

this issue and his third article appears in the March RADIO 
BROADCAST. Experiments have been taking place in the 
Laboratory to improve the four -tube R. B. "Lab" receiver. 
The changes described in the article beginning on page 368 
are not extensive but they are important. This model is one 
of the finest receivers we have ever used and we welcome 
correspondence from readers detailing their experience with 
this set. Edgar Felix's article on page 372, "Looking for 
Trouble ?" should offer great help to the "average radio fan" 
who is called upon to "shoot trouble" in his own outfit or those 
of his friends. The information there can also be applied with 
great profit by radio dealers and others who are called upon to 
put an ailing set in order. 

IN MARCH, the second of James Millen's constructional 
articles on B -power supply units appears, as does a construc- 

tional article on the Grimes receiver, a constructional article on 
adding power supply to the Hammarlund- Roberts "Hi -Q," 
and many other articles of wide interest. 

-WILLIS K. WING. 
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more distnoe 
on_the same sct 
'Want more stations on that storage battery set of 
yours? Want the far -away ones you get now to 
come in more easily and regularly? The Radiotron 
laboratories have developed a super- detector that slips 
right into the socket where you have a Radiotron 
UX -201 -A now. Just change that one to a Radio - 
tron UX- 200)A. 

It makes your set sensitive to fainter signals - 
reaches out to farther stations -picks up weaker 
ones you couldn't get before. It makes a big change 
for a very small cost! 

Bring your storage battery 'cet up -try -date with 
a power RADIOTRON UX -171 orUX112 
a detectar RADIOTRON UX20o -A 

and RADIOTRONS UX -201 -A for all -round quality. 

Bring _four- dry battery set up-to-date with 
a power RADIOTRON UX -120 

and RADIOTRONS UX -199 for all -round quality. 

R A D I O C O R P O R A T I O N OF A M E R I C A 
New York Chicago San Francisco 

... . . . 

HEATING 
METAL 

INSIDE OF 
GLASS 

EVERYONE knows that glass 
melts easily, and metal re- 
quires a high temperature. 
Yet, at the Radiotron labor- 
atories, the experimenters 
can put a Radiotron in the 
coil of a "high frequency 
furnace "and melt the metal 
insideitwithout melting the 
glass. This is done by an elec- 
tric current that is induced 
inside the glass bulb, right 
through the glass. 

This extraordinary furnace 
is not only used for experi- 
ment. In manufacture, every 
single Radioyen goes for a 
moment through such a fur- 
nace, just after the air has 
been exhausted out of it. 
The inside metal is heated 
red hot in the vacuum, and 
the tiny air bubbles boil 
right out of the metal and 
the glass, and are pumped 
away. Never before could 
such an exhaust be obtained. 

This means real performance 
when the Radiotron gets in- 
to your set. And it adds an- 
other reason for insisting on 
a genuine RCA Radiotron 
with the RCA mark on the 
base and the glass. There are 
Radiotrons for every pur- 
pose. 

i 

RCA Raftotrq n 
., 

[-(; MAKERS OF THE RADI .; - 
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'RADIO NOW AIDS THE MARINER 
The navigator who peers through thick fog, looking for the beams of a lighthouse 
no longer has to depend on his sight alone, for the important lights along the 
coasts have been equipped with automatic radio transmitters which send out 
predetermined signals, each individual to the location, enabling a ship operator 
with direction finding equipment to determine his position accurately by radio. This 
view shows the San Pedro Breakwater Light, just outside the Los Angeles harbor. 
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Linking Continents with Twenty 
Kilowatts 

How Britain Is Linking up with Her Colonies by Means of the Short -Wave Beam 
System -New Stations Can Handle Five Times as Much Traffic as Long -Wave Stations 
and Expense Is Lowered -A Description of a Typical Beam Station and the Principles 
Involved -What Marconi Thinks of the "Ham's" Share in Short -Wave Development 

By KENN= I B. I-IUMPI-IREY 

HAVE always felt," said Senatore 
Guglielmo Marconi in the "James 
Forrest" lecture given before the In- 
stitute of Civil Engineers in London 

recently, "that wireless waves are far too 
valuable to be continuously scat- 
tered and broadcast equally in all 
directions instead of being concen- 
trated as much as possible on the 
station with which one desires to 
communicate." 

"Ten years ago," he continued, 
"during the War, I began to con- 
sider the possible alternative which 
might be offered by an exploration of 
the capabilities for point to point 
communication of those electric waves 
which had never yet been used for 
practical radio telegraphy. I mean 
waves only a few meters in length, 
and I was particularly attracted to 
this line of research because I was 
well aware that with these waves, 
and with these waves only, it would 
be possible to project most of the 
radiation in a narrow beam in any 
desired direction, instead of allowing 
it all to spread in every direction. 

"There is no doubt that, generally 
speaking, radio engineers of four or 
five years ago thought they knew 
much more about the subject than 
we think we know to -day. Laws 
and formulas were announced and 
accepted showing which wavelengths 
were best adapted for various dis- 
tances, and indicating what amount 
of power would be necessary in 
order to be able to communicate 
any given distance. Unfortunately, 

it soon became apparent that the logical 
application of these laws and formulas 
brought us to the necessity of employing, 
for long- distance transmission, such enorm- 
ous and expensive antenna systems, and 

such large amounts of power as to make the 
method so costly in capital expenditure and 
operation, that only a very small margin of 
profit would remain when the system was 
worked in competition with modern cables 

and land lines." 
As long ago as 1913 efforts were 

made to design long -wave stations 
which could be used for long- distance 
communication. It was not until 
1923, however, that the British Gov- 
ernment finally decided definitely to 
proceed with a plan of linking up the 
Dominions with the mother country 
by means of wireless telegraph sta- 
tions. The Dominions had been 
asking for such a service for many 
years, and when the decision was 
finally reached by the British Gov- 
ernment, the Dominion governments 
immediately made arrangements for 
the construction of corresponding 
stations in their own territories to 
complete the service. Even while 
negotiations were under way to pro- 
vide long -wave stations, Senatore 
Marconi became convinced, as a re- 
sult of his experiments, that a new 
system could be developed which 
would prove to be better both from 
a standpoint of effectiveness and cost. 

Some courage was necessary to 
propose a system which might easily 
revolutionize the whole art of long - 
distance communication. This too, 
it must be remembered, at a period 
when larger and larger long -wave 
stations were being erected in Amer- 
ica and at other points, such as 
the Lafayette station at Bordeaux, 

A SHORT -WAVE WAVEMETER 
This particular instrument is utilized to keep 
check on the Bodmin short -wave beam station 
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France, the station at Nauen, Germany, 
and others. But in spite of the opinion 
against him, Senatore Marconi was able 
to convince the British Government and 
the Dominions that the beam system of 
short -wave telegraphy was entirely prac- 
tical. The early predictions of Marconi 
have been justified, and the Government 
has officially accepted the first link in 
the chain between England and Canada 
after a rigid seven days' test. 

To get some definite conception of what 
the inauguration of the new beam system 
will mean, consider the great long -wave 
stations which have recently been com- 
pleted, and which may eventually have to 
give way to the new competitor. Com- 
mercial long- distance radio communica- 
tion has been accomplished previously by 
stations employing frequencies 
from 37.48 up to 9.99 kilocycles 
(8000 to 30,00o meters), and 
using several hundreds of kilo- 
watts in power at the transmit- 
ting station. 

One of the latest and largest of 
these long -wave stations in the 
United States is located at Rocky 
Point, Long Island, and is oper- 
ated by the Radio Corporation 
of America. Twelve antennas 
are used to communicate with 
various points in the world. 
Each antenna is supported on 
twelve 44o -foot steel towers, and 
the length of each antenna is in 
the neighborhood of three miles. 
From 200 to 400 kilowatts of 
power are used, and transmission 
is carried on at two frequen- 
cies, 17.15 and 18.22 kilocycles 
(17,500 and 16,465 meters). 

The British Post Office wireless 
station at Rugby (England) has 
an antenna 800 feet high sup- 
ported on 12 masts, and uses 
about 500 kilowatts of power. 
The frequency used in trans- 
mission is 21.3 kilocycles 
(14,08o meters). 

Buenos Aires, in the Argen- 
tine, has an antenna about 68o 
feet high supported on ten tow- 
ers, and uses about 800 kilowatts 
of power. The station normally 
works on a frequency of from 
18.7 to 24.9 kilocycles (16,00o 
to 12,000 meters). Many other 
similar stations are operating in 
Germany, France, Italy, and other countries. 

Contrast the above stations with the 
modern short -wave beam station having five 
masts 277 feet in height and using a power 
of only 20 kilowatts, and a transmitting fre- 
quency of i 1,500 kilocycles (26.09 meters). 

Senatore Marconi said that the average 
speed obtained by the long -wave stations 
was 20 words a minute for a daily average of 
18 hours. The beam stations, during the 
official tests, averaged at least ioo words a 
minute for 18 hours a day. 

The average 20 -word speed of the long - 
wave stations referred to above, is consider- 
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ably less than maximum speed, which is 
said to be ioo words a minute. The maxi- 
mum workable speed for ordinary tele- 
graphic work on the new "Permalloy" 
cables is said to be about 500 words a 
minute. During the tests of the new beam 
station, a speed of 25o words a minute was 
maintained for several hours at a time 
without difficulty. 

ADVANTAGES OF THE BEAM SYSTEM 

HERE are several distinct advantages 
in using the short -wave beam system 

over the long -wave system for point to 
point communication over long distances: 

I. The cost of equipment is less. 
2. It is more economical to operate and 

maintain. 
3. The speed is greater. 
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than for long -wave stations giving the 
same kind of service. 

Another advantage is that the speed in 
signalling is increased, due to the utilization 
of short waves. The larger antenna takes 
an appreciable time to charge and discharge 
while the smaller antenna takes much less 
time. 

Short waves alone, however, would not 
accomplish the desired result as far as speed 
is concerned. I t is by the use of reflectors 
at both sending and receiving ends that the 
signal is stepped up about a hundred times 
over that which would be possible with 
ordinary non -directional sending and re- 
ceiving. The wave is projected out in a 
narrow beam and is caught at the receiving 
station by a similar reflector, and concen- 
trated on the receiving antenna. 

It may be calculated, that, to 
obtain a signal strength of a hun- 
dred times that of another signal, 
the power required would be ten 
thousand times as large. Con- 
sidering the ordinary method of 
signalling without reflectors, the 
power applied would have to be 
20,000 kilowatts instead of the 
20 kilowatts actually used in the 
beam system! 

Atmospherics, which have al- 
ways limited high speed radio 
sending, do not exist as a serious 
factor in the new system. Fad- 
ing is reported to be consider- 
ably less in the directional 
system than in the non - 
directional system. True, there 
is still some fading, but because 
of the increased signal strength, 
the margin of reliability is in- 
creased. During the test week 
there were only two bad periods 
where fading was enough to 
hamper the service. These were 
during the appearance of very 
large sun spots, and during an 
intense display of the aurora 
borealis in Canada. No inter- 
ference was experienced on the 
long waves, but the cables and 
land lines were seriously affected. 
I t was also noticed that, bychang- 
ing the wavelength slightly, a 
path could be found which was 
practically free from interference. 

In the first beam experiments 
carried out in Italy and in Eng- 
land, the reflectors consisted of 

a number of vertical wires parallel to 
the antenna and spaced around it on a 
parabolic curve of which the transmitting 
or receiving antenna constituted the focal 
line, but in the more modern stations an 
arrangement devised and patented by Mr. 
C. S. Franklin has been more advantage- 
ously employed. 

In this arrangement, the antenna and the 
reflector wires are disposed so as to con- 
stitute grids parallel to each other, the 
antenna wires being energized simultane- 
ously from the transmitter at a number of 
feeding- points, through a special feeding- 

. 

AT THE BCDMIN BEAM STATION 

The antenna system for the transmission of directional signals to Canada 
is here shown. There are five masts, providing four spans of horizontal 
supporting wires from which the vertical antenna and reflector wires 
are dropped. Canada, looking at this picture, is "way over" to the 
right, hence the reflector wires are at the left. The antenna coupling 
boxes, one for each pair of antenna wires, are shown in the picture, as 

also is a part of the copper- tubing feeder system 

Concentrating the radio waves in a beam 
instead of allowing them to wander to 
every point on the earth makes it possible 
to use only 20 kilowatts of power instead of 
200 kw. or more (as in long -wave teleg- 
raphy). In spite of using less power at the 
transmitting station, more power is re- 
ceived at the receiving station, and that is 
the goal that all radio engineers strive 
for. 

Economical operation and maintenance 
costs are in direct proportion to the amount 
of power used and the size of the antenna, 
both of which are less in beam transmission 
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THE MACHINERY HALL IN THE BODMIN STATION 
Built by the Marconi Company for the British General Post Office. In the background 
may be seen the rectifying panels for the Canadian and South African transmitters 

system, so as to insure that the phase of the 
oscillations in all the wires is the same. It 
has been proved by calculations, and con- 
firmed by experiments, that the directional 
effect of such an arrangement is a function 
of its dimensions relative to the wave- 
lengths utilized. 

A similar system of antennas and reflect- 
ing wires is used at the receiving stations. 

THE BEAM ANTENNA SYSTEM 

IN A typical short -wave beam station, the 
Bodmin station, for example, there are 

five steel lattice masts, each 277 feet high, 
erected in a straight line at right angles to a 
line passing through both sending and re- 
ceiving station. These five masts provide 
four spans of wire (one between each pair of 
masts) the sole purpose of which is to sup- 
port the vertical antenna and reflecting 
wires. Except as supports, the horizontal 
spans serve no useful purpose in the actual 
transmission. At each station there are 
two distinct transmitters for each point it 
is intended to communicate with, operating 
on different frequencies. but whether the 
second one is to be used as a standby or as 
a supplementary channel has not as yet 
been definitely decided. Of the two trans- 
mitters, one operates on 11,50o kc. (26.o9 
meters), while the second will operate on a 
slightly higher frequency. 

Cross -arms at the top of the masts ex- 
tend for forty -five feet on either side of the 
vertical, forming a support for the horizon- 
tal sustaining wires. For the t 1,5oo -kc. 
band, there are thirty -two vertical antenna 
wires, grouped in fours, in a parallel row 
with which are the reflector wires. There 
are twice as many reflector wires as antenna 
wires. The horizontal wire spans between 
the first second and third masts (two spans) 

support the antenna -reflector system for 
the 11,500-kc. transmitter. 

Each of the reflector wires is divided into 
five complete sections by means of insula- 
tors. The reflector wires are placed on that 
side of the actual antenna wires which is 
remote from the distant receiving station. 
Counterweights are attached to the lower 
ends of both antenna and reflector wires, the 
object of these being to keep an equal ten- 
sion on each wire irrespective of changes in 
wind pressure. 

The system of wires which constitutes the 
connecting link between the transmitter 
and the antenna is known as the "feeder 
system." This system consists of two con- 
centric copper tubes, air insulated from 
each other to avoid loss. The outer tube is 
grounded and carried on metal standards a 
short distance above the ground, while the 
inner tube carries the current to the an- 
tenna. In order to insure an equal amount 
of current for each of the separate antenna 
wires, the feeder system is arranged so that 
the distance which the current has to travel 
through the feeders is exactly the same for 
each individual wire in the entire antenna 
system. In order to prevent the presence 
of reflected waves in the feeder system, 
which would cause trouble, equalization 
may be obtained by means of coupling 
transformers located at each junction box. 
A check against any reflected wave in the 
feeder system is provided by three high - 
frequency thermo- ammeters wired at three 
different points 32 feet apart. Actually 
the three meters are located at one point 
for ease in reading. With no reflected 
waves in the system, the meters will all reg- 
ister alike. 

Each antenna coupling box is grounded 
by means of metal plates three feet square, 
arranged in a circle of 5o feet in diameter. 
This is for the short -wave antenna. For 
the long -wave antenna the diameter of the 
circle is too feet. Each transmitter is 
grounded near the building with a galvan- 
ized iron plate six feet by three feet con- 
nected to a copper tray placed under the 
transmitter proper by means of heavy 
copper bars. All masts and guy wires are 
grounded, as is the support for the feeder 
system. 

The transmitting apparatus follows 
closely that used in standard practice. 

RECEIVING EQUIPMENT AT THE BRIDGEWATER STATION 
There are two distinct receivers shown here. That on the left is for South African signals while the 
right -hand one is for Canadian signals. As two wavelengths may be used for each transmitting sta- 

tion, each receiver may be tuned to receive either of the two wavelengths 
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A MESSAGE SENT AT 250 WORDS 
PER MINUTE 

This is an actual record of a message received 
at a speed of 25o words per minute during 
official tests of the beam wireless circuit be- 

tween England and Canada 

Many parts, however, had to be designed 
especially for the work in hand. Vacuum 
tubes are used throughout for generating 
the high frequency current. The main 
power oscillators are cooled by means of 
oil and are designed particularly to reduce 
tube capacity and resistance losses. A 
master oscillator tube is provided which de- 
termines the fre- 
quency or wave- 
length at which the 
main transmitter 
tubes will oscillate. 
The voltage used 
on the tubes has an 
approximate range 
of from 8000 to 
10,000 volts, which 
is supplied by spe- 
cial rectifier tubes. 

The method used 
in keying, or inter- 
rupting the circuit 
in order to transmit 
the dots and dashes 
of the signals, is of 
interest. When a 
signal is being sent, 
the high frequency 
current is allowed 
to go out into the 
antenna, while, 
when no signal is 
being sent, the 
power is absorbed 
by an equivalent 
load made up of re- 
sistances placed in 
a small house near 

THE FEEDER SYSTEM 
This may be studied in conjunction with the 
pictures on page 352 and at the foot of this page. 
The antenna wires are taken in pairs to the 
coupling boxes and thence to the copper- tubing 
feeder system. The distance from the transmitter 

to each antenna wire is the same 
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the transmitter. This makes it possible to 
keep the load on the transmitting tubes 
the same at all times. 

The absorption system is controlled by 
means of vacuum tubes the grids of which 
are thrown positive or negative by the key- 
ing relay through other amplifying tubes. 

By using vacuum tubes in place of me- 
chanical relays it is possible to speed up the 
system to a remarkable degree. Only one 
small mechanical relay is used to tie up the 
land line with the transmitter. 

Everyone who has followed radio to any 
extent in the last few years knows some- 
thing about the super- heterodyne system of 
receiving signals. The English engineers 
use this idea in a new way. It will be re- 
membered that the super- heterodyne 
changes over the incoming signal from a 
short wavelength (high frequency) to a 
longer wavelength (low frequency) in order 
that it may be more easily amplified. It is 
again detected and operates an audio am- 
plifier. 

This system is extended for use in the 
receivers at the beam stations by using two 
heterodying systems, or what is practically 
the equivalent of two super- heterodynes in 
series. The signal is collected on the an- 
tenna, which, being of the reflector type 
gives a signal of considerable strength, and 
is fed to the first detector through a very 
loosely coupled tuned unit. The loose coup- 
ling is resorted to in order to cut out inter- 
ference and reduce the pickup of static and 
other noises. This first detector is coupled 
with an oscillator which changes the short 
wave of 26 meters (11,538 kc.) over to a 
wavelength of about 1600 meters (187 kc.). 
The signal then goes through a three -stage 
amplifier at this frequency and is again de- 
tected. At this point another heterodyne 

oscillator is provided 
and the wavelength 
changed from 160o 
meters to io,000 
meters (3o kc.). 
Again it is ampli- 
fied through three 
stages and again de- 
tected. This second 
heterodyne may be 
tuned to an audible 
note so that the op- 
erator may listen -in 
and tune the signals 
as received through 
the first part of the 
receiver. The out- 
put of the receiver 
operates a high- 
speed relay which in 
turn operates the re- 
cording mechanism. 
Each stage of am- 
plification is of the 
push -pull type in 
order to provide dis- 
tortionless amplifi- 
cation throughout. 
The output works 
through a bridge sys- 
tem which insures 

THE FEEDER AND COUNTERWEIGHT SYSTEMS 
The copper tubing which constitutes the line between the transmitter and the antenna system, 
together with one of the junction boxes, is shown in this picture. To the left may be seen one of the 
antenna coupling boxes to which two of the antenna down leads are taken. The weird wooden 
structures, which in windy weather are apt to cultivate bobbing propensities, and which may be 
seen dotted about the field, are the automatic counterweights which provide a certain amount of 

slack to the antennas when necessary 
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that the signal strength is practically the 
same no matter what the strength of the 
incoming signal. 

MARCONI PRAISES "HAMS ' EFFORTS 

IN THE course of his address on the beam 
system, Senatore Marconi made some 

interesting remarks relative to the value 
of the amateurs' share in short -wave devel- 
opment. "The results obtained by ama- 
teurs in the field of short -wave endeavor do 
great credit to them," he said, "especially 
if we consider that most amateurs possess 
only limited facilities for experimental work. 
It should not be forgotten that amateurs 
were the first to carry out two -way com- 
munication with New Zealand for brief 
periods. Their observations have often 
been of value in helping us to arrive at a 
somewhat better understanding of the very 
complex phenomena involved, but I think 
it is sometimes dangerous to attach too 
much importance to all their observations, 
especially when they concern what I might 
term `negative results.' Only the other 
day I read a statement by an eminent 
authority that, according to amateurs' 
observations, the daylight range of a loo - 
meter (2998 -kc.) wave did not exceed 200 
miles, and for a 5o -meter (5996 -kc.) wave 
loo miles. I have carried out tests on 
a loo -meter wavelength for months on 
end and have never found its daylight 
range to be below moo miles. With a 47- 
meter (6379 -kc.) wave, which is close to 
5o meters, we have never observed any skip 
distance commencing at too miles or at 
anything like so short a distance. It may 
well be that some of the observers were not 
particularly skilled, or were using insensi- 
tive receivers or that their stations hap- 
pened to be situated near buildings or 
structures which unfavorably affected re- 
ceiving. I therefore think it would be 
unfortunate if, in consequence of some re- 
ports, the theory of skip- distances should 
become unduly generalized and extended. 

" I have found that, for reliable observa- 
tions and deductions in regard to the be- 
havior of transmissions over varying dis- 
tances, there is nothing so good as a receiv- 
ing station installed on a suitable ship." 

LOCATION OF THE BEAM STATIONS 

THE beam transmitting station in 
Canada is situated at Drummondville, 

3o miles east of Montreal, and the receiving 
station at Yamachiche, 25 miles north of 
Drummondville. These stations are linked 
up by land line to the central office of the 
Canadian Marconi Company in Montreal 
in the same way that the English stations 
are linked to the General Post Office, in 
London. Beam stations are also being 
erected in Canada for direct communication 
with Australia, and corresponding beam 
stations are being built at Melbourne. 

The sites occupied by the beam stations 
at Bodmin and Bridgwater in England, 
for communication with Canada, are also 
utilized for the stations to be used for com- 
munication with South Africa. These 
South African stations are practically com- 

355 

H- Horizontal 
Support Wires 

R °Reflector Wires 

Two to each 
Antenna Wire 

A- Vertical Antenna 
Wires 

C- Phasing Coils 

I- Insulators 

Antenna Wires go to Feeder System via 
Coupling Box 

THE BEAM ANTENNA SYSTEM 
Showing the position of the antenna and reflector wires in relation to each other. The relative location 
of the insulators, phasing coils, supporting wires, and towers are also shown. There are sixteen an- 

tenna wires and thirty -two reflector wires to each span 

plete. Similar stations are being built in 
England at Tetney, near Grimsby, and at 
Winthorpe, near Skegness, for communica- 
tion with Australia and India -the Grims- 
by stations being transmitting stations and 
the Skegness stations receiving stations. 
Corresponding stations are being built in 
the Dominions near Cape Town, Melbourne, 
and Bombay. All these stations are in an 
advanced state of construction, and are 
expected to be opened within the next few 
months. This will complete the present Im- 
perial Scheme; but outside of this scheme, 
the Marconi Company is already engaged 

Ì 
1 

PRELIMINARY MEASUREMENT. 26006 METAE3 2 BAYS 
TAKEN AT 6217 FL RADIUS 

POLAR C.RVE , BODMIN. 

A POLAR CURVE OF A RADIO BEAM 

Showing how the radio wave travels out from the 
station in a beam instead of being broadcast in 

all directions 

on a considerable development of com- 
mercial telegraph services on the beam 
principle. The Company holds a license 
from the Post Office to conduct wireless 
telegraph services with certain continental 
countries and with all other foreign coun- 
tries outside Europe. In addition to the 
wireless stations the Company has been 
operating on these services for some years, 
it has a beam station nearly completed at 
Dorchester for communication with North 
and South America. A corresponding sta- 
tion is also in process of erection at Rio de 
Janeiro. 

Another important development in which 
beam stations are included -and these are 
already under construction -is the Portu- 
guese scheme for linking up Portgual and 
its colonies. Some time ago the Marconi 
Company obtained a concession from the 
Portuguese Government for the establish- 
ment of wireless telegraph stations in 
Portugal and its colonies for the purpose of 
linking them together and establishing 
wireless communication with other parts 
of the world. These stations are now being 
built in Lisbon, in the Cape Verde Islands, 
in the Azores, and in East and West 
Africa. When they are completed, wire- 
less services will be established with Eng- 
land, with the principal continental coun- 
tries, and with South America. 

The beam system is not by any means 
limited to wireless telegraphy, according to 
Senatore Marconi. He feels confident that 
it can be utilized for placing wireless 
telephony on a much more practical basis 
than it is on at present, besides helping the 
systems of picture and facsimile transmis- 
sion, not to speak of television. 

Even for broadcasting he believes it will 
result in enabling programs and speeches to 
be transmitted to large portions of the 
United States, Canada, South Africa, and 
Australia with much greater strength and 
accuracy than it is possible to obtain by 
means of the existing broadcasting systems. 
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Why Short Waves Should Not Be Opened to Broadcasting 
ARIOUS proposals are being 
brought forward to accommodate 
the excess broadcasters who in- 
sist on infesting the ether with 

their unnecessary emanations. These are 
offered principally by pacifists seeking to 
mollify rejected wavelength- seekers, rather 
than by those who have the good of broad- 
casting and the development of radio at 
heart. 

The most tempting and, to the unin- 
formed, the most logical course is to open 
the higher frequencies, below our present 
broadcasting wavelengths, to accommodate 
a host of additional broadcasters. The 
amateurs have been able defenders of this 
wavelength territory and, in this respect, 
they have been highly useful conservers of 
wavelength space. Were there any real 
need for additional broadcasters, it is 
doubtful whether the amateurs and others 
assigned to short -wave bands, could retain 
possession of the extensive frequency ter- 
ritory which they now occupy. 

"Fhe broadcast listener is the principal 
sufferer if the wavelength territory is 
extended. To him it means that his pres- 
ent day radio receiver will no longer give 
him the entire range of programs. To 
The illustration forming the heading shows the lonely post 
of Clifford York. fire ranger, atop a 6400 -foot mountain in 
the California National Forest. A radio receiver helps while 

away the hours of this ranger's lonely watch 

accommodate an enlarged band, receiving 
sets must be equipped with tapped in- 
ductances and switches making them so 
complicated and inefficient that only the 
technically inclined enjoy their use. 

In Great Britain, where broadcasting 
stations have been spread over a wide range 
of frequencies, receiving sets are either 
incapable of tuning to all of them or the 
listener must fuss with a comprehensive 
lay -out of plug -in coils. Tuning to sta- 
tions requires reference to a number of 
charts. Neutralizing such receivers over 
the entire range is out of the question 
without a considerable sacrifice in ampli- 
fication. So discouraging is the tuning 
process under these conditions that British 
manufacturers have found it profitable to 
market receiving sets to disgusted non - 
technically inclined listeners, adjusted to 
the wavelength of only one particular 
station. If stations of any account begin 
radiating programs on the higher fre- 
quencies, the broadcast listener will have 
excellent reason to complain, Either he 
must deny himself the pleasure of listening 
to them or substitute for his simple receiver 
one of annoying complexity. 

The broadcasting station operating on 
these higher frequencies will not find itself 
pleasantly situated either. Short -wave pro- 
grams are subject to a surprising amount of 

fading which, varying at different hours of 
the day and night, will cause him no end of 
complaint. Heterodyning, by reason of 
the vagaries of short waves. is not limited 
to the usual ranges by power, because a 
short -wave, low power station, hard to 
pick up at a distance of 25 miles, may be a 
powerful source of interference at distances 
of l000 to 5000 miles. 

More important than the consideration 
of the listener and the broadcaster is the 
importance of conserving radio frequencies 
for essential services. The higher fre- 
quencies are best adapted to point -to -point 
communication because little power carries 
great distances The higher frequencies 
alone are adapted to beam transmission 
and high -speed automatic communication. 
The transmission of photographs and 
motion pictures, the coming of which is as 
certain as commercial aviation, will be 
seriously handicapped if the numerous 
Podunk Radio Companies of Four Corners, 
seeking wavelengths, have their way. 

When one examines the list of applicants 
desiring to broadcast and realizes the 
remoteness of any chance that they will 
contribute to the good of broadcasting. 
one hopes that a way will be found to dis- 
regard their clamorings utterly. Recently, 
we saw an item in an Iowa newspaper 
which announced that no less than eight 
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new members had joined a local radio club 
and, encouraged by this substantial in- 
crease of membership and evidence of 
interest, they decided at once to proceed 
with the erection of a broadcasting station. 
Moving picture theatres, hotels, radio 
stores, automobile agencies and ambitious 
amateurs comprise a large part of the 
wavelength seekers. Municipalities and 
religious organizations which ought to 
know better, have hardly been in the min- 
ority when it comes to vandalistic wave- 
length - jumping and ruination of recep- 
tion. The character of the appli- 
cants for space on the ether is 

exposed by the ruthlessness with 
which the meagre allotment of 
six exclusive wavelengths to 
our Canadian neighbors was 
usurped. There is no greater 
disgrace in the annals of broad- 
casting than this wanton and 
ungentlemanly action on the 
part of stations which have de- 
liberately ruined broadcast re- 
ception in Canada. A total of 57 

American stations have seized 
Canadian wavelengths, includ- 
ing WHT, WNAC, WHAP, KSO, WJAZ, 

WWAE, KFCW, KWDH, KS BA, KTLD, 
KMMJ, KGDT, KFKB, and KFXF. 

There are ample broadcasting 
facilities for all, if sympathetic 
interests will combine in the 
operation of stations, but, if each 
must use his own station, the 
future needs of commercial avia- 
tion, of short -wave rebroadcast- 
ing links, of high speed point -to- 
point communication, of emerg- 
ency railroad service and a score 
of other useful services are 
menaced by this insistent rabble 
of the ether. 

Why should we accommodate 
more stations? Simply as a sop 
to those who must be excluded 
from the present broadcasting 
band if there is to be an end to 
radio chaos. It is an economic 
waste. If those who apply for stations do 
not have prospect of an appreciable follow- 
ing, they certainly should not be licensed. l f 
they do, it reduces the audience of existing 
broadcasting stations. That means less 
value to their microphones and, in conse- 
quence, less attractiveness to better artists 
and features -in other words, lowered pro- 
gram values. It is hard to see who gains 
by the insane mania which some people 
seem to possess to stir up the ether through 
their own private microphone. 

Conserving of radio frequencies is a 

problem calling for the same foresight 
as the conservation of forests and the 
judicious planning of our public highways 
and railroad grants. Divesting one es- 
tablished on a frequency thoughtlessly 
assigned today, will be as difficult a gen- 
eration from now as it would be for the 
government to regain former public lands, 
occupied for twenty years by thriving 
farms, villages, and cities. Many rail at 

the lack of foresight of our fathers because 
of their failure to plan cities, highways and 
railroads while rights of way were pur- 
chasable at low figures. Today we cut up 
the only remaining airplane landing fields 
near large cities into real estate develop- 
ments and we give away broadcast radio 
frequencies for which there will ultimately 
be a crying need to promote the safety of 
aërial travelers and to extend worldwide 
communication. 

Gentlemen, have mercy on your grand- 
children! 

In Great Britain, there are 2,105,000 
licensees, but whether listeners are wholly 
satisfied with their much vaunted broad- 
casting system is indicated by another 
item in the same publication: 

The British Broadcasting Company carries 
on remarkably, but many promises and long 
overdue improvements, such as high power 
stations and alternative programs, are held up, 
among other reasons, because of lack of funds. 

In view of the fact that of the £2,227,000 
received by the Post Office in license fees for 
the three years ending March 31, 1926, only 

£ i, i66,000 has been handed over to 
the B. B. C., the Wireless Retailers' 
Association has instituted a cam- 
paign to recover the bulk of the 
balance for the purpose for which it 
was subscribed. 

A GERMAN POLICE MOTORCYCLE, RADIO EQUIPPED 
A complete outfit is installed in the armored car at the left, so that the 
unit may be at all times in communication with headquarters. If any 
shooting starts, things must be a bit difficult for the unprotected driver 

Failures in the Broadcasting Tax 
System 

HOSE who dislike commercial broad- 
casting in principle always suggest, 
if they have any constructive idea, 

the establishment of a taxation system 
to support broadcasting. The experience 
of South Africa, as described in Broad- 
caster and Wireless Retailer, a leading 
British trade publication, is enlighten- 
ing. I n the prosperous South African 
province, two stations have been given 
a monopoly, one at Johannesburg and one 
at Durban, the former now showing a defi- 
cit of over $25,000 and the latter about 
$35,000. The magazine complains that 
there are 20,000 "pirates" in Johannesburg 
who do not pay their broadcasting fee and 
incidentally points out that the cost of 
collecting the $50,000 revenue from listen- 
ers was more than $2500. The annual 
license fee is about $1o.p. 

After outlining the activities 
of the Wireless Retailers' Assoc- 
iation in stimulating the Post- 
master General, the article con- 
tinues: "The Wireless Retailers' 
Association's activities are far 
from finished in this connection 
and dealers throughout the coun- 
try will undoubtedly do all they 
can in this endeavor to secure 
better broadcasting." 

A well known New Yorker, a 

zealous radio follower, is quoted 
anonymously in the Times as 
follows: "What makes British 
radio rather dull for an Ameri- 
can is the heavy official way in 
which they run it. Parliament is 
constantly talking about and lay- 
ing down rules for it. Every set 
owner pays a license fee and the 
really huge sum thus raised does 
not appear to go back into broad- 
casting. The general impression 
one gains is that the government 
is everything, individual initia- 
tive nothing -in radio." 

The Useless Newspaper 
Radio Program 

EXTENDING still further their 
policy of disregarding the interests 
of tneir radio readers, newspapers 

are now publishing the radio programs in 
a manner which makes them totally useless. 
By leaving out the specific names of com- 
mercial features and substituting some 
asinine, generality such as "musical feat- 
ure" or "entertainers" they have de- 
stroyed the news value of the only part of 
their radio sections which commands 
general interest. This is done on the 
ground that commercial features should not 
be given free publicity, but its only effect 
has been to make the ambiguous program 
listings a waste of space. 

Perhaps the astute newspaper publishers 
will discover that their news columns give 
free publicity on a much larger scale than 
do the radio programs. Headlines will 
read, "Famous automobile manufacturer 
reduces prices," instead of " Ford prices 
drop," and all news will studiously avoid 
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mentioning the names of persons and 
companies engaged in profitable pursuits. 
Reader interest will of course be greatly 
enhanced because these readers fall for 
puzzles so enthusiastically! 

Why not cut out the radio programs al- 
gether? Nobody would miss the present - 
day conundrums anyway. 

The Courts Aid in the Radio Tangle 

VAR1OUS court decisions, recently 
granted and about to be granted 
uphold the priority rights to wave- 

lengths. Chicago, where every conceivable 
broadcasting shortsightedness has been 
permitted, on an extensive scale, is also 
in consequence, the most fruitful source of 
experience and precedents. wJAz, which 
precipitated the present broadcasting 
tangle almost singlehanded, by upsetting 
the Department of Commerce's regulatory 
power and which also was the first to 
disregard the gentleman's agreement with 

RADIO BROADCAST 

Canada, is a Chicago station. wGN, a 
Chicago station, won the first court de- 
cision against wGES, establishing legally 
the priority to an established wavelength. 
Although won in a court of limited juris- 
diction, it establishes a most acceptable 
precedent. When this decision was an- 
nounced, WHN retained John F. Hylan, 
who, it may be remembered, was once 
mayor of New York, to hail WRNY into 
court for planting a steady whistle on its 
programs. By the time this appears in 
print, there will probably be many other 
broadcasting suits under way. 

Chicago has the doubtful distinction of 
having the largest number of broadcasting 
stations of any area, as any long distance 
fan will testify who 
almost invariably 
finds as many Chicago 
stations operating at 
a late hour as in the 
rest of the country 
put together. A 
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manifestation of intelligence in Chicago 
broadcasting circles is both a surprise and 
a relief. The merger of wEBH and wino in 
the presentation of programs under the 
direction of the Chicago Herald and Ex- 
aminer may lead to the elimination of one 
of these two duplicate equipments, a move 
which will be distinctive in that it is one 
in the right direction. 

Constructive Work by the Bureau 
of Standards 

IN HIS annual report to the Secretary 
of Commerce, George K. Burgess, 
Director of the Bureau of Standards, 

briefly summarizes the comprehensive 

THE LOOKOUT TOWER ON SHEET IRON MOUNTAIN, CALIFORNIA 
The life of a forest preserve lookout is lonely by the very nature of things and this post of Clifford 
York in the California National Forest, Glenn County, California, is at least isolated. During June 
to October, the season of greatest fire hazard, York is on watch ten and a half hours a day and his 

radio receiver does much to break the monotony. Note the glassed -in cabin below 

CANADIAN MOUNTED POLICE STATION, 
POND'S INLET 

This station, in northern Baffinland, is one of the 
"farthest north" radio stations. The call letters 
are c -5 AO, 7596 kc. (4o meters), and the outfit 
is operated by Constable Tìnsbury, R.C.M.P. 
The sending set was designed by Robert Foster, 
former operator aboard the Canadian C. G. S. 
Arctic and the receiver was presented by George 
C. Wendt of Montreal. Pond's Inlet is five de- 
grees above the Arctic Circle and enjoys four 
months of perpetual darkness. Those who hear 
this station should report the fact to Mr. Wendt, 

P. O. Box 39o, Montreal, P. Q. 

activities of the Bureau. I n the field 
of radio, marked progress was made in 
frequency standards and in the develop- 
ment of instruments for holding broad- 
casting stations exactly on their assigned 
frequencies. We wonder if the Bureau 
is not too late in this discovery. In the 
broad sense, holding to assigned frequen- 
cies has gone quite out of fashion. Several 
contributions were made to the knowledge 
of the vagaries of radio wave propagation 
and the subject is being studied with the 
cooperation of twenty scattered labora- 
tories. Direction finders of various types 
were developed for the Coast Guard, the 
Navy and the Signal Corps and several 
studies were made into the frequency range 
of accurate direction finding. The Bureau 
is frequently asked to test radio apparatus 
for manufacturers, but its staff and funds 
do not permit of such investigation. It 
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would be a valuable service to the industry 
if a comparison test of the performance of 
radio equipment could be made by a govern- 
ment body for a fee covering the cost. 

How They Solve Interference Prob- 
lems Abroad 

EUROPE has improved its broadcast- 
ing conditions by adopting a uni- 
form plan of frequency assignment 

with the result that long distance hunting 
has been attacked with renewed interest. 
Although there were less than thirty broad- 
casting stations operating in Great Britain, 
the conferees had the foresight to reduce the 
number of stations in order to give Europe 
interference -free reception. At once there 
was increased demand for sensitive receivers 
and also for better and easier means of iden- 
tifying distant stations. A correspondent of 
Wireless World suggests that every station 
should be identified by a number transmitted 
in Morse. This suggests the basis for a 

most intriguing proposal. Supposing all our 
broadcasting stations were required to trans- 
mit license numbers beginning with Number 
i at the high frequency end and 
ending with 6io or 95o, what- 
ever the number is by the time 
this gets into print. It would 
be a wonderful game to begin 
with Number I and work all the 
way to the top of the scale. 

Bringing Classical Music 
to the People 

THE day of the concert 
stage is passing rapidly," 
says Madame Fritz Kreis- 

ler, urging musical artists to 
forego the concert stage in 
favor of soloist work at one of 
the prominent movie palaces. 
"People are no longer willing 
to sit through long programs. 
They want their music in 
tabloid form." 

Radio has contributed a 
valuable demonstration of the 
possibility of popularizing clas- 
sical music by abandoning the 
hackneyed, impersonal and 
formal concert hall style of 
presentation. A worthy am- 
bition, if commercial broad- 
casting continues to develop, 
will be fame as a radio star, 
involving as it does a technique 
as specialized as that necessary 
for successful concert or opera 
performance and a service in- 
finitely more exclusive. 

Radio Fills Empty 
Church Pews 

N VI EW of the complaints 
of some of the clergy against 
the inroads of radio, it is 

illuminating to have confirmed 
by a questionnaire, circulated 

by the Sears Roebuck Agricultural Founda- 
tion, that the broadcasting of services by 
twenty -seven churches has increased their 
attendance, while it decreased attendance 
of only two. One rector wrote, "Since we 
have been broadcasting our service, our 
attendance has grown so rapidly that it is 
a problem to know how to take care of the 
crowds." Another wrote that forty per- 
sons had recently joined his church as a 
result of broadcasting, while a third stated 
that the gallery pews in his church had been 
opened up, and dusted for the first time in 
twenty years, as a result of the increased 
attendance attributed to broadcasting. 

How the Cable Companies Look On 
Radio 

WHI LE Marconi announces reduced 
costs in trans -oceanic communi- 
cation by reason of short wave 

beam transmitters and the British Post 
Office and the A. T. & T. discuss charges 
for transatlantic telephony, Newcomb 
Carlton, President of the Western Union 
Telegraph Company, indulges in some 
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belittling: "Every few months, an im- 
provement in radio is announced. Each 
one is revolutionary and each is good for 
at least a column in any newspaper. 
Static, of course, was overcome several 
years ago and has been overcome regularly 
ever since. However, after allowing for all 
improvements, including the beam transfer 
method, I think it would be safe to say that, 
in respect to international communication, 
the radio retains a position on the left hind 
leg." 

Twelve days later, substantial reductions 
in cable rates were announced. 

Bureaucratic Meddling with Broad- 
casting 

THE State Athletic Commission of 
New York State has taken upon 
itself the privilege of assigning radio 

announcers to local ring battles. Having 
heard a few of those in the favor of the 
Commission assigned to the task of an- 
nouncing, one gathers that the qualifi- 
cations of articulation and familiarity with 
the English language are not considered 

THE RADIO EQUIPMENT OF A LIGHTHOUSE 
Automatic radio fog signals are sent out from many lighthouses. The large view shows the transmitting and 
automatic control apparatus in use at the San Pedro breakwater light, located just outside the breakwater that 
forms the outer harbor of Los Angeles. Radio beacon signals are sent out on 299.8 kc. (I000 meters). The insert 

shows one of the light keepers 
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of paramount importance. Why not se- 
lect experienced radio announcers who, by 
training and experience, have learned the 
art of "getting over" by radio? 

Why the Poor Engineer is Poor 

THE Board of Investigation and 
Coordination of the Society for the 
Promotion of Engineering Educa- 

tion, which has been investigating for three 
years, urges that a program of sweep- 
ing changes be put into effect in all the 
engineering colleges of the country associ- 
ated with it. "The development of 
greater social insight and a large sense of 
social responsibility should be a definite 
objective of the engineering profession if it 
is to gain recognition for more than its 
technical proficiency," the report declares, 
and continues: "At the same time, it has 
need to prove its proficiency in dealing 
with problems of economy as related to 
the technical problems of engineering. 
The ability of the engineer to extend his 
influence . . . . appears to hinge 
primarily on his attainment of greater 
competency and greater recognition on 
the economical and social side of his 
work." 

The unimaginative style of writing of 
most engineers and their failure to trans- 
late their work and achievement in such 
terms that the public can understand 
and appreciate it is often mentioned as a 
primary reason for their small remuner- 
ation as measured by their service to the 
public. Many people assert that they can 
recognize an engineer when they see one by 
his introspective and concentrated manner. 
Development of greater appreciation of 
his social significance not only means 
greater recognition to the engineer but 
better adaptability of his work to com- 
mercial and human needs. When chief 
engineers, engineers, and sales managers 
get together, there is generally a battle. 
"Make it cheap enough to sell," says the 
sales manager. "Make it to today's 
latest specifications," says the never - 
satisfied engineer. Better appreciation of 
sales problems and the economics of in- 
dustry would make better engineers. 

RA LPH P. WORDEN 

Cleveland 

Radio Editor, the Cleveland News. Es- 
pecially written for RADIO BROADCAST: 

" The increasing use of 'mixers,' by means 
of which the control operator in a broadcasting 
station can emphasile or subdue various sec- 
tions of a large orchestra, places on the opera- 
tor's shoulders a great responsibility. The 
orchestra may be directed by Damrosch or 
Stokowski, yet if the operator is anything 
short of a Damrosch or a Stokowski in his 
own field it is possible for him to prevent the 
artistry of the leader from reaching the radio 
audience. This is said, not in criticism of 
the leading stations, whose broadcasts have 
been above reproach at all times, but in ex- 
planation of the fact that large orchestras or 
bands 'on the road' often do not sound as 
well over various radio stations as they do 
when featured at the country's leading broad- 

cast studios." 
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The Month In Radio 
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EF. BEMIS, Electrical Division, Depart- 
ment of Commerce, announced the leader- 

ship of the United States in the export of radio 
apparatus. Its 1925 shipments were valued 

A WIRELESS ALARM FOR SHIPS 
This device, supplied by Marconi's Wireless Telegraph Company, Ltd., is designed to respond to a 
series of three four- second dashes, which is suggested be preparatory to the sending of distress calls. 
Ships thus equipped would not have to maintain a constant watch for distress calls. On the left is 
the four -second dash sender, which is connected to the main transmitter of the ship. f he mechan- 
ism is wound up by the handle. Next is the tube receiver, and on the right, the selector unit for 

interpreting the signals and putting the alarm bell in circuit 
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at $9,9o3,857, being nearly three and a half 
millions greater than that of Great Britain. 
British sales to Europe constituted more than 
41 per cent. of the total British radio exports, 
while American volume is built up largely in 
Canada and Latin America. 

ANOTHER Department of Commerce state- 
ment announces a 60.4 per cent. decline in 

phonograph output in two years, the number of 
manufacturing establishments dropping from 111 

to 68. The principal phonograph companies 
have gone into the radio business. 

AN APPEAL, seeking to upset the rejection 
of Claims 11, 12 and 13 of R. A. Heising's 

Patent 1603282 was unsuccessful in a recent 
Patent Office hearing, and the rejection of these 
claims was affirmed. An interference in con- 
nection with patent 789124, issued to one Ehret, 
was cited. 

V A decision rendered in a federal court in 
I Pennsylvania, DeForest patent 1507016 and 
1507017, for oscillating audion and feedback 
circuits were held prior in invention to the claims 
in Armstrong's 1113149 and Claims 1, 2, 3, 5, 8, 
9, 12 and 14 to 18 of the latter were held invalid. 
The suit was between the DeForest and West- 
inghouse companies. This decision is subjcct 
to further appeal to higher courts. 

MC. HOPKINS, whose patents 1275127 
and 1275129 have already been battled 

over with the Western Electric Company through 
the Lektophone Corporation, has appealed 
the decision of the Circuit Court of Appeals of 
September 20, 1926. His company has done 
likewise in a suit involving the same patents 
with the Brandes Products Corporation. 

AN AVERAGE of 5oo letters a day is being 
received by the Radio Service of the 

Department of Agriculture which is broad- 
casting special programs for the farmer through 
numerous stations. Considering the antipathy 
which the farmer has toward letter communi- 
cation, this is indeed a reassuring indication of 
the remarkable success of these programs 

GERMAGERMAN 
radio fans are petitioning the N 
of the Reichstag to permit the 

broadcasting of all debates of that body. Glut- 
tons for punishment, these Germans. 

TiTWELVE minutes after the referee's decision 
n Philadelphia that Gene Tunney was the 

new World's Heavyweight Boxing Champion, 
the presses of the Rand Daily Mail in Johannes- 
burg were printing papers containing the news. 
2XAF, wGY's short -wave little sister, bridged the 
distance between the two continents. London 
newspapers published summaries of the an- 
nouncer's description of the fight as heard by 
short -wave listeners. 

AN EXAMPLE of the value of radio compass 
bearings is given in an anncuncement from 

the Communication Division of the Office of 
Naval Operations of the Department of the 
Navy. Two merchant vessels, proceeding in a 

fog, in the vicinity of Hog Island Light, did not 
make use of the radio compass group located at 
the entrance to Chesapeake Bay. One of the 
vessels grounded and then requested bearings. 
She was promptly told that she was on the 
edge of a shoal. The other ship overheard and 
escaped. Better late than never, but too late is 
futile. 

ADIRECT radio link between Nauen, 
Germany, and Rio de Janeiro, Brazil, has 

been established with a rate of 2.75 reichmarks 
per word. 
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FIG. I 

A special method, perhaps used for the first time by Mr. Hallberg, several years ago, for measuring short wavelengths with a single wire. Two points 
on the Lecher wire are found where a maximum deflection on the indicating meter is obtained. The distance between these two points is equal to 
half of the wavelength. The microphone is on the table near the transmitter. The antenna on the transmitter is evident, projecting upward at the 

right of the picture 

Being a Report of the Radiophone Experiments of J. H. Hallberg on One Meter- 
A Description of a Transmitter and Receiver Used for Work on the 3009000 he. 
Band-A Special Form of Lecher Wire Is Used for Measuring the Wavem 

length-Plenty of Scope for Experiment Is Offered the Interested Amateur 

A CONSI CONSIDERABLE amount of work has 
been done during the last one or two 
years on short waves, between one and 

five meters (300,000 and 6o,000 kc.), and the 
special purpose of this article is to report on some 
work of this nature which has been done by 
Mr. J. H. Hallberg, and which should form a 

worth while addition to the information avail- 
able at present. Mr. Hallberg has experimented 
with short -wave telephony for the last few 
years, having originally become interested in it 
through research work which he has done, re- 
lative to the measurement of very short 
wavelengths, and which made necessary the 
development and calibration of 4- to io -meter 
oscillators and detectors. Most of the work 
done by other experimenters on ultra short 
waves was with pure un- modulated c. w., so 
that these experiments with modulation throw 
some light on the possibility of using telephony 
on very short wavelengths. Many experiments 
of the nature described here can be easily dupli- 
cated by readers of this magazine. 

It is necessary for those who experiment along 
these lines to possess an amateur station and op- 
erators' license, information on which can be 
secured from U. S. Radio Inspectors. Those 
who have concerned themselves with short- 
wave work, will find sufficient material about 
their laboratories to make the transmitter and 
receiver described in this article. It is the cheap- 

MR. J. H. HALLBERG 
Whose interesting experiments with i -meter 
radiophony are described in this article 

ness and ease with which these short -wave ex- 
periments can be done that counts in part for 
the interest which they should create. 

The transmission experiments outlined here, 
were made on the sixth floor of a twelve - 
story steel apartment house, not the best place, 
by any means, to experiment on wavelengths 
between i and 5 meters. Steel girders, conduits, 
pipes, fixtures, metal grill work, etc., absorbed 
the greater part of the power, which, for most of 
the tests, was only about four watts. With this 
low power and with so many objects capable of 
absorption located in the vicinity of the trans- 
mitter, it was to be expected that the range 
would not be very great. With a single -tube 
receiver (no audio amplification) the voice, 
music, or the tick of a clock placed close to the 
microphone on the transmitter, could be heard 
about one -half mile away. This is not at all 
bad when it is realized that the per cent. modula- 
tion must have been quite low. Beyond about 
a half a mile the modulation could be heard but 
was quite weak. If the detector was made to 
oscillate, signals were increased in strength con- 
siderably but at the same time there was much 
distortion. Sometimes it would be found that 
the signals could not be heard in one location but 
that moving the receiver a few feet away would 
bring them in with good strength. Very 
likely the signals could have been heard further 
than half a mile away in certain locations with 
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Transmitter 

Microammeter 

FIG. 2 

A diagrammatical sketch showing how the in- 
struments are arranged. The technique of mea- 
suring is explained in the article. The lead con- 
necting from the Lecher wire to the thermocouple 
should be as short as practical, not over 1" 
long. The twisted leads may be several feet 
long so as to permit the microammeter to be 
placed on a table below the Lecher wire. The 
r.f. chokes are of the same construction as those 

used in the transmitter and receiver 
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mA. This gives an input power of 1.3 watts. 
With this power the signals could be picked up 
and were sometimes as loud and clear as with a 
210 tube, but were not very dependable. For 
more consistent results a 210 tube was used with 
6 volts on the filament and 22o volts on the plate. 
The plate current varied between about 18 and 
3o milliamperes, which corresponds to input 
powers of 4.4 and 6.5 watts respectively. Some 
experiments were tried with a plate voltage of 
400 and 7.5 volts on the filament but there was 
no improvement in reception. The fact that 
results were practically the same with either 400 
or 20o volts on the plate of the 210 tube seems 
to indicate that with zoo volts there is plenty of 
power available and that the problem lies in 
suitably utilizing it and preventing any great 
amount of absorption by surrounding objects. 
The problem of absorption is one that causes a 
great deal of trouble when the work must be 
confined to an apartment or small laboratory. 
As mentioned above, it is very much better to 
conduct the experiments in the open. 
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Lecher wires. It is not necessary to use two 
wires, and in this work on very short wavelengths 
Mr. Hallberg has found that the single wire gives 
better results and that the readings are much more 
accurate than can be obtained using two wires. 
After some experimenting, apparatus was set up 
as illustrated in Fig. 1. Fig. 2 is a diagram of 
the set -up. The single No. 18 bare copper wire 
was tightly strung up between the two supports, 
A and B, the end of the wire at A being brought 
within about two inches of the oscillator induc- 
tance. The end of the wire could have been 
formed into an open loop to afford more pick -up 
but it was not found necessary to do this. One 
terminal for the heater of the thermocouple is 
hooked over the wire and the other end of the 
thermocouple is left open. The microammeter 
is connected to the output terminals of the 
thermocouple by a pair of twisted leads. In 
determining the wavelength the hooked wire is 
slid along the Lecher wire until a maximum 
deflection is obtained. This point is marked on 
the wire. The instrument is then slid further 

am 
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A 14 reflector wires, 4'8" long, spacing 1'. B 14 reflector wires, 4'4 "long, spacing 1'. C 14 reflector wires, 4'6 "long, spacing 1'. D 14 reflector wires, 4' -7 "long, spacing 1'. 

Wavelength 3 meters. Back loop mainly due to 
reflection from moist stone wall. 

Wavelength 3 meters. Back loop mainly due to 
reflection from moist stone wall. 

Wavelength 3 meters. Back loop smaller since 
reflector further from wall. 

Wavelength 2.94 meters., 

/7 
ietramo 

Y/ 
E- 14 reflector wires, 4'7 "long, spacing 1'. 

Wavelength 3 meters. (Compare with C and D.) 

/ a 
Mw-A", 

F 8 reflector wires, 4,7 "long, spacing 2' 
Wavelength 2.96 meters. (Compare with C,D and E.) wavelength. Wavelength 3 meters. 

G 3 reflector wires,4r9.5 "long, spacing 1/2 H - 5 reflector wires,4'9.5 "long, spacing t 

wavelength. Wavelength 3 meters. 

FIG. 3 

Eight valuable polar curves reprinted from QST, showing the energy distribution from a transmitter when using different reflectors. The reflector 
wires were in all cases arranged in the form of a parabola,energy being fed to the antenna, located at the focus, by means of an r.f. transmission line 

reference to the transmitter, but the experiments 
were not carried any further. The best place 
to do experiments of this nature would be in the 
open country where there are not so many ob- 
jects capable of energy absorption in the vicinity 
of the transmitter. The results mentioned 
above were obtained when a 210 type tube, with 
a plate voltage of about 220, was being used as 
an oscillator. The receiver was a portable affair 
with self -contained batteries. Some care is 
necessary in selecting the tube for the receiver to 
be sure to obtain one with a sufficiently low 
inter -electrode capacity. In the experiments 
which Mr. Hallberg made, he found the Magna- 
vox tube especially suitable because its grid -plate 
capacity was in general very much lower than 
that of the other tubes with which he experi- 
mented. A small antenna is used on the trans- 
mitter and the construction of this antenna will 
be described in detail further on in the article. 
No counterpoise is used on the transmitter. 
The receiver uses neither antenna nor ground, 
although they may be used if desired. 

Various types of tubes were used in the 
transmitter with various plate voltages. With 
a 201 -A best results were obtained using a plate 
voltage of 130 and a plate current of about to 

In ultra short -wave work of this sort it is 
almost essential that the receiver and transmit- 
ter be calibrated together since very slight 
changes in inductance or capacity will make it 
impossible to tune the two sets to the same fre- 
quency. In one test we had tuned -in the signal 
at about 5o on the condenser dial of the receiver, 
but, on shortening the grid inductance 8th of 
an inch it was not possible to pick up the signals. 
In measuring the wavelength, Mr. Hallberg used 
a special form of Lecher wire which is very in- 
teresting. Perhaps all of our readers are not 
familiar with the Lecher wire. Lecher wires 
usually consist of two parallel bare copper wires 
spaced by about four inches and, at one end, the 
two wires terminate in a small helix which is 
coupled to the oscillator. The other ends of the 
Lecher wires are left open. When energy is 
induced in these wires, it creates what are termed 
"standing waves," similar to the effect that 
would be produced if'a rope were to be attached 
to some fixed support and the other end moved 
up and down at a certain definite rate. When 
the rate at which energy is given to the rope is 
correct, waves start to run along the rope and 
finally there are created a series of stationary 
waves similar to those induced electrically in 

Hollow Brass Tubes -, 

Hollow Tube 

Antenna-) 

A- + B+ 

Microphone in 
Series with Antenna 

FIG. 4 
An ultra short -wave transmitter. The two ad- 
justable loops are the inductors. They are 
made of hollow brass tubing arranged so that 
one piece can slide within the other. Details 
for making the r.f. chokes are given in the text. 
Variable condenser C1 has a maximum value of 

0.0002 mfd. 
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FIG. 5 

A front view of the transmitter showing the antenna. 
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along the wire until another point of maximum 
deflection is obtained. The distance between 
these two points is then measured, and this dis- 
tance, in meters, is equal to one -half the wave- 
length. Therefore, the distance, in meters, 
between successive maximum deflections, multi- 
plied by two, equals the wavelength at which the 
transmitter is oscillating. This method of 
wavelength determination is quite accurate, 
and Mr. Hallberg's experiments indicate that it 
gives the shape of the wave as well as its length. 

Soon after one begins work of this sort, it 
becomes evident that one of the most important 
things is to develop an efficient beam transmit- 
ter such as was described in the Bureau of 
Standards Scientific Paper No. 469. Mr. F. C. 
Jones, of 6 AJF -6 XM, in his article in the May, 
1925, QST, described a reflector which he used 
on a wavelength of about three meters. Several 
polar diagrams were given showing the reflection 
with different numbers of wires, spaced various 
distances apart. These diagrams are valuable, 
and are reproduced here in Fig. 3. The curves 
are practically self -explanatory. I n A and B 

there is a considerable back loop, which is due 
to reflection from a moist stone wall located near 
the reflector system. These curves show very 
well that the closer the wires are together, the 
sharper will be the beam, and also the greater 
the back leakage. The reflectors were arranged 
in the form of a parabola and their effect, as can 
be seen from the curves, is similar to that which is 
obtained through the use of a reflector in an 
automobile head light, for the purpose of direct- 
ing the light along a certain path. The antenna is 
placed at the focus of the parabola. The re- 
flector wires are one -half wavelength long minus 
a small amount due to the loading effect of the 
other nearby wires. For 3 meters, the wires 
may be 1.5 meters long, for work on the second 
harmonic. They may also be made 3 meters 
long if the fundamental is to be used. The 
antenna should be of the same length, with a 
single turn at the center to be used for coupling 
purposes. These curves are given because of 
their value to the experienced experimenter 
and will be especially valuable to those who 
desire to work using such a reflector system fed 
through an r. f. feeder line. With such reflectors, 
the received energy can be increased hundreds 
of times without any change in the input to the 
transmitter. If an ' intensive study is to be 
made, the reflector and antenna systems should 
be arranged so that many different combinations 
and sizes might be set up. We hope to do some 
of this in the Laboratory and the results will be 
published in a future article. However, a great 
deal of excellent experimental work can be 

carried on by merely using a simple antenna, 
as described in this article. The designing 
of a reflector system will be an interesting job 
after the simple antenna system has been brought 
up to its maximum efficiency. 

WEAF REBROADCAST ON I METER 

THE tests and experiments that Mr. Hallberg 
has done to date using a simple antenna 

have proven very satisfactory, and the editors of 
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circuit and the other in the plate circuit, are 
made of hollow brass tubing so arranged that 
one can slide within the other and in this way the 
length varied. Fig. 6 shows very well how 
simple the construction of this transmitter can 
be made. Amateurs will recognize from the 
schematic diagram, Fig. 4, the form of modula- 
tion as being similar to the so-called "loop 
modulation," in which a single turn of wire in 
series with the microphone is placed close to the 
transmitter inductance. Talking into the micro- 
phone causes the amount of power absorbed by 
the loop to vary in accordance with the sound 
waves. Fig. 8 illustrates the arrangement of 
apparatus in the self contained portable re- 
ceiver, and Fig. 9 is the circuit diagram. The 
choke coils for use in the receiver are constructed 
in exactly the same manner as those used in the 
transmitter. Be sure that the turns are not too 
close together since it does not require much 
capacity to produce an effective bypass for these 
high frequencies. 

The transmitter is not at all difficult to make 
up and practically all the information necessary 
can be obtained from the accompanying illus- 
trations and diagrams. The grid and plate 
coils, or loops, should preferably be made up of 
copper tubing but satisfactory results will be 
obtained if a large size copper wire is used. The 
radio frequency choke coils can be seen in Figs. 4 
and 6. They consist of about to turns of wire. 
They are easily made up by closely winding ap- 
proximately this number of turns on a Z" dowel 

FIG. 6 
Looking down on the transmitter. 

RADIO BROADCAST witnessed a very nice demon- 
stration of rebroadcasting using a wavelength 
of 1 to 12 meters. The signals from WEAF were 
picked up with an ordinary 610 -kc. detector, and 
the telephones held near the microphone of the 
short -wave transmitter. The modulation in the 
transmitter was excellent and clear signals could 
be picked up with the 1- to I2 -meter receiver 
without any difficulty. 

In these tests no antenna was used on the 
receiver, the pickup from the transmitter being 
merely by means of small loops that comprise the 
coils of the receiving set. On the transmitter 
an antenna is used, and a part of it can be seen in 
Fig. 5 accompanying this article. This antenna 
consists of two brass tubes which telescope one 
within the other. The length of the antenna is 
varied until it is brought into resonance with the 
oscillations in the tube. A great deal of de- 
velopment work on both the transmitter and 
receiver is necessary. It is possible that results 
will be better with the antenna coupled to the 
transmitter in some other manner. The range 
can be extended considerably if an antenna were 
to be used in conjunction with the receiver. 

The transmitter diagram is shown in Figs. 4, 
5, and 6. Fig. 6 is a top view of the transmitter. 
The construction of the r. f. choke coils can be 
plainly seen. The two loops, one in the grid 

Note how simple is the construction 

Adjustable Loop Adjustable Loop 

A C. Supply 

FIG. 7 

An a.c. operated transmitter. The signals from 
this transmitter can be picked up on an ordinary 
crystal. C1 and Ca may be o.00t mfd. conden- 
sers. C3 has a maximum capacity of 0.0002 mfd. 
The transformer supplies energy for the filament 

and plate circuits 
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FIG. 8 
A top view of the receiver, showing the arrangement of batteries. 
The two adjustable loops can be seen near the front of the set 
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stick. The coils are then stretched so the turns 
are spaced about 2" apart. The size of the 
loops should be varied until the tube oscillates. 
When the tube begins to oscillate, the plate 
current will generally change. Another test for 
oscillation is to touch the plate terminal with a 

screwdriver and watch to see if the plate current 
changes. If a type 210 tube is being used, with, 
say, 200 volts on the plate, a good size spark can 
be seen as the screwdriver touches the plate 
terminal. 

The microphone is connected in series with the 
antenna. See Fig. 4. In the preliminary ex- 
periments, it is not necessary that a microphone 
be used. Perhaps the best method would be to 
supply the plate and filament directly from the 
a. c. power lines. The circuit diagrams of a 

transmitter using alternating current for the 
filament and plate supply is given in Fig. 7. 
It is the same as the circuit diagram shown in 
Fig. 4 with the exception that the energy is 
supplied through two transformers instead of by 
batteries. With a. c. on the plate, the trans- 
mitter output can be picked up on an ordinary 
crystal detector since the 6o -cycle note will be 

audible in the telephones. On the other 
hand, with battery supply for the transmitter, 
the signal could not be picked up unless an 
oscillating detector were to be used. In making 
the first tests it is very much easier to work with 
a crystal detector rather than with a tube. 

A fine little wavemeter can be made as illus- 
trated in Figs. to and i i. This wavemeter 
consists of a single loop of wire, L, connected in 
series with a midget variable' condenser, C, 
which should have a maximum capacity of 25 

Adjustable Sliding 
Contact 

IO 00025 mfd. 
Adjustable Sliding 

Contact; 

R F. 

Choke 
R F R.F 

Choke Choke 

FIG. 9 
The circuit diagram of the receiver. The poten- 
tiometer, P, is used to control regeneration. 
C2 is variable and should have a maximum ca- 
pacity of 0.0002 mfd. C1 may be a o.000i mfd. 
fixed condenser. Rg is about 5 megohms. The 
r.f. choke construction is described in the text 

micro-microfarads. The telephones in series 
with a good tested fixed crystal are placed across 
the variable condenser. A telephone bypass 
condenser, C2, having a capacity around o.00t 
mfd., should be placed across the two terminals 
of the telephones. The whole set of parts may 
be placed on a small piece of bakelite measuring 

not more than 2" X 4 ". 
The details concerning the re- 

ceiver can be obtained from the 
various diagrams and photographs 
that are illustrated in this article. 
See Figs. 8 and 9. The two short - 
circuiting wires, Li, and L2, on the 
inductances, must be adjusted so as 

to tune to the same wavelength 
as the transmitter. The potentio- 
meter controls oscillation. For 
phone work, the detector should be 

operated in a non -oscillating con- 
dition. 

The extension handles are plainly 
shown in Fig. S. They are very 

FIG. IO 
The wavemeter. A telephone bypass 
condenser is located under the panel 
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essential since the hand capacity is consider- 
able and it will be difficult to hold the signal 
if the extensions are not used. For the first 
experimental work it is hardly necessary that 
the receiver be housed in a cabinet for any 
other reason other than the fact that it makes 
it somewhat more portable. A bread board 
layout could be put together very much simpler 
and would be just as good insofar as the experi- 
ments are concerned. 

In starting these experiments, the first thing 
to do would be to make up a transmitter and be 
sure that it oscillates. Two simple tests for 
oscillation were given at the beginning of this 
article. Now set up the Lecher wire and deter- 
mine the wavelength. The layout of apparatus 
used in the Laboratory is shown in Fig. t. 
The author is sliding the hooked wire along the 
Lecher wire and in this way obtaining a maxi- 
mum deflection on the meter. When a maximum 
deflection is obtained, this point is marked on the 
wire and then the whole apparatus is slid along 
further until another maximum point is obtained. 
The distance between these two is measured 
with a meter stick and this distance, multiplied 
by two, equals the wavelength. All the ap- 
paratus should then be left just as it is, and a 
wavemeter, such as is illustrated in Figs. to 
and I i, coupled to the transmitter, and the 
resonance point obtained. The process of 
measuring the wavelength by means of Lecher 
wires is satisfactory but is too troublesome to 
bother with every time a wavelength determina- 
tion is to be made. I t will be better to determine 
the wavelength on which one desires to work and 
then to adjust the oscillator to this wavelength 
with the aid of the Lecher wire. This point can 
then be determined on the wavemeter and any 
future calibrations can be made using it rather 
than the Lecher wire. 

1 t is hoped that sufficient interest will be 

created by this article to cause readers of RADIO 
BROADCAST to make up apparatus similar to that 
illustrated in this article. Experiments of all 
sorts can be made, different types of antennas 
can be used, and the method of coupling it to 
the transmitter can be varied. In the trans- 
mitter shown in Figs. 1, 3, 4, and 5, the antenna 
is connected directly to the end of the plate in- 
ductance loop in which position it seems to give 
quite good results. Possibly better results will 
be obtained if a loosely coupled antenna system 
is used. Also the antenna used in these experi- 
ments was tuned to the fundamental wavelength 
and radiation on a harmonic frequency might 
give better results. RADIO BROADCAST will 
be pleased to receive any reports of experiments 
that are done on the outside, and it is expected 
that these reports, together with the experiments 
that are to be done by the magazine, will be 
reported in an early issue. 

Crystal Detector 

C 

Phones 

FIG. I I 

A piece of wire and a midget condenser comprise 
the tuned circuit of this wavemeter. Cs may 
have a capacity of o.00t mfd. Be sure to use 

a good crystal 



Further Notes on the Inverse Duplex 
System 

Pertinent Data Respecting the Audio Channel-Why Combining Two ]E ci,ent 

Transformers Will Cause Distortion, and How It is Eliminated in the Inverse Duplex 
Circuit Choosing Correct Transformer Ratios-The Prevention of Overloading 

IN THE early days of broadcasting, the ques- 
tion of quantity rather than quality com- 
pletely dominated our desires of achievement. 

The mere novelty of receiving anything at all 
without the aid of intervening wires was suffi- 
cient to offset completely the fact that those 
weird sounds emanating from crude loud speak- 
ers resembled only in a very minor way the 
original sounds at the studio. Standard trans- 
former coupling was universally used, but we 
would blush to glance at the jagged curves of 
some of these embryonic audio coupling units! 

Transformer coupling certainly delivered the 
volume, and the imperfections in most horn type 
loud speakers did not disclose the quality limita- 
tions. As broadcasting stations improved, 
and the cone speaker carne into use, the trans- 
formers were placed aside, and almost every 
conceivable resistance and impedance coupling 
arrangement came into existence. Most of 
these combinations were quite satisfactory from 
an audio quality standpoint but were consider- 
ably lacking in volume output. A three -stage 
resistance- or impedance -coupled amplifier was 
usually required to equal even a low -ratio two- 
stage transformer -coupled amplifier. The resist- 
ance and ordinary impedance amplifier also 
appeared to choke up when required to deliver 
a great deal of volume so that their high quality 
was confined to rather modest output. 

This last fact caused the return of the trans- 
former, but the new type transformer coupling 
was a vast improvement over its predecessor. 
It brought in the bass notes as well as the high 
tones, and it certainly delivered the volume up 
to the tube limit without itself choking up. 
But a rather peculiar thing was noted in the 
extensive tests conducted by the author on the 
improved modern transformer. If one stage of 
transformer amplification only 
were to be used, the quality 
was all that could be desired, 
and the actual results checked 
with the theory. An amplifica- 
tion curve of such a high -grade 
one -stage transformer coupling 
is shown at "A" in Fig. 1. 

When two such stages are then 
connected in tandem, or cascade, 
theory would give curve " B," 
which would be very desirable. 
Actual results, however, were 
more like those presented in 
curve "C." The transformers 
themselves were obviously not to 
blame -it was a circuit trouble. 

The distortion and tendency 
toward "peanut whistling," in- 
dicated by the peaks in "C," 
were found to be due to audio 
regeneration. The circuit in 
Fig. 2, consisting of three stages 
of audio amplification, the first 

By DAVID GRIMES 

and third transformer -coupled, with an inter- 
mediate resistance -coupled stage, overcame all of 
the distortion shown in curve "C ", Fig. I, and 
was very stable in operation. This system is 
employed in the latest Inverse Duplex circuit. 

In addition to its stabilizing influence, the 
resistance -coupled stage was made to deliver 
real amplification by employing a 25,00o -ohm 
resistance in the plate circuit, and operating the 
tube on an impressed potential of 135 volts. 
The 25,000 -ohm value is most efficient as this 
practically equals the internal impedance of the 
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tube and permits the plate to receive a full 70 
volts, which is quite satisfactory for the plate of 
a first audio tube. The choking of resistance 
stages before full volume is reached is not present 
here as the last transformer -coupled audio stage 
is called upon to deliver the real volume. 

This audio circuit now produces excellent qual- 
ity even under super- selective radio circuit 
conditions, if good quality is delivered at its 

input. Eliminating the relatively few poor 
quality broadcasting stations from the discus- 
sion, still another problem presents itself before 
good quality reproduction can be obtained from 
strong local broadcasting stations. This prob- 
lem arises from the overloading or choking of the 
detector tube, and the omission of the low bass 
notes resulting therefrom. A perfect audio 
amplifier would utterly fail to register the bass 
notes if the detector grid was being choked by 
too strong energy from the local station. This 
has led many engineers to abandon the sensitive 
grid leak method of detection for the less efficient 
plate rectification system. But the real answer 
is found by employing three audio stages for the 
desired volume without being compelled to force 
the detector beyond its limit, and then, on local 
reception, to provide means for reducing the 
antenna input so that detector choking will not 
take place. A tapped antenna primary winding 
arranged according to Fig. 3 has been found to be 
satisfactory for this means. 

The antenna taps are taken off in a geometric 
manner so that each successive tap doubles the 
number of primary turns. In this way, not only 
does this switch act to reduce the input on local 
stations, but it also tunes the antenna circuit 
somewhat to the benefit of distant reception. 
Incidentally, by reducing the antenna coupling, 
its resistance loss is partially removed from the 
set and the selectivity is proportionately in- 
creased. This antenna switch performs three 
functions, then, and its proper adjustment is 
essential for best results. It must be remem- 
bered that a change in the position of the an- 
tenna tap switch necessitates a re- tuning of the 
first or left -hand tuning condenser. The tuning 
condenser will drop below the proper settings on 
the other two condensers upon an increase in the 

number of antenna primary 
turns. 

ALTHOUGH this is the second of a series of articles on the new Grimes Inverse 
Duplex System, the first of which was printed in the January RADIO BROAD- 

CAST, the data contained herein are complete and the reader does not have to de- 
pend altogether upon the January article. It is recomnnen ded, however, that 
those readers who intend experimenting with this Inverse Duplex System, or who 
wish to build a receiver from the published details, should read the whole series of 
articles, the third of which will appear in an early issue. In essence, the following 
is the information contained in last month's paper: The receiver described is a four - 
tube set in which the first tube acts in the dual capacity of first r.f. stage and second 
audio stage (resistance- coupled); the second tube acts as the second r.f. stage and the 
first audio stage (transformer); the third tube is the detector stage, and the fourth 
tube is a power audio stage. Tuned radio frequency amplification is employed. 
Amplification and selectivity are excellent, and equal for all frequencies, a special 
filter arrangement providing for this. Increasing the amplification on the longer 
waves, has not, as one might suppose, the effect of broadening the tuning. This is 
one of the unique features of the new Inverse Duplex Circuit. Hand capacity effects 
have been obliterated. In some preliminary remarks concerning the audio amplifier, 
the author stated last month that the transformers should have a rising characteristic, 
i.e., they should exaggerate the higher tones slightly, to compensate the slight cutting 
of side bands in the radio frequency amplifier. 

-THE EDITOR. 

AUDIO TRANSFORMER RATIOS 

THE next discussion in order 
pertains to proper audio 

transformer ratios for the several 
stages in the Inverse Duplex 
Circuit, as there appears to be a 
great deal of misinformation on 
this particular subject. The 
average radio experimenter uses 
transformer ratios in a rather 
haphazard manner, tending 
usually to place the highest ratio 
right after the detector. A few 
tests showed this to be abso- 
lutely wrong, as was pointed out 
by Julian Kay in the November, 
1924, RADIO BROADCAST. The 
low ratio should be placed im- 
mediately after the detector and 
the high ratio in the last stage, 
especially when using the new 
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9 former is therefore recommended 
in this stage. It tends to make 
up for the decreased amplification 
of the 1 7 1 tube, thus giving more 
volume on the weak distant sta- 
tion. It must not be forgotten 
that the impedance of the 201 -A 

tube, in the plate circuit of which 
is the primary winding of the 6 to 1 

ratio transformer, is considerably lower than 
that of the 200-A detector tube. The primary 
winding of the first transformer, the 2 to I 

instrument, is in the plate circuit of this 
detector tube. Even were a 201 -A tube to be 

224 A 35 

FIG. 2 

A 90V 

ux -171 type of power tube. The 2 to 1 

transformer usually has a comparatively large 
number of primary turns because the number 
of secondary turns is generally a fixed value, 
for commercial reasons. The low ratio be- 
tween the two windings in the case of the 
2 to I transformer is thus obtained by increasing 
the number of primary turns so that they more 
nearly approach the number of secondary turns. 
This high wound primary has, as a result, a 
rather high impedance, which ideally matches the 
high internal impedance of the detector tube. 
The high -ratio transformers, with their smaller 
primary windings, are much less suited for the 
detector tube. It is apparent, then, that poor 
quality may be expected on the low notes from 
the use of a high -ratio transformer in the first 
audio stage. A 2 to I transformer has therefore 
been adopted in the first stage in the new Inverse 
Duplex System. 

The word "power," as applied to the new 
ux -171 tube, is really a misnomer. It has led 
many to believe that this tube will create tre- 
mendous power. As a matter of fact, the am- 
plification of this particular tube is much less 
than the standard 201 -A type tube. The am- 
plification factor is only 3 while that of the 201 -A 
tube is approximately 8. The "power" tube is 
designed, however, to handle powerful signals 
without distortion but power must be delivered 
to the tube if good volume is expected out of it. 
With this thought in mind, a 6 to 1 ratio audio 
transformer was installed in the last stage. Its 
results were very gratifying. A 6 to 1 trans- 
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used in the detector stage it would still be pre- 
ferable, for matching purposes, to put the low 
ratio transformer first, i.e., the one with the high 
primary ratio, for the impedance of the 201 -A 
type tube is higher when used as a detector than 
when placed in an audio stage socket. 

Although an output device is shown in the 
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diagram on this page, this may be omitted if an 
ux -171 tube is employed with a plate potential 
not in excess of 135 volts. The omission of the 
output device, consisting of the choke marked 
on the diagram "Audio Output Choke" and the 
I.o -mfd. condenser, is a simple matter. Leave 
all the other connections as they are but connect 
together the two leads that are shown leading 
to the Lo-mfd. condenser, thus placing the loud 
speaker directly in the plate circuit of the 171 

tube. Also omit the lead to the choke from the 
plate, and from the choke to the 135 -volt 
terminal. 

PREVENTING INHERENT INTERFERENCE 

FOR some unknown reason, it is generally 
believed that radio and audio currents 

cannot be placed through the same tube simul- 
taneously without interfering with each other. 
Perhaps the fact that some of the first reflexes 
did run into trouble accounts for this prejudice. 

In order to ascertain this point definitely, a 
series of extensive tests was run. These tests 
proved conclusively that no interference took 
place between the two currents unless the grid 
potential became "plus" during the operation. 
In order to prevent this happening, it is merely 
necessary to operate the duplex tubes with a 
"minus" bias on the grids. The standard 
4; -volt negative bias is used for this purpose. 
Under these conditions sufficient audio volume 
can be obtained to completely overload the audio 
power tube long before the duplex tubes reach 
that point where modulation takes place. A 
250,00o -ohm potentiometer is connected in the 
circuit across the secondary of the first audio 
transformer as a means of controlling the audio 
volume. This potentiometer does not affect the 
grid bias, but permits the gradual reduction of 
audio volume without impairing the quality. 
This method of volume control does not affect 
the distance -getting ability either, as it is not 
associated with the radio circuits. 
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The potentiometer enables the operator to 
keep the audio volume below the overload point 
of the last power tube. l f, however, he insists on 
boosting the audio volume beyond this value, 
distortion of the signals will first take place in 
the power tube and then modulation (interfer- 
ence between the radio and audio currents) will 
occur in the first duplex tube. This modulation 
was originally referred to as "overload howl" 
because it resulted in a sustained howl that was 
quite disagreeable in both volume and pitch. 
This howl has been overcome in the new Inverse 
Duplex System arrangement, the resistance - 
coupled stage being responsible for this improve- 
ment. This resistance stage is never called upon, 
in normal operation, to deliver the volume that 
would ordinarily choke it. The last audio 
transformer produces this volume. However, 
the instant that the grid becomes positive on the 
No. t duplex tube (the condition necessary to 
cause modulation), a great number of electrons 
are attracted to it. These flow down into the 
o.1-mfd. condenser, completely choking up this 
tube. This action interrupts the modulation so 
that only a low pitch choking sound is heard. 
This serves as warning that too much audio 
volume is being sent through the tubes. Ehe 
potentiometer is then dropped back to restore 
the circuit to its operating condition. This 
choking causes no damage and is a great improve- 
ment over the old modulation howl method. 
This is the third function of the resistance - 
coupled stage. It not only serves as an efficient 
audio coupling and as a filtered r.f. feed -back 
circuit, but also as a choking circuit to prevent 
the modulation howl as well. The potentio- 
meter is a necessary part of the new Inverse 
Duplex System to keep the audio volume below 
the choking point on strong local broadcasting 
stations. 

The above choking function is somewhat con- 
trolled by the audio phases but these phases are 
easily determined. The action is here described 
as a matter of information. On a very strong 
local signal, the grid leak and condenser in the 
detector tube suddenly choke up, cutting off the 
plate current in the detector tube. This sudden 
stoppage of the primary current in the first audio 
transformer generates an inductive voltage 
surge, or "kick," in the secondary. This kick 
is amplified by the No. 2 tube, and appears on 
the grid of the No. 1 tube where modulation 
takes place if the surge exceeds the grid bias. 
Now, this surge is either positive or negative, 
according to the polarity of the connections on 
the first audio transformer. A positive surge 
performs the choking 
of the resistance stage 
at the instant modula- 
tion occurs. A nega- 
tive surge creates 
modulation also but 
does it by reducing 
the plate current of 
the No. I tube. This 
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negative surge does not attract electrons to 
the grid so no choking of the resistance stage 
takes place. Under these conditions, the modu- 
lated howl is not interrupted, and it becomes an 
unpleasant note. The proper polarity of the 
primary of the first audio transformer can there- 
fore be easily determined. If a bad overload 
howl occurs on local stations when the potentio- 
meter is set too high, merely reverse the connec- 
tions on the primary of this first transformer and 
the choking action will be obtained. With the 
average audio transformer, this primary polarity 
will be reversed, as shown in Fig. 4, for the chok- 
ng conditions. 

With this first audio polarity determined for 
least overload, the polarity connections for the 
primary of the second audio transformer must 
be ascertained. In this latter case, it is not a 
question of choking modulation but of reducing 
any tendency for whistles due to common B 

battery impedance. The phase or polarity of 
the primary connections on this second trans- 
former should be such that the loud speaker 
current flowing through the B battery will be 
out of phase with the detector plate current flow- 
ing through the 22k -volt section of this battery. 
These connections can be determined experimen- 
tally. A steady howl or whistle (with the an- 
tenna disconnected and the detector tube fully 
warmed up) will occur if the connections are 
wrong. Reversing them will stop the trouble. 

This concludes the special duplex considera- 
tions and brings this series up to the study of the 
radio frequency design. 

COIL DATA 

BECAUSE of the rather efficient operation of 
the r.f. filter circuit, the rest of the radio fre- 

quency apparatus is very simple. One of the 

desirable features of the new inverse Duplex Sys- 
tem, from the constructor's point of view, is the 
feasibility of winding one's own tuning coils if de- 
sired. There are no complicated mechanical con- 
traptions or fussy electrical specifications. The 
second and third tuned r.f. transformers are built 
alike. The primary of the first, or antenna trans- 
former, is slightly different, but the secondary 
winding is identical with the other two tuned 
secondaries. 

Reference should here be made to Fig. 5, which 
shows the mechanical details of the tuned trans- 
formers. The coils are designed to cover the 
wavelength band from 175 to 575 meters (1714 
to 521 k.c.) with o.0oo35 -mfd. variable conden- 
sers. Each secondary consists of 92 turns of 
No. 28 d.c.c. wire. The second and third pri- 
mary windings each have 9 turns of the same 
kind of wire as is on the secondaries. It should be 
noted that the primary and secondary are wound 
in the same direction of rotation, and that the 
grid of the tube is connected to the end of the 
secondary farthest from the primary. The coils 
are wound on bakelite or micarta tubing having 
an outside diameter of 2 inches. The primaries 
of the second and third coils are wound on the 
same tubing and separated 8" from their respec- 
tive secondaries. The antenna primary may be 
wound on the same tubing as its secondary and 
the taps taken off as shown, or it may be wound 
on a piece of tubing slightly smaller than the 
secondary tubing so that the primary may be 
slipped just inside the secondary, at the fila- 
ment end. The latter arrangement is to be 
preferred. The three coils should be mounted 
at right angles where no shielding is employed. 
A suggested layout for the apparatus is shown 
in Fig. 6. 

The next article in 
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the series will take up in 
detail the building 
of an actual receiver 
giving plans, photo- 
graphs, operating in- 
structions, and some 
results obtained when 
using the receiver in 
different receiving lo- 
cations. 
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IN ITS CABINET 

The R. B. four -tube "Lab receiver equals in appearance, a factory -made job 

TER the completion of the construction 
of the four -tube R. B. "Lab" receiver, 
which was originally described in the 

November, 1926, RADIO BROADCAST, the Labora- 
tory Staff felt that for a time it could sit back 
and rest on its laurels with the satisfaction that 
comes in doing a job well. However, this rest- 
ing period was short -lived, due mainly to the 
many excellent suggestions received from the 
readers of this magazine. 

The two -tube tuner unit, practically a new 
departure in modern receiver design, was then 
presented to RADIO BROADCAST readers, 
in the January issue. This two -tube 
tuner unit incorporated many novel 
features of design which it was thought 
were worth while to apply to the previ- 
ous four -tube receiver. And, too, dur- 
ing that time which elapsed between 
the November, 1926, and January, 1927, 
issues, new material made its appear- 
ance, all of which gave rise to the 
pertinent query "Can the R. B. 'Lab' 
four -tube receiver be improved ?" 

Many of the improvements contained 
in the construction of the two -tube R. B. 

"Lab" receiver can be made in the four- 
tube model without much difficulty. 

One of the most important of these 
improvements is the substitution of dif- 
ferent coils for the two binocular ones 
originally employed. Then too, the 
use of an antenna loading coil permits 
individual builders to adjust the an- 
tenna circuit of their receiver for maxi- 
mum signal pick -up, making it possible 
to utilize the antenna at its utmost 
efficiency. 

Hand in hand with the problem of 
providing the very best volume control 
is that of supplying a detector circuit 
capable of handling all the signal en- 
ergy that can he supplied by a radio - 
frequency amplifier operating at its 
peak of efficiency. I t was observed, in 
the operation of the first four -tube R. B. 
"Lib" receiver, that some distortion 
took place even though the volume 
output was reduced by means of the 
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Further Improvements for the Four- 
Tube 661Lab' Receiver-Putting in New 
Coils, Including a Loading Coil-Over- 
loading of the Detector Tube Is ]P're- 

vented by Using C-Battery Detection 
-A Different Volume Control System 

y JOE B. ENNAN 
Technical Editor 

volume control, because the detector had be- 
come overloaded. The first problem then was to 
employ a detecting circuit which did not tend to 
overload, even on very strong signals. The 
solution lies in the use of the C- battery method 
of detection, as shown in B, Fig. I. While not 
as sensitive as the grid leak and condenser 
method, this C- battery system has virtues which 
outweigh the point against it of poor sensitivity. 
The problem of providing a suitable volume 
control has been solved by placing this volume 
adjustment in the radio frequency amplifier cir- 

cuit- proper enough because, in this position, 
strong local signals can be reduced to the desired 
volume and of course no overloading will take 
place in the detector circuit. 

In the four -tube set described in the November 
issue, the volume control consisted of a o-5oo,000- 
ohm variable resistance unit shunted across the 
secondary of the first audio transformer. In the 
model described here, the variable resistance has 
been re- located in series with the plus -B plate 
lead going to the r.f. amplifier. Instead of being 
a 500,000 -ohm potentiometer type of volume 

control having three terminals, this new 
volume control is the Electrad Royalty, 
Type L, having a similar resistance 
range, but it is of the two terminal 
type. The two volume -control circuits, 
that formerly used and the one used at 
present, are shown in A and B respec- 
tively, Fig. 2. 

As regards the antenna loading coil, 
it was found, by actual test, that as 
great as a 4 to I increase in signal 
strength was obtained when the approx- 
imately correct inductance was included 
in the antenna circuit at the particular 
wavelength to which the receiver was 
tuned. The loading coil was then pro- 
vided with taps so that, on the first tap 
enough inductance was inserted in series 
with the primary so as to make the 
circuit function satisfactorily at 25o 
meters, (1200 kc.), the second at 35o 
meters (857 kc.), the third at 45o meters 
(666 kc.), and the fourth at 5oo meters 
(Goo kc.). For the individual experi- 
menter, the placement of these taps to 
coincide in resonance with these figures 
is, of course, approximate, since every- 
one's antenna is not exactly the same. 
However, not a great difference will re- 
sult as the loading coil taps are arranged 
to work with what is considered an aver- 
age antenna. The complete winding 
specifications for the new coils are given 
in Fig. 3. 

Where a solenoid coil is used in a 
tuning circuit it will have an elec- 
tromagnetic field which, if not taken 

-The Facts About the Receiver,n,m, n,, wn 

Name of Receiver 

Type of Circuit 

Number and Kind 
of Tubes 

Volume Control 

Regeneration 

Neutralization 

5 Tithe Voltages 

Four -tube R. B. "Lab Receiver. 

One stage tuned neutralized radio fre- 
quency amplification, regenerative de- 
tector, and two stages of transformer - 
coupled audio frequency amplification, 
followed by an output device. 

Four; toi -A's for r.f. stage, detector, 
and first audio stage; ux -171 in last 
audio stage. 

A 5oo,000 -ohm variable resistance in 
series with B battery lead to plate of 
r.f. tube. 

Condenser feedback. 

Rice. 

R. F. and 1st a.f., 90 volts; Detector, 
45 volts; last a.f., 135 volts for 112 
tube or 18o volts for 171 tube. Fila- 
ment voltage, 5 volts. C battery vol- 
tage, r.f. 4 volts; detector, 41 volts; 
1st a.f. 41 volts; last a.f., 9 volts for 112 
with 135 B volts, or 40.5 volts for 11 
with 18o B volts. 

Essentially this four -tube "Lab Receiver is the same as that 
described in the November issue. Briefly, the circuit changes 
consist mainly in the insertion of a loading coil in the antenna 
circuit, the substitution of a solenoid coil for the binocular in the 
radio frequency amplifier stage, and the use of C battery detection 
instead of the grid leak and condenser method. The mechanical 
changes involve the substitution of a grained aluminum panel for 
the former insulated one, the addition of an interstage shield, 
and a tap switch. 
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-BEFORE- 

-A- 

-AFTER- 

-B- 

FIG. I 

Originally the grid leak and condenser were used to obtain rectification 
but in the rebuilt "Lab" receiver the C battery method of detection 
is employed. Its use insures against overloading of the detector tube. 

Both system are shown here 

AFT. 

Tt 

R. F. STAGE DETECTOR 
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R1 
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- BEFORE - 

FIG. 2 
" Before "shows the original volume control system. "After" shows 
the system now employed. With the volume control in the latter 
position, the output of the radio -frequency amplifier stage may be 

decreased without affecting tone characteristics 

THIS REAR VIEW OF THE RECEIVER 
Clearly denotes the use of bakelite strips to in- 
sulate the volume control and regeneration con- 
denser from the metal panel. The Sangamo 
condenser which is employed as a protective 
condenser in series with the regular Precise neu- 
tralizing condenser may also be seen. The cabled 
leads are run along the rear edge of the base- 
board and are terminated at the Yaxley plug 

receptacle 

care of, will inter- couple with adjacent tuning 
circuits so as to cause uncontrollable oscilla- 
tions. One way to overcome this difficulty is 
in the use of a type of coil which will not 
set up such a great field. Coils of the confined 
field type, such as binoculars and toroids, are 
satisfactory on this score but are not generally 
as efficient as solenoids. To employ the solenoid 
but not experience inter -coupling effects, a sheet Gnd. 
of aluminum, if placed between the adjacent in- 
terfering coils, will decrease the inter -coupling 
effects to a negligible minimum. Such a shield 
has been employed for just this reason in the 
revamped four -tube set described here. The 
interstage shields, manufactured by the Alumi- 
num Company of America, fit in to this plan 
extremely well. See Fig. 4. 

The circuit itself is shown in revised form in 
Fig. 5. Changes, purely of a mechanical nature, 
have also been considered and, with the circuit 
changes, were incorporated in the present receiver. 

MECHANICAL ALTERATIONS 

THE mechanical alterations consisted of sub- 
stituting one of the new Aluminum Company 

panels for the insulated panel. These metal pan- 
els-are to be obtained in several finishes, such as 
walnut, mahogany, etc., and make the outward 
appearance of the receiver pleasing indeed. 

RADIO BROADCAST Photograph 

L3 

1= 26th Turn 

2= 59th " 

3 =89th 
4 =118th // 

2 3 
4 Solenoid -2r diameter 

Binocular -1 ö" (each 
half) diameter 

At the time of going to press on the January 
RADIO BROADCAST, in which was described the 
two-tube "Lab" circuit, it was not possible to 
show the use of Marco illuminated controls 
because of the insulation problems involved, 
which at that time had not been solved. Since 
then these controls have been provided with 
insulated bushings which allow their use in re- 
ceivers employing metal panels. They are 
employed in the receiver described here. 

It will be noticed by referring to the circuit 
diagram that neither of the two tuning conden- 
sers have either of their sections at ground po- 
tential as in other circuits. Since the condensers 
are mounted upon the dial frames and, in turn, 
the dial frames attach to the panel, it is easy to 
see that, unless some insulation precaution is 
taken, the condensers will have a common con- 
nection between them which is not at all desir- 
able. It is absolutely necessary then, that some 
means be employed to insulate the dial frames 
from the metal panel. The Marco Company 
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Complete coil specifications necessary for winding the tuning coils used in the receiver are given 
here. Three coils, instead of two, are now employed in the "Lab" receiver. The extra coil takes 

the form of an antenna loading coil 

77 

No. 25 Cotton Silk covered 
Wire used to wind all Coils 
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FIG. 4 
For those who desire to make their own inter - 
stage shield the specifications given here will 

prove helpful 

furnishes, for a small extra charge, a set of in- 
sulated bushings designed to fit snugly over the 
various mounting parts of their dial so that this 
objectionable feature of contact with metal 
panels is successfully overcome. Reference to 
Fig. 6 will show how the bushings are employed 
to insulate the dial frames from the panel. 

In order to simplify the assembly of the output 
terminals, a single- circuit jack was substituted 
for the pin jacks formerly used. It is not a 
difficult matter to make the change since one 
side of the output circuit returns to the minus A 

circuit -very easily accomplished by mounting 
the frame of the jack in the metal panel, which 
in turn is connected to the minus A- battery 
circuit. 

In Fig. 7 are shown the specifications for the 
new panel layout, and with few exceptions there 
is very little difference from the original layout. 

In the neutralizer circuit, a o.o1 -mfd. fixed 

Ant. 
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FIG. 
This is the circuit diagram of the four -tube R. B. 
bypass condensers, shown in dotted lines are to be 
is obtained from an a. c. operated B power unit. 

tends toward greater stabilization 

condenser is connected in series with the regular 
neutralizing condenser, which has a value of 
Io mmfd. In this newer construction the Precise 
type 940 condenser has taken the place of the 
mica insulated type of condenser which was 

formerly employed. 
To conserve s pace 

and prevent the crowd- 
ing of parts and wiring, 
the terminal strip sup- 
porting the bind binding 
posts has been replaced 
by a Yaxley receptacle 
and 7 -wire battery 
cable. There are just 
enough wires in this 
cable to make connec- 
tion to all the batter- 

THE RADIO- FREQUENCY AMPLIFIER STAGE 

Which comprises the first tuning circuit, amplifier tube, neutralizing 
condenser, r. f. choke coil, etc., are situated at the extreme right of the 
base -board as may be seen from the illustration above. The loading coil 
which is connected in series with the antenna circuit is situated forward 
of the interstage shield. Practically all of the apparatus employed in the 
construction of the receiver retains the same position it originally occu- 

pied as described in the November, 1926, RADIO BROADCAST 

` L t- Indicates grounding to metal panel 

Ground A Terminal of 6-Volts storage battery 

5 

"Lab" receiver in its altered form. The I -mfd. 
recommended especially where the power supply 
In any event, the inclusion of these condensers 
in the operation of the receiver 

ies. A separate binding post mounted on a 
strip of bakelite is mounted in a convenient 
spot as shown in the illustrations, to accom- 
modate the antenna lead -in connection. Since 
the ground connection can be made direct to 
the minus post of the A battery, no separate 
ground terminal in the receiver is necessary. 
Fig. 8 gives the specifications for the antenna 
post mount, brackets, and other insulating 
strips necessary for the assembly of the receiver. 

The circuit diagrams and photographs ac- 
companying this article are illustrative of the 
changes and alterations made, and serve well to 
guide the constructor in the duplication of these 
modifications. 

The following lists of parts show the appa- 
ratus that was used in the original circuit and 
that specified for the present receiver: 

3 

Knob 

FIG. 6 
It is really a simple job to mount the illuminated controls on the metal 
panel with the aid of the insulated washers. These latter prevent any 
connection between the dial and the metal panel. The sketch above 
will clearly indicate the method employed. Explained, it is briefly 
this: An insulated washer is slipped over the two mounting bushings of 
the dial and another smaller washer is fitted in the hole in the panel. 
Then the dial is held to the panel while, on the front, another washer 
is passed over the mounting bushing. The dial is then securely 

fastened by means of the metal washers and nuts provided 
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Mr. H. C. Sherer of Montclair, New Jersey, 
enthusiastically endorses the R. B. "Lab" 
receiver in the following words: "Your R. B. 
'Lab' set is a handsome job. Quality is of the 
best and it is miraculous for selectivity consider- 
ing but one stage of r.f. is used. I consider it 
the equal of any six -tube circuit." 
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ORIGINAL FOUR -TUBE R. B. "LAB" RECEIVER 
MATERIAL LIST 

I Set Gen -Win R. B. "Lab" Coils. . 5.50 
2 Cardwell Taper -plate Condensers, 

Type 169E, 0.00035 Mfd. 9 5o 
4 Airgap Sockets . 3.00 
2 Amertran Deluxe Audio Transform- 

ers, Ist and znd Stages . . . 20.0o 
I Samson Output Impedance 5.00 
I Tobe Output Condenser, 4 Mfd. . 3 5o 
I Precise 55 -mmfd. Regeneration 

Condenser, Type 940. I . 5o 
I XL Neutralizing Condenser, Type N I .00 
2 Samson No. 85 R. F. Chokes . . 4 00 
I Tobe Bypass Condenser, I Mfd. . .90 
I Electrad Royalty Variable Resist- 

ance, o- 500,000 Ohms, Type E . 2.00 
I Electrad Filament Switch . . . 

I Electrad Grid Condenser, 0.00025 
Mfd. .3o 

I Electrad Fused Metallic Grid 
Leak, 4 Megs. .6o 

9 XL Binding Posts 135 
I Radion Binding -Post Strip . .5o 

2 Marco Illuminated Controls 7 00 
2 Frost Pin Jacks 3o 

I Formica Panel 7" x 21" x A" 3 00 
2 Brachstats, á Amp. and ; Amp, 2 00 
I 5 -Wire Fused Belden Battery 

Cable 2 00 

.40 

Total $73.35 

IMPROVED FOUR -TUBE R. B. "LAB" 
RECEIVER MATERIAL LIST 

I Set Improved Gen -Win R. B. 
"Lab" Coils 8 50 

*2 Cardwell Taper -Plate Condens- 
ers, Type 169E, 0.00035 Mfd. 9.5o 

*4 Airgap Sockets . . . . 3.00 
*2 Amertran Deluxe Audio Trans- 

formers, Ist and 2nd stages . 20.00 
*1 Samson Output Impedance 5.00 
*1 Tobe Output Condenser, 4 Mfd. 3.5o 
*1 Precise 55 -Mmfd. Regeneration 

Condenser, Type 940 . . . I .5o 
I Precise Io -Mmfd. Neutralization 

Condenser, Type 940 . . . 25 
*2 Samson No. 85 R. F. Chokes . . 4 , 00 

I Electrad Royalty Variable Re- 
sistance, o- 500,000 O h m s , 

Type L I 5o 
*1 Tobe 1 -Mfd. Bypass Condenser. 90 
*1 Electrad Filament Switch . . . 40 
*2 Marco Illuminated Controls . . 7 00 
*2 Brachstats; á Amp. and ; Amp.. 2.00 

I Electrad Single- Circuit Jack . . .25 
I Yaxley 4 -Point Tap Switch . . I .00 
I Yaxley Cable and Plug . . 3.5o 

1 Sangamo Condenser, o o1 Mfd. . 1.15 
I Alcoa lnterstage Shield 
I Aluminum,Walnut -Grained, Panel 

7" x 21" x A ' . I 75 

45 

Total $78.15 

*All the parts starred are retained from the 
former construction and may be satisfactorily 
employed in the improved four -tube R. B. 
"Lab" receiver. 

LETTERS ABOUT THE "LAB" RECEIVER 

IN COMPLETE justification of our faith in 
the circuit, letters of praise and commenda- 

tion have been received testifying to its excel- 
lence of performance. 

Mr. Harvey Merwin, of Jensen, Florida, built 
an R. B. "Lab" circuit receiver and among 
other things says: "1 have just been listening to 
the Yale -Harvard football game through wjz 
using only four tubes. " This at four o'clock in 
the afternoon, too. A receiver must be good to 
get through in this location. Mr. Merwin con- 
tinues, "You folks are living in a radio para- 
dise -ours is DX or nothing." 

At another time Mr. Merwin had occasion to 
write us as follows: "You probably will think I 

am stretching the truth a bit but the owner of 
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RADIO BROADCAST Photograph 

THE DETECTOR AND AUDIO AMPLIFIER STAGES 
On the end of the metal panel may be observed a single circuit jack. This jack replaces the two pin 

jacks which were formerly employed to obtain connection between the set and loud speaker 
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FIG. 7 
The metal panel is drilled in accordance with the layout given here. Those holes, the sizes of which 
are not specified, must be drilled with a small drill first (No. 27) and then enlarged so as to either clear 

the mounting nut or just take the insulated bushings, as the case may be 

an eight -tube super was here examining some 
remodelling we were doing on his receiver. We 
were trying out both sets together (super and 
R. B. 'Lab' receiver). Four feet of antenna 
wire were used. The R. B. ' Lab' receiver cut 
circles around the super, for both distance and 
volume!" 
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RC&VCM 

Here are given the specifications for the various insulated mounts and angle pieces necessary for 
the assembly of the receiver. RC and VCM, shown at the right, is made of insulating material 
for preventing connection between the metal panel and the regeneration condenser and volume con- 

trol. The mount for the condenser C3 is constructed of brass strip, as is G and L 


