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Calls for the highest standard of quality. It 

is an American tradition to make everything 

better and to constantly improve the product. 

American traditions are closely adhered to 

at Hallicrafters and the yardstick of good 

American quality is rigidly applied for Na- 

tional Defense or for amateur equipment. 

Our two plants are devoted exclusively to 

the manufacture of short wave communi- 

cations equipment for both amateurs and 

National Defense. 

Super Skyrider, 
Model SX -28, 15 

tubes, 6 bands, 
covers 550 kc. to 
42 mc. $179.50. 

C H I C A G O , U. S. A. 

Published monthly e.cept August and September by Editors and Engineers. Ltd., 1300 Kenwood Road. 
Santa Barbara, Calif. Entered as second-class matter Sept. 26, 1939, at Santa Barbara. Calif., under 

the Act of March 3, 1579. Additional entry at Mt. Morris, Ill. 
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Past 
Present 

and 
Prophetie 

War of the Electrons 

It looks as though radio and electronics are 
going to play an even bigger part in the war 
effort than had been prophesied by the less 
conservative. It behooves every radio man not 
already holding down a job important to de- 
fense to offer his services. For men with f am- 
ilies, older men, and men with minor physical 
handicaps, there are many civilian and Civil 
Service jobs which offer the opportunity to 
"do something worthwhile." 

While it is an admirable trait to want to get 
into the actual fighting, it must be remem- 
bered that for every man on the battle line 
there must be several behind the lines, and 
the work done by the latter is just as important 
even if not as dangerous. 

We hope that every one of our readers will 
investigate thoroughly every call for men with 
knowledge of radio and electronics, in order 
to determine where his talents can do the 
most good. First go through the last few 
issues of RADIO and QST. Then go to your 
local postoffice and check on the latest Civil 
Service announcements. 

Rumors of Rumors 

Life magazine, in its issue of January 2, 
takes a left handed slap at the Honolulu 
radio amateurs, who are reported to have 
disseminated exaggerated reports of the dam- 
age done by the Jap sneak attack. If the re- 
port is true, it is to be deplored. But we shall 
reserve judgment until more evidence is to 
hand. We haven't yet run across anyone who 
heard any of the K6 amateurs passing out any- 
thing on December 7th that sounded like the 
voice of doom. But maybe the calamity howl- 
ers were on the low frequency bands, or may- 
be the skip wasn't just right. 

Anyhow, let's hope the report of exaggera- 
tion is exaggerated. 

Shrunk But Not Sunk 

Probably the first thing you noticed about 
this issue of the magazine is that we have 
lightened ship and trimmed our sails. We 
hope that our readers won't be too disappoint- 
ed at the reduction in pages. All we can say 
is that a careful survey of the situation made 
the reduction appear to be a wise move, for 
a number of pertinent reasons. 

Not Asleep 

our readers wrote in after re- 
January issue to inquire as to 
had heard that war had been 

Several of 
ceiving their 
whether we 
declared. 

We can merely point out that RADIO, like 
practically all monthly technical magazines, 
goes to press about three weeks before copies 
are on the newsstand or in the hands of sub- 
scribers. About all we could have done would 
have been to include a last minute "flash in- 
sert," and as there was no good reason for 
our doing so except to acknowledge the exist- 
ence of the war, we thought we might as well 
save the paper. 

Standardization for Defense 

Most of our amateur readers are probably 
aware by now that the A.R.R.L. is sponsoring 
a "U.H.F. Standardization Campaign." The 
purpose of the plan is to make the separate 
units of 112 Mc. emergency stations, as con- 
structed by individual amateurs, universally in- 
terchangeable through the use of a standard 
system of plug and socket cable connections 
and the adoption of standard voltages and cur- 
rents. A "standard" receiver, transmitter, and 
power pack design is recommended for those 
who have not yet built their equipment. Those 
already possessing equipment need not rebuild 
it to conform unless they wish; instead they 
may simply change over the power connections 
to conform to the standard practice. 

The idea is a fine one, and we heartily in- 
dorse it. However, we want to make sure that 
when we show a u.h.f. receiver or u.h.f. an- 
tenna our readers don't get the idea that we 
are evidencing lack of cooperation with the 
plan. The A.R.R.L. has stated that they are 
not trying to "freeze" all u.h.f. design and 
thereby hamper technical progress. Such would 
be the height of foolishness. 

The idea is to have a "standard" rig on hand 
and ready to go at all times. If you want to 
build something different, or do a little experi- 
menting, that is all well and good. Just make 
sure that you don't rob something from the 
"standby" emergency rig to get your latest 
brainstorm finished. 4 
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IN THE MOTHBALLS ... 
Temporarily out of normal 
amateur service for the dura- 
tion are these three excellent 
amateur installations. We hope 
that their facilities will be 
made available and will be of 
service to integrated local 

defense agencies. 

Above- W7AEF, Portland, 
Oregon. Bill and Jean 
Lucas had been active for 
the last fifteen years. Left 
-W5ALA, Dallas, Texas. 
Jack Moore has been op- 
erating this commercial - 
unit station, with a Halli- 
crafters HT -9 transmitter 
and SX -28 receiver, pri- 
marily on ten and one - 
sixty with separate anten- 
nas for each band. Below - 
W8VQW is operated by 
Floyd Gleason in Holland, 

Michigan. 
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4 c.1144-qicielikt 

PHONOGRAPH AMPEIFIER 
By RAY L. DAWLEY,* WÔDHG 

Describing a sure -fire high -fidelity phonograph amplifier which is 

very flexible in regard to the components used. The amplifier can, 
for the most part, be made up from the assortment of parts on 
hand in the usual amateur's or experimenter's workshop. Degen- 

erative feedback has been incorporated into the design. 

Now that the amateurs are, for the most 
part, off the air and the amateur recording 
fiends are faced with a shortage of new equip- 
ment and blanks, such time as can be spared 
from defense work will be diverted into new 
channels. One field of activity which seems 
to be attracting the interest of a goodly num- 
ber is the building of high -fidelity phonograph 
players from such equipment *s is on hand or 
can be borrowed or obtained from the rather 
depleted stocks of the parts supply houses. 

Two of the essential components of the pho- 
nograph player can be constructed by the ama- 
teur or experimenter: the amplifier and the 
speaker housing. The different types of speak- 
er housings were described by Gilbert' in the 
December issue of RADIO, and the construction 
of a simple amplifier that almost every experi- 
menter can build from parts on hand is de- 
scribed herein. It is assumed that a good sized 
loudspeaker (12" or greater cone diameter) of 
modern design will be used and that a good 
crystal pickup with low needle point damping 
will be employed. 

The Output Stage 

The design of any audio amplifier hinges, 
quite naturally, upon the type of output power 
amplifier stage that is to feed the loudspeaker. 
All the other sections of the unit -voltage am- 
plifier, phase inverter, and power supply -will 

*Editor, RADIO 

then be designed around the excitation voltage 
and plate power requirements of the power 
stage. 

In the course of casual experimentation to 
determine a satisfactory output amplifier ar- 
rangement, quite a large number of different 
tube combinations and circuits were lashed up. 
Naturally, the first tubes tried were beam 
tetrodes, 6L6's and 6V6's. The high power 
sensitivity of these tubes, plus their high power 
output and reasonable plate power require- 
ments, made it appear at first that they would 
be the ideal combination. Preliminary tests 
showed that all the above suppositions were 
true, and in addition showed that distortion 
arising from the stage could be cut down to a 
negligible amount through the use of degener- 
ative feedback. 

But when the checkups were made upon 
the frequency response of the tetrode amplifier, 
the results were not quite so encouraging. 
True, the highs were good, their normal pre- 
dominance in a tetrode amplifier being flattened 
out by the feedback. But the low frequencies, 
considering the medium -priced output trans- 
former and speaker we were using, were not 
satisfactory. The amplifier was good down to 
about 60 cycles (it was considerably down at 
this point without the feedback) but below this 
point the waveform rapidly approached a saw - 
tooth form and the amplitude dropped. This 

'Gilbert, "Baffling the Loudspeaker." RADIO, 
December, 1941, p. 32. 

7 

www.americanradiohistory.com

www.americanradiohistory.com


type of result would have been considered satis- 
factory for a medium -priced broadcast receiver 
or record player but since we were just experi- 
menting it was decided to see what could be 
done with the same power supply, output trans- 
former, and speaker using triodes in the output 
stage. 

A pair of 2A3's were used in the first 
version of the amplifier, without feedback and 
with the same phase inverter (a 6SC7 was be- 
ing used as phase inverter). An improvement 
in response was immediately apparent; the low 
frequency response was substantially flat down 
to 30 cycles and the highs were as good as had 
been obtained with the tetrodes and feedback. 
But we immediately ran into difficulty in ob- 
taining sufficient voltage output from the phase 
inverter to excite the grids of the 2A3's. 

Phase Inverter Circuits 

A pair of 2A3's require a peak grid -to -grid 
swing of about 140 volts. This means that each 
side of the phase inverter must be capable of 
putting out about 70 volts without distortion 
at the lowest and highest frequencies to be 
handled by the amplifier. An inspection of the 
Resistance - Coupled Amplifier Chart in the RCA 
Receiving Tube Manual shows that about the 
only triode which is capable of delivering this 
output voltage, at 300 applied plate volts, is 

.8 

one section of the 6N7. With a supply voltage 
of 300, a plate load resistance of 100,000 ohms, 
and a grid leak on the next tube of 250,000 
ohms, each section of the 6N7 has a voltage 
output of 83 volts. This value gives a satisfac- 
tory safety factor over the 70 volts or so actu- 
ally required. 

Several phase- inverter circuits were tried, 
but the conventional "self- balancing" circuit 
was found to be the most satisfactory for an 
output voltage of the magnitude required 
above. But it is important to note that this 
so- called "self- balancing" circuit will only give 
the same voltage on each grid of the output 
stage when the proper resistor values have been 
used. Once the proper resistor values have 
been determined the circuit is actually self 
balancing regardless of supply voltage varia- 
tions and small differences in tube character- 
istics. 

The phase inverter circuit is really comprised 
of the essential resistors R. through R in the 
main circuit diagram. It is the value of these 
various resistors which determines the effective- 
ness with which the circuit operates. The most 
satisfactory manner in which to get the circuit 
operating properly is to check the amplifier 
with a constant tone of about 400 cycles on the 
input, and with R,2 removed from the circuit. 
An oscilloscope will usually indicate (assum- 
ing that R. and R. are the same and that Ro 
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Wiring diagram of the wide -range phonograph amplifier. 
C1-.0005 -pfd. mica Cs, Ca-8 -pfd. 450 -volt R,- 60,000 ohms, l2 watt R,- 10,000 ohms, 10 watts 
C--10 -pfd. 25 -volt elec- electrolytic R-25,000 ohms, /2 watt R15-750 ohms, 10 watts 

trolytic C,o-8 -pfd. 600 -volt elec- Ru- 500,000 ohms, /2 watt T1-750 c.t. 100 ma., 6.3 
C3-.05 -pfd. 600 -volt tub- trolytic R7 -1500 ohms, I watt v, 3.5 a., 5 v. 3 a. 

ular Cu -50 -pfd. 100 -volt elec- Rs, Ra- 100,000 ohms, I T2 --5000 ohms plate -to- 
C, -25 -pfd. 25 -volt elec- trolytic watt plate, tapped voice 

trolytic R1- 500,000 ohms, '/2 watt R,0, Ru- 250,000 ohms, Vs coil secondary 
C,-8 -pfd. 450 -volt elec- R2 -- 250,000 -ohm p o t i o- watt CH -15 hy. 125 -ma. choke 

trolytic meter Rig-- 500,000 ohms, 1/2 watt J -Input jack 
Cr,, C7-0.1 -pfd. 600 -volt 12:;-2500 ohms, I/2 watt R,8- 100,000 ohms, I/2 watt S -A. c. line on -off switch 

tubular 

and R are the same value) about 20 per cent 
more voltage from the grid of the top 2A3 (in 
the diagram) to ground than from grid -to- 
ground on the other tube. For exact balance 
in the circuit it is necessary that Rio (or the 
parallel combination of R. and R,2) be some- 
what lower in resistance than R,,. The exact 
value for these two resistors can be determined 
mathematically', but the normal tolerance in 
resistors is great enough so that the adjustment 
is best made experimentally. In fact it is only 
necessary to place different values of resistance 
at R,2, continually checking the ratio of the two 
2A3 grid -to- ground voltages with an oscillo- 
scope, until an exact balance is obtained. 

In two of the amplifiers built following this 
circuit diagram the values for the three resist- 
ors given in the caption to the wiring diagram 
were found to give equal voltages (resistors 
Rla, R,,, R,.). But in the amplifier shown in 

Wallman, "Perfect Balance Self -Balancing Phase 
Inverter," RADIO, October, 1941, p. 46, December, 
1941, p. 62. 

the photograph the use of the additional resist- 
or was eliminated by using selected "250,000 - 
ohm" resistors for Rio and R,,. By using a so- 
called 1/4 -meg. resistor at Rio that was some- 
what low and another 1/4 -meg. at R that was 
somewhat high it was possible to obtain an 
exact balance. But unless one has quite a se- 
lection of resistors the additional resistor R. is 
the simplest way of obtaining a balance. 

Degenerative Feedback 

Although degenerative feedback is not gen- 
erally used with triode push -pull class A am- 
plifiers, it was decided to incorporate some 
feedback into this amplifier to see what bene- 
fits would be obtained. The results have been 
quite satisfactory. It was possible to use about 
10 db of feedback with the circuit shown in the 
main diagram. Hum, tube noises and dis- 
tortion within the feedback loop were reduced 
by the amount that would be expected with 
this amount of degeneration. 

However, a considerable amount of difficulty 
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was experienced in determining a feedback cir- 
cuit that could be used with a circuit arrange- 
ment of this type. At first it was thought that 
it would be possible to use a dual cathode tube 
for the phase inverter. But no dual cathode 
tube (which would allow the use of feedback 
to the cathode of the first section of the phase 
inverter) was available which would deliver 
sufficient peak voltage output to excite the 
grids of the 2A3's. So it became necessary to 
return the feedback energy ahead of the phase 
inverter. Feedback was at first attempted in 
the cathode of the 6J5 first amplifier. This 
proved unsatisfactory; there was too much 
phase shift throughout the amplifier and output 
transformer and instability resulted. 

R3 

Equalizer circuit for high- frequency com- 
pensation and bass boost. 

Ri- 500,000 ohms, 1/2 watt; R2- 100,000 ohms, 1/2 
watt; Ru- 500,000 -ohm potentiometer; Ci- .0005- 
zfd.; C2-.003-pfd. 

The feedback circuit that did prove satis- 
factory is the one shown in the amplifier cir- 
cuit diagram. Voltage is returned from a high - 
impedance tap on the output transformer to the 

FEBRUARY 

decoupling condenser in the 6J5 plate feed cir- 
cuit. If a sufficiently high impedance tap is 
available on the output transformer it will be 
possible to use 10 db of feedback with this cir- 
cuit with perfect stability. With this amount 
of degenerative feedback in the amplifier the 
amount of input voltage required on the grid 
of the 6J5 (about 3/4 volt peak) is a little more 
than three times that required without feed- 
back -for full output from the 2A3's. With 
this amount of feedback in the amplifier it is 
substantially flat in response, within 2 db, from 
20 to 20,000 cycles and the waveform is per- 
fect over this range. The response is down 
about 3 db at 16 cycles, but the waveform is 
still very good. 

Naturally, as is the case with all feedback 
circuits, the voltage that is returned must be of 
the proper phase for degeneration. But we 
have the advantage in determining the proper 
polarity that it is a go or no go proposition. 
If the polarity is incorrect a violent oscillation 
will be set up in the amplifier. In this par- 
ticular circuit arrangement it will then be neces- 
sary to ground the other end of the output 
transformer secondary winding, and then take 
the feedback voltage from the end of the wind- 
ing which was previously grounded. If this 
procedure would be inconvenient (due to a 
tapped voice coil output transformer) the two 
primary leads that go to the plates of the 
6A3's or 2A3's should be reversed. 

Power Supply 

A pair of 2A3's, 6A3's, 6B4 -G's, or 6A5 -G's 
are rated at a plate voltage of 300 to 325 volts 
and a plate current of 80 ma. The 2A3 fila- 
ments require a 21/2-volt supply at about 5 am- 
peres, while the other three types require a 6.3- 
volt supply at about 2 amperes. From this 
data it can be seen that any small b.c.1. -type 
power transformer capable of about 100 ma. 
drain with 350 to 375 volts each side of center 
on the high voltage winding will be capable of 
handling the amplifier. If the transformer is a 
21/2 -volt one 2A3's can be used, with a 53 phase 
inverter and a 56 or triode 57 as the first am- 
plifier. Or a small 6.3 -volt filament transform- 
er may be used to supply the first amplifier and 
the phase inverter while running the 2A3 fila- 
ments from the power transformer. 

Of the three amplifiers so far constructed, all 
have operated identically with the exception of 
the power output and the extreme low fre- 

[Continued on Page 531 

Notice the simplicity of construction 
evident in this underchassis photo- 

graph. 
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A "SUPER DX ANTENNA" 

104 M. R 1'0041 

When one is located but a few miles from 
f.m. broadcast stations, almost any receiving 
antenna will give good results. Even a loop 
or indoor antenna will prove satisfactory. But 
for the suburban resident who is 50 miles or 
more from the city, with possibly some hills 
intervening, the best antenna is none too good. 
To get the full benefits of f.m., the signal must 
be comfortably above the "threshold" level, 
giving definite limiter action. 

Unlike high -power a.m. stations, f.m. sta- 
tions usually are right in the city or not far 
out. This means that when the owner of an 
f.m. receiver is located 50 or 100 miles from 
a single large city, all the f.m. stations will be 
within a few degrees of one direction. This 
permits one to make use of a highly direction- 
al antenna without the need for its being 
rotatable. 

The customary "deluxe" f.m. antenna in- 
stallation for dx reception consists of a hori- 
zontal dipole, as high as possible, with a single 
reflector or director and rubber - covered twist- 
ed pair feed line. This antenna has several 
shortcomings. First, it does not have very 
much gain over a simple dipole to begin with, 
the reflector or director providing only 4 or 5 

db gain at most. Secondly, the twisted pair 
transmission line has so much loss at these 
frequencies that any advantage gained by 
placing the antenna high in the air is largely 
offset by the losses in the transmission line. 
And thirdly, the antenna cannot be made to 

` work over the whole f.m. band with anything 
approaching equal effectiveness. When the 
director or reflector is adjusted for maximum 
gain at the center of the f.m. band, the pick- 
up at either edge of the band will be no bet- 
ter than that of a simple dipole without re- 
flector or director. 

The antenna illustrated in the accompany- 
ing diagram has so much gain that a signal 
which is insufficient to provide satisfactory 
limiter action on a dipole antenna will permit 
first class "program" quality when this an- 
tenna is employed. Technically it is known 

as one variation of the Sterba "barrage" or 
"curtain," and has a pattern like a very sharp 
figure "8." 

Construction 

The antenna is not expensive of construc- 
tion, considering the results it provides, and 
the only disadvantages are its size and the 
fact that it is effective only over a very nar- 
row arc. The array is highly directional 
broadside, and stations which are not within 
10 degrees of a right angle with the array will 
be noticeably weaker, and those more than 
20 degrees off the nose of the "beam" will be 
very weak. 

The antenna must be oriented very care- 
fully, because of its high directivity. In or- 
ienting the array, one should not forget the 
distinction between true north and magnetic 
north, as this difference may be sufficient to 
throw the beam out of whack. A span of at 
least 45 feet between poles is required. 

Because the antenna has very high radi- 
ation resistance, neither the voltage nor cur- 
rent reaches a very high value. This means 
that losses will be low, even though conduc- 
tors and insulators may not be of the highest 
quality. For instance, if copper wire is not 
available, galvanized iron wire may be used, 
with an imperceptible loss in gain. If galva- 
nized iron or copper clad steel wire is used, no. 
14 will be satisfactory for the antenna proper. 
If solid copper is used, no. 12 is preferable, as 
no. 14 will have a tendency to stretch with 
time if the array is pulled tight. This will 
throw the resonant frequency lower. 

No. 16 copper wire, spaced 2 inches, is used 
for the feed line. This line may be made 
any reasonable length with negligible loss. 
Two -inch ceramic spreaders are inexpensive 
and may be used both for the feed line and 
the phasing sections. Be sure to note that 
each phasing section is transposed once, -that 
is, that the wires cross over. 

Two -inch spreaders may be sawed out of 

II 
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1/8 -inch sheet Lucite if desired, or if difficulty 
is experienced in obtaining suitable ceramic 
spreaders. Commercially manufactured Lu- 
cite spreaders are available, but are more ex- 

pensive than the ceramic type. Spreaders 
should be spaced not more than 18 inches un- 
less especial care is taken to prevent the feeder 
wires from twisting on themselves and short- 
ing out during a high wind. 

While it is advantageous to place the ar- 
ray as high as possible, excellent results will 
be obtained if it is placed only high enough 
to be clear of trees and other surrounding ob- 
jects. Because of the very high radiation re- 
sistance of the antenna, two highly import- 
ant advantages are realized: The antenna 
tunes very broadly, giving uniform response 
over the whole f.m. band when cut for the 
middle; and a low loss open wire transmission 
line may be used without the need for a 

matching section. The radiation resistance 
is of the same order as the characteristic 
surge impedance of the open wire transmis- 
sion line, and therefore the transfer efficiency 
is high. 

Most f.m. receivers are designed with low 
impedance doublet input (50 to 100 ohms), so 
that they may be used with a twisted pair 
line. To provide an efficient match and 
minimize standing waves on the transmission 
line, a tuned autotransformer is needed at the 
receiver. This may consist simply of a small, 
tapped coil shunted with a 3 -30 µpfd. ceramic 

type compression mica trimmer. The coil 
may consist of 8 turns of bare copper wire 1 

inch in diameter and spaced to a length of 
1 inch. A ceramic or polystyrene coil form 
should be used, and the coil should be tapped 
every turn. 

A short length of twisted pair is connected 
to the receiver input and tapped one turn 
each side of center on the matching coil. A 

station near the middle of the f.m. band is 

tuned in and then the ceramic trimmer is ad- 
justed by means of an insulated trimmer tool 
for maximum pickup as indicated by maxi- 
mum limiter action. (This may be indicated 
by a magic eye on the receiver or by a high 
resistance voltmeter connected to read the bias 
developed by the limiter.) 

The adjustment will be very broad, and 
when set for the center of the band will hold 
satisfactorily over the whole band. The taps 
on the matching coil then are adjusted for 
maximum pickup. This is done by moving 
them in and out, keeping them the same dis- 
tance from center, until the best adjustment 
is obtained. Each time the taps are altered, 
it is a good idea to retrim the condenser, just 
to be on the safe side. A regular screwdriver 
should not be used for this adjustment, as the 
metal will detune the condenser slightly when 
touched to the metal adjusting screw. 

While this adjustment procedure may sound 
formidable, it may be done in less than 20 
minutes, and has to be done only once. 
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D. & A. STUDY GUIDE 

eatieilid, Radio 

T/ea' aid P4aee 
(A MONTHLY FEATURE) 

CONDUCTED BY W. W. SMITH 

In acquiring a knowledge of any art, the stu- 
dent is aided greatly by a correlated "self - 
quiz." It is for this reason that school text- 
books usually contain a set of pertinent review 
questions at the end of each chapter. 

The following questions are taken from the 
F.C.C. Study Guide for commercial radio op- 
erator examinations, and constitute an excel- 
lent self -quiz regardless of whether or not the 
student intends to take the examination for a 
commercial license. Only the technical ques- 
tions are included. 

It will be noted that the answers include a 
comprehensive explanation of the answer and 
its method of derivation, except in a few cases 
where the answer is self -explanatory. This de- 
partment is not being run with the express 
purpose of enabling a student to obtain a 
commercial license with the least possible stu- 
dy, but rather to help the student to enhance 
his knowledge of the radio art. 

When all technical questions in the F.C.C. 
Study Guide have been covered, appropriate 
questions similar in scope will be originated in 
order to permit continuance of the department 
as a monthly feature. 

ELEMENT 2 

(First Installment) 

(01) By what other expression may a "differ- 
ence of potential" be described? 

Difference of potential is most commonly known 
as "voltage" or "voltage difference." 

(02) By what other expression may an "elec- 
tric current flow" be described? 

An electric current flow is a flow of electrons, 
the rate of flow being designated as the amperage. 

(03) Which factors determine the amplitude 
of the e.m.f. induced in a conductor which is 
cutting lines of magnetic force? 

The amplitude of the e.m.f. is determined by the 
rate at which the conductor cuts lines of force. 
This in turn is dependent upon the flux density, 
the speed of travel of the conductor with respect to 
the lines of force, and the direction of travel of the 
conductor with respect to the direction of the lines 
of force. Obviously a conductor traveling at uni- 
form speed will cut the maximum number of lines 
of force (assuming uniform flux density) if the 
conductor is traveling at right angles to the lines 
of force. 

(04) Name four methods by which an elec- 
trical potential may be generated. 

1. Battery or cell (chemical). 
2. Generator of dynamo type (mechanical). 
3. Photo cell of photo -voltaic type (light). 
4. Thermocouple (heat). 
5. Generator of static machine type (friction). 
6. Generator of piezoelectric type (pressure). 

(05) If the diameter of a conductor of given 
length is doubled, how will the resistance be 
affected? 

When the term "resistance' is not qualified, it 
refers to d.c. resistance. The d.c. resistance of a 
conductor of given length and uniform cross section 
varies inversely as the area of the cross section. 
Thus, if the diameter of the conductor is doubled, 
the cross section will be quadrupled and the re- 
sistance will be 1/q as great. 

(06) If the value of a resistance, to which a 
constant e.m.f. is applied, is halved, what will be 
the resultant proportional power dissipation? 

Power is equal to E' /R. Therefore the power 
is inversely proportional to the resistance for a 
given e.m.f. Hence, if the resistance is halved, 
the dissipation will be doubled. 

13 
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(07) What method of connection should be 
used to obtain the maximum no -load output 
voltage from a group of similar cells in a storage 
battery. 

The cells should be connected in series. 

(08) What is the sum of all voltage drops 
around a simple direct -current series circuit, in- 
cluding the source? 

Considering the voltage drops algebraically (the 
drops in the external circuit as positive and the in- 
ternal generator drop as negative) the sum is zero. 
(Kirchhoff's second law.) 

(09) What method of connection should be 
used to obtain the maximum short- circuit cur- 
rent from a group of similar cells in a storage 
battery? 

Short -circuit current is inversely proportional to 
the internal resistance of a cell. By connecting 
similar cells in parallel the internal resistance is re- 
duced correspondingly and the short circuit current 
will therefore be maximum. 

(10) If the value of a resistance, across which 
a constant e.m.f. is applied, is doubled, what 
will be the resultant proportional power dissipa- 
tion? 

The amount of power dissipated as heat will be 
cut in half. (Refer to answer 06.) 

(11) Name four materials which are good in- 
sulators at radio frequencies. Name four mate- 
rials which are not good insulators at radio fre- 
quencies, but which are satisfactory for use at 
commercial power frequencies. 

Some good r.f. insulators are polystyrene, Pyrex, 
quartz, isolantite and steatite. These are good even 
at u.h.f. Ordinary porcelain and clear mica are 
good insulators at radio frequencies if the fre- 
quency is not in the u.h.f region. 

Power frequency insulators considered inferior at 
radio frequencies are empire cloth (varnished cam- 
bric), shellac, transformer oil, paraffin, and elec- 
trical slate. 

(12) Explain the factors which influence the 
resistance of a conductor. 

The resistance is determined by the composition 
of the conductor, by the cross sectional area of the 
conductor, by the length of the conductor, and by 
the temperature of the conductor. The latter is 
determined not only by the ambient temperature, 
but also by the power dissipated in the conductor. 
The resistance of an ordinary Mazda lamp filament 
at room temperature is less than half the resistance 
of the filament when dissipating its normal wattage. 

(13) What effect does the cross -section area of 
a conductor have upon its resistance per unit 
length? 

Refer to answer 05. 

(14) Name four conducting materials in the 
order of their conductivity. 

Silver, copper, aluminum, and iron. 

(15) 'What effect does a change in the dielec- 
tric constant of a condenser dielectric material 
have upon the capacitance of a condenser. 

The capacity of the condenser is directly pro- 
portional to the dielectric constant. 

(16) Explain the effect of increasing the num- 
ber of plates upon the capacitance of a con- 
denser. 

Increasing the number of plates will increase the 
capacity of the condenser. Assuming uniform plates 
and spacing, and neglecting the "stray" capacity of 
the condenser, the capacity is directly proportional 
to N - 1, where N is the total number of plates. 
Thus, a condenser with 3 plates has twice the 
maximum capacity of a similar condenser with 2 

plates. 

(17) State the formula to determine the capa- 
citive reactance of a condenser. 

1 

X, - ohms 
2rfC 

Where C is in farads 
f is in cycles 

(18) If the specific inductive capacity of a 
condenser dielectric material between the con- 
denser plates were changed from 1 to 2, what 
would be the resultant change in capacitance? 

When C.G.S. units are used, the specific induc- 
tive capacity is numerically equal to the dielectric 
constant. Therefore, the capacitance would be 
doubled. 

(19) State the formula for determining (1) 
the amount of electricity a condenser will hold? 
(2) The energy stored in a condenser? 

Q = CE 

where Q is in coulombs 
C is in farads 
E is in volts 

Q2 

W=-='/2 
2C 

E' 

where W is in joules 
Q is in coulombs 
E is in volts 
C is in farads 

(20) Neglecting temperature coefficient of 
resistance and using the same gauge of wire and 
the same applied voltage in each case, what 
would be the effect, upon the field strength of 
a single layer solonoid, of a small increase in the 
number of turns? 

The strength of the magnetic field would not 
change. This will be apparent from study of the 
equation for m.m.f., M, due to an electric current: 

M = 0.4.7rNI 

where N is the number of turns 
I is the current in amperes 

The current will be inversely proportional to the 
resistance (number of turns). The reduction in 
current I and the increase in turns N would pro- 
duce exactly equal and opposite effects. 
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(21) How will a magnetic compass be af- 
fected when placed within a coil carrying an 
electric current? 

The north pole of the compass will be deflected 
toward the south pole of the coil if the current is 
sufficiently strong. (If the left hand is held so that 
the thumb is outstretched and parallel to the axis of 
the coil, with the fingers curled to indicate the 
direction of current flow around the coil, then the 
thumb points in the direction of the north pole of 
the coil.) 

(22) What material should be used for 
shielding an r.f. magnetic field? 

Metal having high conductivity, such as copper, 
should be used. The shield should be of heavy 
gauge and have no holes other than small ones for 
the connecting wires to the coil. When require- 
ments are not stringent, thinner gauge metal or 
metal of lesser conductivity may be used in the 
interest of economy. 

(23) What is the advantage to be gained by 
"bank winding" an inductance? 

Bank winding permits a multi -layer coil having 
lower distributed capacity than a regular "back and 
forth" multi -layer coil. 

(24) Which factors influence the direction of 
magnetic lines of force generated by an electro- 
magnet? 

The direction of the lines of force is determined 
by the direction which the current takes around the 
metal core. (Refer to answer 21.) 

(25) Explain the meaning of and factors 
which determine the "Q" or "figure of merit" 
of an inductance. 

The Q of an inductance is determined by its ratio 
of reactance to resistance. Because the resistance 
varies with frequency, the Q of a coil is not directly 
proportional to frequency. In an iron core coil the 
resistance is made up not only of losses in the wire, 
but also core losses. 

The Q of an inductance is affected by: the wire 
size, whether the wire is solid or Litz, the kind of 
metal comprising the wire, the physical size of the 
whole inductance, the method of winding, the in- 
sulation of the wire, type of shielding, type of 
winding form, and frequency. An iron core induc- 
tance also is affected by the permeability of the 
core material and whether it is laminated or pow- 
dered, and also the thickness of the laminations and 
the size of the grains. 

(26) Define the term "permeability." 
The permeability of a material is an index as to 

its ability to conduct magnetic lines of force. It is 
the ratio of the magnetic flux density produced in 
the material to the intensity of the magnetic field, 
or to the magnetic flux density produced in air by 
the same field. Some materials conduct lines of 
force much better than air, others not as good. 

(27) What unit is used in expressing the al- 
ternating current impedance of a circuit? 

Impedance is a term combining resistance and 
reactance, and is expressed in ohms. 

15 

(28) What is the unit of resistance? 
The ohm. 

(29) Explain the meaning of the prefix "mi- 
cromicrofarad". 

The term "micro" means "one millionth." There- 
fore the prefix "micromicro" means "divided by a 
million million." One micromicrofarad is equal to 
10 -12 farads. 

(30) What is the unit of capacitance? 
The farad is the standard unit, but the microfarad 

(.000001 farad) is more commonly used. 

(31) What instrument, alone, may be used to 
measure resistance? Electrical power? Electri- 
cal current? Electromotive force? 

Resistance may be measured by an ohmmeter, 
power by a wattmeter, current by an ammeter, and 
e.m.f. by a voltmeter. 

(32) Define the term "residual magnetism." 
"Residual magnetism" is the magnetism existing 

in a body after removal of the magnetizing force. 

(33) What is the unit of electrical power? 
The watt. 

(34) What is the unit of conductance? 
The mho. 

(35) What is the unit of inductance? 
The henry. 

(36) What is the meaning of the prefix 
"kilo"? 

The prefix kilo indicates that the following term 
is to be multiplied by 1000. In other words, a 
kilowatt is 1000 watts. 

(37) What is the meaning of the prefix "mi- 
cro"? 

The prefix "micro" indicates that the following 
term is divided by 1,000,000. For instance, a 
microfarad is .000001 farad. 

(38) What is the meaning of "power factor "? 
Power factor is a measure of the efficiency of an 

alternating current circuit or device. When voltage 
and current are 90 degrees out of phase, the work 
done is zero and the power factor is zero. When 
they are in phase the efficiency is the same as for 
a d.c. circuit, and the power factor is 1. 

The power factor is obtained by dividing the true 
watts (as read on a wattmeter) by the apparent 
watts (as indicated by a voltmeter and ammeter). 

Power factor also is used to indicate the goodness 
or "Q" of a coil or condenser. An ideal inductor 
or capacitor would have zero power factor. 

(39) What is the meaning of the prefix 
"meg."? 

The prefix meg indicates that the following term 
is to be multiplied by 1,000,000. For instance, a 
megohm is 1,000,000 ohms. 

(40) Define the term "conductance." 
Conductance is a measure of the ability of a cir- 

cuit or device to conduct an electric current. The 
unit of measurement is the mho, or reciprocal ohm. 
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(41) What instrument is used to measure cur- 
rent flow? 

An ammeter. 

(42) Define the term "decibel." 
The decibel is a unit used to express the ratio 

between two power or energy levels. As the unit 
indicates a ratio rather than absolute values, it is a 
logarithmic term. This simplifies electrical and 
sound calculations, where power ratios of several 
million are common. 

A power ratio expressed as 10 times the common 
logarithm of the ratio gives the difference in deci- 
bels between the two power levels. The formula 
for conversion to decibels (db) is: 

Pi 

Nan = 10 Logo 
P2 

Because multiplying the logarithm of a number 
by 2 is the same as squaring it, the formula for con - 
verting voltage ratios to decibels simply calls for 
the substitution of 20 for 10 in the formula, as 
follows: 

E, 
Nan = 20 Logo 

E2 

(43) What is meant by "ampere turns "? 
The magnetic field or flux density produced by a 

current passing through a coil is proportional to 
the current times the number of turns in the coil. 
The magnetomotive force in gilberts is equal to 
1.26 NI, where N is the number of turns and I the 
current in amperes passing through the coil. 

(44) Define the term "inductance." 
Inductance is that property of an electric circuit, 

usually a coil, which causes a current change 
through the circuit to produce an e.m.f. which 
opposes the current change. This self induction 
causes the current change to lag behind the voltage 
change producing it. 

The unit of inductance is the henry. A coil has 
an inductance of one henry when a voltage of 1 volt 
is induced by a current change of 1 ampere per 
second. 

(45) Define the term "coulomb." 
A coulomb is an amount of electricity. If a cur- 

rent flows past a given point on a conductor for 1 

second at the rate of 1 ampere, then 1 coulomb of 
electricity will have passed by the point. 

(46) Define the term "power factor." 
Refer to answer 38. 

(47) What is the unit of magnetomotive 
force? 

The gilbert. The m.m.f. may be determined from 
the ampere turns by multiplying the ampere turns 
by 1.26. 

(48) Express 1 horsepower in watts. 
One horsepower is equal to 746 watts. 

(49) State the three ordinary mathematical 
forms of Ohm's law. 

FEBRUARY 

E E 
I =- R=- 

R I 

E=IR 

(50) State Ohm's law. 
In a d.c. circuit the strength of an electric cur- 

rent is directly proportional to the e.m.f. producing 
it and inversely proportional to the total resistance 
through which the current is flowing. 

(51) If a vacuum tube having a filament rated 
a one -quarter ampere and 5 volts is to be oper- 
ated from a 6 volt battery, what is the value of 
the necessary series resistor? 

A fully charged "six volt" battery actually de- 
livers more than 6 volts, but since modern vacuum 
tubes are designed to operate a few percent above 
or below the rated filament voltage, this need not 
be taken into consideration. 

The resistor must provide a drop of 1 volt when 
1,4 ampere is flowing through it. From Ohm's law: 

E 1 

R = - or R = - or 4 ohms 
I 0.25 

(52) If the voltage applied to a circuit is dou- 
bled and the resistance of the circuit is increased 
to three times its former value, what will be the 
final current value? 

From Ohm's law we know that the current varies 
directly with voltage and inversely with the resist- 
ance. Increasing the resistance three times would 
reduce the current to one third its original value, 
while doubling the voltage would double this cur- 
rent to two- thirds its original value. Therefore the 
final current would be two- thirds its original value. 

(53) If a relay is designed to operate proper- 
ly from a 6 volt d.c. source, and if the resistance 
of the winding is 120 ohms, what value of re- 
sistance should be connected in series with the 
winding if the relay is to be used with a 120 
volt d.c. source? 

There are several ways to attack this problem, the 
following being as simple as any. 

The voltage drop across resistances in series is 
proportional to the values of resistance, because the 
current through all series elements is the same. The 
voltage drop across the required resistor is to be 
114 volts. Therefore, 

120 X 13,680 
= and X = or 2280 ohms 

6 114 6 

(54) What should be the minimum power 
dissipation rating of a resistor of 20,000 ohms 
to be connected across a potential of 500 volts? 

The wattage rating of a resistor ordinarily ap- 
plies to "free air" operation (that is, with the re- 
sistor not confined to an enclosure which restricts 
the cooling). Assuming the resistor is operated in 
"free air," then the rating theoretically could be the 
same as the maximum dissipation. In actual prac- 
tice, however, at least a 100 per cent safety factor 
usually is allowed. 

The dissipation, W, is equal to 12R, but the cur- 
rent is not given. It is determined from Ohm's 
law as follows: 
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E 500 
I = - or or 0.025 ampere 

R 20,000 

I'R = 12.5 watts 

Therefore, the dissipation is 12.5 watts, and in 
open air a 25 watt resistor is recommended. In a 
closed space a still higher rating would be desirable. 

(55) If resistors of 5, 3, and 15 ohms are con- 
nected in parallel, what is the total resistance? 

17 

(60) If two 10 watt, 500 ohm resistors are 
connected in parallel, what is the power dissipa- 
tion capabilities of the combination? 

As long as the resistances are the same and the 
wattage ratings are the same, the permissible dissi, 
pation is doubled. Therefore in this case the dissi- 
pation capability is 20 watts. 

(61) What is the formula used to determine 
the total capacitance of three or more capacitors 
connected in series? 

1 

1 C- 
1 1 1 R - = 1.66 ohms 

1 1 1 -+ -+ -+. . . . -+ -+ - C, C2 C3 

R, R2 R, 
(56) What is the maximum rated current 

carrying capacity of a resistor marked "5000 
ohms, 200 watts "? 

W = 1'R, or I = 0.2 amp. 

(57) Show how you would use a wave trap 
to exclude an undesired radio signal from a 
receiver. 

Refer to diagram 57. The trap L,C, should be 
resonated for minimum interfering signal. 

(58) A milliammeter with a full -scale deflec- 
tion of 1 milliampere and having a resistance of 
25 ohms, was used to measure an unknown cur- 
rent by shunting the meter with a four (4) ohm 
resistor. It then read 0.4 milliamperes. What 
was the unknown current value? 

The first thing to do is to find out how much 
current is flowing through the shunt when the 
meter is drawing 1 ma. (full scale). The total 
current will be this plus the meter current of 1 ma. 
From this figure the "multiplier" factor can be 
determined for the shunt, and then any current can 
be determined simply by multiplying the scale read- 
ing by the multiplier factor. 

The currents through the resistances (meter and 
shunt) will be inversely proportional to their re- 
sistances. Or, 

1 4 -= - and Is = 6.25 ma. 
Is 25 

The total current at full scale deflection then is 
6.25 plus 1 or 7.25 ma. Thus the multiplier factor 
is 7.25, and when the shunted meter reads 0.4 ma., 
the current is 7.25 times 0.4 ma., or 2.9 ma. 

(59) What will be the heat dissipation, in 
watts, of a resistor of 20 ohms having a current 
of one -quarter (1/4) ampere passing through it? 

W = I2R, or 1.25 watts 

All terms must be expressed in same units: 
farads, microfarads, etc. 

(62) What is the formula for determining 
the capacitative reactance of a condenser? 

Xe _ 
2 ,rfC 

where Xe is in ohms, f is in cycles, and C is in 
farads. 

(63) If condensers of 1, 3, and 5 microfarads 
are connected in parallel, what is the total capa- 
citance? 

The resultant capacitance is the simple arithmeti- 
cal sum of the individual capacitances, or 9 micro - 
farads. 

(64) What is the formula used to determine 
the total capacitance of three or more condensers 
connected in parallel? 

C = C,+C2+C3... 
All terms should be expressed in the same units: 

farads, microfarads, etc. 

(65) If condensers of 5, 3, and 7 microfarads 
are connected in series, what is the total capaci- 
tance? 

Applying the formula given in answer 61, the 
resultant capacitance is 1.479 microfarads. 

(66) The charge in a condenser is stored in 
what portion of the condenser? 

The charge is stored in the dielectric in the form 
of an electrostatic field. 

(67) Having available a number of condens- 
ers rated at 400 volts and 2 microfarads each, 
how many of these condensers would be neces- 
sary to obtain a combination rated at 1600 volts 
1.5 microfarads? 

Assuming that the condensers have exactly the 
same internal d.c. resistance, or that series elements 
are shunted by "equalizing" resistors, the voltage 
rating of several capacitors of equal capacitance and 
voltage rating is equal to the rating of one con- 
denser times the number of condensers. Thus four, 
2 microfarad 400 volt capacitors in series would 
have a voltage rating of 1600 volts, and the result- 
ant capacity would be 0.5 microfarad. To obtain 
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1.5 microfarad at this voltage rating, three such 
series banks would have to be connected in parallel, 
calling for a total of 12 condensers. 

(68) The voltage drop across an individual 
condenser of a group of condensers connected in 
series across a source of potential is proportional 
to what factors? 

If the source of potential is d.c., then the voltage 
drop across each condenser is inversely propor- 
tional to the d.c. resistance of the condenser. (A 
good dielectric has very high resistance, but never- 
theless it is not infinitely high.) 

If the source of potential is a.c., the voltage drop 
across each condenser is determined primarily by 
the capacity, the drop being inversely proportional 
to the capacity. The d.c. resistance of the condenser 
is so high in proportion to the reactance of the con- 
denser that the d.c. resistance has little effect upon 
determining the relative drop across each of several 
condensers in series when the source of potential 
is a.c. 

If the source of potential is d.c. with an a.c. com- 
ponent, then the relative drop across each condenser 
is determined by both the d.c. resistance and the 
capacity. Which has more effect upon determining 
the relative drop depends upon the ratio of d.c. to 
a.c. which is applied to the bank of series connected 
condensers. 

(69) What factors determine the charge 
stored in a condenser? 

The condenser capacity and the potential to 
which the condenser is charged. 

(70) Given two identical mica condensers 
of 0.1 pfd. capacity, each. One of these is 
charged to a potential of 125 volts and discon- 
nected from the charging circuit. The charged 
condenser is then connected in parallel with the 
uncharged condenser. What voltage will appear 
across the two condensers connected in parallel? 

The charge, Q, is equal to CE. Therefore, if the 
capacity is doubled, the charge being divided be- 
tween the two condensers, the voltage is cut in half. 

It should be observed that when charging the 
uncharged condenser no electrons are lost. They 
simply divide between the two condensers. How- 
ever, half the stored energy is dissipated in the arc 
and resistance of the connecting leads at the time 
the second condenser is charged. Therefore the two 
0.1 pfd. condensers will each have a 62.5 volt 
charge, but the total energy stored in both con- 
densers will be only half as great as that contained 
in the single 0.1 pfd. condenser charged to 125 
volts. Remember that the energy stored is propor- 
tional to the capacity times the voltage squared. 

(71) State the formula which is used to deter- 
mine the reactance of an inductance. 

XL = 2crfL 

Where X is the capacitative reactance, 
Where Xr. is in ohms, f is in cycles, and L is in 

henries. 

(72) What will be the inductive reactance of 
a 30 henry choke coil at 100 cycles? 

FEBRUARY 

Applying the formula of answer 71 will give 
18,840 ohms. 

(73) What is the effect of adding an iron 
core to an air core inductance? 

The effect is to increase the inductance, the in- 
crease depending upon the type of core and the per- 
meability of the core material. 

(74) What will be the effect of a shorted turn 
in an inductance? 

The effect will be to reduce the inductance, and 
to reduce the Q of the inductor. If there is close 
coupling between turns, so that the leakage react- 
ance is low, an inductance with a shorted turn will 
have approximately the same inductance value as a 
similar inductance with two less turns. The shorted 
turn tends to nullify the inductance contributed by 
one active turn. 

No d.c. will pass through the shorted turn, but 
if there is a strong a.c. potential or component 
across the choke, heavy a.c. current will flow in the 
shorted turn and it may overheat and cause the 
winding to burn out. 

(75) What is the relationship between the 
number of turns and the inductance of a coil? 

As the number of turns is increased, the induc- 
tance is increased. The exact relationship depends 
upon many factors, and most formulas require 
"correction factors." 

If the winding length of a single layer solonoid 
is maintained constant, then the inductance is pro- 
portional to the square of the number of turns. 
However, when the turns spacing rather than the 
winding length is maintained constant, this no 
longer holds. 

The inductance of a single layer solonoid having 
20 turns of wire is approximately 2.5 times the 
inductance of a coil having 10 turns with the same 
diameter and turn spacing, or approximately 4 times 
the inductance of a coil having 10 turns with the 
same diameter and winding length. 

(76) Define the term "reluctance." 
Reluctance is equivalent to magnetic resistance, 

indicating the ratio of m.m.f. to magnetic flux. The 
unit of reluctance is the oersted. One oersted is the 
measure of reluctance offered by 1 cubic centimeter 
of air. 

(77) What are some of the factors which de- 
termine the figure of merit or "Q" of an in- 
ductance? 

Refer to answer 25. 

(78) State the formula for determining the 
resonant frequency of a circuit when the induc- 
tance and capacitance are known. 

1 

f= 
21r V LC 

Where L is in henries and C is in farads 

(79) What is the formula for determining 
the power in a d.c. circuit when the voltage and 
resistance are known? 
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E2 P=- 
R 

RADIO 

where P is the power in watts, E is the voltage in 
volts, and R is the resistance in ohms. 

(80) What is the formula for determining 
the power in a d.c. circuit when the current and 
resistance are known? 

P = IPR 

(81) What is the formula for determining 
the power in a d.c. circuit when the current and 
voltage are known? 

P = EI 

(82) What is the formula for determining the 
wavelength when the frequency, in kilocycles, 
is known? 

The wavelength in meters is equal to 300,000 
divided by the frequency in kilocycles. 

(83) What is the frequency corresponding to 
a wavelength of 375 meters? 

The frequency in kilocycles is equal to 300,000 
divided by 375, or 800 kilocycles. 

(84) Define the term "apparent power." 
"Apparent power" is a term used in a.c. circuits 

to indicate EI. Unless the power factor is unity, 
the apparent power is greater than the real power. 

(85) State Ohm's law for a.c. circuits. 
In an a.c. circuit the current varies inversely as 

the total impedance of the circuit and directly with 
the impressed voltage. 

(86) Draw a simple schematic diagram show- 
ing a tuned -plate tuned -grid oscillator with se- 
ries -fed plate. Indicate polarity of supply volt- 
ages. 

Refer to diagram 86. 

ti 
(87) Draw a simple schematic diagram show- 

ing a Hartley triode oscillator with shunt -fed 
plate. Indicate power supply voltages. 

Refer to diagram 87. 

19 

(88) Draw a simple schematic diagram show- 
ing a tuned -grid Armstrong type triode oscil- 
lator, with shunt -fed plate. Indicate power sup- 
ply polarity. 

There are several modifications of the basic Arm- 
strong oscillator circuit. The tuned -grid tuned - 
plate oscillator is commonly called the "Arm- 
strong." A shunt fed oscillator of this type is 
shown in diagram 88 -A. Another version, with 
plate tickler and shunt feed is shown at 88 -B. 

(89) Draw a simple schematic diagram show- 
ing a tuned -plate tuned -grid triode oscillator 
with shunt -fed plate. Indicate polarity of supply 
voltages. 

Refer to diagram 88 -A. 

RFC 

(90) Draw a simple schematic diagram of a 
crystal controlled vacuum tube oscillator. Indi- 
cate polarity of supply voltages. 

A diagram of the Pierce crystal oscillator, the 
simplest crystal oscillator, is shown in diagram 90. 

(91) Draw a simple schematic diagram show- 
ing a Colpitts type triode oscillator, with shunt 
fed plate. Indicate power supply polarity. 

Refer to diagram 91. 

(92) Draw a simple schematic diagram show- 
ing a tuned -grid Armstrong type triode oscil- 
lator, with series fed plate. Indicate power sup- 
ply polarity. 

One such circuit is shown in diagram 86. An- 
other is shown in diagram 92. 
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(93) Draw a simple schematic diagram of 
an electron coupled oscillator, indicating power 
supply polarities where necessary. 

Refer to diagram 93. 

i ti i 

(94) Draw a simple schematic diagram of a 
pentode type tube used as a crystal controlled 
crystal oscillator, indicating power supply polar- 
ities. 

Refer to diagram 94. 

Lt 

eI O-B +60 

ti 

(95) Draw a simple schematic circuit show- 
ing a method of coupling a high impedance loud- 
speaker to an audio frequency amplifier tube 
without flow of tube plate current through the 
speaker windings, and without the use of a 
transformer. 

Refer to diagram 95. 

(96) Draw a simple schematic diagram of a 

triode vacuum tube audio amplifier inductively 
coupled to a loudspeaker. 

Refer to diagram 96. 

SPEAKER 

o 

(97) Draw a simple schematic diagram show- 
ing a method of resistance coupling between 
two triode vacuum tubes in an audio frequency 
amplifier. 

Refer to diagram 97. 

(98) Draw a simple schematic diagram show- 
ing a method of transformer coupling between 
two triode vacuum tubes in an audio frequency 
amplifier. 

Refer to diagram 98. 

(99) Draw a simple schematic diagram of a 
method of impedance coupling between two vac- 
uum tubes in an audio frequency amplifier. 

Refer to diagram 99. 

(100) Draw a diagram of a method of 
coupling a single radio frequency amplifier using 
a triode vacuum tube to a push pull radio 
frequency amplifier using triode vacuum tubes, 
showing proper neutralization of the push pull 
amplifier. 

{Continued on Page 523 
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By WILBUR E. GEMMILL,* W3AAO and 
NELSON K. STOVER, ** W3BBV 

Not many of us have available the equip- 
ment that will enable us to determine the 
properties of core materials for constructing 
transformers, as outlined by Thomas A. Gross 
in his article in March, 1941 issue of RADIO. 
Probably also, many of us are a little rusty on 
the subject of a.c. measurements through which 
we passed in our trip through College. When 
a good core is available, one usually turns to 
the tables in the HANDBOOK for the neces- 
sary data to construct that needed transformer. 

Most of us know the losses of a transformer 
are divided between the core and the copper, 
and that by using the proper sized copper wire, 
the losses due to the copper may be kept satis- 
factorily low. The control of core losses and 
the regulation of the finished transformer re- 
main as problems about which we are vaguely 
cognizant, and about which we usually do 
little. 

Mr. Gross points out in his article that if 
variable dissipations could be diminished even 
at the expense of slightly higher fixed losses, 
the regulation could be improved. Here is a 
way that this can be accomplished without a 
jot of worry about flux densities, hysteresis 
losses, or the permeance of the core material 

*434 N. Beaver Street, York, Pa. 
**128 Jefferson Avenue, York, Pa. 

2I 

TEMPORARY FUSE 
WINDING 

O -2 AMP. 
A.C. METER 

Figure I. 

115 V.A.L. 

at hand. While in College, one of the writers, 
W3AAO, was taken on a tour of the GE works 
at Schenectady at the time the class was study- 
ing Electrical Measurements. There a Junior 
Engineer had before him a design that was 
being tried out. A few questions elicited the 
information that although the designs were 
based on sound engineering principles, the 
practicability of the various factors were actu- 
ally tried out before the design was sent into 
the shop for production. 

The only instrument needed for this work 
is an a.c. ammeter of one or two amperes 
range, or an ac.. voltmeter of low range 
shunted with a resistor of a few ohms resist- 
ance, selected to give almost full scale deflec- 
tion with about two amperes of current 
through the resistor. 
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Suppose we have at hand a core of a burned 
out 500 -watt transformer, or wish to make a 

500 -watt transformer from core material at 
hand. Measure the cross -sectional area of the 
available core; then, from the cross- section, 
look up in the tables in the HANDBOOK the 
number of turns that should be put on the 
core for the 115 -volt primary winding. Using 
either bell wire or no. 18 d.c.c. wind this 
number of turns on a form of cardboard made 
to fit the core. Then insert the core material 
completely, being certain to interleave in order 
to have the lowest possible core reluctance. 
Then connect this winding up as in figure 1. 

A small circulating current will result. This 
represents the copper loss and the magnetizing 
energy. 

We are now ready to determine the optimum 
factors to make a transformer. Provide a 

sheet of cross -section paper, marking ordinate 
in reading of the ammeter, and abscissa in 
number of turns removed. Note the above 
reading of the ammeter on the zero abscissa, 
which represents the current obtained with the 
full number of turns as taken from the 
HANDBOOK. Turn off the a.c., remove three 
turns, reconnect and note the ammeter reading 
on the cross -section paper at the 3- turns- 
removed point. Proceed thus, removing three 
turns at a time and recording the ammeter 
reading at each change, until a larger increase 
than before has been noted. The point of 
optimum number of turns for the magnetizing 
properties of the core material and cross - 
section are being approached. At this point 
remove a turn at a time. Finally, a point will 
be reached where single turn removals will 
give large increments of ammeter readings. 
Take readings until almost full scale of the 
ammeter is reached. If you now draw in a 

line connecting the various points, you will 
obtain a graph as shown by the dashed line 
of figure 2. With a straight edge draw in the 
lines A -B and C -D, through the average of the 
points of slight upward slope and the average 
of the points of steep slope. These lines will 
intersect at "O ", and a vertical dropped from 
O to M will intersect the abscissa at M, which 
represents the number of turns that must be 
deducted from the data in the HANDBOOK 
Tables to obtain a transformer with lowest 
fixed and variable losses, and best regulation. 

This procedure indicates the ease with which 
we may determine experimentally exactly the 
right number of turns for the least reactive 
component in the primary, and the minimum 
primary inductance. 

One may proceed from this point, using the 
proper sized wire for the current to be de- 
livered by the transformer, as taken from the 
HANDBOOK Tables. The corrected number 

NI READINGS 
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Figure 2. 

of primary turns divided by the a.c. line 
voltage (115 v.) gives the volt -per -turn ratio, 
which in turn enables one to calculate all sec- 

ondary windings. 
Most of the power transformers on the 

market today are wasteful of materials, and 
are made with large safety factors. That is 

why the usual test instrument of the amateur, 
a screw driver, can be used to short out wind- 
ings to determine continuity. Don't ever do 
it to a transformer wound according to this 
experimental method. You will ruin your 
tools and blow the fuses as well. Also never 
test a power supply by grounding the high 
voltage terminal when using one of these 
transformers. You will promptly spoil your 
866's. 

Sometimes it will be found that the window 
in the core is larger than necessary because of 
the increased volt -per -turn factor this method 
allows. This can be utilized for increased 
insulation, or larger wire sizes, thus further 
improving the regulation. Without exception, 
in the many transformers we have constructed 
by this method, their regulation was vastly 
better, and their power capabilities were in- 
creased. It is often possible to make a good 
750 -watt transformer from a commercial 500 - 
watt core. We even made a transformer 
around an old filter choke from a receiver, 
using it to step up the 2.5 -volt winding on the 
power transformer to 6.3 volts, in order to use 
6 -volt tubes on an otherwise good set with a 

2.5 volt filament supply. 
In use, it will be observed that transformers 

thus made will have excellent regulation, and 
that, if a low resistance filter choke is used, 
there will be little voltage drop when such 
transformers are used in class B Modulator 
supplies. They are about perfect to deliver 
the demands of class B peak audio swings. A 
note of caution should be sounded. Insulate 
the high voltage secondary windings and fila- 
ment windings of rectifier circuits unusually 
well, or a breakdown will dump the local 
power house right in your shack. 
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For the dedica- 
tion of the new 
W71 NY transmit- 
ter a modulated 
light beam was 
used as a link to 
the WOR studios 
some distance 

away. 
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Police Department 

Sound Department 

The Amateur Newcomer 

IT. H.F. 

Yarn of the Month 

What's New In Radio 

New Books and Catalogues 

Postscripts and Announcements 
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POLICE DEPARTMENT... 

MOTORCYCLE ANTENNAS 

By H. W. BRITTAIN,* W6OQX 

S 4" 

ANTENNA 

METAL PLATE 

7 TURN COIL 10 I.D. 

TAP 

CONCENTRIC LINE 

Simplified semi -schematic of the method of 
installing the antenna tuning circuit on the 

rear of the motorcycle. 

In experimenting with motorcycle transmit- 
ters for police use some difficulty was experi- 
enced in getting an antenna that would load 
well without using a tuned network of some 
sort. A successful antenna system for a 
motorcycle must of necessity be as compact 
as possible, yet it must be efficient and employ 
very few parts. Naturally a self- resonant 
antenna would be the answer were it not for 
the fact that such an antenna is just too long 
for motorcycle installation when using the 
31 -Mc. police band. So it was decided to 
attempt bottom loading of a shortened an- 
tenna. 

A coil consisting of 10 turns of no. 8 copper 
wire was wound and inserted between the 
bottom of the 5' 4" whip antenna and the 
frame of the motorcycle. Half a turn at a 
time was then clipped from the coil until the 
antenna system approached resonance. Then 
the final adjustment for resonance was made 
by squeezing the coil or stretching it out. A 

*Radio Supervisor, Santa Barbara Police Depart- 
ment, Santa Barbara, Calif. 

very fine adjustment can be made in this way. 
If the coil is rigidly mounted and wound of 
heavy conductor the adjustment of the antenna 
loading coil will hold despite the serious road 
shocks experienced by a motorcycle in normal 
service. 

The coupling coil in the transmitter can 
consist of a two -turn link around the output 
plate tank. The r.f. energy runs through a 
short concentric line and is coupled to the 
loading coil at the base of the antenna by 
tapping the line onto the coil. Coupling from 
the transmitter to the antenna system is varied 
by tapping the clip a varying amount up from 
ground on the loading coil. One and one -half 
to three turns has been found to give the pro- 
per amount of loading with the installations 
that have been made. If more than three turns 
of coupling is required at the antenna coil, 
the antenna system is not resonant and some 
more adjusting of the antenna coil is in order. 

The most satisfactory tuning procedure has 
been found to be the following: Start with 
the antenna at full length and with the full 
loading coil in the circuit. Use about three 
turns of coupling to the link going to the trans- 
mitter. Then try alternately squeezing and 
stretching the coil and taking off a half a turn, 
checking the plate current of the amplifier 
stage to determine the approach of resonance. 
When resonance has been found (in both the 
installations now in use the loading coil ended 
up with 7 turns spaced about 1/8 inch between 
turns) decrease the coupling until proper load- 
ing of the amplifier is obtained. 

The results obtained with this antenna tun- 
ing arrangement have been excellent. The 
range of the 6 to 8 watt motorcycle transmit- 
ters has been increased several miles above 
that obtained with a coil and condenser tuned 
antenna circuit. 

24 
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Plain, old- fashioned flower pots recently were used in the elite realm of classical symphony instruments to provide new and unusual tones" which could be secured from no other "musical" source. The earthen pots, which varied from tea -cup size to huge two -gallon affairs, were played by being struck by mallets. They were introduced as musical instruments by no less an authority than Dr. Ernest Toch. Toch, whose classical works are played by noted symphony orchestras from coast to coast, was called to Hollywood fo create "something different" in musical scores for the Columbia picture "Ladies in Retirement." Striving to achieve an audible symphony beyond the range of all previously existing orchestral arrangements, Toch wrote the music for the "flower -pot obbligato" in seconds instead of the conventional musical notes. He contends that his start- ling innovation is strictly "according to Hoyle" in all precepts of music ethics. 
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THE DUB CLUB 

By MARTHA JOAN GOETZ* 

Dubbing a program. 

A training camp for neophyte broadcasters - 
that's the Dub Club. Its recruits are Uni- 
versity students and business and professional 
people who have the burning urge to make 
their life work some phase of radio. 

This Dub Club has no station time; yet 
each week it "broadcasts" an hour program 
using member musicians, dramatists, announc- 
ers, sound effect operators, engineers, and re- 
cording technician. 

On that word "recording" hangs the Dub 
Club's story. As you've probably guessed, this 

*Radio Dept., School of Commerce, University of 
Denver, Denver, Colorado 

group records rather than airs its programs. 
The participants work in a regulation studio 
and use only broadcast quality program ma- 
terial. This is all timed to a split second for 
the reason that recording discs adhere to a 
given amount of time even more rigidly than 
a commercial station schedule. Such procedure 
affords excellent training in attaining "time 
consciousness," an essential attribute for any- 
one in the radio field. 

The following schedule is typical of their 
recorded programs. 

TIME PROGRAM 
8:55 Kay Kyser Kollege 
8:59:30 Sign on (Dub) 
9:00 News 
9:05 Women's News 
9:09:30 Spot (Commercial for Comedy 

Show at 9:35) 
9:10 Drama Workshop 
9:24:30 Spot (Commercial for Republic 

Drug) 
9:25 Musicale (Live talent) 
9:34.30 Spot (Comm. for Denham theatre) 
9:35 Comedy Show (M.C. and audience) 
9:44:30 Spot (Colorado Tourist Bureau) 
9:45 Transcribed music 
9:54:30 Spot (Waltham Pens and pencils) 
9:55 Radio Scrapbook (Poetry and Or- 

gan music) 
9:59:30 Sign Off (Dub to....) 

10:00 Texaco Star Theatre (Network) 

It can readily be seen that Dub Clubbers have 
plenty of opportunities to expose their talents. 
It is truly an exposé when the records are 
played back. The candid -ear -shot each per- 
son gets of his own (and the others') per- 
formance points up good and bad qualities 
more clearly and efficiently than would months 
of criticism from someone else. 

The studio proper and a small adjoining con- 
trol room are each equipped with two 
turntables. These make it possible to record 
continuously for one hour, using two sixteen- 

26 
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inch discs cutting at 331/3 rpm; also to play 
musical transcriptions and sound effect records 
(for dramas) on the program. The acetate 
blanks cost is covered by Dub Club dues. 

It appears that the club members do a vast 
amount of work for only practice, but the pay- 
off comes when one of them lands a broad- 
casting position. Radio employees drawn from 
the Dub Club ranks during the past year in- 
clude three announcers, an actor, a script writ- 
er, a commercial spot writer, two women pub- 
licity directors, a sound effect operator, a spe- 
cial technician for open -air and remote broad- 
casts, and an NBC engineer. 

Last but important is the Dub Club's spon- 
sor, without whose tolerance and help the 
group might have ceased to exist. He is Ros- 
coe K. Stockton, radio pioneer writer, actor, 
and advertiser, and now head of the Broad- 
casting Department at the University of Den- 
ver. 

Small, 10 -watt class B output transformers, 
of the type designed to match push pull 6F6, 
89, 6N7, etc., to class C load of from 3500 
to 7000 ohms make excellent class AB driver 
transformers when used "backwards." They 
can be used to match a 45, triode connected 
6F6, 2A3, or a similar single -ended driver to 
class AB 6L6's, 807's, HY69's, etc. 

Better look through the junk box before 
investing in a new driver transformer when 
designing a new modulator. 

It is serious business, but visitors 
to the Walt Disney Studios often 
have difficulty in keeping a 

straight face when the sound ef- 
fects boys give with their best ef- 
forts. Here two of them simulate 
the clink -clank of elephants chains 
for the latest Disney production 
"Dumbo ". Notice that both men 
wear an earphone. This carries a 

"beat" pattern to them to enable 
them to synchronize the sound ef- 

fects with the action. 
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Mike Stand 
I recently solved the problem of a serviceable 

but cheaply constructed microphone stand by 
using a discarded music stand. The coupling 
between the stand and the "mike" was made 
from a microphone cable connector by loosen- 
ing the set screw and removing the spring. Next 
the metal extension rod of the music stand was 
filed to fit into the cable connector. The threads 
of the cable coupling ring fit perfectly on the 
"mike" and it is not necessary to remove the 
center contact of the connector. If the set screw 
does not hold the coupler tightly on the rod it 
may be necessary to heat the rod and solder 
around the connector at the base or drill a small 
hole in the extension rod for the set screw to 
tighten into. 

Wilbur Hull, 
301 Prairie St., Stevens Point, Wis. 

Sound, of which there are so many pleasing 
and annoying variations, may be used in the 
future to help fight disease. A new short 
wave sound generator has been constructed 
that produces sound that will kill staphylo- 
cocci bacteria which cause boils and carbuncles. 
The device consists of a nickel tube in a fluctu- 
ating magnetic field. The resultant rapid os- 
cillating motion of the tube produces sound 
with a high frequency of 9,300 cycles a second, 
which is deadly to certain bacteria. 

The Ohmite News. 
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By R. M. GILBERT* 

The science of physiological acoustics, as the 
study of speech and hearing is termed, is one 
that has occupied many eminent scientists for 
their lifetime; so we can't in one short article 
expect to do much more than become ac- 
quainted with a few of the simpler facts 
concerning these interesting processes. How- 
ever, a knowledge of these few pertinent facts 
is of value to the serious recordist. 

The lungs provide the energy for speaking 
in the form of an air stream, which passes 
through a slit formed by a pair of muscular 
strips in the larynx. These muscles (the vocal 
chords) are tensed by contraction and vibrated 
by the passage of the air when speaking. The 
air then comes into a cavity called the pharynx 
in a series of rapid puffs, at the natural fre- 
quency of the vocal chords. 

We now have a sound -one that is rich in 
harmonics. The overtone structure of this 
complex sound can be controlled to a certain 
extent by varying the air pressure and the 
tenseness of the muscles. 

This sound passes from the pharynx through 
the mouth and out between the lips. But in 
traveling this distance it is influenced by sev- 
eral resonant cavities and apertures. The 
first of these cavities is the pharynx itself, 
which extends from the esophagus up to the 
nasal cavity. This second cavity has a fixed 
resonant frequency, so that its effect upon the 
sound is varied by changing the shape and 
size of the aperture leading into it. 

The mouth is the third cavity. At the back 
of the mouth, where the sound enters, is 
located the soft palate. The roof is formed by 
the hard palate, and the bottom, of course, is 
the tongue. The soft palate, tongue, teeth and 
lips are moved to alter the size and shape of 
the mouth and the openings into it and out 
of it. 

These changes in the speech mechanism are 
the means of varying the tone structure of the 
sound which issues from the mouth. When 
the adjustable elements are so positioned that 
the throat, nasal and mouth cavities reinforce 
harmonics within certain frequency ranges 
(due to resonance effects) the vowel sounds 
are produced. Such sounds as w, y, and h 

*Contributing Editor, RADIO. 

are formed by beginning the vowel sounds in 
certain ways, and others like ch, sh, and f do 
not require the use of the vocal chords at all. 

A person shouting as loudly as possible 
produces a peak power of about 5,000 micro - 
watts, while 0.01 microwatt represents the 
power produced by a faint whisper. This is 
a range of 500,000 to 1 in intensity. The 
average power, under typical conditions, is 
about 10 microwatts for American speech. 
When one realizes that a modern radio re- 
ceiver may have a power output of several 
watts, while 10 microwatts is only 0.00001 
watt (ten millionths of a watt), it is apparent 
that speech powers are very low. The fun- 
damental pitch of the average male vocal 
chords is in the neighborhood of 125 cycles, 
and that of the average female vocal chords 
is approximately one octave higher, or about 
250 cycles. 

Hearing 

To a person engaged in the design of sound 
equipment or to one concerned with the 
acoustics of buildings the properties of the 
human ear are of great importance, since the 
ear is the final judge of their efforts. Great 
strides have been made in the study of the ear 
and how it operates, but there still remains 
much to be done. 

The hearing mechanism is divided into three 
parts: the outer, middle and inner ears. In 
addition to the part visible on the outside of 
the head, the outer ear includes the ear canal 
and ear -drum. The middle ear is a small 
chamber containing the ossicles and connected 
with the pharynx by the eustachian tube. Air 
passes through the tube from the pharynx to 
equalize the pressure on the two sides of the 
ear -drum. The ossicles are three small bones 
(the hammer, the anvil, and the stirrup) 
which connect the ear -drum with the oval 
window. The hammer is attached to the 
ear -drum and connects through a sort of ball - 
and- socket joint with the anvil, which in turn 
connects to the stirrup, and the foot -plate of 
the stirrup is attached to the oval window. 

Extending inward from the oval window is 
the inner ear, an irregular cavity in the skull 
entirely filled with a liquid. This cavity is 
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Rear section of the right ear of man. The 
parts labeled are those discussed in the text. 

A -EAR CANAL 
B- EAR DRUM 
C- OSSICLES 
D -OVAL WINDOW 
E -ROUND WINDOW 
F- EUSTACHIAN TUBE 
G- SEMI -CIRCULAR CANAL 
H- COCHLEA 

divided into two parts, one containing the 
semi -circular canals which help to maintain 
balance, and the other, in the form of a spiral, 
which is actually concerned with the hearing. 

The spiral section of the cavity is called the 
cochlea and contains the auditory nerve end- 
ings. A spiral ledge projects into the cochlea 
cavity and the flexible basilar membrane serves 
to separate the liquid above the ledge from 
that below it. The liquid is confined within 
the spiral cavity by the oval window and a 
round window at the base, but a small hole is 
provided in the membrane at the apex of the 
spiral so that the liquid can equalize itself. 
The auditory nerves end in small hairs ex- 
tending' into the cochlea on one side of the 
basilar membrane. These hairs respond to 
different frequencies, progressing from the 
higher frequencies near the oval window to the 
lower frequencies near the apex. 

When a sound wave strikes the ear -drum, it 
sets up a vibration which the ossicles transfer 
to the oval window. The vibration of this 
window causes waves to be sent through the 
liquid in the inner ear, and these waves set the 
resonant nerve ends into motion, which sends 
the impulse to the brain. 

The loudness of a sound at a particular fre- 
quency depends upon the number of nerve 
fibres set into vibration by the sound and the 
amplitude of their vibration. Pitch depends 
chiefly upon the location of the nerve fibres 
which respond to the sound waves, and tone 
quality is determined by the same three con- 
ditions (number, location, and amplitude of 
the vibrating fibres). 

Limitations and Peculiarities of the Ear 

The ears of an average young person will 
respond to frequencies from approximately 16 
cycles to approximately 16,000 cycles, and 
some ears can hear frequencies as high as 
20,000 or 25,000 cycles. As one grows older 

the upper limit decreases until, at about mid- 
dle age, 10,000 or 12,000 cycles is the highest 
frequency to which the ear will respond. 
About 6,000 or 7,000 cycles is the limit for an 
elderly person. All of the hearing character- 
istics vary with different people; even the two 
ears of the same person usually are not alike. 

The presence of an additional sound, 
whether it be music, speech, or noise, will 
mask the sound one is listening to, the amount 
of masking depending upon the relative loud- 
ness of the wanted and unwanted sounds, and 
upon the frequencies involved. The masking 
of a high frequency sound by one of low fre- 
quency is much more pronounced than the 
masking of a low frequency sound by one of 
high frequency. 

Another characteristic of the ear is that the 
apparent pitch of a tone depends upon its 
loudness level. Below about 2,000 cycles the 
apparent pitch decreases as the loudness level 
is increased, and the reverse is true above this 
point. The greatest change occurs at about 
200 cycles. 

The ear has what is known as a non -linear 
response to sound waves of large amplitude. 
This results in the production of harmonics 
and sum and difference tones in the ear itself 
which are not in the original sound. These 
subjective tones, as they are called, are the 
reason that the elimination of the fundamental 
frequency does not alter the apparent pitch of 
a complex sound. The harmonics recreate the 
fundamental by combining in the ear to pro- 
duce a subjective tone. This characteristic 
of the ear helps to make the smaller radio 
receivers sound reasonably good by supplying 
the missing low frequencies as subjective tones. 

Between a fundamental frequency and its 
harmonics there is a particular phase relation 
that produces the least loudness, as well as one 
that produces the greatest loudness. The 
phase of a given harmonic also affects the 
amount of distortion that can be noticed and 
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1942 

Section of the human head, showing the 
parts that play important roles in producing 
speech. The vocal chords are located be- 

tween the larynx and the esophagus. 
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the quality of a complex sound. 
The ability of a person to locate sounds 

accurately is due to the phase and intensity 
differences of the sound reaching the two ears. 
The "binaural phase effect" is limited mainly 
to frequencies below 1,000 cycles, and the 
intensity differences are most noticeable above 
about 1,000 cycles. The head is turned until 
it points toward the source, as evidenced by 
the phase and intensity becoming the same in 
each ear. 

Musical Instrument Acoustics 

The sounds produced by musical instru- 
ments frequently extend beyond the human 

Frequency ranges of various instruments, 
voices, and equipment compared with the 
human hearing range. The chart is based 
upon the scientific scale in which middle C 
has a pitch of 256 cycles per second. Note 
that many of the examples show a harmonic 
range that exceeds the fundamental range. 

A- PHARYNX 
B- OPENING OF 

EUSTACHIAN TUBE 

C -HARD PALATE 
D -SOFT PALATE 
E- TONGUE 
F- ESOPHAGUS 
G- LARYNX 

hearing range at either the high or low fre- 
quency end, sometimes at both ends of the 
audible spectrum. But these very high and 
very low frequencies are made apparent by 
their effect upon the portion of the sound that 
can be heard. The frequency range of most 
reproducing equipment such as radio, phono- 
graphs, sound motion pictures, and telephones, 
however, is somewhat less than the range of 
human hearing. 

To reproduce orchestral music with high 
fidelity a frequency range of from 40 to 
14,000 cycles and a volume range of 70 db is 
required, while for equally good reproduction 
of speech a range of from 100 to 8,000 cycles 
in frequency and 50 db in volume is sufficient. 
All instruments produce some noise when 
played, such as key clicks, bow scraping, air 
hissing, etc., and this noise takes the form of 
a more or less pitchless range of frequencies 
at the upper end of the instrument's audible 
range. 

Musical instruments, singly and in corn- 
{Continued on Page 66) 

www.americanradiohistory.com

www.americanradiohistory.com


4 Q'iid l'es Type 

FIED-TRENCTH METER 

By W. W. SMITH,* W6BCX 

A portable field- strength meter which ex- 
hibits good sensitivity has many uses, the uses 
being so numerous and obvious that there is 
no point in enumerating them here. 

If the f.s. meter is to contain more than 
a single tube and the absolute minimum in 
batteries, it might as well consist of a port- 
able superheterodyne with "R" meter. When 
extreme sensitivity is required, such an ar- 
rangement is the only practical one. How- 
ever, when a lesser degree of sensitivity will 
suffice, a single tube circuit often will fill 
the bill if the single tube is made to really 
do the job. 

Just as a grid leak detector is more sensi- 
tive than a "power" or bias detector, so a grid 
leak type field strength meter will give read- 
able indication on a weaker signal than will 
one of the bias detector or v.t. voltmeter type. 
This is particularly true when the tube is of 
the directly heated cathode (filament) type, 
and when the plate voltage is at least the 
amplification factor times the filament volt- 
age of the tube. The reasons for the latter 
consideration will be discussed further along. 

Another advantage of the grid leak type 
meter is that its response is nearly logarithmic 
over a wide range. The bias detector, on the 
other hand, is fairly linear over the useful 
portion of the scale, the top half of the meter 
scale representing only 6 db. The result is that 
the bias detector type meter has a useful 
range of about 20 db, the grid leak type a use- 
ful range of nearly 30 db. 

A grid leak type field strength meter utiliz- 
ing a type 19 tube was described by the author 
in the March, 1940 issue of RADIO. However, 

* RADIO 

because the sensitivity (ratio of plate current 
change to grid voltage change) is determined 
only by the transconductance, a lower tube 
of the same approximate transconductance 
may be used without sacrifice in sensitivity. 
The lower plate resistance of the low tube 
allows the use of a lower voltage plate battery 
(assuming a plate meter of the same full scale 
deflection) . 

By substituting a triode connected 1T4 -GT 
for the type 19, a 221/2 volt battery will suf- 
fice for plate supply, and the filament drain 
is much less. With batteries as scarce as they 
are, this is an important item. The circuit 
of the meter is shown in figure 1. 

The plate voltage is adjusted so that the 
meter reads exactly full scale with no sig- 
nal. This is done by means of the potenti- 
ometer R2. The meter then will give a reverse 
deflection with signal, the amount of deflection 
depending upon the strength of the signal. To 
make the indicating meter forward -reading it 
is mounted upside down. 

The instrument is individually calibrated in 
db. This can be done by reducing the power 
to a class C amplifier or a grid leak type oscil- 
lator by 50 per cent and taking the displace- 
ment of the meter needle as 3 decibels. Full 
power is restored and the coupling is reduced 
until the needle is on the lower calibration 
point. The power is cut in half again and 
another 3 db point is obtained. The procedure 
is repeated until calibration points are ob- 
tained for the full usable scale. 

Only about 2/3 of the meter scale can be 
used. Beyond a critical point the plate cur- 
rent no longer drops with an increase in r.f. 
input; in fact, with sufficient input the plate 
current may begin to increase. This satura- 
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Figure I. Sensitive, grid -leak type f.s. meter. 
A 221/2 volt Burgess no. 5156 battery is used 
on the plate. A flashlight cell may be used 

for filament supply. 
R1 -2 megohms, 1/2 watt 
Rr10,000 ohm pot., linear taper 
Ci -100 gufd. midget mica 
02 -.002 sfd. midget mica 
M -0-I ma. d.c. 
S1- D.p.s.t. toggle switch 
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GRID VOLTS 
(TO NEG. SIDE OF FIL.) 

Figure 2. Illustrating effect of filamentary 
type cathode upon characteristic curve. BD 
is typical of tube having unipotential type 
cathode, AE of a tube similar except for a 
directly heated cathode and d.c. filament 

supply. 

tion or blocking point is easily determined 
simply by gradually increasing the r.f. input 
until the plate current no longer falls off. 
The meter then is calibrated just up to this 
point. 

The reason for this saturation or blocking 
point is that after the signal once is strong 
enough to bias the tube beyond cutoff, it then 
acts as a variable angle of flow device, the 
plate current being determined by the width 
of the excitation pulse. 'When the bias reaches 
a point several times cut off, a tremendous in- 
crease in signal voltage is required to make 
any appreciable reduction in the angle of flow. 

With the tube specified, the instrument may 
be used up to approximately 125 mc. if a suit- 
able u.h.f. tank circuit is employed. Needless 
to say, the leads should be very short for oper- 
ation at this frequency. A tuned coaxial tank 
will give noticeably better results than a regu- 
lar tank at frequencies above 50 mc. 

No antenna coupling is shown, as this will 
depend upon the type of pick up employed. 
For greatest sensitivity, the antenna should be 
resonant and the coupling should be such that 
maximum voltage is developed across the 
tank. 

Series resistance in the plate circuit, if an 
appreciable percentage of the plate resistance, 
will reduce the sensitivity of the meter because 
of the degenerative effect produced thereby. 
Series resistance is minimized by making R2 a 
potentiometer rather than a straight dropping 
resistor. 

A Burgess type 5156 battery is used because 
of its many taps. With R2 turned full on, the 
"B minus" and the `B plus high" leads are 
experimentally connected across various taps 
until the meter reads just slightly more than 
full scale. The `B plus" lead then is con- 

nected to the closest lower "plus" voltage tap 
and the potentiometer varied until the meter 
reads exactly full scale. 

Under these conditions the maximum series 
resistance is 2500 ohms, yet the "bleeder" cur- 
rent drawn by the potentiometer itself is less 
than 0.5 ma. This assumes that the voltage 
across the potentiometer is not more than 41/2 
volts, as the voltage across it need not exceed 
this value if the multi- tapped battery specified 
is used. To prevent the potentiometer from 
drawing current when the meter is not in use, 
a d.p.s.t. switch is used to break the voltage 
to one side of the potentiometer when the fila- 
ment circuit is opened. 

Theoretical Considerations 

The solid line CF of figure 2 represents the 
characteristic curve of an "ideal" tube having 
a unipotential cathode. The straight line 
characteristic is something that cannot be ob- 
tained in practice, however. Near cutoff it will 
follow the dashed line BD. 

If the cathode is of the filamentary type, 
other factors enter into the picture. The 
negative end of the filament (assuming d.c. 
supply) has less bias on it by the amount of 
the filament voltage. This causes an aggrava- 
tion of the "knee" in the curve near cutoff, 
so that the curve is similar to that of AE. In 
fact, if the plate voltage is low and the tube 
has a high amplification factor, simply return- 
ing the grid to the negative end of the fila- 
ment may produce sufficient bias to prevent 
emission from the positive end of the filament. 

As transconductance is represented by the 
steepness of the curve, it is apparent that it is 
highly desirable to place the operating point 

[Continued on Page 61} 
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U.H.F. 
By PERRY FERRELL, JR.* 

"They have everyone down fighting the war, 
so I'd sure appreciate it if you would handle 
the column for a little while until things get 
settled down." These were the words that 
rolled out of a telephone a few days before 
Christmas to greet your very much surprised 
writer. It was "Bill" Conklin sure enough, and 
his situation could easily be understood. Thus, 
with a promise to do our best on such short 
notice, overnight we took on a job at which 
we are plenty rusty. If our readers will excuse 
this somewhat jumbled column in view of a 
better one to come, we too, will be greatly 
appreciative. 

It does seem ironical, however, that those of 
us who have used the u.h.f. solely, and there- 
fore have been doing the unusual in radio 
amateurism, will soon be called upon to pro- 
vide the basis for an intricate nation -wide net 
of civilian defense u.h.f. stations. Undoubtedly 
one takes new faith in the old adage, "The 
worm shall turn." 

The latest advices from Washington indi- 
cate that the F.C.C. will act as in the origi- 
nal announcements. A few more stipulations 
may arise, i.e., the interested amateur (prefer- 
ence will be toward the experienced u.h.f. 
operators) with equipment in order, talks the 
local situation over with his defense board, 
the board thereupon intercedes in behalf of 
the amateur and his permit for 5 or 21/2 meter 
operation (or both bands) is granted. In this 
way local nets are formed. Evidently the 
F.C.C. doesn't quite contemplate the use of 
the u.h.f. for inter -city or state wide hookups, 
and it may be considered monkey business if 
we try to hook some "local 100 -200 mile" 
QSO's. Random contacting may also fall in 
the same category. Although it appears this 
would defeat the original purpose, if these 
stations are to be used in emergencies where 

*A.M.I.R.E., 107 East Bayview Ave., Pleasant- 
ville, N. J. Send contributions to Mrs. Josephine 
Conklin, W9SLG- W3JUX, 300 Wilson Lane, 
Bethesda, Maryland, for future issues. 

you may not be too choosey in your hurried 
contacts. Anyhow, don't put up any uni- direc- 
tional beams because right now it looks like a 

"big- time" Tuesday night session of the Horse - 
traders, and if handled properly could be about 
as much fun! 

You know considerable time could be spent 
right here in passing out credit to those who 
are down there fighting for us and have 
changed that "Dismantle" order into "Build 
and get on the air with portable u.h.f. equip- 
ment." But we believe it would be best to 
conform to the opinion that this is an era of 
business the like of which, in plain language, 
many of us haven't quite yet comprehended. 
So the credit and orchids will have to wait 
until the whole job is done. 

Quantitative Reception Data 

It seems necessary to contradict the idea that 
this is wholly a proposition of "build it, get 
it working and keep it working." This, un- 
fortunately may only further abet the situation 
where our operating technique is far out- 
classing our knowledge of the laws of the 
propagation of the u.h.f. This writer was 
amazed to find recently that a state of affairs 
was arising from the inconsistency of the re- 
ports and interpretations of sporadic E. More 
than a few experimenters were actually dubi- 
ous of its existence and a tilted auroral layer, 
which still remains an amateur invocation and 
has not even been recognized by any other 
body of radio engineers, sounds practically fan- 
tastic. 

Whether we are going to stand by our dis- 
coveries is up to each u.h.f. operator. This 
column, which has faithfully endeavored in 
the past years to present the latest data in 
u.h.f. wave propagation to the gang, is now 
asking that we all get out and at least keep 
listening on the u.h.f. bands. If and when 
you hear aurora dx, ES signals, bursting tropo- 
spheric reception, or believe signal absorption 
bands have interrupted u.h.f. communication 
in your locality, let this writer know about it 
as soon as possible, since the information may 
be invaluable. Quite a bit may be gleaned 
from a penny postal that gives the time, date, 
stations heard or worked and signal strengths. 
Every report we receive will be acknowledged. 
Shortly it is hoped to present a new complete 
paper covering aurora and sporadic E theory 
with many new points gained from observa- 
tion of the dx worked and heard this past 
year. But more on that later. 

FM Skip Interference 

With the use of FM becoming so wide- 
spread, some questions concerning interference 
have popped up and many mistaken impres- 
sions have been cast before sufficient operating 
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Revised version of the "French 75 Shell" 
superregenerator. 

Ci, Cs-Tuning and band- C5-0.5 -µfd. 400 -volt tub - 
set condensers made ular 
from plates and fittngs R1 -I0 to 20 megohms, 1/2 
of other condensers watt 
mounted on polystyrene. Rs- 50,000 -ohm potentio- 

Ca-M ¡ d g e t .002 -µfd. meter 
mica R1- 20,000 ohms, I watt 

C* -0.0l -µfd. 400-v o I t RFCi -M i d g e t u.h.f. 
tubular choke 

RFC2- 21/2-mh. r.f. choke 
T -3:l audio transformer 
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The W6QLZ system for coupling a concen- 
tric line into a superregenerator. 

"Most amateurs use a link or else a 3 -30 
coupler from the center conductor to the 
tuned circuit. Then they find that they 
have dead spots or the antenna loads up on 
the low end of the band and falls off on the 
high end. By adding a second 50 -µ0d. 
midget (Ci) maximum gain may be con- 
trolled from the front. Also, by adding a two - 
turn link sharper tuning may be had (B)." 

data could be accumulated and classified. 
However, in a report from a well known ex- 
pert in this field, whose name we are with- 
holding, he had this to say about FM skip 
signals: 

"It appears that too much emphasis has been 
placed upon the so- called FM skip interference 
for point to point communication work which 
has in a few widespread instances been noticed. 
I do, however, see reason to believe that in 
the FM broadcast bands, after they become 
fully developed, much shared channel inter- 
ference will exist at the edges of the primary 
service areas and particularly in the rural 
areas where very low (comparatively) field 
strengths are found. This naturally assumes 
that there is sufficient density in the E region 
to reflect signals of this ultra -high frequency. 
It has been possible to observe some twenty 
odd FM skip signals and even the most critical 
listener found no irregularities in the audio 
quality of these signals and perfect fidelity 
was apparently maintained over paths varying 
from 500 to 1200 miles. Signal strengths on 
six occasions rose to values exceeding 1000 
my /m, which would be a serious interference 
factor under any circumstance were it not for 
the severe fading which quickly dispels such 
peaks. In the two years of observation at no 
time did the strength of an FM skip signal 
exceed 500 my /m for more than 30 consecu- 
tive seconds. Such was the intensity and 
severity of fading." 

November 28 

As the December sporadic E season rolled 
around again, only a few contacts were made 
before the official closing of the bands. Most 

important of the reported days was November 
28th when the band opened around 7:00 p.m., 
e.s.t. and held for three to four hours with 
unusual strength. 

W6OVK heard W5, 6, 8 and 9 on 10 before 
6 o'clock local time and carne back after his 
supper to hook W5HTZ on the first CQ with 
a terrific signal on both ends. After signing 
with HTZ, OVK spent over one hour search- 
ing a wide open band for signals, hearing only 
harmonics and one or two very weak carriers. 
Finally W5DNN shifted to 5 at 8 o'clock after 
hearing W6QLZ come booming through 40 db 
above S9 only to find QLZ signing to go back 
to work. W6OVK heard W5DNN come on 
and so, with intermittent breaks to see what 
else might be coming through, they kept it up 
for a half hour until the band began to slack 
off. W6SLO meanwhile worked W5HTZ and 
then too ran off to work. No reports were 
received from the eastern gang, which may be 
partially explained by the fact that Friday 
evening is a very poor membership night for 
5, as your writer listened to a very interesting 
high school football game over W45BR in 
Baton Rouge, Louisiana for well over two 
hours. Jim, 60VK, says he was also tuning 
W45BR, so it certainly looks as though the 
gang missed a pretty good two hop skip from 
W2 -3 to W6. 

Random Thoughts 

You know, it seems that any number of in- 
vestigators who have had access to large 
amounts of u.h.f. reception data sooner or 
later, as the case may be, find themselves en- 
grossed in working out predictions for future 
occurrences of aurora DX and whatnot. Then, 
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with a few lucky hits, they automatically be- 
lieve they have the situation well in hand and 
almost without exception "step forth out the 
open window." And so into the trash pile 
invariably goes another nice picture of, "what 
to expect, and when." 

Since it is interesting to see just what chance 
one does have in predicting future ionospheric 
disturbances that might bring aurora or 
sporadic E, the correlation coefficients in figure 
1 have been prepared, especially based upon 
the year 1941 -42, in such a manner to enable 
each single storm to have a repeat disturbance 
within the basic year. 

The correct approach in measuring such 
cycles is to utilize the time measurement 
"hour," not "day," which is entirely too gen- 
eral and does not readily show the effect of 
minor factors that may cause serious inac- 
curacies over extended periods. In such a way 
648 hours is about 27 days, which with the 
allowed discrepancy of 0.02 (or 13 hours) of 
the predicted time, showed the surprisingly 
low coefficient of 0.24, although if the dis- 
crepancy were to be enlarged to 0.05 or 30 
hours (over one day either side of the pre- 
dicted time of occurrence) the coefficient could 
be made 0.463, which is still only one chance 
in two accuracy. Not so good, eh? 

A 1296 hour period when corrected to side- 
real time gave a fair coefficient of 0.43, still 
within 13 hours. Enlarging the inaccuracy to 
about 24 hours gave a factor of 0.545, which 
in some instances proves itself satisfactory for 
rough work, at least preferable to the 27 day 
cycle. 

The next cycle amounted to approximately 
81 days, which is very seldom used in any type 
of prediction work. Out of the basic year a 

coefficient of 0.37 was obtained, at which time 
it was decided a 20 hour inaccuracy could be 
tolerated on such a long period cycle and a 

corrected 0.498 was accepted. 
The last cycle is undoubtedly one which will 

in the future form the background of all pre- 
diction work, since even without reduction to 

Discrepancy within 

Cycle in hours 13 hrs. 20 hrs. 24 hrs. 30 hrs. 

648 
1296 
1944 
2592 

0.24 
0.43 
0.37 

0.365 
0.48 
0.498 
0.504 

0.463 
0.545 

0.463 

These are correlation coefficients for repeti- 
tion in ionosphere and magnetic disturb- 
ances affecting radio transmission 1941 -42. 
Note the unwarranted use of the 648 hour 

cycle (27 days) and the accuracy of the 

2592 hour cycle. 

absolute sidereal time from 2592 hours a co- 
efficient of 0.504 was found. Although no 
corrections were attempted, it seems reasonable 
to believe 0.65 can be obtained. 

Much can be said for the extended period 
cycles, and while on that subject it is recalled 
that a paper was presented in the November 
1940 I.R.E. Proceedings on the time relation- 
ship between individual solar and terrestrial 
disturbances in which transit times for the 
corpusclar streams is assumed to be anywhere 
from one or two days to as much as three 
months; i.e., while general solar activity corre- 
lation is always excellent, the association of 
individual storms with specific sunspot groups 
has always been very poor. It is explained a 

possible anomaly may lie in longer transit 
times than has heretofore been considered. It 
might also be pointed out in making predic- 
tions, that corrections must be applied for the 
moving about of the disturbing sunspot group 
on the surface of the sun, while something can 
also be said for the angle of emission of the 
corpusclar stream from the sun spot. Just 
what the angle of arrival in the earth's mag- 
netic field means can only be guessed. 

The subject is interesting, and, speaking of 
interesting subjects W6OVK has one of his 
own which concerns the formation of cirrus 
clouds on sporadic E days or even preceding 
days. Jim says, "I'll never give up this issue; 
those high cirrus clouds and occasional short 
skip showed up together on November 25th. 
The clouds kept getting heavier and heavier 
day by day until they covered the whole sky 
yesterday (November 28th)!" Keep it up, 
Jim. Each observation takes coincidence down 
a fraction of a notch. 

Miscellany 

The horizontally polarized gang in the East 
was growing with W1HDQ, W1KLJ, W1MIQ, 
W2BYM, W3FHY, W3AUX, W3OR, 
W3HWN and W3HXI using it more or less 
regularly and several more were practically 
between the stages of conversion and convic- 
tion. A net was planned to meet on Monday 
at 8 p.m., however Don't believe 
W1DEI cares much for such goings on. Pic- 
ture Mel chasing the "Western influence" out 
of the East with a New England pitchfork in 
his hand and WSVV, W4EDD and W9ZJB 
running like mad! 

W5AJG finally got some of the 9000 series 
tubes and will probably whip up a good 112 - 

Mc. receiver using them and some "pipes" in 
the front end. 

W9LLM says 112 -Mc. was fine in Chicago 
up until . Frank has a new crystal con- 
trolled rig on 114,144 kcs. 

Steve, 5DNN, calls himself a "Long 
[Continued on Page 63] 
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HEY SPIKE, HE USES GL-807's 

JUST LIKE THE COPS! 

f 

I F Spike and Joe make a habit of stopping at hams' homes, 
they will find a lot of amateurs using GL-807's "just 

like the cops." For your sake, we hope they don't start 
collecting them instead of silver. 

The GL-807 will give you record-breaking performance 
a grid- or plate-modulated r-f amplifier, 
crystal oscillator, doubler, quadrupler, 
modulator, or buffer. It's being used ex- 
tensively in FM broadcast transmitters and 
police communication systems. You can't 
buy a more versatile performer for $3.50. 
Less than half a watt drives a pair; ICAS 
cw output: 100 watts! 
Ask your dealer to show you the GL-807. 
And for your other tube needs, too, try 
G-E's - measure the difference yourself. 

GENERAL 0 ELECTRIC 

as 

FREE! 

G, 

j J 

DATA BOOK ON RECEIVING TUBES 

It's different : 24 pgs., 8 x 11. Includes tube 
dimensions, base connection diagrams, and interchange- 
ability chart. It lies flat; the type is easy to read; technical 
information is in easy-to-get tabular form. 

Also 
GEA-3315C on G-E Transmitting Tubes 

(71 GEA-2021C on G-E Pyranol Capacitors 
General Electric, Section A-161-30, 
Schenectady, N. Y. Please send me free the items checked 

Name 

Address 

City State 
HI-30-8860 
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YARN of the MONTH 
THE PROPHET TAKES A LOSS 

Jeremiah Hapgood pushed the glasses back 
from his nose and tried again to coax head- 
phones and spectacle frames into compatabil- 
ity. The percolator at his elbow contained just 
a half cup of murky beverage, and after fishing 
the longest and least gritty butt from the ash- 
tray, he sat back alternately sipping and puf- 
fing. 

An eight -hour stretch in the first week -end 
of the Sweepstakes Contest had just ended. As 
he sat back trying to enjoy the toxic potion, he 
listened to the swish of signals. A page and 
a half of his log book was closely filled with 
contacts, but the pace was slowing. It had 
been a cinch at first, but after milking the spots 
around his three crystal frequencies it had 
more and more become a case of sitting tight 
and waiting for a v.f.o. to drift along. 

At the other end of town, Wilbur Greeno 
was busily twirling the knob of his v.f.o., shift- 
ing here and there wherever he heard a juicy 
CQ SS. Jeremiah scratched his nose thought- 
fully as 'he heard his rival swoop to his own 
frequency and steal a North Dakota contact 
from him. 

The telephone rang just as the last bite of 
pie disappeared. Already sidling towards the 
operating table, Jeremiah stopped and listened 
to the one -sided conversation being carried on 
by the xyl. 

"Why yes, I'm sure he could fix it. Yes, 
certainly ... yes, he'd be glad to, I'm sure. 
Just a minute." 

"Who is it? Tell 'em I'm not home. I 
don't know how to fix a radio, why I haven't 
even a volt- ohmmeter. You know darn well 
Betty I can't test tubes and they're usually 
what's wrong." 

"Now Jeremiah, it's that nice Mrs. Van 
Twerp and her radio is screeching and she says 
Mrs. Nicolas told her that you know all about 
radios, and the serviceman did a bum job ..." 

"But I tell you I haven't any equipment, 
I....,. 

"And besides, I told Mrs. Nicolas how you 
fixed our set and what will she think ...." 

"Does she expect me to go up there now ?" 
"I'll have to tell her something. She's still 

waiting on the phone. Oh why don't you run 
over there, it won't take long ?" 

"All right, I'll go, but I know darn well I'll 
make a fool out of myself and you too." 

Jeremiah got out the old leather case dubbed 
"diaper bag." He rummaged through the 
drawers and dropped in a soldering iron, three 
pairs of pliers, some wire, a filter condenser, 
and for effect, an old 0 -50 d.c. voltmeter. Huh! 
Nice serviceman's assortment. Better take an 
old tube or two. He shook a 56 to see if it 
rattled, then on a hunch put a spare 80 in the 
bag. Grumbling and mumbling about test 
equipment, he grudgingly pecked a kiss at 
Betty's cheek and left. 

"Oh dear, I'm so glad you've come Mr. Hap - 
good, our radio acts just as if it were crazy. 
It makes such strange noises, and that service- 
man charged us $5.00 and I don't think he 
even looked at it although it did play for a 
while, but you just don't know who you can 
trust nowadays, and I'm so glad we've found 
you because ...." 

Jeremiah had been standing just inside the 
door politely twirling his hat and assuming 
what he judged was a very professional pose. 
At first sign of a break in the monologue, he 
cleared his throat a little too loudly. 

"May I look at the uh ah miscreant ?" 
His tentative giggle was immediately ampli- 

fied into trills of spinsterish laughter, and he 
found himself left high and dry with his own 
final guffaw .... somehow, not quite fair. 

The set was an ancient Stromberg. After 
struggling with lamps, book -ends, vases, and 
pictures, he finally hauled the cabinet around 
to where he could duck behind into more 
familiar terrain. Almost oblivious to the 
steady chatter of Mrs. Van Twerp, he clicked 
on the switch still quaking for what the next 
hour would bring. 

As the filaments began to warm, so did his 
heart, for from the 80 came the most beautiful 
array of fireworks and blue gas that he had 
ever seen. With one motion he scooped the 80 
from his bag and replaced the sick tube. A 
blast of music poured from the speaker. 

"Now if that isn't always the way," twit. 
tered Mrs. Van Twerp. 

"No sooner than you call a Doctor, the 
patient gets well. 

"Just because you're here, it works fine." 

By ERIC LEDIN, W6MUF 
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Use SUD Sheet Metal.... 

,. for "Commercial "Appearance 
and Permanent Protection 

BUD Metal Cabinets, Panels and Chassis 
are "tops" in appearance, durability and pro- 
tection. More than merely housing your equip- 
ment, they add to it a handsome, finished 
appearance that will outlast the most stren- 
uous service. 

You'll like the way BUD Sheet Metal parts 
fit. You'll enjoy their easy workability and the 
many "extras" that reflect their careful design 
and precision -built construction. Your jobber 
will welcome the opportunity of assisting you in 
making selections to fit your exact requirements. 
When ycu require special -built cabinets, panels or chassis in quantity lots, consult our 
Engineering Department. They will be pleased to furnish estimates on your specifications. 

. 
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"But I just put in a new tube. See, here's the 
old one." With a defeated look, he held out 
the old 80 as if it would squeal assent. 

"Well I never! To think how helpless we 
women are. Why I didn't even see you replace 
it. Now how much will that be ?" 

Jeremiah who was already edging towards 
the door stopped suddenly and wrinkled his 
forehead. That was an angle he had forgot- 
ten about. Rapidly calculating, he fixed a 
practioners stare at the speaker grill and men- 
tioned a dollar as being "about right." 

"Oh now really, Mr. Hapgood, I'm sure 
that's not enough," but with considerable agil- 
ity Mrs. Van Twerp had meantime crossed the 
room dived into her purse, and planted a dol- 
lar bill in Jeremiah's hand. 

Walking home, Jeremiah's mind began to 
work in rather unaccustomed channels. Must 
be quite 'a bit of easy money to be picked up 
that way. He could have hauled out the chas- 
sis and stalled a bit, in which case she would 
doubtless have been just as pleased at double 
the price. It would be nice to own an e.c.o. 
Greeno wouldn't be so high and mighty if 
there were a little more money thrown around 
the Hapgood shack. A plan was incubating. 

Betty was expecting the worst, but hardly 
prepared for this. The unpredictable Jere- 
miah calmly announced that he was entering 
the servicing business. 

If this were a movie short, the fade -out, the 
flash -back, whirling clock hands, and flipping 
pages on a desk calendar could all be put to 
excellent use. If it were anything but a yarn, 
we could simply say, "The scene changes." 
Since it is only the chronicle of an era in the 
life of one of the least of our "brethren" the 
tale must carry on through more dismal and 
less interesting paragraphs. But the virtue of 
brevity is most easily attained. Avaunt! 

Jeremiah pushes a doorbell with a re -ju- 
venated "Mighty Mite" tucked under his arm. 
A bill for $2.00 is in his vest pocket. Jeremiah 
emerges a half hour later lugging an ancient 
Philco, the bill still in his pocket. -Lots of 
salvage in that old set, and since they offered 
it to him, why naturally he'd call the bill 
square. Net loss $1.12. 

Jeremiah climbs a path with bd set No. 2. 

Simple job, only a tube replacement. This 
was his friend Mr. X, so six -bits profit would 
be enough. Jeremiah emerges a bit unsteadily 
two hours later. He's singing and his spec- 
tacles are slightly awry. Four scotch and 
sodas have changed the complexion of serv- 
icing also. Heck no, he wouldn't charge a 
friend . . . . at least not after the fourth 
scotch. Net loss $.62. 

Jeremiah leans across the counter of the 
Globe Radio Service Co. "Well you see this 
permeability tuning is something new to me, 
and I just don't have the equipment." Globe 

Radio Service Co. understood perfectly. Too 
perfectly. They did not feel particularly 
amenable towards amateur competition, and 
the charge of $3.50 carried no professional 
reciprocity. Collection $3.50. -Profit nil. 

The "Mighty Mite" sizzling away melts a 
by -pass condenser. Hapgood replaces free, 
and reputation wavers in spite of the gesture. 

BCL set no. 3 plays merrily on in the shack. 
Intermittent short has failed to show up. Cus- 
tomer phones nightly asking if job is finished. 

Sixteenth of the month rolls by, and ORS 
report shows "no activity." 

The "Mighty Mite" blows a dial light and 
goes dead. Second free call and now $1.45 
is invested in the junked Philco. 

Jeremiah invests $10.00 in volt- ohmmeter. 
Wilbur Greeno drops in to display a new 

portable -mobile 21/2 meter rig. Jeremiah 
catches up on his QSL mail. 

It was a crisp cool evening. The dishes were 
dried, and Betty was buffing her nails before 
leaving for her bridge club. Jeremiah turned 
up the gain on his Super and listened to the 
familiar babble of C.W. signals. He switched 
on the filaments in the rig, then decided to 
wait until Betty had left. Just then the door- 
bell rang. Betty answered. From the hall he 
listened to the voices, ready to slink into the 
bedroom. 

"My mother sent me down with this radio. 
It doesn't work any more, and she says if Mr. 
Hapgood can't fix it so it stays fixed he ought 
not to be wasting people's time and money. 
Dad's pretty mad too, and says that radio 
just better be fixed for the fight tomorrow 
night." 

To the eternal credit of Betty, she made no 
comment when she brought the set in and set 
it on the table. Her look was a question and 
he nodded. "Yes. I heard." She kissed him 
a bit more tenderly than usual, and left the 
house. It was the "Mighty Mite" again. 

The filaments began to glow in the rig. A 
melodious K6 started a CQ, his frequency near 
the pencil mark on the dial marking Jeremiah's 
7057 crystal. 

He walked over to the window, opened it, 
and looked upwards along the disappearing 
feeder lines. Far below in the yard a cat 
tripped daintily along the fence, no doubt eye- 
ing the garbage can which had carelessly been 
left lidless. 

Jeremiah turned to the "Mighty Mite" on the 
table. He flicked the switch and listened to 
the rattling hum emitted by its puny speaker, 
then carefully removed the rectifier tube, and 
the panel light. 

At the window again, he looked with con- 
centration down into the darkness. A resound- 
ing crash sent the cat into squalling flight. A 

contented smile formed on Jeremiah's face. 
The "Mighty Mite" had scored a bulls -eye. 
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HOT STUFF! 

"NO: Is that a fact! Hot stuff?" 
'Yessir! Really HOT STUFF coming up in 
the next issue of Radio." 

°QMaybe I'd better plan to get a copy. Where 
can I be SURE of getting one?" 

"What! Aren't you a regular subscriber? 
Say, chum, you'd better send in your order 
right away. $2.50 a year -or if you want 
to procrastinate, send only $1.00* for the 
next five issues." 

"Okay. Where do I send it ?" 

"Just send it to the Circulation Manager, 
Editors Sr Engineers, Ltd., 1300 Henwood 
Road, Santa Barbara. They'll fix you up 
pronto." 

*Trial offer for new subscribers only. 

THE EDITORS OF 

IORPORIM 10110115 AND .14.11,5 11D 1300 KENWOOD ROAD, SANTA BARBARA, CALIFORNIA 
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FLUORESCENT LAMP RESISTOR 

A new Ward Leonard resistor Type K -40878 
is for use with 6 -watt T -5 fluorescent lamps on 
either alternating or direct current with a 
manual momentary contact starting switch. 

When operating these lamps on 120 -volt 
circuits these resistors eliminate the need of an 
auxiliary. The K -40878 resistor unit measures 
approximately 13/4 x 61/2 inches overall, can be 
mounted in any standard fixture or wiring 
trough, and is insulated for 15,000 volts to 
ground. 

OIL -FILLED PLUG -IN CAPACITORS 

In step with the growing popularity of the 
plug -in capacitor technique, already widely 
used in the electrolytic and -wax -filled paper 
types, the Aerovox Corporation of New Bed- 
ford, Mass., announces a new Series 72 oil - 
impregnated oil -filled capacitor with four -pin 
base that fits into a standard UX socket, as 
distinguished from the octal base of the other 
plug -ins. 

The aluminum -sprayed tin -plate round can 
comes in 2 -, 21/2 -, and 3 -inch diameter sizes, 
and from 21/2 to 43/4 inches high. It is provided 
with a mounting ring with lugs, so as to be 
held securely in place and in accordance with 
Underwriters' requirements. These oil -filled 
plug -ins are available in single- section units up 
to 16 µfd., and up to 4 -4 -4 µfd. in multiple - 
section units, in both the 400 and 600 volts 
D.C.W. ratings. 

These plug -in oil -filled capacitors are par- 
ticularly desirable for equipment used by the 
Army, Navy, police, broadcast stations, public 
address and sound movie systems. They are 
ideal for aircraft radio where duplicate receiv- 
ers and transmitters are not available but where 
prompt servicing of single units is absolutely 
essential. The UX base insures the correct 
insertion of the capacitor into the circuit. 

CONCENTRIC TRANSMISSION LINE 
TERMINATIONS 

Concentric disc resistors, now being supplied 
by the International Resistance Co., 401 N. 
Broad St., Philadelphia, Pa., are proving a 
practical answer for the engineer faced with 
the problem of getting pure resistance loading 
of low -power concentric transmission lines. 

Available in a variety of sizes and resistance 
values, these concentric disc resistors have a 

minimum of inductance and capacity. As a 
result, they should prove generally useful in 
high -frequency measurement circuits, signal 
generating equipment, and ultra -high frequency 
devices now under development. 

NEW MIKES 

The Turner Co., Cedar Rapids, Iowa, is 
offering a new dynamic microphone, Model 
No. 211, for radio stations, loud speaker sys- 
tems, p.a. men, bands, and others requiring a 
quality microphone with extended high fre- 
quency range. Turner 211 dynamic utilizes a 
new type magnet structure and acoustic net- 
work, offering outstanding performance char- 
acteristics. The saltshaker type is dictated by 
these two features, and to those Turner has 
added style and streamlining. 

Modern Turner engineering has extended the 
high- frequency range, and the extreme lows 
have been raised 2 to 4 decibels, to compensate 
for overall deficiencies in loud speaker sys- 
tems. The unique diaphragm structure results 
in extremely low harmonic and phase distor- 
tion, without sacrificing high output level. 
Turner 211 is equipped with tilting head, 
balanced line output connection and 25 feet 
of heavy duty cable. It is finished in rich satin 
chrome. Further information may be had by 
writing The Turner Co., Cedar Rapids, Iowa. 

NEW I5 -WATT AMPLIFIER 

A newly developed 15 -watt amplifier which 
achieves an increase in operating efficiency 
when compared with an earlier model it re- 
places, has been announced by George Ewald, 
Manager of the Commercial Sound Division 
of the RCA Mfg. Co. 

While rated at 15 watts, the new unit is 
capable of 21 watts of output as a maximum. 
At its rated output, distortion is less than 31/2 

per cent. Provision is made for microphone 
and phonograph inputs, the former at 560,000 
ohms, and latter at 500,000 ohms. A terminal 
board is provided for making output connec- 
tions. Separate volume controls are supplied 
for the microphone and phonograph inputs. A 
continuously variable tone control and voice - 
music switch are also incorporated in this 
amplifier. 

Gain of 125 db is provided for the micro- 
phone input, 85 db for phonograph. Frequency 
response is from 30 to 10,000 cycles. Dual 

42 

www.americanradiohistory.com

www.americanradiohistory.com


.----------, 

ARMY 
NAVY 

POLICE 

AIRLINES 
BROADCASTERS 

INDUSTRY 
THOUSANDS OF 

LOYAL AMATEURS 

$1 00 

MORE WATTS 

PER DOLLAR" 

Extra Dependability - - Plus Performance I 

Notable among the many key applications of Taylor Tubes in America's 
vital war effort are ibe £66 Jr., 866A1 66, 872A and 875A rectifiers. This 
is not without significance -for Tavlc.r has consistenly pioneered in work- 
ing out industrial re:tifier problems - in fact, has contributed directly to 
many advancements responsible for - ncreased efficiency, longer life and 
outstanding dependability in service Today, an ever increasing supply of 
Taylor Tubes is being produced for a wide range of exacting civilian and 
governmental requirements. If you seek the finest in quality, uniformity, 
service and extra velue you can depend on Taylor Tubes. 

TAYLOR TUBES, INC., 2341 WABANSIA AVE., CHICAGO, ILLINOIS 
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IZA DIO 

control intro -tube mixing is another feature of 
the new unit. The fuse is easily accessible. A 
microphone plug is furnished with the unit. 

Nothing has been sacrificed to appearance 
in the amplifier, which is designated as Model 
MI- 12222. It is housed in an attractively styled 
cabinet of modern lines, painted a neutral grey. 
Its dimensions are 141/2 inches long, 83/4 inches 
deep, and 81/2 inches high. 

ULTRA -HIGH -FREQUENCY ALUMINUM -CASE 
TRANSMITTING CAPACITORS 

Engineered and especially recommended for 
use in ultra- high- frequency radio transmitters, 
television and f.m. transmitters, as well as in 
miscellaneous applications in the ultra -high- 
frequency range, the new Type 1860 trans- 
mitting capacitor is now made available by 
Aerovox Corporation of New Bedford, Mass. 
In such applications this capacitor is readily 
adaptable for use as a fixed tuning capacitor, 
for by-passing, blocking, coupling and neutral- 
izing, and as an antenna series capacitor. 
Losses are extremely low because of the highly 
refined sulphur compound utilized as the di- 
electric, the elimination of corona as well as the 
unique design and construction. The case is 
grounded and a single high- tension mica - 
insulated brass terminal is used. The aluminum 
case is 2 inches in diameter by 2 or 21/2 inches 
high, and is provided with a mounting base 
with 2 holes for 10 -32 screws. These units are 
available in .00001 and .000025 µfd. in 10,000 
volts and .00005 µfd. in 5,000 volts. 

HALF -WAVE COAXIAL VERTICAL ANTENNA 

The advantages of the present half -wave 
coaxial vertical antenna to obtain maximum 
radiated power in the ground plane are so 
well known and accepted today that no attempt 
will be made to list these many advantages 
here. 

The Wunderlich Type 5CA Coaxial An- 
tenna, manufactured by Wunderlich Radio Co., 
1337 Fargo Ave., Chicago, Ill., incorporates all 
of the most desirable features, mechanically 
and electrically, for both transmitting and 
receiving. 

It is shipped cut for your operating fre- 
quency and requires no matching network and 
no tuning. Just connect your concentric trans- 
mission line to the section which comes with 
the antenna, and then to your transmitter - 
receiver, and it is ready to operate. Tests in- 
dicate that the Type 5CA coaxial vertical an- 
tenna will increase signals up to 8 db over a 
conventional open type J. 

Field tests also indicate that the Type 5CA, 
because of the formula used in cutting the whip 
and skirt to operating frequency, will provide 
considerable increase in signals over coaxial 
antennas not so designed. 

NE BOOKS 
aid ca 

The RADIO HANDBOOK 

THE RADIO HANDBOOK, Eighth (1942) Edition, by the 
Editors of RADIO. Published by Editors and Engineers, 
Ltd., 1300 Kenwood Road, Santa Barbara, California. 
640 pages 6%" by 93Z", profusely illustrated with 577 
line drawings and halftones, and 41 tables. Price of 
clothbound edition, $1.75 in continental U.S.A., else- 
where $2.00. 

The RADIO HANDBOOK ís a general compila- 
tion of information on the practical aspects of 
radio. Its content can be divided into three clas- 
sifications: (1) basic theory of electricity, radio, 
vacuum tubes, and antennas, written from the 
standpoint of practice rather than from the engi- 
neering viewpoint; (2) constructional information 
on the building of a wide variety of types of high 
frequency and u.h.f. transmitters and receivers for 
phone and c.w. use, coupled with information on 
the construction of many useful pieces of test 
equipment; (3) tube characteristic tables, refer- 
ence charts and graphs, and a collection of for- 
mulas useful to the practicing radioman. 

Investigation to determine the principal sale 
of previous editions indicates that there were two 
main classes of buyers: those who were using the 
Handbook as a reference work and hence had 
greatest need for the comprehensive tube tables, 
charts, tabular material, and formulas; and those 
schools who were using the Radio Handbook as 
a radio instruction textbook. 

As a consequence of this investigation the tube 
tables have been expanded as well as brought up 
to date, and the reference material has been con- 
siderably increased. To assist those using the 
Handbook as a text the theory chapters have been 
rewritten and expanded with an eye to increasing 
their suitability to this application. Due to a 

more compact type style and an increased number 
of pages these increases in text and reference ma- 
terial have been made with no sacrifice in the 
amount of space devoted to constructional infor- 
mation. 

Investigation also showed that one reason this 
Handbook is so widely used as a textbook is that 
no other comparable book contains so much up -to- 
date information suitable for instruction in the 
subjects of F.M. and U.H.F. Communication, in 
addition to the usual radio anÏ electrical theory. 
The RADIO HANDBOOK contains the most com- 
prehensive information available in any one book 
on all types of transmitting, receiving, and special - 
purpose tubes. A total of 54 pages is devoted to 
this extensive listing. Both transmitting and re- 
ceiving tubes are listed in the order of their as- 
signed number to make it possible to find the 
characteristics of the desired tube in the least 
amount of time. 

The list of the 27 chapter headings gives an ex- 
cellent indication of the subject material treated. 

[Continued on Page 62} 
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Ready for You 
$1.75 

in Continental 
U.S.A. 

$2.00 
elsewhere- 
postpaid. 

Over 600 pages -profusely illustrated. This 
book is truly the radio engineer's, the short 
wave technician's, and the amateur's own 
handbook. Written to give you the informa- 
tion you want. See it at your dealer's today! 

THE EDITORS OF ADIO 
1300 KENWOOD ROAD, SANTA BARBARA, CALIFORNIA 
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At your dealer's... 
The 1942 "RADIO" HANDBOOK 

This book is now ready for your inspection at your 
nearest radio dealer's. Get ready to be flabber- 
gasted -about its size, content, and beautiful 
binding -about its thorough coverage of the short 
wave radio field -about its thorough and complete 
technical data sections. 

Get ready to BUY your copy right away. Never be- 
fore has such a Handbook been made available at 
such an outstandingly low price. Similar books - 
of like quality, excellence, and fine library appear- 
ance- seldom sell below $5.00 a copy. This book, 
however, costs you only $1.75 a copy! 

If your favorite dealer does not have this book in 
stock, simply send us your check for $1.75 and your 
copy will be mailed immediately, postpaid. Please 
send us your dealer's name, also. 

THE EDITORS OF 

:0001.I.E NAME EDITORS ENGINEERS. LID 1300 KENWOOD ROAD, SANTA BARBARA, CALIFORNIA 
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Synchronize Your Skeds with Arlington 
Time 

The last three records on the chart, figure 3, 

on page 17 of the December RADIO seem com- 
pletely wrong. This chart appeared in the ar- 
ticle by J. H. Poole, "Sychronize your Skeds 
with Arlington Time." The chart shown be- 
low gives a more logical sequence as indicated 
by the first five records. Note that 37 'hours 
pass between the check on the 8th and that on 
the 9th. Therefore the error changes by 
37/24ths of 17 seconds. 

DATE STATION 
TICK 

H M S 

CLOCK 
M M s 

ERROR 
M S 

RATE 
SEC /24H 

NOV. 3 NSS 02 00 00 01 55 37 04 235L 

4 NSS 02 00 00 01 55 53 04 07SL 

5 NSS 01 58 00 01 54 10 03 50 SL 

6 NSS 01 59 00 01 55 27 03 33 SL -17 

e 1155 01 58 00 01 55 01 02 595L -17 

9 NPG 15 00 00 14 57 27 02 335L -17 

13 NPG 14 58 00 14 56 41 01 19SL -18 

17 NPG 15 00 00 15 00 16 00 16FS7 -19 

18 

Dud Little Award 

The Ultra -High Frequency Club of Chicago 
has asked us to remind the U.H.F. gang that 
January 31, 1942, is the deadline for nomina- 
tions for the first award. The Dud Little 
Award, presented by the U.H.F. Club of Chi- 
cago, will be made on March 14, 1942, the 
anniversary of Dud's death. 

Attention is called to the rules as published 
by RADIO on page 92 of the October issue. 

All nominations should be sent to Mr. Ed- 
ward Hamel, in care of the Columbia Broad- 
casting System, 410 N. Michigan Ave., Chi- 
cago, Illinois. 

Maritime Service 

Some 1,200 new merchant ships will be 
launched during the next 2 years and will re- 
quire 40,000 additional seamen in deck and 
engine departments, as radio operators, and 

as cooks and bakers. Young men are needed at 
once and those accepted for training are as- 
sured of good jobs at unusually good pay be- 
cause there is a lack of trained men to man 
these new vessels. 

Public employment offices in every State 
will assist in enrollment of apprentice seamen 
and radio operators for training by the Mari- 
time Service which is administered for the 
Maritime Commission by the U. S. Coast 
Guard. Apprentices are paid while in training. 
Upon completion of this free training course 
they are expected to serve in the merchant 
marine for at least a year thereafter. 

Young men between the ages of 18 and 23 
may apply at their local State employment of- 
fice. They will have to meet physical and char- 
acter standards established by the Maritime 
Service. Though the Maritime Service is not 
an enlisted service, Selective Service boards 
have instructions to waive induction, where 
possible, of men in the merchant marine. Ap- 
prentices may join the Merchant Marine Re- 
serve of the U. S. Navy Reserve and thus be 
exempt from selective service. 

Trainees will receive free transportation 
from the point of enrollment to the school. A 
clothing allowance will be furnished amount- 
ing to $100. Trainees will receive quarters, 
subsistence, and free medical and dental care. 
On completion of the course, free transporta- 
tion will be furnished to assigned ports. In 
addition, men in the radio school will receive 
from $36 to $54 monthly. Radio operators' 
base pay for graduates employed on ocean or 
Great Lakes merchant ships varies from $105 
to $165 per month, plus bonuses and extra 
payments. Base pay plus bonuses, in almost 
all cases, will amount to more than $200 a 
month. 

The radio school is at Gallups Island in 
Boston Harbor. 

The local State employment offices will give 
information and preliminary interviews to ap- 
plicants, then refer them to Maritime Service 
enrollment officers with headquarters in 40 
inland and coast cities. 

Clark Electronic Bug 

"The electronic bug described by Clark on 
page 36 of the October 1941 RADIO does a sur- 
prisingly good job, but one characteristic was 
noticed which made it difficult to key. Name- 
ly the timing of the dashes was not exactly cor- 
rect. The dashes were too long and the spaces 
in between dashes were very short. Even at 
slow speeds it was difficult to send letters where 
dots and dashes were intermingled, such as 
C, R, K. etc. 

"An investigation disclosed that the value 
of Rio (250,000 ohms in the diagram) controls 
the duration of the dash and also the value of 
the spaces in between. Increasing Rio results 
in shorter dashes and longer intervals between 
them. One megohm, however, is too high a 
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value and the sending becomes 'choppy'. A 
potentiometer of about a megohm in value is a 
good aid for adjusting the timing. This does 
not mean that we have three controls for speed, 
however, because once Rio is set it will hold 
pretty well over a wide range of speed. There- 
fore R10 could be mounted under the chassis 
with a screwdriver adjustment. 

"I suspect that this may have had some con- 
nection with regard to the difficulty experienced 
in learning to operate the bug, because the 
transition from mechanical to electronic keying 
should be quite easy if all is operating proper- 
ly." 

W. B. THOMPSON, W8OKC. 

The Gimmick 

An error appeared in the schematic diagram 
for the Gimmick on page 25 of the December 
issue of RADIO. The coupling condenser C 
should be connected directly to the grid of the 
6Q7 -G instead of to the junction of the grid 
leak and the bias cells as shown. 

Navy Seeks Recruits for Radio and Corn - 
munications Duties Among Amateur 

Operators and Allied Trades 
An opportunity for radio "hams" and tech- 

nicians to serve their country in Class V -6 of 
the United States Naval Reserve and, at the 
same time, receive valuable training is being 
offered by the Navy Department, which is 
seeking several thousand recruits for one of 
its newest operations branches. 

Qualified applicants will be enlisted imme- 
diately as Radiomen, Second Class, which is 
equal to four full promotions over original en- 
listments as apprentice seamen. Radiomen Sec- 
ond Class receive a base pay of $72 per month 
and allowances while on duty as technicians 
and Radar maintenance men. Applicants must 
be high school graduates and must hold, or 
have held, Amateur Class "A" or "B" licenses. 
If applicants lack the license qualifications, 
they must be actively engaged in radio repair 
or service work, or have had experience with 
high frequency design, transmission or recep- 
tion. They do not necessarily have to be fa- 
miliar with Morse or other codes. 

Men enlisted west of the Mississippi River 
will be ordered to the Naval Radio Training 
School at Los Angeles, California, for a course 
in Naval Communications. Those enlisted 
east of the Mississippi River will be trained 
at the Naval Radio Training School at Noro- 
ton, Connecticut. After February 1, students 
will be sent either to the San Francisco Radio 
Material School or to the Radio Material 
School at Bellevue, D.C., until the capacities 
of the two institutions are filled. 

After training, students will have a chance 
for advancement in rating up to that of Chief 

Radioman, which carries a base pay of $99 
per month. 

"Radar" men will operate the newly per- 
fected radio device which locates planes in 
flight, the delicate and complicated instrument 
developed in England and used with such 
meritorious success by the Royal Air Force. 
The patents have been turned over to the 
United States by Great Britain. Details of 
the device are being kept a deep secret, but it 
is said to have been used both on the ground 
and in the air, and is a vital addition to the 
nation's defense armory. 

Federal Communications Commission Radio 
Operators Examination Schedule, 1942 

Boston, Massachusetts, Customhouse, 7th 
Floor. 

All phone: Mon., Tues., Wed. All tele- 
graph: Thursdays. Amateur: Daily except 
Thurs. 

New York, New York, 748 Federal Building, 
641 Washington St. 

Amateur: Tues., Thurs., Sat. Commercial: 
Mon., Wed., Fri. Schenectady: March, June, 
September, December. 

Philadelphia, Pennsylvania, Room 1200, Cus- 
tomhouse, 2nd and Chestnut St. 

All telegraph: Wednesdays. All phone: and 
Amateur Class A: Daily. Amateur Class 
B: Wed. and Sat. 

Baltimore, Maryland, Fort McHenry. 
All classes: Wednesdays. Telegraph: Wed. 
Other days by appointment. Amateur: Sat. 
Phone: Daily. 

Norfolk, Virginia, Room 402, New P.O. Bldg. 
Phone 3rd and Amateur Class A: Daily. 
All classes: Fridays. Amateur Class A and 
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Answer to the radio crossword puzzle which 
appeared on page 75 of the January RADIO. 
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B: Saturdays. Winston -Salem, N.C.: Feb. 7, 
May 2, Aug. 1, Nov. 7. 

Atlanta, Georgia, 411 Federal Annex. 
All classes: Tuesdays and Fridays. Amateur 
only: Saturdays. Nashville, Tenn.: Feb. 20, 
May 20, May 15, Aug. 21, Nov. 20. 

Miami, Florida, Room 314 Federal Bldg., P.O. 
Box 150. 

All classes: Tuesdays. Restricted Phone 
Permit: Daily. Amateur: Tuesdays and 
Saturdays. Jacksonville: May 16, Nov. 21. 

New Orleans, Louisiana, 308 Customhouse. 
All classes: Mondays. Other days by ap- 
pointment. Little Rock, Ark.: April 14, 
Sept. 15. 

Galveston, Texas, 404 Federal Bldg. 
All classes: Wednesdays and Fridays. Ama- 
teur: Saturdays. All phone: Daily. 

Dallas, Texas, 500 U. S. Terminal Annex, P.O. 
Box 5373. 

All classes: Tuesdays. Restricted Phone: 
Daily. Amateur only: Saturdays. Oklahoma 
City: Commercial; Jan. 23, April 24, July 
24, Oct. 23. Amateur; Jan. 24, April 25, 
July 25, Oct. 24. San Antonio: Commercial; 
Feb. 20, May 22, Aug. 21, Nov. 20. Ama- 
teur; Feb. 21, May 23, Aug. 22, Nov. 21. 
Albuquerque: March 21, Sept. 16. 

Los Angeles, California, 539 U.S. P.O. and 
Court House Bldg., Temple and Spring Streets. 

All Telegraph: Thursdays. All phone: 
Daily. Amateur: Wed. and Saturdays. 
Phoenix, Arizona: April and October, 2 

days. 
San Francisco, California, 328 Customhouse, 
Washington and Battery Streets. 

All phone and Amateur Class A: Daily. All 
telegraph: Tuesdays. Amateur Class B: 
Mondays and Saturdays. 

Portland, Oregon, 805 Terminal Sales Bldg. 
All phone: Daily. All telegraph: Tuesdays 
and Thursdays. Amateurs. Fridays and Sat- 
urdays. Boise, Idaho: April and October. 

Seattle, Washington, 808 Federal Office Bldg. 
Phone and telegraph 1st and 2nd: Tuesdays. 
Restricted phone and telegraph: Wednes- 
days. Amateur Class A and B: Fridays. 
Billings, Mont.; Butte, Mont.; Spokane, 
Wash.: May and Nov. 

Denver, Colorado, 504 Customhouse. 
All commercial: 1st and 2nd Friday. All 
amateur: 1st and 2nd Saturday. Salt Lake 
City, Utah: March and Sept. 

St. Paul, Minnesota, 208 Uptown P.O. and 
Federal Courts Bldg., 5th and Washington 
Streets. 

More than 300 men 
and women are en- 
gaged in the intricate 
assembly of Astatic 
Crystal Products, one 
operation of which is 
shown in accompany- 
ing illustration. 

THE performance of 
every Crystal Micro- 

phone, Pickup or Record- 
ing Head depends upon 
the care and precision 
with which its crystal 
cartridge, or heart, is as- 
sembled. That Astatic 
Crystal Cartridges are 
used in larger quantity 
than any other manufac- 
tured, is evidence of the 
superiority of this deli- 
cate piece of mechanism 
and its time -tested effi- 
ciency in use. 

Ift7t, 
THE ASTATIC CORPORATIO 

LICENSED UNDER 

BRUSH DEVELOPMENT 

COMPANY PATENTS 
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Commercial: 1st and 3rd Thursdays. Ama- 
teur: 1st and 3rd Saturdays. 

Kansas City, Missouri, 809 U.S. Courthouse. 
Commercial: Fridays. Amateur only: Sat- 
urdays. Other days by appointment. Des 
Moines, Iowa: Commercial; Jan. 9, April 10, 
July 10, Oct. 9. Amateur; Jan. 10, April 11, 
July 11, Oct. 10. St. Louis, Missouri: Com- 
mercial; Feb. 13, May 8, Aug. 14, Nov. 13. 
Amateur; Feb. 14, May 9, Aug. 15, Nov. 11. 

Chicago, Illinois, 246 U.S. Courthouse Bldg. 
All commercial: Thursdays. All Amateur: 
Saturdays. 

Detroit, Michigan, 1025 New Federal Bldg. 
All Commercial: Fridays. All amateur: Sat- 
urdays. Other days by appointment. Cin- 
cinnati. Ohio: Feb., May, Aug., Nov. Co- 
lumbus, Ohio: March, June, Sept., Dec. 

Buffalo, New York, 518 Federal Bldg. 
All commercial: 1st and 3rd Fridays. Ama- 
teur: 1st and 3rd Saturdays. Pittsburgh: 
Jan., April, July, Oct. 

Honolulu, T. H., Aloha Tower 
Commercial: Wednesdays. Amateur: Mon- 
days and Saturdays. Hilo: Jan. 24, Aug. 17. 
Lihue: Feb. 13, Aug. 26. Kaunakakai: Aug. 
3. Lanai City: Aug. 4. Wailuku: Aug. 5. 

San Juan, Puerto Rico, 322 Federal Bldg., P.O. 
Box 2987. 

Examinations given at convenience of the 
Inspector. Arrangements should be made by 
corresponding with the office. 

Juneau, Alaska, 7 -8 Shattuck Bldg., P.O. Box 
1421. 

Examinations given at convenience of the 
Inspector. Arrangements should be made by 
corresponding with the office. 

Washington, D.C., F.C.C. Headquarters. 
All classes: Thursdays. Other days by ap- 
pointment. 

Savannah, Georgia, Sub -Office 6, 208 P.O. 
Bldg., P.O. Box 77. 

Examinations given at convenience of the 
Inspector. Arrangements should be made by 
corresponding with the office. 

Tampa, Florida, Sub -Office 7, 203 P.O. Bldg. 
Examinations given at the convenience of 
the Inspector. Arrangements should be made 
by corresponding with the office. 

Beaumont, Texas, Sub -Office 9, 329 P.O. Bldg., 
P.O. Box 1527. 

All classes: 1st and 3rd Thursdays. Other 
days by appointment. 

San Diego, California, Sub -Office 11, 301 Cus- 
tomhouse and Courthouse Bldg. 

Examinations given at the convenience of 
the Inspector. Arrangements should be made 
by corresponding with the office. 

Cleveland, Ohio, Sub -Office 19, 541 Old P.O. 
Bldg. 

All commercial: 1st and 3rd Fridays. All 
Amateur: 1st and 3rd Saturdays. Restricted 

[Continued on Page 62} 

As-is? 
Heck -No! 

When conditions are normal, it is easy for 
manufacturers to go along on an "as -is" 
basis. But now, owing to the vital wartime 
production program, conditions are abnor- 
mal. Some raw materials are no longer avail- 
able. Others are to be had only in limited 
quantities. Established specifications speed- 
ily become obsolete. Changes in production - 
routine and material substitutions (with 
their attendant design- changes) present a 
challenge ... if quality is to be maintained. 

Mallory is in an enviable position to meet 
this challenge of maintained quality. More 
than one out of every twenty employees at 
the Mallory plant are engineers; more 
than one out of every eight are inspectors. 
Research, investigation, and life- testing 
proceed without interruption at Mallory. 

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

Ccble Address- PELMALLO 

ALLOR 
.... APPROVED 
ï- PRECISION PRODUCTS 
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Q. & A. Study Guide 

[Continued from Page 20) 

RADIO 

Refer to diagram 100. 

(101) Draw a simple schematic circuit dia- 
gram of a radio frequency amplifier, employing 
a triode vacuum tube and making use of plate 
neutralization. 

Refer to diagram 101. 

(102) Draw a simple schematic circuit dia- 
gram of a radio frequency amplifier, employ - 

[Continued on Page 54) 

ó RFC 
9 _ NC RFC 

b 1 

0+8 Q+B 

YOUR REFERENCE BOOK 
BUYING GUIDE 

AND MASTER FILE 
Gives This Important Data 

Contained within the hard covers 
of this 800 -page MASTER BOOK 
are the listings of the products of 
90% of all Radio Parts and 
Equipment Manufacturers in the 
industry. In it you will find many 
thousands of items, such as elec- 
tronic devices, transmitting and 
receiving sets, public address 
equipment, speakers, tubes, an- 
tennas, transformers, condensers, 
replacement parts, meters, labora- 
tory test equipment, relays, plugs, 
coils, wire, and numerous other 
radio components. Thousands of 
clear illustrations with descrip- 
tions and specifications. Yes, this 
is your "MUST HAVE BOOK." 

Saves Time -Saves Money 
WHERE, WHAT AND HOW MUCH: Such 
information is instantly at your fingertips. 
This valuable RADIO MASTER eliminates 
the maintenance of bulky files. It is coin. 
pletely indexed for speedy reference. 

If you buy, sell or specify, you will 
find the RADIO MASTER an indispensable 
and bandy book to bave around at all times. 

NINTH EDITION 

IT'S A MASTERPIECE 
Took 6 years and thousands of dollars 
fo develop to its present C2a50 size -yet it costs you only 

MONEY BACK 
GUARANTEE 

Order your copy today -look it over. You 
will find It to be an excellent investment; 
If not return it to us in five days for full 
refund We prepay transportation charges if remittance accompanies order. 

THE ONLY OFFICIAL 
RADIO & EQUIPMENT 

MASTER CATALOG 

compiled in co- operation with and ap- 
proved nusdllnoeToup as the idtry ''sofficciasurcebok. 

Who Uses It? 
Broadcasting Stations 

Department Stores - 

Electrical Engineers 
Exporters 

Foreign Governments 
Industrial Plants 

Mail Order Houses 
Mechanical Engineers 

Newspaper Publishers 
Police Departments 

Purchasing Agents 
Radio Distributors 

Radio Service Organizations 
Radio Salesmen and Buyers 

Radio Parts Manufacturers 
Radio Set Manufacturers 

Radio Sales Agents 
Students and Experimenters 

Technical Libraries 
Telephone Companies 

Telegraph Companies 
Universities & Schools 

U.S. Military, Naval 
and Aircraft Depts. 

U N I T E D CATALOG P U B L I S HERS , Inc. 
106 -110 LAFAYETTE STREET, NEW YORK, N. Y., U.S.A. 
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Hi -Fi Phono Amplifier 
[Continued from Page 10 

quency response. The one with the largest 
output transformer went lowest in frequency - 
as would naturally be expected -and the one 
with the highest plate supply voltage delivered 
the greatest power output. The three tested 
had actual plate supply voltages of 330 volts 
-power output 7 watts, 365 volts -power out- 
put 9 watts, and 400 volts -power output 11 
watts. It will be noted that these power out- 
put figures are slightly lower than would be 
expected from reference to the published tube 
characteristics. This discrepancy is due to the 
fact that the power output was actually meas- 
ured at the voice coil winding of the output 
transformer so that the insertion loss in the 
transformer was subtracted from the actual 
power output at the plates of the tubes. Pub- 
lished tube data gives the power output at the 
plates of the tubes, not at the secondary of the 
output transformer. 

Pickup Equalization Circuits 

Since phonograph records are not flat in fre- 
quency response, that is they are not cut either 
constant amplitude or constant velocity 
throughout their range, it is necessary to 
equalize the phonograph pickup if substantially 
flat frequency response is desired. Records are 
cut constant amplitude up to a crossover fre- 
quency (from 200 to 1000 cycles depending 
upon the manufacturer and upon the date 
when the record was recorded) and substantial- 
ly constant velocity above that point. Since a 
crystal pickup has a voltage output dependent 
upon the amplitude of displacement, its 
response will be satisfactory on the low fre- 
quencies but it will have to have an equalizer 
which will build up the high frequency 
response. A magnetic pickup, in which the 
output voltage is dependent upon the velocity 
of displacement, will have to be equalized so 
that its low frequency response is built up. The 
point at which this equalization should begin 
to take place is dependent upon the crossover 
point used in making the recording. 

The input condenser and resistor R, -C, in the 
main circuit diagram serves to equalize the high 
frequency response of the conventional crystal 
pickup, using 750 cycles as the average cross- 
over frequency. The additional small circuit 
diagram is for bass boost when using a crystal 
pickup, with high frequency compensation, or 
this input circuit can be used with a magnetic 
pickup to obtain the low frequency equaliza- 
tion required. When using a magnetic pick- 
up the small condenser C, may be removed 
if too much record scratch is apparent. 

-active 

Awed 
-accutate 

'Il 

Dependable 

Ask any experienced amateur - then contact your distributor 
and find out for yourself. 

I 

-ill -- 
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You CAN do something 

about all that racket - -- 
If you want to reduce those extraneous 
noises -bring out signals previously un- 

intelligible-if you want to check most 
forms of radio noise at their source then 

this book is for you. 

Describes the most frequent types and 
sources of noise and tells how to elimi- 

nate them. When elimination is not 
practicable, then you can modify your 

equipment with one of the several noise - 
limiting and noise -balancing circuits de- 

scribed. 

All operations are described thoroughly 
-the theory as well as constructional de- 

tails and methods of application. 

Get your copy today at your local radio 
parts dealer. If he doesn't have it in 

stock, order direct from us. 

35c in U.S.A. Postpaid 40c elsewhere 

TFIE EDITORS OF 1300 
Kenwood Road, Santa Barbara 

1,0.1) CALIFORNIA 

RADIO 

Q. & A. Study Guide 
[Continued from Page 52] 

ing a triode vacuum tube and making use of 
grid neutralization. 

Refer to diagram 102. 

(103) Draw a simple schematic diagram 
showing a method of coupling the radio fre- 
quency output of the final power amplifier stage 
of a transmitter to an antenna. 

Inductive coupling to a Marconi antenna is illus- 
trated in diagram 103. 

1 
(104) Draw a simple schematic diagram 

showing a method of coupling between two 
tetrode vacuum tubes in a tuned radio fre- 
quency amplifier. 

Refer to diagram 104. z i 
(105) Draw a simple schematic diagram 

showing a method of coupling between two 
triode vacuum tubes in a tuned radio frequency 
amplifier, and a method of neutralizing to pre- 
vent oscillation. 

Refer to diagram 105. 

(106) Draw a simple schematic diagram of 
a diode vacuum tube connected for diode de- 
tection, and showing a method of coupling to an 
audio amplifier. 

Refer to diagram 106. To avoid a.c. shunt load- 
ing, the value of C, should be small, and the re- 
sistance of R, should be much greater than that 
of R,. 
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(107) Draw a simple schematic diagram of 
a triode vacuum tube connected for plate or 
"power" detection. 

Refer to diagram 107. The value of detector 
cathode resistor, R, is considerably higher (3 to 10 
times) than commonly employed for the same tube 
in a resistance coupled amplifier. 

(108) Draw a simple schematic diagram of 
a triode vacuum tube connected for grid -leak- 
condenser detection. 

Refer to diagram 108. The resistance of R 
should be at least several times the resonant im- 
pedance of the grid tank circuit, the reactance of 
Cl should be considerably higher than the resist- 
ance of R at the highest modulation frequency, and 
the reactance of C2 should be higher than the effec- 
tive plate resistance (dynamic plate resistance while 
detecting) of the detector tube at the highest modu- 
lation frequency. The plate voltage should be high 
enough that the tube draws appreciable plate cur- 
rent with no signal, but not so high that plate cur- 
rent is sufficient to damage the tube or endanger 
the primary winding of a.f.t. These conditions will 
permit maximum selectivity, sensitivity, fidelity, and 
power handling capability. 

(109) Draw a simple schematic circuit of a 
regenerative detector. 

Refer to diagram 109. 

(110) Draw a simple schematic circuit dia s 
gram of a radio frequency doubler stage, in- 
dicating any pertinent points which will dis- 
tinguish this circuit as that of a frequency 
doubler. 

Refer to diagram 110. For maximum efficiency, 
the grid bias should be sufficient to cut down the 
excitation pulses to 90 degrees or less. The grid 
(driver) tank should have sufficient Q to maintain 
good waveform (low harmonic content), as flat 
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The Spotlight's on Radio .... 
and Radio's AMATEUR 

NEWCOMER HANDBOOK 

The quickest, most thorough and clear- 
est way to the understanding of short 
wave radio is through the pages of 
Radio's Amateur Newcomer Handbook. 
Its pages sparkle with clear, concise ex- 

planations of radio phenomena; with 
discussions of radio theory and amateur 
radio practice. 

Learn the code; learn how to build your 
own short wave receiver and transmitter; 
learn how to operate your station with 
full cognizance of standard operating 
rules and procedures. 

All these facts, plus hints on how to 
answer the license examination, are fully 
covered in this amazing little book. 

Order at your dealer today -or direct 
from us. 

35c in U.S.A. Postpaid Elsewhere 40c 
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topped excitation pulses will increase further the 
amount of bias required for good efficiency. 

To run normal grid current at such a high value 
of bias (5 or more times cutoff) requires a large 
amount of excitation power, and therefore pentodes 
or beam tetrodes often are utilized in doubler stages 
in order to minimize the excitation requirements. 

When triodes are used, ones having a high am- 
plification factor and high transconductance are to 
be preferred in order to minimize the excitation 
voltage and excitation power required. 

When very high efficiency is not required in a 
doubler stage, two or three times cut -off bias often 
is found sufficient. This amount of bias greatly 
reduces the excitation power required. 

F 

RFC 

BEAM 
TET RODE 2F 

+B 

(111) Draw a schematic diagram showing 
the method of connecting three resistors of 
equal value so that the total resistance will 
be two thirds the resistance of one unit. 

Refer to diagram 111. 

(112) Draw a simple schematic diagram 
showing the method of connecting three equal 
resistors so that the total resistance will be one 
and one -half times the resistance of one unit. 

Refer to diagram 112. 

(113) Draw a simple schematic diagram to 
indicate how a 60 cell bank of lead -acid storage 
batteries may be connected to permit charging 
in parallel from a 110 -volt d.c. source and dis- 
charging in series, including necessary switches. 

Refer to diagram 113. 

(114) Draw a diagram of a simple shunt 
rejector wave trap circuit, in series with a 
receiving antenna circuit, designed to suppress 
an undesired signal. 

Refer to diagram 114. 

(115) Draw a diagram of a simple series 
wave trap circuit, connected in shunt with the 
input terminals of a radio receiver and designed 
to by pass an undesired signal. 

Refer to diagram 57. 

56 
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(116) Draw a simple schematic diagram of 
an underload circuit breaker as used with bat- 
tery charging circuits. 

Refer to diagram 116. 

(117) Draw a simple schematic diagram 
showing the method of connecting three resis- 
tors of equal value so that the total resistance 
will be one third of one unit. 

Refer to diagram 117. 

(118) Draw a simple schematic diagram of a 
shunt wound, self- excited, d.c. motor, with pro- 
vision for starting and regulating speed, includ- 
ing indication of d.c. source. 

Refer to diagram 118. 

+ 

STARTING BOX 

D.C. 

I MOTOR 

(119) Draw a simple schematic diagram show- 
ing the method of connecting three resistors of 
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equal value so that the total resistance will be 
three times the resistance of one unit. 

Refer to diagram 119. 

CARBON 
MICROPHONE 

MICROPHONE 
COUPLING TRANSFORMER 

(120) Draw a diagram of a single button mi- 

Base prongs slip into 
slots in washer fas- 
tened to chassis. 
Bend over for firm 
mounting. 

Metal washer f o r 
grounded can; insu- 
lating washer for in- 
sulated can. 

Terminals slip through 
holes in washer, for 
soldered connections. 

Unique rubber seal- 
ing of terminal tabs 
prevents internal and 
external corrosion. 

Square -shoulder can 
instead of usual slop- 
ing shoulder, elim- 
inates shearing o f 
cathode tab. Firmly 
rivetted terminals. 

Extreme compactness 
yet no undue sacri- 
fice of capacity, volt- 
age rating, service 
life. 

Wide choice of stan- 
dard voltages, capac- 
ities, combinations. 

Yes sir, you'll want these prong - 
base electrolytics for the same 

reason that set manufacturers have 

turned to them. Mighty compact. 
Neat mounting in grounded or 

insulated elliptic washer. Readily 
wired. Easy to check or replace 
when necessary. 

And you'll want the Aerovox 
kind because of improved con- 
struction. Wiggle -proof terminal 
lugs; rubber sealing against pos- 

sible seepage of electrolyte; thor- 
ough safeguarding against corro- 
sion both inside and out; absolute 
elimination of cathode -tab shear- 

ing -these Aerovox features are 

worth noting. 

Ask Your Jobber... 
He'll gladly show you these improved 
Aerovox Type F prong -base electrolytics. 
Ask for latest catalog listing essential ca- 
pacities and combinations. Or write direct 
for latest catalog. 

E Rovox 
CORP 

#EW BEDFORD. MASS., U. S. A. 

In Canada: AEROVOX CANADA LTD., Hamilton, Ont. 

EXPORT: 100 VaritA St, N. Y., Cable 'ARAB' 

crophone circuit, including microphone trans- 
former and source of power. 

Refer to diagram 120. 

(121) What is meant by a "soft" vacuum 
tube? 

A "soft" vacuum tube is a tube in which the 
vacuum is not of a high degree. 

(122) What is meant by a "thyratron." 
"Thyratron" is the trade name for one make of 

grid controlled, hot cathode, mercury vapor recti- 
fier. These tubes have many industrial applica- 
tions, often being used to convert d.c. to a.c. 

(123) Describe the physical structures of the 
triode, tetrode, and pentode on a comparative 
basis. 

Refer to answer 126 for a description of the 
triode. 

The tetrode resembles the triode except for the 
interposition of an extra grid, called the screen or 
accelerator grid, between the control grid and plate. 
Also, the control grid is well shielded from the 
plate (both elements and leads) when the tube is 
designed for radio frequency service. 

The pentode resembles the tetrode except for the 
interposition of a "suppressor" grid between the 
screen grid and the anode. This grid reduces sec- 
ondary emission from the anode. 

(124) Describe the electrical characteristics 
of the pentode, tetrode, and triode on a com- 
parative basis. 

The triode normally has a plate resistance of 
from 700 to 75,000 ohms when drawing normal 
plate current, and an amplification factor of from 
3 to 100. The triode requires neutralization when 
used as a tuned amplifier at radio frequencies. 
When used as an audio frequency amplifier the 
second harmonic distortion limits the undistorted 
output to about 20 per cent of the d.c. input when 
the tube is used in a single ended stage. There- 
fore, for high a.f. output from triodes they usually 
are operated in push pull. 

The tetrode (old type) has much higher plate 
resistance and amplification factor than a triode. 
The amplification factor and plate resistance both 
go down as the screen voltage is raised, until the 
screen voltage approaches the plate potential. How- 
ever, the plate resistance goes down faster than the 
amplification factor, and therefore the transconduct- 
ance goes up with an increase in screen voltage 
(within the aforementioned limits). 

Tetrodes designed for r.f. use are well screened, 
and in most applications do not require neutrali- 
zation. Older type tetrodes exhibit bad secondary 
emission, which limits the plate voltage swing. 
When the plate voltage is somewhat lower than 
the screen voltage, early type tetrodes have negative 
transconductance, which makes them well suited 
for use in the dynatron oscillator. 

Beam tetrodes are similar to ordinary tetrodes 
except for the interposition of "beam forming 
plates" between the screen and plate. This vir- 
tually eliminates secondary emission, and such 
tubes act very much as pentodes except for some- 
what lower screen current and slightly higher trans - 
conductance. Beam tetrodes can, so far as electrical 
characteristics are concerned, be classed with pen- 
todes. 

Pentodes are similar to tetrodes so far as ampli- 58 
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u 
fication factor, screening, and plate resistance are 
concerned, but secondary emission is practically 
eliminated. This permits the screen to be run at 
the same d.c. potential as the plate, since the plate 
voltage swing is not limited by the dynatron effect. 

Pentodes are widely used as class -A single ended 
output stages in audio frequency amplifiers, as they 
deliver more undistorted output than a triode run- 
ning at the same plate input. 

Pentodes designed for a.f. use have lower plate 
resistance and amplification factor, and the screen- 
ing is not sufficiently good to obviate the necessity 
for neutralization when the tube is used as an r.f. 
amplifier. 

R.f. power amplifier pentodes have comparatively 
low plate resistance and amplification factor, and 
thus are similar to a.f. pentodes. However, the 
screening is much better. 

R.f. pentodes for receiver use have very high 
amplification factor and plate resistance, and are 
very well screened. 

(125) What are the visible indications of a 
"soft" tube? 

A soft tube usually exhibits a bluish haze be- 
tween the cathode and other elements. In many 
instances the plate current will tend to increase, 
particularly if the tube is run with fixed bias. 

(126) Describe the physical structure of a 
triode vacuum tube. 

The conventional triode consists of a cathode, 
surrounded by a fine wire grill or helix which 
serves as the grid, which in turn is surrounded by a 
mesh or solid anode. The structure is supported 
by mica, ceramic, or glass spacers and braces, and 
is contained in a glass or metal envelope which is 
pumped to a high degree of vacuum. 

The cathode may be of either the directly heated 
or indirectly heated type. The former consists of 
a wire or ribbon filament which emits electrons 
when it is heated by passing a current through it. 
The latter type consists of an oxide coated sleeve 
or cylinder which is heated by an insulated heater 
element placed inside. 

(127) Describe the physical structure of a 
tetrode vacuum tube. 

A tetrode is similar to a triode in physical con- 
struction except for the addition of a grid between 
the control grid and plate, and, in the case of tubes 
designed for r.f. use, electrostatic screening between 
grid and plate leads and element structures. 

(128) Does a pentode vacuum tube usually 
require neutralization when used as a radio -fre- 
quency amplifier? 

This depends entirely upon whether the pentode 
was designed for r.f. use or primarily for a.f. use. 
If the pentode was designed for r.f. use, it prob- 
ably will not require neutralization. 

(129) What is the meaning of "plate im- 
pedance"? 

The plate impedance is the dynamic plate re- 
sistance of a tube. It is ratio of a small change in 
plate voltage to the resulting change in plate cur- 
rent. The plate impedance of a tube is not a fixed 
characteristic, but depends upon the operating volt- 
ages. 

(130) What is the meaning of "mutual con- 
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ARE YOU READY? 
Are you ready for efficient emergency and net 
operation? We are ready with the World's 
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ductance "? "Transconductance "? 
These two terms mean the same thing when ap- 

plied to a vacuum tube, and are a measure of the 
power sensitivity or goodness of a vacuum tube. 
They combine the plate resistance and amplification 
factor in a single term, being the ratio of the 
amplification factor to the plate resistance in ohms. 

Transconductance also may be defined as the 
ratio of a small change in plate current to the 
change in grid voltage required to produce the 
change, all other electrode voltages remaining con- 
stant. 

(131) What is the meaning of "secondary 
emission "? 

Kindly send me the items listed below 
for which I enclose $ in 
payment. 

"Radio" (five issues) 

"Radio" (one year) 

"Radio" (two years) 

"Radio" (three years) 

El "Radio" Handbook 

"Radio" Amateur 
Newcomer's Handbook 

"Radio" Noise Reduction 
Handbook 

"Radio" Binder 

W.A.Z. Map (6 great circle 
maps) 

Name 

Call 

Address 

Note: All shipments are prepaid by us. 

Current editions are always supplied 
unless previous or future editions are re- 
quested in the original order. California 
and Illinois customers: please add sales 
tax. 266 

, 

S 
1300 Bellwood Boad, Santa Barbara ]- CA."ORNIA 

When electrons strike the screen or plate of a 
vacuum tube with sufficient velocity, other electrons 
are released by the impact, thus making the screen 
or plate an emitter of electrons. This produces 
undesirable effects in the tube for most applica- 
tions, and therefore these secondary electrons are 
prevented from traveling from screen to plate or 
vice versa by the insertion of beam forming plates, 
by spacing the screen much closer to the control 
grid than to the plate, or by inserting a suppressor 
grid between screen and plate. 

(132) What is the meaning of "amplification 
factor"? 

Amplification factor is the maximum theoretical 
voltage amplification of a tube. In practice it may 
be approached, but never reached, because it is 
impossible to work a tube into an infinitely high 
load resistance. It is the ratio of a change in 
plate voltage to the change in grid voltage re- 
quired to produce the change in plate voltage, 
assuming that the plate current remains constant. 

(133) What is the meaning of "electron emis- 
sion"? 

The free electrons in certain materials are re- 
leased when energy is applied to the surface. When 
the energy is heat, as in the case of a vacuum tube, 
it is known as "thermionic emission." 

(134) Describe the characteristics of a vacuum 
tube operating as a class C amplifier. 

The operating bias exceeds cutoff, the plate cur- 
rent flows for less than 180 degrees of each cycle 
of excitation, and the efficiency is high. If the 
bias exceeds twice cutoff, the excitation heavy, and 
the loading not too heavy, then the r.f. output volt- 
age varies almost linearly with plate voltage over 
wide limits. 

To obtain sine wave output from a class C 
amplifier, a tuned output tank having reasonably 
good Q when loaded is required. This makes the 
class C amplifier unsuited to wide -band (voice) 
audio amplification. 

(135) During what approximate portion of 
the excitation cycle does plate current flow when 
a tube is used as a class C amplifier? 

The plate current flows for less than 180 de- 
grees of the excitation cycle. A class C amplifier 
usually is so biased and so excited that plate cur- 
rent flows for about 120 degrees of the excitation 
cycle. 

[Note: Element II questions will be contin- 
ued next month.) 

The use of high frequency radio waves in 
diathermy equipment to produce artificial fever 
is not news. However, 300 kw. of 1,500,000 - 
cycle current is now being "broadcast" through 
14 -inch thick piles of 4 feet x 8 feet plywood 
to set the glue between the sheets of wood, in 
perhaps the first industrial production use of 
this process. The plywood is now bonded in 5 

to 10 minutes as against 8 hours in the former 
cold press method. 

The Ohmite News. 
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Field- Strength Meter 
[Continued from Page 33) 

[RADIO 

of the EF portion of the curve, assuming that 
the (grid) rectification efficiency is constant. 
The latter asumption is safe to make so long 
as the grid leak resistance is sufficiently high 
that the grid is allowed to assume a bias sub- 
stantially equal to the contact potential for the 
negative end of the filament. 

So that F will fall on the straight portion of 
the curve as illustrated, and not on the knee 
represented by the dotted line, the plate voltage 
should be at least as great as the amplification 
factor of the tube, times the filament- voltage- 
plus - the -contact potential. As the latter volt- 
age is small, it is sufficient to say that the plate 
voltage should be "somewhat greater than the 
filament voltage times the amplification fac- 
tor.,, 

The only effect then of the curvature caused 
by filament bias is to reduce the effective trans - 
conductance on strong signals. As sensitivity 
is of importance only when dealing with the 
weakest signals, this is nothing to worry about. 
In fact, it increases the useful db range of the 
meter slightly, which may in some cases be 
an advantage. 

A comparison of the curvature of AE with 
that of BD will show why an indirectly heated 
cathode type tube is desirable for maximum 
sensitivity to weak signals when using a bias 
type ( "power ") detector regardless of the 
value of plate voltage. 

Design Precaution For Oseil- 
lators Employing Filament- 

Type Tubes 
From RCA Application note no. 117 

Experience with filament -type acorn tubes 
as oscillators in transmitting equipment has 
shown that, under some conditions of opera- 
tion, oscillation may continue after the fila- 
ment voltage has been removed unless the 
plate voltage is also removed. When the fila- 
ment voltage is removed from an oscillator tube 
having particularly low filament power con- 
sumption, continued oscillation frequently takes 
place because of continued heating of the 
filament by the plate current. 

Continued oscillation has been found most 
likely to occur (1) with a tube having high 
emission capability, (2) with an exceptionally 
well- designed oscillator circuit, and (3) with 
a high value of oscillator plate current; it 
has been observed with oscillator tubes oper- 
ated at moderate values of plate voltage and 
current. 

Because of these results in the laboratory 
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and in the field, it is recommended that both 
the filament voltage and the plate voltage 
of filament -type miniature, GT, and acorn 
tubes used for transmitter purposes be removed 
when equipment employing these types is 
"shut down." Usually, a convenient method 
is to break the minus filament and the minus 
plate supplies with a single, double -pole 
switch. 

The recommended procedure insures that the 
oscillator will always stop functioning in the 
"off" position, saves power, and avoids inter- 
ference with reception in combined transmit - 
receive equipment. 

Now -a really high-powered- 
RADIO ENGINEERING 

LIBRARY 

NOTE: 
The Library comprises a selection 
of books culled from leading Mc- 
Graw -Hill publications in the radio 
field. 

especially selected by radio specialists of McGraw - 
Hill publications 

to give most complete, dependable coverage of facts 
needed by all whose fields are grounded on radio 
fundamentals 

available at a special price and terms 

These books cover circuit phenomena, tube theory, networks, 
measurements, and other subjects -give specialized treat 
ments of all fields of practical design and application. They 
are books of recognized position in the literature--books you 
will refer to and be referred to often. If you are a prac- 
tical designer, researcher or engineer in any field based on 
radio, you want these books for the help they give in hun- 
dreds of problems throughout the whole field of radio engi- 
neering. 

5 volumes, 3319 pages, 2289 Illustrations 
1. Eastman's FUNDAMENTALS OF VACUUM TUBES 
2. Terman's RADIO ENGINEERING 
3. Everitt's COMMUNICATION ENGINEERING 
4. Hund's HIGH FREQUENCY MEASUREMENTS 
5. Henney's RADIO ENGINEERING HANDBOOK 
10 days' examination. Easy terms. Special price under this offer less than books bought separately. Add these standard works to your library now; pay small monthly installments, while you use the books. 

SEND THIS ON- APPROVAL COUPON 
McGraw -Hill Book Co., 330 W. 42nd Street, N.Y.C. 

Send me Radio Engineering Library, 5 vols., for 10 days examination on approval. In 10 days I will send $3.00, plus few cents postage, and $3.00 monthly till $24.00 is paid, or return books postpaid. (We pay postage on orders accompanied by remittance of first installment.) 

Name 

Address .............................. 
City and State 

Position 

Company It_9_49 
(nooks sent on approval in U. S. and Canada only.) 
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New Books and Catalogues 
[Continued from Page 44} 
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These are, in order: Introduction to Amateur Ra- 
dio, Fundamental Electrical and Radio Theory, 
Vacuum Tube Theory, Radio Receiver Theory, 
Radio Receiving Tube Characteristics, Radio Re- 
ceiver Construction, Transmitter Theory, Radio- 
telephony Theory, Frequency Modulation, Trans- 
mitting Tubes, Transmitter Design, Exciters and 
Low Powered Transmitters, Medium and High 
Power R.F. Amplifier, Speech and Modulation 
Equipment, Power Supplies, Transmitter Construc- 
tion, U.H.F. Communication, U.H.F. Receivers 
and Transceivers, U.H.F. Transmitters, Antenna 
Theory and Operation, Directive Antenna Arrays, 
U.H.F. Antennas, Transmitter Adjustment, Test 
and Measuring Equipment, Workshop Practice, 
Broadcast Interference, and Radio Mathematics 
and Calculations. There are the three additional 
sections in the back of the book devoted to Ap- 
pendix, Buyer's Guide, and Index. 

This year the price of the Radio Handbook has 
been increased 10 per cent to offset the increase in 
the price of paper and printing, and to cover the 
fact that the Eighth Edition contains 32 pages 
more text than the previous edition. This increase 
in the size of the book represents a much more 
than proportionate increase in the editorial con- 

"WANTED.... 
back issues of RADIO" 

Every day we receive orders for back 

issues. Don't take chances on your file. 

Keep your copies together in a "RADIO" 

Binder -handsome red imitation leather, 

gold -stamped. Each binder holds a full 

year's supply. 

Each issue, too, can be removed if neces- 

sary for reference work. At your dealers 

-or direct from us. 

$150 
in Continental U. S. A. Elsewhere $1 75 J Postpaid 

rua EDITORS' OF 
1300 Kenluood Road, Santa Barbara IAIDIO CALIFORNIA 

tent since a type face somewhat more compact than 
that in the previous edition has been used. 

R.C.P. 1942 Test Instrument Catalog 

The 1942 line of radio and electrical test in- 
struments manufactured by Radio City Products 
Co., Inc., 88 Park Place, New York City, is pre- 
sented in a 20 -page, illustrated catalog just re- 
leased. This new line includes more than 40 
models of 22 basic test instruments. In this new 
Catalog No. 125 each of these models is illustrated 
and its specifications presented in concise, time- 
saving form. 

Copies of the new catalog are now available 
from RCP distributors throughout the country, or 
from the manufacturer direct. 

New Thordarson Book for Servicemen 

Transformer Replacements for over 4000 receiv- 
ers are given in Thordarson's new edition of the 
Replacement Encyclopedia, No. 352 -F, available 
free to servicemen. Receiver types have been care- 
fully arranged to enable quick and accurate selec- 
tion of power transformer, filter choke, audio or 
output transformer. A special feature of the En- 
cyclopedia is the addition of electrical and physical 
characteristics of recommended replacement types 
listed in the book. 

Ask your distributor for this new 32 page book, 
No. 352 -F or write direct to Thordarson for your 
copy. Address, Thordarson Electric Mfg. Co., 500 
W. Huron Street, Chicago, Illinois. 

Postscripts and Announcements 
[Continued from Page 51} 

phone: 1st and 3rd Fridays at 1 P.M. 
Note: All examinations begin promptly at 

9:00 A.M. local time except at New Orleans, 
La., and Honolulu, T.H., at 8:30 A.M. 
Only Amateur examinations may be started 
on Saturdays at Des Moines, St. Louis, and 
Kansas City. Date of examination days at 
Bismarck, North Dakota, and Pittsburgh, 
Pennsylvania, can be determined by corre- 
sponding with the Inspectors in Charge at 
St. Paul, Minnesota, and Buffalo, New 
York, respectively. 
Balboa, Canal Zone, commercial examina- 
tions by appointment with District Commu- 
nications Officer, Navy Dept. 
No examinations on National holidays or 
State holidays. 
Where dates are not shown, obtain infor- 
mation from the Inspector in Charge of the 
District. 
All classes of examinations will be given 
at each point, except when otherwise indi- 
cated. 
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U.H.F. 
[Continued from Page 36} 
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Ranger "; 6QLZ likes the name "Desert Rat," 
Bill Conklin and the local Washington round- 
up are calling themselves "Jerks," while the 
WI squires are "Hoss Thieves." Oh my, what 
next? 

W6SLO and W6OVK worked W6QLZ /6 
and 112 -Mc. out to 210 miles about a week be- 
fore band closing. 6SLO was using an 8 -ele- 
ment W1HDQ vertical array and getting R3 
to 4 reports with a pair of 76's in a parallel 
rod job. 

W6QLZ was also hearing W6OZM's trans- 
ceiver. Jim was using one of his super -infra 
receivers that appear to be becoming popular, 
with a 1232 mixer, 6C5 h.f. oscillator, 6J5GTX 
super -regen second detector. Clyde, 6QLZ, 
seems to think that this is normal ground wave 
due to lack of QSB on the signals he was hear- 
ing. Although this might appear that way, in 
a number of reception tests using FM extended 
ground waves, it was found that very little 
fading existed, if the signal was heard at all, 
when distances of 160 miles or more had been 
reached. 

Card from W1JFF, Newport, R.I., says he 
worked W1MEP (Vermont) on December 3rd 
at 10:10 p.m. for first Rhode Island to Ver- 
mont contact. Nine states on 21/2 is Fred's 
claim from fixed location. Not bad! 

Questiorrand Answer Department 
Q. "I live quite a distance from the nearest 

FM broadcasting station and since I would 
like to have some real FM reception, the re- 
ceiver gain necessary would probably be ac- 
complished only by using some of those 
"pipes" you keep mentioning. Just how would 
they work out ?" 

A. Undoubtedly the gain in our so- called 
"pipes" is just what you need. Roughly speak- 
ing a line about fifteen inches long with a 4 to 
1 ratio, with a small condenser across the hot 
end to set you back on 5 when the mess is 
over or the Civilian Defense perks up, would 
probably work out excellently with an acorn, 
or better a 9001 or 1204 r.f. tube. Only one 
r.f. stage would be needed, but care must be 
exercised in building FM receivers so that no 
regeneration occurs, since even a little will 
sharpen selectivity and ruin a major part of 
the noise reducing qualities. Otherwise, there 
is no reason why a good "hot" FM receiver 
could not be built up with even a 1282 (7W7) 
as mixer if inexpensive parts are needed. 

Q. "Although I cannot divulge the reasons, 
I need this information. I wish you would 
supply me data on the possibilities of building 
a mobile c.w. transmitter operating from a six - 
volt auto battery, and a very small dry -cell- 

supplied receiver capable of operating a relay 
instead of phones, with a maximum range of 
25 miles." 

A. One cannot guarantee a reliable 25 -mile 
range from such simple equipment, especially 
if mobile and without any elevated location for 
either the receiver or transmitter. Suggestion 
is that you look over the past 18 months of 
RADIO or in the new RADIO HANDBOOK for 
transceiver diagrams, certainly not using a 
smaller tube than an HY75. The receiver is 
the difficult item. You might possibly get 
along with a finely adjusted super -regen (using 
a 1201 or Acorn) since a change in plate cur- 
rent will be needed to operate a relay. Using 
a tone in the transmitter and a rectifier on the 
relay might work well enough. Considerable 
data can be obtained from past issues of RADIO 
and QST that describe receivers for controlling 
model aircraft. Small relays are readily avail- 
able. Whether they can stand considerable 
bouncing around and how they will react to 
the staccato auto ignition is another question 
determined only by experiment. 

Q. "As a W6 I protest against the lack of 
aurora DX. Is there any geophysical reason 
for this ?" 

A. Theoretically, yes, since aurora does not 
occur simultaneously over all sections of the 
country, but instead follows a band of maxi- 
mum frequency (measured in geomagnetic lati- 
tude) which places the region of maximum 
intensity 400 miles closer to W3 than even the 
Nevada W6's. 
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MAILING LISTS 
GET OUR FREE 

REFERENCE 
BOOKaiíd 
MAILING 

LIST CATALOG 

Gives counts and prices on accurate guaranteed 
mailing lists of all classes of business enter- 
prises in the U. S. Wholesalers -Retailers 
Manufacturers by classification and state. Also hundreds of selections of individuals such as professional men, auto owners, income lists, etc. 

Write today for your copy 

R. L. POLK &CO. 
Polk Bldg.- Detroit, Mich. 

Branches in Principal Cities 
World's Largest City Directory Publishers 
Mailing List Compilers. Business Statis- tics. Producers of Direct Mail Advertising. 
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Back Autes al RADIO 

a-ttaiiaide 
In response to numerous requests, we list here the back copies of RADIO 

that are available. We suggest that you check your file to see if any of 

these available issues are missing from your files, and order duplicate 

copies while they are still available. 

1936 
... Feb.; Mar.; Apr.; May.; June; July; Oct.; Nov.; Dec. 

1937 
... Feb.; Mar.; Apr.; May.; June; July; ... ... Dec. 

1938 
Jan.; Feb.; Mar.; Apr.; May; June; July; Oct.; Nov.; Dec. 

1939 
Jan.; Feb.; Mar.; Apr.; May; June; July; Oct.; Nov.; Dec. 

1940 
... Mar.; Apr.; May; June; July; Oct.; Nov.; Dec. 

1941 
Jan.; Feb.; Mar.; Apr.; May; June; July; Oct.; Nov.; Dec. 

All copies, except the January issues, sell for 35 cents a copy post- 

paid; January issues are 55 cents each, postpaid. Specify the 

issues desired, and send your remittance to 

EDITORS & ENGINEERS, LTD., 
1300 KENWOOD ROAD SANTA BARBARA, CALIF. 
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Classified Advertising 

(a) Commercial rate 10c per word, cash with order; minimum, $1.00. Capitals: 13c per word. For consecutive 
advertising, 15% discount for 3d, 4th, and 5th insertions; 25% thereafter. Break in continuity restores full rate. 
Copy may be changed as often as desired. 

(b) Non -commercial rate: 5c per word, cash with order; minimum, 50c. Available only to licensed amateurs 
not trading for profit; our judgment as to character of advertisement must be accepted as final. 

(c) Closing date (for classified forms only): 25th of month; e.g., forms for March issue, published in February, 
close January 25th. 

(d) No display permitted except capitals. 
(e) Used, reclaimed, defective, surplus, and like material must be so described. 
(f) Ads not relating to radio or radiomen are acceptable but will be grouped separately. 
(g) No commissions nor further discounts allowed. No proofs, free copies, nor reprints sent. 

(h) Send all Marketplace ads direct to Santa Barbara accompanied by remittance in full. 

SUPREME MODEL -500 deluxe series, automatic tube RECONDITIONED -Guaranteed communications receiv- 
tester and analyzer. Meter not burned out but rest of ers and transmitters. All makes and models cheap. 
instrument needs repair. Price, $12.50 f.o.b. Parts Free trial. Terms. List free. Code machines rented. 
alone worth much more. Editors & Engineers, Ltd., Bob Henry, Butler, Mo., or Ted Henry, 2335 Westwood 
Santa Barbara, Calif. Blvd., West Los Angeles, Calif. 

HAVE several reconditioned guaranteed JRA3, 400 watt 
A.C. Light Plants at $45, ideal for amateurs. Write 
Katolight, Inc., Mankato, Minn. 

COMPLETE PHONE TRANSMITTER, in cabinet, very 
conservatively rated at 150 watts carrier, excellent 
fidelity. Originally designed for amateur bands from 
3500 to 30,000 ke., but with few coil alterations will 
work on any frequency between 2000 and 33,000 kc. 
Makes excellent police transmitter. Described on page 
357 of 1942 RADIO HANDBOOK. Price, less tubes, 
crystal and microphone, $200.00 f.o.b. Editors & En- 
gineers, Ltd., Santa Barbara. 

COME WHAT MAY -we will continue to serve you with 
the world's most complete stock of shortwave receivers 
and radio supplies of all sorts. Amateurs, Government, 
Police, Broadcast, Schools, NYA, and all other services 
get whatever radio equipment you need from us 
promptly. You get lowest prices, best terms (financed 
by us), quickest delivery, best trade -in. We have 
everything radio: 21/2 meter and emergency equip- 
ment, Vibrapacks, Signal Shifters, hundreds of Com- 
munications receivers. SX -32s, NC -200s, HQ- 120Xs, 
SX -28s, SX -25s, S -29s, etc., positively in stock. Write, 
telephone, telegraph us 24 hours a day 7 days a week 
for anything radio. Bob Henry, Butler, Missouri, or 
Ted Henry, 2335 Westwood Blvd., West Los Angeles, 
Calif. 

KATOLIGHT -350 watt model JR35, 110 volts a.c. or 
6 volts at 20 amps. d.c. Ignition completely shielded, 
including special plug. Self -starting with 6 volt bat- 
tery (not included). Used very little; both gas engine 
and generator in excellent shape. Price $50 f.o.b. 
Editors & Engineers, Ltd., Santa Barbara, Calif. 

WE PAY CASH -for used Communications receivers. 
Also give best trade -ins. Bob Henry, Butler, Missouri, 
or Ted Henry, 2335 Westwood Blvd., West Los Angeles, 
Calif. 

MICROPHONES: (All complete with desk stand.) 
Amperite PGH, $12.50; RCA Aerodynamic (low im- 
pedance) $10.00; Astatic type JT, $4.50. Can't be told 
from new. Editors & Engineers, Ltd., Santa Barbara. 

PLATE TRANSFORMERS; Three special Inca 1.5 kva 
110 or 220 v. pri., various taps up to 4000 v. each side 
c.t. sec. Price $20 each f.o.b. Also various smaller 
transmitter plate transformers and chokes at reason- 
able price. Editors & Engineers, Ltd., Santa Barbara. 

HOWARD 435 -A RECEIVER -used very little, perfect 
shape. $35.00 f.o.b. K. V. R. Lansingh, Santa Barbara. 
Calif. 

PANELS -Chassis, Racks, Cabinets. Specials. R. H. 
Lynch, 970 Camulos St., Los Angeles, Calif. 

TRANSMITTER COMPONENTS: Some new, some used 
but in perfect condition. Too many to list. First come, 
first served. Write your needs and we will quote when 
can supply. Editors & Engineers, Ltd., Santa Bar- 
bara, Calif. 

VIBRAPACK, 300 VOLT Mallory type 552, case a bit 
rusty but unit electrically OK. $6.00 f.o.b. Editors & 
Engineers, Ltd., Santa Barbara, Calif. 

ALL YOUR 

RADIO NEEDS 
Here in this one big book you will 
find everything you need in radio 

. sets, parts and supplies .. . 

public address systems ... amateur 
equipment . , . testers and kits ... 
all of your nationally known favor- 
ites at lowest possible prices. Best 
of all, our service is better than 

ever ... most orders are shipped same day 
they are received. Write now for your copy 

F R E E of this valuable book. Do it today. 

CATALOG PROMPT SERVICE ALWAYS 

BURSTEIN -APPLEBEE COMPANY 
1012 -14 McGEE STREET, KANSAS CITY, MO. 
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How We Speak and Hear 
[Continued from Page 31j 

7moll 
range of an instrument depends upon the 
instrument in use and the fundamental fre- 
quency being played, with the greater power 
being produced on the lower notes in most 
instruments. 

Each of the present day instruments can 
be placed in one of four classifications: wind, 
string, percussion, and electronic, according to 
the method used to produce musical tones. 
The wind group is divided into the wood- 
winds, which include the clarinet, bassoon, 
oboe, flute, and English horn, and the brass - 
winds, which include the piccolo, tuba, bass 
tuba, French horn, trombone, trumpet, and 
cornet. The sound is produced in these in- 
struments by the vibration of a reed or the 
lip of the player, and the pitch of the sound 
is changed by opening or closing holes along 
the length of the tube, or by changing the 
length of the tube. A pipe organ is a wind 
instrument in which the pipes are made to 
"speak" by admitting wind to the lower ends. 

In the string classification are the violin, 
viola, cello, base viol, and harp. These are 
sounded by drawing a bow across the strings 
or by plucking the strings. The piano is a 
stringed instrument played by percussion 
methods. All forms of drums, cymbals, 
chimes, triangles, bells, xylophones and the 
celesta are true percussion instruments, 
sounded by being struck with sticks, hammers, 
or the hands of the performer. 

By electronic instruments is meant those 
that produce their tones electrically, rather 
than electrically operated instruments. Among 
these are the Hammond organ, Novachord, 
Solovox, and numerous others built by Ever- 
ett, Miessner, etc. An instrument whose tones 
are picked up by some form of microphone, 
amplified and fed into a speaker cannot be 
considered as a true electronic instrument. 
Various tone generating methods are used in 
electronic instruments, but the two most im- 
portant types are the alternator and the 
vacuum tube oscillator. In addition to these 
there are the photo- electric, electrostatic, vi- 
brating reed and many others. 

bination, vary quite widely in their output 
powers: from about 100 microwatts as the 
average power for one instrument to about 
65 or 75 watts as the average for a symphony 
orchestra. The power in a particular case 
and at a particular time depends upon the 
number and kind of instruments in use and 
upon the musical piece being played. Distri- 
bution of the sound power over the frequency 

Aerovox Corp. - - - - - -58 

Astatic Corp., The _......_....._...._50 

Bliley Electric Co. 53 

Bud Radio, Inc. _.......__. -.._ 39 

Burstein -Applebee Co. _ 65 

Centralab II Cover 

Eitel- McCullough, Inc. _ 45 

General Electric _ 37 

Hallicrafters Co., The _ 3 

Henry Radio Shop 59 

Hytronic Laboratories . IV Cover 

Mallory & Co., Inc., P. R. 51 

McGraw -Hill Book Co. 61 

National Co. III Cover 

Ohmite Manufacturing Co. 55 

Polk & Co., R. L. 63 

RADIO 41 

RADIO- Amateur Newcomer's Handbook 56 

RADIO -Back Copies _ -64 

RADIO- Binders 62 

RADIO- Handbook . 46, 47 

RADIO -Noise Reduction Handbook .._.-- _......... _54 

RADIo -Publications 60 

Solar Manufacturing Corp. 57 

Taylor Tubes, Inc. 43 

United Catalog Publishers, Inc. _ __.52 

Scales 

The scale used in the diagram illustrating 
the range of various instruments, voices, and 
equipment is known as the philosophical or 
scientific scale, and is based upon a middle C 
frequency of 256 cycles per second. The scale 
used by musicians is based upon a frequency 
of 440 cycles per second for A above middle C. 

The subject of musical scales is far too 
comprehensive to cover in detail in a short 
article; so to those interested in knowing more 
about this or the other topics discussed here 
we suggest consulting one of the many books 
available in most libraries. 
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SUPERB SINGLE -CHANNEL PERFORMANCE 

NOISE LIMITER 

CRYSTAL CONTROL 

TWO RF STAGES 

TWO IF STAGES 

SELF -CONTAINED 
POWER SUPPLY 

-all on a 31/2" PANEL 

The SCR -2 is an extremely compact crystal controlled re- 
ceiver for single channel reception mounted on a 31/2" 
relay rack panel. It has two stages of tuned RF amplifi- 
cation, a dual purpose converter with crystal controlled 
oscillator, two stages of IF amplification, a detector and 
one audio stage. Auxiliary circuits are AVC, CW os- 
cillator and noise limiter. Nine tubes are used, and the 
power supply is self -contained. 

The SCR -2 is definitely a high performance receiver. 
Signal -to -noise ratio averages 10 db for an input of 2.5 
microvolts. The AVC is flat within 4 db for inputs from 
I microvolt to well over I volt. Being crystal controlled, 
the frequency stability is excellent. The IF channel has 
a band -pass characteristic to allow for slight transmitter 
drift, etc. 

As the SCR -2 receiver is intended for communication 
work, the audio channel has been deliberately made flat 
only from 100 to 1500 cycles, with increasing attenuation 
of higher frequencies, thus providing good intelligibility 
with maximum reduction of unwanted signals and noise. 

SCR -2 receivers are available for use at fixed frequen- 
cies between 100 kcs and 18 mcs. A free booklet describ- 
ing this receiver will be mailed on request. 

M;; i NATIONAL COMPANY, INC. 

9.30 MAIDEN, MASS., U.S.A. 

I.L I- -.t- 
oy 
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pemende4 peaid citah434. 

Be prepared to meet calculated, vicious treachery. Do your 

part; join your local Defense radio communication net. 
OUR services as a trained radio amateur are needed most on U.H.F. For your vital 
U.H.F. equipment, you will want to choose those tubes which are the national favor- 

ites, used by over half the amateurs on the ultra- highs. Hytron's HY75, HY114B, and 
HY615, probably already associated in your mind with top efficiency on U.H.F., will 
help you to provide reliable communication in emergencies. 

A PROMISE 
Can you depend upon Hytron for re- 
placements of U.H.F.'s BIG THREE? 
Hytron has issued the following order to 
Hytronic Laboratories: "Delivery of the 
HY75, HY114B, and HY615 to ama- 
teurs working on Civilian Defense is 
mandatory." Cooperation with the Of- 
fice of .'Production Management has as- 
sured Hytron of the necessary scarce 
materials; production of all three tubes 
is increasing daily. There is no need for 
you to use second -best substitutes. 

YTR 
q4MO TUSES 

YOUR COOPERATION IS REQUESTED 

order Before you take a tip from George 
spares Grammer to "keep a supply of 
spares on hand," give Hytron a reason- 
able amount of time to supply builders of 
initial equipment. Then insure yourself 
against accidents. 

furnish You amateurs who are being 
priorities organized into emergency 
nets should urge your Defense officials to 
obtain priority ratings for your Hytron 
tubes. Such priorities supplied to your 
distributor will bring you quicker deliv- 
ery. 

HYTRONIC LABORATORIES 
23 New Darby St., Salem, Mass. 

MANUFACTURERS OF RADIO TUBES SINCE 1921 

i 
:. D,VISION OF 

HYTRON (OR 
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