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Dial -Calibrated 

OSCILLATORS 
1% Accuracy. Grid Stabilization. 

WORK ON AC OR DC 

Designed by Edward M. Shiepe 

MODEL 37-S. Neon tube supplies modula- 
tion to 37 -tube oscillator. 

Scale direct reading in kilocycles. Funda- 
mental range 135-380 kc. 60 -cycle modula- 
tion on AC and neon tube modulation on DC. 
Dial also calibrated in 4th harmonic for 
broadcast band, 540-1500 kc. Complete with 
both tubes in black crackled steel cabinet 
for only $9.50 Shipping wt. 3 lbs. 

MODEL 37-D. Dual Range. Two oscillators 
in one. One range 132-380 

kc. Switch changes to 530-1500 kc. all funda- 
mental frequencies. Larger than Model 37-S. 
Neon tube modulator. Engraved bakelite 
panel on black crackled steel cabinet. Com- 
plete with two tubes and ready to operate 
for only $ 1 

4g 
Shipping Wt. 4 lbs f 

COIL BOOK 
Now book by Edward M. Shiepe, B.S., M.E.E., gives 
number of turns for any inductance on a serles of 48 
accurate charts for any single -layer coil from 95" to 
3" diameter. All Insulations covered in charts. Com- 
plete with large chart supplement relating inductance, 
capacity and frequency 

Shipping wt. 1 lb $2.00 
All Orders Filled Immediately 

or Money Refunded 

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

BATTERY -OPERATED 
Signal Generator Free! 

HERE IS THE HOT NEWS of our exclusive battery - 
operated Signal Generator, designed by Herman Ber- 
nard, and using his frequency -calibrated scale forfunda- 

mentals of 135 to 380 be. with all popular Intermediate 
frequencies inscribed right on the dial, and with calibra- 
tion, also directly on the dial, for the broadcast band. 
Thus coverage from 135 to 1,520 be is read. Higher fre- 
quencies, almost without limit, also can be measured with- 
out confusion. And the price is the world's lowest for 
such an instrument. 

NO CHARTS! 

SCALE IS 
DIRECTLY 
READ IN 
FREQUENCIES 

This laboratory - tested Ber- 
nard precision instrument. 
Model 336. uses a 34 r -f oscil- 
lator In a stabilized circuit, has 
attenuator that contributes NO 
DETUNING, and has optional 
modulated - unmoduiated service 
ay switching. The audio oscilla- 
tor is a 30. Electron coupling 
is used between a.f. and r.f. 
and also between output and 
measured circuit. Accuracy is 
1 per cent. 

Model 336 is In a crinkle -finish black shield cabinet, 9" wide. 6" high, 5" front to back, weight 744 lbs. com- 
plete. It has bar -handle control of volume and modulation. It Is Useful for lining up superheterodyne i -f channels, also 
the r -f channels of any receivers, and can be used satisfac- torily for peaking on short waves as well. Instruction sheet supplied. Order Cat. 338. wired, complete with 22.5v. 
B battery, 4.5v. A battery, and two tubes, ready to operate. 

Send $12. for a 2 -year subscription for Radio World 
(104 issues, one each week), and order Cat. 336 sent as 
a premium. Add postage to remittance or you pay ex- pressage. (Shipping weight, 8 lbs.) 

RADIO WORLD 
145 West 45th Street New York City 

"WILLCOX AUTO ELECTRICIAN'S WIRING 
MANUAL" -Complete wiring diagrams for all 
U. S. cars made in 1928-1929-1930-1931.1932. Com- 
plete data on ignition systems. generators, start- 
ing motors, batteries and lighting. Printed on 
tough, wear -resisting paper that can be washed 
with gasoline without injury to print or paper. 
Loose-leaf style in sturdy covers. Size 11 x 12". 
300 wiring diagrams. Price 910.00. RADIO 
WORLD, 145 W. 45th St., New York City. 

DUAL -BAND TUNING 
FOR broadcast eceptlon, pins coverage to higher 

than 4,000 be, thus yielding e total span of 
540 to higher than 4,000 kc. We have an 

exceptionally precise combination. consisting of 
three r -f coils, one of which la used as antenna 
coupler, and one oscillator coil, also the necessary 
four -gang condenser and the correct padding con- 
denser (Hammarlund adjustable type). The tuning 
coils for the r -f level have secondaries tapped es 
that the condenser stator may be switched from 
full Inductance to Just enough inductance to pick 
Up the broadcast band where the full inductance 
left off. The oscillator coil la appropriately tapped. also, for this purpose. A four -pole, double -throw switch would be required (not furnished). Coils aluminum shielded, 2-1/18" outside shield diameter by 2.5 inches high. The four -gang condenser it ven 

compact (5 x 2.25 r 2.75 Inch«). All material is specially made for title 
premium offer and is of highest calibre. 

Order Cat. PR-BCTU-485 for use with 465 ke intermediate, and enclose $9 for 
18 -month subscription (78 issues, one each 
week), and four -gang condenser. four coils, and 350-450 mmfd. padding con- denser, but no switch. will be sent. small transportation charges collect. Same as above, same terms, except oscillator is for 175 kc and 

UNIT 

padder is 850-1,350 mmfd. Order PR-BCTU-175. 

TUNING UNIT FOR TEST OSCILLATOR 

HERE is your very tires opportunity to get the mare 
for constructing a universal. modulated test oscillator 
to cover fundamentals from 135 to 380 be, and read 

higher intermediate frequencies and the entire broadcast 
band, by harmonics, all imprinted right on the dial. That 
is, the eactllator will be direct frequency -reading. The parts cenalet of one meal -etched scale. one metal escutheon. 
one 0.000408 tuning condenser with trimmer built In. one oscillation transformer (secondary inductance accurate to 0.1 
per cent.), and one knob for condenser. Circuit diagram 

supplied for universal model modulated teat oscillator (90-120 volts a.c., d.e. or batteries, same oscillator works on 
all three). Instruction sheet for lining up at broadcast and intermediate frequencies Included. Line up the oscillator 
with one adjustment on broadcast band, beating with some station on 1,200 to 1,900 kc. Whole dial then will track. 
Order PRE-TUTO and send $8.00 for one-year subscription for (52 issues). Sent postage prepaid. 

MICA -DIELECTRIC 
Intermediate Transformers 

For 465 kc or 175 ke i.f. we offer doubly - 
tuned transformers. with mite -dielectric 
condensers built in, all enclosed iii 4 -such 
high aluminum shield, 1 -1/18 -lisch di- 
ameter. Quantity is at left. Sent poet - 
paid. 

Slagle Transformer 

(1) PltE-MD-465... 
} 

$2.00 subscrlotien. 
(1) PBE-MD-176... 

111 

18 lures 
(2) PRE-MDD-465.. 

1 

$4.00 subscription. 
(2) PBE-MDD-175..1 34 hunes 
(3) PRE-MDDD-465 } 36.00 subscription. 
(3) PHE-MDDD-175) 53 Lauee 

The following highest -grade, licensed. brand- 
new, 10 -day -replacement -guarantee tubes are 
offered at premiums. 
One Tube for $1.00 Subscription. 8 Issues. 
01A, O1AA, IV, 12Z3, 112A. 24A, 26. 27. 
30, 81. 35, 30, 97. 38, 39. 45. 47. 51. 

56. 71A, 80. 82. 

Any two of above tubes for $2.00 Subscrip- 
tion (16 Issues), any three for 9100 Sub- 
scription (28 Issues). any six fey one-year 
Subscription (52 'met). 

Complete 
Selection 

of 
Tubes 

AIR -DIELECTRIC 
Intermediate Transformers 

For unequalled maintenance of the fre- 
quency to which the intermediate channel 
Is adjusted, air -dielectric tuning con- 
densers must be provided. These are sup- 
plied on Ieolantite forms, and are made 
by one of America's premier precision 
radio parts manufacturers. Quantity at 
left. 

(1) PRE -AD -465....1 $8.00 subscription. 
(1) PHE-AD-175....11 52 Issues 
(2) PRE -ADD -465.. ) $12.00 subscription. 
(2) PRE -ADD -175.. )) 104 issues 
(3) PRE-ADDD-485. $18.00 subscription. 
(3) PRE-ADDD-175. 158 issues 

One Tube for $1.50 Subscription. 13 Issues. 
1A6, 5Z3, 2A5, 2A8, 5A7, 2B7, 6A4. 8A7, 
6137. 6F7. 25Z5, 22, 32, 33, 34. 41. 42. 44. 
46. 49, 53, 55, 57, 58. 59, 87, 75, 77. 78. 
83, 83V, 84, (6Z4). 85. 89. 483, 485. 
Any two of the $1.50 group for 83.00 Sub- 
scription (26 issues), any four for $6.00 
Subscription (52 Issues). 

TUBES SENT POSTAGE COLLECT. 

RADIO 
Order PRE-SPTR 

WORLD, 

VITAL BOOK 
The biggest help any one 
can get who desires to wind 
radio - frequency coils for 
any frequency from just 
below the audio range to 
the fringe of ultra fre- 
quencies h to have a book 
that tells lust what in- 
ductance is required for the 
condenser one possesses, and 
juat how many turns of any 
kind of wire on any sensible 
diameter are needed to pro- 
duce that inductance. The 
Inductance Authority." by 
Edward M. Shiepe, gives 
you just that information, 
to an accuracy of 0.1 per 
cent. Send $4.00 for as 
eight - months subscription 
(39 issues) and order PHE- 
IA sent postpaid. 

POWER TRANSFORMER 
Primary -105-130 volts. 
Secondary A-2.5 volts. eta - 

ter -tapped. 
Secondary B-110 routs, no 

center tap. 
Splendid for powering a -e 

test oscillator or any other 
rectifier for not more than 
three email tubes. 

and send $1.50 for three-month subscription 

Small Power Transformer 

RED 
25 CT 

3 

(13 weeks) 

145 WEST 45th STREET, NEW 

. 

110t! Set 
Soo, - 

postpaid. 

YORK, N. Y. 

SOME EXCELLENT RADIO BOOKS 
"This Thing Called Broadcasting" by Alfred 

N. Goldsmith and Austin C. Lescarboura.=3.50 
"Audio Power Amplifiers," Anderson, Bernard 1.50 
"Radio Frequency Measurements," by E. B 

Moulin 12.50 
"Short Waves," by Charles R. Leutz and 

Robert B. Gable 3.00 
"Perpetual Trouble Shooter's Manual," No. 1, 

by Rider 7.50 
RADIO WORLD, 145 West 

"Perpetual Trouble Shooter's Manual," No, 
2, by Rider $6,50 

"115 Latest Commercial Set Diagrams," by 
Rider 1.00 

"Drake's Radio Cyclopedia," by Manly 6.00 

"Elements of Radio Communication!' by 
Morecroft 6.00 

45th Street, New York. N. Y. 
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Short -Wave Measurements 
Broadcast -Band Generator Used With 
Combination S -W Receiver and Sender 

By Herman Bernard 
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A broadcast -band generator, at left, and a short-wave "geneceiver," at center. A simple rectifier is shown. 

The combination is used for coil winding for short waves, also calibrating. 

NUMEROUS experimenters get lost in 
the forest of frequencies in the short- 

wave region. A method used by the author 
in connection with suitable matching of coils 
and condensers for short waves for receiver 
and generator use will be described. 

The set-up consists of a broadcast -band 
generator, a short-wave geneceiver (com- 
bination generator and receiver), and a recti- 
fier. 

By using a frequency -calibrated dial, com- 
mercially obtainable (No. 333-A), and a coil 
of 250 microhenries, also a commercial prod- 
uct, tapped at 35 microhenries, the broadcast - 
band device can be direct -reading, which sim- 
plifies matters a great deal. If this small in- 
vestment is not desired, then one may set 
up any coil -condenser system for covering 
the broadcast band, and get numerous points 
on a 0-100 dial, and draw a curve on cross- 
section paper, relating frequencies and dial 
settings. Then the curve would be consulted 
every time a reading of the dial is taken. 

The short-wave system may consist of 

whatever condenser is to be used, and what- 

ever coils are to go with it. These coils 
may be of the plug-in type. Or it may be 
desired to make one's own switch type coils. 
Usually for short waves alone, with 0.00014 
mfd., there would be four coils, or for 0.0001 
mfd. there would be five coils. 

The two generators will not couple of 
themselves. This has been tested experi- 
mentally. The broadcast coil may have a few 
turns of wire over its secondary, to be used 
for the capacity effect, and thus an output 
condenser in reality is created. One terminal 
of this extra winding is left free, the other 
is connected to the work circuit. In general 
the first connection will be to a broadcast 
receiver, either to calibrate the broadcast - 
band generator, or to coincide the scale with 
the generation. 

Alignment 
For aligning the broadcast -band generator 

with direct -reading dial, start at the high 
frequency end and tune in on a receiver the 
highest -frequency station out of which you 

can get a peep. Verify the frequency of this 
station. With 0.02 mfd. in the series cir- 
cuit, as diagramed, adjust the 25 mmfd. trim- 
mer until at the generator setting equal to the 
station frequency you get zero beat. Then 
turn the generator toward maximum capacity 
and beat with a station at 560 to 610 kc. 
If the frequency reads too high, decrease the 
0.02 mfd. capacity, if too low, increase it, 

For checking low -frequency values, if one 
has numerous higher -frequency stations to 
select from, 1,100 kc up, when such stations 
are heard, note them for the high frequency, 
then turn the generator dial to greater capac- 
ity and the next squeal will reveal a genera- 
tion of half the frequency of the station's 
wave, in other words, the second harmonic 
of the generator is beating with the station. 
This method helps if you are to run your 
own calibration. In the pre -calibrated scale 
only the two ends need be tied down. The 
rest takes care of itself. 

If Cx, the series padder, needs adjustment, 
make that change but then go back to the 

(Continued on next page). 
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(Continued from preceding page) 
high -frequency test point, which may have 
been 1,250 to 1,500 kc, and readjust the 
parallel 25 mmfd. condenser. 

The short-wave generator, now under dis- 
cussion, has a combination input and output 
circuit for radio frequencies, also an ear- 
phone position. No phone outlet for the 
broadcast band was provided, because a re- 
ceiver is to be used, and if there is any 
choice, it should be a tuned -radio -frequency 
receiver, as with this type there is virtual 
assurance of only one response for one fre- 
quency, and no confusion due to local oscil- 
lator and its harmonics. 

The tubes in both instances are 58's used 
as triodes. The calibrated dial was scaled 
on the basis of triode use. Moreover, the 
conductance is higher for the triode hookup, 
and this is of value in a generator, especially 
in view of the use of a limiting resistor. 

Stability of Frequency 
Of course, the short-wave section may be 

used as a one -tube receiver, when the throttle 
condenser is adjusted. But the throttle con- 
denser is kept at maximum capacity for all 
generator purposes. A possible exception is 
for the highest -frequency band, when a phase 
shift may set in, and just the opposite hold. 
so for this band, note just what the position 
of this condenser should be for used genera- 
tion all over the dial, and accurately dupli- 
cate this position each time the generator is 
worked as such. If this is not done, the 
calibration of the short-wave device for this 
band would become rather meaningless. 

Both of the generators are very stable. 
The large limiting resistors in the plate - 

return legs account considerably for this 
stability, since the re>istance is practically 
constant during any period of operation. 
Since the requirement for frequency stability 
is that the total circuit operate as a pure 
resistance, when the far greater part of the 
resistance is a limiting resistor the con- 
stancy is high. Of course the amplitude is 
less, and in some rare instances there may 
be failure of oscillation at the highest -fre- 
quency band, or part of that band, in the 
short-wave adjunct, so in that instance re- 
duce the limiting resistor until its value is 
consistent with oscillation at all settings. 

Often the short-wave coils are of the 
two -winding type, but the absence of a pick- 
up winding can be compensated for by in- 
serting a few turns of wire inside the coil 
form and bringing them out to the posts. 

Operation Directions 
As for the operation of the device, since 

the broadcast -band generator is calibrated in 
frequencies, the frequencies resulting from 
working the short-wave set may be meas- 
ured. However, we would rely on that 
measurement principally for terminal fre- 
quencies, that is, highest and lowest in any 
band, and for the actual tuning curve of 
the short-wave system, all bands, would pre- 
fer to use station frequencies in conjunction 
with the broadcast generator. In that way 
all our measurements are on the basis of a 
crystal -controlled circuit as primary stand- 
ard, that is, the station carrier. The method 
is called "beating up" in respect to frequen- 
cies, or "beating down" in respect to wave- 
lengths. 

Therefore the first problem is to determine 

the terminal frequencies. Set both generators 
going, couple one to the other, by means of 
a wire from "Broadcast Output" to the high 
side of "Short -Wave A -F Input or Output." 
If a multiplicity of responses is heard in the 
short-wave audio output, phones inserted of 
course, then the coupling is too strong, so 
instead of just a wire joining the two posts, 
cut the wire and wrap several turns of both 
together without conductive coupling. This 
provides a small condenser effect. 

Measuring Frequencies 
Taking the lowest -frequency coil, turn to 

maximum condenser capacity in the short- 
wave system, start tuning the generator from 
highest frequency toward lower frequencies 
until the first response is heard in the phones, 
and note the frequency. Then slowly turn 
the broadcast generator knob until the next 
response is heard in the phones, short-wave 
end unmolested. Note the frequency of the 
second scream. Strike the difference between 
the two frequencies read. Divide this dif- 
ference frequency into either read frequency, 
and the unknown is this factor multiplied by 
the other frequency read. E.g., if the two 
frequencies reád are 1,200 and 800 kc, the 
difference is 400 kc, and the unknown is 
(800/400) 1,200, or 2x1, 200=2,400 kc. 

Then turn the short-wave knob to the 
smallest condenser capacity, highest fre- 
quency, and go through the same process. 
For a 0.00014 mfd. condenser the highest 
frequency should be about 2.4 as great as 
the lowest frequency. Whatever the fre- 
quencies determined, divide the highest by 
the lowest to get the frequency ratio; use 

(Continued on page 21) 
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Straight -Frequency Line 
Obtained by Using a Parallel Padding Condenser 

HERE are so-called straight-line fre- 
1 quency condensers on the market, but 

not sufficiently close to a straight line to 
be useful for precision measurements. 
That is, the curve tends to bend a little, 
always near the minimum capacity end, 
sometimes also at the other extreme. Be- 
sides, the straightness of the line is more 
or less related to the circuit used, or, to 
put it differently, the same shape of tun- 
ing curve does not apply to all circuits. 

Some may find a straight line valuable. 
For instance, if the line is truly straight, 
and the frequency ratio of the tuning is 
known, then when the frequency of one 
position is known the positions for other 
frequencies within the ratio are known. 
The dial position for the particular fre- 
quency should be ascertained either on 
the basis of degrees of a circle or other 
even gradations. Another advantage is 
that a true vernier system may be intro- 
duced, for the dissection of difference into 
much smaller differences becomes a linear 
matter. Only on the basis of such fre- 
quency linearity can the dissection on the 
true -vernier basis be applied to frequency. 

Tuning Ratio Decreases 
The frequency should decrease propor- 

tionately to the increase in the square 
root of the capacity, for straight frequen- 
cy line to apply. Therefore, using a 
straight capacity line condenser, it is only 
necessary to put across it a sufficiently 
large but critical fixed condenser to intro- 
duce this rate of capacity change in re- 
spect to angular displacement of the dial, 
or change of frequency, when a coil is 
considered also. The coil may have any 
value, as only the magnitude of the fre- 
quency is affected thereby. 

With the inclusion of the necessarily 
large parallel fixed capacity, the ratio of 
tuning .is reduced. Normally a ratio of 
around 3 to 1 or somewhat larger obtains, 
with the commercial capacities now popu- 
lar, say, 350 to 404 mmfd. or so. 

The tuning ratio will shrink to around 
1.5 to 1, and may even go lower than 
that. However, one resultant benefit is 
that if a generator or receiver is to be 
built there will be total bandspread, al- 
though the number of coils required to 
cover bands will be increased. 

Making a Start 
Using the General Instrument 404 mmfd. 

condenser, approximately midline, a mod- 
el popular in signal generators, the par- 
allel capacity was applied in the signal 
generator using the 335 scale, and the 
result was approximately straight frequen- 
cy line (the preferable term), although the 
spreadout was greater at the lower than 
at the middle frequencies, and tended to 
become slightly larger at the high -fre- 
quency end than around the middle of the 
dial scale. However, the parallel condenser 
was only 100 mmfd. 

No particular parallel capacity can be 
stated just now, but for the condenser 
under consideration it would have to be 
more than 500 mmfd. for a certainty. The 
concern at present is to reveal the method 
of introducing this parallel capacity so 
that the straight line does result, even 
without one knowing actually what the 
parallel capacity should be or is, or what 
the frequencies are. Also, the method 
is applicable to several other makes of 
condensers, as the tuning curves do not 
differ so much. 

By Harvey Sampson 
The requirements are a generator of 

frequencies and a receiver that may be 
tuned to frequencies much higher than 
the highest that the generator produces. 
The highest receiver frequency should be 
at least five times, and preferably around 
ten times, as high as the highest generator 
frequency. Then set the generator going 
at its lowest frequency, couple it to the 
receiver, and tune the receiver to some 
frequency near its high -frequency ex- 
treme. It is the receiver that has the 
condenser we shall pad. If the broadcast 
band is used, then tune the receiver to 
around 1,500 kc, and have a generator that 
produces around 50 kc. It is not neces- 
sary to know the generator frequency or 
the receiver frequency, but it is well to 
be sure that the receiver is tuned to a 
much higher frequency. 

Now, if the receiver consists of an os- 
cillator, with earphone output, there will 
be beats between the two devices, due to 
the harmonics of the fixed low frequency 
mixing with the fundamentals of the vari- 
ably -tuned receiver -oscillator. The only 
circuit difference between the two may be 
that earphones are in the higher -frequency 
device. 

Inequality Shows Up 
Now, the low -frequency generator is left 

at one frequency position, but the re- 
ceiver -oscillator is tuned to lower and 
lower frequencies, and a 0-180 or 0-100 
dial is used. Assume that some harmonic 
of the low -frequency generator produces 
a response at 5 on the receiver -oscillator 
dial, another response at 10, another at 
18, another at 30, 48, another at 70 and 
the last at 100. Since the low -frequency 
generator is unmolested, different har- 
monic orders of the same fundamental 
frequency cause responses in the receiver, 
hence these harmonics are separated by 
equal orders of fundamental, or there are 
equal frequency differences, that is, the 
receiver -oscillator numerical readings are 
for equally -spaced frequencies. The spac- 
ing or difference is equal to the funda- 
mental of the generator. If the funda- 
mental of the generator is 50 kc then the 
responses in the receiver are 50 kc apart. 

Numerical Differences 
It will be noted the numerical differ- 

ences in arbitrary units were 5, 8, 12, 18, 
22 and 30.. The frequencies are crowded 
at the high frequency portion of the re- 
ceiver, but become progressively more and 
more spaced as the frequency is lowered. 
Since the crowding is too great at the 
high -frequency end, more parallel capacity 
will spread out the frequencies in respect 
to their dial position. 

Now say that the readings are 1, 17, 37, 
62, 90. The differences are 16, 20, 25, 27. 
We are much closer. But as the differ- 
ences are still smaller near the high -fre- 
quency end, a little more fixed capacity is 
to be added across the tuned circuit, until 
the dial differences are the same, e.g., 10, 
50, 90. Since the frequency ratio will be 
contracting, fewer reponses will result. 
This is additionally true because the re- 
ceiver frequency is being lowered through- 
out by the extra fixed capacity across the 
tuned circuit. 

Compensation 
Since the fundamental range of the 

receiver has been lowered, if one desires 

to use the same generator as standard, 
he may put a smaller coil in the receiver, 
to get more responses, for better check- 
up, as only four points would be insuffi- 
cient. The spacing of the points should 
be even, but the responses in the oscil- 
lating receiver should be around 15. To 
the same purpose a fixed condenser may 
be put across the generator to lower its 
frequency, particularly since we do not 
have to know the frequencies either of 
the generator or receiver. All we are 
interested in for the while is the equality 
of spacing for responses. 

Receiver Frequencies 
After the number of responses has been 

made sufficient, and the low -frequency end 
and middle of the dial all subscribe to the 
requirements, it may be found that there 
is lack of linearity near the high -frequen- 
cy end of the dial. If the spacing there 
is too great, still more capacity is needed 
in parallel, and if the spacing is too small, 
less parallel capacity. However, if the 
low -frequency end and middle are upset, 
as they may be, then return to the status 
quo, follow through to the highest re- 
ceiver frequency consistent with equal 
spacing, note the numerical setting, and 
resolve to end the calibration there. In 
this way only a small percentage of the 
possible frequency coverage is omitted, 
anyway. 

Now it is necessary to measure the 
receiver frequencies, which may be done 
by using the standard generator, which 
is calibrated of course, making the meas- 
urement by use of fundamentals directly, 
or fundamentals by their harmonic re- 
sponses in the receiver. The harmonic 
technique was summarized for practically 
all accurate methods in the October 5th 
issue. 

Using Harmonics 
Using a fundamental of the standard 

generator, measure one receiver frequen- 
cy. It is possible to complete the curve 
from this sole datum, but if cross-section 
paper is used, the decimal or half -decimal 
separations do not readily result, so turn to a known low frequency of the gen- erator and the responses in the receiver 
will be in steps of the fundamental. 

Trouble -Shooting Gadget 
Designed by Two Authors 
An ingenious gadget to assist service- 

men in trouble -shooting has just been de- 
signed by A. A. Ghirardi and B. M. Freed, 
authors of a forthcoming publication on 
"Modern Radio Servicing." This gadget 
is now on the market. 

According to the symptom detected by 
the serviceman, the gadget lists according 
to source 275 possible troubles in the re- 
ceiver. Six general types of symptom 
are shown : Hum, weak, noisy, inoperative 
(no signals), intermittent reception, fad- 
ing, oscillation and distortion. The trouble 
sources are classified according to 
whether their location is in the power 
unit, receiver circuits proper, tubes, re- 
producer, antenna ground, A battery (if 
used), B battery (if used) and general. 

The gadget is being sold by Radio & Technical Publishing Co., 45 Astor Place, 
New York, at 25 cents. 
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An 8 -Tube T -R -F Receiver 
Proponents of this Type Circuit May Well 

Follow this Model 
By Herman Bernard 

L 

For those who prefer the tuned -radio -frequency type of receiver here is an eight -tube model for the broadcast 
band only. 

THE tuned -radio -frequency receiver 
has its followers, although in com- 

mercial sets the superheterodyne is prac- 
tically the exclusive choice, except for 
midget sets not worthy of much attention. 

The advantages of the t -r -f set are 
that it is quiet in operation, is not over - 
selective and therefore affords an r -f 
channel free of injurious effects on tone, 
and is very easily balanced. For the ex- 
perimenter engaged on measurements us- 
ing either broadcast, or lower frequencies 
by harmonics, the added advantage of ab- 
sence of repeat responses due to oscilla- 
tor presence in the set and strong receiv- 
er harmonics is important. 

Broadcast Circuit 
As shown the circuit is intended only to 

cover the broadcast band. It is practical 
to go to higher frequencies by switching, 
but the method is simple, and any desir- 
ing to use switching may do so. Coil data 
for all frequencies will be found in the 
table on page 6, under "Radio -frequency 
Coil," of the square -root -of -10 group. 
After the first intermediate short-wave 
band there may be trouble due to oscilla- 
tion, even when shielded coils are used. 
The primaries at all hazards for the bands 
above the intermediate short-wave group 
would consist for this set of only two or 
three turns, at the most, and for the 
smallest coil, even less, although it is ad- 
mittedly troublesome to handle the situa- 
tion for any high frequencies. 

Uses Four -Gang Condenser 

The coil system for the broadcast band 
consists of four commercial shielded units, 
with shields grounded, primaries alike, 
and wound over secondaries. If higher 
frequencies are to be covered, primaries 
for such purposes would not be wound 
over the secondaries but beside them. 
Any who wind their own broadcast coils 
may either follow the data in the speci- 
fied coil table, with primaries adjoining 
secondaries, if preferred. This does not 
make much difference for the broadcast 
band, except that the coupling is some- 
what looser when the primary is not over 
the secondary. 

There are three stages of tuned -radio - 
frequency amplification and a tuned input 
to the detector. This requires a four - 
gang condenser, and it is possible with 
the commercial model used to cover from 

a bit below 540 kc to above 1,700 kc; in 
fact, response near 2,000 kc was gained. 
This requires that the trimmers be re- 
moved from the condenser, and the set so 
wired that equal capacity is thus intro - 

LIST OF PARTS 
Coils 

Three shielded radio -frequency trans- 
formers, for nominal 350 mmfd. tuning. 

One high -impedance center -tapped audio 
choke, or a regulation push-pull input 
transformer. 

One power transformer : primary, 115 
volts; secondaries, 2.5 -volt, center - 
tapped, 10 amperes ; 5 -volt, center - 
tapped, 2 amperes ; 350 -0 -350 -volt a.c. 

One dynamic speaker, with output trans- 
former for 2A3's; field coil tapped at 
600 ohms, with total field resistance not 
exceeding 1,500 ohms. 

Condensers 
One four -gang tuning condenser, with 

trimmers built in. 
Two 8 mfd. electrolytic condensers. 
Six 1.0-mfd. paper bypass condensers. 
Six 0.05-mfd. paper bypass condensers. 
One 20-mmfd. mica fixed condenser. 

Resistors 
Three 300 -ohm pigtail resistors. 
One 1,000 -ohm pigtail resistor. 
One 1,700 -ohm, 5 -watt resistor. 
One 20,000 -ohm potentiometer with a -c. 
Three 60,000 -ohm pigtail resistors. 
One 0.2-meg. pigtail resistor. 
One 0.5-meg. pigtail resistor. 
Three 2.0-meg. pigtail resistors. 

Other Requirements 
One chassis (commercially obtainable). 
One frequency -calibrated airplane dial 

(commercially obtainable). 
Four grid clips. 
One a -c switch. 
Three knobs (one for dial, one for poten- 

tiometer, one for a -c switch). 
Five tube shields (for all save push-pull 

pair and rectifier). 
Antenna -ground binding post. 
One UY socket for speaker plug. 
Two 3.3 -volt pilot lamps. 
Eight tubes as follows: three 58's, one 57, 

one 56, two 2A3's, one 5Z3. 
One a -c cable and plug. 

duced or maintained. However, to reach 
1,700 kc the trimmers may be left on the 
condensers. 

The r -f tubes are 58's and the detector 
is a 57. It is excellent practice to get the 
57 bias from the preceding r -f tube, for 
then a low value of biasing resistor serves 
the detector circuit, and the obstructive 
effect, or degeneration of audio frequen- 
cies, is circumvented largely, and the 1.0- 
mfd. bypass condenser certainly removes 
the degenerative effects at radio frequen- 
cies. 

Better Sensitivity and Tone 
The detector circuit is somewhat special 

therefore, having been worked out by the 
author for a receiver published more than 
a year ago, when it was a novelty indeed 
to show a negative bias of around 3.5 
volts on the 57. The tube data sheets and 
specification charts all showed bias for 
detection adjusted on the basis of 0.1 mil- 
liampere plate current, but then the bias 
was close to 5 volts through the large 
recommended resistor. The two objections 
found to this by the author were that the 
high bias was not nearly the most sensi- 
tive nor best -toned operating point, and 
naturally would not be, at so near cutoff 
of plate current, and that a very large 
condenser was required across the enorm- 
ous biasing resistor, some 50,000 ohms, 
serving only that tube. 

No Plate -Leg Chokes 
Later the official specifications for op- 

eration of the 57 as detector were 
changed in the direction of lowered bias, 
and so a detector circuit once rather a 
novelty now appears as rather orthodox 
as to bias voltage, although not necessar- 
ily as to the method of obtaining that 
voltage. 

Instead of using r -f plate -leg chokes 
and condensers from hot side to cathode 
or ground, large bypass condensers are 
used across the cathode biasing resistors, 
in the cathode legs of the radio -frequen- 
cy and detector tubes. Since the plate 
and screen, and even suppressor, cur- 
rents unite in this resistor, the cause of 
oscillation is largely centered there, and 
if the impedance is made low enough, 
the principal cause of squeal trouble and 
instability is removed. For an intermedi- 
ate amplifier this safeguarding capacity 
has been found to be 2.0 mfd., and in- 
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cidentally is recommended to any who 
have squeal trouble at the i -f level, but 
here we have a t -r -f set, at higher fre- 
quencies than any i.f., and 1.0 mfd is 
sufficient. 

Watch the Bias 

The capacity bypassing the screen re- 
sistors is not critical, 0.05 mfd. being ade- 
quate, and even smaller capacities serv- 
ing nicely. However, any who have larg- 
er than 0.05 mfd. may use what they have. 

The screen voltage is dropped from the 
B feed of the r -f amplifier by 60,000 -ohm 
resistors. If the B feed here is 250 volts, 
then the screen voltage as read on a 
voltmeter of 2,000 ohms per volt resist- 
ance, scale 300 volts, would be 100 volts. 
closely. It is not very important that the 
screen voltage be just 100 volts, rather it is 
more important that the negative bias be 
3 volts for these r -f tubes, including the 
first tube when potentiometer is all the 
way over toward the limiting resistor. 

The reason for citing the cathode -re- 
sistor drop rather than the screen voltage 
as controlling is that the plate current 
depends on the screen voltage and not 
on the plate voltage, with this type of 
tube, and the negative bias therefore will 
be wrong, perhaps considerably so, even 
with 60,000 ohms in the screen leg, if 
other elements of the intended proportion 
are not present. Therefore the negative - 
bias test is recommended, and the screen 
voltage may be adjusted to yield the 3 - 

volt biasing. Lowering the screen resis- 
tor increases the negative bias. 

The detector tube screen, however, has 
a 500,000 -ohm resistor, which is roughly 
three times the value of the load plate re- 
sistor, and made so because the currents 
in the two circuits are about in that pro- 
portion. Therefore the effective screen 
voltage is practically the same as the ef- 
fective plate voltage in the detector, a 
favorable operating condition. It is not 
the maximum sensitivity point of opera- 
tion, but if the sensitivity were pressed 
beyond that used, the detector would 
overload quickly, that is, would not with- 
stand so much carrier input. 

Selectivity Question 

It is never intended that the input be 
a very husky one to the detector, certain- 
ly not exceeding 3 volts. The detector 
feeds a 56 tube that works into a push- 
pull 2A3 pair, and it is possible to load 
up both the 56 driver and the push-pull 
pair. However, the volume control is lo- 
cated in the first r -f stage, serving to re- 
duce input as well as to increase bias, for 
purposes of attenuation, and therefore 
this control alone is used for making sure 
that none of the subsequent tubes is over- 
loaded. 

The danger of overload begins to arise 
at the third r -f tube, and carries on to 
detector and both audio stages, as it is 
rather necessary to design a t -r -f set in 
this fashion, as no sacrifices can be intro- 
duced. Hence no automatic volume con- 
trol becomes practical. 

It is well known that with t -r -f the 
question of selectivity is important. Any 
who have observed the comparison be- 
tween selectivity curves of superhetero - 
dynes and t -r -f sets must have noted the 
marked difference. In fact, no t -r -f set 
ever made, so far as the author knows, 
came up to the selectivity of a six -tube 
properly -designed tuper. So it is not for 
selectivity that a t -r -f set is built, and yet 
since there is nothing to spare on this 
score, every effort should be made to 
keep the selectivity as high as practical. 
And when the goal is reached, the selec- 
tivity will be satisfactory for general use. 

No Grid Current Wanted 
Therefore no grid -leak type detector, 

or diode detector, is used. Both types 
draw current. In fact, they are the same. 

A grid -leak detector is nothing but a 
diode -biased triode, etc., the leak being 
the audio load resistor, the condenser 
across it the detector bypass condenser, 
and the grid -to -cathode circuit the anode - 
cathode circuit of the rectifier. Hence 
this type is more sensitive, as the rectifi- 
cation takes place in the grid circuit, and 
the triode, etc., is the amplifier. With 
plate bend detection there is no ampli- 
fier. The tube serves as detector and 
that is all. But the tube does not draw 
current from the input circuit; that is, no 
part of the radio -frequency power is used 
to "run" a leak or a load resistor. Any 
grid current in the detector is accidental 
and not intentional. 

Resistance Coupling 

The detector is resistance -coupled to 
the driver. In the 56 plate leg is a center - 
tapped audio coil. This may be the pri- 
mary of a push-pull output transformer 
intended for secondary connection to a 
low -resistance voice coil, 8 ohms, etc., the 
secondary not used here. Or, if one de- 
sires to use the formal push-pull input 
transformer he may do so, and omit the 
two 0.05-mfd. stopping condensers and 
two 2.0-meg. grid leaks in the 2A3 grid 
circuits. 

The output to the dynamic speaker is 
standard. Since semi -fixed bias is used, 
the speaker primary may have a some- 
what larger impedance than ordinarily 
recommended for the 2A3's, say, around 
5,000 ohms. 

The two pilot lamps are shown, because 
late model airplane dials have two lamp 
brackets, so upper and lower sections of 
the scale are independently illuminated. 

The B Voltage 

The rectifier and filter are standard. 
The filter choke is the speaker field, in 
the negative rectifier leg, and the voltage 
drop across this choke is large. If the set 
draws 100 milliamperes, there would be 
60 volts negative bias derived from that 
part of the choke between tap and ground, 
and if the rest of the choke has a d -c re- 
sistance of 600 ohms, then the total drop 
across this reactor is 120 volts. This re- 
quires that the d -c output be 420 volts, of 
which 60 volts to the right on the choke 
are "lost," the 60 to the left serve as bias, 

both are cumulative, and besides these 
120 volts at least 300 more volts are need- 
ed for the plates of the output tube, hence 
total 420 volts. This is about as close as 
one would desire to come in establishing 
a working voltage wherein electrolytic 
condensers rated at 500 volts are used. 

Hence between ground and B plus are 
some 300 volts, and as the prior tubes 
take 200 volts to 250 volts, the 1,700 -ohm 
resistor will apply a suitable voltage, 
nearer 250 volts. As some 30 milliamperes 
will flow through this resistor, the watt- 
age rating should be 5 watts. The actual 
wattage dissipated is only about 1.5, but 
it is not wise to rely too much on the rat- 
ings of resistance manufacturers, and 
doubling or trebling the resistor rating is 
good practice. 

The diagram shows the necessary parts, 
excepting four grid clips, dial, tube 
shields, knobs, and shielded wire, etc. If 
there is any r -f squealing it may be neces- 
sary to use shielded wire for the over- 
head grid lead, but in that case, to pre- 
vent introduction of much capacity, the 
type wire with a thick serving of insula- 
tion, usually cotton over the tight -fitting 
rubber, should be used, and while it is not 
most beautifying to have half -inch di- 
ameter shield on these leads, the purposes 
intended are better served. The sheath 
or outside covering, of course, is grounded 

Special Programs on Two 
Days to Come from VK2ME 

A special short-wave radio program 
from Australia, dedicated to the District 
of Columbia, will be broadcast on Sun- 
day, November 25th, by VK2ME, op- 
erating on 31.28 meters from 5:15 to 6:30 
a.m., EST. This will consist of music 
and short talks. This same station will 
send three programs, dedicated to three 
different communities, on December 9th. 
The first, dedicated to Honolulu and 
Alaska, will be heard in this country 
from 2:15 to 3 a.m., the second, dedicated 
to the Province of Ontario, will be heard 
here between 6:30 and 7 a.m.; and the 
last to New Brunswick and Nova 
Scotia will be heard here between 7 and 
7:30 o'clock in the morning. All three 
programs will be on 31.28 meters. 

Wave Directed by Graphic 
Control by KYW Operator 

A visual indication of the direction of 
the radio waves from the new KYW sta- 
tion in Philadelphia will be available at 
all times as a result of a new develop- 
ment by Westinghouse engineers. In 
addition to indicating direction, small 
push buttons permit the operator ac- 
curately to adjust the radio beam from 
the station control room. The device is 

called a "graphic meter panel" and is 

set into the station wall along with seven 
other panels for controlling the radio 
transmitter. This is the first time in the 
history of radio broadcasting that such 
a device has been installed as part of 
transmitter control equipment. 

A cathode ray tube similar to that used 
in the latest television developments is 

mounted on the panel near the center so 
that its fluorescent screen comes flush 
with the panel. On this screen various 
waves and patterns are reproduced which 
the engineers can convert into terms of 
radio beam direction. The signals that 
produce the patterns come directly from 
the bases of the four 245 -foot vertical 
antenna masts used at the new station. 

They are conducted back to the graphic 
meter panel through special underground 
circuits. At the base of each antenna there 
is a motor -operated tuning equipment 
which is controlled from the push but- 
tons on the graphic meter panel in the 
control room. By using these push but- 
tons the operator adjusts the phase re- 
lationship of the current being delivered 
by the transmitter to each of the an- 
tennas, and determines the direction of 
the radio beam. 

The panel also contains four radio - 
frequency ammeters that indicate the 
radiating current present in each of the 
four antennas. In addition, two record- 
ing meters at the top of the panel con- 
tinuously record on a moving tape the 
voltage delivered to the radio station 
from the power lines and the power con- 
sumed by the output amplifier of the 
transmitter. 

The graphic meter panel alone measures 
84 inches high and 28 inches wide and 
is finished in aluminum to conform with 
the appearance of the six other panels of 
this control board. 
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Ovenless Crystal Developed 
New Method Is Self -Constant, Though 

Slab Is Paper -Thick 
THE tip of a flag pole serving as an 

antenna, hollow wires which, like 
water pipes, carry electricity without leak- 
ing, a quartz crystal scarcely thicker than 
a hair which acts as a control by vibrating 
5,000,000 times a second, and operation in 
a wave band so remote from atmospheric 
disturbance that a bolt of lightning would 
cause only a barely audible click, are 
among the features of the radio system 
which has just been placed in operation by 
the Police Department of the City of 
Newark. 

The system operates on 30,100 kilocycles, 
an ultra -high frequency being within a 
new frequency band tentatively assigned 
for police radio work by the Federal Com- 
munications Commission. This frequency 
is about 20 times higher than the medium 
frequency band regularly assigned for 
police work and which is used by most 
police radio systems now in operation. 

So popular has radio proved for police 
service that in certain sections of the 
country few channels in the medium fre- 
quency band remain unassigned. Hence 
the Commission's decision to open up new 
frequencies for this service. 

Freedom from Static 
Operation on an ultra -high frequency, 

as embodied in this Newark system, pos- 
sess certain advantages for municipal sta- 
tions. Freedom from atmospheric dis- 
turbance is one. Newark motor patrol- 
men listening to their receivers will not be 
troubled by static, thunderstorms or other 
types of interference which are ordinarily 
picked up by receivers in the medium 
frequency bands. 

As the wave length to be used deter- 
mines the length of the antenna, the ex- 
tremely short waves used in the ultra- 
high frequency system mean proportion- 
ately shorter antennas. In the Newark 
system a short upper section of the 100 - 
foot flag pole on the National Newark & 
Essex Bank Building serves as a very 
efficient antenna. To operate in the 
medium wave a longer antenna is neces- 
sary. The shortness of the antenna makes 

possible construction of transmitters 
which are mobile. Should Newark authori- 
ties at any time decide to establish two- 
way radio service, transmitters could be 
installed in police cars thus enabling the 
motor patrolmen to talk to headquarters 
as well as receive. 

Ultra -high frequency waves have char- 
acteristics which prevent their being 
picked up over as great distances, unlike 
longer waves, and consequently broadcasts 
made over ultra -high frequency systems 
confine themselves to smaller areas. A 
city as near as Albany, for instance, could 
probably use the same frequency as New- 
ark without interference. 

Refined Apparatus 
In adopting this system, the City of 

Newark is taking a leading part in open- 
ing up the new sector of radio channels 
for police work throughout the United 
States. The medium frequency bands 
assigned for police work extend roughly 
from 1,600 to 1,700 kilocycles and from 
2,300 to 2,500 kilocycles. These compara- 
tively narrow bands are in many parts of 
the country completely occupied with 
police assignments. 

The ultra -high frequency band ranging 
from 30,000 to 42,000 kilocycles embraces 
a range of 12,000 kilocycles within which 
a far greater number of police assignments 
may be made. The separation between 
ultra -high frequency channels, however, 
is very narrow and requires apparatus of 
great refinement, stability, selectivity and 
reliability to be successfully used. While 
a few communities have already tried 
ultra -high frequencies, Newark is a leader 
in putting in operation equipment of such 
design. The example it has set will no 
doubt result in making police radio avail- 
able to many other communities which at 
present have not been able to obtain 
assignments in the limited number of 
channels existing in the medium bands. 

The Newark police radio system, pur- 
chased from the Graybar Electric Com- 
pany, was designed by Bell Telephone 
Laboratories and manufactured by the 

Tuned Vertical Antenna 
Improves 'Plane Beacons 

The Department of Commerce, con- 
tinuing to aid airways, recently purchased 
a quantity of Westinghouse antenna tun- 
ing units to improve present radio beacon 
service. The units will prevent skyward 
radiation of signals. 

Such use of antenna tuning is the re- 
sult of recent developments. It was 
found that when using older types of 
antennas for these radio beacon stations, 
a considerable quantity of the radiated 
energy was directed skywards at night, 
and on being reflected from the sky, 
caused interference with the original 
wave traveling along the ground, so as 
to make flying the course at times un- 
certain. By installing four vertical an- 
tennas for each station, it has been pos- 
sible to eliminate to a large degree the 
amount of signal radiated skywards, 

thereby avoiding the original difficulty. 
Each vertical antenna requires a tun- 
ing unit located at its base. Completely 
foolproof, the tuning unit is enclosed in 
a sheet aluminum house, with ingenious 
ventilation to prevent water, bugs, or 
other foreign matter getting inside to 
cause short circuits. 

The radio beacon service, as established 
by the Department of Commerce, has 
provided well marked air lanes between 
all the principal cities throughout the 
country. Any radio -equipped plane can 
fly these air lanes and be accurately 
guided by the radio beacon signals. The 
radio stations supplying these radio 
beacon signals have a range of from 100 
to 250 miles and are so arranged that 
their signals overlap, thereby providing 
a continuous course for the pilot. 

Western Electric Company, most of the 
work being done at their plant at Kearny, 
N. j. 

Small in Size 
The entire transmitting apparatus is 

contained in a single cabinet, / feet high 
and 1 foot, 9 inches wide. The transmitter 
draws its power directly from the power 
circuits of the building. Mercury-vapor 
rectifier tubes transform the alternating 
current into direct current of the proper 
voltages. Three tubes amplify the voice 
currents and there are four stages of 
amplification for the carrier or radio 
frequency. 

A quartz crystal of new type holds the 
transmitter on its assigned frequency with 
extreme accuracy. This tiny crystal, per- 
haps the most vital part in the system, is 
ground to paper thinness by skilled crafts- 
men using delicate machines. When so 
ground it has the characteristic of vibrat- 
ing under electrical impulses at exactly 
one -sixth of the carrier frequency or 
about 5,000,000 times per second and thus 

. establishes the fundamental frequency of 
the transmitter. Hitherto the best crys- 
tals available have required the use of 
heating devices to maintain their operat- 
ing temperature within the narrowest 
practicable limits. As a result of extensive 
research by Bell Telephone Laboratories, 
it has now become possible to manufac- 
ture crystals which do not require the 
complications of these accessories to 
achieve the desired constancy of oscilla- 
tion frequency. 

A series of vacuum tubes multiplies the 
electrical oscillations of the crystal until 
they reach .10,100 kilocycles. 

Concentric Transmission Line 
From the transmitter a "concentric" 

transmission line runs 100 feet to the roof 
of the building. This line consists of two 
copper tubings, one within the other, the 
outer being a little less than an inch in 
diameter and the inner somewhat smaller 
than a pencil. This one is held precisely 
in the middle of the outer by spaced rings 
of insulating material known as Isolantite. 
The outer tube is bare of insulation, corn- 
ing directly in contact with bricks, plaster, 
etc., and acting as ground. 

The unique design of this transmission 
line makes it "water tight" as far as elec- tric current is concerned. The entire 
electrical field is concentrated within a small space, none escaping beyond the outer tube. There is no loss of energy by radiation. 

This line enters the bottom of a hollow steel flag pole which rises 100 feet from the roof of the building. The line runs up the inside of the pole to its tip. Project- ing from the tip is a brass tube 22 feet high. The inner tube of the transmission 
line also projects from the tip of the flag 
pole, parallelling the brass tube about 7 feet. This sets up an electrical effect which prevents current from surging back into the transmission line and maintains a uniform current in the line. The remain- ing 15 feet of the brass tube, about 600 feet above street level, become the actual antenna or radiator, being half the length of the radio wave. 

The receiving sets are of the 6 -tube superheterodyne type. They are 6 by 7 by 10 inches in size, including the loud- speaker. 

www.americanradiohistory.com



.. 

November 24, 1934 RADIO WORLD 9 

Two Multivibrator Circuits 
Measurement Device is Rich in Harmonics 

By Lester F. Wallin 

RADIO propagation is intimately tied 
up with oscillators. For signals to 

radiate successfully, very high frequency 
alternations are required and thus the 
radio -frequency oscillator in its various 
forms was invented. To render these sig- 
nals intelligible, they have to be modulated 
with a varying frequency that is audible. 
This gives rise to the audio -frequency 
oscillator in its various forms. 

Yet anoher type of oscillator is useful 
4 in the production of many frequencies at 

the same time, for measurement and cali- 
bration purposes. Such a generator of 
oscillation of numerous frequencies is the 
multivibrator. The feature of this device 
is that it produces an alternating current 
very rich in harmonics. It can thus be 
very useful in the calibration of wave - 
meters. 

Theory of Circuit 
The circuit diagram of the multivibrator 

as devised by Abraham and Bloch, the 
Frenchmen who invented the device, is 
depicted at left and it will be noted that 
the circuit possesses no inductance. All 
four resistances should be approximately 
equal and of 50,000 ohms in value. The 
condensers, C, are equal in value, the 
capacity of which, will determine the fun- 
damental frequency generated by the 
multivibrator, partly affected by the re- 
sistance, according to the approximate 
formula : 

f- 
1 

(C1-l-Ca) R 
where C is in farads, R in ohms, and f in 
cycles. 

A theory as to the operation of this pair 
of tubes in such fashion can be stated as 
follows. If the plate current of tube 1 

in diagram at left should increase, the 
plate potential would decrease, causing 
condenser C, to discharge with a conse- 
quent reduction in grid potential of tube 
2. Thus, the plate current of tube 2 will 
decrease and the plate potential will rise, 
causing the grid potential of tube 1 to 
rise also and still further augment the 
first rise in nlate current of tube 1. 

This process will continue until the plate 
current in tube 1 reaches the saturation 
point and the current in tube 2 falls to 
zero, when the process tends to reverse 
itself and repeat the cycle for tube 2. 
This will be maintained as long as the 
circuit is energized, at a fundamental fre- 
quency determined by condensers CI, C2 
and R. 

Single -Tube Circuit 
Recently Barth -van der Pol devised a 

form of multivibrator that utilizes one 
screen grid tube. The circuit is shown 
in Fig. 2. It will be noted that a positive 
bias is placed on the control grid of the 
tetrode slightly lower in value than the 
plate potential, as regulated by resistance 
r, and that here also no lumped inductance 
is present. However, it was determined 
that some inductance was necessary to 
obtain conditions essential for the main- 
tenance of oscillations and that the in- 
ductance of the grid lead containing C 
was sufficient for this purpose. Accord- 
ingly, should such an oscillator fail to 
maintain its oscillations, it would be ap- 
propriate to vary the length of this lead. 
The fundamental frequency for such a 

C 
MBE 

The multivibrator devised by Abraham and Bloch The multivibrator of 
is a convenient way of generating an alternating van der Pol has only 

current rich in harmonics. one tube. 

multivibrator is approximately equal to 
the product of C and R. 

A major use of the multivibrator is in 
the measurement of frequency. Its value 
in this respect and its superiority over 
other methods of frequency measurement 
is eloquently testified to by the fact that 
all the monitoring stations of the Fed- 
eral Communications Commission are 
equipped with multivibrator units for 
checking the frequencies of the many 
radio stations in the United States and 
elsewhere. 

These units consist of eight five -watt 
tubes to form four separate Abraham - 
Bloch arrangements for the production of 
four separate fundamental frequencies: 
100 cycles, 1,000 cycles, 10 kilocycles, and 
90 kilocycles. These frequencies will have 
their attendant rich supply of harmonics 
to form a mess of frequencies that will 
heterodyne any given signal frequency. 

Crystal Control 
The constancy of these frequencies to 

form trustworthy standards is maintained 

through the agency of a temperature -con- 
trolled piezo crystal oscillator which drives 
the multivibrator unit at 30 kilocycles. 
The temperature control is achieved by 
two temperature chambers, one inside the 
other, with the crystal in the inner one. 
A thermostatically -controlled heater oper- 
ated from an 8 -volt storage battery sup- 
ply, mounted inside the oscillator unit and 
outside the crystal holder, maintains prop- 
er temperature on the crystal itself. A 
second thermostatically -controlled heater, 
operated from the 110 -volt a -c or d -c 
supply, mounted inside the oven and out- 
side the crystal oscillator unit, maintains 
proper room temperature. Thus a con- 
stancy of temperature on the crystal unit 
is obtained with the attendant constancy 
of frequency output from the crystal, 
which in turn renders the output of the 
multivibrators constant. 

Accordingly in this manner, through the 
agency of the multivibrator, the Govern- 
ment is afforded a convenient means for 
enforcing the frequency allocations by 
precision check-up . 

Constants for Both 
Multivibrator Circuits 

The following constants are derived from 
the formula for the two -tube multivibrator : 
Frequency R C 

10 cycles 
100 cycles 

1000 cycles 
10000 cycles 

50000 ohms 1.0 mfd. 
50000 ohms 0.1 mfd. 
50000 ohms 0.01 mfd. 
50000 ohms 0.001 mfd. 

The following apply to the one -tube 
multivibrator : 

Frequency R C 
10 cycles 1 megohm 

100 cycles 10 megohms 
1000 cycles 10 megohms 

10000 cycles 100 megohms 

10 mfd. 
10 mfd. 

100 mfd. 
100 mfd. 

Note : It should be borne in mind that 
these values are approximate only and 
that experiment would be necessary for 
more exact calibrations. 

Amateurs Are Active 
At Long Race Courses 

Amateur radio is being found at an 
increasing number of sporting events 
these days, particularly of the amateur 
variety. For several years, radio amateurs 
have provided communications at the 
National Air Races and the National 
Soaring Meets. According to reports 
reaching the headquarters of the Ameri- 
can Radio Relay League, during the last 
summer these activities were expanded 
to include regattas and motorcycle runs. 

Amateur radio is highly useful in any 
event where there is a long course to be 
run and observers are stationed at inter- 
mediate pylons, checking stations, official 
barges, etc. And the hams get a big 
thrill out of doing the work. 

They report to the judges' stand or pad- 
dock by short-wave transmission and thus 
the crowd is kept informed of what it can 
not see. 
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An Analysis of Micro Waves 
Big Opportunity for Experimenters in Region 

Where Formulas Can't Be Used 
By Leonard C. Fuller 

THE term micro waves is in general 
attributed to waves measured in centi- 

meters. The first notable example of their 
use was in the Dover -Calais experiment, 
when 18 centimeters was the wavelength. 
This was a step deeper into the higher 
frequencies or shorter waves than had 
been taken when waves of a few meters 
were used in telephonic communication in 
the' Hawaiian Islands, where the terrain 
and static made other forms of short - 
distance communication difficult. 

It is generally accepted now that the 
distances that can be covered is small, the 
same view as held in the beginning of ex- 
periments. For a while it was thought 
that distances up to 170 kilometers or so 
could be accomplished, for Marconi had 
done something along that line, but now 
he points out that the optical distance is 
the extreme of dependable service. There 
is something of the erratic about attain- 
ment of greater distances. 

The optical range is taken as the dis- 
tance of the horizon, or the extreme of 
the line of sight. Therefore some greater 
distance than 25 miles can be accomplished 
by elevating the antenna, for that has the 
effect of extending the horizon. 

Antennas on Skyscrapers 
Experiments on a few meters have been 

made in and about New York City by tele- 
vision engineers, with greater than the 
horizon distance covered, and there has 
been some voice communication, too. The 
transmitting antennas are atop lofty 
buildings. 

The very high frequencies are not stan- 
dardized as to classification, therefore the 
terms used are somewhat confusing. There 
is a proposition before engineering bodies 
to create standards for these and other 
purposes, so that ultra frequencies, quasi - 
optical waves, micro waves, etc., will have 
some significance. One method finding 
favor is to use the metric system of termi- 
nology, so we would have centimeter 
waves, meter waves and the like. 

One of the drawbacks to experiments 
by those not connected with laboratories 
has been that special tubes are needed. 

Recently a tube has been announced that 
opens the field wider to home and shop 
experimenters, the so-called acorn tube, 
which is said to oscillate at a wavelength 
as low as 0.5 meter. This is equal to 50 
centimeters and therefore the tube may 
be said to be operable in the centimeter 
region. 

Quite a Difference 
In handling such high frequencies or 

low waves it is necessary to amend low - 
frequency practice. A wire two or three 
inches long would be called short for 10 
mgc, but at 600 megacycles it would con- 
stitute an appreciable inductance as well 
as a capacity. A frequency may be 
changed 10 per cent. by moving a connect- 
ing wire a distance so small that it is hard 
for the eye to appreciate the physical 
change. But the electrical system records 
it. 

The question of impedances then intro- 
duces an arresting aspect. An antenna 
less than half an inch long might be more 
than one wavelength. An antenna ca- 
pacity of the order of 1 mmfd. would 
become large. In fact, antennas with ca- 
pacity of fractional micro -mike is used. 
At these frequencies practically anything 
of finite length, breadth or thickness has 
appreciable inductance and capacity. The 
frequencies are so high that formulas can 
not follow them, and empirical methods 
must be used. 

Much Expected of Hams 
This makes the field most attractive to 

the experimenter. He is at his best when 
a mathematician cannot outpace him with 
pencil and paper. The measurement of 
the constants on which the mathematician 
depends for his calculations being difficult 
and sometimes so approximate as to be 
really impossible, the cut -and -try expert 
holds sway. No doubt the hams will add 
a great deal to micro -wave technique, just 
as they did so much to develop the science 
in the lower frequencies, albeit at short 
waves. For when we speak of low fre- 
quencies in respect to micro waves and 
the like, we still include pretty high fre- 
quencies in the "low" classification. 

Use of Tubes in Industry 
Told by Westinghouse 

An illustrated 217 page zincograph 
pamphlet, presenting a fundamental treat- 
ment of the operation and application of 
electronic tubes in industry, is offered by 
the Westinghouse Electric and Manu- 
facturing Company, East Pittsburgh, Pa. 

The treatment is non -mathematical, 
starting with electronic phenomena and 
the mercury arc, passing to high -vacuum 
tubes and the grid -glow family, thence 
to photo -responsive electronic devices 
and cathode-ray tubes and ending with 
the specific technique of a . variety of ap- 
plications. Throughout the pages there 
is adherence to all the fundamental ma- 
terial introduced about electronic phe- 
nomena and the circuits built around 
them. The purpose is to show how these 

physical properties can be put to prac- 
tical use in industrial objective of manipu- 
lation and control. 

As a supplement to the above course, 
a "Manual of Experiments" is issued. In 
this series of twenty-four tests, the ap- 
paratus needed, method of setup, pro- 
cedure to be followed, and results to be 
obtained, are fully explained. 

This parallels the course of study and 
demonstrates the types and character- 
istics of the various electronic tubes de- 
scribed. The two form a very complete 
schedule in this subject of both class- 
room and laboratory work. Advertising 
and propaganda have been carefully 
avoided so that the material can be used 
as an accurate and unbiased text. 

The bulk of ham activity at higher than 
normal frequencies has been in the 56 
megacycle band. Thus the transceiver 
came into vogue for the "5 and 10" group, 
meaning waves between 5 and 10 meters. 
The device used constituted a transmitter 
when a switch was set at one position and 
a receiver when the switch was set at 
the other. 

Super -regeneration has been the vogue, 
but with the new tube it is possible to get 
away from super -regeneration, which has 
sensitivity and broadness as advantages in 
this region, but has some disadvantages, 
including the interference from the inter- 
rupter frequency. 

The super -regeneration method consists 
of having an initially regenerative detector 
into which a lower oscillating frequency 
is introduced, so that the detector tube is 
prevented from spilling over, by the inter- 
ruptive action of the second frequency. 
The best sensitivity is developed when the 
interrupting frequency is low, and it was 
an audio tone, years ago. This of course 
was a nuisance, as the drone in the phones 
was constant, and a part of the total 
modulation, mixed with any signal being 
brought in. Later the frequency was made 
higher, so that it was just above audi- 
bility, but there was some sacrifice 
involved. 

Super -Regenerator Noisy 
Just as regular broadcast receivers can 

be made so sensitive that the noise level 
is high, so with any sensitive system, in- 
cluding the super -regenerator, the noise 
level is obnoxious. Not only the possibility 
of hearing the interrupting frequency but 
also the inevitable circuit noises and shot - 
effect noises constitute trouble. 

Nevertheless pretty good results have 
been obtained with super -regenerators, 
and the general idea is prevalent that the 
super -regenerator is as yet the only cir- 
cuit for these high frequencies. However, 
the statement is based on the absence of 
knowledge of the operation of the new 
tube, which tube may spell the end of 
super -regeneration, and permit the de- 
velopment of circuits that can be con- 
trolled satisfactorily, are stable, and also 
quiet in operation. Nobody ever contended 
seriously that the super -regenerator was 
quiet. 

May Swell Ham Ranks 
The idea of putting a very small trans- 

ceiver in a car has proved attractive to 
hams. Indeed, as there is more room, by 
far, on the very high frequencies, hence 
crowded channels do not deter newcomers, 
and there may be a burst of activity in 
the direction of new-found hams. 

The advance in the number of licenses 
issued to amateurs has been steadily going 
on during the depression, until now there 
are about 50,000 licenses issued, but if the 
micro waves catch on, as they well might, 
because of the large ether territory open 
to the hame in this region, the 50,000 may 
be greatly exceeded. 

There might even be some effort to 
obtain licenses of the third class, outside 
the ham category, where passing the code 
test is not a requirement, although then 
a specific frequency assignment is made. 
Hams, however, may operate, with certain 
restrictions, anywhere in the bands allotted 
to them. 
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Coil Data for All -Wave and 
Short -Wave Supers 

COMPUTATIONS have been made for 
a coil system for an all -wave super- 

heterodyne, 540 kc to above 17,000 kc, using 
465 kc intermediate frequency in one in- 
stance and 175 kc in the other, applicable 
to condensers of commercial ratings of 
350 mmfd. or somewhat higher, and also 
a coil system for 0.00014 mfd., for both i. f. 

For the lower frequencies the computa- 
tions will hold, but for the higher ones 
some experimenting has to be done, be- 
cause of the uncertainties of stray capaci- 
ties and inductances due to the location of 
parts, wiring, etc. 

1 -Inch Diameter 
The winding diameter was taken as the 

form diameter, or 1 inch outside, and all 
data are for close winding. Any spacing 
would require a little more wire. The data 
are given for tuned secondaries, assump- 
tively in the grid circuit. The primaries 
would be on a 1 -to -4 turns ratio, a -inch 
separation when the ratio holds for the two 
low -frequency coils and is increased for 
the others as need be. 

For the instance of the larger tuning 
condenser an oscillator minimum capacity 
of 50 mmfd. is assumed. This may be 
achieved in any instance by a trimmer, 
preferably of the air -dielectric type, as 
that will stay put. Therefore the r -f mini - 

Megacycles 
.54- 1.7 

1.7 - 5.4 
5.4 -17 

17 up 

1.6 - 3.55 
3.55- 7.92 
7.92-17.75 

17.75-39.75 

By Warren C. Lennox 

mum capacity always will be lower than 
the oscillator minimum. 

Trimmer Capacities 

Trimmers across r -f tuning sections, 
other than oscillator, do not matter so 
much as to kind, hence the compression 
type of condenser as found on the com- 
mercial capacitances may be used. In the 
instance of the 140 mmfd. tuning system, 
often, with junior or midget types, there 
is no trimmer built in, therefore air -dielec- 
tric types would be used across both oscil- 
lator and r -f sections. In the 140 mmfd. 
instance the oscillator minimum was taken 
as 35 mmfd. The r -f minimum will be 
adjusted to something less. 

It is handy to put a small manual trim- 
mer across the r -f section, front -panel lo- 
cated, then the fixed type may be omitted. 
Also, by this method the oscillator mini- 
mum need not be changed, band for band. 
By the other method, of including some 
fixed capacity across each individual oscil- 
lator coil, for each band, the air -dielectric 
trimmer is set for correct capacity by ob- 
taining maximum response, the condenser 
is turned to slightly less capacity, just a 
bit, remember, and then two insulated 
pieces of hookup wire make up the differ- 
ence. One end of one wire is connected 

Radio -frequency Coil 
220 muH, 115 t. 32 en. 

22 muH, 24 t. 32 en. 
2.2 muH, 8.6 t. 18 en. 

0.22 mull, 2.3 t. 18 en. 

64 mull, 
12.8 muH, 
2.56 muH, 
0.51 muH, 

4.7 t. 32 en. 
24 t. 22 en. 

9.6 t. 18 en. 
3.5 t. 18 en. 

For Frequency Ratio \/ 10 

to grid terminal of coil, equivalent end of 
other wire to grid return, and twisted to- 
gether until the response is restored to 
what it was. Some binder is put on the 
twisted wire to prevent any shifting. A 
couple of inches of wire should be enough, 
say, for around 6 mmfd. 

Inductance Factors 
The r -f inductances was selected on the 

basis of a capacity ratio of 10, which is 
safely obtained from the run of con- 
densers commercially rated at 350 to 404 
mmfd. For the 140 mmfd. example the 
capacity ratio was taken as 5. The re- 
spective frequency ratios are approximate- 
ly 3.15 and 2.24. Hence for the r -f coils, 
when the inductance for the low -frequency 
coil is known, the required inductance for 
succeeding coils is known. The factor 1/10 
applies to 220 microhenries, and 1/5 to 64 
column of the table below shows this re- 
duction by 0.1 and 0.05. 

In the all -wave table, based on the square 
root of 10, the actual condenser taken into 
consideration had a maximum of 404 mmfd.. 
The minimum can be established as re- 
quired by screwing down the compression 
trimmers for r. f. The 140 mmfd. case is 
covered by the square root of 5. No com- 
putation is required in using the table. 

465 kc 175 kc 

Oscillator Coil Padding Oscillator Coil Padding 
110 mull, 68 t. 32 en. 400 mmfd. 140 muH, 81 t. 32 en. 1,710 mmfd 

14.5 mull, 18.5 t. 32 en. 2,325 mmfd. 17 muH, 20 t. 32 en. 2,790 mmfd. 
1.7 muH, 6.4 t. 18 en. none* 2.2 muH, 8.6 t. 18 en. none* 

0.22 muH, 2.3 t. 18 en. none* 0.51 muH, 3.5 t. 18 en. none* 

For Frequency Ratio \! 
59 muH, 45 t. 32 en. 190 mmfd. 50 muH, 40 t 32 en. 795 mmfd. 
10 muH, 20 t. 22 en. 

2.56 muH, 9.6 t. 18 en. 
1,435 mmfd. 

none* 
10.5 muH, 21 t. 22 en. 
2.56 mull, 9.6 t. 18 en. 

none* 
none* 

0.51 muH, 3.5 t. 18 en. none* 0.61 muH, 3.5 t. 18 en. none* 

*Where no series padder is used the r -f and oscillator parallel trimmers are adjusted near the high -frequency end of the band for balance 

How to Use Time -Zone Chart 
The DX fan (distance station listener) 

is once more in his prime, now that all - 
wave receivers have become the vogue. 
It is vital in this connection to know the 
time of day or night existing at the dis- 
tant point. The Time Zone chart of the 
World on following two pages will be of 
great utility for this purpose. 

It will be noted that the map comprises 
24 one -hour zones, longitudinally consti- 
tuted, which are labelled plus or minus, 
according to whether they are east or 
west of the Greenwich meridian. These 
divisions are regularly spaced over water 
but deviate somewhat on land, due to 
physical and political considerations. 

Plus and Minus 

The zones lying east of the meridian 
are known as minus zones since in each 
of the the zone number must be sub- 
tracted from the local standard time to 
obtain Greenwich time. The zones lying 
west of the meridian are known as plus 
zones, since in each of them the zone 
number is added to the local standard 

time to obtain the equivalent value in 
Greenwich time. 

Foreign Time in Local Time 
For an example, let us assume that at 

9 p. m. Eastern Standard Time we hear 
PK3JL in Java. We wonder what time 
it is in that country at that moment, and 
proceed as follows : 9 p. m. may be desig- 
nated at 21:00 on the basis of a 24 hour 
clock. It will be seen that New York 
City is in zone plus 5. Accordingly, 21:00 
plus 5 equals 26:00 or 2 a. m. in Green- 
wich. It is seen that Java is in zone 
minus 7. It has been stated that in minus 
zones, the zone number must be subtract- 
ed from the local standard time to obtain 
Greenwich time. Accordingly, if we have 
Greenwich time and desire to get the lo- 
cal standard time in a minus zone, it is 
necessary to add the zone number to the 
Greenwich time, which gives 2:00 plus 7 

equal to 9:00. Thus, it has been found 
that when it is 9 p. m. Eastern Standard 
Time here, it is 9 a. m. Standard Time in 
Java. 

On the other hand, the hours of opera- 

tion of a distant station may be known 
and it is desired to ascertain what local 
time corresponds so that he correct local 
time to listen may be found. The proce- 
due in such a case may be as follows : 

HJV at Vatican City operates at 11 a. m. 
Italian Time. Vatican City is in zone 
minus one; therefore the corresponding 
Greenwich time is 11:00 minus one or 
10:00. Referring this to New York City 
in zone plus five reveals that the time in 
New York City is 5:00 a. m. (10:00 minus 
5 equals 5 :00). 

In this manner, the local time for any 
point on the globe may be obtained. 

First Announcer Elected 
to Congress is Karl Stefan 

Karl Stefan, chief announcer of WJAG 
at Norfolk, Nebr., was elected to Con- 
gress from the Third Congressional Dis- 
trict. 

A Republican, he withstood the Demo- 
cratic landslide and carried every county 
but one. He got two-thirds of all votes 
cast. 
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This may to Amateur pickets! 
Requirements for Code and Technical Knowledge 

to Pass Examinations 
By M. K. Kunins 

W2DPS 
Formerly Examining Officer and Inspector in Charge at Buffalo (N. Y.) Office of Federal Communications Commission. 

SPRINKLED through the nineteenth 
century were many sporadic, inde- 

pendent efforts to dabble with a new phe- 
nomenon that would permit a communi- 
cation system without connecting wires. 
These endeavors were made in almost all 
countries and by many men, culminating 
in the experiments of Hertz and Marconi 
which marked the end of the classical era 
and the beginning of the practical work 
of perfecting this new agency. Curiously 
enough, the beginning of the twentieth 
century coincided with the beginning of 
this new era so that the twentieth century 
may well be known as the Radio Age. 

The publication of the experiments of 
Marconi by the press all over the world 
set people thinking and slowly evoked a 
practical desire to duplicate these achieve- 
ments. In this fashion was the amateur 
radio operator born. In this environment, 
the amateur radio operator had little to 
learn from others but much to learn from 
himself and thus he became an experi- 
menter, trying to duplicate Marconi and 
then to improve results. 

The Metamorphosis 
It wasn't very long before Marconi's 

efforts were improved upon by the ama- 
teurs, who, in their cumulative way, found 
various little kinks in the new art of 
wireless, as it was known then. These 
little discoveries tended to make wireless 
transmission more reliable and less of a 
toy. This endeavor to improve continued 
unabated until the World War and re- 
sulted in the metamorphosis : spark trans- 
mitter to coherer detector to magnetic de- 
tector to crystal detector to Alexanderson 
alternator to arc -transmitter to diode de- 
tector to audion detector to vacuum tube 
transmitter. 

During this period the Government had 
not recognized any need for regulation of 
wireless stations because of the relatively 
small number of such enthusiasts. In 
those days, the desire of an individual to 
engage in wireless communication with his 
neighbors (for the ranges were only a 
few miles) caused him to build his own 
equipment without any formalities, for no 
license or other authority was necessary. 
What a situation I Take any frequency 
(it was wavelength then) you wanted; use 
any power you cared for; operate how- 
ever, whenever, and whatever you wanted. 
Today is most certainly a far cry from 
that! 

The World War was responsible for the 
temporary stifling of the amateur's work. 
The exigencies of war obliged the govern- 
ment to close all private wireless stations, 
causing the amateurs to mark time. 

Aided War Activities 
However, the Government found a re- 

markably well -trained force, all ready 
made, for the communications service in 
the army and navy, and the amateurs 
found their curtailment really an enhance- 
ment. This was so since the Government 
felt an accentuated need for a reliable 
wireless communication system, and put 
all sorts of equipment and facilities in the 
hands of our erstwhile amateurs who ad- 
vanced the art in this fashion at a terrific 
pace. 

The year 1919 is memorable-both be - 

,Buzzer, 

Bezf íery 
To practice the code, a high -fre- 
quency audio buzzer should be con- 
nected in series with a battery and 

a telegraph key. 

cause the World War came to an end and 
also because the Government's ban on radio 
stations was lifted. Immediately, the ama- 
teur blossomed forth again. This time his 
vigor was renewed by his communication 
experiences during the war and the results 
showed a startling improvement over the 
pre-war days despite the shut -down of 
private stations. The war thus was re- 
sponsible for furnishing radio practice 
with a decided impetus that would not 
ordinarily have been the case. From that 
day to this the amateur radio operator has 
steadily progressed and has advanced the 
art most creditably. It is into this ad- 
vanced practice that our embryo ham de- 
sires to plunge. 

The Amateur Tradition 
To appreciate most completely the fac- 

tors constituting hamdom, it is necessary 
for our would-be ham to study the ama- 
teur's traditions, and his technical and 
legal obligations. His historical aspects 
have been briefly treated in the foregoing 
words but a more detailed study will pro- 
vide one with a more completely vivid 
appreciation of the reasons for various 
curious practices. Such a complete pic- 
ture is achieved from reading the files of 
radio magazines 'way back to the dim 
"dark ages." It is a most interesting and 
intriguing pursuit which, though it is 
tedious in its consumption of time, re- 
wards the reader with an inner knowledge 
only appreciated by the oldtimers. Such 
an experience would reveal the manner in 
which radio developed and indicate the 
possible trend for the future. 

When the traditions are understood, it 
is time to study the technical aspects of 
this game. This involves two parts : the 

acquisition of an ability to sound -read the 
International Morse code at a minimum 
speed of 10 words per minute (five char- 
acters to the word) and an understanding 
of the theory of radio. To be able to read 
code proficiently requires hard, persistent 
study and actual practice with the char- 
acters. 

Example of Grouping 

This is made most easy by putting the 
characters in similar groups and studying 
the groups separately, one at a time, pro- 
gressively. Such groupings may be ar- 
ranged as follows : 

Group One : 

Group Two: 

Group Three: 

Group Four: 

Group Five: 

Group Six: 

Group Seven: 

Group Eight: 

Group Nine: 

Group Ten: 

E 
I 

S 
H 

T 
M 
O 

A 
U 
V 

N 
D 
B 

R 
K 

G 
W 

C 
Y 

F 
L 

X 
P 

Q 
J 
z 

After learning a group it is best to have 
words containing the letters of that group 
sent slowly by another person so that the 
learner may attempt to decode them. Some 
words utilizing the letters of Group One 
are : his, she, he, is, etc. 

Thus, group by group, the code is slow- 
ly mastered by persistent practice. Once 
a speed of about ten words per minute is 
attained, the ability to read faster mes- 
sages comes more easily. It is wise to be 
capable of receiving about fifteen words 
per minute before appearing for the li- 
cense examination because of the possi- 
bility of nervousness during the test. 

Preliminary Equipment 

For the purpose of studying the code, a 
telegraph key, battery and buzzer should 
be connected up as shown in Fig. 1. Best 
results are obtained from a buzzer with a 
high-pitched tone. 
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Too much concentration upon the code 
might cause one to lose interest, just as 
"All work and no play makes Jack a dull 
boy." Accordingly, it would be wise to 
intersperse code practice sessions with 
some research into the theory of radio. 
Of course, the degree to which this is done 
will depend upon one's initial knowledge. 

It will be assumed that the subject is a 
rank beginner. As such, he must study 
the elements of electricity to achieve a 
solid understanding of the meaning of 
such fundamental terms as volt, ampere, 
watt, coulomb, erg, etc. It is an unfor- 
tunate commentary upon many hams that 
they have only the faintest idea of the 
principles underlying radio phenomena, 
because of their having slighted the study 
of electricity in order to rush their license. 
Therefore, really to become proficient, ob- 
tain a book on the principles of electricity 
and study such things as statics; resist- 
ance, inductance and capacity ; batteries ; 

motors and generators ; etc. 

Learn the Rules 

It is especially important that Ohm's law 
should not be slighted. Also learn how to 
compute the resulting values of resistance, 
inductance or capacity when such units 
are connected in series, parallel or series - 
parallel. When the elements of electricity 
are grasped sufficiently, then start study- 
ing the radio aspects of electricity. This 
will involve coupled circuits, vacuum tubes, 
oscillation, detection, modulation, etc. The 
serious amateur will find plenty of work 
in this field. 

When one has mastered the technical 
aspects of radio and has achieved linguis- 
tic ability in the telegraph code, the next 
step is to become acquainted with the 
Governmental requirements in the form 
of the Communications Act of 1934 and 
the rules and regulations of the Federal 
Communications Commission. This infor- 
mation is obtainable from the Government 
Printing Office in Washington, D. C. 
(Treaty Series #767 @ 30c.; Treaty Series 
#777A @ 10c.; Communication Act of 
1934 @ 5c.; Rules and Regulations of 
Federal Communications Commission @ 
45c.) 

One should especially be acquainted with 
the regulations pertaining to the amateur, 
contained in these publications. 

First Step 
Here it will be found that an amateur 

operator and station license will be issued 
to any American citizen, regardless of age, 
creed, color, sex or education, who can 
pass the code test involving the applicant's 
ability to send and receive the Inter- 
national Morse code at a speed of not less 
than 10 words per minute and a written 
test of the applicant's technical knowledge 
of amateur radio apparatus, both tele- 
graph and telephone, and his knowledge 
of all the provisions of the radio law that 
affect the amateur. The code test's pass- 
ing rating requires at least one minute's 
perfect copy out of a five-minute trans- 
mission which, if achieved, renders the 
applicant eligible to be tested in theory, 
the passing mark of which is 75% The 
first step in applying for this examination 
is to secure the appropriate application 
blanks at any one of the offices of the 
Federal Communications Commission. 

List of Offices 

The offices are listed below: 
District Address 

Headquarters : Washington, D. C. 
1-Custom House, Boston, Mass. 
2-Federal Building, New York, N. Y. 
3-Gimbel Building, Philadelphia, Pa. 
4-Fort McHenry, Baltimore, Md. 
5-Custom House, Norfolk, Va. 
6-Post Office Building, Atlanta, Ga. 
7-Federal Building, Miami, Fla. 
8-Custom House, New Orleans, La. 
9-Prudential Building, Galveston, Tex. 

High Humidity Facilitates 
5 -Meter Transmissions 

West Hartford, Conn. 
That atmospheric humidity, or some 

accompanying factor, has a pronounced 
influence on the performance of ultra- 
high frequency radio waves in the neigh- 
borhood of five meters has been dis- 
covered as a result of recent research 
work at the headquarters laboratory of 
the American Radio Relay League. 

According to Ross A. Hull observa- 
tion of transmission conditions between 
the West Hartford laboratory and vari- 
ous observation points in New England 
over a period of three months has in- 
dicated that there exists a relationship be- 
tween the humidity of the air and the 
performance of these ultra -short waves. 

As a result of these investigations, it 
can now be predicted with fairly good 
assurance that when the humidity is 
high-short of actual rain-in the atmos- 
phere between two points, communica- 
tion will be very much better than when 
the air is dry. The reliability of con- 

tact can thus be predicted in advance. 
In this discovery lies the secret of 
much of the work that the League's sta- 
tion, W1AL, has been doing of recent 
months. All existing world's records for 
transmission and reception on the ultra- 
high frequencies have been shattered, the 
latest conquest being the very difficult 
contact between Hartford and New York 
City and Jersey points. The terrain in 
lower Connecticut and upper New York 
is particularly unfavorable for long-dis- 
tance 5 -meter work. 

This work on the part of the head- 
quarters staff of the League, the na- 
tional organization of transmitting radio 
amateurs, is the latest development in 
a research program of ultra -short wave 
work begun in 1925 and actively carried 
on since 1930, which has resulted in the 
opening up of a valuable new field in 
radio for the use of amateurs, police, 
television, and many other and diverse 
radio services. 

10-Federal Building, Dallas, Tex. 
11-Rives-Strong Bldg., Los Angeles, Cal. 
12-Custom House, San Francisco, Cal. 
13-New Courthouse Bldg., Portland, Ore. 
14-Federal Office Bldg., Seattle, Wash. 
15-Custom House, Denver, Col. 
16-Federal Building, St. Paul, Minn. 
17-Federal Building, Kansas City, Mo. 
18-Engineering Building, Chicago, Ill. 
19-Federal Building, Detroit, Mich. 
20-Federal Building, Buffalo, N. Y. 

on any of the days set aside by each in- 
dividual office for amateur examinations. 
This form is usually filled out in the ex- 
amining office at the time of its acquisi- 
tion and the test is taken directly upon 
its completion. 

It should be noted here that examina- 
tions are periodically held on special occa- 
sions at the following additional points : 

Cincinnati, O., Cleveland, O., Columbus, 
O. (from the Detroit office) ; Des Moines, 
Ia. (from the Chicago office) ; Nashville, 
Tenn. (from the Atlanta office) ; Okla- 
homa City, Okla. (from the Dallas office) ; 

Pittsburgh, Pa. (from the Buffalo office) ; 

San Antonio, Tex. (from the Galveston 
office) ; St. Louis, Mo. (from the Kansas 
City office) ; Schenectady, N. Y. (from the 
New York City office) ; Washington, D. C. 
(from the Baltimore office) ; Winston- 
Salem, N. C. (from the Norfolk office). 

Who Gives Code Exam 

Should the applicant live at a distance 
greater than 125 miles airline from an ex- 
amination point, he may write the Wash- 
ington office for the applications pertinent 
to the Class C grade of amateur license, 
if he doesn't wish to travel to the point of 
examination. This license is equivalent to 
that obtainable by personal appearance, 
except that only individuals living at great 
distances from examining points (more 
than 125 miles airline) are eligible. 

The code part of the examination for 
this license is to be given the applicant by 
some licensed amateur who will swear to 
the applicant's ability to pass the mini- 
mum code requirement. The theoretical 
questions are filled in and returned to 
Washington by mail, where they are 
checked and graded. If found satisfactory, 
a Class C license will be issued which is 
revocable for a regularly issued license 
when an opportunity for personal exami- 
nation is given the licensee. As a pre- 
cautionary measure, it is wise that the 
applicant makes quite sure of his ability 

to pass the examinations before making 
application since failure disqualifies the 
applicant for a period of ninety days be- 
fore he may be re-examined. The old 
adage of "Haste makes waste" is very ap- 
plicable in this connection so that if you 
want to save time and start operating as 
soon as possible : Do your studying before 
the examination and not afterwards. 

Now that we have our licenses, we can 
engage in the operation of an amateur 
station upon any of the amateur bands 
that are stipulated in the regulations. 

Excellent Hobby 
The wonderful opportunities for devel- 

oping an absorbing hobby can be vividly 
appreciated when it is realized that an 
amateur station may use his equipment 
for regular hamming, rag -chewing, experi- 
menting or message handling with either 
telegraphy; telephony; television; fac- 
simile ; remote control of boats, vehicles; 
etc. What an array of interest -provoking 
fields ! The only precaution to be exer- 
cised in this endeavor is that all efforts 
be confined to amateur and non-commer- 
cial channels. There is therefore little 
room for wonder at the great number of 
amateur radio operators in the country. 
And the quantity is increasing by leaps 
and leaps from year to year. Now is the 
time to get into the swim before an over- 
supply results in stricter requirements. 

Ham Messages Save Day 
As Power Line Breaks 

With telephone and telegraph wires 
down and all other radio facilities dis- 
abled because of broken power lines, 
amateur radio operators in Ilwaco, 
Astoria, and Portland, Ore., stepped into 
the breach and handled news reports and 
messages during the progress of the re- 
cent storm on the Pacific Coast. 

For eight hours V. L. Saari, E. N. 
Swan, and other amateurs labored to 
bring in the scattered news. Their most 
important job was covering the distress 
of the steamship Floridian, off the Oregon 
coast. 

GRID EFFECTIVENESS 
The effectiveness of the grid as a con- 

trol element in the vacuum tube is de- 
termined by its relative distance from 
the filament with respect to the plate and 
also, to a smaller degree, by the pitch 
of its winding. 
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THE AMATEUR ORACLE 
Address Questions Concerning Amateur Regulations and 
Technique to M. K. Kunins (2 Dps), Technical Editor, 
Radio World, 145 West 45th Street, New York, N. Y. 

Decibel Notation 
RECENTLY came into contact with the 

unit known as the decibel. Would you 
please clarify for me the haze surrounding 
this term?-T. H. K. 

The decibel is a unit expressing the 
logarithmic ratios of power, voltages, or 
currents in an electrical system. Its mag- 
nitude is obtained from these formulas : 

P. 
number of decibels=l0 log10-- 

P2 
V. 

number of decibels=20 logio- 
Vº 
I: 

number of decibels=20 logio- 
I. 

It can be seen that this unit involves 
the ratio between two powers, voltages 
or currents and as such can be made to 
indicate the gain in an amplifier or the 
loss in a pad or other attenuating device. 
Computation with these formulas for the 
simple case where the input power, volt- 
age or current is equal to the output value 
shows that the ratio of the output over 
the input is equal to one. The logarithm 
of one is zero and ten times zero is still 
zero. Accordingly, when the input and 
output of an electrical system are equal, 
there is zero decibel gain or loss in the 
system. Correspondingly, the number of 
decibels of gain or loss in other instances 
may be ascertained by substitution in the 
foregoing formulas. In this manner, if 
the level at a particular point in a circuit 
is accepted as a datum, the number of 
decibels of gain or loss above or below 
this datum may be conveniently expressed, 
for any other part of the same system. 
This is very handy for comparison pur- 
poses and gives a direct quantitative value 
for any such system's amplification or 
attenuattion. It should be understood that 
a mere statement of the gain or loss in 
a communication channel does not in itself 
assure us of the circuit's goodness. The 
circuit, for instance, may pick up a great 
deal of noise so that a strong signal is 
"down in the mud." In the case of the 
high frequencies, the signal may be fading 
very rapidly so that the gain is variable; 
also, distortion may be present, and this 
cannot conveniently he expressed by a 
statement of gain or loss in decibels. The 

decibel notation is not suitable for all 
kinds of work in communication systems, 
and in fact it is strictly of most use only 
in assessing the gain or loss of a system 
whose noise level is reasonably constant 
throughout. As a radio system is a com- 
bination of high and low power apparatus 
and has a variable noise level, the decibel 
notation should be applied with care and 
discarded where not suitable. A further 
precaution should be exercised in the use 
of the second and third formulas inasmuch 
as these hold true only when the input 
and output impedances are the same in 
phase and in magnitude. In land line 
work, the impedances are very often 
matched, so that the current and voltage 
equations may be used, however the limi- 
tations should be understood for other 
cases where the impedances are not 
matched. 

* * * 

Amateur Station Log 
WILL YOU PLEASE advise what are 

the necessary requirements regarding the 
content of an amateur station log?- 
L. M. N. 

Section 386 of the rules and regulations 
of the Federal Communications Commis- 
sion states that all amateur stations shall 
keep an accurate loe of station operations, 
in which shall be recorded : 

(1)-The date and time of each trans- 
mission. 

(2)-The name of the operator, to- 
gether with a statement as to the nature 
of transmission. 

(3)-The call letters of the station 
called. 

(4)-The input power to the final stage 
of the transmitter. 

(5)-The frequency band used for each 
transmission. 

(6)-The location of each transmission. 
If the input power remains constant or 

if only one individual operates the station 
or if the location of the transmission re- 
mains unchanged, a single statement at 
the top of each page will suffice in lieu of 
repeating this information for each trans- 
mission. 

* * * 

Regulations on Portables 
MY UNDERSTANDING of the regu- 

lations regarding the operation of a port- 
able amateur transmitting station is hazy. 

A. C. Used on Transmitter 
Tubes, Hum Bucked Out 

Alternating current is now applied di- 
rectly to the filaments of radio transmit- 
ting tubes in the same manner that it is 
applied to the tubes in receivers. This is 
the result of a recent development by 
Westinghouse engineers in connection 
with the new KYW station in Phila- 
delphia. 

All other large radio stations use motor 
generator sets to convert alternating 
current into direct current for use on the 
tube filaments. The use of alternating 
current has not been possible in the past 
because of the noise and hum it has pro- 
duced in the radiated wave of the sta- 
tion. A new device called the "Magne- 
tron Suppressor" has been developed and 
through its use the effect of the alternat- 

ing current is completely neutralized. 
The Magnetron Suppressor is a device 
which puts current of the right phase 
and amplitude into the power amplifier 
of the radio transmitter to neutralize the 
hum and noise produced by the use of 
alternating current on tle tube filaments. 
The device is mounted on a small panel 
and forms part of the cquir ment in the 
contrci room of the new station. 

This important change in radio prac- 
tice results in a great saving of trans- 
mitter cost and maintenance. The re- 
duction in noise and space requirements 
are additional features. It is predicted 
that many radio stations will consider this 
method of operation in connection with 
new designs of radio apparatus. 

Please explain the requirements of the 
government for such operation.-E. M. B. 

The primary rule to be observed regard- 
ing the operation of portable amateur 
transmitting stations is that the local Fed- 
eral inspector shall be notified in advance 
of each new location of your transmitter. 
This notification may be made by letter 
or other means and should indicate the 
station call letters, the licensee's name, 
the dates of proposed operation, and the 
approximate locations, as by city, town 
or county. An amateur station so operat- 
ing shall not continue longer than 30 days 
unless further notice is served on the inspector in charge of the district in which 
operation is to take place. In addition, 
the operator of a portable station must 
transmit his call in a special way when 
out of his own district as follows : 

W1ABC W1ABC W1ABC de W2DEF 
W2DEF W2DEF bt3 bt3 bt3 K. It will 
be seen that a second district portable 
station is calling a fixed station in the first district from a location in the third 
district. And, of course, appropriate entry into the station log should also be made regarding the changed location. These 
special regulations are in addition to the regular rules and accordingly the ordinary rules should not be slighted. 

* * * 

No Cutoff 
IS' IT POSSIBLE to bias a tube to cut-off when the cathode resistor biasing system is used?-F. M. 
The cathode resistor biasing system is satisfactory for the automatic application 

of a negative bias to a vacuum tube by virtue of the fact that the plate current 
is made to flow through it to create a drop of potential across it, useful for biasing purposes. Thus, if a tube is the- oretically biased to cut-off by this method, the plate current is reduced to zero and the drop across the resistor becomes zero. This of course results in a condition that does not furnish cut-off and the purpose is defeated. Therefore, with the auto- matic cathode resistor biasing arrange- ment, it is not possible to achieve cut-off conditions. 

* * * 

Type of Antenna Feed 
I CANNOT DECIDE as to which type of antenna to use for my transmitter. Will you please indicate the relative mer- its of current -feed and voltage -feed an- tenna?-J. H. 
The choice of an antenna is determined 

by the physical conditions existing at the station. Should the location of your lead- in be such as to be best taken off the end of your antenna, you should cal- culate for a voltage -fed Hertz. On the other hand, if the most practical point to connect your lead-in is in the center, base your calculations on a current -fed Hertz. Either of these antennas will give good results if properly designed and constructed. 
* * * 

Messages for Others 
A FRIEND of mine who operates an amateur radio station claims that he is authorized to send a message for me to any point in the world. Can he really 

do so in competition with established 
commercial communications offices?- H. K. B. 

An amateur radio operator is licensed 
by the Federal Government to operate an amateur radio station provided it is used for amateur purposes only. Monetary or other reward for the transmission of mes- sages is not permissible. Many hundreds 
of messages are handled by amateur sta- tions daily to all points of the globe with texts that would not ordinarily be classed 
as competitive with existing commercial 
communication channels. 

* * * 
Beam Transmission 

I SHOULD LIKE to experiment with 
parabolic reflectors. Please indicate the 
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general theory involved in the design of 

such an antenna.-P. K. 
The theory of the parabolic reflecting 

antenna is similar to the principle involved 
in the parabolic reflector of a searchlight 
which concentrates the light rays of an 

incandescent bulb in one direction. In 

both cases, the source of the rays is 

located at the focus of a parabolic surface 
so that those rays which would ordinarily 
be transmitted in all directions are concen- 
trated in one direction. In the case of a 

radio antenna, however, the matter is not 

so simple, since the wavelengths involved 

are much longer than those met with in 

light. The difficulty incurred is that the 

dimensions of an antenna should be mul- 

tiples of a half wave, so that with even the 

sh wavelength of meters, ters,an antenna 
wire would be at least 32 feet long. Should 
it be desired to communicate with stations 
in all directions such an antenna would be 

rather unwieldy in size and difficult 
antenno manage. Accordingly, such an 

ordinarily is not used on amateur frequen- 
cies lower than about 56 megacycles. In 

the 56-mgc. band the half -wave antenna 
need only be about eight feet in length. 
With this dimension, it is more readily 
possible to build a rotatable reflector that 
would not be unwieldy in size. For this 

band, an antenna wire about eight feet 
long (which will vary slightly depending 
upon manner of feed and character of 

surrounding objects) is placed at the focus 

of a parabolic network of wires of about 
the same length (slightly longer due to no 

loading) and parallel to it. The size of 

the parabola is determined by the fact 
that the distance from the antenna wire to 

the nearest reflector wire should be one - 

quarter wavelength or about four feet 
away. It can be seen that these dimen- 
sions are about the maximum limit in com- 
fortable size. 

It is a distinct loss that the parabolic 
reflector cannot be adapted on these stan- 
dards for lower frequencies, since such 
antennas will greatly reduce the conges- 
tion on these bands. It is obvious that if 

a transmitter concentrates its energy only 

in the one usable direction for a particu- 
lar transmission, the transmitting operator 
benefits by a marked increase in power in 

the useful direction while the many receiv- 
ing operators that do not care to listen to 
his chatter will benefit by the removal of 

that extraneous energy which only forms 
disturbing interference. It can thus be 
seen that the development of a rotatable 
parabolic reflector for the lower amateur 
frequencies offers a genuine blessing to 
hamdom. It would be equivalent to a ma- 
terial widening of the amateur spectrum. 
A suggestion for a starter in this direction 
might be attempted as follows. The un- 
wieldy factors involved in reflectors at the 
lower frequencies are those due to the 
necessity of maintaining half -wavelength 
conditions on the length of antenna and 
reflector wires and the necessity of main- 
taining multiples of quarter -wavelength 
distances between antenna wire and each 
individual reflector wire. These fundamen- 
tal requirements are unavoidable but there 
might be other means of attaining these 
ends. The physical length of an antenna 
might be shortened by loading coils. Ac- 
cordingly, a fascinating field for experi- 
ment would be to tabulate the constant 
necessary for such coils for varying 
degrees of efficiency of the antenna to 
radiate an electromagnetic wave. In other 
words, the experimenter might determine 
for a given constant frequency how differ- 
ent loading coil sizes (number of turns, 
spacing of turns, size of wire, diameter of 
turns, etc.) affect the radiation of energy 
from an antenna wire when inserted in its 
length as part of it. Numerous experi- 
ments in this direction will serve to indi- 
cate clearly to what extent an antenna 
wire might be loaded before its radiation 
ability is nil. Should it be found that the 
length of an antenna wire for 40 meters 
(which sholud ordinarily be about 65 feet 

long for half wavelength) might be 
reduced to ten feet without appreciable 
loss in radiation, a discovery will have 
been made that might revolutionize the 
problem of radio interference. At 40 
meters, the one -quarter wavelength spac- 
ing necessary between reflector and 
antenna wire is also unwieldy, in spite of 
the foregoing experiments. A suggestion 
for the lessening of this dimension might 
also be possible, as follows. The reason 
for placipg the reflector wire a multiple 
of one -quarter wavelength from the an- 
tenna is that this positioning of the wires 
will allow the radiated wave from the 
antenna to strike the reflector wire at just 
the correct instant to result in a maximum 
incremental effect in the radiation in the 
direction in line with the wires and toward 
the antenna and a maximum decremental 
effect in the radiation toward the reflector. 
Thus the directivity is accomplished. It 
can be seen that this involves correct 
phase relationship between the antenna 
and reflector waves. Another way of ac- 
complishing this phase relation would be 
to energize the reflector wires directly, 
instead of by induction. This method 
allows control of the phase relation be- 
tween reflector and antenna, so that the 
quarter -wavelength requirement may be 
discarded. This is another field that re- 
quires a great deal of experiment, and, if 
accomplished, would represent a genuine 
advance in the field of radio communica- 
tion since as a result of such work it 
might be found that rotatable parabolic 
reflectors (or other types of reflectors, for 
that matter) might be reduced to practical 
sizes at even the broadcast frequencies. 

* * * 

Getting a License 
WHAT IS the procedure to be followed 

by a beginner to secure an amateur radio 
license ?-F.T.R. 

Amateur radio operator and station 
licenses are issued under the jurisdiction 
of the Federal Communications Commis- 
sion. The Commission has ruled that any- 
one capable of passing certain tests may 
become licensed unless the applicant is an 

alien. There are no other restrictions. A 
child would be eligible for license, pro- 
vided, of course, that he or she could 
write intelligibly enough to pass the 
examination. This examination is com- 
posed of two parts, first, a test in the 
international telegraph code at a speed of 
10 words per minute; second, a test of the 
applicant's knowledge of technical and 
legal aspects of radio work as met by the 
amateur radio operator. Preparation for 
the code test may well start with the ac- 
quisition of a table showing all the charac- 
ters, and the constant practice with a 
buzzer and key till the necessary speed is 
acquired. For the second test, you should 
visit your local library and consult the 
various texts on radio and learn the 
theory well. It is imperative that the ele- 
ments of electricity be studied first before 
radio is at all investigated since a good 
electrical foundation is necessary for an 
intimate understanding of the principles 
of radio. A copy of the regulations of 
the Federal Communications Commission 
should also be obtained from your local 
office of the Commission. When you have 
become sufficiently competent you may 
then seek an appointment for examination 
at this same office. Then, if you pass, the 
license is yours and you may then start 
out upon one of the most interesting of 
hobbies. 

* * * 

Space Charge Differentiated 
WHAT IS the difference between the 

space charge connection and screen grid 
connection of the four electrode tube?- 
P.M. 

When the signal input to a four -elec- 
trode tube is connected to the inner grid 
and filament, the connection is known as 
the screen grid connection. In this case, 
the outer grid is at a slightly lower posi- 
tive potential than the plate. When the 
signal input is connected between the 
outer grid and the filament, the connection 
is the space charge connection. Here, the 
inner grid is connected to a positive poten- 
tial, somewhat lower in magnitude than 
the plate voltage. ' 

A Novel Arrangement 
for Push -Pull Oscillator 

co 

. 

Push-pull circuit driving a screen -grid control tube. 

A push-pull oscillator is useful for the 
production of oscillations in which the 
even harmonics are suppressed. It also 
produces a generous amount of power that 
can be utilized for various purposes in dif- 
ferent amounts dependent upon the ad- 
justment. Here we have the special case 
of a driven screen grid tube. Since this 

tube is connected between the plates and 
the cathodes of the push-pull tubes, it 
offers a flexible arrangement for the 
smooth and fine control of the oscillator's 
power output. Such a unit might be set 
up in the laboratory to constitute a vari- 
able standard of power, the screen to 
arm of a potentiometer. 
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Radio University 
ANSWERS to Questions of General Interest to Readers. Only Selected 

Questions Are Answered and Only by Publication in These Columns. 

Seven - band 
signal genera- 
tor. The tuning 
ratio is cut 
down by use of 
a parallel con- 
denser, set once 
and left thus. 
The capacities 
resulting a r e 
such as to yield 
a frequency 
ratio of 2 to 1. 
Therefore t h e 
frequencies are 
carried to the 
highest at 
which the tube 
will oscillate. 
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Triode at High Frequencies 
WHAT IS the highest limit in fre- 

quency to which the ordinary three -elec- 
trode tube will go when acting as an 
oscillator ?-L. B. V. 

Internal capacity of the tube elements 
and the inductance and capacity between 
wires of the external circuit tend to pre- 
vent the ordinary three -electrode tube 
from oscillating at frequencies higher than 
about 150 megacycles (2 meters). To 
obtain higher frequencies, the Bark - 
hausen -Kurz method of generating oscil- 
lations is used. This scheme generates 
oscillations of frequencies depending on 
the electronic motion within the tube. 
Such effect is accomplished when the grid 
of a triode is maintained at a high positive 
potential and the plate has a small nega- 
tive potential or zero potential impressed 

78 647 
/90y 

CcapacitorCi'C2 care of the 
high temperature type 

0.05M-11 

9II 
25V 

upon it. The effect of these potentials is 
as follows : an electron leaves the filament 
and is attracted to the grid. However, the 
grid is constructed in the form of a wire 
spiral with wide spaces between turns. 
Accordingly, the electron passes through 
this space and continues on to the plate 
but is there repelled by the negative po- 
tential and returns to the grid, attracted 
by the high positive potential. Should the 
electron again pass through the spaces of 
the grid it will oscillate about the grid 
until it is pulled into the grid. This oscil- 
latory action will be of high frequency 
since it is dependent upon the enormous 
speed of the infinitesimal unit. It can be 
easily seen that variation in the grid po- 
tential will have a marked effect upon the 
frequency generated by such a circuit. 
With a grid potential of about 150 volts, 
a wavelength of about 70 centimeters 

78 
90K 

i -i--- o 

RFC 
rn 1 

J RFC /00 
73 , Cpl 

(about 4,250 megacycles) has been ob- 
tained. 

* * * 

Tuning Ratio of 2 to 1 

WILL YOU PLEASE give me some 
guidance regarding the construction of a 
modulated a -c operated signal generator, 
with electron coupling and a tuning ratio 
of 2 to 1 in frequency, using a condenser 
of around 400 mmfd. actual ?-P. L. 

Across the tuning condenser put a vari- 
able that has around 90 to 100 mmfd. 
maximum, and adjust the capacity until 
around 70 mmfd., when the 2 -to -1 ratio 
will prevail. If you will use suitable in- 
ductance you can strike 100 kc at maxi- 
mum capacity and pick up no other 
response until near the low -capacity end 
of the tuning. Then the ratio is 2 to 1. 
The 224 tube is used in electron -coupled 
fashion, as requested, and the modulation 
is always present, due to a.c. on the plate. 

* * * 

Auto B Eliminators 
CAN YOU distinguish between the two 

different types of devices used for avoid- 
ing the inclusion of B batteries in automo- 
bile receivers ?-K. L. 

A battery current is passed through a 
coil across which are two condensers. The 
discharge of one condenser through a coil 
drives the armature of a vibrator to one 
of two contact points, and the discharge 
of the other condenser through the coil 
drives the armature to the other of the 
two contact points. On account of the 
phase relationship the action is alternat- 
ing, that is, the armature moves first to 
one side, then to the other, and this mak- 
ing and breaking of contact causes the 
excitation of a transformer that is con- 
nected to a rectifier tube. Hence a.c. is 
delivered to the tube. Rectification may 
be done in full -wave fashion, as in the 
illustrated example of a vibrator. The 
rectifier tube is the 84. The output is 
used for supplying the B voltage. It is 
necessary to use radio -frequency choking, 
as well as the usual audio filter, to get rid 
of interference. The other method, or 
motor generator system, operates on an 
entirely different principle, as the name 
implies. The A battery current is made to 
turn a motor. This motor turns the shaft 
on which is impounded another armature 
that generates the alternating current. 
Hence a rectifier is needed for this pur- 
pose, too. A third method, not used much 
on car sets, is that of the rotary converter, 
which consists of one armature and one 
field. The armature has commutator on 
one end and rings on the other. D. C. is 
fed to the commutator end and a.c. taken 
out of the ring end. 

7.5 4, 
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A vibrator unit is used in this automobile receiver. In general, there are two types of B -eliminator devices for 
car sets. One is the vibrator and the other is the motor -generator. 
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License Renewals 
MY AMATEUR LICENSES expire 

within two weeks. What is the procedure 
for obtaining other licenses ?-B.M.V. 

You should apply to your local office of 
the Federal Communications Commission 
for the necessary renewal application 
forms. This application should be exe- 
cuted completely as indicated and for- 
warded to Washington together with 
three statements from three licensed ama- 
teurs attesting to your having worked 
their stations over the air during the last 
three months of your license term. In- 
cluded in this statement should be names, 
addresses and call letters of each station 
together with frequency band used, and 
time and date of transmissions. The 
Commission desires that such applications 
he forwarded sixty days prior to the 
expiration date of licenses. Since but two 
weeks remain before your licenses expire, 
it is conjectural whether you will be issued 
renewal licenses prior to the expiration 
date of your licenses. Should licenses 
expire before you received renewed 
licenses it will be necessary for you to 
refrain from operating your station until 
you again possess valid licenses. 

* * * 

Call Letter Assignment 
WHAT IS THE MANNER in which 

call letters are assigned to amateur sta- 
tions, Is there any significance to two let- 
ter calls?-L.J.H. 

Call letters are assigned to applicants 
in rotation by the Federal Communica- 
tions Commission in Washington. No 
deviation is made from this rule, contrary 
to the beliefs of some individuals. Like- 
wise, two letter calls do not indicate supe- 
riority nor inferiority in stations since 
many beginners strike it so that their 
applications occur when a two -letter call 
has been given up by another licensee 
upon its expiration and obtain two letter - 
call by applying at the propitious moment. 

Packed full 
of S. W. DOPE! 

Yes, Clifford E. Denton's 
book on short-wave has 
everything - complete 
s. w. coil -winding data 
for all size forms and 
condensers, wire tables, 
dope on A -F amplifiers, 
R -F systems, band 
spreading, superhets, 
single -signal receivers, 
electron - coupled oscilla- 
tors etc., etc.-the whole 
"lowdown" on construc- 
tion of latest s. w. sets 
by a man who really 
knows it. 128 pp. Over 
150 charts and diagrams. 
MAIL COUPON FOR 
YOUR COPY NOW. 

D EN TON'S 
Short Wave Radio 

HANDBOOK 

Radio & Technical Publishing Co. 
45 Astor Place, New York. Dept. BW 

Enclosed find $1 for 1 copy of Denton's 
SHORT-WAVE HANDBOOK. 
Send free circular. 

NAME 
ADDRESS 

L 

Radio Treasure -Hunting 
Is Making Some Progress 

The mention of treasure to the average man immediately sets his imagination aflame 
and he becomes quickly interested. This is a heritage acquired during childhood 
when almost everyone has read of the exploits of Captain Kidd and Long John Silver 
and others. Other treasure hunts that are not as ephemeral as those of the fairy 
books involve the location of hidden natural deposits of gold or other valuable 
metals or minerals. Prospecting for this treasure is fraught with more possibilities 
of success and cannot be categoried as pipe dreams. 

Such treasure hunts are of common occurrence in the western part of the United 
States and are very often successful. However, the method of seeking this treasure 
is quite primitive. The prospector either digs aimlessly for what might eventually 
bring him wealth or he sifts the sands of a river bed for deposits of the shiny metal. 
This is obviously rather inefficient and backbreaking. 

Radio is commonly looked upon as being a medium of communication solely. Other 
applications, however, are possible. Radio has been used to cure disease, to boil milk, 
to perform surgical operations and to control vehicles from a distance. Now, it is 

proposed to harness the marvels of radio to the purposes of the prospector. Details 
and circuits will be printed next week. issue of December 1st. 

Interference 
BESIDES the inter -station interference 

always possible on any set, what is the 
other form of interference, peculiar to the 
superheterodyne? Is much audio -fre- 
quency static experienced?-K. L. 

In superheterodynes another form of 
interference arises, where the set is tuned 
to one frequency, and the interference is 
caused by a station differing from this 
frequency by twice the intermediate fre- 
quency. Example: Set is tuned to 1,000 
kc. I.f. is 465 kc. The local oscillator is 
at 1,465 kc. The interference is caused 
by some ether disturbance, real or phan- 
tom station, 930 kc. lower, or 70 kc. 
On short waves the example is more pro- 
nounced. The receiver, say, is tuned to 
10,000 kc, the interference is due to ether 
disturbance, real or imaginary station, on 
9,535 kc. The "imaginary" station or 
phantom is any carrier, static, station, 
noise -carrier or whatnot. The remedy is 
to have more pre -selection in the tuner, 
or reduce the input to the set, which is 
an equivalent increase of selectivity. The 
audio -frequency type static, that is, noise 
without carrier, is rare. For such static 
to exist it must be almost practical to 
hear it with "bare ears." Not quite of 
course, yet the idea strikes at the root of 
the rarity. Nevertheless many "noise - 
eliminating" devices have been offered 
that helped very little, and were based on 
the theory of a plenitude of a -f static. 

* * * 

Tube Differences 
PLEASE ENUMERATE the essential 

differences between the triode, tetrode and 
pentode type tubes.-G.G.B. 

As is evident from the names, the triode, 
tetrode and pentode tubes have three, four 
and five electrodes, respectively. In the 
triode, the filament is centrally located 
with the grid surrounding it and the plate 
around the grid. In the tetrode, the con- 
struction is the same, except that an addi- 
tional grid is place l in between the first 
grid and the plate, and outside the plate, 
so that the plate is screened on its inner 
and outer surfaces. The effect of this 
additional grid is to reduce the inter -elec- 
trode capacities materially. The addi- 
tional grid also serves to minimize the 
space charge about the filament. In the 
pentode, still another grid is introduced 
between the plate and the screen grid. 
This pentode grid or suppressor grid, as 
it is commonly known, sometimes is in- 
ternally connected to the midpoint of the 
filament and has no external termination, 
though the external connection is present 
in the 57, 58, 6C6 and 6D6. The sup- 
pressor tends to reduce secondary emis- 
sion effects from the plate by screening 
the plate from the attraction influence of 

the positive screen grid. Thus, the pen- 
tode minimizes the various defects that 
surround a three -electrode vacuum tube. 

MARCONI ON MICRO WAVES 
Marconi said that he had successfully 

used micro waves for much longer dis- 
tances than the optical range, achieving 
even 258 kilometers on 60 centimeters, 
but he modified previous findings as fol- 
lows: 

"My later investigations of these waves 
have brought to light not only their own 
well-known erratic behavior, but also a 
definite seasonal effect that so far limits 
their commercial use to about the optical 
range." 

Quick -Action 
Classified 

Advertisements 
5 cents a word. 50 cents minimum. 

MINIATURE RADIO BROADCASTING STA- 
TION anyone can build. Costs little. Fun with 
friends. Big money selling radio stores demonstra- 
tion purposes. Complete instructions, $1.00. Love- 
joy, 1202 Omar Ave., Houston, Texas. 

WANTED, 5000 MEN AND WOMEN to earn 
money at home. Churchill, East Liberty, Box 
4762, Pittsburgh, Penna. 

"A DICTIONARY FOR LOVERS OF ROMANCE 
AND RADIO," clean, clever little book. Sent 
post-paid, 10c. Grant Pub. Co., P. O. Box 479, 
Philadelphia, Penna. 

WORK AT HOME: Men, women make good 
money. Particulars for stamp. Chas. Link, 328E 

East 116th St., Cleveland, Ohio. 

INVENTIONS WANTED, Patented or un - 
patented, any size, any material, for any legiti- 
mate purpose. Now is the time to act. Send us 
your ideas. A square deal assured. Bosley Mfg. 
Co., 79 High Street, Torrington, Conn. 

COMPLETE TRAINING FOR AMATEUR 
LICENSE, $1.50 weekly. N. Y. Wireless School, 
4 West 105th Street, New York City; phone: 
CLarkson 2-7456. 

POEMS SET TO MUSIC-Send poems to McNeil, 
Bach. of Music. 1582 West 27th St., Los Anegles, 
Calif. 

TECHNICAL SCHOOL GRADUATE wants posi- 
tion in radio factory or laboratory. Factory expe- 
rience. Write B. Mac -Holmes, Box 132, Corona, 
N. Y. 

SPECIAL -500 business cards, $1.25. QSL carda, 
lowest prices. Cumberland Printing Co., Box 
2145, Knoxville, Tenn. 

CAST ALUMINUM RADIO CHASSIS. Send 10 - 

cent stamp for blueprint. Valentine, Stewarts*ilk. 
New Jersey. 
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1935 Model A L L -WAV E 
DIAMOND OF THE AIR! 

8 TUBES! 
5 BANDS! 

A. V. C.! 

TABLE MODEL CONSOLE MODEL 

samee e 8-t 
Model 

8-tube chassis and tubes asve p l the con ole 
model. Wired, complete, with eight tubes. 
Shipping weight 28 lbs. .Order Cat. 1008-T. 

TO get away from the conventional and 
ugly cabinets in which table model re- 
ceivers have been housed in the recent 

and remote past we have lust obtained an 
entirely new design. 1435 inches wide, 10 
inches wide. 8% Inches front to back, to 
house our 1008 chassis, the finest all -wave 8 - 

tube superheterodyne receiver made. The per- 
formance is exactly the same, as between the 
console model and the table model. 

The selection of one model or the other will 
depend considerably on whether you have some 
mantel or end table or the like on which you'd 
prefer to place a physically smaller cabinet 
(but the same -sized set), or whether you 
have the room for the large console. 21 inches 
wide, 88% inches high, 12 inches front to 
back. We have gone to great pains to obtain 
two models that do not differ in performance, 
and that yield the maximum that radio has 
to offer to -day, so that space and artistic re- 
quirements can be met to the fullest, along 
with maximum performance. 

The table model is Cat. 
1008-T. shipping weight, ap 
28 lbs., wired, In cabinet, $ w 75 
complete with eight RCA 
tubes; net price (shipped 
from Sandusky, Ohiol- 

The wired chassis, with speaker and tubes (no 
cabinet) can be purchased by any who are 
te use a cabinet they have. See price at right. 

WHENEVER a person wants to buy a particularly fine 
receiver he usually feels he has to pay a particularly 
high price for it. Ask almost any one what kind of 

set he would want and the answer would be: "An all -wave 
a -c set, of course." He might prefer a console model or a 
table model, but he would want band selection by switching. 
The only drawback, perhaps, is that, times not being so pros- 
perous, he hasn't the price of such a fine instrument. But we 
point to something new and startling in radio merchandising- 
the production of a de luxe, superb all -wave set, 150 he. to 
22 mgc. (2,000 meters to 13 meters). at the inconceivably low 
prices of $45.57 net for the console, and $32.05 for the de luxe 
table model. These two cabinets are illustrated herewith, and 
the same superheterodyne chassis is used in both. 

These prices are absolutely net, and represent complete 
wired receivers, equipped with RCA tubes throughout, and 
securely packed. 

The low prices would not mean thing unless these re- 
ceivers were of first quality and excellence, unless they had 
great sensitivity and selectivity, so that foreign short-wave 
stations and domestic broadcasts could be tuned in with enjoy- 
able volume and steadiness, and unless the tone was marvelous. 
These new DIAMOND OF THE AIR All -Wave Receivers, in 
the two models illustrated, are quality products of the highest 
attainment, enthusiastically indorsed by leading radio engineers, 
who blink with amazement when told the selling price, in 
view of the outstanding performance. 

As a check on whether care has been taken to make this 
receiver outstanding, note that the low -frequency band is 
included. Now, an all -wave set may mean almost anything, 
but when you are told that the low -frequency extreme 1s 150 
kn., and that the highest frequency tuned in is 22 mgc. (13 
meters, mind you[) then you can realize that painstaking 
craftsmen spent long hours getting the instruments right, so 
that they would cover frequencies that sweep from one end to 
the other of program and other bands. 

And there is sufficient overlapping between bands, as you 
turn the gentle band -selector switch, to prevent missout. And 
moreover, the programe come in with steadiness and clarity, for 
there is e highly -effective automatic volume control, to correct 
for fading and to prevent blasting when tuning from station to station. 

Exceptional care has been taken in prevention of image Interference, and the wisest experts who have given this receiver critical attention admit that the pre -selection is abundant. 
Another interesting technical point: This set runs cool. The 8 -volt series tubes are used-wise choice indeed- because the elements of these tubes are stronger than those of the 2 volt series, and the power consumption in 

the heater is considrably lesa. And yet there was no skimping. The primary power consumption is 80 watts. 
Nor does the dial have mere arbitrary numbers on it, 0-100 for instance, as found on what we term "unfinished" sets. This receiver has the very latest Illuminated airplane dial, with frequency calibration for 

each of the five bands, so is direct reading in frequencies, and besides has a double pointer so the benefit 
of wide spreadout on the scale is derived from both semi -circles. Close vernier 
tuning is provided. 

There is a manual volume control, a tone control and provision for phonograph 
or earphone connection. 

And the speaker( A heavy-duty 8 -inch diameter -cone dynamic speaker that is 
fitting climax to an expert design and assembly. 

The All -Wave Diamond, 150 ka. to 22 mgt. 
(2,000 to 13 meters), In Its distinctive mod- 
ernistic console cabinet of genuine burl walnut, 
curly maple front, artistically carved overlays. 
Extra large baffle and powerful heavy-duty 
8 -Inch dynamic speaker. Wired, equipped with 
following RCA tubes: one 6A7, two 6D6, one 
75, one 76, two 42's, and one 80. Cat. 1008 - 
CON. Weight, complete, 371/4 lbs. For 50.60 
cycles, 110 volts. Shipping weight, 51V2 tbs. 

Net price, F.O.B. Sandusky, 0.-$45.57 

The 8 -tube, high-galn, all -wave (150 ka. to 22 mgt.) Diamond of the Air wired chassis, 50.80 eyelet. 110 volts; with the powerful dynamic speaker and the eight RCA tubes, may be purchased (no cabinet). Order Cat. 1008 -CH. 
Net price, $29.25 

6 -TUBE DIAMOND AUTO SET, s23.95 

OUR previous model Auto Set was so good that the 
model was not changed in three years. Now at last 

it has been improved upon, certain mechanical refinements 
introduced, and tubes of somewhat higher efficiency In- 
cluded. Some of these tubes were not manufactured until 
recently. Also the set now has a.v.c. 

Our 1009 Auto Radio is a six -tube superheterodyne 
set, using one 6A7, one 41, one 75, two 78'e and one 84, 
and tunes from 540 kc. to 1,600 hr. It is a one -unit 
receiver, ruggedly built for long life, and is equipped 
with a dynamic speaker. It has an Illuminated vernier 
airplane type control. The manual volume control and lock 
are one combination. The power consumption is 4 amperes. 

No B batteries required. There is B -eliminator 
built in. 

This is one of those fascinating auto sets that has 
single -hole mounting provision, and therefore is a cinch 
to install. There are only two connections to make: 
(1), to the ammeter; (2), to the aerie:. 

The remote tuner is, of course, supplied with the set. 
And the spark plug suppressors and commutator condenser 
are supplied, also. 

The size is 8% inches wide. 6 inches high, 634 inches 
front to back. Shipping weight is 18 lbs. 

-= Order Cat. 1009, wired, in cabinet, complete with six 
-; RCA tubes. 

ALL OUR DIAMOND SETS EQUIPPED WITH RCA TUBES 

GUARANTY RADIO GOODS CO., 145 WEST 45th STREET, NEW YORK, N. Y. 
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(Continued from page 4) 
this ratio in later tests as a check, as the 
ratio will not change much from band to 
band, and if there is any change, the ratio 
should slightly increase as the frequency of 
the band increases. For 0.0001 mfd. tuning 
condenser the ratio should be around 2.15. 

Terminal Frequencies 
Having established the terminal frequen- 

cies, one knows whether there is too much 
or too little inductance on the secondary, 
and whether the tickler is too small. If 
oscillation does not exist all over the band, 
more tickler turns are advisable. If the 
lowest frequency is too low, secondary turns 
will have to be removed, until the right 
number is selected by cut and try. A rough 
estimate may be made for small changes by 
treating the number of turns as proportionate 
to the frequency. If the frequency is to be 
increased or decreased 10 per cent. the num- 
ber of turns should be increased or de- 
creased 10 per cent. Ordinarily, frequency 
is proportionate to the square of the in- 
ductance, and the inductance proportionate 
to the square of the turns, but for small 
changes to the inductance and the turns are 
directly proportionate to the frequency, ap- 
proximately. 

Therefore we may make a system ter- 
minate at the low -frequency end just where 
we desire, and may measure the high -fre- 
quency end. 

Once we have ascertained the terminal 
frequencies we have an idea of the location 
of the intervening frequencies. For in- 
stance, assume that the desired low -fre- 
quency end is 1,600 kc. This frequency it- 
self may be obtained from the frequency - 
calibrated dial on the broadcast oscillator, 
and so we turn the broadcast oscillator to 
800 kc and get the response again, due to 
second harmonic of 800 kc equalling 1,600 
kc, the fundamental to which the short-wave 
circuit is tuned. 

Registering Tuning Curve 
Now from 800 kc up we use broadcasting 

stations, as far and as best as we can 
obtain them. Suppose that there is a sta- 
tion on 810 kc. We couple the output of 
the broadcast generator to a broadcast re- 
ceiver, and establish zero beat, and then, us- 
ing as little coupling as necessary between 
the broadcast output and the short-wave in- 
put, we slowly turn the dial of the short- 
wave device, until the pitch of the squeal 
that has been present due to beating be- 
tween broadcast generator and station is 
varied. 

The object is to lower the frequency of 
the pitch as much as possible by use of the 
short-wave tuning, and though it is not 
possible to accomplish a great change, it is 
practical to switch off the broadcast set, and 
use the beat between the two generators, for 
registering the exact point. Thus we pro- 
ceed along the line until we get to 1,600, 
when we are using the second harmonic 
of that for defining 3,200 kc, and for higher 
frequencies turn back to 800 kc on the 
broadcast generator and use third harmonics, 
of which only a very few would be useful 
or possible in the intermediate short-wave 
band. 

Since the broadcast -band generator is 
calibrated, and is accurate to 1 per cent. or 
better, it may be assumed that this could 
be used without reference to stations, after 
the coincidence has been established, which 
is true, or it may be assumed that the ac- 
curacy is less than stated, hence stations are 
used, which is not true, for the stations are 
selected only because it is best to use the 
highest form of standard. The stations' 
expensive crystal -control transmissions, with 
all the refinements that go with efforts at 
constancy and stability, such as temperature 
ovens, are a real value and treat to the 
experimenter, who should not pass up the 
station -beating method for any other within 
ready attainment. 

Moreover, the frequency -calibrated dial 
has another great advantage, in that if, due 
to poor selectivity in the receiver or to un - 

Approximate Data for 
Close -Winding, 1" Diameter 

No. 32 Enamel 
Micro- 
henries Turns 

No. 28 Enamel 
Micro - 
henries Turns 

250 127 20 26 
200 100/ 15 21.5 
150 85 10 16.5 
100 64 9 15.5 

90 59 8 14/ 
80 55 7 13/ 
70 50 6 12 

60 47 5 104 
50 40 4 9.5 
40 35 
30 29 
20 22.5 

NOTE: In broadcast band, 175 kc, pad- 
ding condenser for series connection in oscil- 
lator may be 850 to 1,350 mmfd.; for 465 kc 
and thereabouts, 350 to 450 mmfd. For high- 
er -frequency bands the padding condenser, 
same i. f., is larger roughly in proportion 
that the low -frequency terminal of the oscil- 
lator is higher. 

familiarity with all the dial settings of sta- 
tions, one is at loss to tell quickly what 
the frequency of the station is, one may read 
the frequency from the broadcast generator, 
and allow the 1 per cent. leeway. For in- 
stance, for 1,400 kc the generator may be 
14 kc off. Yet the frequency is known 
nearly enough to permit obtaining dial points 
on the short-wave outfit for the station. 
These dial points are correct only in re- 
lation to some particular frequencies, and 
therefore are written down for all frequen- 
cies of 10 kc difference within the accuracy 
percentage of the generator, or 20 kc dif- 
ference to play safe. Thus, for the dial 
positions obtained for an assumptive 1,400 
kc station, write down frequencies of 1,380, 
1,390, 1,400, 1,410 and 1,420 kc. When the 
curve is drawn for frequencies actually veri- 
fied which is the correct frequency for num- 
erous dial numbers, the semi -dubious case 
will reveal itself, for the frequency, and its 
harmonics will fall on the curve. The off - 
curve frequencies may be neglected. These 
should not be bothersome at all. That is, 
practically every one runs into off -resonance 
positions, and these are lightly ascribed to 
"experimental error." They don't change 
the net result. 

Switch -Type Coils 

When the first or lowest -frequency coil is 
completely calibrated the next one is used, 
and so on, as the broadcast -band generator 
will be satisfactory, for its harmonics, up 
to 20 mgc or more. However, the coupling 
may have to be increased between the two 
generators as the frequencies of the short- 
wave system are increased, because as the 
harmonic orders become very high, the 
harmonics are weak. One should not re- 
gard weak responses as objectionable, as 
they make for accuracy. Also, one must be 
prepared to tune with extreme care, as it is 
much easier to pass over a beat at these 
high frequencies than to pass over a weak 
short-wave broadcasting station. 

The foregoing discussion had to do con- 
siderably with inductance alteration to match 
plug-in coils with a condenser, and calibrate 
the s -w tuning. However, switching is be- 
coming more popular, and the system is 
therefore more important as enabling one to 
wind his own coils for this purpose. 

Inductance Formulas 
Inductance formulas help somewhat, but 

as the frequencies become high all inductance 
formulas more or less become worthless, as 
the frequency depends so greatly on capac- 
ity, and somewhat on resistance, and the 

total capacity and resistance are not known. 
Hence the cut -and -try method works where 
the other practically fails. 

Smaller Wire Diameter 
Perhaps the better way to proceed for the 

switch -type arrangement is to select the 
highest frequency band. If 1 -inch diameter 
tubing is used, or any diameter around that, 
4 turns of No. 18 enamel wire may be closely 
wound as a secondary for a switching sys- 
tem, applicable to the station -carrier level 
and also to the oscillator, even if the i. f. 
is as high as 480 kc, and no matter how 
low the i.f. is. 

Ratio Shifts 
When the lowest -frequency reached is ob- 

tained-and the ratio of frequencies, mini- 
mum maximum, will be a bit less than 
for coils not closely associatedwith chassis 
or other metal-the object is to wind the 
coils for the next lower frequency band. 
Smaller diameter wire may be used now, 
say, No. 20 or 22, for the secondary, and 
enough turns put on until near the minimum 
capacity of the tuning condenser to be used, 
the frequency generated is the lowest fre- 
quency obtained in the previous instance. 
And so on one goes along until he comes 
to the end of the coil system. 

Of course equal coils may be considered 
acceptable for the highest and even the sec- 
ond highest frequency band, signal -carrier 
level compared to oscillator level, but as 
the frequencies to be tuned in become lower, 
the oscillator coil has to have a smaller in- 
ductance than the tuner coils. This is be- 
cause the intermediate frequency becomes a 
ratable percentage of the signal -level fre- 
quency, or that percentage of difference be- 
tween the oscillator and the signal -carrier 
frequencies becomes considerable. 

Oscillator Coils 
Those mathematically inclined may follow 

the directions for establishing the oscillator 
secondary inductance as printed in the Octo- 
ber 27th issue. That is the method of com- 
mercial practice. Another method, for the. 
non -mathematicians to follow, is to assign 
a minimum capacity for the oscillator, for 
these lower frequencies where padding be- 
comes imperative, and 50 mmfd. may be 
selected. Thus the inductance is attained 
for 50 mmfd. The frequency is equal to 
the highest at the signal -carrier lead plus 
the intermediate frequency. The inductance 
values for 50 mmfd. minimum for various 
frequencies may be obtained from the chart 
herewith. Some data for close winding, to 
attain selected inductance values, are tabu- 
lated, so that one may have an idea of what 
about how many turns will be needed. Too 
many would be preferred to too few, because 
it is easier to remove turns. In the regions 
discussed the inductance formulas will hold. 
But it should be noticed that the oscillator 
minimum has to be built up, which may be 
done in the parallel padding capacity. The 
series capacity values are adjustable, and 
some indicative limits also are tabulated. 

The small power transformer used has a 
1 -to -1 ratio, to supply the high voltage, as 
around 100 volts are sufficient. The other 
winding is for the heaters. 

WCOA and WOC Added 
to the Columbia Chain 

WCOA, Pensacola, Fla., and WOC, 
Davenport, Ia., have been added to the 
Columbia Broadcasting System. There are 
now 102 outlets associated with the chain. 
Seven years ago, the original Columbia 
network consisted of 16 stations. 

WCOA is owned by the Pensacola 
Broadcasting Company and operated by 
the S'an Carlos Hotel on 500 watts. The 
frequency is 1340 kc (233.7 meters). 

WOC carries Columbia programs on a 
permanent basis. This station operates on 
1420 kc (211.1 meters) and is owned by 
the Palmer School of Chiropractic. 
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Station Sparks By Alice Remsen 

HOW VIVIENNE SEGAL FIURES IT 
OUT 

IT HAS LONG BEEN A MOOT QUES- 
TION as to whether the stage is a 

necessary training ground for radio. Vivi- 
enne Segal, who starred in Broadway 
musical comedies and now sings for radio 
listeners on the Waltz Time programs 
over NBC, doesn't think so. She cites her 
own case as an example. After spending 
years as a successful stage star, she came 
to radio --on trial. During the first weeks 
she had to forget almost everything she 
had learned in the theatre.... Of course, 
this is true in many respects, for one does 
not rely on stage tricks or mannerisms to 
get a song or a speech over the radio, 
but the stage training acquired during 
years of practical work is a great asset 
in radio. At least, so I have found. The 
ability to portray different characters may 
be an innate gift with some people, but 
when this gift has been acquired through 
practical experience it is more sure. The 
little gadget-radio-may scare seasoned 
artists of the stage for a while, but after 
they have learned to respect the limita- 
tions of radio-the difference between 
professionals and non-professionals is very 
much apparent-I think you will find 
that almost all the really succesful radio 
artists have had, at one time or other, 
professional stage experience. 

B. A. ROLFE, EAST AND DUMKE IN 
NEW "EARLY BIRD" SERIES 

A song and a smile will be offered as 
a national eyeopener when a de luxe 
music and comedy program of the type 
heard heretofore only in the evening hours 
is broadcast three mornings a week over 
an NBC-WEAF network at 7:45 a.m., 
E.S.T. B. A. Rolfe and a 30 -piece orches- 
tra, together with Eddie East and Ralph 
Dumke, two of radio's most spontaneous 
funmakers, will bring the country to its 
feet each Tuesday, Wednesday and Thurs- 
day morning with a 45 -minute program 
of songs that everybody knows and good, 
wholesome humor of the kind that is easy 
to take in the early morning hours. .. . 

CANADA TO RADIO CITY 

The appointment of R. M. Brophy, 
veteran radio executive, as assistant man- 
ager of station relations of the National 
Broadcasting Company, is announced by 
Richard C. Petterson, Jr., executive vice- 
president of the company. Mr. Brophy, 
who resigned his position as assistant 
general manager of the Canadian Marconi 
Company to join the NBC, has been con- 
nected with broadcasting since 1920, the 
year of the industry's birth. . . . The 
most unusual pipe organ in the world is 
nearing completion in one of the big NBC 
studios in Radio City and will be heard by 
network listeners at an early date. Spe- 
cially designed for broadcasting by Aeo- 
lian -Skinner in cooperation with NBC en- 
gineers, the new three -manual instrument 
will reproduce an almost unlimited variety 
of orchestral effects while matching in 
beauty of tone and flexibility of operation 
the organs of the greatest cathedrals. The 
new NBC organ is being installed in 
studio 3B, one of the largest Radio City 
studios. Its three keyboards of 61 notes 
each, and its 20 pedals, magnetically op- 
erate 1024 pipes which are housed in a 
special organ loft at one end of the studio 
behind two sets of shutters, also electrical- 
ly controlled. Chimes, which can be played 
on all three manuals and by the pedals, 
and a harp also are included in the banks 

of stops on each side of the console. 
Every combination of string and wood- 
wind orchestral effects can be produced at 
a touch of the fingers, the many sets of 
couplers and plungers beneath the keys of 
each manual permitting instantaneous 
variation of the thousands of effects and 
combinations. . . . 

TIE UP WITH CBS 
Radio stations WCOA, Pensacola, Fla., 

and WOC, Davenport, Iowa, have been 
added to the Columbia Broadcasting Sys- 
tem. There are now 102 outlets associated 
with the chain. Seven years ago the 
original Columbia unit network consisted 
of only sixteen stations. . Broadcasts 
to and from the Byrd Antarctic Expedi- 
tion which have been heard over a coast - 
to -coast WABC-Columbia network since 
November, 1933, will be continued on 
Wednesdays at 10 :00 p.m. EST, under a 
contract renewal with the General Foods 
Corporation. ... An intimate, confidential 
song style and agile fingers are the char- 
acteristics of Bernie Dolan, smiling maes- 
tro of the piano, who murmurs cosily to 
listeners of the ABS-WMCA network 
four mornings a week. You may hear 
this clever chap on Monday, Tuesday, 
Thursday and Friday, at 9:45 a.m. . 

Timely addresses by the most successful 
persons in many fields of endeavor will 
be broadcast during the series of weekly 
luncheons of the famous Broadway 
Cheese Club, which will be presented each 
Monday at 2:00 p.m. over the ABS- 
WMCA network. Meeting for years in 
their sessions at the Friars Club, the 
members of the Cheese Club are recruited 
from among the leading newspapermen, 
critics, press agents, producers, cartoon- 
ists and performers. Prominent Ameri- 
cans who are and have been members are 
Marc Connelly, George Gershwin, Former 
Mayor James J. Walker, of New York, 
Morrie Ryskind and Kelcey Allen. Harry 
Hershfield, commentator for the American 
Broadcasting System, has been the presi- 
dent of the Cheese Club for ten successive 
years. . . . 

STUDIO NOTES 
Because Danny Cahill, _night elevator 

operator in the CBS New York studios, 
knows so many radio celebrities by their 
first name, some autograph seekers now 
are asking for his signature. . . Gracie 
Allen, who is always talking about her 
little blue hat, has dozens of hats, but not 
one of them is blue.... Roxy, head man 
of the CBS "Roxy and His Gang" broad- 
casts, can't read a note of music, yet he 
conducts the large orchestra and chorus 
on his programs. He has been in the busi- 
ness so long that he knows music tho- 
roughly without being able to read the 
notes. . . . Bradley Barker is the very 
appropriate name of the man who makes 
animal sounds on CBS programs. . 

Buddy Rogers, of the CBS "Family 
Theatre" program, will go to England 
soon to make a movie. . Vladimir 
Brenner, NBC pianist, was a child prodigy 
in Czarist Russia and a favorite of the 
monk, Rasputin, before the world war. 
He fled the country in fear of his life 
after the revolution.... Phil Baker, the 
Armour Jester, of the NBC networks, 
each year sends one Christmas card to a 
recipient previously unknown to Phil. He 
grabs a telephone directory, opens it at 
random, puts his finger down on a name, 
and sends the card to that name. This 
procedure has produced some weird re- 
sults, such as a pickle factory, a steel mill, 
a taxidermist and a Chinese laundryman. ... George Burns and Gracie Allen will 

A Thought for the Week 
"STEPHEN FOSTER died a pauper," 

says Nathan Burkan, the New York 
legal expert in copyright matters in the re- 
ply of the American Society of Composers, 
Authors and Publishers handed to the Fed- 
eral court to the charge that the ASCAP 
as an organization has formed a monopoly 
in restraint of trade. This, of course, re- 
fers to what everybody in show business and 
radio knows-the fact that this most care- 
fully formed and run concern really does 
control the situation as no other power ever 
has before in the history of copyrights. 

Mr. Burkan gives the other side of the 
picture by declaring that the late Victor 
Herbert, because of the protection afforded 
him and his work by the society now un- 
der fire, was able to build up a fortune. 
Of course, Mr. Burkan does not bring out 
that a really extraordinary difference be- 
tween the two men is found in the fact that 
Mr. Herbert was a good business man as 
well as a real composer, whereas the well - 
remembered Stephen Foster was neither, 
even though his songs have left their im- 
print on our country's music and its litera- 
ture and traditions. 

Now, let's see what the august justices 
of the Federal court will have to say on 
the subject. Incidentally, it will mean a 
lot to the song writers and publishers and 
perhaps as much-if not more, should their 
august worships so decide-to the broad- 
casting interests wherever the International 
Copyright Act is functioning. 

pack their duds and hurry out to Holly- 
wood about the middle of this month to 
start a new picture. . . On Nov. 2, Myrt 
and Marge celebrated their third year on 
the CBS network. 

"YOUR ANNOUNCER IS:" 
HOWARD CLANEY :- A product of 

Broadway who joined NBC's announc- 
ing staff in 1930. Art is his hobby, an 
interest inherited from his parents. A 
native of Pittsburgh, Pa., and an alum- 
nus of Carnegie Institute of Technology. 

MILTON CROSS :-The calm spot in a 
center of activity, Milton is big, easy 
going and slow talking. NBC's senior 
announcer from point of service, he 
probably is best known for his work 
with the Metropolitan Opera broadcasts. 

NEEL ENSLEN :-Is a graduate of Ohio 
Nniversity and the possessor of degrees 
in both piano and voice. Qualified for 
a berth on NBC's announcing staff with- 
out previous experience. One of twelve 
members of the original American 
Opera Company. 

BEN GRAUER: Slightly of build, Ben 
is the midget of NBC's announcing staff 
in size only. Prefers extemporaneous 
announcing and yacht races. His first 
professional appearance was on Broad- 
way while still a college student. He 
was a child movie star, too. 

GENE HAMILTON:-Exponent of the 
guitar and boxing, but his real interest 
is in announcing. Born 30 years ago 
in Toledo, Ohio, and claims to have 
lived in no one place more than two 
years. Served NBC in Cleveland and 
Chicago before coming to New York 
recently. 

ALOIS HAVRILLA :-Whose home town 
is Pressov in the Balkans, made his 
debut as a singer in Bridgeport, Conn., 
when only seven. Tried to enlist in 
seven branches of service during the 
World War, but rejected because of 
poor eyesight. Is married and a veteran 
announcer. 

GEORE HICKS :-Was picked from 200 
applicants as announcer for NBC's 
Washington, D. C., studios. He is six 
feet tall and weighs 160 pounds. He 
has seen much of the world as a sea- 
man from a freighter deck. Twenty- 
nine years old and married. 
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John F. Rider's Vol. IV 
Perpetual Trouble Shooter 
SERVICiNG during 1934 will be more com- 

plicated than at any time during the put 14 
years of radio activity. Volume IV is your 
means of combating the numerous highly scien- 

tific problems of design introduced by the receivers 
sold during 1933. 

"I do not hesitate to say that Volume IV is the 
most important of all the manuals I have issued. 
Volumes I, II and iiI found their place in the sere - 
icing world as important aids to the service mua ... 

"Volume IV is destined to be more than just an 
important aid. It will be a vital necessity. , . 

I am firm in the belief that because the contents of 
Volume IV cover the most scientific and complicated 
radio receivers ever produced in the history of the 
radio industry-its ownership will mean the differ- 
ence between success and failure when servicing the 
1933 crop of radio receivers. John F. Rider." 

Volume IV has in it 1040 pages in the loose leaf 
binder; about 20 pages in a separate supplement 
and the index, covering all of the manuals, totals 
about 40 pages, making grand total of approxi- 
mately 1100 pages. 

The binder used in Volume IV is identical to 
that employed for Volume III. It is loose leaf 
employing the finest of materials. Aligner bar "in- 
stant removal" mechanism is employed. 

Volume IV, Price $7.50, postpaid 
Also: 
Volume I, Rider's Perpetual Trouble Shooters 

Manual $7.50 
Volume II-Does not duplicate Vol. I 6.50 
Volume III 7.50 
Rider's Combination "3 in 1" Manual, now 

ready (Vols. I, Il and III) 21.50 
Rider's Combination "3 in 1" Manual, with 

carrying handles 25.00 

Address: BOOR DEPT. 

RADIO WORLD 
145 W. 45th St., New York, N. Y. 

SPECIAL 
Set of 16 "1934 Design" 

BLUE 
PKl%1S 

Short Wave Receivers 
Short Wave Converter 

For Limited 5> 
Time Only oc 

Add Se for postage. 10c for foreign 

RELIABLE RADIO CO. 
145 W. 45th St., New York City 

FREE with a $1.00 

8 -weeks Subscription 

NEW STAR 
MIDGET 

CONDENSERS 
Choice of 15 and 25 
mmfd. maximum. 
Single hole panel 
mount. 

Here is your opportunity to get the 
latest product of Hammarlund, a Star 
Midget condenser. Send $1 for 8 

weeks subscription and get any one 
condenser free. Select the desired ca- 
pacity. 

RADIO WORLD 
145 West 45th St., New York City 

Generator with Amplifier Stage 

Prompt Shipment Absolutely Guaranteed! 
In several services low frequencies are commonly given only their wavelength equivalents, and for 

very high frequencies this to true likewise. So a Signal Generator, that enables determinations In both 
wavelengths and frequencies U the thing. That service is what the new Bernard Signal Generator Model 
333-A renders. 

Besides the more general purpose of lining up superheterodynes at intermediate, broadcast and 
short-wave levels, and peaking tuned -radio -frequency sets. it may be used as an all -wave Station -Finder, 
constantly modulated. Dual Measurement and Combination Use make this Signal Generator moat valuable. 

The fundamental frequencies and wavelengths are direct -reading. There are no charts to strain the 
eyes. The dial is accurately calibrated and the Signal Generator accurately adjusted. These fundamental. 
are: 83 to 99.9 be. (1 kc. separation); 140 to 500 be. (5 be. separation); 540 to 1.600 Ice. (10 be. sepa- 
ration); 1.400 to 5.000 kc. (20 to 50 be. separation); 3,010 to 3,600 meters (25 and 50 meter separation). 

The bands are selected by turning a front -panel switch. There are four switch stops. The low - 
frequency band and the wavelength band cover the same range, the same stop being used, though 
there are two scales for this band, wavelength and frequency. 

Any frequencies or wavelengths as listed above are present as fundamentals and are read directly. 
A new method, simple to apply, enables 

measurements from 4.500 be. to 99.1 mgc., 
also wavelengths from 3,010 meters to 0.1 
meter. The extension of the fundamental 
ranges is accomplished by a startling 
method that opens up new possibilities of 
extensive and accurate measurements. 

Model 993-A Signal Generator, for 00-120 *- - -""- 
volts a.c., d.c. or batteries; designed by 
Herman Bernard, accurately calibrated and 
adjusted, for all -wave service, 83 kc. to 
99.1 mge., 3,600 meters to 0.1 meter; 
equipped with output attenuator, on -off 
twitch, modulation switch for d.c. and bat- 
tery use, Chromium -plated control and 
band -index scales, positive -contact, low - 

resistance band -selector switch, a.c. cable 
and plug, black wrinkle -finish shield 
cabinet, 34 and 30 tubes, neon tube, and 
instruction sheet included. Ready for 
immediate use. 

Model 333-A (shipping weight, 7 lbs.) 
List Price $40.00 

PRICE 
NET 

$ 19.95 
Model 333-A11, wired, tested; 3 tubes. 

5 bands, to 16 Inge $21.95 145 West 45th Street, New York, N. Y. 

THREE TUBES! 

DIRECT RADIO CO. 

The RADIO CONSTRUCTION LIBRARY 
A MODERN SELF -TRAINING AND REFERENCE 
CONSTRUCTION AND SERVICING- 

-including the construction of 

SHORT-WAVE SETS and 
HIS modern radio library, in addition 

a 
to providing a thorough background 
of fundamental principles, covers fully 

the construction, operation and servicing of 
the latest type of receivers, including short- 
wave sets and television receivers. 

The books serve alike the needs of the 
commercial radio dealer, set builder, radio 
installer and serviceman, as well as the 
amateur who keeps abreast of up-to-date 
broadcast reception by building his own set 
or changing the hookup. 

Complete Data on 
Modern Radio Construction 

and Repairing 
The Radio Construction Library is both a 

home study course and a ready means of 
reference. It provides step-by-step infor- 
mation on every phase of radio set -building, 
trouble -shooting, installation and servicing. 

It presenta the latest data on sets, loud- 
speakers, and vacuum tubes, and con- 
tains complete information for the construc- 
tion of short-wave and television receivers. 

With this set the serviceman is enabled 
to locate quickly all kinds of faults in 
Installation, operation and reception. The 
books give the dealer a fund of knowledge 
upon which to draw in selling his seta, 
enable the amateur set builder to obtain 
the greatest benefit from his hobby and 
show the professional how to make his 
work more profitable. 

COURSE IN RADIO 

TELEVISION RECEIVERS 
VOLUME 1 

PRACTICAL RADIO 
378 pages, Ws a 8. 223 Illustration 

This is s "foundation" book. It presents those principles 
involved In radio broadcasting and receiving which both 
the amateur and technically -trained expert must know In 
order to achieve results. 

The book Includes a trouble chart which gives at a 
glance the probable cause of most radio troubles. 

VOLUME II 

RADIO CONSTRUCTION AND 
REPAIRING 

388 papes, 5'/2 a 8. 179 Illustrations 
This volume discusses the building of modern radio sets, 

including superheterodynes and short-wave receivers. It 
also covers the construction of loud speakers, eliminators 
and chargers. and includes complete Information-diagrams. 
list of parts, detailed specifications, etc., for the con- 
struction and operation of a television receiver. 

Detailed information is also given on testing and repair- 
ing radio receiving seta. 

VOLUME Ill 
RADIO RECEIVING TUBES 

323 pages, 5'/a x 8, 203 Illustrations 
This volume discusses In complete and clear detail 

the various functions of the radio vacuum tube. Includ- 
ing the new types that have come into general use. The 
text covers the construction, action, reactivation and 
testing of tubes and also shows how they are employed 
in remote control. industrial processes and precision 
measurements. 

Practical illustrations show how the vacuum tube is 
employed in prospecting, distant control of airplanes, 
automatic packaging machinery. surgery, and time switches. 

3 vea, I x 0, 1087 pages, 005 Illustrations, $7.50 complete-or any one book for $2.50. 

Book Dept., RADIO WORLD, 145 West 45th Street, New York City 

'SERVICING RECEIVERS BY MEANS OF 
RESISTANCE MEASUREMENT" 

by John F. Rider 
The new printing is ready for delivery. Right 
in line with the latest type of testing equipment 
offered by Weston, Supreme, Hickok and Read - 
rite. All interested in resistance measurement 
method of servicing and who use their ohmmeter 
or who are purchasing the new type of point-to- 
point testing equipment produced by Weston 
and the other manufacturers, and the selective - 
reference -point type of testing equipment as pro- 
duced by Supreme, can make very good use of 
SERVICING RECEIVERS BY MEANS OF 
RESISTANCE MEASUREMENT. 

Still selling at $1.00 
Book Dept., RADIO WORLD 

145 West 45th Street New York City 

PORTRAITS COLORED, 25c dull prints only. 
Leon C. Roffe, Laurens, N. Y. 

INCREASE YOUR INCOME 

by doing pleasant, easy work 
in your spare time. 

No investment on your part. 
For full particulars write 

Promotion Dept., Radio World 
145 W. 45th St., New York, N. Y. 

'RADIO TROUBLE SHOOTING," E. R. Haan. 
328 pages. 300 illustrations. $3. RADIO WORLD, 
145 W 45th St.. N. Y. City. 
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YOU MUST HAVE 
the World's Outstanding Short -Wave 
Station List and Time -Zone Map -Chart 

INTO ninety-six pages, 8 x le4 inches, has been put the 
very information that all short-wave enthusiasts have 
been awaiting - all the radio phone short-wave trans- 

mitters of the world, listed by frequencies, with equivalent 
wavelength given in every instance, the call letters, the loca- 
tion, and in many instances also the time schedule being 
given. So complete and accurate a compilation has never 
before been published. The compilation was made from 
official publications of the Bureau de l'Union Internationale 
des Telecommunications, the British Broadcasting Corpora- 
tion and the U. S. Federal Communications Commission, 
as well as from unofficial sources of information. There are 
MORE THAN 2,400 LISTINGS made by the U. S. Depart- 
ment of Commerce. 

Nowhere-never-has there been such a massing of the 
most vital information that radioists want. And remember, 
this is the most complete wort- of its kind available anywhere ! 

The list is as comprehensive as human care and ingenuity 
could make it ! 

RADIOPHONED SNORrj W 

SM 
TFRS 

See What's in This Most Valuable Radio Book! 
THE CONTENTS 

Station Identification: List of the most popular short- 
wave program stations of the world that use characteristic 
"air signatures," so you can identify the stations by their 
"signatures." 

Foreign Alphabetic Pronunciation: How the letters of 
the alphabet and numbers 1 to 50 are pronounced in English, 
French, Spanish, German and Portuguese. Familiarity with 
these pronunciations aids in station identification, that is, 
knowing what call letters are being announced, or what 
frequency or wavelength is mentioned. 

Short -Wave Broadcasting and Police Radio Stations by 
Countries: The calls, location and frequencies are given 
for the whole world. This is a geographical classification 
and expedites station -finding and identification. It repeats, 
geographically classified, data found in the main grouping 
of the 2,400 stations by frequencies. 

Distances to Foreign Cities: A textual explanation of 
how to determine how far any one city on earth is from 
some other city. A Department of Commerce map gives 
direction of shortest distances (measured on great circle). 
This map is right in the book. Besides, there is a table 
of distances between key cities of the United States for 
guiding determinations of world distances, as well as a 
table of world distances for principal cities. 

Short -Wave Radiophone Stations by Frequencies: This 
is the comprehensive, never -before -available list of the 
2,400 or more stations, including all the program stations on 
earth that send on short waves, using phone (speech and 
music) but not including amateurs. A treat unparalleled 
in radio history-the most accurate list of its kind man 
has ever produced! Both frequencies and wavelengths. 

Time Zone Chart: This insert (stitched right in the 
book) is a black and white reproduction of a colored chart 
issued by the Hydrographic Office, Navy Department. 

Amazing Offer Greatest We've Ever Made! 
Let's get this pound -and -a -half of vital, comprehensive, authentic and valuable information in the mails to 

you right away ! 

Send only $1.00 for an 8 weeks' subscription for RADIO WORLD, 8 issues, one each week (regular rate), 
and you will receive postpaid the great volume, "World Short -Wave Radiophone Transmitters," with the 
reduced time map stitched in. 

ACT NOW! SEND THAT DOLLAR 
GET THAT GREAT 96 -PAGE BOOK AND THAT TIME -CHART MAP 

Never Miss an Issue! That's How to Keep Posted on Radio! 
RADIO WORLD is a weekly technical radio magazine, in its thirteenth year, one of the oldest radio magazines on 

earth. It prints intimate details on latest circuits, tubes, test equipment, trouble -shooting, servicing, merchandising and 
has a weekly "column" about program stars and station personnel. Latest news of all branches of radio is published, 
including corrections and amendments of station lists, all waves. RADIO WORLD is the all -wave radio authority. RADIO 

Wm.]) is on sale at news-stands, 15c per copy. 

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

[Oºing to unprecedented demand promptness in filling orders depends on the ability of the government to handle the vast orders.] 
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