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ALL -WAVE SWITCH 
Triple pole, four point; in- 
sulated shaft; to switch con- 
denser stators to coil taps 
for all -wave coverage. Switch 
can't slip on panel nor can 
knob slip on shaft. Contacts 
are non -shorting. 
Cat. 4 -3 -SW, @ $2.25 

BLUE PRINTS 
No. 626 -Full -scale picture diagram, with schematic 

also, of 6 -tube, T -E -F midget. 235s. 
297, 280 for 30-550 meters @ 25e 

No. 627 -Full scale. with schematic, 5 -tube broad- 
cast midget, 235s, 247, 280 @ 25e 

175 KC B -P FILTER TRANSFORMER 
Doubly tuned fixed- frequency 

transformer, 1 to 1 ratio, tuned 
to 175 kilocycles. Flat top tuning 
characteristic, i.e., band pass 
filter. Mounts on side of a 
chassis, in horizontal position, or 
upright either above or below 
chassis. 

Tuning condensers are across 
primary and secondary, both ac- 
cessible; in aluminum shield 
(which must be grounded) 2% 
inches diameter, 214 inches high, 
with removable bottom. For screen 
grid tubes, Order Cat. FF -175. 
net price $1.50 

Nance as above, but for 950 ke, Order Cat. FF -450 @ $1.50 
Same for 90 ke, Cat. FF -90 @ $1.65 

ROLAND RADIO COMPANY 
35 HOOPER STREET BROOKLYN, N. Y. 

Never Before 
At These Prices! 

SPEAKERS 
Farrand inductor dynamic for pentode tubes, 
chassis (no cabinet), for direct connection in plate 
circuit of single output tube, or for connection to 
secondary of an output transformer where push - 
pull pentodes are used. 9 inch outside diameter. 
Order Cat. 9 -R @ $7.00 
Farrand regular dynamic, chassis (no cabinet), 
with built -in rectifier, for AC operations. 9 inch 
outside diameter. Order Cat. F -DNS @ $7.00 
Erla regular dynamic, chassis (no cabinet), for 
6 -volt storage battery operation, Westinghouse 
rectifier. Order Cat. ER -DYN @ $0.50 
Ansonia magnetic speaker in Gothic cabinet of 
genuine walnut. Order Cat. AN -G @ $3.50 
Ansonia magnetic speaker in square cabinet, genu- 
ine walnut. Order Cat. 

speaker, 
@ $3.00 

Temple dynamic speaker, in carved wood cabinet, 
with impedance matching device built in; AC oper- ation; rectifier built in. Order Cat. TEM -DYN. 

@ $19.23 

BOOKS 
Official Radio Service Manual, by Gernsback & 
Fitch $2.10 
Gernsback's Cyclopedia. Cat. GBC @ $1.00 
Supplement No. 1 to Rider's Manual. (115 dia- grams.) Cat. R -SUP. @ $ .10 

COILS 
Three -circut tuner coil for .0005 mfd., with silver - 
plated wire and space -wound winding on threaded bakelite form. Cat. SPW -T @ $1.10 
Radio frequency coil to match above, same con- 
struction. Cat. SPW -RF. @ ,05 

RESISTORS 
25,000 ohm potentiometer. Cat. POT- 25 @ $ RO Adjustable voltage divider, with sliders; six differ- 
ent voltages besides extremes; total is 10,000 ohms. 
Order Cat. VVD @ 1.00 
Fixed voltage divider, total 17,100 ohms, affording 
twenty different voltages, including all bias volt- 
ages; for 245, 247 and similar circuits; 50 watts rating. Order Cat. MTVD @ 1.95 
Carborundum grid leaks, 5 meg. Cat. CAR -5. 

@ .10 
30 ohm filament resistor, 1 ampere capacity. Cat 
FR -30 @ .10 
6.5 ohm filament resistor, 1 ampere capacity. Cat. 
FR -65. @ 10 
2250 ohm 25 watt resistor (Ward Leonard). Cat. WL-2 @ 10 
30 ohm variable center tap Humdinger. Cat. HMD. 

@ .39 

RELIABLE RADIO COMPANY 
143 West 45th Street 

New York, N. Y. 

THREE -IN -ONE 
TESTER FREE! 

EVERYBODY who does any radio work 
whatsoever, whether for fun or for pay 

or for both, needs a continuity tester, so he 
can discover opens or shorts when testing. 

A mere continuity tester is all right, but - 
Often it is desired 

to determine the re- 
sistance value of a 
unit, to determine if 
it is correct, or to 
measure a low volt- 
age, and then a coa- 
tjpuity tester that is 
also a direct - reading 
ohmmeter and a DC 
voltmeter comes in 
triply handy. 

So here is the com- 
bination of all three: 
A 0 -414 -volt DC voltmeter, a 0. 10,000 -ohm 
ohmmeter and a continuity tester. A rheo- 
stat is built in for correct zero resistance 
adjustment or maximum voltage adjustment. 
The unit contains a three -cell flashlight 
battery. Supplied with two 5 -foot- long 
wire leads with tip plugs. Case is 4 -inch 
diameter baked enamel. Weight, 1 lb. 
Sent free with an order for one year's 
subscription for RADIO WORLD (52 
weeks) at the regular rate of $6. Order 
Cat. PR -500. 

Radio World, 145 W. 45th Street, New York, N. Y. 
Enclosed please find $6 for one year's subscrip- 

tion for Radio World (one copy a week, 52 issues) 
Send Cat. PR -500 as premium. 

Name 

Address 

City State 

Tubes at 
30? Each 

Four for $1.00 

171 245 

Sold on basis of remittance with 
order. We will pay the postage. 

RELIABLE RADIO CO. 
143 West 45th Street New York, N. Y. 

LYNCH Resistors 
Prei. ion Wire Wound Metallized 

I °., Tolerance 
Write for details of new RMA Color Code Chart 
LYNCH MFG. CG.. 1ne., Dept. W. 1775 B'way, N. Y. 

.l '/2, 1 

3 
lys, 2 and 
Wa tts 

II 

NATIONAL 
DRUM DIAL 

National Velvet Vernie. 
drum dial, type H, for 
14" shaft. An automatic 
spring take -up assures 
positive drive at all times. 
Numbers are projected on 
a ground glass. Rainbow 
wheel changes colors in 
tuning. Modernistic es- 
cutcheon. Order Cat. ND -H 
Cà $3.13. 

GUARANTY RADIO GOODS CO. 
143 West 45th Street. New York, N. Y. 

853 PAGES, 
1,800 DIAGRAMS 
IN RIDER'S NEW 
6 -LB. MANUAL 
T HE most complete service man's manual is 

"The Perpetual Trouble Shooter's Manual," 
by John F Rider, published April, 1931, and 

full of real information. Wiring diagrams 
of ALL popular.. commercial receivers and kit sets 
from 1922 to 1931,, inclusive. Also contains a course 
in trouble shooting. Loose leaf pages., 834 x 11 ", 
bound. 853 pages; index and advertisements on 
additional pages. Order Cat. RM -31, and remit 
$4.50. We will then pay postage. (Shipping 
weight, 6 lbs.) Ten -day money -back guarantee. 

RADIO WORLD 
145 West 45th Street. New York, N. Y 

Large Temple Dynamic 
Dynamic speaker, AC 110 Volts, Sii to 60 
cycles, housed in table cabinet made of 
walnut, with carved grille. Output trans- 
former and dry rectifier built in, also a 
hum eliminating adjuster and a variable 
impedance matcher. Plugged AC cable and 
tipped speaker cords are attached to dy- 
namic. Outside cabinet dimensions: Height 
14 ", width 11, depth 754". Speaker diam- 
eter 9". Price, $11.50 net. 
Guaranty Radio Goods Company 

Dept. A, 143 W. 45th St., N. Y. C. 

Quick Action Classified Ads 
Radio World's Speedy Medium for Enterprise and Sales 

7 cents a word -$1.00 minimum -Cash with Order 

WANTED -COMPETENT YOUNG ENGINEER 
as correspondent on radio tendencies and im- 
provements in America. Write to REY -35 rue 
de Berne, PARIS (France). 

BENCH LEGS - STEEL ANGLES - Shipped 
knockdown - for work and display - $3.00 up. 
Kirk Hardware, Room 308, 128 East 23rd St., 
New York City. 

SuUND PICTURES TROUBLE SMUOTER'h 
MANUAL, by Cameron and Rider, an authoritl 
on this new science and art. Price $7.50. Boos 
Dept.. Radio World. 145 W. 45th St., N. Y. Citi 

"HOW TO WRITE FOR RADIO" By Katherine 
Seymour, Assistant Continuity Editor of the 
National Broadcasting Company, and J. T. W. 
Martin, radio writer of the staff of Batten, 
Barton, Durstine and Osborn -the first authorita- 
tive book of its kind, by authors who know their 
business. The chapter headings are: Opportuni- 
ties for the Radio Writer; Early History of Radio 
Writing; "Straight" Continuity; Dramatic Radio 
Writing; Radio Adaptations; Production (of 
Musical and Dramatic Programs); Sound -Effects 
the "Props" of Radio; Radio Advertising Writ- 
ing; Properties of the Air. Price $3.00. Book 
Dept., Radio World, 145 W. 45th St., N. Y. City. 

WORLD'S LARGEST HOUND KENNELS 
OFFERS: Quality Hunting Dogs. Sold Cheap, 
Trial Allowed : Literature Free. Dixie Kennels, 
Inc., B -69, Herrick, Illinois. 

ESCAPE FROM YOUR LONELY EXISTENCE! 
Valuable information free. Write today without 
delay. Box 128 -RW, Tiffin, Ohio. 

"RADIO FREQUENCY MEASUREMENTS ", by 
E. B. Moullin, M.A., A.M.1.E., M.LRad. Eng 
Second Edition entirely reset and greatly enlarged 
Illustrated. 487 pages, plus 12 -page index. Indas 
pensable for radio experts and engineers. $12.51. 
Radio World. 145 W. 45th St.. N. Y. City. 

BALKITE A -5 RECEIVER, eight -tube, three 
stages of Neutrodyne RF and two stages audio 
with push -pull output. Good distance -getter and 
very sensitive. Has post for external B voltage 
for short -wave converters. Brand new in factory 
case. Berkey -Gay walnut table model cabinet. 
Price $29 (less tubes). Direct Radio Co., 143 Weat 
45th St.. New York 

RADIO WORLD AND RADIO NEWS. Both for 
one year, $7.00. Radio World, 145 W. 45th St., 
N. Y. City. 
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Vol. XX No. 5 Whole No. 499 
October 17th, 1931 

(Entered as second -class matter, March, 
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TENTH YEAR 
Technical Accuracy Second to None 

Latest Circuits and News 

A Weekly Paper Published by Hennessy 
Radio Publications Corporation, from 
Publication Office 145 West 45th Street, 

New York, N. Y. 
(Just East of Broadway) 

Telephone. BRyant 9 -0558 and 9 -0559 

RADIO WORLD, owned and published by Hennessy Radio Publications Corporation, 145 West 45th Street, New York, N. Y. Roland Burke Hennessy. 
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Bernard, secretary, 145 West 45th Street, New York, N. Y 
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Y. Roland Burke H editor: Herman Bernard, managing editor; J. E. Anderson, technical 
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Progress with Converters 
Present Authentic Designs and Glimpse of Future 

By Henry B. Herman 
FIG. I 

A three -tube con- 
verter, illustrat- 
ing the use of a 

three gang con- 
denser, with one 
of the sections 
cut into the mod- 
ulator's tuned 
circuit for the 
lowest frequency 1/ 
band, but omit- 
ted for the two 
other bands. If 
the capacity of 
each section is 

0.00046 mfd., 
then C2-3, across 
L3, tunes virtu- 
ally in step with 
C3L6. If the two 
circuits are 1,500 
kc apart at the 
start (lowest fre- 
quencies) they 
are only 1,800 kc 
apart at the 

other end. 

II 0.00035 
MFD. 

r 4 
2L3 

L4 16 

5M4 0. 0003 5 
224 MFO -' 

0.00025 

60 
AIME 

0.02 
M- 

O. li/FD _300 r, 

50 

3 
4 

01- 
2í 
w2 T ,PFF 0.14'"0. 

ALTHOUGH short wave converter articles have engaged 
the attention of the radio press and its readers for seven- 
teen months, starting with the series inaugurated in these 

columns, it must not be imagined that the subject is even nearly 
exhausted. As improvements are made there is just that much 
more subject- matter for discussion, and as things in radio, or 
anywhere else, do not emerge at once in a state of perfection, it 
is to be expected that much progress will result during the new 
season. Finally converters will become pretty much standard - 
ized, for the number and type of tubes they use, just as broad- 
cast receivers have reached that state. 

It is my opinion that the standardized converters will have 
the B supply built in, as well as the A supply ; that band shifting 
will be done with a switch only (which is virtually the rule 
already), and that there will be a stage of tuned radio fre- 
quency amplification ahead of the modulator, where now there 
is either no stage at all, or an untuned stage. 

The theory that hopeless trouble will follow from attempts 
to use a stage of tuned radio frequency amplification will meet 
the same happy end as did the theory that tuning condensers 

2 l 4 
SEr ArN Po5r 

3 

227 

SET 6#.0POST 

can not be ganged in broadcast receivers, and that tuned radio 
frequency is not practical ahead of a regenerative detector. 
Both of these now accepted and everyday practices were con- 
demned by many engineers only seven years ago and hundreds 
of thousands of words published in support of the theoties, 
backed up (or was it down ?) by copious mathematics. 

Meanwhile, however, let us use the tools that we have, and 
admit that the stage of tuned radio frequency requires some 
developmental work that has not yet even been undertaken. 

There are certain factors associated with converters that 
make for poor results unless given expert attention. The 
designer should take care of this. Then the builder should 
not have any difficulty. 

One of the points that nearly always gives the designer 
a slight sensation around the forehead (known as a headache) 
is the difference in frequency between the modulator and 
the oscillator tuned circuits. This difference is equal to the 
intermediate frequency, and remains the same regardless of 
the signal frequency. 

(Continued on next page) 
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Oscillator and Modulator 
New Method Has Two 1,500 kc Apart 

FIG. IA 
A symmetrical layout results if a tube shield is put over the 

electrolytic condenser. This is a layout for Fig. I. 

(Continued from preceding page) 
Let us restate the operation of a converter, taking the 

diagram, Fig. 1, as model. The short wave desired to be 
received is tuned in by the coil- condenser combination in the 
antenna stage, at -the station's carrier frequency. If we put 
earphones in the modulator output (224) instead of what is 
there, we might hear a few stations, if they were close by. 
Selectivity would be low. We desire, instead, to reach out 
to great distances, even to bring in stations located in foreign 

countries, across the sea, or across seven seas and then some, 
so we must provide more amplification and also more selectivity. 

Constitutes a Superheterodyne 
To achieve that combination end we introduce an oscil- 

lator (235). This we tune also. Then (disregarding the recti- 
fier for the while) we connect the modulator output to the 
input of a broadcast receiver. That receiver is sensitive to 
frequencies from, say, 1,700 kc to 540 kc. The broadcast band 
is from 1,500 kc tc 550 kc. If we can produce at the output 
of the modulator a frequency within the range of the broadcast 
set, we gain the full amplification and selectivity of the set, 
and have a fine system of reception, a superheterodyne system, 
regardless of what type of receiver is used. 

The difference in frequencies from one extreme to the other 
of the broadcast band alone is 950 kc, and the set may cover 
a little more, say, 1,160 kc, as in the supposed case just cited. 

When the original carrier frequency is to be changed to 
another frequency -a lower one in this instance -resort is had 
to the beat system. The oscillator is made to oscillate at a 
frequency that differs from the incoming carrier to the extent 
of this other desired frequency. Let us make a selection, 
1,500 kc. Suppose the short wave station to be tuned in is 
on 49.97 meters, 6,000 kc. Now we have all the requirements. 
The antenna stage tuning is to be at 6,000 kc. We may make 
the oscillator tuning either 6,000+1,500 or 6,000- 1,500, but 
we will select the higher frequency for the oscillator, because 
of the normally greater sensitivity. Thus the oscillator would 
be tuned to 7,500 kc. 

Diverse Frequencies 
Suppose this situation obtains when the condenser plates of 

the two tuning capacities are totally enmeshed, that is, at 
maximum capacity. With any equal- condenser, unequal -coil 
system it is obvious that the same frequency ratio will prevail. 
For 0.00035 mfd. the ratio is approximately 2.6 -to -1, so the 
modulator, starting at 6,000 kc, will wind up, at minimum 
capacity setting, at 15,600 kc (19.22 meters), while the oscil- 
lator, starting at 7,500 kc, will wind up at 19,500 kc, or 
(15.38 meters). While the frequency difference between the 
two circuits was 1,500 at the start, it became 3,900 kc at the 

SW 

I SET G/1'D Po5T 
FIG. 2 

A stage of untuned r -f is included in this converter, which uses a two gang condenser for tuning, therefore resort is had 

to padding, which consists of rearrangement of the oscillator tuned circuit, to reduce the capacity of the tuning condenser 

and the inductance of the coil it tunes, enabling the same frequency difference between simultaneously tuned circuits. 
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racked for Shortwaves 
One End and 1,800 kc at the Other 

finish. So theoretically the converter would bring in only one 
station, assuming gang tuning. 

While the case has been cited for a medium short wave 
band, it can be seen that for lower frequencies (higher waves) 
the intermediate frequency will be a greater percentage of the 
modulator or oscillator frequencies, and the problem becomes 
one of major proportions. 

Assume tuning in a 2,000 kc carrier frequency (149.9 meters). 
The oscillator would be tuned to 1,500 kc higher, or 3,500 kc 
(85.66 meters). The intermediate frequency is three- sevenths 
of the oscillator frequency. Take 1,600 kc (187.4 meters) as 
the one desired to be received. Here the oscillator frequency 
is practically twice the intermediate frequency. So at one 
extreme the condenser -coil combination must tune to a fre- 
quency twice that of the intermediate frequency, but at the 
other extreme the wave would be 8,060 kc (37.20) meters) for 
the oscillator, while the modulator would be at 4,100 kc 
(73.13 meters), a difference of 3,960 kc. 

Capacity Solutions 

There are, of course, solutions for this difficulty. One method 
is that of padding, where a fixed series condenser is used in 
the oscillator circuit, with equalizer across it or across the 
entire series circuit, so that with less capacity, and coincidental 
inductance reduction, the two circuits are made to tune at the 
same point. Then a point at the opposite extreme is made 
similarly identical. Adjustment of the series capacity, and 
of the equalizing capacity, enable the establishment of the two 
points. In between the tuning may not track, and probably 
won't, but it comes close enough, and a small manual trimmer 
always will take up the difference. In broadcast set super - 
heterodynes padding is frequently used, but without the manual 
trimmer, as it isn't vital there. To the same effect, for single 
band coverage, the oscillator condenser plates may be specially 
cut to track. 

Another method, that shown in Fig. 1, is to use a condenser 
of twice the maximum capacity of the oscillator circuit for 
the first band of tuning (highest waves), but equal capacities 
for the next two bands. Thus the modulator tuning range 
is lifted from 2.6 frequency ratio to 3.5 for 0.0007 mfd., or if a 
three gang condenser of 0.00046 mfd. capacity per section is 
used, the frequency ratio for the oscillator tuned with 0.00092 
mfd. would be about 4, whereupon the modulator would tune 
from 1,500 kc to 6,000 kc, while the oscillator tuned from 
3,000 kc to 7,800 kc. It is obvious that at the start the frequen- 
cies are 1,500 kc apart, as they should be, while at the end 
they are 1,800 kc apart, a remarkable proximity, so even a 
tiny trimming condenser, e.g., 30 mmfd., would compensate for 
the difference, or the two ends might be tied down, as previously 
outlined, by inductance and capacity adjustment, and coinci- 
dence would be prevalent virtually throughout the entire band. 

Higher Frequencies Simplify Problem 

In the next band the old trouble would arise, because the 
condensers are equal, although they may be compensated by 
padding, or the difference may be left to the manual trimmer. 
Starting at 6,000 kc, we would wind up at 15,600 kc for the 
modulator. Starting at 7,500 kc we would wind up at 19,500 kc, 
a difference at one end of 1,500 kc and at the other of 3,900 kc. 
But the 3,900 kc difference is only 20 per cent. of the incoming 
carrier frequency of 19,500 and a manual trimmer of 60 mmfd. 
would take this up nicely. 

In brief, therefore, the problem of dissimilar frequencies 
becomes less and less as the original carrier frequency increases, 
because then the percentage of difference between the inter- 
mediate and the carrier frequencies becomes less. This is true 
because the intermediate frequency, whatever it is, remains fixed, 
say 1,500 kc, while the other frequencies increase. 

It is assumed, however, that the set itself will be worked 
at a high broadcast frequency. If a lower intermediate frequency 
is used the problem becomes easier, because the difference 
is smaller, but the sensitivity may be less, due to the charac- 
teristic of the receiver. 

How Two Circuits Are Coupled 

For Fig. 1, therefore, a three grang condenser may be 
used. If the capacity is 0.00046 mfd. it will be possible to 
cover from 20 to 200 meters, while if the capacity is 0.0005 mfd., 
the upper wavelength limit being retained, the lower limit will 
be decreased, say, to 15 meters. This is with a three -way system 
for each tuned circuit. Provision of an extra coil would make 
the frequency span larger. 

The coils, Ll, L4, and L3, L5, and L3, L6 are in inductive 
relationship to each other, to provide coupling between modu- 
lator and oscillator. However, the total coils are not coupled to 

FIG. 2A 
Suggestion for mounting the coils. The center coil is fast- 
ened to the bottom of the shield can that encloses the switch. 
Then the two other coils are fitted into predrilled holes. The 
center coil may be the one for highest frequencies. This 

layout is for Fig. 2. 

one another. Different distances must prevail. The higher the 
frequencies, the wider the physical separation between the twin 
windings, because the mutual impedance is directly proportional 
to frequency. 

The switch used is of the three deck, four point type, and 
is a rotary selector switch with shaft insulated from all electrical 
connections. Provision is made for switching the antenna to 
the broadcast set when you want to use the set alone, and 
not use the converter. However, when that switching is done 
(position 4), you should turn the tuning condensers, including 
trimmer, to minimum capacity, as these are in series with 
the 0.00035 mfd. fixed antenna condenser, the total series being 
across the antenna winding of the broadcast set. This, how- 
ever, has next to no effect on the broadcast set, as the 
capacity will be less than 50 mmmfd. 

Insulation Pointers 

If a metal chassis is used, the frame is B minus, but is not 
conductively coupled to ground, so the ground binding post 
would have to be insulated. A fixed condenser -a section of 
a block of three capacities - grounds the chassis that way. 
However, the tuning condenser may be connected with rotor 
to the set ground post, if desired, as diagrammed, in which 
case the condenser, like the post, would have to be insulated 
from the chassis. It is permissible, however, to have the 
condenser rotor at B minus rather than at direct ground 
potential. 

The filter capacities, 8 mfd. or more each, may be two in 
one case, and since that leaves a high voltage terminal at 
top, the condenser may be enclosed in a tube shield and a 
bakelite disc placed between the cap of the condenser and 
the top hole in the tube shield. Also, a symmetrical layout 
results, as the photograph reveals,. 

The circuit is printed particularly to show the use of a three 
gang condenser to advantage in a short wave converter, while 
the subject of coils and separation !between windings for 
proper coupling is outside the scope of this article. 

A somewhat similar type of converter, except that it uses 
a double instead of a triple condenser, and has a padding 
arrangement, is diagrammed in Fig. 2. A fixed condenser 
of 0.0015 mfd., across which is ,a 20 -100 mmfd., adjustable 
equalizer, to be set once and left thus, constitutes the series 
condenser section. In reality, a fixed and an adjustable con- 
denser are in parallel while the total is in series with the 
tuned circuit. ' Then another equalizer is used across the 
entirety. Sometimes the total equalizer, instead of being 
across the inductance and the series capacity, is simply across 
the inductance, as in Fig. 3, but this is not a vast or vital 
difference. 

(Continued or nest payed 
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T -R -F Prophesied foi 
Some Means Necessary to Provide 

SW! 

o. 00035MP0 

"1r 

® CONNECT To 

5e7" GNP POST 

5M-f- 

$ W4 

FIG. 3 
This circuit shows the use of tuned radio frequency amplification in connection with a short wave converter. This subject 
has not been developed as yet. The modulator and oscillator coils, though not shown as related, are inductively coupled, 

each pair on a single form, as explained in the text. 

(Continued from preceding page) 
The padding arrangement will be found in the oscillator 

circuit, lower tube, Fig. 2. This diagram, as well as the two 
others, incorporates a dynatron oscillator (235), so grounding 
of the grid is proper. The oscillation arises from the negative 
resistance effectuated in the tube circuit when the normal 
screen and plate voltages are reversed. Here the plate voltage 
for the dynatron is the screen voltage for two other tubes, 
and the resistance value, shown as 0.02 meg. (20,000 ohms) is 
chosen of such a value as to insure oscillation, the voltage 
then being satisfactory also for the two other tubes. The 
modulator tube here is a screen grid tube used as such, while 
in Fig. 1 it was used as a two element tube, with screen 
and plate tied together. It is suggested that both methods 
be tried. Both work extremely well, but some will get larger 
output from the three element hookup. 

All three circuits use the 227 as rectifier, the output is 
direct current voltage, after the choke (assuming 400 ohms 
the d -c voltage of the line. So for 110 volts a -c you will get 
d -c resistance for the choke), being about the same as the value of 
110 volts d -c after the choke, and this voltage is ample to 
provide satisfactory operation. However, to attain this voltage 
it is necessary that the condenser next to the rectifier be 8 mfd., 
although higher capacity may be used. 

The higher capacity is all right here, because this is a heater 
type tube, and the current rises slowly, so there is no high 
starting drain on the rectifier. In fact, if a milliammeter is 
put in series with the rectifier line, at B plus or B minus, it 
will disclose the gradual rise of the current, without any 
great spurt. 

Current Stated 

The current's rise will reach a peak value and then recede 
a little. For instance, starting at zero, it will rise to about 
18 milliamperes and then recede to about 15 milliamperes for 
the four tube circuit. This will be the current drawn by the 
r -f tube, the modulator and the oscillator. The modulator 
normally will draw a little more than either of the others, 
because the plate voltage is the same, but the bias is zero. 
The two other tubes have a negative bias, which may be 
around 1 volt. The figures cited show that the bias will be 
a trifle less than 1 volt, but this is a good region for sensitivity 
in conjunction with the tubes used, and in view of the plate 
voltage. 

Next we come to Fig. 3, embodying some of the features 
of Figs. 1 and 2, but being different from them principally 

in that a stage of tuned radio frequency amplification is 
included. A three gang condenser makes resort to padding 
necessary, as there are three separately tuned circuits, and 
each requires a condenser sction. However, the thought will 
strike many that the system outlined in connection with Fig. 1, 
of cutting in an extra section for the lowest frequency band, 
is applicable here if a four gang condenser is used. 

No connection or relationship between oscillator and modu- 
lator is shown regarding Fig. 3, but the same inductive situation 
obtains here, between the twin windings of oscillator and modu- 
lator, as in Figs. 2 and 3. The following pairs are wound 
on a single form and separated from each other by suitable 
distance : L4, L7 ; L5, L8 ; L6, L9. 

B Choke in Negative Leg 

The grounding is different in this circuit, for the B supply 
choke coil is put in the negative leg of the rectifier. This 
means that B minus is not at ground potential but the other 
end of the choke coil is. The reason for previous precautions 
was to avoid shorting the a -c line. Here no such short 
can result, because if the plug is inserted in the wall socket 
in one direction ground and the high radio frequency side 
of the line are unmolested, whereas if the plug is inserted 
the other way the choke is across the line. But the choke 
has at least as high an impedance as has the primary of the 
filament transformer, so it is all right to have the choke across 
the line. The connection when it is not across the line usually 
gives more (louder signals). 

So six forms will be needed to provide the coils for this 
circuit. Three will take care of the tuned radio frequency 
input. Three more forms will take care of the inducit induc- 
tively related tuned windings for the three frequency ranges. 

Dissimilar Trimmers 

The tuning of the r -f stage and the modulator introduces 
no special frequency problem. The fact must be recognized 
that the modulator stage will have a higher input capacity 
even than the antenna stage, especially as a condenser of 
0.00035 mfd. or thereabouts is introduced in the antenna circuit. 
However, if equalizers are put across each of the coils that 
handle the original frequency level, each condenser may be 
set for best results and left thus, no manual trimmer then 
being necessary. As the equalizers are included in the diagram, 
the manual trimmer is omitted. A good plan would be to 
use smaller trimmers for the modulator coils than for the r -f 
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converters of Future 
Results Even on Insensitive Receivers 

coil stage, that is, 35 mmfd. for the modulator and 100 mmfd. 
for the other. Then the minima will be about 7 mmfd. for 
the one equalizer and 20 mmfd. for the other. 

In line with what has been said before, it is prophesied 
there will emerge from the laboratories converters that include 
a stage of tuned radio frequency amplification. There is no 
reason why it should not be done, as the frequency is on the 
same level for both circuits, and the feedback effects can be 
prevented by proper treatment, including scientific positioning 
of the coils so that the inductive coupling is held in check. 
It is possible to reduce the inductive coupling virtually to zero. 
Then, for the oscillator, no difference or other problems arise 
than those applicable to converters that have either an untuned 
r -f stage or no preliminary r -f stage at all. 

It should be borne in mind, however, that the systems now 
in vogue -no t -r -f and untuned t -r -f stage -highly satisfac- 
tory results are obtainable, the only drawback being that 
the sets of ancient vintage or poor sensitivity, of which there 
is quite a crop, will not enable easy reception of foreign 
stations. 

Sensitivity of Set 

Some converter manufacturers stress the recommendation 
therefore that the set used with their converter have a sensi- 
tivity attained in tuned radio frequency sets with two stages 
of t -r -f and grid leak detector, or, if the primaries in plate 
circuits are of screen grid tubes are large, with a negative 
bias or power detector. But there are many thousands of sets 
in use that have a sensitivity of 40 microvolts per meter, or 
less sensitivity, and with them it is not to he expected that 
short wave converters will work well. 

Another factor in favor of the extra stage of tuned r -f is 
that with some superheterodynes the double mixing process 
involved -one in the converter, the other in the broadcast 
set -put the sensitivity back farther than it should be, 
so. while results are good, they are not nearly what the 
possessor of the super expects. The t -r -f stage will help these 
matters along well. 

Built -in Intermediate Stage 
It is practical to use, instead of a t -r -f stage, a stage of 

built -in intermediate amplification, to which there is no objec- 
tion, save that if no means are provided for selection of the 

intermediate frequency, the set will have to follow the frequency 
built into the converter, and that limits the operation of the 
set to a particular region, which may not be encompassed 
by the frequencies to which the set is most sensitive. A way 
out is to make the built -in intermediate stage rather broad, 
so any frequency from 1,500 kc to 900 kc may be used, or 
900 kc may be used, or 900 kc may be the broad intermediate 
frequency, permitting the use from, say, 1,300 kc to 800 kc. 
But the more broadly the circuit is peaked, the less advan- 
tageous is the built -in intermediate stage, from the viewpoint 
of selectivity. 

As has been stated, there is still much to be learned about 
converters, and particularly by manufacturers who now are 
bringing out their first models. While the difference will be 
less, it is still worth while to consider the first set a manufac- 
turer turned out, compared to his present model. The differ- 
ence in performance will be found to be remarkable. Also, 
the difference in performance between the present crop of 
converters made by set manufacturers is likely to be remarkable 
compared to what they will be producing two years hence, 
even assuming no new tubes will come out. 

Not Here to Stay 

\\Then converters become more elaborate, as they will, the 
280 rectifier may be universally included, as it will help out 
on the t -r -f stage with a voltage of 180 to 200 volts for 
the 235 there positioned. 

Many believe that converters are not here to stay, because 
sets will be all wave in the future, but consideration must be 
given to sets now in use, or about to be purchased, that 
otherwise provide no short wave reception. If the disappear- 
ance of the set from the home will take place two or three 
years, not more, after the purchase of the set (assuming 
it was bought new), then there may be something to the 
surmise about converter's life being short, but if the unique 
sets in persons' homes to -day can be taken as a criterion of 
how long new sets bought to -day will be retained, then it is 
safe to assume that five years hence there will still be some- 
thing doing regarding short wave converters. It depends 
probably on how much prosperity visits the world in those 
five years, for so soon as people have plenty of money it is 
noticed that the latest and best in radio is none too good 
for them. 

Examples of Voltage Divider Design 
<< OW shall I proceed in the selection of suitable values H for given voltages in a voltage divider ? What is the 

rule of apportionment ?" 
When a question of this type is asked not only should the 

voltage distribution be given but also the currents to the various 
taps. When the current distribution is not known, which is the 
case in most instances, then the circuit to be served should ac- 
company the question, that is, a diagram of the circuit complete, 
including all the tubes that are to be used. If the circuit and the 
tubes are known, then it is possible to make a close estimate of 
the currents to the various taps and make a computation of re- 
sistances that will be accurate enough for practical purposes. 

When resistance coupling is used anywhere in the circuit, the 
values of the plate coupling resistance should be given because 
resistances will change the plate current. The plate current in a 
235 pentode may be 6 milliamperes when there is practically no 
resistance in the plate circuit, but it will be far less when there 
is a quarter megohm resistance in the plate circuit. Also, when 
there is a high resistance in the plate circuit the screen voltage 
must be less and the screen current to such as tube is so small 
that it can usually be neglected in determining the resistance 
values in the voltage divider 

A True Potential Divider 

When it is only a question of getting potentials it is simple 
to place the taps to give the desired voltages, for then no cur- 
rent is supposed to be drawn at the taps. When this is the case 
the same current flows in every section of the resistance of the 
potential divider. Then the voltage between any two points is 
proportional to the resistance between those taps. For example, 
suppose that it is required to put taps so as to get potentials of 
45. 75, 180, 250 volts when the total available voltage is 300 volts. 
We are at liberty to choose any total resistance, and therefore 
any current. 

Suppose we choose 25,000 ohms and put it across the 300 
volts. The current will then be 12 milliamperes. Since no cur- 

rent is drawn at any tap, the same current flows throughout the 
25,000 ohms. Therefore the resistance between zero and the 45 

volt tap should be 45/.012, or 3,750 ohms. The resistance between 
the 45 and the 75 volt taps should be 30/.012, or 2,500 ohms, that 
between the 75 and 180 volt tap should be 105/.012, or 8,750 ohms, 
that between the 180 and 250 volt taps should be 70/.012, or 5,830 
ohms. This leaves 4,170 ohms to drop the voltage between 300 
and 250, which checks fairly well. 

This simple computation holds only when there is no current 
diverted at any of the taps. Hence it never holds when the de- 
vice is used to power a receiver. It holds only in certain cases 
of measurements when voltages are balanced. That is, it holds 
in true potentiometers. A similar arrangement would hold when 
the taps are used solely for supplying grid bias voltages, for the 
grids do not draw any current, or at least never enough to upset 
the voltage division materially. 

Grid Bias Supply 

We might illustrate the use of the potentiometer for grid bias 
supply. Suppose we have a resistance of 10,000 ohms through 
which a d -c current of 5 milliamperes flows, that is, so that the 
total drop is 50 volts. This might be used to bias a 245 power 
tube, or any number of tubes of this type. But let it also be 
required to furnish voltages of 16.5, 13.5, and 1.5 volts. Where 
should the taps be placed. The current in every section the 
current is 5 milliamperes. Between the positive end of the re- 
sistance and the 1.5 volt tap there should be a resistance of 
1.5/.005, or 300 ohms. Between the 1.5 and 4.5 volt taps there 
should be a resistance of 3/.005, or 600 ohms. Between the 4.5 
and 13.5 volt taps the resistance should be 9/.005, or 1,800 ohms, 
and between the 13.5 and 16.5 volt taps it should be 3/.005, or 
600 ohms. We have 6,700 ohms left, which should be the resist- 
ance between the 16.5 volt tap and the negative end. This checks 
for the voltage drop is 33.5 and the current is 5 milliamperes. 
This kind of grid bias supply is not recommended because of the 
coupling among the circuits which will cause, often very 
harmful. 
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Curves on the 
Pentode Distortionless Power Amplifier, 

By J. E. 
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FIG. I 

Two grid voltage plate current curves of the 235 variable 
mu screen grid tube, showing the gradual variation in the 
mutual conductance and the effect of changing the screen 

voltage. 

T HE variable mu screen grid tube was designed primarily 
as a radio frequency amplifier. As such it is excellent. 
But it was also designed to that it could be used in con- 

junction with grid bias variation volume controls without 
resulting modulation. This, perhaps, is its principal virtue. 
The bias voltage may be varied over a range of about 75 volts 
without completely cutting off the plate current on the higher 
bias values. As the bias is increased the mu of the tube, or 
the mutual conductance, is decreased gradually. 

The gradual taper of the plate current as the bias is increased 
is shown in the curves in Fig. 1. Both these curves were 
taken on a 235 type tube with 2.5 volts on the heater and 
135 volts on the plate. For the upper curve the screen 
voltage was 45 volts and for the lower it was 67.5 volts. The 
curve for 180 volts on the plate and 75 volts on the screen 
is practically the same as the upper curve in this figure. 

High Mutual Conductance 

The variation in the mutual conductance can be seen clearly 
by computing it for a number of values. Suppose we make 
the grid bias 0.5 volt. Let the signal vary from zero to one 
volt. At zero bias, on the upper curve in Fig. 1, the current 
is 8.8 milliamperes. At one volt bias it is 7.3 milliamperes. 
Hence a change of one volt on the grid changes the plate 
current 1.5 milliamperes. This means that the mutual conduct- 
ance is 1,500 micromhos. Now take the operating point at 
1.5 volts and let the signal vary over one volt as before. At 
one volt bias the current is 7.3 and at 2 volts it is 6.05 milli- 
amperes. Hence at this bias one volt changes the plate current 
1.25 milliamperes, and the mutual conductance has dropped to 
1,250 micromhos. 

Now suppose we put the operating point at 6 volts. At 5.5 
volts the current is 322 and at 6.5 volts it is 2.83 milliamperes. 
Therefore the change in the current is 0.59 milliamperes for 

a change of one volt in the bias. The mutual conductance, 
therefore, has dropped to 590 micromhos. 

Even if the bias is made as high as 12 volts there is still 
some plate current and some amplification, but the mutual 
conductance has dropped to a very low value. The change 
is so small that it is necessary to take a greater voltage change. 
This does not introduce any appreciable error, for the curve 
is nearly a straight line. At 10 volts the current is 1.63 and 
at 14 volts it is 1.05 milliamperes. Hence four volts will change 
the plate current 0.58 milliampere, and one volt will change 
it 0.145 milliampere. Hence the mutual conductance has 
dropped to 145 micromhos, which is less than one -tenth of the 
mutual conductance at the beginning. As the bias is increased 
still further the mutual conductance goes down still more. It 
should be kept in mind that the mutual conductance is a 
measure of the amplification. 

Similarity of Curves 

The lower curve in Fig. 1 is essentially the same as the 
upper, except that it has been displaced to the right. The 
mutual conductance for a given grid bias is less on the lower 
curve than on the upper. Thus at 0.5 volts on the lower curve 
the mutual conductance is only about 860 micromhos. The 
displacement of the lower curve is 2.6 volts to the right, and 
if this is allowed for the mutual conductance, is almost the 
same on the two curves. For example, we just found it to 
be 860 micromhos at 0.5 volts on the lower curve. The corre- 
sponding point on the upper curve is 3.1 volts, at which point 
the mutual conductance is about 880 micromhos. 

Cross modulation is caused by the curvature of the grid 
voltage plate current characteristic. The variable mu tube was 
designed to avoid this, and it accomplishes the purpose very 
well. It will be noticed that at no point is the curve bent 
sharply. It particularly straightens out as the bias becomes 
high, so that the volume may be decreased by increasing the 
bias without danger of introducing serious cross modulation. 

From the curves in Fig. 1 we can determine the approximate 
value of the grid bias resistor to be used for volume control 
purposes. Since the screen current also flows through the bias 
resistance we must make allowance for this. This current is 
about 1/3 as great as the plate current. 

Bias Resistance Computation 
Suppose we want to operate the tube with a bias of 1.5 volts, 

with 45 volts on the screen and 135 volts on the plate. 
At 1.5 volts the plate current is 6.6 milliamperes. We add 
one -third of this to get the total current through the grid bias 
resistance and get 8.8 milliamperes. Therefore the required 
resistance is 1.5/0.0088, or 170 ohms. If we wish to make the 
bias three volts it is necessary to make the bias resistance 
considerably higher. At three volts the current is 5 milli- 
amperes, to which must be added the screen current 5/3. The 
total current is therefore 20/3 milliamperes. Hence the required 
resistance is 3,000 divided by 20/3, or it is 450 ohms. 

Again, suppose we wish to make the bias 12 volts. The cur- 
rent is 1.3 milliamperes plus 1/3 of this, or a total of 5.2/3 
milliamperes. The necessary bias resistance is therefore nearly 
7,000 ohms. We could well use a variable bias resistance of 
10,000 ohms for the purpose of controlling the volume. 

In case there are two equal tubes on the same resistance, 
and if both tubes are operated under identical conditions, the 
bias resistance should be only one -half as large as when it 
is used for a single tube. 

Tubes Not Critical 

The two curves show that either 45 or 67.5 volts can be 
used on the screen when the plate voltage is 135 volts. Of 
course, any voltage in between can also be used. And the 
two values are not limiting values by any means. Thus the 
tube is not critical as to voltages. This applies equally well 
to cases where the plate voltage is higher than 135 volts. 
But it is well to increase the screen voltage in proportion to 
the plate voltage in order to prevent a too heavy plate current. 

When the screen grid tube is used in resistance coupled 
circuits it is the effective plate voltage that counts and not 
the applied, because most of the applied voltage is dropped 
in the plate coupling resistance. Since the effective plate 
voltage is very low it is necessary to lower the screen voltage 
in proportion. If this is not done there will be much wave 
form distortion. Of course, it is perfectly safe to increase 
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Variable Mu an Exponential Tube 
Anderson 

the applied plate voltage since the high resistance limits the 
current. While the maximum may be 180 volts in a radio 
frequency amplifier it may be as high as 500 volts if the 
plate load resistance is 250,000 ohms. When the applied plate 
voltage is so high the effective plate voltage is proportionately 
higher and it is not necessary to reduce the screen volt as 
much, if at all. It is recommended that the applied plate 
voltage in series with a 250,000 ohm resistance to the highest 
voltage available in the circuit, which is usually that required 
by the power tube. 

The Power Pentode 

Not many characteristic curves are available for the 247 
power pentode, and for that reason we are giving a couple 
for plate and screen voltages of 112.5 and 135 volts in Fig. 2. 
The current is that in the plate circuit alone. 

These voltages are considerably lower than the voltages 
normally used on this tube, the maximum recommended volt- 
age being 250 volts on both the plate and the screen. But 
the curves for higher voltages are similar and it is accurate 
enough to assume that the increase between 135 and any 
higher voltage is proportional to the difference between the 
two curves given. For example, at a bias of 9 volts the plate 
current for the 112.5 volt curve is 7.7 and for the 135 volt 
curve it is 12.6 milliamperes. Thus a change in the plate - 
screen voltage of 22.5 volts causes a change of 4.9 milliamperes 
in the plate current. If we were to apply 250 volts on the 
screen and plate we would have a voltage increase of 115 volts 
and by direct proportion we have 4.9:22.5 ::X :115, in which X 
is the change in the plate current due to the 115 volts. Solv- 
ing the proportion we get X = 25 milliamperes. Therefore 
the total plate current at 9 volts bias with 250 volts on the 
plate and the screen would be 37.6 milliamperes. 

About what would the plate current be at 16.5 volts on 
the grid with 250 volts on the plate and the screen? It will be 
noted that the curves are nearly straight so that we may 
use direct proportion again. The 135 volt curve drops from 
12.6 milliamperes at 9 volts to about 1 milliampere at 16.5 
volts. The current on the 250 volt curve would drop about the 
sanie amount. Hence the plate current for 16.5 volts on the 
grid and 250 volts on the screen and the plate would be 37.6 
less 11.6 plus 1 milliampere. That is, it would be 27 milli- 
amperes. This is 5 milliamperes less than the normal value 
for the average tube. 

Curves Are Straight 
It is usually said that the characteristic curves of the pen- 

tode depart considerably from rectilinearity. These two curves 
do not bear this out for they are more nearly straight than 
curves for three element tubes. The upper curve in Fig. 2 is 
particularly straight. This means that there will be compara- 
tively little distortion of the wave form. 

The optimum bias for the 135 volt curve is 7.5 to 8 volts. 
Suppose we make it 7.5 volts. The plate current is then 
15.3 milliamperes at zero input and if the signal swings 7.5 
volts in either direction the plate current fluctuates between 
30 and 3 milliamperes. This will insure an output power in 
an 8,000 ohm load of 730 milliwatts. Thus a fairly good out- 
put power will be obtained with even as low a plate and screen 
voltage as 135 volts. And there will be remarkably little wave 
form distortion. 

The screen current in the pentode is about 0.234 of the plate 
current so that the total current through the bias resistance 
in the case when the screen and the plate voltage is 135 and 
the bias is 7.5 volts would be 15.3x1.234. We just found that 
the plate current was 15.3 milliamperes. Hence the bias re- 
sistance necessary would be 7.5 volts divided by 15.3x1.234, 
or 7.5/18.9, or 495 ohms. Remember that the current is given 
in milliamperes and that we really should divide 7,500 milli- 
volts by 18.9 milliamperes to get the resistance in ohms. 

Little Variation in Bias Resistance 

When the plate and screen voltage is 250 volts the grid bias 
should be 16.5 volts and the sum of the plate and the screen 
currents is 39.5 milliamperes. Hence in this case the grid 
bias resistance should be 16,500/39.5, or 417.5 ohms. Thus 
there is practically no change in the bias resistance. We 
may, therefore, change the plate and the screen voltage with- 
out making any change in the grid bias resistance with the 
assurance that the bias is correct for the new voltage. This 
is very convenient. 

Let us try this on thé 112.5 volt curve also. The curve is 

FIG. 2 

Two grid voltage plate current curves of the 247 pentode 
with voltages of 135 and 1 12.5 volts on the plate and the 
screen. The curves are remarkably straight, indicating low 

wave form distortion. 

straight to about 12 volts. Hence let us make the bias 6 volts. 
At this bias the current is 13.3 milliamperes. The total screen 
and plate current would be 16.4 milliamperes. Hence the bias 
resistance would be 6,000/16.4, or 366 ohms. There is not 
enough change in the bias resistance to make it worth while 
changing. We might say that 400 ohms is the proper bias 
resistance for the 247 pentode in all practical cases. 

Mutual Conductance of Pentode 

The mutual conductance of any tube should be taken at the 
operating point. If we take it at 7.5 volts on the upper curve 
in Fig. 2 we no'te that at 7 volts the plate current is 16.2 milli- 
amperes and at 8 volts it is 14.3 milliamperes. Thus one volt 
changes the current by 1.9 milliamperes and the mutual con- 
ductance is 1,900 micromhos. But we really should take the 
average value over the entire operating voltage, that is, from 
zero to 15 milliamperes. At 15 volts bias the current is 3 
milliamperes and at zero it is 30. Hence 15 volts changes the 
current 27 milliamperes and the mutual conductance is 1,800 
micromhos. This is only slightly less than that at the operating 
point. This again shows there is little distortion. 

If we take the lower curve we have 25 milliamperes at zero 
bias and at 12 it is 3 milliamperes. Hence 12 volts changes the 
current 21 milliamperes and the average mutual conductance 
is 1,750 micromhos. This is almost the same as that for the 
135 volt curve. 

In the 235 the variation in the mutual inductance was one 
of the main advantages in the tube. In the pentode there should 
he no variation. There seems to be a discrepancy here in that 
in one case, the 235, distortion is avoided by making the mu- 
tual conductance vary gradually as the bias varies while in 
the other, the 247 pentode, it is avoided by making the mutual 
conductance constant. But there is essentially no difference. 
The 235 tube is never operated over the entire curve but only 

(Continued on next page) 
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FIG. I FIG. 2 FIG. 3 

a pentode with rectifier, the B choke in the negative leg, is shown at left. A tapped coil is used. The 

shows how to gain the same effect without a tapped choke. On right the choke is in the positive leg, 

while the pentode bias voltag is used for the detector screen voltage, reversed. 

[An entirely new aspect of resistance coupled audio. applicable 
also to other systems. is presented by the author in the series 
of articles on regenerated audio amplification., of which the fol- 
lowing is the third. Feedback is used instead of bypass con- 
densers, so that a tiny resistor or a special connection dispenses 
with some hundreds of microfarads of capacity otherwise neces- 
sary for the same result. The three stage resistance coupled 
amplifier was described last week, issue of October 10th, while 
next week the two stage system (224 and 247) will be disclosed. 
Both of these circuits are the author's inventions. Their perform- 
ance is of the highest order.- EDrrox.] 

THE use of single stage audio is quite common in receivers, 
due to the advent of the pentode, combined also with the 
economy requirements of midgets, and fortunately the system 

works out very well. 
Resistance coupling is used. The introduction of this type of 

audio into commercial receivers for the first time as an exclusive 
method should certainly set at rest any fears entertained earlier. 
About as far as the manufacturers had gone previously was to 
use one stage of resistance coupling and a push -pull second stage, 
with a transformer. However, interest is focusing on resistance, 
and the situation is looming in a new light that sets aside earlier 
considerations, and marks an exceptional progress. 

New Light 

The case is much like that of electricity itself, or of the ether. 
In the beginning, lacking full knowledge, we invent theories to fit 
the performance. With electricity it seemed, at first, that when 
voltage was introduced that, on account of resultant current, there 
must be a flow of electricity. A fluid is a thing that flows, so 
electricity was described as a fluid. Only a quarter of a century 
ago this was taught in the public schools. Today we know well 
that electricity is not a fluid, but that tnere is an orbital activity, 
like the satellites about Jupiter, as well as a mass drift of electrons. 

The luminiferous ether as conceived by Maxwell served its valu- 
able purpose as a handy model in the days when science had to 
have models, even if it invented fictions to serve as models. but 
today we unite electro- magnetism and gravitation in the field theory, 
as originated by Einstein, and if we still adhere to an ether we 
leave out the luminiferous part because we treat light no differently 
than radio waves, but know both to be wave motion of merely 
different frequencies. 

So with resistance coupling. At first it was deemed of little 
account. The amplification could not amount to much, being con- 
fined to the amplification factor of the tube. We had tubes with 
a mu factor of 8 and there was no comparison with the step -up 
gained by transformation. Special purpose tubes came along, and 
with them new troubles. The circuit motor -boated. 

It should have become quite obvious then that regeneration was 
taking place, and some articles along this line were published, but 
it remained until recently for the capitalization of this regeneration 
to be effected. If the regeneration could be capitalized, or, if not 
present, could be introduced, so as to be effective on circuits that 
were degenerative, not only could bypass condensers be omitted 
from biasing resistors, but stability could be achieved and fine tone 
result. Tube mu could be ignored because of regeneration. Such 
a circuit was discussed in detail last week, in the October 10th 
issue. The audio amplifier had three stages of resistance coupling, 
two 227's with a 247 as output. 

Even the single stage audio amplifier may be regenerative. There 
is some feedback naturally present in the circuit diagrammed in 
Fig. 1. Fig. 2 is simply a variant. Fig. 3 shows purposely intro- 
duced feedback not otherwise present. Let us investigate these 
circuits. 

Connections for Fig. I 

In Fig. 1 the output circuit of a 247 is diagrammed, with rectifier 
and filter. Rl is the grid leak of the pentode tube, which may 
be 0.5 meg. under the circumstances. G is the control grid, P is 
the plate, F is the filament to which a screen is attached inside 
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Analysis of the 247 Pen1 
(Continued from preceding page) 

over a very small region about the operating point. In this 
region there should be as little change in the curvature as 
possible. The power tube is operated most of the time over 
the entire characteristic, and in this region there should be as 
little change in the curvature as possible. 

In the radio frequency amplifier curvature of the grid volt- 
age, plate current curve - causes detection and, when there are 
two or more signals impressed, it causes cross modulation. Both 
effects are the same. In the detector, of course, it is the curva- 
ture that is of most importance. We want as much distortion 
of the radio frequency wave form as possible, although we do 
not want any distortion in the audio wave form. In the audio 
amplifier, whether it be an intermediate stage or the final stage, 
curvature causes wave form distortion in the signal and this 
distortion appears as harmonics. 

The variable mu tube is not suitable for audio frequency 
amplification of very large voltages because it would induce 
a very high percentage harmonics. It could, however, be used 
advantageously to amplify weak signal voltages, that is, such 
voltage which would not call into play more than a very small 
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Stage Audio Amplifiers 
of Rectifier- Resistance Audio's Advance 
Bernard 

the tube, while S is the externally connected screen or suppressor 
grid (K of socket) that kills off the secondary emission and permits 
the high mu of the tube, the most sensitive output tube we 
have. Ll is the primary of an output transformer, L2 is the 
secondary to match the impedance of the voice coil L3 of the 
dynamic speaker, while the triangular figure represents the cone 
itself. 

The B supply choke coil is also the field coil of the dynamic 
speaker, although this identity is not shown on the diagram, as it 
need not necessarily exist. The field coil has a tap T, and is placed 
in the negative leg of the rectifier circuit. B minus is designated 
and is the most negative point of the circuit. The voltages toward 
ground are of the rising or positive order. 

All the B current for the set flows through the choke coil, but 
in the majority of cases this will be principally the B current to 
the pentode. Say the total is 60 milliamperes, a fair average for 
five tube midgets (including rectifier among the tubes). 

Why in the Negative Leg? 

If the d -c resistance from T to ground is 300 ohms, the bias for 
the pentode will be 18 volts 'negative, which is satisfactory. The 
recommendation usually is 16.5 volts negative bias for 250 volts 
applied, an apportionment of a total of 266.5 volts. Many midgets 
have a total of 250 volts available, so the bias may be less than 16.5 
volts, say 14 volts, leaving 236 volts for the plate. 

The d -c resistance of the field coil from T to B minus is usually 
high, a common value being 1,500 ohms, making the field coil a 
device of 1,800 ohms resistance tapped at 300 ohms. 

The question will arise, Why is the choke coil put in the nega- 
tive leg? 

One reason is that an extra resistor for biasing is dispensed with, 
another is that the filament may be directly grounded, since ground 
is positive in respect to any other point on the choke, and another 
is that some audio regeneration is introduced, so that a large bypass 
condenser across the biasing section (300 ohms) is unnecessary. 
The case becomes one similar to that found in push -pull circuits, 
for the signal current variations in the B current are in one direc- 
tion through the biasing adjunct (negative) while the signal is 
introduced also from the grid circuit (positive), hence the grid 
circuit variations tend to neutralize or cancel out the negative 
feedback otherwise existing. 

Condenser Connections 

In push -pull there is no signal current in a common biasing 
resistor for the two tubes affected, because the instanteous value 
of the current is in opposite directions, or the voltages are equal 
but opposite, so there is a symmetrical circuit. So the negative -leg 
choke permits of a symmetrical circuit to the extent of the cancella- 
tion of negative feedback by positive feedback. 

Cl and C2 are the filter condensers. C2 connects from B minus 
(cathode or case of an electrolytic condenser) to B plus (anode 
or center post of an electrolytic). Therefore the case is not 
grounded. and if a metal panel is used the condenser C2 must have 
its case insulated. For this purpose insulating washers are obtain- 

tode and 235 Vari Mu 
section of the characteristic. For example, it might be used 
between zero and 2 volts bias provided that a suitable load 
could be devised. A pure resistance of 250,000 ohms is often 
used. To use this it is necessary, as was stated previously, to 
use a very high applied plate voltage, or a comparatively very 
low screen voltage. If the applied voltage is so high in com- 
parison with the screen voltage that the effective plate volt- 
age is always about twice as high as the screen voltage, there 
is little distortion. This condition usually limits the signal volt- 
age that may be impressed on the grid. 

The variable mu screen grid tube is superior to the fixed 
mu screen grid tube both for radio and audio amplification 
because on the whole the curvature of its characteristic is less 
over any given input voltage swing. However, the fixed mu 
screen grid tube, like the 224, is better as a detector than the 
235 because of the sharper bend in the grid voltage, plate cur- 
rent curve of the 224. When the input signal is very strong 
the difference is just appreciable in favor of the 224, but when 
the signal voltage is weak the difference is of a substantial 
order. 

able with electrolytic condensers. If paper condensers are used 
the precaution need not be taken, because of the automatic insulation. 

So there are three oddities as to connections : (1), the positive 
lead, from filament of rectifier, goes to the anodes of both condensers, 
Cl and C2, without interruption by any choke; (2), the condenser 
nearer B minus must have its case insulated, although this is not 
true of Cl ; (3), the filament of the power tube is grounded directly, 
since any grid return made to any other point must be made to one 
negative in respect to ground. 

Result of Tests 
A condenser of 8 mfd. was placed across the 300 ohm section, 

with no noticeable effect, the situation being experimentally about 
the same as putting a condenser of like capacity across a push -pull 
biasing resistor. Of course there was a difference, but the ear 
could not readily detect it, and the difference was not an improve- 
ment, any more than it would be in push -pull. Hence it is plain 
that a bypass condenser is not needed, which is an outstanding prac- 
tical outcome. 

The Fig. 1 hookup was used after a negative bias detector, a 
screen grid tube with 30,000 ohms in its cathode -to- ground circuit, 
across which resistor was a condenser of 0.1 mfd. The screen volt- 
age was dropped from a, higher value through two resistors totalling 
18,000 ohms. When 8 mfd. was put across the 30,000 ohm resistor 
there was motorboating, quite pronounced, and when smaller capac- 
ities were used there was less instability. 

When motorboating is experienced there is positive feedback, so 
the circuit was one that did not require large capacities for by- 
passing at detector or power tube. Even 0.1 mfd. from screen of 
detector to ground was sufficient, as this as its companion 0.1 mfd. 
served radio frequency bypass purposes abundantly. Regeneration 
took care of the audio end, but of course not of the radio frequency. 
It is therefore unnecessary to use even as large a capacity as 0.1 
mfd., for 0.0005 mfd. will serve radio frequency purposes well 
enough. 

The circuit under discussion is one printed last week on page 5, 
designated Fig. 1A. 

A New Outlook 
Thus a new outlook is developed in respect to resistance coupling 

particularly, and audio frequency regeneration becomes the important 
factor in making the tonal response all it should be. 

Theories regarding the necessity of large bypass capacities -true 
where regeneration is not considered -do not apply, and any one 
who has measured one of the circuits for its aural response will be 
certain that the curve is excellent, and may wonder at the excellence 
in the absence of the orthodox requirements as to capacities, but 
consideration of regeneration will end the doubt. 

A tapped field coil is required for Fig. 1. However, many may 
have a single winding coil. Still the same system may be used, by 
returning the grid (Fig. 2) to the juncture of two resistors, Rl and 
R2. These should be of high value and should bear about the 
proportion of the voltages. That is, the total voltage drop in the 
choke is present also in the series pair of resistors. If the choke 
is of low resistance, say 400 ohms, and drops 24 volts, the proportion 
is 8 for R2 to 16 for Rl. or 1 -to -2. For the more usual value of 
choke, around 1,800 or 2,000 ohms, R2 may be 0.25 meg. and Rl 
may be 0.05 meg. ( 50,000 ohms) . 

Low Note Suppression 
Fig. 3 is a special circuit, with choke in the positive leg, and with 

the voltage drop in Rl, which is for biasing the pentode, being used 
also. Although with opposite polarity, for the screen of the detector. 
This circuit, while distinctly regenerative, is so at the higher audio 
frequencies, and badly cuts off the low frequencies. It is shown 
merely as an example of regeneration, and is not suitable for an audio 
amplifier for receivers. 

The leak value in the pentode stage need not be only 0.5 meg., 
because of the absence of low -note reproduction. Values from 
2 to 5 meg. were tried, and stability still was retained. This is a 
bad sign. With high values of leaks it should always be true that 
motorboating is present. Lowering the leak values, anywhere in' 
the audio circuit, will effectuate the cure, for the channel, no matter 
how many stages, should be considered and treated as a unit. The 
old idea was to analyze each stage independently, but in the new light of regeneration capitalization obviously this was wrong. 

A condenser, Cl, is necessary across the biasing resistor Rl for radio frequency purposes, and may be 0.1 mfd. As R1 is only 400 
ohms. not until the bypass condenser is of the order of tens of microfarads would it become appreciably effective on audio fre- 
quencies, and then, on account of the regeneration, it would serve 
only as a damper. 
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Here is a short wave converter, a device now immensely popu- 
lar. This one uses a 280 rectifier and an output r -f transformer. 

G 
REATER demands usually are placed upon radio than it 

is practical to meet, all conditions considered, so that 
the situation develops into one wherein promises are 

made excessive to clinch a sale, or thé demands are toned down 
to reasonable limits. In no case is this more true than with 
short waves. 

It may have been noticed that set manufacturers have turned 
to short waves, and some of them have produced good devices, 
but others have had to yank their pet products off the market. 
It is a sure bet that the general public will not buy the re- 
generative all wave receiver to -day, and one manufacturer 
found that out to his displeasure. Also, where converters are 
concerned, the B supply, as well as the A supply, should be built 
into a -c models, a fact that the manufacturers will learn. 

Dependable Reception Possible 

So great has been the publicity given to short waves, and 
so facile the manner in which the telephone company' can take 
calls to foreign points, that the occasional reception of tre- 
mendous distance is easily overemphasized by a manufacturer 
of short wave apparatus, and the occasional is made to appear 
as if it were the commonplace, Certainly dependable reception 
is possible over long distances on short waves. The telephone 
company does its work dependably and well, for it is able 
to select most favorable frequencies, as sometimes one fre- 
quency will give trouble, and another proves much more satis- 
factory. 

That should be a hint to short wave fans at home. If a 
foreign station they would like to get, or that they did tune 
in a few times previously, now is elusive, it should be remem- 
bered that the station is probably using the same frequency 
and you can not change to some more favorable frequency ante 
still get that same station. You can get some other station, 
which is on another frequency, but the one you want may not 
want you just then, so to speak. 

Why Can't Relay Be Duplicated? 

It should be remembered that the work of the telephone 
company is not a feat in a strict sense, being reduced to com- 
mon practice, and were that not so there would be no foreign 
telephone service. Not only is radio used, but land wires and 
even cables, and that is where you can't expect to compete. 

What Results to Expect -Regel 
By Rolar 

A person naturally will ask, "When a foreign program is re- 
layed by a local station it comes in clearly, so why can't I do 
as much or as well with my short wave set ?" 

The answer is that perhaps as much can be done with the 
set, if the set will do as much as the other. Think of the 
comparison in price. Also the radio frequency and audio fre- 
quency amplification incidental to the broadcast of the relayed 
program is thousands of times greater than what you have 
at your command. Your set, including tubes and speaker, may 
have cost you something under $100, but the set used in the 
other case may have cost $10,000 or more, and when engineering 
development is included, the set may come to $25,000. 

It is fair to expect as much, then, of a short wave set in a 
home ? And yet as much is often expected, and moreover, the 
expectors are encouraged in that dissolute direction by some 
manufacturers who show pictures of Chinese, Japanese, Esqui- 
maux and Amazons, leaving the impression that programs sent 
out from the countries where these reside may be brought in 
regularly on the short wave device. They may be received once 
in a while, but not often enough to justify the claim. 

The Dependable Average 
It is only just to give the manufacturer a break. He should 

not be asked to make up for the shortcomings of his cus- 
tomers or of the ether. Short wave devices should be adver- 
tised for what they are and should be bought for what they are, 
and the purchasers should be content with average reception. 
This average often means dependable reception of foreign pro- 
grams, and a very satisfying penetration of all parts of the 
United States and Canada, as well as good results from Central 
and South America, but Europe comes in less frequently than 
any of these, as a rule, and in the main only a few stations 
in Europe are regular visitors in the average short wave 
addict's home. Such stations like PCJ, Eindhoven, Holland, and 
G5SW, Chelmsford, England, are utterly dependable to many 
listeners on this side of the Atlantic Ocean. And the residents 
of the Pacific Coast and environs may expect to get a few 
Asiatic stations with regularity, but should accept what they 
do get as the best that can be done under the circumstances. 

It is too much to ask of a manufacturer that dependanble 
reception of European or Asiatic stations must be guaranteed, 
for how can he guarantee what he can not control? You 
will get your money's worth, and more, from the short wave 
devices you do buy, and there will be plenty of enjoyment 
in listening to what you do hear. 

Comparison with Broadcast Set 

"Why should I have a short wave set ?" asked one man. 
"Suppose it does cover the United States and Canada regularly, 
with an occasional peep out of some foreign country? I have 
a very sensitive and selective broadcast set, and it does 
those things." 

Well, the set he has is a very good one, it outperforms the 
average set in a manner almost beyond verbal comparison, 
and he paid a few hundred dollars for it. Now, the short 
wave device he was asked to buy would cost him, complete 
with tubes, $37.50. While he was absolutely right in stating 
that he had no reason to buy something that brings in hardly 
much more than his broadcast set, does he forget that there 
are persons in this life not so well circumstanced as he, and 
they, for perhaps one -tenth the amount he paid, can get 
the same distance results (which they crave), and probably 
considerably more. 

There are two types of receivers used for short wave recep- 
tion, not including the special television receivers, and the 
types are regenerative and superheterodyne. The regenerative 
set usually consists of a stage of tuned r -f amplification, regen- 
erative detector and two stages of audio, for speaker operation, 
or sometimes there may be three stages, particularly if resist- 
ance coupled. 

Regenerator and Super 
The performance of the two types differs. If I were to 

tell you that all problems have been solved for both I would 
be telling an untruth. The regenerative circuit is pretty well 
licked, but has some disadvantages. The superheterodyne for 
short waves is a major problem. 

Extreme sensitivity is desired, and this may best be obtained 
with the superheterodyne. But as the sensitivity rises, so does 
the noise level, and one quickly gets into that plane where 

a 
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the noise is so great it is not only bothersome but prohibitive. 
I do not mean the tube noises alone, for they are bad enough, 
but I include also the atmospheric and other troubles, including 
those from defective electrical appliances. 

In general, so far, better clarity on weak signals is obtained 
from the regenerative receiver, for regeneration is most effective 
on weak signals, while far more selectivity and better sensi- 
tivity are obtained from the superheterodyne. It is, of course, 
usually true that the super's sensitivity runs rings around 
the other's, but one has to stop soon on account of the noise. 

Very weak signals, then, are built up with less trouble and 
less extraneous sound with the regenerative system than with 
the super's. On medium or loud signals the super greatly 
outperforms the other. Therefore investigation of the shot 
effect in tubes must be completed, means found for killing 
off the noise while building up the amplification (a reasonable 
expectation in view of the abundance of noise), and the weak 
signal has to be made to come through strongly in the system 
that eventually will be the main one for short wave work. 

Advantages in Both 

This is not to say that one should not have a short wave 
super. If the words were read correctly it would be under- 
stood that one should have a short wave set, and that great 
delight will be afforded, but that each type has its own advan- 
tages and disadvantages, and each type works well. I have 
listened to supers that brought in forty to fifty foreign stations 
in a night, with good clarity, although somewhat noisier than 
regenerative sets that brought in twenty such stations in the 
same period. 

There is developing a type of listener who likes the world 
range of the short wave spectrum so much that he is willing 
to put up some real money, say around $100, and spend some 
time building a super that will enable him to tune in Rome 
when the Pope is talking, and who also likes to make vast 
trips about the surface of the earth as a short wave radio 
traveller. There is more of a kick in it for him than thr 
finest of broadcast programs from this country, although he 
should pay good attention to broadcasts as well, for consider- 
able listening ought to be done to the excellent programs 
available, and moreover, such listening is sauce to make the 
short wave fare more relishing. One does not tire of variety, 
and all short wave and no broadcast makes Jack a dull boy. 

Won't Be a Wizard Two Ways 
A receiver, if a superheterodyne, may consist of a tuned 

modulator, a separately tuned oscillator, three stages of inter- 
mediate frequency amplification, at a frequency of around 
450 kc, and two stages of resistance coupled audio, or one 
stage resistance and one stage push -pull. The modulator may 
be a 224, using grid leak and condenser, the oscillator a dynatron, 
the intermediate amplifiers 235's, the second detector a 224, 
negatively biased, the first audio stage resistance coupled feed- 
ing a 227, and the output pentodes in push -pull. 

That makes a 10 tube set (with rectifier), and it can be 
worked for the broadcast band as well, when it will not be 
such an outperformer as one might expect, for if a set is 
built primarily for short waves, it will be only fair on broad- 
casts, while if it is built primarily for broadcasts it will be 
only fair on short waves. 

The oscillator and modulator may be ganged, but if so a 
large manual trimmer is necessary, and then it is of scant 
advantage to hide the absence of really single control, for 
better results will be obtained with the two dial affair. 

Now such a set will do a great deal. It will give the aesthetic 
foreign station fan all he is asking for, and maybe more (if 
he isn't asking too much, but probably he is), and while it 
will set one back plenty, it will put one forward plenty, in 
another sense. 

Intermediate Frequency Suggested 

A man building and operating such a set will learn a great 
many facts himself, and will be able to improve the circuit 
beyond the point where the designer left off. First he builds 
it carefully, then he should work it for a few months, where- 
upon he will be in a better position to make tentative changes, 
using his own ideas, based on experience, as well as culling 
ideas from the radio press and from talks with technically 
minded friends and acquaintances. 

The question of what intermediate frequency to use often 

This converter is for battery operation. Somehow many for - 
gt that millions depend on only batteries for power. 

arises, but is always answerable by the statement that for short wave reception the frequency should be relatively high - for instance may be just below the broadcast band of frequen- cies. Suppose one used the same frequency popular in broad- cast superheterodynes, 175 kc. Suppose one was trying to tune in 30,000 kc. Then the modulator would be tuned to that and the oscillator would be tuned to 30,175 kc. The two frequencies are so close together that probably the two circuits will interlock, and then the behavior is like that -of an oscillator tuning alone, or oscillation may stop under such conditions. At any event there is an unnecessarily early limit to the high frequency response. Other factors soon enough will step in to prevent tuning in higher frequencies, but around 10 meters should be expected, particularly as with an intermediate fre- quency of 200 kc a man once -or was it twice? -tuned in a 
10 meter station. 

But it is not worth while to rely on the occasional happen- 
ing, and therefore 175 kc is out for short wave work, because 
of its frequency limiting factor, and 450 kc may be used, as just outside one end of the broadcast band, or 1,600 kc or thereabouts selected, being just outside the other extreme. But with 1,600 kc the intermediate stages should not exceed two in number, and of course in all cases the coils must be 
shielded and grounded. 

Log Stations You Hear 

One of the most important considerations is logging stations, or calibrating the set. This work usually is not done by the manufacturer, except for a statement of extreme frequencies 
for the bands covered. However it is important and takes 
time. You need only tune in the station and record its setting 
as representative of its transmitting frequency. Long listening 
is required, at first, for in the beginning you will not know 
just where you are, especially when a transmitter uses one 
of several frequencies, and you have no means of telling which 
is being used. Once you do some preliminary calibrating, how- 
ever, you will be able to make this distinction quickly. 

A list of stations, with frequencies, is necessary, or at least 
desirable, and the best list is the all- inclusive, world -wide, all - 
frequency, all- service list published by the Bureau International 
de l'Union Telegraphique, at Berne, Switzerland, and known 
as "Liste des Frequences des Stations Radioelectriques." It 
is published annually, and there are corrective supplements. 
You have to send an international money order for a trifle 
under $5 to the Bureau at Berne to get the volume and 
supplements. 

It is very difficult to keep abreast of the changes, and 
while the radio press in this country keeps you well posted 
on domestic information, the compilation of the vast inter- 
national list is such a monumental job that it can scarcely 
be done with great accuracy as a sideline. All changes can 
he registered in the main volume, including those obtained from 
the radio press. 

By the time you get this far with your short wave work 
you will consider giving up your position -if you have one -and 
devoting all your time to listening to foreign stations, logging 
them, getting their confirmations, etc., but some one in the 
family will step in to halt your brave endeavor, and you will 
simply devote much of the night to listening, instead of wasting 
good time sleeping. 
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A Set for D -C Operation 
Factors Entering Into 110V D -C Installation 

By Brunsten Brunn 
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FIG. 2 

This circuit is essentially the same as that in Fig. I, except that the grid bias is obtained from voltage drops in the 

heater circuit. This is the simpler set, but it may hum slightly. 

ich 

LAST week we described two receivers for operation on a 
direct current line, using the automotive type tubes 
throughout. There is much demand for such receivers in 

large cities where direct current power is still used. The ad- 
vent of the automotive tubes was a boon to those who live 
in d -c districts for they can be used advantageously and eco- 
nomically where the installation of a regular a -c operated re- 
ceiver would be very costly. 

It is unfortunate that the usual line voltage is only 110 volts, 
for this is hardly sufficient where a high power output is de- 
sired. While it is enough to give good room reception for quiet 
and peaceful entertainment, it is not enough for volume re- 
quired for dancing purposes, for example. 

It was suggested how the volume could be increased by put- 

LIST OF PARTS 
Coils - 
Tl, T2, T3 -Three shielded radio frequency transformers for 

460 mmfd. 
Ch -One low resistance filter choke coil. 
Condensers - 
Cl, C2, C3-One triple gang of 460 mmfd. tuning condensers. 
C4-One 250 mmfd. condenser. 
C5, C6, C8 -Three 0.01 mfd. condensers. 
C7, C10, C12, C13 -Four 2 mfd. by -pass condensers. 
C9, C14 -Two 4 mfd. by -pass condensers. 
C11 -One 0.001 mfd. condenser. 
Resistors - 
Rh -One 2,500 ohm variable resistor. 
P -One 400 ohm potentiometer. 
Ri-One 30,000 ohm resistor. 
R2-One 250,000 ohm plate resistor. 
R3-One 2 megohm grid leak. 
R4-One 100,000 ohm plate resistor. 
R5-One 1 megohm grid leak. 
R6-One 1,300 ohm resistor. 
R7 -One 6,500 ohm resistor. 
R8 -One 262 ohm heavy duty resistance, 25 watts or more. 

Other Parts - 
Five UY sockets. 
Four binding posts. 
Four grid clips. 
One dial for condensers. 
One line plug. 

ting two 238 tubes in parallel in the last stage. This is simple 
to do and does not cost very much. Another way of boosting 
the outpttt on special occasions is to boost the plate voltage 
by means o fa battery. The maximum voltage recommended 
for these tubes is 135 volts, but if it is a little higher no harm 
results and more volume will be obtained. For example, we 
might put a 45 volt, heavy duty battery in series with the line 
and thus boost the total voltage up to 155 volts. 

Connecting Booster Battery 

This booster battery, of course, should be connected so that 
it is in series only with the plate circuits and not in series with 
the heater circuit. The best place, then, for connecting it is 

in series with the filter choke Ch, on either side of the Coil. 
The lead connecting the choke to the plus side of the power 
line might be opened up and the battery inserted in the break. 
The negative of this battery should be connected to the posi- 
tive side of the line and the positive side of the battery should 
be connected to the choke. 

The booster battery increases all the steady voltage in the 
circuit, with the exception of the heater voltage. And the 
increase is proportional in respect to the plate and screen 
voltages so that no change is needed in the voltage divider. 
The grid bias voltages in Fig. i are also proportional so that 
no change is needed in the bias resistances. In Fig 2, however, 
the grid bias voltages are unchanged, since they are obtained 
from the heater circuit. It is not necessary to make any 
change in them, either, for the increase in the plate voltage is 

not great. However, in case the grid bias on any tube was 
made less than it should be for 110 volts, it is well to make 
a change when the voltage is boosted. A change necessitates 
an increase of at least 6.3 volts since that is the drop in each 
filament. Since no change is needed in Fig. 1 this circuit is 

preferable for this reason as well as for the reason already 
pointed out, namely, less hum. In Fig. 2 the detector is on 
a bias resistance so that t his bias changes automatically. 

One side of the power line is always grounded, usually the 
positive. If the negative side of the circuit were to be grounded 
also there would be a short of the line. To prevent this con- 
denser C11 is connected from the ground post to the negative 
side of the line. This makes it quite safe. It should be pointed 
out that if a condenser is connected across the line, from plus 
+o minus, no ground is needed because the ground on the 
line is as good a ground as can be obtained. This condenser 
need not be larger than 0.001 mfd. for the purpose of ground 
the circuit to radio frequency currents, but if it is made 4 

mfd. it will also serve as an additional filter condenser. 
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A Nine Tube Super 
The Elimination of Image Interference 

Burton Williams 
[The first part of the article describing a nine -tube superhetero- 

dyne appeared in the preceding issue, Oct. 10, 1931. It gave the 
layout of the parts, both on top and under the subpanel, the circuit 
diagram, and the list of parts used in the construction. The present 
instalment concludes the discussion. -EDITOR.] 

TWO radio frequency tuned stages are used in the re- 
ceiver for two reasons, first, to increase the sensitivity, 
and second, to eliminate cross talk from image inter- 

ference. 
There is but one way of eliminating image interference, and 

that is to tune sharply in the radio frequency level so as to ex- 
clude thoroughly the signal which might cause interference. 
The interfering signal is always separated from the desired 
signal by a frequency equal to twice the intermediate fre- 
quencf. Thus in this circuit which has an intermediate fre- 
quency of 175 kc, the interfering station is separated from the 
desired by 350 kc. Suppose, for example, that we wish to tune 
in a station having a frequency of 660 kc. Any station having 
a frequency of either 310 kc or 1,010 kc would cause inter- 

ference if it were operating simultaneously with the 660 kc 
station provided that the signal of either could get through to 
the first detector. 

The 310 kc signal is not likely to cause interference because 
it is not in the broadcast band and even if the signal were 
present it would be eliminated in the tuner. The 1,010 kc signal, 
however, is in the broadcast range and might cause continuous 
interference in the form of a whistle if it got to the first detec- 
tor. But a sharp tuner should have no difficulty to separate 
between 660 and 1,010 kc. Two accurately tuned resonant cir- 
cuits are usually sufficient to eliminate most cross talk of this 
type. The tuner, of course, is what does the selection, the tubes 
being used to boost the sensitivity. Unless the two tuned cir- 
cuits are always adjusted to the same frequency, the desired 
one, the two stage amplifier does not suppress the image in- 
terference. Not only should these two tuners be adjusted to 
the desired frequency but the oscillator tuner should be ac- 
curately set to a frequency 175 kc higher than this. The in- 
termediate frequency amplifier, no matter how selective it may 
be, does not help to eliminate image interference. 

Intermediate Amplifier 
In the intermediate amplifier are three shielded transformers, 

T4, T5, and T6, each of which is doubly tuned with small in- 
built trimmer condensers. The transformers are mounted in 
aluminum shield cans measuring 2.5 inches in diameter and 2 
inches high. These transformers are the three that may be seen 
in Fig. 2, which is a photograph of the bottom of the set. The 
transformers are so mounted that the adjusting condensers in- 
side are accessible from the top through holes drilled in the 
subpanel as well as in the tops of the coil shields. Thus the 
adjustment of the intermediate frequency tuner can be effected 
any time from the top without tipping the set up, and the ad- 
justment may be made with an ordinary screw driver, provided 
it is thin enough, while the set is playing. Thus it is only nec- 
essary to turn the adjusting screws until the volume is the 
loudest. 

If all the intermediate coils are mounted in the same way 
there is some coupling between them and this may give rise to 
oscillation at the intermediate frequency. To prevent this, the 
middle coil is mounted so that the line passing through the 
coils inside is at right angles to the corresponding line of the 
other coils. This makes the field of the middle coil at right 
angles to the fields of the other two coils. 

The second detector and the audio frequency amplifier are 
typical of modern circuits. The detector operates on the power 
detection principle and is followed by a resistance- capacity coup- 
ler. The grid bias resistance R4 is 30,000 ohms and it is shunted 
by a condenser C10 of 2 mfd. A condenser C4 of 0.0005 mfd. 
is connected across the liné in the plate circuit of the detector. 
C5, the stopping condenser, has a value of 0.01 mfd. and the 
grid leak R7 a value of one megohm. 

A 30 -ohm potentiometer P is connected across the filament 
of the power amplifier and the bias resistance R5 is 400 ohms, 
shunted by 4 mfd. 

The control of the volume is done in the radio frequency 
amplifier by means of a variable grid bias resistor Rm. This 
should be a value of about 3,000 ohms to give a wide range to 
the control. Both the 233 r -f amplifier tubes are on this re- 
sistance so that the control is doubly effective in reducing the 
amplification when needed. 

In case there is a strong station near the receiver it may be 
that the 3,000 ohm volume control will not cut down the ampli- 
fication sufficiently to reduce this station's signal to reasonable 

volume. In that even a 10,000 ohm variable resistance might be 
substituted. It may even be necessary in some instances to sub- 
stitute a variable resistance for R3 as an added control of the 
volume, or better, to connect the variable resistance in series 
with R3, leaving this resistance at 150 ohms. About 1,000 ohms 
should be sufficient for this extra control resistance. 

The values of the various voltage divider resistances were 
specified in the list of parts. It must be stated that these values 
are not inflexible. There are so many chances of variation in 
the voltages that the exact values cannot be given. Fortunately, 
they are not critical because the tubes will work well with both 
lower and higher screen and plate voltages than those ordinarily 
recommended. 

Voltage Divider Computation 

It has been found that under the conditions of operation of 
the second detector, the screen voltage should be 30 volts. 
This, then, should be the drop in R10, which has been specified 
at 3,500 ohms. This fixes the bleeder current at 8.67 milli- 
amperes. Either the value of R10 or the value of the bleeder 
current is quite arbitrary, but not both, since the drop in the 
resistance must be 30 volts. The bleeder current also flows 
through R9, as well as through all the other voltage divider 
resistances, and in addition the screen current of the detector 
flows through it. This current is very small and may be neg- 
lected, but for simplicity we might assume that it is 0.33 milli- 
ampere so that the total current in R9 is 9 milliamperes. Now 
if we want to apply a voltage of 75 volts to the screens of the 
various tubes, except that of the detector, the drop in R9 should 
be 75 less 30 volts, or 45 volts. The list of parts calls for 
4,000 ohms for R9, which will make the screen voltage 66 volts. 
This may be even better than 75 volts in some cases as it will 
tend to make the operation of the intermediate and radio fre- 
quency amplifiers more stable. 

R8 is to drop the voltage from 180 to 66 volts, or 114 volts. 
The current through it is the sum of all the screen currents, the 
bleeder current, and the plate current of the oscillator, approxi- 
mately 20 milliamperes. This will call for a value of 5,700 ohms 
for R8. The list of parts specifies 5,500 ohms because this is 
more easily obtainable. The change in the screen voltage is not 
enough to cause any upset of the circuit. 

There is one resistance left in the voltage divider, R11. It is 
to drop the voltage from about 275 to 180 volts, or 95 volts. The 
current through it is the current through R8 plus the plate 
currents of five screen grid tubes. Of these four take about 6 
milliamperes each and the other about one. That makes the 
total current through Rll 45 milliamperes, and the value of R11 
should be 2,100 ohms. The list of parts specifies 2,500 ohms, 
which is all right in view of the fact that the total voltage may 
be higher than 275 volts and the current through R11 may be 
slightly different. 

The computations above are based on the supposition that 
the rectifier maintains a voltage of 275 volts across C15. Line 
voltage fluctuations may change this, making it either greater 
or less. But the changes are proportional throughout so that 
the circuit remains in adjustment as far as the steady voltages 
are concerned. 

Tuning of Intermediates 

Although the intermediate frequency transformers are 
mounted under the subpanel, they are tuned from above. It 
takes four holes in the subpanel for each of these transformers. 
Two are for mounting and the other two for access to the 
trimmer condensers screws. The two mounting holes should 
be drilled with a No. 28 drill and the two other holes with a 
5/16 inch drill. The adjusting screws are not connected to 
either side of the condenser so that there is no danger of short 
circuiting anything while adjusting even if a steel screw driver 
be used. 

The tuning of the intermediates is best done by ear just as 
the tuning is ordinarily done to stations. When the circuit is 
first turned on it may be assumed that the intermediates are 
in approximate tune. If the radio frequency tuner and the 
oscillator be tuned to a strong local signal, something will un- 
doubtedly come through even without exact tuning of the in- 
termediate. Without touching the adjusting screws tune the 
station in as loud as possible with the r -f controls. Then leave 
these controls and adjust each of the six trimmer condensers 
in the intermediate for loudest signal, reducing the volume 
whenever the signal becames too strong. After all the inter- 
mediates have been tuned in this way the radio frequency tuner 
should be adjusted by adjusting the trimmer condensers both in 
the r -f amplifier and the oscillator. It is not at all necessary 
to have an auxiliary oscillator during the adjustment. 
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Fig. 958 
The circuit of a ten -tube superheterodyne in which several special features are incorporated, adapting the circuit to experimentation. Automatic volume control, dynatron oscillator, and a rectifier type detector are some of the features. 

Circuit for Experimenting 
IAM looking for a circuit of a superheterodyne with which 

I can experiment. The circuit should contain a dynatron oscillator, an automatic volume control, push -pull output, preferably 247 tubes, and a rectifier type detector. If you have 
such a diagram will ybu kindly publish it ?-A. D. F. 

In Fig. 958 is a diagram of a circuit which seems to fit your requirements. In all it contains ten tubes. The 235 in the lower left corner is the dynatron oscillator, the 227 at lower center 
is the automatic volume control tube, and the tube at lower right is the rectifier. The circuit was intended to be an all - 
wave receiver, and it is for that reason that each tuner has 
four coils. 

* * * 

Best Output Coupling 

W HAT is the best method of coupling a 247 pentode to a 
Ferrand Inductor or a magnetic speaker? The plate 
current is too heavy for direct coupling, so an indirect must be used. -W. A. G. 

There are two other methods left, choke -condenser and trans- 
former. Of the two the choke -condenser method is thé better 
if the impedance of the loudspeaker is about the same as the 
optimum load impedance of the tube. For other speakers trans- 
former coupling is better, assuming that the ratio of the trans- 
former is such as to effect correct matching. 

* * * 

Feedback in Resistance Coupled Circuit 
IF two audio frequency amplifiers to be put on the same grid 

bias resistance and no condenser is put across the resistance. 
will there be feedback which might cause oscillation if the 

amplifier is resistance coupled ? -F. W. R. 
Either oscillation or damping may result, depending on the 

phases. The question does not give sufficient details. 
* * * 

Short Wave Radio Frequency Amplification 
MANY circuits have appeared in which there is an untuned 

radio frequency amplifier. It has been my experience 
that such amplifiers do not work well below about 

80 meters. What do you say ? -E. W. H. 
Well, you are about right. On the higher frequencies an 

untuned radio frequency amplifier is not very effective because 
there is much distributed capacity across the line, acting to 
shunt out the signal. Whether the practical limit is above or 

below 80 meters depends on a variety of factors. It is easy enough in any case to try the receiver without the untuned stage to determine whether it is better with or without it. The primary of the coil in the plate circuit of the first tube can be used as antenna coil. Disconnect the lead from the plate and then connect a small variable condenser between the antenna and the top of the primary. Remember in trying this that the primary is "hot" with high voltage. 
* * * 

Elimination of Odd Harmonics 
RECENTLY I read a statement to the effect that the pentode tube was not desirable for circuits in which quality was the first consideration because of the prominence of the odd harmonics. Why would it not be all right to use push -pull and thus get rid of the harmonics ? -B. W. T. 

Push -pull does not remove the odd harmonics. It removes only the even harmonics. If it were to remove the odd har- monics it would also remove the desired portion of the signal. for this is the first harmonic, which is odd. Any tube or circuit 
in which the odd harmonics above the first are strong is unsuit- 
able for audio frequency amplification. 

* * * 

Supersensitive Short Wave Set 
WHAT type of receiver would you recommend for the 

reception of overseas short wave stations? I want some- 
thing that is fairly reliable. -W. H. J. 

A short wave superheterodyne perhaps gives the best promise 
of reliable reception of stations far away. Of course, not all supers would do the trick. We suggest a tuned modulator, 
a tuned oscillator with separate condensers, two stages of 235 
screen grid amplification with an intermediate frequency around 
450 kc, and a power detector coupled to a 247 pentode by means 
of resistance -capacity. 

* * * 

Connecting Rectifiers in Parallel 
WOULD it be safe to connect two 280 type rectifiers in 

parallel to get a higher plate current ? Are there any 
precautions to be observed in making the connections? - 

T. L. Y. 
It is quite safe. There are no special precautions to observe. 

Since the object of connecting two in parallel is to get more 
current than a single tube will give, it is necessary to provide 
a power transformer that will handle the current also. The 
requirement extends to the choke coils in the filter. 
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Fig. 959 

A six tube re- 
ceiver which is 

capable of high 
output as well as 
of high sensitiv- 
ity. It may also 
be assembled at 
moderate cost. 

F you have a six -tube receiver with a stage of r. f. ampli- 
fication, a regenerative detector, a stage of resistance 
coupled audio and a stage of push -pull, will you kindly 

publish it? Can a circuit of this type be made sensitive enough 
for the reception of stations 500 miles away ? -W. H. J. 

Fig 959 shows a circuit like this. The power tubes are 247s, 
and the rectifier is a 280. The other tubes are marked. A 
circuit like this can be made very sensitive indeed. Even with- 
out the regeneration it is sensitive enough to do what you 
expect of it. 

* * * 

Impedance Nature of Loudspeaker 
WHAT is the impedance of a loudspeaker and of the primary 

of a transformer that has a loudspeaker in the secondary? 
Is the impedance a pure resistance, an inductance, a 

capacity, or a combination of the three ? -G. J. 
The impedance of the primary of a transformer that has prac- 

tically no leakage reactance and a pure resistance load in the 
secondary is almost a pure resistance. It is slightly inductive. 
The impedance of a speaker may be inductive, capacitive, or 
resistive, depending on the frequency and a number of other 
factors. The ideal speaker has pure resistance. 

* * * 

A Howling Set 
THERE is a very strong hum or oscillation in my amplifier, 

a two stage resistance coupled circuit. I have tried every- 
thing without luck. I built the amplifier exactly as 

described, except that I used a common grid bias resistance for 
the tubes. Can you suggest a remedy ? -R. H. B. 

You might try first using separate bias resistances for the 
tubes. If you do not care to do this, you might connect a very 
large condenser across the common bias resistance. 

* * * 

Experiments with Supers 
IN the September 26th, 1931, issue, you had the circuit of a 

six -tube superheterodyne for short waves. Does this circuit 
work? I have tried it out but I cannot get anything out of it. 

If the circuit is all right, where do you suppose my trouble 
may be ? -B. W. H. 

The circuit is all right. In fact, it is a good one. Perhaps 
you made a mistake in the wiring. Where, it is not possible 
to say without checking the circuit. There is a possibility that 
you do not have the right coils. The input circuit of the modu- 
lator is tuned and the antenna is coupled directly to this circuit. 
Hence the input is efficient at all frequencies to which the circuit 
C1L1 can bip tuned. When choke or resistance input is used 
there is an upper frequency limit beyond which the circuit does 
not work well, if at all. 

* * * 

Natural Frequency of Choke and Grid Circuit 
THE first tube in my set has a 10 milliampere choke in its 

grid circuit. The self capacity of this choke is supposed 
to be 2 mmfd. The grid to cathods capacity of the tube, I 

imagine, is added to this, so that the total capacity of the coil, 
in effect, is about 7 mmfd., the tube capacity being assumed to 
be 5 mmfd. If this is right, what is the natural frequency of 
the coil and the capacity across it, and what is the highest 
frequency at which the coil is useful as such ?-T. C. R. 

The natural frequency of the circuit is 1.9 megacycles, or the 
natural wavelength is about 159 meters. The coil is not much 
good above 2,000 kc or below 150 meters. When short waves 

, are to be received this form of coupling should not be used but 
the input cauu anuuiu n uc tuncu. i ia wawa require a much r c 
smaller inductance in the grid circuit, so that the tuning will 

faWiriv 
be effected by a capacity larger than the distributed capacity. 
It is reasonable to assume that the minimum capacity of a tuned 
circuit, counting that of the tube, of the coil, and of the con- 
denser, is 25 mmfd. Suppose, then, that we wish to go down 
to 20 meters, or up to 15,000 kc. The inductance in the grid 
circuit cannot exceed 4.5 microhenries. Even when the input 
voltage is obtained from the drop in a high resistance the dis- 
tributed capacity in the tube prevents reception. Suppose the 
resistance is 250,000 ohms and the capacity is 5 mmfd. The 
impedance of this parallel combination at 15,000 kc is 2,120 ohms. 

* * * 

Coil for 500 mmfd. 
HOW many turns of No. 24 double cotton covered wire 

will be necessary to tune to 550 kc with a tuning condenser 
of 500 mmfd.? My condenser has a little less capacity 

than this but I intend to put a trimmer across it, which will just about bring the total capacity to 500 mmfd. The diameter 
of the tubing on which I want to wind the turns is 1.75 inches. - 
F. W. E. 

It will take 80 turns. 
* * * 

Extent of Coil Field 
REFERENCE is often made to the field of a coil and it is 

said that something or other is in that field. How large 
is the field of a coil and what is it ? -F. H. L. 

The field of a coil is the magnetic force around it and it 
extends to infinity in all directions. There is only a field when 
the coil carries current. If the current is steady the field is 
always in the same direction at any given point. If the current 
is alternating the field is also alternating at every point. The 
strength of the field decreases rapidly as the distance increases. 
The field may be limited in all or in any desired direction by 
means of a metal shield. If the field is steady it requires iron 
to deflect it. 

* * * 

Voltmeter Errors Again 
WHEN I put both of my voltmeters across two points in a 

circuit the two read the same voltage. When I take 
either off, the voltage reading of the other goes up. One 

meter changes the voltage about 10 per cent, while the other 
changes it just a little. Will you kindly explain this? Why 
do both meters not change the voltage by the same amount, why 
does the change occur, and why do they not read the same when 
they are connected across the same points separately ? -G. B. C. 

In the first place you have one good voltmeter and one that 
is not so good. The good one reads higher when it is connected 
alone across the two points in question. When both meters are 
across these points they read the same, for they have the same 
voltage across their terminals, but this voltage is less than the 
voltage indicated by either meter alone. The fact that the 
voltage drops when either or both meters are connected across 
the terminals indicates there is a high resistance in the circuit 
through which the current taken by the voltmeters must flow. 

* * * 

Connecting Plate and Screen Together 
WHAT happens when the plate and the screen of a 224 

or 235 are connected together ? Does the tube become a 
three -element tube or does it remain a screen grid 

tube ? -U. D. R. 
It becomes a three -element tube. The screen becomes a part 

of the plate. The 235 connected in this way makes a good 
detector. 

(Continued on next page) 
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(Continued from preceding page) 
Narrow Band Receiver 

WHEN a receiver is to cover only a very narrow band of 
frequencies, say from 5,500 to 6,500 kc, is it not possible 
to use a comparatively large tuning coil and a midget 

condenser for tuning? Is not the circuit more sensitive when 
the ratio of the inductance to the capacity is high ? Supposing 
a 25 mmfd. tuning condenser is used, how much should the 
inductance of the coil be to tune in 5,500 kc and up ? -F. W. E. 

If the band to be received is very narrow, a small variable 
condenser is the thing to use. The sensitivity is greater the 
larger the L/C ratio, as you suggest. If the narrow band to be 
received is to be spread out over the dial, it is usually necessary 
to have a fixed capacity which is always in the circuit but does 
not vary as the variable condenser is turned. Condensers 
specially made for this purpose are called band -spanning con- 
densers. If the maximum capacity of the variable midget is 
25 mmfd. and if we assume that the distributed capacity in the 
circuit is 10 mmfd., the total when the condenser is set at max- 
imum is 35 mmfd. To make this tune to to 5,500 kc we need 
an inductance of 23.9 microhenries. If the minimum capacity 
in the circuit is 10 mmfd., the highest frequency to which this 
coil will tune is 10,290 kc. Hence even a smaller condenser 
could be used. We can easily find the fixed capacity needed 
to make the 25 mmfd. condenser tune from 5,500 to 6,500 kc. 
The frequency ratio is 11/13. The capacity ratio is the square 
of this, or 121/169. This is equal to the fixed capacity divided 
by the sum of the fixed and the 25 mmfd. variable. Hence the 
value of the fixed capacity must be 63 mmfd. The variable 
condenser changes the total capacity from 63 to 88 mmfd. The 
inductance needed in this case is 9.48 microhenries. 

* * * 

Constant Howl in Set 

T HERE is a constant howl in the loudspeaker of my set. 
This builds up gradually after the power has been turned 
on. For a few minutes the music comes through quite 

clearly but then the howl starts and soon gains the upper hand. 
What is the cause and how may it be remedied ? -G.A.E. 

From the symptoms you describe it sounds as if the howl is 
due to a microphonic tube, probably the detector. If you cannot 
stop it by finding a more rugged detector tube, you have to kill 
the feedback from the speaker to the tube. The coupling be- 
tween the two may be through the chassis. That is, the coupling 
may be purely mechanical. In that case mounting the speaker 
on rubber, or the tube on rubber, or both, might stop the howl- 
ing. But the feedback may also be through the air. In that 
case you should do something to keep the sound from the 
speaker from hitting the detector tube. You may possibly stop 
it by surrounding the tube with cotton ,or something like it. If 
you use any inflammable material you have to be careful about 
fire. May be asbestos would he the best material. Putting the 
speaker a long way from the set is also a way of stopping the 
feedback. 

* * * 

Screen Grid Tubes on Testers 

ATUBE tester that I built according to a diagram in a radio 
journal tests all three element tubes all right but it will not 
test screen grid tubes. The circuits is a -c operated entirely. 

Can you suggest any reason why the tester does not work on 
screen grid tubes ? -B.W. 

Not knowing the exact circuit, we can only make a guess, 
which may or may not be the right one. In one tester circuit 
similar to the one you say you built there was no provision for 
screen voltage. The screen circuit was left open. If this is the 
case in your circuit connect a battery from the screen to the 
point in the circuit representing B minus, or from the cathode 
of the tube. The value of this battery would depend on the 
effective voltage that the plates are getting. 

* * * 

Errors in Ohmmeter 

T HERE is always an error in the ohmmeter that I construc- 
ted. I built it with a 0 -1 milliammeter, using a scale supplied 
by the meter manufacturer, an internal resistance of 1,500 

ohms, and a battery of 1.5 volts. The error is such that the 
resistance is less than zero when I short circuit the terminals 
for the unknown resistance. What can be done to correct the 
error ? -B. G. 

Since the deflection is too high when the terminals are 
shorted the 1,500 -ohm resistor is evidently not quite 1,500 ohms. 
Hence to correct the error you should connect a rheostat in 
series with the 1,500 ohm resistor and adjust its value until the 
deflection shows zero ohms when the input terminals are 
shorted. This rheostat can be used as an adjustor when the 
battery voltage runs low. The value of the rheostat to use 
depends on the amount by which the deflection is excessive. If 
the deflection is 10 per cent off the series resistance is 10 per 
cent low and the resistance of the rheostat should be 10 per 
cent of the nominal value of 1,500 ohms. That is, it should be 
150 ohms. But chances are that the error is not more than 5 

per cent, in which case the rheostat should have a resistance of 
75 ohms. 

Determining Proper Detector Bias 

MY midget receiver contains a 224 power detector. In the 
plate circuit is a 250,000 ohm resistance and the applied 
voltage is 260 volts. The screen voltage is 40 volts. What 

should the grid bias resistance be? How can the proper value 
be determined by experiment without setting up a special 
circuit ?-F.W.G. 

A bias resistance of about 50,000 ohms should be right. How- 
ever, to find the right value by experiment you might proceed 
as follows : Connect a 0-1 milliammeter in the plate circuit, 
that is, in series with the 250,000 ohm resistance. Connect a volt- 
meter across the bias resistance and also connect a grid battery 
across this resistance and the voltmeter. Vary the voltage of 
this battery in steps of one cell and take the plate current at 
each value. Plot a curve of the plate current and the grid bias. 
The proper bias is that at which the plate current is approxi- 
mately 0.1 milliampere, or that bias at which the plate current 
curve bends most rapidly. The curve will show what this bias 
is. Divide the bias by the corresponding current and the result 
is the proper grid bias resistance to use. Suppose, for example, 
that the bias is 5 volts where the curve bends most rapidly and 
that the current at this point is 0.1 milliampere. Then the proper 
grid bias resistance is 5/.0001 ohms, that is, 50,000 ohms. 

* * * 

Magnet Wire Table for 
Radio and Audio Coils 

THE table herewith is based on measurements at 68° Fahren- 
heit. Different temperatures will give slightly different 
results. In practice some slight variations are to be 

expected from the tabulated values, including particularly turns 
per linear inch, as the number of turns stated is based on 
accurate machine winding. 

Abbreviations : B & S, Brown & Sharpe, same as American 
wire gauge. There are six other gauges in use, but B & S is 
used in radio in the United States. SS is single silk, DS double 
silk, SC single cotton and DC double cotton. For direct current 
CC is used to avoid confusion with DC, that represents double 
cotton. CC stands for continuous current, which is synonymous 
with direct current. 
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142.8 
155.0 
167.7 
180.5 
194.5 

-0 a 

16.3 
18.2 
20.3 
22.6 
25.1 
27.8 
30.8 
34.2 
37.7 
41.6 
45.8 
50.5 
65.5 
60.9 
67.1 
79.2 
79.3 
86.5 
93.6 

101.0 
108.5 
116.2 
124.2 
132.2 
140.2 
148.3 

a 
« 

ÿ 
15.6 
16.1 
17.9 
19.9 
22.1 
24.4 
27.0 
29.8 
33.0 
36.2 
39.8 
43.6 
47.8 
52.0 
56.8 
61.3 
66.5 
71.9 
77.2 
82.8 
88.4 
94.3 

100.0 
105.8 
111.6 
117.2 
122.8 

x 
..° 

m 

C,) 

m 

Á 

w 

L.) 

b 
d 

t.) 

ó 
d d 
á E 
X n 

13.6 
15.1 
16.7 
18.2 
20.2 
22.2 
24.3 
26.7 
29.2 
31.6 
34.4 
37.2 
40.1 
43.1 
46.2 
49.2 
52.5 
55.8 
58.9 
62.1 
65.3 
68.4 
71.4 
74.3 
77.1 
79.8 
82.3 

W 
15.2 
17.0 
19.1 
21.5 
23.9 
26.8 
30.1 
33.7 
37.7 
42.3 
47.1 
52.9 
59.1 
66.2 
74.1 
83.3 
92.2 

103.4 
115.6 
129.3 
144.9 
162.3 
181.8 
202.4 
227.7 
252.5 
280.1 

W 

18.4 
20.5 
22.8 
25.4 
28.4 
31.6 
35.0 
39.0 
43.1 
47.8 
52.9 
58.4 
64.5 
71.4 
77.8 
85.6 
93.8 

102.7 
112.3 
122.5 
133.3 
144.1 
156.4 
167.7 
179.5 

F 
0 

W 

17.7 
19.7 
21.8 
24.2 
26.9 
29.8 
32.8 
36.4 
39.8 
43.8 
48.0 
52.9 
57.8 
64.1 
69.2 
75.3 
81.6 
88.2 
95.2 

102.4 
109.8 
117.1 
125.1 
132.2 
139.4 

List Prices of Tubes 
The following table 

various tubes : 

Tube Price 
227 @ $125 
201A @ $1.10 
245 @ $1.40 
280 @ $1.40 
230 @ $1.60 
231 @ $1.60 
226 @ $125 
237 @ $1.75 
247 @ $1.90 

223 @ $2.00 
235 @ $220 

*This tube comparable 

F E: 

x 
R Co 

14.1 
15.6 
17.4 
19.3 
21.4 
23.6 
26.1 
28.9 
31.7 
34.9 
38.1 
42.8 
45.7 
49.7 
54.0 
58.8 
63.0 
68.1 
73.2 
78.5 
84.0 
89.6 
95.2 

100.6 
106.4 
111.6 
116.6 

13.3 
14.8 
16.3 
17.9 
19.7 
21.5 
23.6 
25.9 
281 
30.6 
33.1 
35.8 
38.6 
41.4 
44.4 
47.6 
50.3 
53.5 
56.6 
59.7 
62.8 
65.9 
68.9 
71.7 
74.6 
77.1 
79.5 

gives the prevailing price lists of the 

Tube Price 
551* @ $220 

224 @ $2.00 
171A@ $1.40 
112A@ $1.50 

232 @ $2.30 
199 @ $2.50 
199 @ $2.75 
233 @ $2.75 
236 @ $2.75 
238 @ $2.75 
120 @ $3.00 

to the 235. 

Tube Price 
240 @ $3.00 

WD -11@ $3.00 
WX -12@ $3.00 

200A@ $4.00 
222 @ $4.50 
BH @ $4.50 
281 @ $5.00 
250 @ $6.00 
210 @ $7.00 
BA @ $7.50 
Kino @ $7.50 
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NINE STATIONS 

ARE AWARDED 

50,000 WATTS 
Washington. 

The Federal Radio Commission has 
granted nine of the country leading broad- 
casting stations temporary permission to 
increase their power to the maximum of 
50,000 watts. While the permission is 
temporary, it is believed that it will be 
made permanent when the Commission 
makes formal announcement of the de- 
cision. 

The decision, which is in accordance 
with General Order No. 40, as amended, 
providing that high powered stations can 
operate only on four channels in each 
zone, filled nine vacancies. The stations 
are: 

WOR, Newark, N. J. 
WCAU, Philadelphia, Pa. 
WSM, Nashville, Tenn. 
WSB, Atlanta, Ga. 
WCCO, Minneapolis, Minn. 
WHO -WOC, Des Moines, Ia. 
KOA, Denver, Colo. 
KSL, Salt Lake City, Utah. 
KPO, San Francisco, Calif. 

WOR Wins, WJZ Loses 
In most instances the Commission sus- 

tained the recommendations of Chief Ex- 
aminer Ellis A. Yost. The examiner had 
recommended that the assignment in the 
First Zone be given to WJZ, New York, 
but the Commission decided to give it to 
WOR. WJZ is an outlet of the National 
Broadcasting Company, which company 
has WEAF, New York, on 50,000 watts. 

Twenty -four applicants have been com- 
peting for the nine maximum power as- 
signments available under General Order 
No. 40. Hearings on the applicationsz 
were first held in September, 1930, before 
Chief Examiner Yost, and continued for 
one month. 

After the hearings, in his report to the 
Commission, Examiner Yost recommended 
that General Order No. 40 be amended 
to permit all qualified stations operating 
on cleared channels to increase their 
power to the maximum. 

How Ninth Vacancy Arose 
The Commission remanded the report 

and instructed the examiner to select 
the eight stations which he thought should 
receive the high power assignments, and 
subsequently in a supplemental report he 
recommended eight stations. At that time 
there were only eight vacancies, the ninth 
occurring when KNX, Los Angeles, Calif., 
surrendered its construction permit for 
a 50,000 watt station. 

NEXT WEEK 
The Two Stage 
Regenerated 
Resistance Audio 
Amplifier 

Air Teaching 
Now Reaches 

BASIS IS CITED 

50,000 Schools 
IN REGULATING 

Many different educational radio pro- 
gram and special courses of instruction 
sponsored both by commercial and educa- 
tional groups will soon begin another 
school year series, destined to play an 
important role in the 50,000 schools 
throughout the Nation now equipped with 
receiving sets, according to a statement 
by Dr. C. M. Koon, specialist in educa- 
tion by radio, made orally at the Federal 
Office of Education. 

The Ohio School of the Air will com- 
mence its fourth year this Fall with a 
well rounded out program consisting of 
current events, civil government for 
upper grades, and nature study for the 
fourth and fifth grades. Other programs, 
arranged definitely and covering specific 
subjects daily and weekly, will include 
literature, travelogs, a series in physics, 
botany, and chemistry for high schools, 
geography for grades five through eight, 
health stories, and plays. 

On the Pacific Coast, the Standard 
School Broadcast is also entering its 
fourth season, sponsored by the Standard 
Oil Company of California, with an intro- 
duction in the form of the history of 
the foundations of music. Here certain 
fundamentals in the historical develop- 
ment of music are being broadcast rather 
than a digest of dates and names. Music 
is to be presented in its development in 
the manner that language is presented in 
its growth. 

The Standard Symphony Hour concerts 
will again be played during the regular 
symphony season by the entire San Fran- 
cisco Symphony Orchestra, under guest 
conductors, Issay Dobrowen, of Russia, 
and Basil Cameron, of England, and the 
Los Angeles Philharmonic Orchestra, 
directed by Dr. Artur Rodzinski. These 
orchestras will alternate week by week. 

The American School of the Air, spon- 
sored by the Columbia Broadcasting Sys- 
tem, will open its third season this Fall. 
In 1930, the American School of the Air 
was broacast over a chain of 45 stations, 
and it is understood that many more 
stations have joined the chain since then. 
The educational program of this school 
is not yet ready for publication. 

The fourth of the Music Appreciation 
Series sponsored by the National Broad- 
casting Company and conducted by Wal- 
ter Damrosch, is already under way. It 
is estimated that millions of new listeners 
have been added to this series. 

Sundry Suggestions for Week Beginning 
October I 8th 

Sunday, Oct. 18: -N. Y. Philharmonic Symphony 
WABC -3:00 p.m. 

Monday, Oct. 19: -James Melton, Tenor 
WEAF -8:30 p.m. 

Tuesday, Oct. 20: -Don Voorhees Orchestra 
WJZ -8:00 p.m. 

Wednesday, Oct. 2I:- Singing Sam WABC 
-8:15 p.m. 

Thursday, Oct. 22:- WEAVer of Dreams 
WOR -10:00 p.m. 

Friday, Oct. 23:- Jessica Dragonette WEAF- 
8.00 p.m. 

Saturday, Oct. 24:-Little Symphony WOR- 
8.00 p.m. 

PRICE OF TIME 
Washington. 

The Sta -Shine Products Company, Inc., 
of Freeport, N. Y., has asked the Inter- state Commerce Commission to compel 
a radiao broadcasting station to rudce 
the rates it charges for the "transmis- 
sion of intelligence for hire in inter- state commerce," on the ground that such charges are unreasonable and in violation 
of the Interstate Commerce Act. 

The complaint is against the National 
Broadcasting Company and WGBB, of Freeport, together with H. H. Carman, proprietor of the station, and alleges that the defendants are engaged in the transmission of intelligence for hire in interstate commerce and therefore sub- ject to the provisions of the law to regu- late commerce. 

It was claimed that the Sta -Shine Prod- ucts Co., Inc., whic is engaged in the sale of furniture polish, has sent mes- sages via the Freeport radio station to points in Connecticut and has paid for the same, and that while the company 
still desires to continue sending messages, 
it is restrained from doing so because 
the rates are "exorbitant." 

Charges Law Violation 
The complaint said that the company 

had been charged $146.48 for 15 minutes 
to transmit the message through one station and $1,480.49 for `chain transmis- 
sion," all to the great damage of the complainant. It also said that the Na- tional Broadcasting Company had failed 
to furnish facilities. It was also asserted that the rates charged are "unlawfully 
discriminatory, because all persons are not accorded similar treatment, all to the great damage of complainant." 

It was further charged that the com- pany had violated the law by failing to 
file tariffs with the Commission and that 
it has not submitted its properties for valuation nor filed annual reports in com- 
pliance with the law. 

The Commission was urged to institute 
an investigation into the charges alleged 
in the complaint and require the defend- 
ants to cease and desist from the viola- tions of the law charged, and that reperation be awarded to the corporation 
"in such sum as may be determined upon proof adduced by complainant." 

Jurisdiction Accepted 
Henry A. Giesler, president of the Sta- 

Shine Products Company, Inc., signed the complaint. 
This is the first time that the question 

of the Interstate Commerce Commission 
regulating broadcasting station activities 
has been brought up for determination, 
it was said. The case has been formally 
docketed, assigned a number and will 
come up for hearing in the same man- 
ner as a case involving railroad practices. 
The Commerce Commission assumed juris- 
diction to proceed with the case and will 
so continue until the defendant ques- 
tions it. 

IMPORTANT NOTICE TO CANADIAN SUBSCRIBERS - RADIO WORLD will accept new 
subscriptions at the present rates of $6 a year (52 issues) ; $3 for six months; $1.50 for three 
months; (net, without premium). Present Canadian subscribers may renew at these rates beyond 
expiration dates of their current subscriptions. Orders and remittance should be mailed not later than October 24, 1931. Subscription Dept., Radio World, 145 W. 45th St., New York, N .Y. 
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A THOUGHT FOR THE WEEK 

No jug of wine, no desert palm, 
no bough; 

But tender eyes, a radio- 
and thou. 

The First and Only National Radio Weekly 
Tenth Year 

Owned and published by Hennessy Radio Pubticatloni 
Corporation, 145 West 45th Street, New York. N. Y. 
Roland Burke Hennessy, president and treasurer, 145 
West 45th Street, New York, N. Y.; M. B. Hennessy. 
vice -president, 195 West 45th Street, New York, N. Y. 
Herman Bernard. secretary, 145 Wegt 45th Street, New 
York, N. T. 

Roland Burke Hennessy, editor; Herman Bernard, 
managing editor and business manager; J. E. Anderson, 
technical editor; L. C. Tobin, advertising manager. 

$50,000 Business 

O 
NE manufacturer reported that at 
the public radio -electrical show in 
New York he took orders for $50,000 

worth of short wave merchandise, prin- 
cipally receivers and converters. He is a 
izing in short waves is proving profitable. 
Also, he has apparatus that performs 
superbly. 

This is quite a large business to do 
during what other manufacturers sadly 
realize is a depression, but which this 
manufacturer finds a period of good busi- 
ness and profit. 

The sales volume attending that week- 
long occasion attests anew to the high 
interest in short waves. Buyers nisist 
that the devices do what they are sup- 
posed to d,o, and this manufacturer's 
reputation for reliability brought him the 
business. All who are interested in radio, 
either commercially or as a hobby, or for 
both reasons, should take due heed of the 
high interest in short waves. A situation 
public and manufacturers should unite 
like this compels close attention. 

Pointed 
Opinions 
CHARLES CURTIS, vice president of 

the United States: "Never before in his- 
tory has the President of the United 
States been able to speak to such gigan- 
tic audiences as has Mr. Hoover. 
Whereas President Theodore Roose- 
velt and others traveled extensively and 
spoke frequently at public gatherings, it 
is doubtful whether they addressed as 
many persons in their lives as our pres- 
ent Chief Executive addresses in a single 
broadcast when both of the major net- 
works carry his messages to every section 
of the nation. And these speeches for 
the most part have been delivered direct- 
ly from the White House. Thus Presi- 
dent Hoover, escaping the necessity of 
long trips, has been able to devote more 
time to urgent matters of State." 

* * * 

DAVID SARNOFF, president, Radio 
Corporation of America: "Ignorance is 
the greatest asset on the balance sheet. 
What we do not know is colossal. I have 
been in' radio for twenty -five years. I 
have sent messages and received them. I 
do not know how they get from the 
sender to the receiver. I have never 
found anyone who knows." 

* * * 

RAY H. MANSON, chief engineer, 
Stromberg- Carlson Telephone Manufac- 
turing Company, President Institute of 
Radio Engineers: "The pentode output 
tube has found wide use in the 1931 -32 
receivers due to cost savings, but unfor- 
tunately the noticeable distortion, due to 
odd harmonics, rules out this type of 
tube for receivers where best audio 
quality is featured." 

Literature Wanted 
Readers desiring radio literature from 

manufacturers and jobbers concerning stand- 
ard parts and accessories, new products and 
new circuits, should send a request for pub- 
lication of their name and address. Send 
request to Literature Editor, RADIO WORLD, 
145 West 45th Street, New York, N. Y. 

Thos. R. Sterling Box 433, Somerville, Texas. 
John Carroll, 34 Varet St., Brooklyn, N. Y. 
B. J. Kline (battery operated circuits), 11 Parti- 

tion St., Haverstraw, N. Y. 
Winferd Cowan, Hydetown, Pa. 
Frank B. Smith, Automotive Service, 2440 Grant 

Ave., Ogden, Utah. 
M. J. Markey, 501 West 187th St., New fork 

City. 
William Haslett, 216 East Wishart St., Phila- 

delphia, Pa. 
A. J. Soorin, 114 West 123rd St., New York City. 
T. W. Fahy, Radio - Trician, 4159 Marmora Ave., 

Chicago, Ill. 
Daniel Lundberg, Jr., 186 Riverview St., Dedham, 

Mass. 
John W. Callar, 311 E. Colvin St., Syracuse, 

N. Y. 
Dagoberto Valdés, Lagunas 52 bajos, Habana, 

Cuba. 
W. Brim, North Baltimore, Ohio. 
Lawrence Gonzales P. O. Box 651, Ojai, Calif. 
Lyle Jepson, Kana Utah. 
M. J. Shannon, 1773 Ottawa Dr.. Toledo, Ohio. 
Denzile Shurte, 331 West Oak. Union City. Ind. 

New Corporations 
Washington Heights Radio Shop -Atty. M. J. 

Sherwin, 25 West 43rd St., New York, N. Y 
American Television and Radio Corp., Wilming- 

ton, Del., radios, television sets -American 
Guaranty and Trust Co. 

National Radio Utilities Co., Inc., Wilmington, 
Del., radio broadcasting, radio telephone, radio 
telegraph- Corporation Trust Co. 

Walthal Radio - Attys, Short, Rothbart, Wilner & 
Lewis, Chicago, Ill. 

Radio Training Schools, radio science instruction- 
Atty. T. L. White, Jr., 11 Park Place, New 
York, N. Y. 

Stapdard Sound Recording Corp. -Atty. S. V. 
Ryan, Albany, N. Y. 

Television School - Attys. Miller, Fieldman & 
Aalmer, 2 Lafayette St., New York, N. Y. 

Utica Radio Stores -Atty. S. D. Isaacson, 1441 
Broadway, New York, N. Y. 

U. S. Broadcasting Corp., operate radio station - 
Attys. Safir & Kahn, 521 5th Ave., New York, 
N. Y. 

Burton Radio Corp., Jersey City -Atty. Abner W. 
Feinberg, Jersey City, N. J. 

Lyric Radio Salon, radio business -Atty. S. J. 
Shapiro, 51 Chambers St., New York. N. Y. 

Niibor Radio Co. -Atty. M. P. Reckseit, 280 
Broadway, New York, N. Y. 

Here is a list of new members of the Short Wave Club: 
E. H. Goodman, 700 E. 19th St., Charlotte, N. C. 
Leonard Nole, 132 Beechwood Ave., New Rochelle, N. Y. 
Tofie M. Owen, P. O. Box 509, Gulfport, Miss. 
Julio C. Biaggi, Guanica, Playa 26, Guanica, Puerto Rico. 
Fred B. Henderson, Jr., 3500 Meyers St., Dallas, Texas. 
J. G. Hopkins, The General Eleyator Co., 432 Columbia St., Cumberland, 

Md. 
Fred W. Strasser, 5937 Rice St., Chicago Ill. 
Angel Fernandez, 11 Bergen St., Brooklyn, N. Y. 
Joseph Sally, 3330 Lennox Ave.. Youngstown, Ohio. 
Spencer Miles, 6069 Epworth Blvd., Detroit, Mich. 

Short -Wave 
Club 

Short -Wave Editor, Radio World, 145 West 45th Street, New York, N. Y. 

Please enroll me as l member of Radio World's Short-Wave Club. 
This does not commit me to any obligation whatever. 

Name 

Address 

City State 

I am a subscriber for Radio World. 

I am not a subscriber, but buy copies at news -stands. 

Russell H. Minton, Lipscomb, Texas. 
C. Louis Horr, 124 West 6th St., Hutchinson, Kans. 
Chas. F. Parker, 126 West 6th St., Hutchinson, Kans. 
Ralph M. Welch, 130754 West First St., Los Angeles, Calif. 
F. C. Sullivan, 120 Albion St., Somerville, Mass. 
Wm. Andrews, R. No. 2, Troy, Kans. 
Clifford Pruden, 323 W. Redwing St., Duluth, Minn. 
Raphael R. Quinones, (Radio Dealer & Service Man), 47 Rafael Cordero St., 

San Juan, Porto Rico. 
Thad DI ecker, 2, Box 181, Quinlan, Tex. 
Thos. A. Blanchard, 438 North Ninth St., Reading, Pa. 
C. T. McCoy, 436 East 5th St., Jacksonville, Fla. 
Henry Thyhsen, Jr., 4 Heckman St., Phillipsburg, N. J. 
C. R. Adams, 137 E. Rosemary St., Chapel Hill, N. C. 
R. G. Jacobson, 811 Cdok Ave., Billings, Mont. 
A. H. Rogers, 710 Sixth Ave., Crockett, Calif. 
James Atkins, 2181 Clifton Ave., St. Louis, Mo. 
R. C. Carpenter, 2411 Arctic Ave., Atlantic City, N. J. 
F. W. Fox, 1322 Burrard $t., Vancouver, B. C., Canada. 
H. W. Keith, C. E., 2538 Virginia St., Berkeley, Calif. 
Ira J. Walters, 410 Stradbrook Ave., Winnipeg, Man., Canada. 
Paul Hoeller, Paul's Radio Service, 851 E. 32nd St., Los Angeles, Calif. 
F. R. Fredell, R. F. D. No. 1, Kane, Penna. 
Floyd C. Baker, Spec. Service Man, 859 Gates Ave., Brooklyn, N. Y. 
Sanford Helt, Helt Radio School, P. 0. Box 1384, Mobile, Ala. 
John Lock, 25 Sanford St. Dover, N. J. 
William E. Dowdy, 3201 'PP. Houston St., San Antonio, Tex. 
Karl Schwarze, Balboa High School, San Francisco, Calif. 
Chas. F. Voss, 1303 -31st Ave., San Francisco Calif. 
John Szabo, 836 Hewitt Pl., New York, N. . 
George E. Morgan, 270 W. 153rd St., New York, N. Y. 
J. O. Walker, 4353 -43rd St., San Diego, Calif. 
M. Amozeen, Farmington, N. H. 
Ernest Morin, 88 Palm St., Nashua, N. H. 
S. Letkauskas, 18 Watyins Terr., Rochester, N. Y. 
Jack Robblee, 4310 North 31st St., Tacoma, Wash. 
Paul F. Gronest, 596 E. 13th N., Portland Ore. 
Lester A. Roberts, 116 Fern St., El Paso, Texas 
Clyde W. Preble, Calif. Polytechnic, San Luis Obispo, Calif. 
Clarence Ellis, 80 So. 13th St., Minneapolis, Minn. 
C. E. Kopisch, Tucumcari, N. M. 
Fred Ward, 911 Fairford St., E., Moose Jaw, Sask., Canada. 
Chas. Hart, Jr., Box 264, Port Norris, N. J. 
John Ondisko, 235 Ravine St., Mingo Jct., Ohio 
Ray Jackson, 7042 Harper Ave., Detroit, Mich. 
A. J. Lockrey, 170 B'way, Suite 601, New York, N. Y. 
Fred Kawick, 540 Sa Knox Ave., Chicago, Ill. 
William Roll, 711 West Lake St., Minneapolis, Minn. 
Smith Radio Service, 102 Waco Street, Wichita Falls, Texas 
D. Y. Williams, Woodville, Miss. 
Eugene Frederick, Box 172, Ellsworth, Penna. 
H. Chartrand, 1124 Cartier Street. Montreal. Canada 
Frank Bahamonde, P. O. Box 228, Ponce, Porto Rico 
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Station 
Sparks 

By Alice Remsen 
Children Simply Worship Uncle Don 

and 1 don't blame them. He sure has a 
way with them. He understands the 
psychology of children, and instead of 
treating them like babies, he puts them on 
a level with the grown -ups and reasons 
with them in a sensible manner. I bet 
many a mother has blessed Uncle Don for 
curing fractious children of annoying lit- 
tle habits. The power of suggestion 
works wonders and Uncle Don knows 
how to use that power in a tactful and 
charming manner. 

* * * 

Carveth Wells, the explorer, who broad - 
costs as "The Jungle Man" over WEA, , 

every Thursday afternoon at 4 :45, receives 
a letter every week from a fan in Texas 
who adorns the outside of the envelope 
with original and well- executed cartoons. 
The letters, with their clever drawings, 
are eagerly awaited, not only by Mr. 
Wells, but by the entire staff in the NBC 
mail room as well. 

* * * 

Lew Conrad is back in his old stamp- 
ing ground, Boston. He and his orches- 
tra may now be heard twice weekly, Fri- 
day and Monday, from 12 :30 to 1 :00 a.m. 
over an NBC -WEAF network, broadcast- 
ing from the Hotel Statler in that city. 

* * * 

Vincent Lopez has returned with his 
orchestra from a six -weeks tour through 
the South and West under the auspices 
of the NBC Artists Service. He covered 
nearly 5,000 miles by train and plane. 

* * * 

"Seth Parker" (Phillips H. Lord) and 
his cast of NBC actors left New York 
last week to begin a tour that will carry 
them into twenty -three states, and two 
Canadian provinces. They will be absent 
from New York City until the last of 
December and will be seen and heard 
during that time from Vancouver to 
Miami and from Pittsburgh to San 
Diego. 

* * * 
H. V. Kaltenborn, who "Edits the 

News" at WABC, has been a military 
news editor, war editor, dramatic editor, 
foreign news editor, assistant managing 
editor and European correspondent. In 
addition to his journalistic activities, at 
one time or another he has been a clerk, 
soldier, sailor, lumberjack and canvasser. 

* * * 

Allan Broms, WOR scientist extraor- 
dinary, received the surprise of his life 
last week. Broms had announced a per- 
sonally conducted museum tour and lec- 
ture on aeronautics for the Sunday fol- 
lowing his broadcasts. No less than seven 
hundred people attended and he had to 
take them in relays, dividing the crowd 
among himself and two 

* 
guest leaders. 

* * 

Now Bing Crosby has been sold to a 
commercial. The Street Singer moves up 
to the best selling spot on WABC, 7:00 
p.m. Mr. Crosby sings rings around the 
much touted crooning baritones who have 
sprung into existence recently, and we 
may expect to hear him on a commercial 
program in the near future. 

* * * 

"The Footlight Echoes" program on 
WOR, Sundays, 10:30 p.m., is using prom- 
inent stage stars for guest artists each 
week. Recently Queenie Smith sang the 

Vlu 11 CLIC VII LUIS program ana als 
very well. She is such a tiny person. A 

THE SHADOWS 
(Uncle Don, WOR, 6 p.m. Daily) 

IDO not like the dark, it's true, but oh, how hard I try to; 
I cover up my eyes from view and then my hands I spy through. 
It seems the shadows in my room just grow an' grow gigantic; 

All over my white bed they loom until they drive me frantic. 
A cold beam from the silver moon sends down a ghostly ladder. 
The crickets chirp a lonesome tune which only makes me sadder. 
I feel that I would like to fly, for danger seems to huddle 
Around my bed, and, fearful, I into the pillows cuddle. 

Oh, I'm so brave, just like a man -I scrooge my eyes up tightly, 
An' I don't scream, although I can -perhaps I whisper slightly. 
I need my mother awful bad, I wish that I could call her! 
1 wish that I could see my Dad! The shadows now grow taller! 
Then down into my bed I dig; my inside feels all hollow. 
My Adam's apple grows so big -so big I cannot swallow. 
And now I know I'm goin' to cry, although I'll try hard not to, 
I'll call to mother bye an' bye -because I've simply got to. 

-A. R. 

special low "mike" had to be hastily com- 
mandeered for her use. Her husband, 
Robert Garland, dramatic critic of the 
New York World- Telegram, gave an in- 
timate talk on musical comedy hits of the 
past, speaking as a "theatrician," (his 
own word). Mr. Garland has a subtle 
Sense of humor that manifested itself in 
several gentle quips. Very enjoyable. 

* * * 

Among the Nicest Things Heard re- 
cently over the air waves was Vaughan 
de Leath's presentation of "The Wedding 
of Micky Mouse" on her childrens pro- 
gram over WEAF, Mondays, 6:30 p.m. 
Singing Sam's rendition of "Blue Ken- 
tucky Moon" on WABC; and "The Street 
Singer's" charming way of singing "How 
Soon We Forget." 

* * * 

SIDELIGHTS 
GUY LOMBARDO is 29 years old .. . 

ENRIC MADRIGUERA makes a hobby 
of flying COLONEL LEMUEL Q. 
STOOPNAGLE is working on another in- 
vention-an anti- depression balloon to 
keep his stocks up ... H. V. KALTEN- 
BORN is a tennis enthusiast ... JACK 
MILLER hails from Boston . BURT 
MCMURTRIE first entered show busi- 
ness at the age of sixteen, in San Fran- 
cisco ... ANGELO PATRIE is an ama- 
teur landscape artist ... ABE LYMAN 
first played traps in a movie house in 
Chicago ... NAN DORLAND swims as 
well as she acts, and that's saying some- 
thing ... BOB MACGIMSEY, champion 
whistler of NBC, is also an attorney and 
a cotton planter ... WAMP CARLSON 
was named after three Swedish Kings. 
Gustave, Eric and Waldemar . JOHN 
F. ROYAL was born in Cambridge, Mass. 

ROY C. WITMER, was born in Lock- 
port, N. Y.... HELENE HANDIN and MARCELLA SHIELDS have written a book culled from their radio program. It's called "The Two Troupers." . 

TWELVE -YEAR -OLD IRMA URAN 
sings in six languages ... IRMA GLENN 
is studying astronomy. 

Biographical Brevities 
THAT LOMBARDO GANG 
Guy Lombardo was born in London. 

Ontario, 29 years ago. Weighs 158 
pounds. Although he holds a violin and 
conducts with a bow, has never played 
said violin. It cost him twelve dollars and it has one only string. He always listens 
to other people's opinions and then goes 
his own way anyhow. His ambition is to 
sleep nights instead of days. He has a radio installed in his phaeton car. Is a genial host. Hobby is speed boating. Be- lieves from observation that no two 
couples ever dance alike. Enjoys New York. Has an appreciative sense of humor. Forgets appointments and is late if he remembers one. Is always well 
dressed. 

Carmen Lombardo plays first saxo- 

phone, sings solo numbers and composes 
song hits. More proud of his backgam- 
mon playing than anything else. He is 
now writing a book on the subject. Plays 
the game until dawn and can talk about it 
and make it interesting even to the non - 
player. His hobbies, favorite sports, 
diversions, etc., may be summed up in two 
words -backgammon and backgammon. 

Leibert Lombardo is the third of the 
tribe. Twenty -five years old and crazy 
about the movies. Jean Goldkette once 
offered three trumpet players for him. 
Has invented and built his own home 
radio and television apparatus that is en- 
hanced by both color and sound; gives 
regular shows for friends. On Sunday he 
attends four different movie theatres. He 
used to sing with the orchestra until he 
needed his wind for trumpet playing. 

Victor Lombardo is the ladies man of 
the group. He is 21 but tells people he is 
older. Plays baritone saxophone. Began 
at the age of 14. Once directed a band 
known as the Lombardo, Jr., Orchestra. 
His favorite sport is swimming. Answers 
to the sobriquet of "useless." Continually 
fidgets 'with his tie. Dislikes pajamas. 
Has a favorite movie actress but can't re- 
member her name, ditto his favorite song. 
Greatly resembles his brother Guy. Parts 
his hair on the left side. Likes girls 
brunette and sensible. 

Fred Kreitzer, the pianist, is 28 years 
old. Favorite author is Dumas. Loves 
potatoes. Biggest thrill coming to New 
York. Ambition is to live in California. 
Takes long walks alone in the wee hours 
of the morning. 

Derf Higman is 23, and the tallest member of the band. His eyebrows meet. 
His hobby is going down to the Bowery 
and buying meals for derelicts. Once bet 
on horses, but not now. 

Ben Davies, bass horn player, is 26. 
Once studied to be a tool- maker. Favor- 
ite sport, tennis. Scientific text -books 
comprise his only reading. Physics is his hobby and his home resembles a labora- 
tory. 

George Gowan, drummer of the outfit, wants to be an aviator. Was star pitcher 
on his school team. Smokes incessantly. 
Favorite song is "What'll I do ?" Lives 
in Long Island. 

Jim Dillon is 28 and a swell trombone player; is also a star amateur hockey player. Reads every newspaper. Favor- ite actress, Loretta Young; favorite radio entertainer, Morton Downey. Cadman's "At Dawning" his favorite song. 
Francis Henry plays guitar and banjo. Is composer of the song hit, "Little Girl." Lives in Forest Hills. His pride is a wire- haired fox terrier, by name, "Drags." 
Larry Owen plays second saxophone and makes many of the arrangements. 

Is 28. A moustache adorns his upper lip. Is the only member of the band not from London, Ontario. He hails from Cleve- land. 
A great gang, these boys. All of them are fine musicians, have great personal- 

ities and are easy to get along with. 
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OUT NEXT WEEK! 
A Record in the Radio Publication Field 

RADIO WORLD 
will, on October 24, issue its 

500TH CONSECUTIVE NUMBER 
This is, of course, more important to the publishers than to the rest of the world, but we 
believe that the radio field in general will be interested in the continued publishing of the 
paper for 500 consecutive times in a field that has seen very many changes. 
You will make us happy if you will help us to celebrate this event by being represented in 
our 

SPECIAL 500TH NUMBER 

We don't care about the size of your copy -but we are honest in saying that we do care very 
much about having your firm represented in this issue, which will have an increased circu- 
lation because of our efforts to call the attention of the radio public to our special edition. 
Last form closes October 13, 1931. 
Our advertising rates will remain the same, as follows: 

I Inser. 
1 page $150.00 

1 2 page 75.00 
1 '3 page 50.00 
1/4 page 37.50 

1 Inser. 
1/6 page $25.00 
1/8 page 18.75 

1 inch . 5.00 

Classified advertisements, 7 cents a word; $1.00 minimum; remittance with order. 

May we hear from you by an early mail, with order and copy for such space as may suit 
your purpose? 

PUBLISHERS OF RADIO WORLD 
RADIO WORLD, 145 WEST 45th STREET, NEW YORK, N. Y. - Telephone: BRyant 9 -0558 

RADIO WORLD 
and "RADIO NEWS" 
BOTH FOR 
ONE YEAR $7.00 Canadian 

and Foreign 
$8.50 

You can obtain the two leading radio technical magazines 
that cater to experimenters, service men and students. 
the first and only national radio weekly and the leading 
monthly for one year each, at a saving of $1.50. The 
regular mail subscription rate for Radio World for one 
year. a new and fascinating copy each week for 52 weeks 
is $6.00. Send In $1.00 extra. get "Radio News" also 
for a year -a new issue each month for twelve months. 
Total, 64 issues for $7.00. 
RADIO WORLD. 145 West 45th Street. New York, N. Y. 

PHONOGRAPH PICK -UP - Made by Allen - 
Hough. $3.32. Guaranty Radio Goods Co., 143 W. 
45th St., N. Y. C. 

METALLIZED RESISTORS 
PLAIN ENDS 

1.0 meg. and 2.0 meg. 

PIGTAIL ENDS 
.02 me=. (20.000 ohms) .5 meg. (500,000 ohms) 
.05 meg. (50,000 ahms) 0.1 meg. (100,000 ohms) 

2.0 meg. and S.0 meg. 
Price, 25e each, all sizes as above. 

Mounting for plain end leaks, Lynch moulded 
product, 15c. 

DIRECT RADIO CO. 
143 West 45th St., New York, N. Y 

SYNCHRONOUS MOTOR, $4.25 
For use on 60 -cycle AC 
line. 12 - inch turntable 
included. 80 revolutions 
per minute. The speed 
te self- regulated. This 
compact synchronous mo- 
tor may be used with a 
phonograph Maim to play 
recorde Cat SYN -M @ 
$4.25. 

DIRECT RADIO CO.. 143 W 45th St.. New York. N.Y 

"A BATTERY SWITCH 
A push -pull switch 
for battery -operated 
lets. Nade by Beni - 
smis. Firm, eure 
contact. extremely 
long life. Price, 25e. 

GUARANTY RADIO GOODS CO. 
143 West 45th St.. New York. N. Y. 

1 

1 

DOLLAR SPECIALS! 
_.________ NMI MIN _ IMO EMI, __ 

1 

1 

I 
I 

RADIO WORLD, 145 West 45th Street, New York, N. Y. 

Enclosed please find $ for euburlptlon for Radle 

World for weeks. Please send me the premium 

as Indicated below: 

PB- BT -L -DC $4 for 35 weeks (8 mos. and 1 week): shipping 
weight. 1 lb. 

FR-BCD $1 for 8 weeks; .hipping weight, 1 lb. 

PR -POY -1 $1 for 8 week.; shipping weight, 1 lb. 
PR -20 -YT $1 for 8 weeks; shipping weight. 4 Ibe. 

PB -30 -151t $1 for 8 weeks; shipping weight, % lb. 

Name 

Addreee 

City State 

It renewing an existing subscription for Radio World, 

a croes in aguare. 

please Dut 

Send $1 for 8 weeks' trial subscription and get any one of the 
following premiums free: 

$ 1 

. 1 

$ 1 

Marco Vernier Dial, flat type, with scale suitable 
tiara of rotation; auxiliary scale reads finer than 
work together. Order PR -MCD. Shipping weight, 

for either direc- 
main one; both 

1 lb. 

1 mid. Polymet bypass condenser, 250 volts DC continuous duty 
rating. Lug connects to positive, case to negative. A sturdy and 
dependable product. Order PR- POY -1. Shipping weight, 1 lb. 

20 -volt transformer; primary, 110 v., 50 -60 cycles; secondary will 
serve as dynamic speaker rectifier transformer or A eliminator 
transformer, or for six heater tubes with series heaters. Order 
PR- 20 -VT. Shipping weight, 4 lbs. 

30 -ohm rheostat with switch attached. Useful in battery -operated 
receivers. One motion actuates both switch and rheostat. Elimi- 
nates one panel control. Order PR- 30 -SR. Shipping weight, Ye lb. 
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RADIO AND OTHER 
TECHNICAL BOOKS 

At a Glance 
RADIO and TELEGRAPHY 

"This Thing Called Broadcasting," by Alfred 
N. Goldsmith and Austin C. Lescarboura 3.50 

"Audio Power Amplifiers," Anderson, Bernard 1.50 

"PL.dio Frequency Measurements," by E. B 
Moullin 12.50 

"Short Waves," by Charles R. Leutz and Rob- 
ert B. Gable 3.00 

"1931 Trouble Shooter's Manual," by Rider.., 4.50 

"115 Latest Commercial Set Diagrams," by 
Rider 1.20 

"Mathematics of Radio," by Rider 
"Drake's Radio Cyclopedia," by Manly 
"The Electric Word," by Shubert 
"Elements of Radio Communication," 

Morecroft 
"Experimental Radio," by Ramsey 
"Fundamentals of Radio," by Ramsey 

2.00 

6.00 
2.50 

by 
3.00 
2.75 

3.50 

"Practical Radio," by Moyer and Wostrel 2.50 

"Practical Radio Construction and Repairing," 
by Moyer and Wostrel (new edition, new 
price) 2.50 

"Principles of Radio," by Henney 3.50 

"Principles of Radio Communication," by 
Morecroft 7.50 

"The Radio Manual," by Sterling 6.00 

"Radio Receiving for Beginners," by Snod- 
grass and Camp 1.00 

"Radio Receiving Tubes," by Moyer and 
Wostrel 2.50 

"Radio Telegraphy and Telephony," by Dun - 
7.50 

"Radio Trouble Shooting," by Haan 3.00 

"Storage Batteries," by Morse 2.00 

"Storage Batteries Simplified," by Page 2.00 

"Telegraphy Self-Taught," by Theodore A 
Edison 1.25 

"The Thermionic Vacuum Tube," by Van der 
Bifl 5.00 

can 

TELEVISION 
"A B C of Television," by Yates 3.00 

AVIATION 
"A B C of Aviation," by Maj. Page 1.00 

"Aerial Navigation and Meteorology," by 
Capt. Yancy 4.00 

"Aviation from the Ground Up," by Manly 3.50 

"Everybody's Aviation Guide," by Maj. Page 4.00 

"Modern Aircraft," by Maj. Page 5.00 

"Modern Aviation Engines," by Maj. Page 9.00 

AUTOMOBILES 
"Auto and Radio Battery Care and Repair," 

by Manly 2.00 

"Automotive Repair," by Wright 3.75 

'Dyke's Automobile and Gasoline Engine 
Encyclopedia," by A. L. Dyke 6.00 

"Dyke's Carbureter Book," by A. L. Dyke 2.00 

'Ford Model 'A' Car and 'AA' Truck " -Re- 
vised New Edition -by Maj. Page 2.50 

"Modern Gasoline Automobile," by Page 5.00 

"The Motor Cycle Handbook," by Manly 1.50 

ELECTRICAL 
"Handbook of Refrigerating Engineering," by 

W. R. Woolrich 4.00 
"Sound Pictures and Trouble Shooters' Man- 

ual," by Cameron and Rider 7.50 
"Motion Picture Projection." 4th Edition 

Introduction by S. L. Rothafel (Roxy) 6.00 
"Motion Pictures with Sound." Introduction 

by William Fox (Fox Film Corp.) 5.00 
"Absolute Measurements in Electricity and 

Magnetism," by Gray 14.50 
"Alternating Currents and AC Machinery," 

by D. C. and J. P. Jackson 6.00 
"Arithmetic of Electricity," by Sloane 1.50 
"Electrician's Handy Book," by Sloane 4.00 
"Essentials of Electricity," by Timbie 1.75 

"House Wiring," by Poppe 1.00 
"Industrial Electricity," by Timbie 3.50 
"Principles of Transmission in Telephony," 

by M. P. Weinbach 4.00 
"Rudiments of Electrical Engineering," by 

Kemp 2.00 

"Standard Electrical Dictionary," by Sloane 5.00 

BOOK DEPARTMENT 

RADIO WORLD 
145 West 45th Street 

New York, N. Y. 
(Just East of Broadwavl 

Three 0.1 mfd. in One Case 
Three Superton' 

non -inductive fixer 
condensers of 0.1 mid 
each, (250 v.) it 
steel case, provide,' 
with a 6/31 mounting 
screw. built in. Tke 
black lead is common 
to the three condens 
ern, the three red 
leads are the other 
sides of the respective 

capacities. Size, 154" square by ¶4" wide. Order 
Cat SI'P -31. list price, $1.00; net price, 57c. 

GUARANTY RADIO GOODS CO. 
143 West 45th St. New York, N. Y 

115 DIAGRAMS 
FREE! 

U5 Circuit Diagrams of Commercial Receivers and 
Power Supplies supplementing the diagrams to John F. 
Rider's "Trouble Shooter's Manual." These schematic 
diagrams of factory -made receivers. giving the menu 
torturers name and model number on each diagram, in 
elude the MOST IMPORTANT SCREEN GRID RI 
CRIVERS. 
£he 115 diagrams, each L black and white, on sheets 
3% r 11 inches, punched with three standard holes tot 
loose-leaf binding, constitute a supplement that must b' 
obtained by all possessors of "Trouble Shooter's Manual. 
to make the manual complete. We guarantee no dupltra 
Jon of the diagrams that appear In the "Manual 
Circuits include Bosch 54 D. C. screen grid; Balkitee 
Model F. Crude) 20. 21. 22 screen grid; Eveready wrier 
SO screen grid; Kris 224 A. C. screen grid; Peer)m 
Electrostatic series; Philco 78 screen grid. 

Subscribe for Radio World for 3 months at the regular 
subscription rate of 51.50. and have these diagrams de- 
livered to you FREEI 

Present subscribers may take advantage of dais 
offer. Please put a cross hers to ex0edite 
extending your expiration date. 

Radio World. 145 West 45th St., N. Y. C. 

PENTODE, Moo soo 

VARI -MU, $1.00 
List of Tubes and Prices 

247 (pentode) 91,00 120 I.00 
235 (vari-mu) 1,00 200A 1.00 
230 1.00 WD-12 1.00 
231 1.00 224 1.00 232 1.00 

227 1.00 222 2.10 
245 I.00 1.00 

171A (for AC) 1.00 210 2.95 
1I2A I.00 230 2.95 
112 (for AC) I. 1.00 
201A I.00 

00 
28228 0 1.00 

240 I.00 281 2.95 
UX199 . 1.00 UV-199 1.00 

RELIABLE RADIO CO. 
143 West 45th Street. New York, N. Y. 

RECENT NUMBERS 
for the current year are procurable at 
the rate of 15c a copy, or 7 copies for 
$1.00. RADIO WORLD, 145 West 45th 
St., N. Y. City. 

Your Choice of NINE Meters! 
To do your radio work properly you need me- 

ters. Here is your opportunity to get them at no 
extra coat. See the list of nine meters below. 
Heretofore we have offered the choice of any one 
of these meters free with an 8 -weeks subscription 
for RADIO WORLD, at $1, the regular price for 
such subscription. Now we extend this offer. 
For the first time you are permitted to obtain 
any one or more or all of these meters free, by 
sending in $1 fat 8- weeks' subscription, entitling 
you to one meter; $2 for 16 weeks, entitling you 
to two meters; $3 for 26 weeks, $6 for 52 weeks, 
entitling you to six meters. Return coupon with 
remittance, and check off desired meters in 
squares below 

RADIO WORLD, 143 West 45th Street, New York, N. Y 

(lust East of Broadway) 

Enclosed please find S for weeks 
subscription for RADIO WORLD and please send as free 
premium the meters checked off below. 

I am a subscriber. Extend my 
off if true .I 

0 -0 Voltmeter D.0 Ne. 325 
0 -50 Voltmeter D.C. Ns. 337 
9 -Volt Chards Tester D.C. No. 29 
0.10 Amperes D.0 Ni. 330 
0 -25 Wiliam D.C. No. 525 
0.50 Milliamperes D.C. Ns. 350 
0 -100 Milliamperes D.C. Ne. 390 
0-300 Milliamperes D.C. Ne. 399 
0.400 Milliamperes D.0 Ne. 594 

subsertptlon. (Cheek 

NAME 

ADDRESS 

CITI STATE 

U. S. BROADCASTING STATIONS BY FRE- 
QUENCY. -The Sept. 19th issue contained a com- 
plete and carefully corrected list of all the broad- 
casting stations in the United States. This list 
was complete as to all details, including fre- 
quency, call, owner, location, power and time 
sharers. No such list was ever published more 
completely. It occupied nine full pages. 15c a 
copy. RADIO WORLD, 145 West 45th Street, 
New York, N. Y. 

Two prfor ice 
thoe 

f 
One 

Get s FREE one -year subscription for any ONE of these magasines' 
RADIO CALL BOOR MAGAZINE AND TECHNICAL REVIEW (monthly, 12 issues) 
POPULAR MECHANICS AND SCIENCE AND INVENTION (combined) (monthly, 12 issues). 
POPULAR SCIENCE MONTHLY 
RADIO INDEX (monthly, 12 issues), stations, programs, etc. 
RADIO (monthly, 12 issues; exclusively trade magazine). 
RADIO LOG AND LORE. Monthly. Full station lists, cross indexed, etc. 
AMERICAN BOY -YOUTH'S COMPANION (monthly, 12 issues; popular magazine). 
BOYS' LIFE (monthly, 12 issues; popular magazine). 
Select any one of these magazines and get it FREE for an entire year by sending in a year's sub - 

scription for RADIO WORLD at the regular price, $6.00. Cash in now on this opportunity to get 
RADIO WORLD WEEKLY, 52 weeks at the standard price for such subscription, plus a full year's 
subscription for any ONE of the other enumerated magazines FREE! Put a cross in the square next 
to the magazine of your choice, in the above list, fill ont the coupon below, and mail 56 cheek, 
money order or stamps to RADIO WORLD, 145 West 45th Street, New York, N. Y. (Add $2.00, making 
$8.00 in all, for extra postage to Canada for both publications. 

Your Name 

Your Street Address 

City State 

If renewing an existing or expiring subscription for RADIO WORLD, please put a cross in square at beginning of this sentence. 
If renewing an existing or expiring subscription for other magazine, please put a cross in square at the beginning of this sentence. 

DOUBLE 
VALUE! 

RADIO WORLD, 145 West 45th Street, New York. (Just East of Broadway) 
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Order Cat. M -EX 

A New Volume by 

Prof. Morecroft 
An Event in Radio Literature 

PROF. JOHN H. MORECROFT, of the department of electrical engineering, Colum- 
bia University, is the outstanding writer of radio text books in the United States. Two 
of his volumes, "Principles of Radio Communication," a large volume for advanced stu- 

dents, and "Elements of Radio Communication," a smaller volume, for those not yet in the 
advanced stages of radio studies, have won him the reputation of being foremost in this 
line. 

Now Prof. Morecroft has just brought out a new book, "Experimental Radio Engineering," just the 
volume for the radio experimenter, a valuable adjunct to the actual work performed by radio enthusiasts in 

their laboratories, whether at home or in shops or factories. 
Also, the new volume marks the Professor's recognition of the great amount of experimental work and 

receiver and amplifier construction going on throughout the world. He has handled the experimental subject 
with the same deft skill and authority that marked his two previous volumes. 

It behooves every radioist to possess all three books by Prof. Morecroft, but if he can choose only one at a 
time the experimenter of course wants to start with "Experimental Radio Engineering." 

Prof. Morecroft's style is clear and definite and besides he writes with the authority of a scientist. Prob- 
lems that have vexed you will be found solved and explained in as simple a manner as is consistent with 
accuracy. 

The volume contains fifty-one experiments on the more important phenomena of radio. It is intended to 
be companion book to the author's "Principles of Radio Communication" but is in itself a text on practical 
radio measurements. Contains a vast fund of useful information for the beginner as well as for the advanced 
student of the principles of radio. 

Measurements of resistance, self- inductance, mutual inductance, capacity, radio frequency voltages and 
currents, frequency, amplification; characteristics of antennas, tubes, loud - speakers, vacuum tube voltmeters, 
rectifiers, detectors; study of selectivity, sensitivity, fidelity, filters, modulation, and many other phases of radio 

are fully discussed. 
The book has 345 pages, 250 illustrations, and is cloth- bound. 

R E @ $3.50 

"ELEMENTS OF RADIO COMMUNICATION" 
44 L LEMENTS OF RADIO COMMUNICATION," written in plain language, requiring little foundation knowledge of radio, is a com- L plete course on the elements of radio, and gives one an insight into radio phenomena in such a way as to clear them up. For 
instance, take tuning. A variable condenser commonly is connected across the secondary of a tuning coil. Just what processes take 
place to accomplish tuning? Obtaining full knowledge of the causes of resonance, and learning how to compute the resonant frequency 
of a circuit, contribute toward the enjoyment of radio construction. Resistance, impedance, reactance, inductance and capacity are ex- 
plained with fitting analogies, and the whole theoretical story of radio laid bare in such a fascinating and compelling manner as to 
make the volume of inestimable value. 

The book contains much material never before published, is up -to -date and contains 226 pages, 170 illustrations and a complete index. 
Cloth bound, 
Order Cat. M -ELEM IS sue 

(Remit with order and we pay transportation. Five -day money -back guarantee attache: to the purchase of all books.) 

"PRINCIPLES OF RADIO COMMUNICATION" 
PRINCIPLES OF RADIO COMMUNICATION," the larger and deeper volume by this outstanding authority and former presi 

dent of the Institute of Radio Engineers, covers essentially the same ground as "Elements of Radio Communication," but doe:, 
so more extensively and with a mathematical treatment that commends this book to radio engineers and college and university studente 
in radio engineering. 

"Principles of Radio Communication," which is in its second edition, contains 1,001 pages, 831 illustrations and is cloth- bound. 
Order Cat. M -PRN @ 

E Remit with order and we pay transportation. Five-day money -back guarantee attaches to the 
purchase of all gooks.] 

BOOKS BY MOYER AND WOSTREL 
ANOTHER new volume is "The Radio Handbook," by James A. Moyer and John 

F. Wostrel, both of the Massachusetts Department of Education. This hand- 
book meets the need for a complete digest of authoritative radio data, both theoreti- 
cal and practical. 

From the fundamentals of electricity, magnetism and the electron theory, right 
down to the latest commercial and industrial applications of radio, this book covers 
the field, with descriptions, definitions, design data, practical methods, tables and 
illustrations in profusion. It is a complete modern manual of practical and technical 
radio information. 

Some of the subjects covered are: modern transmitters, piezo crystal control, per- 
centage modulation, commercial and amateur short -wave receivers and transmitters, 
Kennelly- Heaviside layer effects and measurements, marine radio equipment, auto 
alarm, automobile receivers, latest tubes including photo - electric cells, television. 
sound motion pictures, etc. 

If you want a book that quickly refers you to the correct information contained 
within its covers on any subject pertaining to radio, this is the volume. It has 886 
pages, 650 illustrations. Flexible binding. 
Order Cat. MW -RH @ $5.00 

The need for an up -to -date book on radio tubes that answers all the important questions has 
been filled by Moyer and Wostrel. This book is a complete discussion of tube principles, functions 
and uses. The essential principles underlying the operation of vacuum tubes are explained in as non- 
technical a manner as is consistent with accuracy. The book covers the construction, action, reac- 
tivation testing and use of vacuum tubes as well as specifications for vacuum tubes and applications 
for distant control of industrial processes and precision measurements. 297 pages, cloth bound. Order 
Cat. MINT. @ $2.5e 

"Practical Radio," including the testing of radio receiving sets. 378 pages, 223 Illustrations. 
Cloth bound. Order Cat. MWP. ( $2.50 

"Practical Radio Construction and Repairing," 319 pages, a companion volume to the above. 
New edition, new price. Order Cat. MWC. @ $2.50 
(Remit with order and we pay transportation. Five -day money -back guarantee attaches to the purchase of all books.) 

THREE BOOKS BY ANDERSON AND BERNARD 
AUDIO POWER AMPLIFIERS 

The book begins with an elementary exposition of the historical development and circuit constitution of audio 
amplifiers and sources of powering them. From this simple start it quickly proceeds to a well -considered exposition 

of circuit laws, including Ohm's laws and Kirchhoff* laws. The determination of resistance values to produce 
required voltages is carefully expounded. All types of power amplifiers are used as examples: AC, DC, battery 

operated and composite. But the book treats of AC power amplifiers most generously due to the superior 
Importance of such power amplifiers commercially. Tube characteristic tables and curves profusely included. 

Cloth cover, 193 pages. Order Cat. APA @ $1.50 
THE SUPERHETERODYNE 

This volume by Anderson and Bernard deals with the principles and practice of the Superheterodyne method of receiving 
and is particularly Important now, because this Is a superheterodyne year. It explains the function of the oscillator. the 

modulator, the ore -modulator selector, and the intermediate frequency amplifier. It explains the eauso of repeat 
Points and gives methods for avoiding them or minimizing their effect. It Illustrates various forms of oscillators 

and tells of the advantages of each. Different types of modulators and pick -up systems are explained and their 
advantages stated. Different methods of coupling in the intermediate frequency amplifier are shown. 

Order Cat. SE 
FOOTHOLD ON RADIO 

In simple English that any one can understand. the technical aide of radio Is presented br 
Anderson and Bernard in their book. 'Foothold on Radio" Any one who can read English can un- 

derstand this book. It is intended for the sheer novice. The treatment fa non - mathematical. 
Order Cat. FOR @ 60e 

(Remit with order and we pay transportation. Five -day money -back guarantee attaches 
to the purchase of all books.) 

$7.50 
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