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PILOT'S POWERFUL 
PUSH-PULL AMPLIFIER 

FOR 245 TUBES- 
The utmost in flawless amplifica- 
tion, especially suited for public 
address systems, sound -picture 
reproduction, etc. All A, B and C 
voltages self-contained. Semi -Kit 
form. Data sheet from your Au- 
thorized Pilot Dealer or direct 
from factory. 

note: 

7Th REGISTERED 

The Pilot Authorized Agent is a dealer who knows 
his radio-the kind of man who can intelligently 
discuss latest developments with you. 
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World's Largest Radio Parts Plant-Established 1908 
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BLUEPRINTS 
ONLY 

1 T EACH 
This is your chance to obtain RADIO DESIGN blue- 
prints before the supply is exhausted. These drawings 
average 24 by 30 inches, and show the sets full size. 
They are clear and understandable, and you will be 
proud to tack them to your wall. 

Use the coupon below, merely checking off the 
blueprints you want. Postal money order or U. S. 

stamps accepted. Do not send coins through the mail. 

A.C. Super -Wasp 
BP -115 

Full-size assembly and wiring 
blueprint of the first A.C. short- 
wave receiver, described in detail 
in this issue. Order now; the 
prints will go fast. 

Grimes D.C. New Yorker 
BP -118 

Residents of I10 -volt D.C. dis- 
tricts: here is the set you have 
been wanting for years. Designed 
by David Grimes and described in 

this issue. 

Pilot Twin Screen -Grid 8 
BP -117 

Selectivity and sensitivity com- 
bined in a fine broadcast receiver. 
Screen -grid detector (something 
new) plus 245 push-pull audio. 
Single dial control. Described in 
this issue. 

Battery Operated Super -Wasp 
BP -110 

Several thousand of these sets, 
in daily use, testify to the sound 
design of the original Super - 
Wasp. Every short-wave fan 
should have a copy of this blue- 
print. 

Three -Tube Wasp 
BP -10I 

Many short-wave fans want to 
start with a straight regenerative 
set, and then graduate into the 
screen -grid field later. The old 
"Wasp" is still a good set, even 
if the Super -Wasp is a better 
one. A few prints still left at 
the old price of ten cents. 

245 Push -Pull Amplifier 
BP -113 

A high -quality power amplifier 
using two 227's and two 245's. 
Suitable for radio, phonograph 
and public address work. De- 
scribed in this issue. 

RADIO DESIGN PUBLISHING COMPANY, INC. 
103-A BROADWAY, BROOKLYN, NEW YORK 

Enclosed find for which send me blueprints checked below: 

BP -115 BP -118 BP -117 BP -110 BP -101 BP -113 

Name 

Address 
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OFFICERS' RADIO MANUAL 
USED BY THE 

SIGNAL CORPS of the U. S. ARMY 

"THEORY OF RADIO COMMUNICATION" 

By John T. Filgate 

Published exclusively by Radio Design Publishing Co. 
with the approval of the War Department. 

The author was formerly an instructor at the Army Signal School, and 
has written a fine technical textbook for those who already have a 
knowledge of elementary electricity. Handsomely printed and bound; 
a splendid addition to any library. Postpaid $2.00 

College teachers and instructors of R. O. T. C. 
signal units: write us for special proposition. 

Mail in your orders for copies right now. Send post -office money 
order or check made out to Radio Design Publishing Company. 

"RADIO AMATEUR'S HANDBOOK" 
By Francis E. Handy 

Communications Manager, American Radio Relay League; 
and ROSS A. HULL, Associate Technical Editor, QST. 

This is the fifth and latest edition of a book that has become so popular 
that it is generally referred to as the amateur's "bible." More than 50,000 
copies have been sold to radio fans all over the world, and orders for it 
continue to arrive in every mail. 

The handbook contains 211 pages and over 200 illustrations. It is written 
in clear, understandable English, and is free of all the confusing mathe- 
matics that no one ever reads. It was written for YOU, the practical 
experimenter and constructor who wants to know the how's and why's. 
Contains all the most advanced "dope" on short-wave reception and 
transmission. Postpaid $1.00 

We carry this book in stock, and can ship immediately. 

RADIO DESIGN PUBLISHING CO. 
103 BROADWAY, BROOKLYN, N. Y. 
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The Pilot 

A. C. SUPERWASP 
The First Short -Wave Receiver that Works Success- 
fully on Alternating Current; Additional Features 
are Tuned Screen -Grid Stage, Double Shielding and 

14-500 Meter Wavelength Range 

by DAVID GRIMES 
HE usual procedure in describing 
a new circuit is to delve at once 
into the various peculiar ramifica- 
tions of that particular hook-up. 
We have decided to adopt a slight- 

ly different method of approach for the 
A.C. Super -Wasp, because the laboratory 
development of this unique arrangement 
has been most romantic. More than half 
the interest of the story would be lost if 
we were to confine ourselves solely to the 
technical description, without taking you 
with us over the path of progress which 
was so persistently pursued for almost a 
year. Accordingly, our narrative starts 
with the successful completion of the bat- 
tery -operated Super -Wasp; for no sooner 
was this task accomplished than the labora- 
tory facilities were concentrated on its com- 
plete electrification on A.C. circuits. 

Now in view of the satisfactory electri- 
fication of other types of receivers, the prob- 
lem confronting us seemed rather simple. 
It didn't take very long, however, to com- 
pletely disillusion us on this point. The 
A.C. operation of broadcast sets was an 
entirely different proposition than that pre - 

4 

sented by the multi -range Super -Wasp. It 
was one thing to design a receiver that 
was commercially humless in loud speaker 
performance and quite another to find a cir- 
cuit combination that would permit the 
use of telephone receivers. 

WAVELENGTH DIFFICULTIES 

Then, again, a few circuit experiences 
were sufficient for quelling the hum in any 
one receiving band; but the difficulties of 
the problem were considerably multiplied 
by the necessity for the Super -Wasp to 
properly perform over a multiplicity of 
wavelengths. Circuit combinations that 
were absolutely noiseless on the broadcast 
range were impossible on the shorter 
waves. And last, but not least, the regen- 
erative detector of the Super -Wasp added 
a particularly knotty problem, as hums that 
were not noticeable on straight detection 
became veritable Niagaras when the re- 
generation control was brought near the 
sensitive point. 

So ynu see, the job we had cut out be- 
fore us was a mean one and well destined 

PILOT A.C. SUPER WASP 
Tuned Screen Gr,d -= 

Short -Wave &Bra adeast Ban -t_t 

Front panel view of a completed A.C. Super -Wasp. 
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Ndmorel batteries! At last you can enjoy the 
thrills of short-wave reception with all the 
conveniences of full lamp -socket operation 
to consume the year that was finally de- 
voted to it. Well, naturally our first con- 
sideration was to see what troublesome 
requirements of the Super -Wasp could be 
eliminated; thus placing the set in the cate- 
gory of solvable circuits. Could the head- 
phone operation be relegated to the discard 
and could we insist solely on loud speaker 
hook-ups? We just placed ourselves in 
the position of the short-wave fan and 
tried operating the battery Super -Wasp for 
a few nights on loud speaker only. It was 
emphatically decided that earphones were a 
necessity as far as the rest of the house- 
hold was concerned. We enjoyed the loud 
speaker but the family did not! Telephone 
receiver operation must be retained and 
the hum level reduced accordingly. 

A DETERMINATION 

Next, we certainly could not confine the 
performance of the set to one set wave 
band. One of the real features of the 
Super -Wasp was its efficient operation on 
all of the accepted channels. No! The 
hum must be conquered on each and every 
group of tuning coils at present used in 
the receiver. And as regards the third 
predicament, it would be useless to con- 
sider the set at all if it could not be made 
to regenerate, for CW reception would be 
impossible without that feature. Hence the 
hum must be positively eradicated on any 
regenerating action. Our requirements are 
clear cut enough! There is no mistaking 
to be done. We must produce the first 

successful A.C. regenerative, short wave, 
headphone receiver in existence! 

Well, let's get into our story. We found 
that there were in general two classes of 
"hums". The first class was what we 
termed a "residual hum" because it could 
be heard in the headphones at all posi- 
tions of the tuning dials. It was arising 
from the audio circuit. The second class 
was what we choose to term "tunable 
hums". This latter class was very numer- 
ous and could be brought in on several 
places on all of the coils. All of these 
could be tuned in or out by operating the 
tuning dials. They appeared to have defi- 
nite wave lengths. 

We set about to eliminate the residual 
hum as a starter. It was fairly easy to 
trace it right down to the detector tube. 
It was a pure question of 60 cycle induc- 
tion caused by the construction of the tube 
itself. It was also present in the two audio 
tubes, but the succeeding amplification was, 
of course, not as great as the total follow- 
ing the detector. Hence it was not as no- 
ticeable from these latter sources. Anyway, 
a study of the design of the tube was 
started. Meanwhile, during the progress of 
this tube study, a re -design of the entire 
audio circuit was undertaken. It was ob- 
vious that too much audio gain was un- 
desirable for other reasons than A.C. hum 
amplification. Microphonic detector noises 
are always an annoyance resulting from 
excessive audio amplification. Incidentally, 

Rack view of an assembled A.C. Super -Wasp, with shield cans 
in place. 
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two stages of transformer coupled audio 
amplification are not as good for tone qual- 
ity as more recent combinations of resist- 
ance and transformer coupling. 

TONE QUALITY 

It was felt. that with the ever increasing 
number of short wave broadcasting sta- 
tions, the question of good tone quality 
would shortly become a paramount issue. 
Consequently, we took the bull by the 
horns and incorporated a modern audio 
amplifying system. This is illustrated in 
Figure 1. It consists of a detector work- 
ing directly into a high resistance -high ca- 
pacity coupling unit, onto the grid of the 
first audio tube. This audio stage is then 
coupled to the last audio tube thru a 
standard transformer with the primary 
phase arranged for negative howl tendency. 
A tube with the standard electrical ampli- 
fication characteristics of the 227 is used 
in all three positions. Other features of 
this tube are entirely different, as will be 
subsequently shown. The use of this first 
resistance stage reduced the residual hum 
much more than the reduction in audio 
amplification explained. It was found that 
a net gain in hum reduction resulted from 
the use of the resistance coupling in the 
first stage. The resistance units did not 
act like A.C. pick up coils, as did the 
transformer windings in this location. 

You may wonder why, in our effort to 
obtain good tone quality, we did not em- 
ploy a power tube in the last audio stage. 
The 227 type was deliberately retained. You 
see, power tubes are operated on raw A.C. 
filaments. This is quite all right on loud 
speaker sets, but if you want to know just 
how much hum is really present with such 
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REGENERATIVE 
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a tube, listen to the output of a standard 
broadcast set with a pair of phones. If 
we are to use phones on this short wave 
set of ours, we simply cannot tolerate a 
raw A.C. filament tube, even in the last 
stage. Hence it is ruled out. Furthermore, 
by installing an output transformer in the 
plate of this tube to connect it to the re- 
producing unit, the impedances may be ap- 
proximately matched so that the tone qual- 
ity is not particularly compromised in spite 
of this 227 type in the last stage. 

TUBE TROUBLES 

Our tube research laboratory by this 
time had a report ready for us. The sub- 
stance of this report is shown in Figure 3. 
It developed that the hum was caused by 
an unbalanced field created by the filament. 
The standard 227 tube has a straight fila - 
nient run thru the center of the heated 
cathode. It is apparent that at one instant 
the bottom of the filament will be positive 
while the top is negative, shortly followed 
by a reversal of the heating current which 
makes the bottom of the filament negative 
with the top positive. The electronic field 
within the cathode is thus rapidly twisted 
back and forth during each alternation of . 
the heating current. A noticeable hum re- 
sults. Now the construction shown in the 
Pilotron 227 is purposely designed to avoid 
this very thing. The heating filament is 
doubled back on itself within the cathode 
cylinder after the fashion of a hairpin. In 
this arrangement, the electronic field is neu- 
tralized at every point and no upheavals 
take place on the reversals of the heating 
current. The Pilotron 227 is a very quiet 
tube and has been specially designed for 
the A.C. Super -Wasp for use in the de- 
tector and audio stages. 

61 
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The audio system of the A.C. Super -Wasp. 
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Two other things also contributed to the 
total amount of hum which were entirely 
separate and distinct from the hairpin fila- 
ment assembly. There have been and are 
several makes of special tubes which em- 
ploy the doubled filament mounting, but 
the results from these were somewhat dis- 
appointing. Other hum sources there were 
that were annoying even tho they were of 
less intensity. These were found to be lo- 
cated in an insulating sleeve that was in - 

STANDARD 

UY 227 TUBE 

a iP 

PTLOTRON 

P-227 

ti 

The difference between the P-227 and 
ordinary tubes. 

corporated to hold the filament in place and 
in the amount of residual gas still remain- 
ing in the tube. The P-227 Pilotron was ac- 
cordingly built with a high degree of va- 
cuum and the insulating sleeve was omitted. 
Correct mounting of the elements makes 
this sleeve unnecessary anyway. 

TUNABLE HUMS 

The above precautions killed the A.C. 
residual hum or, at least, reduced it to a 
negligible minimum. The tunable hums 
next came under surveillance and these 
were the most exasperating puzzles. But, 
like most complicated problems, they were 
confusing only because they were result- 
ing from many different causes. Each hum 
and its cause was finally found to be a 
very simple function, and the remedy in 
each case has been as simple. To confine 
ourselves to the problem at hand, we stud- 
ied the hums with the antenna entirely dis- 
connected from the set. This removed some 
of the disturbances which were coming in 
from the ether. This class of disturbance, 
and sometimes hum, is beyond our power 
to solve. Such effects would be as notice- 
able on any other type of set. These hums 
must not be confused with those arising 
in the set. If there is ever any doubt in your 
mind as to the source of a hum, merely re- 
move the antenna. Its marked reduction or 
disappearance will prove it to be of external 
origin, falling within the incurable class. 
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TUBE CAPACITY TROUBLESOME 

But by far the greater number of our 
hums continued to persist, even after we 
had removed the antenna. These obviously 
existed in the receiver itself and, as such, 
fell under the curable classification. Those 
on the red and orange coils, within the 
wavelength bands of 14 to 50 meters, were 
the strongest. They must have arisen from 
some high frequency oscillation in the set 
modulated by the 60 cycle current. Some 
combination of inductance and capacity was 
acting as a transmitting circuit. This was 
finally found to be actually true. One of 
these circuits is shown in Figure 4. The 
capacity of the oscillating system is the 
internal capacity of the cathode -heater com- 
bination. The inductance is that of the 
leads combined with that of the center - 
tapped resistance. This resistance unit 
actually has enough inductance to be 
troublesome at the very short waves. The 
cure consists in merely adding a capacity 
across one side of this center -tapped "in- 
ductance" so as to kill the resonant com- 
bination. 

There were two of these cathode -heater 
oscillating circuits. One was in the last 
audio tube and the other was in the de- 
tector. The latter seems reasonable enough, 
but one would never think to look at the 
last audio tube as a possible source of 
short-wave radio -frequency disturbance. 
Nevertheless, there it was and it was the 
strongest of the two, due to the higher 
plate and grid voltages employed. These 
apparently acted as shock exciters of the 
oscillatory circuits-the shocks taking place 
on every half wave of the 60 cycle cur- 
rent. This effect is shown in Figure 5. A 
casual glance at the audio circuit of the 
A.C. Super -Wasp will reveal these .006 mf. 
by-passing condenser across the mid -tap 
resistors in both the detector and last audio 
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CENTER TA/ 
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FIG. 4 
Killing the hum by means of a by-pass 

condenser, C. 
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circuits. Of course, removing these cen- 
ter -tapped resistors entirely will open up 
these oscillating circuits and the hums on 
the lower wave length coils will cease. In 
fact, it was this that first led to their dis- 
covery. But, removing the resistors only 
cures one trouble to bring in another. The 
residual hum greatly increases in the 
straight audio system when these center - 
tapped grounds are removed. They must 
remain and the high frequency oscillation 
must be killed by the by-passing method. 

USING R.F. CHOKES 

With these two culprits put away, there 
still remained other sources of hums, the 
latter occurring on the higher wave length 
coils, up in the green and blue range. 
These were obviously caused by similar 
circuits except with higher inductances and 
capacities, so that the wavelengths were 
longer. As a further clue to their cause, 
they did not occur until the plate and grid 
connections were made for the screen grid 
tube. They existed in these leads and 
were obviated by the insertion of the .2 
mf. by-passing condensers and the small 
chokes. The chokes are commercial, cylin- 
drically wound, resistors; but their main 
function in the plate and screen grid leads 
is a choking one. They are indicated nn 
the sketches as 450 ohm resistors. These 
are shown in Figure 6. 

There is one other point of special men- 
tion that should not be overlooked. Many 
of you are already familiar with the 
"squawking" of the ordinary regenerative 
receiver at the very point of oscillation. It 
is most annoying, not only because of the 
racket, but because that particular point is 
the one at which signals are most likely 
to be heard. This was given considerable 
attention in the A.C. design and, as a result, it has been completely subdued. The high resistance in the plate circuit of the de- 
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teetor accounts for this. There appears to 
be a highly critical condition existing in 
the grid circuit at the starting point of os- 
cillation. Just as the grid tends to change 
from the slight positive bias, which it nor- 
mally has, to the negative value which the 
rectification gives it, it undergoes an oscil- 

60 CYCLE HEAT/N6 CURRENT 
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TUNEO CAT/LODE ChfCU/T 
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FIG.5 
Flow the 60 -cycle current causes oscillation. 

latory condition which causes a bad 
"squawk" when the plate voltage is fed 
thru a transformer. But when the plate 
potential is supplied thru a high resistance, 
such as the .5 megohm shown in Figure 2, 
the effective plate voltage drops when this 
condition occurs and this decline immedi- 
ately stops the oscillation or "squawk". 
The result is that the new A.C. Super -Wasp 
goes into R.F. oscillation in a very smooth 
manner, permitting perfect regeneration on 
even the weakest stations. 

Figure 7 gives the overall circuit layout 
of the complete set, including the Pilot K- 
111 "A" and "B" pack. This is shown 
intact because it is quite necessary to op- 
erate the receiver on a given "B" elimina- 
tor to insure the proper plate voltages. 
The success or failure, particularly of a 
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How 450-o,hn1 circular wound resistors are used as R.F. chokes. 
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regenerative receiver, depends largely on 
the correct plate potentials. For instance, 
too much voltage on the detector will make 
the oscillation uncontrollable, while too 
little will stop it altogether. The taps 
have been worked out so that no audio or 
radio feedback is present in the eliminator. 
Any other combination may cause trouble. 

No stress has been placed on the rest of 
the A.C. circuit, as the connections are en- 
tirely conventional. There is nothing un- 
usual in the methods for obtaining "C" bias 
by means of a voltage drop in the minus 
"B" lead to each tube where the bias is 
required. The resistance is by-passed by 
a large condenser so that no fluctuating 
feed-back will occur. Sometimes a com- 
mon bias can be employed by two tubes 
which operate under like conditions, such 
as the two audio stages shown in the dia- 
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gram. This has not been found feasibl 
for this circuit and is not recommended. 

Like its famous predecessor, the A.C. 
"Super -Wasp" is marketed in kit form, all 
the necessary parts being supplied. The 
front panel and the sub -panel are drille 
with all the holes, so the constructor need 
only tighten up several dozen small nuts 
and bolts to assemble the kit into a work- 
ing radio receiver. 

The kit includes the following parts: 
1-No. 699 Front panel 
1-No. 698 Sub -panel 
1' pair-No. 600 shield cans, with cov- 

ers 
4-No. 37 metal shelf brackets 
2-No. 1282-L vernier dials 
1-No. 46 lever type snap switch 
2-No. 1611 variable condensers (with 

No. 1259W knobs) 

//LOT N/S0 
(NONE 

~.0/HF-- P -.1 R7 

P/LOT N,19/ 
NP TNNN9 

e+MOY. zr e:rc. 

Fig. 7: The complete wiring diagram of the A.C. Super -Wasp. 
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Back view of an A.C. Super -Wasp with the back halves of the shield cans removed. 

1-No. 1613 variable condenser (with 
No. 1259W knob) 

1-No. J-5 midget condenser (with No. 
1259W knob) 

1-No. 59 condenser (.01 mf.) 
1-No. 50B fixed condenser (.0001 mf.) 
2-No. 58 condensers (.006 mf.) 
2-No. 801 by-pass condensers (1. mf.) 
2-No. 805 condensers (.2 mf.) 
1-No. 500 Resistoblock 
1-No. 391 audio transformer 
1-No. 395 output transformer 
1-No. 130 R.F. choke coil 
3-No. 966 resistances (450 ohms) 
2-No. 958 resistances (200 ohms) 
2-No. 354 center -tapped resistances 

(20 ohms) 
10-No. 29 blank binding posts 
1-No. 20 "ANT" binding post 
2-No. 752 grid leaks (.5 megohm) 
1-No. 758 grid leak (3 megohms) 
2-sets of plug in coils; No. 601A, an- 

tenna coils; 601D, detector coils 
1-No. 697 Hardware package, which 

includes all nuts, bolts, washers, sol- 
dering lugs, special fixtures, connec- 
tion wire, etc. 

DETAILED ASSEMBLY INSTRUCTIONS 

The parts of the A.C. Super -Wasp are 
laid out in such a manner that the connec- 
tions are very short and direct-an impor- 
tant feature in any short-wave receiver. If 
you assemble the set in the proper order, 
you will find the job an easy and interesting 
lA 

one, and you will have no trouble to look 
for later. Therefore, read the following 
instructions carefully before starting on 
your kit. If you rush right into the work 
you'll encounter difficulty in making certain 
of the parts fit. 

As with any other kit, the first thing to 
do is to remove all the parts from their 
boxes. Get all the paper and cardboard 
out of the way and line up the instru- 
ments on the table. Identify each part 
and study the drawings to determine just 
where it belongs. Put aside the two boxes 
of plug-in coils, one of the shield can cov- 
ers, and the two back halves of the shield 
cans-the sections that do not have a large 
hole in the front section. Pour the vari- 
ous nuts, bolts, washers, lugs and other in- 
cidental hardware into one of the can cov- 
ers, so that they will not be spilling all 
over the place. 

To start, mount the shelf brackets to the 
extreme ends of the sub -panel. Face the 
curved ends of the brackets toward the 
long edge of the sub -panel that has a rec- 
tangular opening cut in the center. Use 
the very short oval -head screws for this 
purpose. Now mount one of the 450 -ohm 
resistors and the R.F. choke coil to the side 
of another of the brackets, in the positions 
shown in the under view of the receiver 
(page 13). Mount another 450 -ohm re- 
sistance on the side of the fourth bracket, 
and then screw both brackets to the sub - 
panel, using three screws apiece. You can 
spot the proper holes in the sub -panel by 
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merely sliding the brackets along until you 
can look thru both the sub -panel and the 
edge of the brackets. Have the soldering 
lugs of the resistors point outward.. 

MOUNTING THE RESISTORS 

The sub -panel now has four strong feet 
to stand on, and you can proceed with the 
mounting of the other Harts. First line up 
the two 2000 -ohm resistors between the two 
center brackets. Use one screw to hold 
the overlapping feet of the resistors, in the 
center of the sub -panel. Put a lug under 
this screw, as shown in the under view. 
Put lugs under the binding posts of the 
two 1. mf. by-pass condensers, and mount 
the latter by passing screws through their 
feet, along the edge of the rectangular cut- 
out. 

Get the binding posts out of the way by 
mounting them along the back edge. The 
"B"- and "gnd" posts are not insulated, but 
merely connect with the aluminum. The 
others are insulated by means of double 
hard rubber washers. One section of the 
latter is placed over the large binding post 
hole on the top of the sub -panel, the other 
on the underside. The screw of the bind- 
ing post is simply passed through and 
tightened on the underside. Of course, put 
soldering lugs under all the screws. 

Turn the sub -panel top side up, and 
mount the socket for the screen grid tube 
by means of three screws. Note that the 
screw marked "C"' (between the F posts) 
holds, on the underside of the sub -panel, 
one end of a 450 -ohm resistor. Now mount 
the socket for the antenna coil by raising 
it above the sub -panel with three of the 
one -inch hard rubber bushings and passing 
long screws through the holes. One of 
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these long screws, marked "B" holds the 
other end of the 450 -ohm resistor. You 
will have to spread the feet of this resistor 
to make them fit the screws; this is easy, 
as the metal is thin. 

Another of the long screws, marked "A", 
passes through the .01 mf. condenser, which 
is spaced away from the underside of the 
sub -panel by a hexagonal spacer. Take one 
of the double -end lugs supplied with the 
1 mf. by-pass condensers and bridge it be- 
tween screw "A" and one terminal of the 
condenser, putting an additional soldering 
lug under the latter terminal. 

In mounting the two sockets, study the 
drawing carefully to determine the correct 
placement to the binding posts. 

Now shift to the left side of the sub - 
panel and mount another pair of sockets in 
a similar manner, elevating the coil recep- 
tacle by means of the three remaining hard 
rubber studs. The screws holding the coil 
socket in this case do not hold anything 
else. However, the detector tube socket 
supports a .006 mf. condenser. This is held 
in a vertical nosition by means of two 
double -end straps (which you will find in 
the hardware package). Screw one end 
of each lug under one condenser screw, and 
bend the other ends so that one will fit 
under an F post on the socket and the 
other under a screw passing through the 
socket near the P post. Put a soldering 
lug under the screw passing between the 
two F posts; you'll need it later. 

The .0001 mf. condenser is supported be- 
tween the G posts of the two sockets in a 
similar manner, by means of two more 
double -end lugs. These lugs also act as 
connectors. While fastening the bottom 

(Continued on page 14) 
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Under view of the A.C. Super -Wasp. 
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lug to the G posts of the detector tube 
socket, fasten one of the grid leak clips 
to this post at the same time. Put the 
other clip on the C post. The 3 megohm 
leak will just clear the detector tube if the 
clips are bent over a little. 

Special note: use lock washers under all 
nuts, throughout the receiver. 

The rest of the assembly work on the 
sub -panel is easy. Place the Resistoblock, 
the two remaining tube sockets, and the 
two transformers. Note that the socket 
for the second audio tube supports a .006 
mf. condenser in exactly the same fashion 
as the socket for the detector tube. Like- 
wise, a lug is needed under the screw be- 
tween the F posts. 

In mounting the No. 391 transformer, 
bridge the F- post to the nearby mount- 
ing screw by means of another of the thin 
double -end lugs furnished with the 1 mf. 
by - pass condensers 
Do the same with the 
LS- post of the No. 
394 output transform- 
er. 

Even though y o u 
haven't even touched 
the front panel and 
the shield cans, you 
can do most of the 
wiring right now, with 
those parts out of the 
way. Do t h e fila- 
ments first. Start with 
the socket f o r the 
screen grid tube, and 
through hole D run 
out two pairs of twist- 
ed wires from the F 
posts. Cut wires 24 
and 25 about 10 inches 
long, and leave them 
alone; they will con- 
nect later with the dial 
light. Run the other 
pair, numbered 22 and Some of the experimen 
23, through hole C, piled up in a corner of 
up to the socket for These sets were rebuilt 
the second audio tube, 
and bring out another pair from these same 
posts; the second pair is marked 20 and 
21. At the same time, solder the outside 
lugs of a 20 -ohm center -tapped resistance 
to the F posts of this socket, and the cen- 
ter lug to the lug between the posts. 

Bring wires 20 and 21 up through hole 
A, to the socket for the first audio tube, 
and also bridge them to the binding posts 
marked "2.5 volts A.C." Bring another 
pair (marked 18 and 19) out from this 
socket and up through hole B, to the de- 
tector tube socket. Bring a last pair of 
wires from hole A (numbers 16 and 17), 
cut 10 inches long, and leave it hanging; 
this is for the other dial light. Solder 
the other center -tapped resistance to the 
F posts of the detector tube socket as shown. 
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tal A.C. Super -Wasps 
the Pilot laboratory. 
as often as six times. 

Study the picture diagram and do as 
much more of the wiring as you can. The 
whole audio system can be wired with the 
front panel still off, and part of the radio. 

In the kit you will find two special .2 mf. 
condensers in paper containers. Take one 
and solder its lugs directly to the G and C 
posts of the socket for the screen grid 
tube. This condenser is marked "X" in 
the drawing. 

Now take the front panel, and on it 
mount the snap switch, the phone jack, 
the No. 1613 condenser and the two .dials. 
In mounting the dials, put washers behind 
the back of the panel, to keep the scale 
and the back edge of the panel plate sepa- 
rated. Also discard the slotted back pieces 
supplied with the dials, as they are not 
needed. Leave the dials a bit loose; you 
will fasten them permanently afterward. 

Proceeding to the shield cans, take the 
can section that has 
an insulating strip 
riveted to one side. 
Mount the J-5 midget 
condenser in the up- 
per hole, and t h e 
"ANT" binding post 
in the other. Slide 
the shield along the 
edge of the sub -panel 
until you c a n slip 
screws through t h e 
holes in the mounting 
feet, and tighten them 
down. 

Now take one of 
the No. 1611' variable 
condensers, fasten a 
lug under the right 
hand stator binding 
post and another over 
the threaded stud on 
the back of the frame. 
Cut a piece of flexible 
wire five inches long, 
connect one end to 
the left hand stator 
binding post and the 
other to the Mueller 

snap clip supplied in the hardware pack- 
age. Mount the condenser in the large 
hole in the center of the shield, using the 
single large hex nut. 

Repeat this assembly operation with the 
other shield and the other No. 1611 con- 
denser, omitting the flexible wire. Take 
the second .2 mf. fixed condenser, fasten 
one lug under the F2 post of the detector 
coil socket, and the other lug under the 
screw that holds the right side of the No. 
1611 condenser frame together. 

Now place the front panel against the 
brackets and slip the studs of the two 
dials over the protruding condenser shafts. 
Using the brown colored screws, fasten the 
panel to the brackets first and. tighten the 
dials afterward. 
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MORE AMPLIFICATION 

Because the P-227 A.C. screen -grid tube has a higher amplification factor 
than the D.C. tube, the A.C. Super -Wasp is even more sensitive than the now-, 
famous battery model, thousands of which have been built during the past 
few months. During one of the preliminary trials on the A.C. set, the follow- 
ing stations were tuned in ON THE LOUD SPEAKER during the course 
of three hours of alternate listening and experimenting: G5SW, Chelmsford, 
England (signing off with the midnight bells of Big Ben, the famous London 
clock) ; PCJ, Eindhoven, Holland (audible fifty feet from the speaker) ; W6XN, 
Oakland, California, (relaying an N.B.C. chain program; CJRX, Winnipeg, 
Canada; and KDKA (W8XK), Pittsburgh, Pa., (also relaying a chain program). 
This test was made at Yorktown Heights, N. Y. 

The battery operated Super -Wasp has brought in short-wave stations from 
all over the world for its many satisfied owners. The A.C. Super -Wasp will' 
bring in these stations louder and better. 

Build an A.C. Super -Wasp and enjoy the thrills of the short -waves with 
all the conveniences of lamp -socket operation! 

You can now finish the wiring of the 
set. With all the wiring in, slip the back 
halves of the shield cans in place, and screw 
the cans together. If you find yourself 
dropping the screws' that go through the 
feet of the can, hook the end of a piece 
of wire and hold the screws in it as you 
push them through the holes with a screw- 
driver. To fasten the sides of the shields, 
use the very shortest round head screws 
in the hardware collection. You are now 
ready to "go on the air". 

THE ACCESSORIES 

You need a power pack and four Pilot- 
rons-the new Pilot tubes. The A.C. Super - 
Wasp is designed to work particularly with 
the Pilot K-111 power pack, which is small, 
compact, and inexpensive. The binding 
post markings on the receiver correspond 
to the markings on the terminal plate of 
the K-111, although the actual plate volt- 
ages delivered by the latter are higher than 
the figures marked. This is due to the 
fact that the whole A.C. Super -Wasp draws 
very little current, hence the "B" output 
voltages are higher than they would be 
with a six or seven tube set, for which 
the K-111 will deliver its rated voltages. 
This is no disadvantage; quite the con- 
trary, it is a fortunate circumstance, as 
the filtering action of the choke coils is 
better with the lighter current drain. 

The B+ 90 post, for instance, actually 
develops about 135 or 140 volts (depending 
on line conditions) and the 45 volt post 
about 50 volts. This is a good combina- 
tion for the screen grid tube. (Note that 
the plate voltage for the screen grid tube 
flows through the detector plug-in coil.) 
The B+ 180 post delivers about 200, which 
is not excessive because the 2000 -ohm bias- 
ing resistors automatically control the plate 
current of the audio tubes. The B+ 135 
gives about 180 volts. This sounds like a 
dangerous amount of voltage for the de- 
tector tube, but the tube actually receives 
far less than this because of the use of a 
.5 megohm plate resistor. 

In regard to tubes, we wish to empha 
size the fact that no ordinary 227's will 
work in the A.C. Super -Wasp. Pilot engi- 
neers, under the supervision of John Geloso, 
were forced to develop a special tube, and 
unless you use the new P -227's, you can- 
not expect anything more than a loud 
growl out of the receiver. Use a P-224 
A.C. screen -grid tube in the left hand can, 
and P -227's in the other three positions, 
and you will enjoy all the thrills of short- 
wave reception with all the conveniences 
of full A.C. operation. 

The plug-in coils are used in pairs to 
cover any one wave band. The wavelength 
ranges are approximately as follows: 

Red coils: 14 to 27 meters; orange, 26 

to 50; yellow, 50 to 100; green, 100 to 200; 
blue, 200 to 500 meters. 

The red, orange, yellow and green an- 
tenna coils consist of a single winding, 
while the blue has a primary at the top of 
the form. All the detector coils have two 
windings, a grid coil and a tickler. After 
changing from one set of coils to another, 
always re -'lace the tops of the shield cans. 

The operation of the A:C. Super -Wasp 
is even more simple than the battery model. 
There is one less control, as the heating 
currents are furnished directly from the 
transformer windings. The filament rheo- 
stat has been eliminated. The left hand 
tuning dial, or antenna control, usually 
tunes just a little lower than the right 
hand condenser. This is due to the an- 
tenna effect and somewhat to the difference 
in tubes in the two circuit positions. How- 
ever, the left hand control is somewhat 
broad, so signals may still be received even 
tho the dials are not at their exact tuning 
position. 

An aerial totalling between 30 and 50 feet 
in length is satisfactory for both short and 
regular broadcast wave reception, while the 
ground may be a connection to a steam 
or water pipe. Little need be said about 
the operation of the set on the broadcast 

(Continued on Page 28) 
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RADIO HAILED AS NEW BOON TO 
COMMERCIAL FLYING 

by ZEH BOUCK 

An exceptionally good photo of a Sikorsky amphibian taking off from the surface of Lake Erie in a cloud of spray. Radio plays an important part in the navigation of a deluxe air cruiser 
of this kind. 

N 
ERBERT HOOVER, JR., in a re- 
cent radio address, outlined im- 
aginatively but soundly the close 
connection that will necessarily 
prevail between radio and safe 

commercial flying. Had his proposition re- 
quired proof, it would have been ade- 
quately upheld by the serious consideration 
given to radio in the design and opera- 
tion of the majority of ships exhibited in 
Cleveland during the National Air Races, 
held between August 24th and September 
2nd. 

RECEIVERS ESSENTIAL ON ALMOST ALL 
SHIPS 

The utility of the radio receiver in cross 
country flight has been so well established 
in various prominent experimental trips- 
the last being the record breaking flight 
of Captain Hawks-that such apparatus is 
part of the standard equipment on all planes 
operated by the large transport companies, 
carrying express and mail. Every ship 
flown by the N.A.T.-National Air Trans- 
port-operating southern and western lines 
out of Cleveland, is equipped with receivers 
working on the existing and contemplated 
airplane beacon and weather broadcasting 
wavelengths between eight hundred and 
one thousand meters. The principal util- 
ity of these receivers at present is the re- 
ception of the weather reports that are 
sent out every hour on the hour by high 
powered radio telephone broadcasting sta- 
tions located at the prominent air termin- 
als. For instance, there are three broad- 
casts available to pilots on the Cleveland - 
New York run, programs being broadcast 
from Hadley Field, N. J., Bellefonte, Pa., 
and Cleveland, Ohio. The pilot is never 

16 

out of communication distance from all of 
these points, and is kept accurately in- 
formed as to the weather conditions be- 
fore hs;ei. These receivers are also used 
for the reception of both aural and visual 
directional signals, the former by means 
of a variation in signal peculiarity which 
warns the pilot when he is off his coursr 
and the latter through the vibrating reed 
device described in detail in the Spring 
issue of RADIO DESIGN. 

The significant fact is that air lane op- 
erators have at least realized that these 
radio services are now functioning effec- 
tively-that they are not merely interesting 
experiments suggestive of future possibili- 
ties-and will add immediately to the effi- 
ciency and safety of any air route at a 
relatively low cost to the operator. As a 
result, practically all airplanes on produc- 
tion schedules for 1930 incorporate various 
features essential or desirable from the 
standpoint of radio operation. All adja- 
cent metallic parts in the structure of the 
plane are bonded-that is, electrically con- 
nected. This is done for two reasons: 
first, to insure the use of every available 
bit of metal in the counterpoise of the 
antenna system; and second, to prevent the 
interference that would be occasioned by 
the rubbing together of metal parts, not 
electrically common, in the antenna field. 

NEW IGNITION SHIELDING 

Manufacturers of ignition apparatus have 
developed shielded equipment which effec- 
tively reduces the noises set up by this 
system. The flying laboratory of the Pilot 
Radio and Tube Corporation is at present 
experimenting with a new and radically 
different type of shielded spark plug that 
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Even small single -seater planes like this new Boeing pursuit ship, will 
soon carry compact beacon receivers, without which night or fog flying 

is dangerous or impossible. 

practically eliminates interference from this 
source on receivers of even the high gain 
essential for long distance beacon recep- 
tion. However, it is not sufficient to shield 
the sparks plugs only. The magnetos, the 
switch and the entire ignition system must 
be shielded to approach anything like sat- 
isfactory quietness. 

The manufacturers of planes designed for 
mail and express services supply with 
their planes, at slight additional cost, a 
six to ten foot vertical pole antenna neces- 
sary for beacon reception and equally ef- 
fective for general weather broadcasts. 

LITTLE WORK DONE ON TRANSMITTERS 

To date the attention of the majority 
of designers has been directed toward the 
development of radio receiving apparatus, 
transmitting sets having received little 
attention outside of experimental equip- 
ment. However, the large transport pas- 
senger carrying ships are being equipped 
for transmitting on the aeronautical waves 
between eight hundred and one thousand 
meters. The necessity for transmitting 
equipment, which is necessarily heavy, and 
which, for reliable communication over rea- 
sonable distances requires antenna and 

The Pilot flying radio laboratory on the field at Cleveland during the national air races. 
Notice the aerial wire strung between the wing tips and terminating at the sides just behind 

the cabin. Mr. Bouck is at the extreme right. 
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power installations that materially reduce 
the speed of the plane, has been consider- 
ably reduced by scheduling frequent 
weather broadcasts. The principal func- 
tion of the transmitter would be to request 
weather information and for directional 
purposes, both of which operations are sat- 
isfactorily taken care of by the much 
lighter and more easily operated receiving 
sets. Transmitters on the large transport 
jobs will be used for reporting positions 
and for establishing communication be- 
tween passengers and land points exactly 
as wireless is used on board ships at 
sea. 

RADIO AT THE RACES 

Some interesting possibilities in the way 
of airplane radio were suggested during 
the races held simultaneously with the air 
show at Cleveland. All races were moni- 
tored by amateur radio, seven and a half 
watt transmitters being installed on each 
of the pylons (guide posts). The five mile 
closed course included three pylons and the 
ten mile course four pylons. The home 
pylon was equipped with three receivers, 
each of which was tuned to one of the 
other pylons. Each receiver was outputted 
to a loudspeaker, making it possible to 
monitor the returns from each pylon at all 
times. The receivers at the individual py- 
lons were tuned to the central transmitter 
located at the home pylon. Judges were 
located at all pylons. 

The transmission was effected by radio- 
phone on the eighty meter band under 
amateur call letters. The installations were 

designed and manned by the Cleveland 
Wireless Association and the Cleveland 
Amateur Radio Association. 

The object in controlling the races in 
this manner was to keep a constant check 
on the movements of the racing planes, 
making it possible to disqualify any plane 
immediately following the cutting of a short 
corner, and consequently the announce- 
ment of the winner immediately following 
the finish. 

PILOT PLANE BROADCASTS RACES 
An interesting demonstration of radio 

eemmunication between plane and ground 
was staged by the Pilot flying laboratory 
during the races and as a part of the broad- 
cast program WHIZ, the official race 
broadcasting station. A daily rebroadcast- 
ing program was maintained during the 
races, an announcer going aloft in the 
plane and describing the various events 
over the short wave transmitter, W2XBQ, 
with which the ship is equipped. The 
short wave signals were picked up on the 
ground, amplified, and put over land wires 
to the control room of the station. At the 
same time the amplified signals were out- 
putted to the public address system be- 
fore the grand stands. Two-way conver- 
sation was maintained at all times between 
the ground and the flying laboratory, to 
which both radio listeners and the audience 
watching the races gave a most attentive 
ear. The ship was put through various 
maneuvers in front of the grand stand while 
an announcer on board the plane described 
exactly what was being done. 

In some of the new ships of the air, like this monster Boeing 18 -seater, 
both pilots and passengers will be able to talk to the ground as easily as 
they can telephone from one office to another. No longer will the plane 

be out of touch with sources of valuable information. 
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Some 

Radio Questions th 
á Answers 

A variety of subjects are covered by these queries 
from readers; the answers, by Alfred A. Ghirardi, 

contain much useful information. 

COILS FOR SCREEN -GRID TESTS 

1. I have several R.F. coils which were 
designed for use in sets employing three - 
electrode tubes of the 201-A, 226 or 227 
type. Can I use these coils in a screen -grid 
set satisfactorily? 

Answer: Coils designed for use with three - 
electrode tubes generally do not work well 
with screen -grid tubes. In order to obtain 
a large amount of amplification from screen - 
grid tubes the impedance of the plate load 
must be made very high to effectively match 
the very high plate impedance of the screen - 
grid tube. This means that if ordinary R.F. 
coils with tuned secondaries are used, they 
must have a greater number of turns of 
wire on the primaries than in the case when 
three -electrode tubes are used, otherwise only 
a small proportion of the high amplification 
which the screen -grid tube is capable of pro- 
ducing will be obtained. It is best to use R.F. 
coils designed especially for use with screen - 
grid tubes. 

ONE DIAL K-106 RECEIVER 

2. Can I build the K-106 receiver as a 
single control set, using a three -gang con- 
denser for tuning the radio -frequency stages? 

Answer: The K-106 receiver was designed 
as a two -dial control 
receiver and we advise 
you to build it exactly 
as shown in the official 
diagrams. If you at- 
tempt to build this set 
as a one dial receiver 
you will find it very 
difficult to keep the 
R.F. stages exactly in 
tune over the entire 
wavelength range. 

A.F. TRANSFORMER 
MARKINGS 

3. What do the 
markings P, B+, G, 
and F- on the termin- 
als of audio -frequency 
transformers indicate? 
Please publish a dia- 
gram showing how the 
windings are connected 
to these terminals. 

Answer: The mark- 
ings on audio -trans- 
former terminals were 
devised to indicate 

where each terminal is to be connected. Thus, 
as shown in Pig. 1, "P" goes to the plate 
of the preceeding tube, B+ goes to the BI - 
terminal of either the "B" battery or "B" 
Power unit, "G" goes to the grid of the fol- 
lowing tube, and F- goes to either the fila- 
ment minus terminal (in battery operated sets) 
or to the "C" biasing resistor in A.C. sets. 

DYNAMIC vs. CONE SPEAKER 

4. I have a five tube tuned R.F. receiver. 
What type of loud speaker shall I use with 
it, a dynamic or a cone speaker? Is it true 
that dynamic speakers are the best kind? 

Answer: The dynamic speaker, when oper- 
ated with a Proper baffle and receiving set, 
is considered to be about the best type of 
speaker available at the present time. It will 
give better reproduction than most other 
types of speakers, especially when great vol- 
ume is desired. If you have a set which is 
capable of producing good volume and undis- 
torted amplification, we advise you to use a 
good dynamic speaker with it. If the set 
does not produce much volume a good cone 
speaker will work just as well. Also remem- 
ber that all dynamic speakers are not good 
ones. 
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Fig. z: How the connections of a typical amplifier 
run to the terminals on an A F. transformer. 
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USING THE NEW 24E 
POWER TUBE 

5. Kindly e x plain 
how to connect a simple 
245 power tube in the 
last audio stage of a re- 
ceiver? 

Answer: To properly 
understand t h e dr - 
cuit using the 245 power 
tube, one should be 
familiar with the gen- 
eral characteristics of 
the tube. These are as 
follows: Maxi mum 
plate voltage 250 volts, 
"C" bias voltage -50 
volts when 250 volts 
plate potential is used 
and -30 volts when 180 
volts plats potential 
is used. Filament volt- 
age 2.5 volts and 1.5 
amperes. 

Fig. 2 shows the con- 
nections for a 245 
power tube in the last 
audio gee of s re - 

19 

www.americanradiohistory.com



e'"' 

ceiver. The filament is energised from a 2.5 
volt source of alternating current. This is 
usually furnished by a separate step-down 

transformer operating from the 110 volt, 60 
cycle, A.C. lighting line or from a 2.5 volt 
winding on the filament heating transformer 
in the set. The filament of the 245 tube should 
not be operated from the same winding as a 
227 or 224 detector but should have an inde- 
pendent filament winding. With a common 
winding troublesome feed-back occurs. 

The center -tapped resistor "R" should 
have a resistance of 20 ohms, and should be 
connected as near to the filament terminals 
of the tube as possible. The proper "C" bias 
is obtained by resistance R1, connected as 
shown. This should have a value of 1500 
ohms when 250 volts is used on the plate of 
the tube. The "C" bias resistor is by-passed 
by a 1 mf. fixed condenser C. The grid re- 
turn is connected to the "B-" and thus the 
bias is obtained by the plate current drop 
through resistor Rl. 

It should be remembered that the total 
voltage available from the "B" power unit 
will have to be 300 volts in order to allow 
250 volts for the plate potential and 50 volts 
for the "C" bias potential. When a plate 
potential of 180 volts and C bias potential of 
-30 volts are used, the total "B" voltage 
necessary is 210 volts. 

Either the choke coil -condenser output 
coupler (as shown) or an output transformer 
may be used to couple the power tube to the 
loud speaker. 

It is recommended that the maximum plate 
voltage of 250 volts be used with this tube 
whenever possible, as then the full benefits 
of the tube will be obtained. Under these 

FIRST AUD/O 
TUBE 
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9-1 G 

IIi 

B 

TOBE 

F 

R1 -/500 OH 

TO B - 

conditions it is able to handle 1600 milliwatts 
of power without distortion. 

245 TUBES IN PUSH-PULL 
6. Kindly publish a diagram showing the 

connections for two 245 tubes in push-pull, 
in the output stage of an audio amplifier. 

Answer: Fig. 3 shows the connections for a 
245 push-pull audio stage. Note that "C" bias 
resistor has a value of 750 ohms when a 
plate potential of 250 volts is used, as this 
resistance now carries the sum of the plate 
currents of both tubes. A push-pull output 
transformer is used between the 245 tubes and 
the speaker. 

TESTING FOR TUBE DISTORTION 

7. Kindly explain a simple way to test an 
amplifier tube in a set to find out whether 
the' "B" and "C" voltages are correct, in 
other words, to detect tube distortion. 

Answer: Tube distortion can easily be de- 
tected by connecting a D.C. milliammeter 
having the proper range (depending on the 
plate current of the tube to be tested) in the 
plate circuit of the tube, as shown in Fig. 4. 
When the set is playing at full volume the 
needle of the milliammeter should not deflect 
more than 10 per cent of its reading when 
particularly loud notes or sounds are received. 
If the needle deflects downward when a loud 
note is received, the "C" bias voltage should 
be raised or the plate voltage lowered. If the 
needle kicks upwards the plate voltage should 
be increased or the grid bias reduced. If the 
needle swings both up and down from its 
neutral position it indicates that the signal 
voltage capacity of the tube is being exceeded; 
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Fig. 2: How a single 245 tube is used in the output stage of an audio amplifier. The center - 
tapped resistor should have a resistance of 20 ohms. 
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Fig. 3: A push-pull stage using 245's. The biasing resistor now has a resistance of 750 ohms, 

but the 20 -ohm center -tapped resistance remains the same. 

i.e., the tube is being overloaded. In this 
case either use two tubes in push-pull, or a 
tube which has a larger handling capacity. 

The plate current of small tubes like the 
227 is less than 10 milliamperes, so an 0-10 
milliammeter may be used. For 171-A and 
245 power tubes, the current is about 20 and 
30 milliamperes, respectively, so an 0-50 mil- 
liammeter is necessary. This larger size may 
also be used for the smaller tubes, of course. 

HOWLING IN A SET 
8. Why does my set hum and howl when 

the loud speaker is placed on or near the cab- 
inet and play clearly when the speaker is re- 
moved to the other side of the room? 

Answer: This action is due to the fact that 
your receiver contains one or more "micro - 
phonic" tubes. The sound vibrations produced 
by the speaker vibrate the whole set and the 
tubes in it. (You can feel this by placing 
your hand on the cabinet while the set is 
playing loudly). This vibration snakes the 
grid, the plate, and the filament in the micro - 
phonic tube vibrate and so the relative dis- 
tance between these three elements changes 
rapidly. This makes the plate current of the 
tube vary in exact accordance with the spacing 
changes (see Radio Physics Course in Vol. 2, 
No. 2 of RADIO DESIGN) and this variation 
is amplified and fed through to the loud 
speaker, where it is reproduced as a loud hum 
or a howl. 

Detector tubes are usually the most sensi- 
tive to micro phonics. A micro phonic tube can 
usually be made to function properly by 
placing a heavy object on it to damp the 
vibrations. "Howl arresters" made of rubber 
or lead are sold for this purpose. Another 
remedy is to employ tubes which have their 
elements firmly supported and braced to pre- 
vent or at least reduce vibration. Also, the 
loud speaker can be placed a few feet from 
the set so that the sound vibrations do not 
act on %± directly. 

Vol. 2, No. 3, Radio Design 

TRACING CAUSE OF NOISY RECEPTION 

9. Reception of stations with my set is 
always accompanied by noises. Can you tell 
me how I can locate the cause and remedy 
it ? 

Answer: The noises you speak of may ori- 
ginate in your radio equipment or may ori- 
ginate somewhere outside and come by way 
of the aerial or ground circuit. To determine 
their origin operate the set so that the noises 
come in loudly. Now disconnect both the 
aerial and the ground. If the noises still 
continue it indicates that they originate some- 
where in your receiver. In the former case, 
there is nothing you can do to cure the 
trouble unless you can trace it to its source. 
Elevator motors and switches, X -Ray and 
violet ray machines and other kinds of elec- 
trical machines are known to generate radio 
interference, which can easily be eliminated 
by the use of simple filter devices. The super- 
intendents of apartment houses are usually 
glad to cooperate in tracing down noises of 
this kind. 

Check up on your aerial and ground con- 
nections to find out if there is a loose or de- 
fective connection somewhere. All joints 
should be soldered. 

If the noises originate in your equipment 
you will have to test and examine all parts 
for the trouble. Noises may be caused by 
loose connections, defective tubes, old "B" 
batteries or rectifier tubes, defective conden- 
sers, etc. 

ELIMINATING TRANSFORMER HUM 
10. The power transformer in my "B" 

eliminator hums so loudly that I can hear it 
several feet away. How can I remedy this? 

Answer: The hum is due to vibration of the 
laminations of the steel core due to changes 
in the magnetism caused by the 60 -cycle alter- 
nating current. Vibration can be reduced or 
eliminated in several ways. The exact method 
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it is best to employ depends upon the mechan- 
ical arrangement of the parts in the elimina- 
tor and how easily you can get at them. One 
way is to pour molten paraffin around the 
laminations so that it runs between them and 
fills up any spaces. Another way is to clamp 
the laminations together tightly by means of 
flat iron pieces held together by bolts. Some- 
times it is possible to reduce the vibration 
by inserting thin strips of cardboard or paper 
between the laminations if they are very 
loose. 

"B" POWER PACK ON THE "LITTLE PAL" 
11. Can I operate my three -tube "Little 

Pal" receiver with a "B" power pack instead 
of "B" batteries? 

Answer: You can operate the Little Pal 
with any good "B" power unit capable of 
supplying at least 90 volts. 

SPREADING TUNING ON SHORT-WAVE SETS 
12. How can I spread out the tuning on 

my short-wave set, so that the short-wave 
bands come in all over the dial? I am using 
A Pilot .00016 mf. tuning condenser. 

Answer: One very good way to spread out 
the tuning on your short-wave receiver is to 
remove all of the rotor plates except the 
center one from your tuning condenser. This 
will give you a condenser with its full set 
of stator plates but only one rotor plate. 
Now connect a Pilot No. J-23 (.0001 mf.) 
midget condenser across the altered tuning 
condenser. The midget should be mounted 
on the front panel or anywhere within con- 
venient reach. The midget condenser is now 
used for rough tuning to the various wave- 
bands and the altered condenser is used for 
the actual fine tuning within any waveband. 

The Super -Wasp detector tuning stage 
may be "revamped' in this way. The J-23 
condenser may be mounted on the left 
side of the shield can, on an insulating strip. 
It is not necessary to revise the antenna stage, 
as it tunes a trifle more broadly than the de - 

TUBE 
UNDER TEST 

FIGA - 
Fig. 4: How amplifier distortion can be de- 

tected by means of a plate milliammeter. 

tector stage and may be left set while the 
actual selecting of signals is done with the 
detector condenser. Of course, the revamped 
set is more or less useless now on the 200-500 
meter band, as the small condenser is too 
small to give any selectivity on these waves. 

AUDIO OSCILLATION IN PUSH-PULL 
AMPLIFIER 

13. I built a push-pull amplifier and there 
is a steady whistle in the set. I have traced 
it to the push-pull stage. How can I elim- 
inate this? 

Answer: The whistle is caused by audio 
feed back in the push-pull stage. This results 
in oscillation, with the resulting whistle. This 
can sometmes be eliminated by connecting by- 
pass condensers of at least 2 mf. capacity be- 
tween the "B-" and "B -F" amplifier ter- 
minals, or across the "C" bias resistor. 

Another very effective method is to con- 
nect a variable resistance R in the grid re- 
turn circuit, as shown in Fig. 5. A Pilot 
Resistograd works very well in this connec- 
tion, as it can be varied to give the minimum 
amount of resistance necessary to prevent os- 
cillation. This is really the grid suppressor 
method of oscillation prevention so common- 
ly used in R.F. amplifiers, but by connecting 
the grid suppressor resistance in the grid re- 
turn circuit, as shown, only one resistor is re- 
quired for both tubes. 

DYNAMIC SPEAKER FIELDS 
14. I notice there are dynamic speakers 

for either A.C. or D.C. What is the differ- 
ence between them? 

Answer: The field windings of all dynamic 
speakers require direct current for their ex- 
citation. In D.C. models, the D.C. house sup- 
ply (or battery current) is lead directly to 
the fields. In A.C. models, the current is 
rectified before being applied to the wind- 
ings. A chemical rectifier or a 280 tube is 
usually used for the purpose. The necessity 
for the rectifier is what makes A.C. speakers 
more expensive than D.C. models. 
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FIG.5 
Fig. 5: How a variable grid resistor, R, is 

used to suppress audio howling. 
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Pilot Twin "Screen -Grid 8" 
A single dial receiver using special coils to give a high degree of 
selectivity; Screen -grid tubes in both R.F. and detector positions, 
with two 245's in push-pull audio system. Parts supplied in kit form. 

by JOHN GELOSO 

D 

Simplicity marks the appearance of the Screen -Grid 8 front panel. 

URING the past several months 
the A.C. screen -grid tube has 
achieved an extraordinary popu- 
larity, which it well deserves be- 
cause of its high amplification and 

general stability in tuned R.F. circuits of 
proper design. Many owners of tuned R.F. 
sets using ordinary 227's have attempted to 
substitute 224's for the latter, and have 
been very much disappointed with the re- 
sults. Their usual compla=nt is that the 
screen -grid tubes ruined the selectivity and 
caused half a dozen local stations to come 
in together. 

This fault is not the tube's, but must be 
charged to the original receiver, which 
simply was never designed to take ad- 
vantage of the high amplification afforded 
by the 224. The main weakness in these 
T.R.F. sets lies in the coils, which most 
radio constructors never suspect. 

SCREEN -GRID DETECTOR 

To meet the demand for a good circuit 
that can be built into a home constructed 
receiver, RADIO DESIGN presents herewith 
the Pilot Twin Screen -Grid 8, in which the 
necessary features of selectivity and sensi- 
tivity have been incorporated. Supplied 
in complete kit form to save the constructor 
the job of drilling his own panels, this set 
represents the latest developments in cir- 
cuit design. Not only does it use the screen - 
grid tube in the R.F. positions, but also in 
the detector, where it offers distinct advan- 
tages over the usual 227 used for the pur - 

Vol. 2, No. 3, Radio Desig 

pose. The audio amplifier uses two 245's 
in push-pull, which is acknowledged to be 
the best amplifier arrangement known to- 
day for volume, tone quality and stability. 
All necessary power for the set is supplied 
by a Pilot K-112 power pack, which is 
built right into the set to make the outfit 
entirely self-contained. 

The use of the screen -grid detector should 
be especially noted. Most screen -grid de- 
tector arrangements that have appeared 
during the past several months have been 
decidedly cranky in operation, and RADIO 
DESIGN has refrained from publishing any 
hook-ups of this nature. However, the cir- 
cuit used in the Screen -Grid 8 is as stable 
as it is simple, and will cause no trouble. 
It is more sensitive than ordinary detec- 
tors and can handle signals of much greater 
strength. This latter feature is especially 
important, as the preceding radio -fre- 
quency amplifier does some real amplify- 
ing, and delivers signals that would choke 
up any other detector circuit. 

THE CIRCUIT DETAILS 

There are three stages of tuned R.F., con- 
trolled by a single dial working two double 
variable condensers. The new Twin Coup- 
ler PT2 and PT3 screen -grid coils, which 
are the secret of the whole set are used 
between tubes. The actual coils are en- 
closed in round aluminum cans, the bot- 
toms of which are fitted with prongs to 
fit in standard tube sockets. The PT2, 
which is the antenna coupler, has a pri- 
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The completed Screen -Grid 8 with tubes and coils in place. 

mary consisting of only six turns, with a 
center tap. The PT3's, used in the inter - 
stage positions, have larger primaries 
wound directly over the secondaries to give 
close coupling. Close coupling in a T.R.F. 
set using 227's is undesirable, as it causes 
oscillation and all the troubles that go with 
it; but in a screen -grid set it can be used 
to advantage because the screen -grid tubes 
do not appreciably couple the associated 
plate and grid tuning circuits. 

The PT2 has a five -prong base, and may 
thus be distinguished from the PT3's, which 
have four -prong bases. Both types have 
a flexible wire coming out of the top, for 
connection to the cap of the screen -grid 
tube. The four coils are sold as a com- 
bination, bearing the catalog number 230. 

The front panel of the Pilot Twin 
Screen -Grid 8 is made of walnut finish 
bakelite, neatly engraved. In these days 
of steel case receivers, it is refreshing to 

note that a good bakelite panel is still a 
beautiful thing. The set, when completed, 
may be fitted in any standard cabinet or 
console with a 7 by 24 inch opening. 

The sub -panel, of black bakelite, is 
securely braced to the front panel by means 
of four sub -panel brackets and by two ad- 
ditional brackets on the top side. It is 
cut several inches shorter than the front 
panel, to accommodate the K-112 power 
pack on the end. The latter unit is rigidly 
supported by two more sub -panel brackets, 
between which is screwed a metal shelf on 
which the power pack itself rests. 

THE PARTS USED 

The Pilot Twin Screen -Grid 8 uses the 
following parts, which may be purchased 
as a complete kit: 

1-Drilled and engraved front panel 
1-Drilled sub -panel 

Under view, showing special by-pass condensers held down by clamps. 
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5-Sub-panel brackets and 
2 a d d i tional bracing 
arms 

1-K-112 power pack (com- 
pletely assembled and 
wired) 

1-No. 1285 vernier drum 
dial 

2-No. 1702 double variable 
condensers 

1 -3000 -ohm wire wound 
potentiometer 

1-50,000 ohm Volumgrad 
1-No. 46 snap switch 
6-four-prong tube sockets, 

sub -panel mounting type 
6-five-prong sockets, sub - 

panel mounting type 
1-set of No. 230 coils (in- 

cluding one PT2 and 
three PT3) 

1-No. 408 input push-pull 
transormer 

1-No. 409 push-pull output 
transformer 

2 -20 -ohm center -tapped re- 
sistances 

1-each of the following 
fixed resistors: 225 ohms, 
30,000 ohms, 2000 ohms, 
750 ohms 

3-grid leaks, 2 megohms 
each 

1-.Ol mf. fixed condenser 
3-No. 806 special three 

section fixed condensers, 
.2 mf. per section 

2-by-pass condensers, .6 
mf. (same size case as 
No. 806) 

5-Binding posts: "ANT", 
"GND", and three of 
"I -S" 

Incidental hardware, nuts, 
bolts, washers, soldering lugs, 
wire. in.ulating tubing, etc. 

ASSEMBLY INSTRUCTIONS 
V In assembling the Screen - 

I Grid 8, first screw four of 
the sub -panel brackets to the 
sub -panel. Now take the 

, front panel and mount the 
vernier dial, the switch, the 

. potentiometer and the Volum- 
k grad. Slide the panel up 
04 against the feet of the brack- 
e; ets and screw it in place. Also 

mount the two side brackets 
that run from the ends of the 
sub -panel to the back of the 
front panel. Slide the double 
variable condensers into the 
sides of the dials, and screw 
them fast. You can easily lo- 
cate all the screw holes when 
you place the instruments on 
the panels. 

(Continued on page 28) 
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How to make the A. C. Super -Wasp 
by DAVID GRIMES 

(Continued from page 15) 

band, as it works very smoothly. As there 
are only two tuned stages, the selectivity 
naturally will not be as great as it is with 
complex broadcast receivers employing five 
or six, but it will be sufficient. You will 
be able to separate local stations without 
trouble, and will obtain loud signals of 
good quality. The selectivity is determined 
to a great extent by the setting of the 
midget condenser. If you live near a num- 
ber of powerful stations, you will set this 
condenser to a low value. If you live in 
the country, you can short circuit it alto- 
gether. 

On the short -waves, the setting of the 
midget condenser is of great importance. 
In general, it must be lowered as you go 
down in wavelength, although a single set- 
ting will hold for any one set of coils. The 
only thing to do is to experiment. 

In hunting for short-wave broadcasting 
stations, remember that the tuning is going 
to be very sharp, and you will skip right 
by many powerful stations if you do not 
proceed carefully. If you start listening 
some evening after 8.00 p.m., plug in the 
yellow ring coils first, as you can practice 
tuning by getting W8XK, the, 63 -meter 
short-wave transmitter of KDKA, which is 
an old stand-by. Set the right hand dial 
at about 20, the left at about 25, and turn 
up the regeneration condenser until you 
hear the tell -tale rushing sound indicative 
of regeneration. Move the dials up or 
down a degree at a time until you hear a 
loud whistle. Tune in the whistle as loud 

as you can, and then start backing down 
the regeneration condenser. Juggle the 
tuning dials back and forth a trifle at the 
same time, and eventually you will be able 
to clear the whistle and hear the voice or 
music. If the signals are very weak, you 
may have to "zero beat" them. This is the 
operation of throwing the detector os- 
cillation, obtaining the whistle, and then 
tuning the set so carefully that the voice 
comes through just as the whistle disap- 
pears. It will reappear if the detector con- 
denser is turned either up or down. Zero - 
beating is a very effective method of bring- 
ing in weak broadcasting stations, although 
it requires some experience in tuning. You 
will be able to master the trick after a few 
evenings. 

GETTING THE FOREIGN STATIONS 

In going after foreign broadcasting sta- 
tions, you must bear in mind the time dif- 
ferences between the United States and 
the other countries of the world. Station 
GSSW, in Chelmsford, England, for in- 
stance, signs off at 7.00 p.m. Eastern 
Standard Time, it then being midnight in 
London. Thousands of short-wave set 
owners tune in this station regularly week 
days, and use its programs as dinner music. 
Station PCJ, in Holland, the star short- 
wave performer, is likely to be heard al- 
most any time, as it puts on special pro- 
grams for different countries of the -nrld. 
It usually starts at about 10.30 p.m. Eastern 
time, and comes in with fine loud speaker 
strength. 

The Pilot Twin "Screen -Grid 8" 
by JOHN GELOSO 

(Continued from page 25) 

In doing the wiring, start with the fila- 
ment circuit, and proceed with the rest of 
the hook-up. Do all the wiring before 
mounting the K-112 power pack in place; 
if you mount the pack first you will find 
the set heavy and rather difficult to mani- 
pulate. Simply leave the wires long, and 
cut them to size later. 

The first, second and fourth screen -grid 
tubes are by-passed by the three -section 
condensers. The common terminal of each 
of these condensers goes to the cathode of 

2si 

the respective tube, while the others go 
to plate, screen -grid and biasing resistor. 

The operation of the Pilot Twin Screen - 
Grid 8 is quite simple. The coils are quite 
evenly matched, but it is a good idea to 
experiment with the little balancing con- 
densers on the double tuning condensers 
to make sure the circuits are in complete 
resonance all over the scale. Different 
lengths of aerials will have little detuning 
effect on the first R.F. stage, as the coup- 
ling is so loose. 
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HE United States has three exact 
geographical centers. I can prove 
that by the people of three towns 
in Kansas. Each town is in the 
exact center altho they are about 

50 miles apart. The argument has been 
going on for about 60 years with the ut- 
most good nature, all three towns being 
just a bit worried for fear someone will 
settle the question and make the losing 
towns feel badly, besides spoiling the fun 
of arguing. 

The American sense of humor is also 
operating normally elsewhere and nearly a 
score of folks have written me to share 
a laugh at their own expense-which is 
both good humor and good sportsmanship. 
In each case the joke is that a Wasp or 
Super -Wasp which was originally suspected 
of being empty has later produced signals 
from all points between New York and 
Newark-the long way around. This is a 
sort of public "thank you" for the letters, 
altho I wish I hadn't raised the subject in 
the first place because some day there 
might be a Super -Wasp which really did 
not work. What could I say then? 

One of the letters is from Mr. Fred S. 
Beach, Chief Draftsman of the Engineer- 
ing Department of the Northwestern Elec- 
tric Company at Portland, Oregon. Using 
the plain detector -and -two -audio Wasp, he 
has at several times secured loud speaker 
reception of a station at Moscow, Russia 
and also of the station RA97 at Khabar- 
ovsk, Siberia. Confirmation was secured 
in both cases. Concerning this confirma- 
tion there is an interesting point explained 
by Mr. Beach as follows. 

"I wrote to the Soviet Government at 
Moscow, addressing my letter to Radio 
Station RA97, Moscow, Union of Soviet 
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Socialist Republics. There is a Soviet 
regulation in regard to addressing any mail 
to any Russian city; the words `Union of 
Soviet Socialist Republics' must be used 
in full or letters will be returned unopened 
to their senders. I mention this as other 
fans should know it." 

If this keeps up English GSSW will be- 
gin demanding that American letters be 
translated into English. 

KEEPING THE R.F. OUT OF THE AUDIO 
SYSTEM 

MOST of us are only too familiar with 
the mushy quality and the thin high 

squeals that come from R.F. in the audio 
system. Usually we have tried to cure the 
condition by use of the circuit shown in 
Fig. 1A. This answered the days of "B" 
batteries and low -power detection, but it is 
not at all satisfactory in these days of 
A -B supplies, high -gain R.F. systems and 
short-wave broadcasting-for this is an- 
other one of the things which has to be 
treated more carefully at short waves than 
at long. 

The idea, if any, of the circuit is that 
the choke is to stand across the road and 
sternly warn back any R.F. which dares 
to come out of the detector plate. Since 
some will none the less run past the barri- 
cade, we provide a detour around the audio 
transformer in the shape of the condenser 
C. A more analytic way of putting it is 
that the R.F. plate voltage is divided be- 
tween two things placed in series. The 
first of these (the choke) has a high re 
actance and most of the drop takes place 
across it, while the second (the condenser) 
has a low reactance and therefore the drop 
across it is small. 
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All true, but why doesn't the thing 
work? 

Clearly we have not completed the 
R.F. problem by simply allowing the 

first condenser beyond the tickler must be 
variable, as shown in Fig. 2A, if this type 
of control is to be used, consequently we 
cannot depend on it for a great deal of by- 

USUAL At, THE S/MPLEST A 
AFJ'AH6EME#T U /MPÁPOVEMENT 

Fig. 1: The R.F. choking system and 

R.F. to flow past the transformer 
primary unless we also show it the 
way home to the filament, which is not done 
in Fig. 1A. In this circuit the R.F. is 
marooned on the transformer primary and 
asked to go home by any route it can 
find, whereupon it wanders off thru the 
A -B supply and the inter -winding capacity 
of the transformer, turning up at several 
very inconvenient places in the system. 

The first and most obvious improvement 
is shown at B, where the condenser has 
been shifted so as to complete the R.F. 
path back to the filament. This improves 
the effectiveness of the system greatly. At 
short waves, or in receivers using high- 
level detection and only one audio stage, 
it is well to carry the filter idea further and 
to use a scheme such as shown in Fig. 1C, 
which is simply a stage of "pi" filter of the 
low-pass variety. It is some scores of 
times as effective as circuit B and some 
hundreds of times as good as that of A. 
None of the condensers should run mate- 
rially above .0002, else they will tend to 
destroy some of the higher audio notes. 

The regenerative detector, as usual, of- 
fers a special case, especially if condenser 
control of regeneration is to be used. The 
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how it can be improved. 

passing action. We may accordingly take 
refuge in such an arrangement as shown ir. 
Fig. 2B, where the filter of Fig. IA fol- 
lows the variable condenser with a re 
sistance between. The resistance is pre- 
ferred to another choke on the double 
grounds that it is cheaper and less likely 
to encounter troublesome tuning by the 
variable condenser. If the combination is 
not willing to oscillate easily we may need 
to exchange the position of the choke and 
resistor, putting up with such tuning as 
may take place. (The tuning referred to 
is NOT the usual one of an effect on the 
grid -circuit tuning, but is instead one hav- 
ing to do with series resonance of the re- 
generation condenser and the choke, caus- 
ing the tube to go abruptly in and out of 
oscillation as the condenser is varied.) 

The arrangement being a bit complex, 
we may resort to the further modification 
shown in Fig. 2C. This is rather com- 
pletely wrong but does not work nearly 
as badly as one might think. The only pre- 
caution here is that the resistor must not 
be made too large, else there will take 
place the effect which is mentioned later 
under the heading of "A Hum Cure". 

/000 OHMS Ì" :12.1111-- vvvnlllit 

AN Ó 
/MP.eO,EnfEHT 

Fig. 2: R.F. choking systems for the 
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regenerative detector. 

Vol. 2, le. 3, Radio Design 

www.americanradiohistory.com



If regeneration is controlled by a variable 
resistance, the troubles of the designer are 
smaller. He may then use the circuit of 
Fig. 3 with some confidence that nothing 
violent will take place. 

A HUM CURE 

APARTICULARLY neat suggestion has 
come to me from L. W. Hatry, whom 

I have quoted before. It is that an ob- 
jectionable hum can be reduced materially 
by simply making the audio system poorer 
at the low frequencies in the extremely 
simple manner shown in Fig. 3. The effect 
will take place especially in transformers 
which are initially a bit weak at that end 
and therefore is most useful when applied 
to sets whose makers have already fudged 
the audio system a bit 
to reduce hum which 
they did not keep out 
otherwise. 

The action is as fol- 
lows: At medium and 
high frequencies the 
transformer p r i mary 
offers a very high im- 
pedance and the drop 
across the resistor is 
not important, a n d 
therefore has little ef- 
fect. At low fre- 
quencies t h e trans - 
f or m e r impedance 
drops off but that of 
the resistor stays the 
same a n d therefore 
more and more of the 
voltage appears across 
t h e resistor, which 
does not pass it on. The proper value 
of the resistor is found by trial for the 
particular .set. A value of 25,000 ohms 
seems a good starter for the cases I have 
tried the suggestion on. Naturally the re- 
sistor causes some drop in plate voltage, 
but the intention is to introduce it early 
in the audio system where plate currents 
are small, plate voltages not large and the 
drop therefore unimportant, or else easily 
made up by shifting to a higher tap on the 
the power supply. 

SUPER -REGENERATION THAT ISN'T WANTED 

-12J` 

VERY little while someone tries to 
use 226 or 227 tubes in the Wasp or 

the Super -Wasp and is greatly disgusted 
at the horrible roar that results. Having 
tried the same thing with every vacuum 
tube since the original DeForest tennis ball 
audion and having only just found out 
what to do about it, I am inclined to be 
sympathetic. 

First of all, a tube such as the 226 is 
pretty hopeless for short-wave regenera- 
tive work. That's a flat statement and I 
am not going to argue it since even the 
broadcast set designers are going more and 
Vol. 2, No. 3, Radio Design 
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more to the 227. The 227 also will be 
found to produce a strong hum when the 
regeneration is run up and examination 
shows this hum to have a number of com- 
ponents of which two important ones are 
transfer of a 60 cycle voltage from fila- 
ment to cathode by capacity effect and 
by leakage. The first effect is important 
mainly where the wave form of the line 
is exceedingly bad and the voltage intro- 
duced is really more likely to be a har- 
monic of sixty cycles or else simply ir- 
regular disturbances. This can be mini- 
mized by feeding the detector filament 
from a separate transformer of somewhat 
special construction. 

The matter stands differently with any 
leakage between filament and cathode. 
This is built into the tube and can't be 

gotten out. The only 
cure is to use a tube 
with the least amount 
of the best grade of 
solid insulation be- 
tween these two ele- 
ments. Some of the 
best known tubes are - very terrible for this 
use tho probably quite 
o. k. for their normal 
use. 

However, we spoke 
of s u p e r -regenera- 
tion and have not in- 
troduced it. You will 
recall that the limit 
of t h e regenerative 
amplification is reach- 
ed when t h e tube 
slides into oscillation. This effect is not 

instantaneous and if we could keep push- 
ing the tube back and forth "across the 
edge of regeneration" we would get ex- 
ceedingly great amlification for an instant 
at each traverse. Armstrong did this by 
introducing an extra grid voltage which 
would bob the grid up and down several 
thousand times a second and thus secure 
several thousand of these brief instants of 
extreme amplification. The extreme am- 
plification took place all right but the 
squealing óf the "variation voltage" was 
too much for the broadcast listener, who 
declined absolutely to adopt the cir- 
cuit. 

A very similar effect takes place when 
a very small 60 cycle voltage wanders into 
the system by such accidental routes as 
have been mentioned. Small as they are, 
they are entirely sufficient to drag the tube 
toward and from the region of great ampli- 
fication and thereby to produce some of 
the terrific super -regenerative effect. Great 
amplification follows-mainly of the 60 
cycle growl. This is something not en- 
countered in broadcast receivers, since 
their design is made as nearly non -regen- 
erative as possible. 

r 

FIG.3 a 
B - t 

Fig. 3: A simple hum cure. 

31 

www.americanradiohistory.com



WHY THE REGENERATION? 

I have no more enthusiasm about regen- 
erative amplification than have the design- 
ers of receivers working in the ordinary 
200 to 545 meter broadcast bands. In their 
case regerenation could be and was gotten 
rid of by placing it with additional stages 
of tuned R.F. amplification. The change 
took an astonishing amount of time, that 
is to say, astonishing until one studies the 
difficulty of devising means for manufac- 
turing groups of tuned circuits which will 
work in each of 100,000 sets. It has in 
fact not been found generally possible to 
do this, since the best of condensers and 
coils vary somewhat. They are simply 
made very well and then are assorted into 
groups which are very closely alike, a final 
adjustment being made by some adjustable 
capacity device in the set. All this is done 
simply to tune across the region of 200 
to 545 meters. 

The short-wave receiver is expected as 
a matter of course to tune over the whole 
enormous territory from 14 to 550 meters. 
The thing cannot be done with one set of 
coils and therefore we -have such arrange- 
ments as that of the Super -Wasp which 
employs five detector coils and five antenna 
coils. Thus it is automatically five times 
as hard to make all the coils alike as would 
be the case for one of the older broadcast 
receivers using one stage of R.F. For 
each stage of R.F. which is added we must 
supply five more coils and regeneration is 
equal to something between one and two 
stages. It is therefore not altogether un- 
reasonable to use regeneration in place of 
another dozen coils. Not until there ex- 
ists a public demand for a high priced 
short-wave receiver will be practical to 
make the change. 

"UNTUNED R.F." 

So called "untuned r.f." stages are usu- 
ally tuned as to either their input or their 
output circuits and one had perhaps better 
call them "semi -tuned". It has been fre- 
quently suggested that there be added to 
the Super -Wasp a stage of "fixed tune" 

Fig. 
ling 
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4A and 4B: Two possible ways of coup- 
another R.F. stage to the Super -Wasp. 

1 

(so called) radio -frequency amplification of 
the type shown in Fig. 4A. This would 
certainly have the advantage of removing 
most of the tuning effect of the antenna 
and allowing the two dials to run more 
nearly together. Perhaps we had better 
say that these advantages could be secured 
if it were possible to come upon a satisfac- 
tory method of coupling the stage to the 
existing one of the Super -Wasp. 

The choice of this coupling is not easy. 
If we feed the plate of the tube thru a 
tuned circuit and couple it to the present 
antenna and ground terminals thru a con- 
denser we have avoided circuit changes 
in the set, but have added a tuning con- 
denser at an undesirable point where it 
does not help the selectivity greately and is 
quite certain to cause the first tuned cir- 

p/M.F 

/Kam 
O/M.F 

FIG. 4C 
A more satisfactory way of add- 
ing the extra R.F. tube. 

cuit inside the set to misalign very badly. 
If we feed the plate of the tube to a re- 
sistance and capacity couple it to the set 
terminals, as suggested in 4B, we have a 
somewhat more workable combination 
altho a very high plate voltage will be 
necessary. Suppose for instance that R2 
has a resistance of 500,000 ohms to match 
the plate resistance of the tube and that 
the tube is to operate normally drawing 
about 1.5 milliamperes with 135 volts 
across the plate and filament. To cause 
1% mills to flow thru a resistance of 500,- 
000 ohms requires 750 volts. This is in 
addition to the 135 which we are to de- 
liver at the tube, so that we need a "B" 
supply of 885 volts!!! We may compro- 
mise by lowering the resistance to 100,- 
000 ohms so that we need but 150 plus 135 
or 285 volts, which is not impossible. The 
amplification would drop off in about the 
ratio of 3 to 1, but that cannot be avoided 
to any great extent. 

However, of what good is the stage to 
us? It has introduced additional amplifica- 
tion but has added no selectivity what- 
ever and therefore has all the practical 
effect of having very greatly decreased the 
selectivity. This holds true no matter 
whether a resistance or a choke is used 
in the antenna circuit. The resistance is 

(Continued on page 75) 
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Broadcasting the Arrival of 
the Graf Zeppelin 

G. W. Johnstone and W. B. Miller (left to right) carrying the aerial. Floyd Gibbons 
(extreme right) with the portable broadcaster. 

W 
HEN the Graf Zeppelin arrived at 
Lakehurst, N. J., on Sunday, 
August 4th, the National Broad- 
casting Company made use of a 
unique portable short-wave trans- 

mitter 'n broadcasting a detailed descrip- 
tion of the event to the millions of people 
comprising its listening audience. Floyd 
Gibbons, noted war correspondent, who 
acted as announcer, walked around the 
grounds at the hangar with the whole 
transmitter strapped to his chest, while two 
assistants, holding a short aerial, followed 
him step by step. 

The signals from the portable station 
were picked up by a short-wave receiver 
located near the dirigible hangar. From 
this receiver they were transferred to a 
specially engineered telephone line, which 
conveyed them, to the N. B. C. main con- 
trol room at 711 Fifth Avenue. From 
this point they were distributed to the 
N. B. C. chain stations in the same man- 
ner as any other broadcast material. 

The portable transmitter was designed 

Vol. 2, No. 3, Radio Design 

by R. M. Morris, N. B. C. development 
engineer, and was originally intended for 
use by parachute jumpers in describing 
their sensations as they floated earthward 
after a leap from a plane. It weighs only 
24 pounds complete and is fourteen inches 
wide, four inches deep and eleven inches 
high. The case is made of light wood, 
enclosed in a canvas bag for protection 
against the weather. The power rating 
is 500 milliwatts, or one-half watt. The 
outfit is credited with a range of one mile 
under adverse conditions and approximate- 
ly ten miles under favorable conditions. 
During the Lakehurst broadcast, which was 
very successful, a wavelength of 127 meters 
was used. The best wavelength for any 
particular location is determined by experi- 
ment on the ground itself. 

To allow the announcer free use of his 
hands, the microphone is fitted into a small 
harness which straps around his face. The 
"mike" is placed close to his mouth, to 
exclude outside noise. 
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The Author 

S this is the first of what I hope 
will be a long series of articles 
for RADIO DESIGN, it is naturally 
rather difficult for me to decide 
just what you experimenters wish 

to hear about most. After we have run 
along for a little while, your letters will 
reveal a lot and then these little ramb- 
lings will probably be more pertinent. 
Meanwhile, you will just have to be pa- 
tient and allow me to exercise my writer's 
prerogative to set forth those things which 
are hobbies with me. Here's hoping that 
they will be interesting to you, also. 

There are a great number of subjects 
which are discussed every day in the labora- 
tory in connection with radio receiver de- 
sign. You see, the concoction of radio cir- 
cuits is not so much a matter of luck, any- 
more,-or shall we say, "blind luck". In 
the days when my Inverse Duplex was at 
the height of its popularity, one merely 
had to throw condensers and coils together 
in a haphazard manner and a new circuit 
was born! This was almost literally true. 
Little of the fundamental theory of radio 
was known by the experimenter at large. 
Many supposedly "different" circuits were 
technical equivalents. But who cared? 

Now, a great deal of this "hurrah" has 
gone, we hope, forever. Most of the mod- 
ern circuits constitute real contributions to 
the Art; they are the results of long weeks 
and months of research in well-equipped 
laboratories. Naturally, there has sprung 
up among these laboratory technicians a 
new sort of language-a special' nomen- 
clature-coined words to express definite 
engineering functions. These expressions 
are nothing less than verbal shorthand. 
They save lots of time when one engi- 
neer talks with another. But h . is the 
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unfortunate part of the whole business. 
The great number of experimenters have 
been left out in the cold, so to speak. 
They have suddenly found their favorite 
radio magasine offering less and less tech- 
nical information; the pages are filled with 
service and other trade data; and such 
engineering "dope" that is presented is 
filled with the new technical lingo which 
only serves to confuse. Such a situation! 

Because of this condition of affairs, I 
have taken up a new hobby,-to me, the 
most interesting in the world. I have 
started to devote my journalistic endeavors 
to simple analyses and explanations of the 
underlying principles involved in present 
radio experimentations. There isn't much 
difference between the experimenter in the 
professional laboratory and the experi- 
menter out in the field. The former earns 
his livelihood at it-the latter, his pleasure. 
Both are intensely interested in the tech- 
nique and both crave information. But, 
naturally, the professional investigator, 
who spends his business hours at the work, 
will uncover the greatest number of new 
facts. It is unfortunate for you, in the 
field, that the feable dribblings of scien- 
tific truth, that finally ooze out to where 
you are eagerly waiting, should be so ob- 
scured by laboratory shorthand as to be 
almost uninterpretable. It is this predica- 
ment that I hope to solve. I will attempt 
to act as a humble interpreter. 

VOLTAGE AMPLIFICATION 

Perhaps one of the most confusing 
terms extensively used is "voltage ampli- 
fication". This has been brought up time 
and again in a never ending flow of ques- 
tions by mail. It is all very well to rate 
the efficiency of a given radio receiver, 
but to do so in terms of voltage amplifica- 
tion, or any other term not generally un- 
derstood, only invites misrepresentation 
and fraud on the part of the unscrupulous 
manufacturer. Horsepower, in the case of 
the motor car, gives at least some rough 
indication of the strength of the mechan- 
ism-even tho there are horses and horses! 
But radio sets must be rated somehow and 
the engineers seem to be bent on the 
voltage amplification system. Extensive 
newspaper advertisements, intended to fa - 
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-who will be a regular contributor to Radio Design, explains the 

meaning of voltage amplification in language you can understand 

vorably influence the public at large, have 
recently appeared with almost the sole sales 
appeal based on "voltage amplification", 
"overall amplification", and "amplification 
per stage". It's being (one in all of the 
best regulated families; so I guess we will 
just have to translate "ad" language into 
common sense. 

Voltage amplification, in its simplest 
form, exists in the tube itself. Most of 
you are, no doubt, somewhat familiar with 
the theory of vacuum tubes. The heated 
filament merely liberates a supply of elec- 
trons which is drawn to the plate by the 
positive potential of the "B" source. This 
stream of electrons is passed thru a wire 
screening on its way to the plate. This 
screening is the grid. A positive potential 
placed on the screening will suck the elec- 
trons thru to the plate at a much more 
rgpid rate. In other words, the plate cur- 
rent will be increased. Quite the reverse 
is true when a negative potential is placed 
on the grid. This negative voltage repels 
the electrons and tends to prohibit their 
passage thru the screen. This obviously 
reduces the plate current. 

Now, if various voltages placed on the 
grid merely produce changes in the plate 
current, where does voltage amplification 
enter into the picture? It would appear 
on the surface that volts are not amplified 
at all! Furthermore, it would be absurd 
to refer to the tube action as current am- 
plification because current is not required, 
or used, in the grid circuit. It is potential 
at this point that affects the electron 
stream. The question is well taken and 
is a good one. Just where does any am- 
plification of voltage take place in a tube 
when it is well known that the voltage 
variations in the grid affect the plate cur- 
rent? 

Well, here is how 
it is. Let us assume, 
for the moment, that 
the grid potential is 
kept at some steady 
value. Then, the plate 
current, or flow of 
electrons, will depend 
(within certain limits) 
on the attracting pow- 
er of the plate. This 
is regulated by the 
amount of positive 
potential placed there- 
on. An increase will 
draw the electrons 
from the filament a 
1!ltle more rapidly- 

Fig. 

FI6.1 

the plate current will increase. Decreasing 
the positive potential on the plate will 
cause the stream of electrons to slow 
up and the plate current will appear to 
fall off. Hence, the plate current MAY 
be affected by changes in the plate volt- 
age. But the ordinary way to affect the 
plate current is thru the attraction and 
repulsion action of the variable potentials 
on the grid. Since either system will af- 
fect the flow of plate current, it is easy 
to see that some relation can be built up 
between them. 

Now follow me closely at this point, 
for herein lies the whole explanation. Sup- 
pose that one volt positive potential on the 
grid of the tube increased the plate cur- 
rent by one milliampere. Now, obviously, 
the same plate current could have been 
increased the same one milliampere by 
boosting the plate potential instead of the 
grid voltage. But it takes a considerable 
increase in plate potential to affect the 
plate current to the same extent as that 
caused by a relatively small increase in 
grid voltage. Ìn the standard 201-A and 
112-A tubes, this ratio between grid and 
plate voltage for an equal effect on plate 
current is about eight. It requires EIGHT 
times the number of volts in the plate 
circuit to affect the plate current to the 
same extent as that accomplished by the 
grid. In other words, the voltage ampli- 
fication of the 201-A and 112-A tubes is 
EIGHT. That's fairly simple, isn't it? 
So, while we generally think of the volt- 
age on the grid as affecting the plate cur- 
rent, it is better to think of the voltage 
on the grid as producing an increased ef- 
fective voltage in the plate circuit-which, 
in turn, increases the plate current. 

By means of the curves shown in Figures 
1 and 2, the voltage amplification of the 

tube may be calcu- 
lated. Of course, these 
curves are different for 
each type of tube; 
but, given the tube 
without knowing the 
voltage amplification 
factor, the data for 
these curves are easily 
obtainable by means 
of a few batteries and 
a milliammeter. The 
voltage amplification 
factor may then be 
figured out . as de- 
scribed below. Figure 
1 shows the champs 
in plate current with 
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changes in plate voltages. This curve is 
not usually given in vacuum tube discus- 
sions because it does not actually repre- 
sent the action of the tube under operating 
conditions, where the 
grid voltage is varied 
and the plate voltage 
is left constant. The 
grid was returned to negative filament. 
Figure 2 shows the 
conventional vacuum 
tube curve. The hori- 
zontal distances indi- 
cate the variations in 
grid potentials, while 
t h e vertical spaces 
represent the plate 
current changes re- 
sulting from the grid 
voltage changes. The 
plate potential w a s 
kept at 100 volts. 

T h e data neces- 
sary for plotting the 
curve in Figure 1 is 
obtained by means 
of the circuit and 
apparatus presented in Figure 3. The 
apparatus consists only of the tube 
to be investigated, the necessary source 
of energy for heating the filament, a 
milliammeter, and a "B" battery that 
has convenient taps at, say, every 221A 
volts. Connect up the circuit as shown in 
Figure 3 with the milliammeter in the 
plate circuit-its positive end connected 
to the positive side of the "B" battery and 
the negative end fastened to the plate of 
the tube. Start off with the "B" battery 
at zero. The meter should read zero. 
Next, connect the "B" battery tap to the 
22% volt section. The meter should read 
a small amount of current. Record the 
plate current for each increased tap on the 
"B" battery and you have your curve and 
a good idea of the necessary increases 
in plate voltage for increases in plate cur- 
rent. 

The data for the curve in Figure 2 may 
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Fig. 3: Circuit used in obtaining data shown 
in Fig. 1. 
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Fig. 2: Typical grid voltage -plate 
curve. 

next be obtained as shown in Figure 4. 
Here the apparatus and hook-up is prac- 
tically the same as that given in Figure 
3. The "B" battery is now left at some 

fixed value such as 
that used under nor- 
mal operating condi- 
tions. The potentials 
on the grid are then 

e varied by means of 
a tapped "C" bat- 
tery. The changes in 

6 
plate current are read 
and recorded-re- 
sulting in the curve 
of Figure 2. This 
gives you a very good 
idea of the changes 
in plate current result- 
ing from the varia- 
tions in grid voltages. 

Assume, now, that 
o / a , s we decide to increase 

PLO: the grid voltage in 
To ca/o Figure 2 from zero to 

plus P4 volts. This 
will increase the plate 
current f r o m the 

value OX to a value represented by 
the line 1Y. This action is illus- 
trated in Figure 5. We will have in- 
creased the plate current by the amount 
ZY. With this value of ZY, we go over 
to the curve in Figure 6 and lay off this 
vertical distance along the line PZ. The 
distance OP is the normal operating plate 
voltage which was used on the plate when 
the data for the curve in Figure 2 was 
obtained. The normal plate current PZ 
flows when the normal plate voltage OP 
is applied. Upon increasing the grid volt- 
age to 1% volts plus, as just described, the 
plate current is increased to the value PY, 
or the amount SV on the curve. This 
new value of plate current is the same 
as that resulting from increasing the plate 
voltage to the value OC, by the amount 
PS. The ratio of PS, in Figure 6, to 01, 
in Figure 5, is the voltage amplification 
of the tube. If this ratio works out to be 

/00 VOLTS 

ON PLATE 

FIG. 2 

current 

TAPPED c' 
BATTERY 

ef3f/10 

TUBE UNDER 
TEST f00 .U/ 

Ff 

0.c. 
M/LL/AMMETER 

O -ro 
MLLL/AMPS 

Ilil 1111111111 

/00 VOLTS 

FIG.4 
Fig. 4: Circuit used in obtaining data shown 

in Fig. 2. 
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8, the voltage amplification factor is 8. 
If it works out to be 30, the amplification 
factor is 30. In the curves shown, the 
ratio is 18 to 1% or a "mu" of 12. 

VALUES VARY WIDELY 

Different types of tubes have different 
voltage amplification factors and one has 
but to run one's eye over the list of am- 
plification factors of the various tubes on 
the market to realize that the range is as- 
tonishingly wide. A list of the better 
known types is herewith presented below, 
in the order of their amplification fac- 
tors. 

171-A 3.0 
120 3.3 
250 3.8 

WD -11 6.6 
WD -12 6.6 

201-A 8.0 
112-A 8.0 
210 8.0 
226 8.2 
227 9.0 
200-A 20.0 
240 30.0 
222 300.0 

No doubt, you are wondering about the 
whys and wherefores of such a tremendous 
variation that would carry the amplifica- 
tion of a tube all the way from three to 
three hundred, depending on its design. I 
am going to be rather cruel and let you 
wonder for a few minutes. I like to write 
technical articles along the lines employed 
by the writers of fiction. They often take 
the reader into the plot up to a certain 
point-to just the part where the interest 
is the most intense, or the details of the 
story have demanded considerable concen- 
tration. Then, as a sort of rest, other 
threads of the story are picked up and 
gradually woven into place until all the 
supposed ramifications fit into the complete 
whole. We have had enough of the de - 
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termination of amplification factors for the 
moment. 

The term "amplification factor" is used 
to such an extent in all this sort of work 
that we get awfully tired saying the cum- 
bersome combination over and over again. 
Hence, a nickname has been coined for it. It is called "mu" for short and is often 
written even shorter in the form of "u". That is one of the many nicknames which 
go to make up the engineer's language. 
From now on, I will use merely "mu" 
in referring to amplification factors. It 
is so much easier to write on this mis- 
spelling typewriter of mine and takes up 
less room on the paper. 

A.C. ONLY CONSIDERED 

In most all of our radio design work, 
we will be concerned with vacuum tubes 
only in connection with alternating cur- 
rent of some form. Radio sets employ 
tubes as amplifiers of high -frequency alter- 
nating currents known as radio waves. 
Tubes are also used to amplify the low - 
frequency alternating currents encountered 
in the audio circuits after the detector. 
Some tubes are utilized as rectifiers of 
the 60 -cycle power current, while others 
function as rectifiers of the radio waves. 
The first are called rectifiers and the sec- 
ond, detectors. Under any circumstance, 
we will always be considering the applied 
voltages on the grid resulting from some 
form of alternating current. In other 
words, the grid voltages, with which we 
will 5e concerned in making a study of the 
"mu" of the tube, will always be alternating 
voltages. 

To still further simplify their calcula- 
tions, the professional experimenters pre- 
fer to draw the schematic diagram of a 
vacuum tube as shown in Figure 7. Here 
the grid is replaced by a small alternating 
current generator right in the plate cir- 
cuit. The voltage of this schematic gen- 
erator is the voltage of the alternating cur- 
rent wave on the grid multiplied by the 

30 40 30 {o TO DD lo 100 I/O /20 /30 

VOLTS APP//ED ro PdAIE' 

Figs. 5 and 6. Curves illustrating significance 
of "amplification factor". 
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"mu" of the tube. This stunt has reduced 
the complicated circuit of the tube to a 
simple series plate circuit with an effec- 
tive alternating current generator repre- 
senting the effect of the grid control on 
the plate current. The voltage of this make- 
believe generator would be high with a 
high "mu" tube and low with a low "mu" 
tube. 

The object of the transformer, in either 
a radio or audio circuit, is to take as much 
of the voltage of this theoretical alternating 
current generator as possible and step it 
up for use on the succeeding grid circuit, 
where the stepped -up voltage is once more 
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Fig. 7: Simple way of representing the three - 
element vacuum tube. 

amplified by the "mu" of the succeeding 
tube. It is obvious that the entire am- 
plification system of a radio set, including 
both radio and audio circuits and includ- 
ing both coupling transformers and the 
tubes themselves, is exclusively a voltage 
step-up device. The transformers contrib- 
ute their share as well as the tubes. Fig- 
ure 8 is offered with the hope of making 
this point clearer. 

It would seem, then, that the tubes 
should have as high a "min" as possible 
and the transformers should be built with 
an absolute maximum step up ratio-that 
is, if any sort of efficiency were desired. 
Yet, in spite of this reasoning, as many 
of the old timers know, the modern ten- 
dency has been toward lower ratio trans- 
formers, especially in the audio circuits. 
When broadcasting first became popular 
back in 1922, the transformers made by the 

e ANTENNA RNA RF, 
TRANSE. 

DETECTOR 

Radio Corporation of America had a ratio 
of ten to one. Just imagine it 1 And now 
we are inclined to shoot anyone who even 
mentions a six to one ratio. This apparent 
reduction in voltage step-up in the trans- 
formers has been the result of deliberate 
design. Efficiency has been sacrificed at 
some frequencies for a net gain at others. 

EFFECT OF PRIMARY 

A careful study of Figure 9 will show 
that the primary of the transformer con- 
necting to the plate circuit of the tube 
must present anything but a short circuit, 
or even a moderate load for that matter. 
If the primary draws any appreciable cur- 
rent at all, the full voltage of the theoreti- 
cal alternating current generator in the 
tube will not reach the transformer, but will 
be partially consumed in overcoming the re- 
sistance in the plate circuit. If, on the other 
hand, the primary presents practically an 
open circuit to the tube, the full voltage 
will reach it as there will be little or no 
current flowing to cause a voltage drop 
in the plate resistance. It is highly de- 
sirable that the greatest possible voltage 
reach the primary because it is this pri- 
mary voltage that is stepped -up in the 
secondary (depending upon the ratio of 
the secondary and primary turns) for use 
on the next grid. 

Well, now, how are we to avoid the 
primary of the transformer forming any 
appreciable load on the plate of the tube? 
Just simply winding lots of turns on a 
rather large iron core. This is particularly 
necessary if we would have any bass note 
amplification, because the reactance of the 
primary coil decreases greatly as the lower 
notes are approached. This means that 
a primary consisting of a moderate num- 
ber of turns would have sufficient reactance 
to appear as an open circuit at the higher 
frequencies, but would so markedly dim- 
inish at the low frequencies as to form a 
considerable load on the tube. Thus, with 
such a moderate -size primary, the full volt- 
age of the theoretical generator would 
come thru on the high notes, but the low 
notes would be largely absorbed in the 
resistance of the plate circuit because the 
low notes would be accompanied by cur - 
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Fig. 8: How the amplification builds up in a typical radio receiver. 
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rent flow caused by the relatively low re- 
actance of the primary at the lower fre- 
quencies. No If we want good voltage 
amplification over all of the frequencies, 
we must employ such a large primary that 
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Fig. 9: Showing importance of high im- 
pedance primary. 

its reactance will be practically an open 
circuit on the plate of the tube at the low- 
est notes encountered. Now, that's simple, 
isn't it? 4} 

So, modern transformers have lots of 
primary turns wound on fairly large iron 
cores. But this very large primary means 
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Fig. 10: The capacity effect of the trans- 
former secondary is represented by the dotted 

condenser. 

that, if we still desire high ratio trans- 
formers, we must correspondingly increase 
the number of secondary turns, and therein 
lies the difficulty. As the number of turns 
in the secondary increases, the self capa- 
city of the secondary coil increases. Fig- 
ure 10 attempts to show this visually. 
This self capacity acts just like a small 
condenser placed across the secondary 
terminals and you all know what that 
does! The high notes are short circuited 
and reach the grid of the succeeding tube 
with greatly reduced strength. Thus, while 
we have brought in the base notes by in- 
creasing our primary turns, we have lost 
the high notes thru the self capacity of the 
excessive number of secondary turns that 
are necessary, if we are to attempt to re- 
tain the high ratios formerly used. An- 
swer:-for the sake of over-all quality, we 
Vol. 2, No. 3, Radio Design 

must employ high primary, low ratio trans- 
formers. Doesn't that sound like the speci- 
fications for a modern transformer? It 
does! There are certainly no questions 
about that, are there? 

TRANSFORMER CHARACTERISTICS 

Before finishing this point on voltage 
amplification as it applies to transformers, 
I wish you would glance over Figure 11. 
Curve A shows the voltage amplification 
of the old style ten -to -one transformer over 
the musical range of frequencies. It will 
be noted that it is extremely poor on the 
lower notes-not because of its ratio, as 
that should make it better, if anything; 
but because of its very small primary. On 
the other hand, it is exceptionally good 
at the high notes, greatly exceeding the 
efficiency of the modern low ratio type. 
Curve B shows the modern transformer. 
There is no comparison at the low notes; 
while at the high notes, the present trans- 
formers are only about two-thirds down 
in efficiency. Curve B gives much better 
all around amplification on all notes and 
consequently less distortion. Of course, 
it is unfortunate that we are not able to 
design a transformer that gives the peak 
amplification of Curve A at all the fre- 
quencies needed. We admit that we have 
compromised for the sake of quality. 

This transformer compromise has more 
or less put the problem of efficiency up 
to the tube designers. And quite naturally 
one might ask why tubes could not be 
made that gave greater "mu". This is 
exactly what has happened and this takes 
us back onto our main plot again. A mere 
glance at the table of tube "mu"s previ- 
ously shown will disclose a most interest- 
ing fact. Leaving out, for the moment, 
the first three tubes in the list as they 
are power tubes and fall under a different 
classification which will be taken up at a later time, it is very apparent that there 
has been a decided tendency to increase 
the tube "mu". As one reads down the list starting at the low "mu" and ending 
up at the bottom with the high "mu" 
tubes, it is easily seen that the old type 
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Fig. 11: Frequency response characteristics of 
two different transformers. 
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tubes head the list and that the latest tubes 
fall at the bottom. Every new tube put 
out has had a little higher "mu" than itc: 

predecessor. 
But this line of procedure, also, has 

struck its snags. There are very definita: 
limits in this direction. Mother Nature 
always seems to place obstacles in other- 
wise easy paths of progress. I guess it 
is intended by the Creator that we should 
encounter obstacles; for, in overcoming; 
them, we continue to learn more about thy 
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Fig. 12: The capacity effect of the grid an i 

plate elements are represented by the dotted 
condenser. 

Creation. For instance, as soon as we in 
crease the "mu" of a tube, we cannot help 
increasing the plate resistance. This is bad 
as it forces us to consider the design o' 
even better primaries; so that even less 
current will be drawn thru the increased 
plate resistance. If we are going to ever 
attempt to take advantage of the increases' 
amplification of the tube, we must see tha. 
most of the increased voltage of the the 
oretical A.C. generator reaches the prim 
ary in the plate circuit. The increased 
plate resistance makes it imperative than 
the primary draw less current than before 
This would call for much larger primaries 
and resulting larger secondaries with the 
increasing detrimental self capacity. Ia 
fact, the primaries, themselves, would have 
to be so large that self capacity in them 
would adversely affect the higher frequen- 
cies. This has ruled the higher "mu" tube 
out of the picture, as far as the transformer 
coupling circuit is concerned. As a result 
the most modern audio A.C. tube, the 227 
tube, has a "mu" of only NINE. This rep- 
resents some improvement over the 6.6 in 
the old WD -l2 tubes, but we cannot look 
for much better than this in a tube for 
use with transformers. 

Really only one high "mu" tube was put 
on the market prior to the famous screen - 
grid era. This tube was the 240 type. tt 
has a voltage amplification of 30. For the 
reasons just above mentioned, it was not 
at all satisfactory for audio transformer 
coupling. Its use, as far as audio circuits 
were concerned, was entirely limited to re- 
sistance coupling. High "mu" tubes also 

require less permanent grid bias for a given 
plate voltage than the low "mu" tubes. 
This limits their use to the stages of 
amplification where the A.C. voltages on 
the grid are so low that the permanent 
bias is not overcome by the impressed 
signal. You see, the grid of an amplifier 
must never run plus in operation if dis- 
tortionless amplification is expected. Hence, 
small permanent grid biases mean a very 
dennite limit to the strength of signal that 
can be passed thru the tube before dis- 
tortion takes place. This confines the high 
"mu" tube to at least the first audio stage, 
even when resistance coupling is employed. 
In other words. the ordinary high "mu" 
tube is no good as an audio amplifier. 

R.F. AMPLIFICATION 

The next engineering efforts were con- 
centrated on improvements in radio -fre- 
quency amplification. The same funda- 
mental principles apply here as in the case 
of audio design. The only difference in 
the former case is that the energy is ampli- 
fied at one frequency at a time as the 
particular carrier wave is tuned in. Each 
carrier frequency is tuned in as desired 
and amplified thru the various tuned stages 
ny means of tuned transformer coupling. 
'I'ne tact that the transformers are tuned 
and that they are used for stepping up 
very high frequencies makes very little 
diterence in our technical considerations. 
The objects sought are exactly the same. 
Vie are trying to boost up the exceedingly 
small voltage received on the antenna to 
such a degree that the signal can be effi- 
ciently detected without the use of super- 
critical circuits. 

The incoming signal in the R.F. circuits 
undergoes voltage amplification by means 
of both the tubes and the tuned trans- 
formers in the same manner as that al- 
ready discussed in the case of the audio 
energy. You would naturally expect that 
the same tactics have been used in the attempts to increase the R.F. amplifica- 
tion. Well, they have! First, the trans- 
formers were studied in an effort to raise 
:he voltage amplification at this point to 

A 

caio CQNSTeucr,oN OF 
LOW MU" TUBE. EFFEC- 

TMr AREA /S SMALL 
20/-A TYPE 

FIG. 13 

62/0 coesreOCT/OV 
OP H/6/1 MÚ TUBE. 

EFFECTIVE AREA /S 
LARGE 

.e 40 TYPE 

1.3: Relative fineness of grids of high 
ana low "mu" tubes. 

40 ire 1. 2, No. 3, Radio Design 

www.americanradiohistory.com



the maximum. The turn ratio between 
primary and secondary in the early coils 
was increased by employing a small pri- 
mary and a large secondary. Now the 
size of the secondary is limited by the 
old bugaboo of self capacity. If the sec- 
ondary coil is made too large, the self 
capacity of the coil prevents the high fre- 
quencies (shortest broadcast waves) from 
passing thru-even after tuning is at- 
tempted. You will recall that the self 
capacity of the audio secondary on a large 
coil prevented the high frequency voice 
currents from being properly amplified. 
Experience has taught the engineers that 
best results may be had from a secondary 
that requires a .00035 mf., condenser for 
tuning the broadcast band. Thus we are 
limited in the size of our secondary. 

EFFECT OF PRIMARY SIZE 

Of course the turn ratio can be im- 
proved by decreasing the size of the pri- 
mary. This was actually done with some 
of the first coils used in broadcast recep- 
tion. Let us see what happens under these 
conditions. We must go back to the same 
explanations which I previously offered in the case of audio transformer coupling. 
You will recall that the signal voltages on 
the grid may be replaced by a theoretical 
A.C. generator at that point in the plate circuit. This is also true in the radio - frequency circuits. Now the radio trans- former primary works on the same theory 
as the audio primary. It must virtually present an open circuit condition to the plate circuit of the tube. Otherwise, it will draw some current and the full voltage of the theoretical A.C. generator in the plate circuit will not be available because of the voltage drop thru the plate resistance of the tube caused by this very current flow. The turn ratio of the transformer cannot, therefore, be increased by reducing the size of the primary. We have reached very definite limits in regard to the transformer. Following right along the lines of least resistance, the next attempt to increase the voltage amplification in the R.F. circuits was in the tube itself. Tubes having a higher "mu", similar to those tried in the audio circuits, were subjected to extensive 
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in tubes of different amplification factor,. 
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tests. The 240 type was put thru its paces. 
It was terrible at the broadcast frequen- 
cies, but not exactly for the same reason 
as in the case of the audio circuits. You 
will recall in the latter case that the higher 
plate resistance called for a higher primary 
to prevent any appreciable plate current 
from dropping the audio frequency energy 
and that it was not feasible to wind higher 
audio primaries. In the radio circuits, 
higher primaries were satisfactorily wound, 
but another factor upset the calculations. 

FIG. 15 
et 

Fig. 15: R.F. circuit using screen -grid tube. 
The voltage for the screen element is obtained 

by tapping the "B" battery. 

This was regeneration and tendency to os- 
cillate. 

OSCILLATORY ACTION 

As a matter of fact, radio primaries can- 
not be wound as high as they otherwise 
should because of this oscillatory effect. 
As soon as the primary approaches that 
point where it is really an effective choke 
in the plate circuit and consequently draws 
no current, the tube will oscillate. Some 
of the high plate A.C. voltage, obtained 
in the external plate circuit by means of 
the efficient primary, starts to find its way 
back to the grid circuit thru the capacity 
between the grid and plate elements right 
in the tube. This feed back action is 
directly proportional to the capacity be- 
tween plate and grid, other factors being 
equal. See Figure 12. Now it is an un- 
fortunate dilemma in which we find our- 
selves because a high "mu" tube, such us 
the 240, is high "mu" on account of an 
effectively large grid. See Figure 13. This 
means increased grid -plate capacity and an 
increased tendency toward oscillation. This 
increased oscillatory effect more than off- 
sets the gain otherwise obtainable from the 
conventional high "mu" tube. The 240 
type of tube is no good for radio -frequency 
amplification at broadcast frequencies. 

Yet, there was one ray of sunshine still 
left in this picture. The radio primaries 
could be increased to match a high "mu" 
tube if such a tube could be built that did 
not have an increased tendency toward 
oscillation. This was really the serious 
start of the screen grid tube. A prodigous 
effort was exerted in this direction. Just 
how could the control action of the grid 
be increased without increasing the capa- 
city between the grid and the plate? If 
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the number of wires in the grid were in- 
creased, the control of the gird could be 
increased; but this would increase the ef- 
fective size of the grid and the resulting 
plate -grid capacity would be larger. That 
system is out of the question. However, 
another possibility is still available. With 
a given size of grid, its control over the 
electron stream increases as it is placed 
nearer the source of the stream. Thus, 
without increasing the size of the grid, 
the "mat" of the tube may be increased 
by placing the grid near the filament and 
away from the plate. 

This action can be made perfectly clear 
by carrying the conditions to the extreme. 
Suppose that the grid was located right 
at the plate. It should be apparent that 
a given voltage applied to the grid would 
affect the electron stream to the same ex- 
tent that the same amount of voltage 
would, when applied to the plate; because 
both the grid and plate are at the same 
point in the streams. Now, move the grid 
on down toward the source of the electron 
stream. This action is analogous to that 
when one moves one's hand toward a 
source of light. At a considerable distance 
from the light, the hand has little or no 
effect and casts practically no shadow. But 
as the hand is brought closer to the light, 
the shadow becomes more noticeable until 
finally it may obscure the whole beam. 
This is exactly what has been done in the 
case of the screen grid tube. A relatively 
small grid has been placed quite near the 
filament and away from the plate. The 

"mu" of this type of construction is very 
high and at the same time, the inter -elec- 
trode capacity between the grid and plate 
was not only not increased, but actually 
diminished-by virtue of the smaller grid 
and increased distance between the grid 
and plate. See Figure 14 in this connection. 

Then, to really cap the climax and do 
a good job, a screen was built into the 
space between the control grid and the 
plate. The purpose of this screen was to 
effectively ground any remaining capacity 
between the control grid and plate. All 
remnants of internal feedback were thus 
eliminated. Then, in order to avoid any 
detrimental action to the electron stream, 
the screen grid was given a potential 
about equal to the stream potential at the 
point in which the screen was inserted. 
This is shown in Figure 15. Simple, isn't 
it? 

Do you wonder that the screen grid radio 
amplifier tube ushered in a new era in 
radio set design? It wasn't a haphazard 
"happenstance"-it was a sure and inevit- 
able development; it made possible voltage 
amplification that was only dreamed of be- 
fore. I look forward to more and more 
wonderful radio frequency circuits. Per- 
haps some of you amateur experimenters 
in the field will be responsible for many 
of them. I hope you will be and if this 
little ramble of mine has aided you ever 
so slightly on your way, I will feel amply 
repaid. Why don't you drop me a line, so 
that I may know of your progress? 

Sydney to Seattle on the Super -Wasp 
9733 Arrowsmith Ave., 
Seattle, Washington, 
July 23, 1929. 

Mr. Robert S. Kruse, 
e/o Pilot Radio & Tube Corp., 
Brooklyn, N. Y. 
Dear Sir: 

I have had my Pilot 
Super -Wasp about six 
weeks now and since 
that time have been 
enjoying the short 
waves better than I 
have ever been able 
to with several differ- 
ent short-wave outfits 
before. 

Have enjoyed a 
football game direct 
from 2ME Sydney, 
Australia. Held them 
fine for about an 
hour. Expect verifica- 
tion of this soon. 
Also this is the only 
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Super -Wasp 
They need 

outfit that gets WGY, KDKA, WLW and 
until recently, CJRX consistently. Right 
now KGO is coming in on the orange 
coils, 80 on the right hand dial. 

In Radio News, I think it was April or 
May, 1929, some men- 
tion is made of the ad- 
vantages of a screen - 
grid tube in the de- 
tector socket of a 
short wave receiver. 
If you have any de- 
finite data on how to 
install a screen grid 
tube as a detector in 
the Super -Wasp I 
would appreciate re- 
ceipt of directions to 
do it. It would save 
me a lot of experi- 
menting. 

owners can't 
a alobe to 

use an ordinary map. 
locate their stations. 

Vol. 

Very truly yours, 

W. L. Butler. 
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John Geloso 

JOHN GELOSO 
Technical Consultant, Radio Design 

offers a few 

Helpful Hints 
CONNECTING AMMETERS AND VOLTMETERS 

AMMETERS measure the amount of 
current flowing through an electric 

circuit. Voltmeters measure the pressure, 
or the force that is pushing that current 
through. Ammeters, regardless of the 
amounts they are designed to measure, are 
always connected in series with the other 
devices in the circuit. Voltmeters are al- 
ways connected across the circuit. If you 
remember these few simple facts you will 
never have trouble with these measuring 
instruments. 

If by accident or through ignorance you 
connect an ammeter across the circuit, and 
leave it that way for more than a second 
or two, pull out your handkerchief and 
prepare to weep tears, for the delicate 
"works" of the instrument will now be a 
smoldering mass. If you're lucky, and 
discover your mistake quickly, you might 
merely bend the indicating needle around 
the backstop, and that won't be quite so 
bad. 

Fortunately, you can't hurt a voltmeter 
by connecting it in the wrong place. If 
you hook it in series with the line, its high 
resistance will simply make the circuit in- 
operative, without causing any ill effects. 

SHUT THE JUICE OFF FIRST! 

THE innocent appearance of "B" power 
packs is very misleading. Even the 

smallest packs develop 200 or so volts 
when in actual service in connection with 
a receiver, and as much as 300 volts (and 
sometimes more) on open circuit. That's 
a lot of voltage in any language. 

Before making any 
repairs or adjust- 
ments, turn the juice 
off first. Also take a 
piece of wire in one 
hand and brush it be- 
tween the minus and 
the highest voltage 
plus terminals, to dis- 
charge the filter con- 
densers. The latter 
hold their charges for 
a considerable time 
after the primary cir- 
cuit has been opened, 
and are the cause of 
many a mysterious 

V.I. 2, Ne. 3, Radio Deuite 

but not serious shock. 
A favorite trick of laboratory workers is 

to charge a number of filter condensers, 
put them back in the stock closet, and wait 
for a victim. The unexpectedness of the 
wallop through the fingers usually hurts 
more than the actual shock. 

ESTHETICS AND ACOUSTICS 

ONE of the advantages of having the 
loud speaker removed from the radio 

receiver itself is that you can try it in 
different positions, to obtain the best re- 
production. Sometimes the same pi7ce- 
ment of the radio set that produces the 
most decorative effect (as far as the fur- 
nishings are concerned) produces the 
worst acoustical effect. Many a high- 
priced and otherwise high -quality receiver 
sounds pretty punk for this reason. 

Smooth walls and uncarpeted floors 
cause echos, as do uncurtained windows. 
Keep the speaker as far as possible from 
the place where you sit while listening, 
and keep the volume down so that the 
announcer's voice sounds just as loud as 
that of a person standing next to the in- 
strument. Under these conditions the 
background noises are least noticeable and 
voice and music sounds most natural. 

WHEN NOISE ANNOYS 

DID you ever sit in the front row of a 
theatre that boasted of a thirty- or 

sixty- or hundred -piece orchestra? If you 
have you know how uncomfortable you 
felt and how unmusical the music sounded, 
simply because the sound enveloped you 
with such volume. 

»ment 11111UZ 1111111111 filament 
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THE RIGHT WAY THE WRONG WAY 

How to csnnsct nisunsiea instruments. 

When you sit down 
in front of a radio re- 
ceiver you actually 
are putting yourself 
in the front row, but 
you have the advan- 
tage of a volume con- 
trol. If you really 
want to enjoy your 
set and retain the 
friendship of your 
neighbors, keep the 
volume down to a 
reasonable level. If you 
want to blow the win- 
dows out use a shot 
gun; it's less violent. 
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The 

RADIO PHYSICS COURSE 
FOR HIGH SCHOOL STUDENTS 

BY ALFRED A. GHIRARDI 
Ciums 6 

THE VACUUM TUBE DETECTOR 

Two -Electrode Detector - Three -Electrode Detector - Grid Bias Method - Power Detectors - Grid Condenser Method - Grid Leak and Condenser - Comparison of Two Methods. 

67. TWO -ELECTRODE TUBE DE- 
TECTOR: In Fig. 35 (Chapter 4), the 
use of a crystal detector for broadcast re- 
ceiving was explained. Its many limita- 
tions led to its discard in favor of the 
vacuum tube detector. The two electrode 
tube was used for many years, being known 
commercially as the "Diode". The circuit. 
Fig. 42, was essentially the same as the 
crystal detector receiving circuit of Fig. 35, 
except that the two -electrode tube with its 
filament heating battery was substituted 
for the crystal detector. At the present 
time two -electrode tubes find little use ex- 
cept as rectifiers in power supply units. 
The three -electrode and four -electrode 
(screen -grid) tubes have supplanted them 
entirely for amplification and detection. 

68. THREE ELECTRODE DETEC- 
TOR: The three -electrode vacuum tube 
can be made to act as a detector by any 
one of three main methods. The first is 
by keeping the average grid potential ex- 
cessively negative with respect to the fila- 
ment by means of a grid or "C" battery 
(having its positive terminal connected to 
the negative leg of the filament, and its 
negative terminal connected to the grid 
circuit). The second method is by main- 
taining the grid potential excessively 
positive by means of a battery or other 
means. The third 'T7AERIAL 
method is by using a 
grid condenser and 
grid leak. 

69. GRID BIAS 
METHOD: The first 
of these is variously 
known as the "power 
detection", "plate rec- 
tification", "grid bias", 
or "C" battery method 
and the manner 
in which it is accom- 
plished can be most 
easily explained by 
reference to the grid 
voltage -plate current 
characteristic curve 
of the vacuum tube, 
Fig. 43B. The plate 
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TWO ELECTRODE DETECTOR 
Figure 42 

current depends on the difference of po- 
tential maintained between the filament and 
plate. As there is an IR drop between 
various points in the filament, these dif- 
ferent points are at different potentials. 
Therefore some one point in the filament 
must be taken as the reference point from 
which all differences of potential must be 
measured. It has become almost standard 
practice to refer all voltages to the nega- 
tive terminal of the filament as a reference 
point. Thus if the grid potential of a 
vacuum tube whose filament is operated 
on direct current is considered, it is un- 
derstood that zero grid potential means the 
grid return lead is connected to the nega- 
tive end of the filament. 

Consider a three -electrode tube connected 
in a receiving set as shown in Fig. 43A. 
The tuning circuit consists of the induc- 
tance L,, L. and the variable condenser C. 
The filament of the tube is heated by the 
"A" battery and the plate circuit is ener- 
gized by the "B" battery, which maintains 
a positive potential on the plate. The grid 
is connected to the filament through the 
inductance and the "C" battery and the 
potentiometer P. 

A potentiometer consists of a high re- 
sistance which is connected across a bat- 
tery or other source of e. m. f. One ter- 

minal of this resistance 
is then positive and 
the other one nega- 
tive, while at various 
points across the re- 
sistance we find all 
pot e n tials between 
these two extremes. 
If a contact is ar- 
ranged to slide across 
the resistance, we can 
give this sliding 
contact any desired 
i n termediate poten- 
tial. Thus if we con- 
nect the wire which 
connects the grid to 
t h e filament, (grid 
return lead) to this 
slider, it is possible 
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to impart any desired potential, within the 
limit of the "C" battery, to the grid. This 
imparting of a certain mean potential to 
the grid of a vacuum tube is called "bias- 
ing", and we often revert to biasing or 
"C" potentials to attain certain advantages 
in other applications of the vacuum tube. 
The biasing battery is called a "C" bat- 
tery. 

By sliding the movable contact of the 
potentiometer of Fig. 43A, it is possible 

Fig. 43A : Three -electrode tube in detector 
circuit with potentiometer control of grid bias. 
to accurately adjust the grid potential to 
such a value that when no signal is hein 
received, the operating point of the tube 
is some point E on the lower bend of the 
tube characteristic curve of Fig. 43B. Now 
if a signal is received by the antenna, a 
high -frequency alternating e. m. f. will be 
set up across the coil and the plates of the 
condenser C. This is impressed between 
the grid and filament of the tube, producing 
at every cycle approximately equal and op- 
posite plus and minus variations (+ and -) 
of the steady grid potential E. This is 
represented by the lower curve, drawn as 
a simple wave for sake of simplicity. From 
the way the characteristic curve bends, it 
is easy to see that if the grid potential in- 
creases "A" volts + (right) the plate cur- 
rent increases a larger amount (C) than 
it decreases (B) when the grid potential 
decreases "A" volts - (left). The "B" 
variations have been practically eliminated 
and due to this cutting off of the lower 

CHARACTERISTIC CURVE 

PLATE CURRENT 

B GRIP POTENTIAL- - 

DETECTOR ACTION OF THREE - 
ELECTRODE TUBE BY C' BIAS 

METHOD. 

Fig. 43B: Detector action with the tube op- 
erating on the bend of the characteristic curve. 

portion of the wave we have rectification 
and the tube acts as a detector. The 
sharper the bend of the curve the more 
perfectly the "B" variations will be elim- 
inated and so the more perfect the de- 
tection. 

Considering this signal voltage variation, 
the grid potential, the plate current and 
the final motion of the phone diaphragm 
are shown in Fig. 43 C, D, and E. Notice 
that with this method of detection, the 
effect of every cycle of the signal voltage 
is to produce a large increase and a small 
decrease in the plate current, as shown 
by the middle curve; and that the result- 
ing movement of the diaphragm follows 
the wave form or envelope of the received 
modulated radio -frequency potential due 

TIME --e». 
Fig. 43C: The signal voltage impressed 

the grid of the grid -bias detector. 

to . the inertia of the diaphragm and the 
inductance and capacity of the windings 
in the phones, as explained in Chapter 4. 

It is evident that the operation of the 
tube about the point F on the upper bend 
of the curve by putting a positive voltage 
or bias on the grid is similar to that on 
the lower bend, with the exception that at 
every cycle the incoming signal produces 
a large decrease and small increase of plate 
current. However, in practice the opera- 
tion around the lower bend is preferable 
and used most, since the steady plate cur - 

on 

TIME -4- 
Fig. 43D: Plate current variations in tube 

operating as grid bias detector. 
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rent "I" flowing in the plate circuit at all 
times is much smaller than in the case of 
the upper bend, so the current drawn from 
the "B" batteries (or other "B" power 
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Fig. 43E: Final motion of receiver diaphragm. 

supply unit) is not so great and their use- 
ful life is lengthened. With the modern 
UX-201A type of vacuum tube, the up- 
ger bend of the curve occurs at compara- 
tively high positive grid voltages (with 
ordinary plate voltage of about 45). When 
using the lower bend and 45 volts on the 
plate, the negative "C" battery bias voltage 
necessary for detection is around -4 volts. 
Another reason for not using the upper 
bend is that when the grid is made posi- 
tive a current flows in the grid circuit. 
This is objectionable, as will be seen later. 

With ordinary UX-201A tubes it is usu- 
ally possible to eliminate the potentiometer 
by using a standard 4/ volt "C" battery 
which has a tap at each of its three cells. 
The "C" bias can then be adjusted in steps 
of 1.5 volts, which is usually sufficiently 
close. 

70. POWER DETECTORS: The 
modern tendency in sensitive receiving sets 
is toward the use of so called "power de- 
tectors". These usually take the form of 
"C" bias detectors in which a relativeiy 
high plate potential and negative "C" bias 
voltage is used on the detector. Detec- 
tors of this type are preceeded by a large 
amount of R.F. amplification to cause a 
relatively large signal voltage to be built 
up in the grid circuit of the detector. To 
prevent distortion, the maximum R.F. grid 
voltage swing must be within the straight 
portion of the plate current grid -voltage 
characteristic of the tube. The "power de- 
tector" is capable of handling a relatively 
large signal voltage without distortion. 
Power detectors will be discussed again in 
connection with electric receivers. 

71. GRID CONDENSER METHOD: 
The grid condenser, or grid current recti- 
fication method of operating the three 
electrode tube as a detector, is shown in 
Fig. 44A. This is based upon the fact 
that the grid can act more or less in the 
same manner as the plate and attract 
electrons itself as soon as it becomes ^"si- 
tive with respect to the filament. The 
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circuit is the same as that of Fig. 43A, 
except that there is no "C" battery in the 
grid circuit. A condenser "C" is con- 
nected in series with the grid, and the 
grid return is brought to the positive side 
of the filament. (The detecting action of 
the ordinary UX-201A type tube is better 
when a positive grid return is used than 
when a negative return is employed. This 
is due to the shape of the grid current- 
grid potential curve. Special detector tubes 
like the UX-200A type work best with a 
negative grid return). 

With this circuit when no signal is be- 
ing received, a steady plate current Ip flows 
from the plate to the filament and back 
through the phones, depending on the volt- 
age of the plate and the temperature of the 
filament. If the grid return is to the posi- 
tive side of the filament, the normal grid 
potential is at E, Fig. 44B, (slightly posi- 
tive). 

When a signal is received by the an- 
tenna, an alternating e. m. f. is set up 
across the coil and the plates of the con- 
denser "C". This alternately charges the 
grid positively and negatively through the 
grid condenser "C". During a positive 
half cycle, the grid attracts some of the 
electrons from the filament (acting just 
like a plate). During the next half cycle, 
when the grid potential becomes negative, 
the electrons on the grid canot escape 
because they are trapped on the insulated 
part of the circuit comprising the grid and 
the one plate of the grid condenser. On 
the next positive half cycle more electrons 
are attracted to the grid, which are also 
trapped so they cannot escape from the 
grid during the succeeding negative half 
wave. In this way, more and more elec- 
trons are trapped on the grid. The latter 
builds up a negative potential, and the 
high -frequency potential variations on the 
grid vary around a mean grid potential 
which becomes more and more negative, 
Fig. 44E. This reduces the plate current, 
and if the grid were perfectly insulated 
from the rest of the circuit, the action, 
if continued long enough, would finally re- 
duce the plate current to a low value and 

Fig. 44A : Circuit of grid leak and condenser 
detector. 
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the tube would be choked or stopped. To 
prevent this, after a wave train has been 
received it is necessary to remove the ac- 
cumulated negative charge from the grid 
in order to restore it to the initial con- 
dition for the arrival of the next wave 
train. 

If the tube insulation between the grid 
and filament is not perfect or if there is 
appreciable gas in the tube (as in soft 
tubes) the charge will automatically leak 
off through it. If the tube is well insu- 
lated and has a high vacuum, an artificial 
leakage path must be provided from the 
grid to the filament. This must be so 
proportioned that the electrons cannot leak 
off through the path to any appreciable 
extent in the extremely short time between 
a positive and negative wave of the in- 
coming signal, but so the electrons do leak 
off in the time necessary to complete a 
wave train, as shown in Fig. 44E. 

This can be done by connecting a high 
resistance R, from 1 to 10 megohms (1 
megohm equals one million ohms), known 
as a "grid leak", either across the grid 
condenser "C" as shown in Fig. 44A, or 
directly between the grid and the filament 
as shown in Fig. 44C. The latter method 
has a special advantage in present day 
single control receivers, as we will see 
later. 

The result is that if the incoming signal 
potential wave is shown in Fig. 44D, the 
grid potential follows the variations in its 
amplitude, Fig. 44E. The plate current 
varies in the same way, Fig. 44F, and this 
flowing through the phones energizes the 
electro -magnets resulting in the final 
movement of the diaphragm as shown in 
Fig. 44G. This produces sound waves 
which are practically a duplicate of these 
impressed on the carrier wave at the broad- 
casting station. 

72. GRID LEAK AND CONDEN- 
SER: With present day vacuum tubes 
used for broadcast receiving, a grid con- 
denser of about 0.00025 to 0.0005 mf. is 
satisfactory. The best grid leak resistance 
value is from about 0.5 to 10 megohms, 
depending on the particular circuit used 
and on the reception conditions. In any 

C 
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Fig. 44C: The grid leak may be connected 
from grid to filament, as shown, instead of 

across the grid condenser. 
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case, it must have a low enough resistance 
to allow the accumulated negative charge 
on the grid to leak off during the interval 
between the wave trains. Its resistance 
must be high enough to prevent the charge 
from leaking off the grid too rapidly, in 

E GRID POTENTIAL 

Fig. 44B: Point A is the operating point of 
a grid condenser and leak detector when 
positive return of the grid lead (f) is used. 

which case there would be only a small 
change of plate current produced and the 
signal strength as heard in the phones 
would be reduced. For receiving compara- 
tively strong signals from nearby broad- 
casting stations, leaks of 1 to 3 megoms 
give best results, since they allow the com- 
paratively strong signals from nearby 
broadcasting stations to leak off at the 
proper rate. For weak signals, such as 
on long distance reception, a tube is much 
more senstive if the higher resistance grid 
leaks are used. In either case, if a grid 
leak having too high a resistance is used 
it will result in excessive accumulation of 
negative charge on the grid, blocking the 
action of the tube, or making the signals 
sound mushy. This is usually accom- 
panied by a characteristic "cluck -cluck - 
cluck" sound in the phones or loud speaker 
as the charge leaks off at intervals through 
the insulation between the tube elements. 

High grade grid leaks having permanent 
and accurate values of resistance should be 
used. A grid leak whose resistance varies 
will cause crackling and frying noises. The 
resistance element is usually enclosed in a 
glass tube with metal end caps for con- 
nection and is designed to snap into metal 
clips furnished on the grid condensers. 

A consideration of the theory of con- 
denser reactance and the vacuum tube 
shows that for the higher audio frequen- 
cies and their harmonics there is consid- 
erable by-passing thru the grid condenser 
due to the lowered impedance, and there- 
fore a given signal strength causes less 
change in grid voltage than at the low 
frequencies. It is thus important to make 
the grid condenser as small as possible 
without offering an appreciable reactance 
to radio frequency. 

www.americanradiohistory.com



Capacities lower than about .0002 mf. 
decreases the amplitude of the radio fre- 
quency potential impressed on the grid 
and therefore decrease 
t h e signal volume, 
while higher capaci- 
ties cause a decrease 
in output on account 
of audio frequency by- 
passing. The best ca- 
pacity tends to de- 
crease as the frequen- 
cy increases. Short- 
wave receivers usually 
employ small grid 
condensers of the or- 
der of .0001 mf. 

73. COMPARISON 
OF TWO METH- 
ODS: It is important 
to remember that in 
the grid leak and con- 
denser method of de- 
tection the less the 
strength of the incom- 
ing waves the greater 
the plate current, and 
vice versa. In the "C" 
battery method, using 
a negative "C" bias 
voltage, the less the 
strength of the wave, 
the less the plate cur- 
rent. T h e former 
method is supposed to 
be the most sensi- 
tive because the ef- 
fects of the little indi- 
vidual waves of the 
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acteristic curve, there is some amplifying 
action in addition. 

A disadvantage of this method is the fre- 
quency distortion due 
to the varying reac- 
tance of the grid leak 
and condenser with 
f r e quency changes. 
The "C" battery 
method, while less 
sensitive, is entirely 
absent from frequent 
distortion and is able 

T 
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I GRID CHARGE LEAKS OFF 

TIME -8 - 

to handle much 
greater signal strength 
w i t h out distortion. 
since it makes the full 
straight portion of the 
characteristic c u r v e 

available. This char- 
acteristic makes it 
particularly suited to 
present day radio re- 
ceivers located near 
powerful broadcasting 
stations, where great 
detector sensitivity is 
n o t required since 
multiple stages of 
tuned radio frequency 
amplifiers a r e used, 
but greater detector 
signal handlinc, capa- 
city is necessary. 

In the grid con- 
denser method of de- 
tection, the tube op- 
erates as a detector at 

TIME --.- practically any point 
F, G: Curves illustrating behavior on its characteristic wave train are ac- condenser and leak detector. 

cumulative and there- curve. 
fore tend to produce an appreciable change In most present day receivers, which have 
in plate current, and since the tube is op- considerable R.F. amplification, the de- 
erated on the straight portion of its char- tector is operated on the "C" bias method. 

Fig. 44, D, E, 
of grid 

COMING! 
THE 

Radio Physics Course 
in book form 

The Radio Physics Course, which has been running 
in Radio Design for more than a year, has proved so 
popular that it will soon be published in complete book 
form. Mr. Ghirardi is now gathering new data and 
illustrations, and the book, when completed, will con- 
tain more than 250 pages and as many diagrams. 
sketches and photographs. It will be the finest radio 
book ever published for the non -technical radio fan, as 
it is written in clear language by a man who has had 
many years of experience teaching radio and electricity 
in one of the leading technical high schools of New 
York. Watch for the announcement of its appearance! 
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Front panel Jim of the D.C. New Yorker. 

The Grimes 

110 -Volt "D. C. New Yorker" 
Do you live in a direct -current district? If you do this set is 
the answer to your wish for a really good broadcast receiver 

that will work economically from the lamp socket. 

by DAVID7GRIMES 

HERE is no need to emphasize 
that the modern tendency in radio 
invention and design has been to- 
ward the complete electrification 
of all types of receivers. First. 

the costly and short-lived "B" batteries 
were replaced by satisfactory rectifying ap- 
paratus called "B" eliminators. Then. most 
of the "C" batteries found their way into 
the discard and, now, the messy acid stor- 
age battery has been relegated to oblivion 
by the heater -cathode tube. But the most 
natural and yet the strangest thing has oc- 
curred during this transitional period. The 
electrification of receivers for operation on 
alternating current circuits-the hardest nut 
to crack-has been solved first. Little or 
nothing has been done toward the electri- 
fication of receivers on direct -current 
power lines. 

Of course, all positive statements have 
some exceptions and it would not be fair 
to some commercial companies and to many 
amateurs who live in D.C. districts if the 
above were not somewhat qualified. It is 
quite true that several complete D.C. sets 
have recently been brought on the market 
and for some years experimenters have 
been building their own to their entire 
satisfaction. But most of these have been 
woefully deficient in either tone quality, 
volume, freedom from line noise, or cost 
of either installation or operation or both. 
Many otherwise inexcusable abortions have 
been tolerated simply because the receiver 
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was electrified D.C. operated. That seemed. 
to be the standard excuse for everything 
had. The purpose of this article is to de- 
scribe the results of a thorough investiga- 
tion covering this entire subject, results 
which have definitely established for all 
time the fact that excellent reproduction 
can be obtained on an 110 volt D.C. power 
line operated electric set without any of 
the aforementioned drawbacks or other 
alibis. 

THE PROBLEMS INVOLVED 

The writer has incorporated the findings 
of his investigations into a complete broad- 
cast receiver, which has been named the 
110 -volt "D.C. New Yorker" because it 
finds a particular field in the large section 
of New York that is supplied with direct 
current. Before describing the set itself, 
which is of simple construction, let us go 
over the technical problems involved, as 
these are more complicated. 

It may appear to you, at first glance, 
that the easiest of all problems would be 
the D.C. electrification of radio receivers. 
"Isn't the D.C. line quiet like a battery 
or a good `B' eliminator?" you ask. 

"Didn't we use to have satisfactory battery 
sets which operated on but 90 volts of 'B' 
supply?" you query. The answer to both 
questions is NO with capital letters. In 
all of my laboratory experience, I have 
never found a more knotty problem or one 
which defied solution for so long. The en - 
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tire A.C. problem is very simple in com- 
parison because any plate voltages desired 
are available thru the step-up action of a 
transformer and any filament currents are 
obtainable thru the step-down action. But 
in this D.C. puzzle, transformers do not 
function and we have to accept condi- 
tions as we find them, always bearing in 
mind among other things, econo"y. 

TWO MAIN PROBLEMS 

One would conclude from the above that 
the elimination of line noise and the re- 
production of good quality on only about 
100 volts of plate potential are the two 
real considerations. This assumption is cor- 
rect and our design from the very start 
must be controlled by these two factors. 
Attempts in the past to eliminate this line 
noise have been made thru the installation 
of elaborate filters. Some D.C. sets incor- 
porate both filament and "B" circuit filters. 
These not only add to the cost consider- 
ably, but reduce still further the already too 
small voltage available for plate supply. 

Before proceeding with the elimination 
of this line noise, it is best that you under- 
stand its nature and character. It is caused 
by the brushes rubbing on the commutator 
at the D.C. generator itself. It is called 
brush hum or commutator ripple. It is 
quite strong, not only due to its inherent 
energy but to its pitch, which is around 
500 cycles-the note at which the average 
ear is most sensitive. It is loudest on the 
outlets near the power house and decreases 
very rapidly as the more remote outlets 
are tested. The capacity of the feeder lines 
helps to by-pass this high -frequency racket. 
Hence, the noise will obviously be greater 
in some localities than in others. Any hum 
elimination device must take this into ac- 
count. Fortunately, the proper solution 
for the worst condition is also the cure for 
the more favorable location. 
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Fig. 1: The filament circuit of the D.C. 
New Yorker. 
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THE "A" SUPPLY 
The complete supply for the filament cla. 

cuit of the "D.C. New Yorker" is shown 
in Figure 1. Here the several filaments in 
the various stages are connected in a series - 
parallel arrangement. The first two R.F. 
stages are connected across each other. 
The detector and first audio tube are so 
connected and the last audio stage, which 
is a push-pull combination, has the two fila- 
ments arranged in multiple. Each of the 
three groups is connected in series with the 
others and with a 60 watt lamp in the 
positive end of the line and a ten ohm 
variable rheostat in the negative end of the 
line. This is all there is to the entire fila- 
ment hook-up. There is certainly nothing 
complicated here and no expensive filters! 

It is impractical and expensive to at- 
tempt to operate all the filaments in paral- 
lel, such as is customary in a battery re- 
ceiver. This would call for a current drain 
for the six tubes of one and one-half am- 
peres. The series voltage -dropping lamp 
would have to be around 150 watts. It 
is obvious that this is a real load on the 
'peter as compared with the 60 watts in 
the receiver discussed herewith. Further- 
more, it is necessary to incorporate some 
additional voltage drop in the minus end 
of the circuit to act as the negative "C" 
bias for the various stages. These voltage 
drops might just as well be furnished by 
the filaments of tubes in other stages, such 
as is shown in Figures 2 and 3. The next 
natural question pertains to running all of 
the filaments in series for still further re- 
duced current drain. As the filaments 
would only draw one -quarter ampere, the 
resistance, lamp would only have to be a 
twenty-five watt light. Also, the filament 
voltage drops across each tube would act 
as the negative "C" bias for the adjacent 
tube located in the positive lead. 

Well, the trouble with complete series 
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Fig. 2: How the grid biasing voltages are 
obtained. 
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filaments is that each filament connected 
in series subtracts that much voltage from 
the total available for the plate supply. 
The six tubes reduce the line voltage by 30 
volts-dropping the 115 volt source down 
to a mere 85 volts. This is the last straw 
that breaks the camel's back. There is ab- 
solutely no need to run any more tubes in 
series than that required for the maxi- 
mum negative "C" bias on the power tubes. 
This amount of voltage has to be taken from 
the plate supply. The best all around com- 
promise is that presented in Figure 1. By 
placing the power tubes at the positive end 
of the filament string, the filaments of the 
other tubes can be utilized for the nega- 
tive bias. Maximum' plate voltage with 
minimum current drain is possible with 
this scheme. Complete parallel operation 
of filaments consumes too much current. 
Complete series operation of filaments 
consumes too much voltage. The series - 
parallel arrangement is the only proper an- 
swer. 

SELECTING THE TUBES 

The filaments have long been recognized 
as a source of noise when operating on 
power line connections. The first alter- 
nating current attempts employed filament 
rectifiers and filters with the hope of sup- 
plying the filaments with a fairly quiet flow 
of current. The apparatus was bulky, 
troublesome, and excessively expensive. 
The hot cathode tube was the solution to 
all this foolishness. It made the A.C. set 
practical. But this is not the solution for 
our D.C. set. The current required for the 
heaters on the hot cathode tubes is pro- 
hibitive for D.C. work. The noise con- 
ditions for us are much less severe, but 
the hot cathode tube offers a clue. It is 
the time required for this tube to heat and 
cool that makes it free from noises in the 
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all the tubes are obtained. 

heater current. Why not use some type 
of battery tube that draws less current but 
still has some heating lag-sufficient to 
overcome the noise conditions encountered 
in the D.C. power mains? The 112-A is 
just such a tube. It requires from one to 
three seconds to heat up and cool off. It 
eliminates all noise from this source. 

THE "C" BIASES 

Now that we have the "A" circuit de- 
signed, we are ready for the "C" poten- 
tials. Figures 2 and 3 should be consulted. 
The correct grid bias for both the first and 
second R.F. stages is furnished by the 
variable 10 ohm rheostat connected in the 
negative filament of these tubes. The bias 
may be regulated as the resistance varies 
the potential from zero to five volts. For 
best results on distance, the grid bias 
should be about 1/ volts, but for best qual- 
ity on loud, local stations the bias should 
be set at the maximum value of five volts. 
This is because this resistance also fur- 
nishes part of the bias for the power stage, 
as explained later on. 

The bias solution for the detector has 
not been so simple. The least little noise 
in the grid of the detector is amplified 
many times by the succeeding âudio stages. 
All attempts to electrify this grid bias have 
resulted in disappointment. Under some 
conditions, a bias obtained by connecting 
the grid return across the filaments of the 
R.F. stages is sufficiently free from noise 
to be satisfactory. This occurs in loca- 
tions far removed from the D.C. power 
house, where the capacity of the power 
lines acts as a filter. Of course, a grid 
leak system of detection would not require 
a bias here as the grid is returned directly 
to the positive end of the filament. But 
a grid leak system will not handle large 
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enough energies to properly amplify the 
bass notes without choking. The grid leak 
system of detection is more or less a thing 
of the past. No The "C" bias system 
must be employed and the only practical 
solution at present lies in the installation 
of a dry "C" battery for this purpose. 
Such a battery should last for at least a 
year and should not be a source of annoy- 
ance. The second and third tuning con- 
densers are ganged, which accounts for the 
connection running between the two rotor 
shafts of these units. The .015 mf. fixed 
condenser shown in the detector grid cir- 
cuit permits this ganging without confus- 
ing the separate sources of "C" bias used 
on the two tubes. 

The grid bias on the first audio stage is 
easily obtained by merely connecting the 
return back to the negative side of the R.F. 
stages. Apparently, no noise difficulties 
are encountered here as the amplification 
is not sufficient to make it noticeable. This 
places about five volts on this grid. The 
grid return from the push-pull stage is 
even more simple. The lead is run to the 
minus end of the power line circuit. This 
gives the voltage drop across the detector - 
audio combination, the R.F. stages, and 
the 10 ohm variable resistance. 

THE PLATE SUPPLY 

The plate supply for the two R.F. stages 
is taken directly off the positive end of the 
power line thru a potentiometer. This per- 
mits a smooth regulation of the voltage for 
the purpose of volume and regeneration 
control. The potentiometer is connected 
across the line. It should be about 50,000 
ohms. The actual resistance of this unit 
is by-passed by the .015 mf. fixed con- 
denser so that only the variation in plate 
potential affects the volume, rather than 
any loss effect caused by the resistance it - 
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eventually grew into the D.C. New Yorker. 

self which would broaden the tuning. 
There is no need for a filter in the R.F. 
plate supply. Noises here do not seem to 
affect the reception. The circuit connec- 
tions are shown in Figure 4. This diagram 
also shows the plate supply for the last 
audio push-pull stage as this requires no 
filter either. In this latter case, it is just 
a question of insufficient amplification. 
The lead is run directly back to the positive 
power line. 

The only filtering necessary on the whole 
layout is that presented in Figure 5. Ex- 
tensive tests showed that it was absolutely 
necessary to filter the plate supply of the 
detector and first audio tubes. Any line 
noise in either of the stages receives enough 
amplification to make the hum objection- 
able. But the filter is a very simple one. 
The entire contraption consists of one 30 
henry choke coil and a 2 mf. condenser. 
The choke coil may be a very inexpensive 
one as the current drain thru it is small. 
Only the plate current for the first audio 
tube flows thru it; the detector plate really 
has no current because of the "C" bias and 
the high plate resistor. A cheap filter con- 
denser is in order also because the line 
voltage across it is less than 100 volts. 

GENERAL REMARKS AND PRECAUTIONS 

We are now prepared for a discussion 
on the overall circuit. The segregated dia- 
grams in the previous figures have served 
their purpose in clarifying certain points. 
Now we are set for some of the D.C. pe- 
culiarities. In the first place, it is impera- 
tive that a separate ground connection be 
used for the antenna circuit. This is in- 
dicated in the diagram. There must be 
absolutely no ground connected to any 
other part of the circuit. Fireworks galore 
will result if this is not followed to the 
letter. The trouble lies in the fact that the 
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power lines are grounded at the power 
house-sometimes on one side of the line 
and sometimes on the other side of the 
line. There is no way of telling this with- 
out a test. The best answer is to avoid all 
trouble by the separate ground and then 
you do not care anything about the power 
house ground. 

LAMP USED AS RESISTOR 

The size of the resistance lamp is also 
a. special problem. .Fortunately, the or- 
dinary electric "Mazda" lamp is satisfac- 
tory. so you may try the several sizes to 
determine the proper one. For the aver- 
age location, the 60 -watt lamp will give the 
proper voltages on the filament. This 's 
where the line voltage ranges between 110 
and 120 volts. This gives about 5 volts on 
the filament. If the location is near the 
power house, the voltage will often run as 
high as 125 to 135 volts. This calls for a 
higher resistance lamp to cut the voltage 
down to the proper filament value. A 50 - 
watt lamp is recommended for this cond 
tion. Then, we have discovered a thirJ 
location, usually at a considerable distance 
from the power plant, where the line volt- 
age gets down as low as 100 to 110 volts. 
The cure in this case is the installation of a 
75 -watt lamp. This you will have to deter- 
mine for yourself. If you have no volt- 
meter, you can judge by a very simple ex- 
periment. The filaments require about 1% 

second to heat up under the proper volt- 
age. Merely tune the set onto a program 
and turn it off and on and measure the 
time required for it to start performing 
after the switch has been connected. If it 

DETECTOR 

starts up immediately, the lamp has too 
high a wattage. If it takes too long to 
start the lamp is too small and should be 
increased. 

One other fact should he emphasized 
before turning you loose. In the ordinary 
A.C. electric receiver with which you are 
undoubtedly familiar, it makes no differ- 
ence which way the electric plug is in- 
serted in the wall receptacle. The set plays 
equally well. But this is not so with the 
D.C. receiver. While no damage will re- 
sult if the plug is inserted in the wrong 
way, there will be no operation. The tubes 
will light but the plate voltage will be 
negative instead of positive. The remedy 
lies in removing the plug and inserting it 
in the opposite direction. 

A FEW PRECAUTIONS 

Extreme care should be exercised when- 
ever the switch is turned on. Remember 
that you have the whole powerhouse be- 
hind you if you short circuit anything. Bet- 
ter remove the wall plug before attempt- 
ing to do anything. This applies particu- 
larly to the removal of any tubes from 
their sockets. Do not remove any tubes 
from their sockets while the power is 
turned on. If you do, you will blow the 
other tube in the couple or multiple con- 
nection as all of the filament current is 
then forced thru this one tube, while it 
divided equally thru two tubes before. 

Don't let these simple precautions dis- 
courage you, however. Every set has cer- 
tain factors that will bear watching. The 
most encouraging part of the whole D.C. 
field is that the voltages are such that 
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Fig. 5: A single 30 -henry choke is all that is needed for the filter system of the D.C. 
New Yorker. 

Vol. 2, No. 3, Radio Design 53 

www.americanradiohistory.com



How the Grimes D.C. New Yorker looks when completely assembled and wired. 

one cannot possibly receive a serious shock 
and this is a real problem in working on 
A.C. sets where the step-up transformers 
run the voltages to 300 and over. In the 
case of full -wave rectification, the A.C. 
voltage runs over 600 volts. From this 
angle, the D.C. receiver is almost child's 
play. 

As the "D.C. New Yorker" is supplied 
in complete kit form, with the front and 
sub -panels already drilled with all the 
necessary holes, the work of assembling a 
set is quite easy. The accompanying draw- 
ings show the exact locations of all the 
instruments and also of all the wires. The 
parts used in the set are as follows: 

1-No. 1617 variable condenser 
1-No. 1617-2 variable condenser 
2-No. 1282 illuminated vernier dials 
9-No. 214 four -prong sockets 

I-No. 176 plug-in coil 
2-No. 176A plug-in coils (These are the 

same as the regular No. 176 ex- 
cept that the primary has 12 turns 
instead, of 24). 

1-No. 940 Volumgrad 
1-No. 500 Resistoblock 
2-No. 750 grid leaks 
1-No. 408 push-pull input transformer 
1-No. 409 push pull output transformer 
1-No. 377 "B" eliminator choke coil 
2-No. 19 binding posts 
1-No. 20 " 
1-No. 21' 
1-No. 32 
1-No. 44 snap switch 
3-No. 37 metal brackets 
1-No. 9000 condenser clamp 
I-No. 9302 fixed condenser 
2-No. 59 fixed condensers 
1-No. 54 fixed condenser 

Under view of the sub -panel. The wiring looks complicated, but it can be done very easily. 
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1-Drilled and engraved front panel, 
walnut finish bakelite, 7% by 24 

1-No. 910 rheostat 
1-Standard lamp socket 

inches 
1-Drilled sub -panel, black bakelite, 8 by 

L-1 nI t t 
1-Hardware package, containing neces- 

sary mounting screws, nuts, washers, 
wire, etc. 

The placement of parts shown in the ac- 
companying woodcuts on page 54 is slightly 
different from the layout shown in the pic- 
ture wiring diagrams on pages 56 and 57, 
as the arrangement was improved a little 
after the woodcuts were made. The panels 
are drilled in accordance with the picture 
wiring diagrams, so study the latter for 
the exact placement of the various instru- 
ments. 

THE R.F. COILS 

Six of the No. 214 sockets, which fasten 
to the sub -panel by means of their ter- 
minal screws, hold the tubes; the other 
three hold the No. 176 and 176A R.F. 
coils, which plug into them. The 176A 
are like the 176 except that instead of hav- 
ing 24 turns on the primary, they have 
only 12. This smaller number is necessary 
to prevent the 112A tubes from oscillating 
beyond control. (The coils were originally 
designed for 210A's). 

1f you do not buy a kit, and obtain the 
176 coils separately, simply unwind half 
the primaries of two of them, and use them 
as 176 -A's. 

In putting the set together, first mount 
the three brackets to the front panel, to 
give the latter a support. Put the switch, 
the two dials, and the Volumgrad on the 
panel, but do not tighten the dial screws 
permanently yet. 

Now screw the sub -panel to the three 
brackets, and mount the lamp socket, the 
tubes sockets, the Resistoblock, the bind- 
ing posts and the rheostat. Now take the 
single 1617 condenser and slip its shaft into 
the bushing of the left dial. You will 
notice that the mounting feet of the con- 
denser go right over four holes in the 
sub -panel. Put screws through these holes 
to secure the condenser, tighten the set 
screw in the dial bushing, and then finally 
tighten the screw and the nut of the dial. 
Push the screws up through the bottom 
of the sub -panel. 

Mount the 1617-2 double condenser in 
the same way. Use a long screw in one 
of the holes nearest the edge of the sub - 
panel, and pass it through one of the .01 
mf. condensers to hold it against the sub - 
panel. Put a lug under the head of this 
screw, and connect it directly to either of 

(Continued on page 58) 

n 

5 

www.americanradiohistory.com



W 

(e .p 

4Y 
\j., .1p 

,P -9e 
LLä.p 

+ g 
Aaal}e9 .. 

J. J. ' ,. 

á ; I 

L- ;1 iIIIIIII " III MI I i\--..,1.II -;;,; .i.s ,, 
RIIIII 1111 i inull 5 

56 Vol. 2, No. 3, Radio Design 

www.americanradiohistory.com



s.' ei . v[ S l 
. , iC ) 

e) 

or 1 ,,, o,,. Q 

e 

_ 
0 ii t1c.v dó 

r% 

'° 
y 

C O c ® . 
J% m ® 

c 

r. 

c u 

6 

, ® 

, 
I 
l 

Jb0] 
aibg 

on.lO1W 
v. 

,e^'-«- 
-e,:,:,,,... 

a, 
I 

4 4 

F (i` \ 
. , 

e 

OJWE .LLIOYGYA 

tl]SN30N0J 
3921102 NONE 

1011d 
20E6 ON. 

0 E 
., 

",''. ,, , .. . 

" 
a 

y txl x y i i { 
y R 0 w 

IS, O P U 

(/I\ \!/` 
/r.l .l 

iIA1 ®Q 
I 

I + 

vol. 2, No. 3, Radio Design 

cs) F ,. (i) 

"O 
ü 

O 

íw 

á 

ü c a 
ü 

e 

o a.) 

U...1 + 
^C CC 

U 
WI 0 

CG .. . 

.yl O 1 
M ro íd 

.: 6 
N %M 

eu 

Gn 

id iy n 
Ñ 

W 

3z.º 
U Ç ^O . + 

= 
e, 

bD 

ó °.y. 

VI,I 
z 
tip 

O i".l Ó >1- 
3 a)a= 

32 

C2> 

'LNÌ 46) 

4.1 
O O 

M 
O 

MW 

e 
W 

57 

www.americanradiohistory.com



the terminals of the condenser, to ground 
the latter. Incidentally, note that the other 
.01 condenser is held by one of the screws 
that fastens the lamp socket in the upper 
left corner of the sub -panel. The .002 mf. 
condenser is held by a separate screw 
just the left of the socket for the detector 
tube. 

FINISHING THE JOB 

To finish the assembly work, mount the 
audio transformers, the choke coil, and the 
large 2. mf. condenser. The latter lies flat 
against the underside of the sub -panel, and 
is held by a flat clamp (catalog number 
9000). The "C" battery (which is not sup- 
plied with the kit) is not mounted in any 
particular fashion, but merely rests on the 
sub -panel to the right of the double con- 
denser. 

Because of the absence of the usual com- 
plicated power pack, the wiring of the "D.C. 
New Yorker" is quite easy. Do the fila- 
ments first, as they involve the most work; 
the rest of the connections are then simple. 
The wires on the left marked "to D.C. 

Supply" should be a length of twisted lamp 
cord, fitted with a plug for insertibn in the 
lamp socket or wall outlet. 

It is recommended that you leave out 
the dial lights, and get along with unillum- 
inated dials. Putting the dials lights in 
shunt with the tubes unbalances the series - 
parallel circuit and reduces the operating 
efficiency of the receiver. 

The usual aerial and ground are needed. 
Any type of magnetic or dynamic loud 
speaker may be used, three output posts 
being provided. Try different combina- 
tions of two posts at a time, and use which- 
ever works best with your particular 
speaker. You can fit the set into any kind 
of a cabinet, depending on how much you 
or your clients want to spend. 

If you live in a D.C. district, you can 
probably sell a number of "D.C. New York- 
ers" to neighbors who now have to struggle 
with inadequate battery receivers. Make 
one yourself, let your prospective customers 
hear it, and you'll get enough orders to 
keep you busy for weeks. 

Some Unusually Interesting Short -Wave Reception 

723 Seven Oaks Ave., 
West Kildonan, 
Winnipeg, Manitoba, 
Canada. 

Editor, 
"Radio Design," 
Brooklyn, N. Y. 
Dear Sir: 

Received RADIO DESIGN the other day and 
find it quite interesting. It's too bad you 
don't publish it oftener, that's all. Any- 
way, my friend (E. Geese) and myself 
are quite enthusiastic over short waves. 
Every Saturday night we sit up and try 
our luck. We have an old "junk box" re- 
ceiver with two stages (one Pilot). 

On June 23rd, Sunday morning 3 A. M. 
Central Standard Time, we tuned in 3L0, 
Melbourne, Australia, and had it quite 
clear for an hour, when they quit. Well, 
this sure got us tickled. Next Sunday 
morning (June 30th, 6 A. M. Central Stand- 
ard Time), we tuned in 2ME, Sydney, Aus- 
tralia. For two hours my friend listened 
with phones and I listened to a Temple 
Air Chrome loud speaker. They were hav- 
ing a talk with CJA, Drummondville, Que- 
bec, Canada. 

On Sunday morning (July 7th) we tuned 
in on CJA Drummondville, Quebec, call- 
ing 2ME Sidney, Australia. This gave us 
the tip that 2ME was on again. Inside of 
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half a minute we tuned in 2ME on the 
loud speaker. Old Ed (that's my slogan 
for my companion on these nightly vigils) 
is "nuts" on short waves, and knows them 
too. Well, he suggested grounding the op- 
posite end of the aerial, as this is supposed 
to be good for short-wave work. It was 
terribly stormy up here during the time 
of reception, so at first I thought he was 
crazy. Anyway, I grabbed the length of 
28 gauge D.C.C. wire, fastened it on the 
opposite end of the aerial and the other 
end on an old chisel and stuck it in the 
ground. When I got in, reception was as 
clear as a bell, and the signals were loud 
enough to be heard 30 feet away clearly. 
We could hear every word that 2ME said. 
When I get my confirmation, I will mail 
it to you. Think it's darn good, don't you? 

Well, after my short-wave friend showed 
me all that in three nights, I got nuts 
over short waves too, let me tell you. 
The following week I went down and 
bought two Pilot push-pull transformers 
and am quite satisfied with them. I am 
quite finicky over the audio end as that is 
the most interesting end of the whole 
works to me. Well, I hope you'll find this 
quite interesting, anyway. 

Hoping to hear from you soon, I re- 
main, 

Yours most sincerely, 

Louis W. Burwell. 
Vol. 2, No. 3, Radio Design 
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ALFRED A. GHIRARDI 
Tells the Why's and Wherefore's of 

Push -Pull 
Amplification 

HAT is a push-pull amplifier; why 
is it used; what are its advantages; 
can a push-pull audio stage be used 
in any set? These and many 
other questions regarding the in- 

creasingly popular push-pull connection 
are received daily by the editors. The 
purpose of this article is to clear up some 
of the apparent mysteries regarding the 
operation and use of this form of amplifi- 
cation and to present the theory of its op- 
eration for those thousands of students, 
service men and set builders who want to 
know "how and why". 

During the coming season the push-pull 
connection of the power tubes of radio re- 
ceivers promises to be an almost standard 
item in radio receiver design, and prac- 
tically every up-to-date powerful set will 
employ it. While many people are hear- 
ing of it for the first time, it is not really 
a new invention. Way back in 1915 the cir- 
cuit arrangement was developed by E. H. 
Colpitts, who assigned it to the Western 
Electric Company. It has been used prac- 
tically continuously by that organization 
in telephone and radio work since that 
time. The introduction of the 171A and 
more recently the 245 power tubes has 
brought this form of aamplification to the 
fore in the radio receiving set field, so that 
push-pull is now a common word in the 
nomenclature of the radio -wise. 

WHY PUSH-PULL? 
When a large amount of volume is re 

quired from a radio set or loud speaker. 
the set must amplify the signal sufficiently 
to produce the required signal energy to 
be delivered to the speaker. This is a 
matter of designing a number of amplifier 
stages with the proper gain per stage, etc., 
and will not be considered here. The last 
audio stage in the audio amplifier must 
handle the comparatively large amount 
of power delivered to the speaker-and 
should handle it without distorting the signal 
frequency or voltage variations in any way. 
Large power tubes such as the 210 and 
250 tubes can be used to handle this power, 
but the use of these tubes results in in- 
creased cost and complication of the "B" - 
Vol. 2, No. 3, Radio Design 

supply unit since they require high plate 
voltages and draw large plate currents. 

One solution to this problem is to use 
two smaller power tubes connected in the 
popular push-pull fashion, as shown in Fig. 
4. This combination has a greater undis- 
torted power handling capacity than that 
of one tube alone. The push-pull connec- 
tion also prevents seeond harmonic distor- 
tion, as will be explained later. It may 
be said then, that it has become popular be- 
cause by its use two small tubes can be 
made to handle as much power without dis- 
tortion or overloading as one larger tube. 

The use of the smaller tubes reduces the 
cost of the "B" power supply unit, be- 
cause they operate with lower plate volt- 
age and plate current drain. The reliability 
and the maintenance cost are also reduced 
since the filter condensers, insulation, etc., 
are less liable to break down in "B" power 
units designed for 180 and 250 volts (for 
171 and 245 tubes) than in units designed 
to operate at 450 volts or more (210 and 
250 tubes). 
ELIMINATES SECOND HARMONIC DISTORTION 

When a vacuum tube is working with a 
low plate impedance (such as the primary 
of a transformer, a choke coil, etc.) in its 
plate circuit, its grid voltage -plate current 
characteristic curve Fig. 2 (see Chapt. 5, 
Radio Physics Course, in Summer issue) 
is slightly curved instead of straight, as is 
usually assumed for simplicity (the theo- 
retical straight characteristic curve is 
shown in Fig. 1). The curve of Fig. 2 is 
sometimes referred to as the dynamic char- 
acteristic curve of the tube. This is espe- 
cially true of an output tube in an audio 
amplifier, where the tube is feeding into 
a low impedance load, usually the output 
choke, output transformer, or the loud 
speaker. The curved characteristic causes 
the output of the tube to be distorted, that 
is, the current variations in the place cir- 
cuit (curve C D, Fig. 2) are not exact 
reproductions of the grid voltage variations 
(curve A B, Fig. 2). 

Thus, in Fig. 2, if the signal voltage ap- 
plied to the grid varies about the steady 
normal value E, the increase a b in plate 
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current due to the decrease c d in negative 
grid potential is greater than the decrease 
a f in the current caused by an equal in- 
crease e c in the negative grid potential. 
This gives rise to the lop -sided curve C D 
and distortion. By a mathematical series 
known as Fouriers Series, this distorted 
wave form (curve C D of Fig. 2) can be 
resolved into several components of various 
frequencies. (This discussion is too mathe- 
matical to be presented here). One of 
these is the fundamental frequency (curve 
E F, Fig. 3-A) which indicates that at 
least the pitch of the original note will be 
preserved. The other frequencies are the 
second harmonic (curve G H) and others 
which are so weak as to be relatively un- 
important. 

HARMONIC DISTORTION 

These frequencies, which were not pres- 
ent in the original tone, are added to those 
that were present, and distortion occurs 
in the reproduction, making the reproduced 
sounds different from the original sounds. 
Thus, if a pure undistorted 100 cycle note 
were applied to the grid of a vacuum tube, 
we would fin_ d that in the output there 
would appear a strong 100 cycle note and 
in addition some weaker notes of 200 
cycles, 300 cycles, 400 cycles and so on. 
The weaker these "harmonic" frequencies 
are, the less is the distortion. 

This form of distortion is known as fre- 
quency distortion and can also be caused 
by improper design of audo transformers, 
or when the transformer is worked near 
the magnetic saturation point or bend of 
the magnetic curve. As will be shown, a 
properly designed and operated push-pull 
amplifier overcomes these sources of dis - 
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Fig. 1: Theoretical distortionless amplifica- 

tion with straight characteristic curve. 

tortion, and permits of about three times 
the undistorted power output that is pos - 
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sible with a single tube of the same type 
and operated at the same voltages. 
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Fig. 2: How the vacuum tube actually 
operates. Note how the curved character- 

istic causes distortion. 

HOW PUSH-PULL WORKS 

Fig. 4 shows a circuit diagram for a con- 
ventional stage of push-pull amplification. 
The input transformer T has the usual 
primary winding but the secondary is 
tapped at the center point. The secondary 
has a greater number of turns than the 
primary, thus providing a step up in volt- 
age (usually 2 or 3 to 1). The two out- 
side terminals go to the grids of the tubes. 
The center tap goes tp the negative ter- 
minal of the "C" bias voltage supply (in 
this case a "C" battery). As each half 
of the secondary is connected to a separate 
tube, -the induced signal voltage in the 
secondary of the transformer T is divided, 
each tube receiving an input grid voltage 
equal to only half the signal voltage. This 
point is important for it means that two 
tubes in push-pull can handle twice as much 
input signal voltage, without operating on 
the bend of the characteristic curve, as one 
of these tubes alone can. 

Suppose that at a certain instant the volt- 
age induced in the secondary of trans- 
former T is such that the grid of the 
top tube "A" is positive with reference to 
the center -tap of the transformer secondary, 
and the center tap is equally positive with 
reference to the grid of the lower tube "B". 
(This does not mean that the grid is "posi- 
tive" with reference to its filament, for in 
this event distortion would be produced 
due to the flow of grid current. The "C" 
battery takes care of this. (It merely means 
that the grid is more positive, or less nega- 
tive than the center tap). There will then 
be an increase in current through the plate 
circuit of tube "A" and a decrease in plate 
current through tube "B". The output of 
each tube is passed through half the wind - 
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ing of an output choke L (or half the 
primary winding of an output transformer 
T as in Fig. 5). This is wound with a cen- 
ter tap so that an increasing current in the 
upper half of the winding produces the 
same effect as a decreasing current in the 
lower half. Therefore, the effect in the 
output device, of the two tubes, is additive. 
Hence the name "push-pull". 

If the two tubes are exactly similar and 
operating at the same filament, grid and 
plate voltages, their direct plate currents 
will be equal, and since they flow in op- 
posite directions in the split winding, as 
shown by the dotted arrows in Fig. 4, the 
magnetic fields due to the steady normal 
plate current will cancel each other. This 
prevents core saturation in the output unit. 
Furthermore, with balance conditions, no 
fluctuating audio signal current flows 
down through the B+ power line into the 
output resistance or choke impedance of 
a "B" eliminator or "B" batteries. This 
reduces the possibility of instability due to 
feed-back from the power tubes to the de- 
tector or first audio tube, and also reduces 
the possibility of "motorboating". 

ELIMINATING HARMONICS 

Since the signal potentials on the grids 
of the two tubes are 180 degrees out of 
phase, (one is always positive or nega- 
tive with respect to the other), the funda- 
mental plate currents in the two plate cir- 
cuits differ by 180 degrees, as shown by the 
solid arrows in Fig. 4 and the dotted curves 
"E F" and J K in Fig. 3-A and Fig. 3-B. 
Curve E F in Fig. 3-A is the fundamental 
wave in tube "A" and G H is the harmonic. 
These two combined together give the dis- 
torted wave form C D. Curve J K in Fig. 
3-B is the fundamental wave in tube "B" 
and G H is the harmonic. These two com- 
bined together give the distorted wave form 
L M from tube "B". The harmonics are 
in phase, as shown by dotted curves G H 
in Fig. 3-A and Fig. 3-B. These undesir- 
able harmonics also happen to he repre- 
sented by the dotted arrows in Fig. 4, for 
the instant considered. It will be evident 
by referring to these current directions at 
any instant that in the output unit 
(whether it be a choke coil or a trans- 
former) the fundamentals (which are 180 
degrees out of phase with each other in the 
tube) add together, since an increasing cur- 
rent through the upper half of the winding 
produces the same effect as a decreasing 
current in the lower half. For the same 
reason, the harmonics (which are in phase 
with each other) neutralize each other in 
the output unit and the resultant output 
to the loud speaker is an amplified repro- 
duction of the fundamental wave only. It 
is evident from the foregoing that true 
push-pull action can only be obtained when 
the two tubes have identically the same 
characteristics (matched tubes). 
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OUTPUT UNITS 

The output unit in a push-pull amplifier 
may be either a choke coil, as in Fig. 4, 
or a transformer, as in Fig. 5. When a 
choke coil is used, with well matched tubes, 
(passing the same plate current) the ends 
of the winding E and F are substantially 
the same D.C. potential, for there will be 
the same potential drop from the common 
center tap to E and F. For this reason the 
speaker can be connected across these 
points without danger of any damaging 
direct current flowing through the wind- 
ings. This eliminates the necessity for any 
blocking condensers between the choke and 
the speaker. However, fixed condensers 
C1 and C, of two to four mf. capacity are 
sometimes connected in the speaker cir- 
cuit in order to insulate the speaker ter- 
minals from the high plate voltage to pre- 
vent severe shock if they are touched by 
a person whose body is grounded. This is 
especially advisable when the larger power 
tubes such as the 210 or 250 types are em- 
ployed, as the voltages then are above 300 
volts. 

Some push-pull output impedances are 
made with two taps. In Fig. 4 points G 
and H are at the same D.C. potential when 
placed equally distant from the center tap. 
They may be used for speaker connection 
when a step-down ratio is required for the 
best operation of low -impedance speak- 
ers. 

The use of an output transformer (Fig. 
5) with push-pull amplifiers is becoming in- 
creasingly popular because it is possible to 
obtain a better impedance match between 
the tubes and the speaker by proper design. 
This is especially important when using 
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Fig. 3: How harmonics are eliminated in 
a push-pull amplifier. 
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PUSH-PULL AMPLIFIER 
Fig. 4: A typical push-pull amplifier circuit. 

low -impedance speakers, especially dynamic 
speakers. The secondary can be provided 
with taps for obtaining the best impedance 
match with any particular speaker. The 
illustration shows two of the latest push- 
pull units developed by the Pilot Radio & 
Tube Corporation. One is a 2 to 1 ratio 
push-pull input transformer, No. 408, and 
the other is a push-pull output transformer, 
No. 409. The output transformer is tapped, 
providing output impedances of 1500, 2500 
and 4000 ohms respectively. It may thus 
be matched to almost any speaker or com- 
bination of speakers. 

FREEDOM FROM A.C. HUM 

If the tubes in a push-pull amplifier are 
matched, and the center taps placed cor- 
rectly on the input transformer and out- 
put device, there are no audio currents in 
the "C" minus or "B" minus leads, and 
consequently any electrical disturbance in 
the filament circuit (such as alternating 
current) does not enter into the amplifica- 
tion process. This makes alternating cur- 
rent operation of the filaments without hum 
easy. 

If the tubes in a push-pull amplifier are 
not even nearly matched, or the transform- 
er center taps are not located correctly, the 
voice currents do not neutralize each other 
and the filament circuit will no longer be 
isolated, thus allowing feedback through 
the inter -electrode capacity of the tubes to 
occur. This condition manifests itself usu- 
ally as a strong amplification of the higher 
audio frequencies, and if the unbalanced 
condition is great, the audio tubes will os- 
cillate, producing a steady howl or a high- 
pitched whistle. 

Oscillation in push-pull amplifiers can 
generally be readily prevented by connect- 
ing a choke coil (such as the primary of 
an old audio transformer) or a resistance 
of about 50,000 ohms in the grid return 
circuit, marked "X" in Fig. 5. No by-pass 
condenser should be placed across it. 
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This is really the grid suppressor method 
similar to the grid suppressor scheme used 
on R.F. amplifiers. The use of this choke 
or resistance will not affect the quality, as 
this circuit does not have to carry any audio 
frequency currents. Connecting a regular 
30 henry choke in the "B" -I- lead from the 
center tap of the output deuce to the "B" -}- 

terminal of the plate supply will also aid in 
suppressing oscillation and stopping the 
whistle. 

A push-pull amplifier can be tested for 
oscillation either by listening for the howl 
or whistle, or by connecting a low reading 
milliammeter in the "C"- leg at point X 
in Fig. 5 in order to determine whether 
any current is flowing in the grid circuit. 
Under normal conditions there should be 
no deflection of the needle. However, if 
the circuit is oscillating, several milli- 
amperes of current may be found to flow 
in the grid circuit. Then the remedy de- 
scribed above should be applied. 

A rough test to determine whether both 
tubes in a push-pull amplifier are operating 
properly can be made by operating the set 
loudly with both push-pull tubes in their 
sockets, and then removing one of the 
tubes. If the quality of reproduction be- 
comes poor it indicates that the tube taken 
out is at least fairly good. If no charge 
is noticeable in the reproduction it indi- 
cates that the tubes are not matched. A 
new tube should then be tried. Now re- 
place this tube and remove the other tube 
from its socket for the same test. The 
tubes should only be removed from the 
sockets for a few se Ands, to avoid dam- 
aging the remaining tube due to the de- 
creased "C" bias voltage caused by the low- 
ered plate current flowing through the "C" 
bias resistor. 

WHEN TO USE PUSH-PULL 
It is evident from this that the answer 

to the question of whether to use push-pull 
amplification in a particular set, and just 
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what tubes to employ in the power stage, 
depends on several factors. Push-pull am- 
plification is not a cure-all for all set ills. 
It has definite limits and purposes. 

First of all it should be remembered that 
while a properly operated push-pull stage 
eliminates the harmonics produced in that 
stage, it does not eliminate the harmonics 
or distortion produced in other stages. 
Thus, in a two stage audio amplifier with 
a single tube for the first stage and a push- 
pull output stage, the push-pull output 
stage does not correct any distortion ap- 
pearing in the previous stages. However, 
the harmonic distortion produced in a high 
quality first stage (provided the tube is not 
overloaded) is so small as to be negligible 
in its effects on the final output. 

DOUBLED PLATE CURRENT 

It must also be remembered that since 
the plate circuits of the two push-pull 
tubes are in parallel, the total plate current 
drain is double that taken by each tube. 
This factor is sometimes overlooked and 
the socket power device used with a set 
having a single output tube may be seri- 
ously overloaded if push-pull amplification 
is incorporated in the set. Naturally 
trouble would result. This fact must be 
considered also when substituting larger 
size power tubes in a set. For instance, 
suppose a five -tube set using one 171-A 
power tube draws a total plate current of 
40 milliamperes. The 171-A tube alone 
takes 20 milliamperes. Now suppose the 
171-A tube is replaced by a push-pull out- 
put stage using 245 tubes. Each 245 tube 
takes a plate current of 32 milliamperes. 
Therefore, the push-pull output stage re- 
quires 32 x 2 = 64 milliamperes. The en- 
tire set then requires 64 + 20 = 84 milli- 
amperes. This is more than twice the plate 
current drain the "B" eliminator was called 
upon to supply before, and it may exceed 
its rating. 
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Therefore, the current rating of the "B" 
supply device should be ascertained before 
adding push-pull amplification to a tot, 
which formerly used a single power tube 
in the output. If it will be exceeded under 
the new conditions, an eliminator with 
larger current output should be employed. 

Another point to be remembered is that 
one of the main advantages of the push-pull 
connection is the increased power output 
handling capacity provided by the two 
tubes, over that provided by a single tube. 
If a set is to be operated so that the vol- 
ume required from it under normal re- 
quirements will never exceed the undis- 
torted power output rating of the single 
power output tube, it is needless to change 
that particular set to use larger power 
tubes or push-pull amplification. The im- 
provement noticeable after the change will 
be very slight. However, if the single tube 
were being overloaded, the use of a push- 
pull stage would greatly improve results, 
for the undistorted power output handling 
capacity of two tubes in push-pull is nearly 
three times that of a single tube of the 
same size. 

The speaker in a set should also be con- 
sidered. It should be able to handle the 
full output of the push-pull output stage 
without rattling. Unless it is able to do 
this, the full possibilities of the set will be 
reduced by the speaker. 

USE OF LARGER POWER TUBES 

A question which often arises in the 
mind of the radio novice is just what 
power tube to use in a set. It is just 
as foolish to use a power tube five times 
as large as necessary as it is to use one 
which will overload on loud signals. The 
table below gives the undistorted power 
outputs of various power tubes operated 
singly, at various plate voltages. For two 
tubes in push-pull the undistorted power 
output capacity is about three times the 
values shown here for a simple tube. 
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Fig. 5: A complete audio amplifier with a push-pull output stage. 
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UNDISTORTED POWER OUTPUT IN 
MILLIWATTS 

Plate 112A 
Voltage Tube 

171A 
Tube 

245 
Tube 

210 
Tube 

250 
Tub. 

90 30 130 
135 195 330 
180 300 710 750 145 
250 160'0 340 900 
400 950 3250 
450 1540 4650 

The question of which power tube to use 
is often determined by the fact that a cer- 
tain plate voltage is available and the best 
power tube to be used in this case must 
be determined. Thus, from the table it 
can be seen that if a plate voltage of say 
only 90 volts is available, the 171 should 
he used. If 250 volts are available, the 
245 tube should be used. This has a 
greater handling capacity at this particular 
plate voltage than even a 250 tube. 

The next question is one of plate voltage 
and plate current drain. The larger power 
tubes require high plate voltages and drain 
heavy plate currents. For undistorted out - 
nut the 171A tube should be operated with 
180 volts on the plate and the 245 tube 
should have 250 volts. The 171A tube re- 
quires a 40 volt "C" bias at this plate volt- 
age and the 245 tube requires about 50 
volts. Thus, the total voltage output of 
the "B" supply device operating the 171A 
tube should be 180 + 40 or 220 volts, while 
the voltage of that for 245 tubes should be 
250 -l- 50 or 300 volts. 

If a set is employing 171A tubes with 
an eliminator furnishing a maximum of 220 
volts. this same eliminator will hardly be 
entirely satisfactory for operating 245 tubes 
in push-pull, as its maximum voltage out- 
put with the large current drain imposed 
by the 245 tubes in push-pull will be en- 
tirely inadequate for the proper operation 
of these tubes. Also, due to the increased 
current drain on the eliminator, the filter- 
ing action of the chokes will be reduced 
due to the decrease in effective inductance. 
This will increase the ripple in the plate 
current and the hum 
from the set. The "B" 
eliminator then, should 
be designed to furnish 
the required amount of 
current at the proper 
voltage, without over- 
loading. 

If a new set is being 
built, or an existing set 
is to be brought up-to- 
date, an output stage 
with two 245 tubes con - 
n e c t e d in push-pull 
should be e m ployed 

The new Pilot push-pull transformers. 
Left, No. 408 input unit; right, No. 409 

output unit, with tapped secondary. 

with a power supply unit capable of fur- 
nishing the correct voltages for the tubes. 
Two of these tubes will handle, without 
distortion, all the power one could possibly 
desire for a home. 

The following table contains suggested 
tube arrangements for handling various 
power outputs without distortion. This has 
been arranged with a consideration for 
cost of parts with tubes, cost of power 
equipment, etc. 

Milliwatts 
Output Best Arrangement 

500 or less One 17 I A at 180 volts. 

500 to 1000 171A's in push-pull at 
135 volts or one 245 with 
200 volts plate. 

1000 to 1500 Single 245 at 250 volts. 

1500 to 2000 171A's in push-pull at 
180 volts. 

2000 to 50'00 245 tubes in push-pull. 

5000 - up 250 tubes in push-pull. 

PRACTICAL AMPLIFIER 

The Pilot K-113, described in this is- 
sue, is an excellent example of a modern 
high -quality push-pull amplifier. Harmonic 
distortion in the first stage is eliminated by 
the use of resistance coupling instead of a 
transformer. The push-pull stage uses two 

.245's, and provides enough volume for 
small theatres, soft-drink parlors and other 
public places. For the home, it can easily 
be turned down without losing its natural 
tone quality. 

SUMMARY 

From consideration of the facts pre- 
sented in this article, the reasons for the 
great popularity which push-pull audio am- 
plification is now enjoying will become evi- 
dent. The elimination of second harmonic 
distortion, the greater permissable signal 
grid voltage swing and undistorted power 
output handling capacity provided. as well 
as the reduction of hum with A.C. opera- 
tion, are the important factors considered. 

These features have 
made this form of am- 
plification very popular 
for the second stage, es- 
pecially on powerful re- 
ceivers which deliver 
great volume. The ef- 
fective plate resistance 
of the push-pull com- 
bination is equal to 
twice that of a single 
tube. The allowable in- 
put voltage is twice 
that for a single tube. 
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Announcing the formation of a world-wide 
fraternal radio organization to which every 
radio experimenter, serviceman and custom 

set builder should belong. 
by ALBERT L. RUDICK, 

Executive Secretary, Radio International Guild 

T has been conceded by leading 
educators and public-spirited citi- 
zens generally that the radio era 
has ushered in golden opportunities 
for self -education. It has done 

more to make a nation of scientifically 
trained men and women than any other 
single factor or industry. Persons who 
never before knew the fundamentals of 
electricity first mastered them through 
their interest in radio. 

We have recently had a very illuminating 
and encouraging example of the influence 
for self -education and personal advance- 
ment that the scientific interest in radio can 
produce. Nearly everyone in the United 
States, yes, almost in the entire world, 
has heard of Wilbur B. Huston, the six- 
teen -year -old youth who won the Thomas 
A. Edison Scholarship from. among forty- 
nine contestants, each representing a state 
in the Union and the District of Colum- 
bia-and all of whom were selected after 
exhaustive tests in their own states to de- 
termine their eligibility to take part in 
the national contest. 

A RADIO FAN AT 10 

Huston first showed a scientific bent at 
the age of ten, when, after persistent urg- 
ing, his father purchased for him the various 
component parts with which to build a radio 
set. According to his father the boy turned 
out a very good receiving set. 

There is little 
doubt that the 
primary scien- 
tific r e search 
engendered by 
the previously 
dormant capa- 
bilities that 
were aroused 
through t h e 
wonders of 
radio in this 
boy's mind 
were in a large 
measure re- 
sponsible f o r 
t h e ultimate 
fund of knowl- 
edge imbibed 

RADIO INTERNATI 

This is to fcerijify 

ONAL GUILD. INC. 

by him in the succeeding years. It was 
this knowledge that finally resulted in his 
remarkable achievement of winning a con- 
test that racked the brains of eminent uni- 
versity professors and scholars throughout 
the land who endeavored to answer the 
questions at the request of newspapers and 
periodicals. 

REASON FOR THE GUILD 

It is the desire to encourage this funda- 
mental influence for self -education that 
caused the Radio International . Guild to 
come into being. It is the purpose of the 
Guild to be of active, substantial and pe- 
cuniary assistance to all radio enthusiasts, 
experimenters and custom set builders, so 
that the influence for scientific education 
in the home will be perpetuated. 

The Pilot Radio & Tube Corporation, 
of Brooklyn, New York, has consented to 
underwrite the expenses of the Radio In- 
ternational Guild for the first year as its 
contribution to the advancement of radio. 
After the first year it is confidently ex- 
pected that the membership dues will carry 
the organization along without further as- 
sistance. 

The Radio International Guild is an or- 
ganization by means of which the radio 
experimenter, the custom set builder and 
all others interested in the advancement 
of radio and allied sciences can join hands 
to, effectively further their progress. It is 

a corporation 
organized in 
1929 under the 
laws of t h e 
State of New 
York. 

The aims and 
objects of the 
Radio Interna- 
tional Guild 
are: To en- 
courage indivi- 
dual experi- 
m e n tation in 
radio to t h e 
end that new 
devices may Is - 

A reproduction of the membership card issued to all sue from the 
members of the Guild. home 1 a bora- 

IV'1 r 

4-15-% MI 
DATE 

isnember in goofl ending of iñe 
R 1O INTLRNATI< AL GUILD. INC. 

(Subject h i ß L 

Vol. 2, No. 3, Radio Design 65 

www.americanradiohistory.com



tory and attic work -shop. Substantial 
prizes will be awarded by the Guild for 
outstanding work of this character. The 
Guild calls attention to the fact that many 
of the outstanding inventions of the past 
have come as a result of the individual ex- 
perimenter's work, rather than from the 
laboratories of huge industrial and manu- 
facturing corporations. 

HELPING THE RADIO MAN 

To provide a place to which members 
may bring new developments of their own 
invention, receive advice of a competent 
engineering staff and directions as to the 
securing of patents. 

To bind together radio experimenters and 
enthusiasts not only in the United States, 
but throughout the world in a common 
cause, thus promoting international amity 
and goodwill. 

The Guild recognizes that science knows 
no limitations and that the progress of any 
art is dependent, in a large measure, upon 
the free interchange of information among 
independent workers, no matter how far 
separated their domiciles may be. 

The Guild will cooperate with technical 
and trade schools and will aim to encour- 
age all students of the radio sciences. 

A library of radio knowle2l'-e will be es- 
tablished consisting of text hooks, puhlica- 

tiens and periodicals so arranged as to be 
available for members use. 

The .Guild will aim to provide an organi- 
zation by means of which members of 
the radio public and of the industry may 
make themselves heard in legislative halls 
and in the leading forums of radio thought 
and advancement. 

The membership of -the Radio Interna - 
legislation intended to advance radio and 
allied sciences. It will combat all legisla- 
tion and propaganda which it does not 
deem to be in the best interests of radio. 
It will aim to correct any abuses which 
may appear in the industry. 

It will act as a clearing house for radio 
information and will transmit authentic 
news of new devices and developments to 
the public press and other publicity me- 
diums and to its members. 

TWO CLASSES OF MEMBERSHIP 

The membership of hte Radio Interna- 
tional Guild is divided into '-««o classes. 
Class One is for Active Members, which 
includes radio engineers, experimenters, 
custom set builders and the radio public. 
Class Two consists of dealers and mer- 
chants engaged in the radio business and 
they will be known as Trade Members. 

The annual dues for active members are 
fifty cents per year. The annual dues for 
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'S A. M E M FIE R. IN. GOOD STANDING O,F THE 

RADIO INTERNATIONAL GUILD,INC. 
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A reproduction of the membership certificate issued to all members of the Guild. It is 
8/ by 11 inches, and is handsomely engraved. You will be proud to have one on your wall. 
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trade members are one dollar per year. 
There will positively 
be no assessments or 
levies against the 
members other than 
the annual dues. 

RADIO DESIGN is the 
official organ of the 
Radio International 
Guild. It aims to 
present, four times 
each year, all the lat- 
est developments of 
radio and is edited by 
competent radio engi- 
neers - practical men 
who work out their 
problems in the la- 
boratory. 

RADIO DESIGN iS is- 
sued to all members 
of the Radio Interna- 
tional Guild, whether 
active or trade mem- 
bers, as a part of their 
membership in t h e 
Guild. It is also avail- 
able to the general 
public and is sold 
through radio dealers 
everywhere. All sub- 
scribers to RADIO DE- 
SIGN automatically become members of the 
Radio International Guild and every mem- 

ber of the. Radio International Guild is 
therefore a subscriber 
to RADIO DESIGN. 

The Guild will sup- 
ply its members with 
suit able certificates 
testifying to their 
membership and will 
also present t h e m 
with appropriate in- 
signia to be worn in 
the coat lapel. Iden- 
tification cards will al- 
so be provided. These 
aids for the mutual 
recognition of mem- 
bers will prove of in- 
finite value. To the 
trade members of the 
Guild, in addition, will 
be furnished appropri- 
ate window transpar- 
encies showing that 
they are members of 
the Guild, so that the 
patronage of the ac- 
tive members might 
he properly directed 
to them. The Guild 
will maintain offices at 

Wilbur B. Huston, the i6 -year old 
Edison contest, was a radio fan at 

winner of the 325 Berry St., Brook - 
the age of to. lyn, N. Y., and will op- 

erate as an independent unit under the con- 
trol of its own officers. 

Why You Should Join The 
RADIO INTERNATIONAL GUILD 

IF you are a regular reader of Radio Design you will want 
to become a member of Radio International Guild. This 

very fact alone will be sufficient reason, for, if Radio Design 
interests you, then the Radio International Guild supplies 
the link that will make you feel like one of the members of 
a great big family with kindred interests and brotherly con- 
sideration for one another. Radio International Guild will 
encourage free-lance research, particularly among non-pro- 
fessionals who labor at leisure on their pet hobby. 

All you need do to become a member of the Radio In- 
ternational Guild is to become a regular subscriber to Radio 
Design. If you are already a subscriber renew your sub- 
scription for another year and you become a member of the 
Guild. All members will be supplied with a certificate, an 
identification card and pin free of charge. The cost of a 
year's subscription to Radio Design is only fifty cents and 
that is all you have to pay to secure the magazine, the Guild 
membership and all that goes with it. 

For information and a copy of the constitution of the 
Guild, write to Albert L. Rudick, Executive Secretary, Radio 
International Guild, 325 Berry Street, Brooklyn, New York. 
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The 
and 

K-113 in use with a phonograph 
a microphone for entertainment 

purposes. 

O meet the increasing demand for 
an audio amplifier that can be 
used with radio receivers for high - 
quality reproduction in the home 
and for general radio, phonograph 

and sound motion -picture reproduction in 
small halls, theatres and other public 
places, the Pilot company has brought out 
the K-113 power amplifier, which will ap- 
peal to every radio builder because of its 
electrical efficiency, its mechanical simpli- 
city and its low cost. Using two 245 tubes 
in push-pull, preceded by a stage of re- 
sistance coupling, it provides great volume 
of signals without distortion, and is cap- 
able of operating several powerful dynamic 
speakers. It is not too powerful for the 
home, as it can be turned down to a whis- 
per without losing its natural tone qual- 
ity. 

PARTS IN KIT FORM 

The parts for the K-113 are supplied in 
complete kit form, and can be assembled 
and wired in an evening. They mount on 
a strong base -panel of formed aluminum, 
accurately drilled with all the necessary 
holes for the mounting screws. The com- 
pleted instrument possesses a real commer- 
cial air, and has none of the "breadboard" 
appearance that characterizes so many 
home -built amplifiers. When assembled it 
is only 16 inches long, 934 inches deep 
and about 8 inches high and it therefore 
can be fitted very comfortably and con- 
veniently in the record compartment of 
old-style phonographs or in the (bottom of 
console cabinets. 

The K-113 uses five tubes altogether, in 
the circuit shown on page 71. You will 

AB 

How To Make 
And Use The 

by 

E. Manuel 

notice that the first tube, a 227, has no 
input device attached to it, although it is 
resistance coupled to the second tube, also 
a 227. Clips for a grid leak are provided 
on the base -panel, so that a grid leak may 
be inserted if the builder wants to add an- 
other stage of resistance coupling to the 
outfit. No transformer or other coupling 
device is provided because most radio 
builders prefer to use some pet system of 
their own. If the amplifier is used for 
public address work, the microphone modu- 
lation transformer will 'be connected to the 
input posts; if a phonograph pick-up is em- 
ployed, it may be coupled direct, or through 
any special transformer supplied with the 
instrument. 

TAPPED OUTPUT TRANSFORMER 

The second 227 is followed by the push- 
pull stage, which uses the new Pilot No. 408 
and 409 transformers. The secondary of 
the No. 409 output transformer is tapped, 
so that the amplifier will work to best ad- 
vantage with loud speakers of either low 
or high impedance. 

All filament, grid and plate power for 
the tubes in the K-113 is supplied by a Pilot 
K-112 power pack, which fits on a shelf 
along the rear edge of the base -panel. As 
the K-112 is supplied in a neat steel can, 
wired and all ready for use, the builder 
is saved three-quarters of the work usually 
involved in the assembly of a 245 power 
amplifier. The amplifier is fully self-con- 
tained and will work entirely independently 
of the radio receiver. 

The following parts are included in the 
K-113 kit: 

1 No. K-112 ABC Power Pack in can. 
I " 780 Aluminum Base Panel 
I' " 781 Aluminum Base Cover 
I' " 408 Input Push -Pull Transformer 
1' " 409 Output Push - Pull Trans- 

former 
1' 500 Resistoblock 
3 216 Sockets 
2 217 Sockets 

11 4 801 1 mf. By-pass Condensers 
2 958 Resistor -2000 ohm 
1 965 Resistor -750 ohm 
2 354 Center -Tapped Resistance - 

20 ohm 
Vol. 2, No. 3, Radio Design 
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K-113 PUSH -PULL AMPLIFIER 
for 245 TUBES 

Bring your set up to date by adding this inexpensive, easily - 

assembled amplifier to it; parts supplied in kit form 

5 " 29 Blank Binding Posts 
1 21 "Gnd" Binding Post 
1 " 752 .5 megohm grid Leak 
1 " 750 .1 megohm grid Leak 
1 " 770 Resistochoke 
1 " 782 Hardware for Pack consists 
of: 13 Binding Post Insulators; 4 Rubber 
Bushings; 9 Black Oval head 4" Screws; 
5 Nickel Plated Round Head 2-%" Screws; 
2 Condenser Mounting Straps 2g"; 3 
Nickel Plated Round Head 1" Screws; 2 
Fuse Clips; 7 N.P.R.H. Screws /"; 20 
Solderings Lugs; 40 Hex Nuts; 30 Lock 
Washers; 4 Round Head Screws %"; 26 
Ft. Black Rubber covered wire; 8 Ft. Blue 
Rubber covered wire. 

The accessories needed for the amplifier 
itself are two P-227 tubes, two P -245's 

(power amplifiers) and one P-280 (full 
wave rectifier). No one-off switch is pro- 
vided, as in most cases the amplfier will 
be controlled by the switch on the radio 
receiver. The cord from the K-112 is 

simply spliced into the switch circuit. 

If you are still using an old amplifier 
with 226 or 171A tubes, or, as a service 
man, have customers who want their re- 
ceivers brought up to date, by all means 
buy a K-113. It provides a cheap and easy 
means of turning two- or three-year old 
outfits into 1930 model musical instruments. 

To describe in detail the manner in 
which the K-113 is put together, let us 
assume that you have bought a kit and are 
ready to start on it. The only tools you 
need are a screwdriver, a pair of taper -nose 
pliers, a Spintite wrench to fit th^ small 
nuts used throughout in the amplifier, and 
a soldering iron. 

STARTING THE ASSEMBLY 

Take all the parts out of their boxes. and 
study them for ten minutes or so to ac- 
quaint yourself with their markings. Com- 
pare them with the drawings, to get an 
idea of how they are supposed to fit. Start 
the assembly by mounting the five tube 
sockets, with the machine screws going in 
through the top of the base -panel. Note 
from the bottom view of the base -panel 

4 K-113 amplifier fully assembled and wired and with the tubes in 
The outfit presents a fine factory -built appearance. 
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that soldering lugs are fastened under some 
of the nuts that tighten these screws. There 
is one on the bottom screw of the first 
socket in the upper left corner; one under 
each of the screws of the next socket; and 
one under the right hand screw of the bot- 
tom socket for the 245 tulbe. By putting 
these lugs on now you'll save the trouble 
later of loosening the screws. 

Next mount the six binding posts and 
the fuse clips for the grid leak. The F- 
and ground posts (on the left) simply make 
contact with the aluminum, no wires being 
connected to them. All the other posts 
and the clips are insulated from the base - 
panel by means of hard rubber washers. 
Put soldering lugs under all the fastening 
nuts. Of course, do not forget to put lock 
washers under all nuts, throughout the am- 
plifier. 

The next operation involves the Resisto - 
block, which simply requires two mounting 
screws. 

MOUNTING THE TRANSFORMERS 

Before mounting the push-pull trans- 
formers, you must install the by-pass con- 
densers on the underside of the base -panel, 
as the screws for these will be covered later 
by the transformers. After putting solder- 
ing lugs on all their terminals, place one 
1 mf. condenser on top of another, and 
clamp the two down in the center of the 
base -panel, between the sockets for the sec- 
ond 227 and the two 245 tubes. Long 
screws and a flat clamp for the purpose 
are provided in the kit. Have the binding 
posts face to the left. Mount the other 
two 1 mf. condensers in exactly the same 
manner to the right of the 245 sockets. 

With this finished you can put the trans- 
formers in place. Note from the picture 
diagrams that the No. 408 is placed with 

its three secondary posts facing the front 
edge of the base -panel, while the No. 409 
is twisted the other way. The same screws 
that pass through the corners of the No. 
408 transformers hold, on the underside of 
the base -panel, two 2000 -ohm fixed re- 
sistances, which provide the bias for the 
two 227 amplifier tubes. These resistor, 
flank the sides of the two 1 mf. condensers, 
which act as by-passes across them. 

The two front screws of the No. 409 
transformer hold, on the underside, a 750 
ohm resistance, which gives the bias for the 
two 245 tubes. 

The only other thing to mount is the 
K-112 power pack, which rests on the low 
shelf of the formed base -panel. In one of 
its ends there is a large opening, through 
which the connection wires are passed; face 
this end to the left, that is, toward the 
four -prong socket for the 280 rectifier tube. 
Mount this unit by passing four screws up 
into its bottom from the underside of the 
base -panel. Put a lug under the screw 
in the upper left corner. Do not fail to 
include lock washers under the heads of 
these screws, as they support the weight 
of the power pack. Remove the cover of 
the can, to expose the terminal plate. Force 
the soft rubber bushings into the four large 
holes between the 280 socket and the end 
of the K-112, and you are ready to start 
the wiring. 

THE WIRING 

Start with the rectifier tube socket, and 
run the filament and plate wires through 
hole A. The filament runs to the posts 
on the K-112 terminal plate marked 5 and 
6; the G and P connections to 7 and 8. 

Posts 5 and 6 supply 5 volts, 7 and 8 the 
high voltage for the plate circuits. Twist 
the filament wires together. 

The underside of a completed K-113 amplifier. Note how short and direct 

the connections are. 
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How the K-113 may be used with micro- 
phone, radio, or phonograph input. .A 

simple 3 -point switch is used for changing 
over. 

Next do the filaments of the 227's and 
245's. Run twisted wires from the ter- 
minals marked 1 and 2 on the power pack 
to the 227's, and from 3 and 4 to the 245's. 
Solder one of the 20 -ohm center -tapped re- 
sistances directly to the lugs on the socket 
on the extreme left, and the other to the 
lugs on the bottom socket for the 245. The 
two pairs of wires go through hole D. 

The "B" leads are brought down through 
hole C. The "B"- post of the K-112. 
marked 9 on the terminal plate, is grounded 
to the lug just to the right of the hole D. 
The "B"+ 300 and 180 run to the Resisto - 
block and the input transformer, and to the 
output transformer. 

The other connections between the vari- 
ous parts are clearly indicated in the pic- 
ture diagrams on pages 72 and 73. Solder 
them all carefully with a clean hot iron 
and rosin -core solder. 

Be careful not to confuse the connec- 
tions from the four 1 mf. by-pass con- 
densers. The two lower posts of each pair 
are connected together and to the aluminum 
base, but the upper ones are separated and 
lead to the biasing resistors and to the Re- 
sistochoke. 

To make their identification easy, you 
will notice that holes which pass wires 
through the aluminum are marked with 
corresponding numbers in the top and bot- 
tom views. However, the numbers next 
to the wires coming through the large 
holes A, B, C and D correspond to the 
markings on the K-112 terminal plate. 

The last wires to be connected are the 
110 -volt cords, which run through hole B 

(Continued on page 80) 
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Radio Helps Explorer in the Jungle 

Dr. and Mrs. Herbert S. Dickey. Mrs. Dickey was the first white woman to enter the 
land of the head hunters in South America. 

W 
HEN Dr. Herbert S. Dickey, ex- 
plorer of world-wide renown, left 
New York this Spring on his 
eighth expedition into the wilds of 
South America, he took with him 

a complete Super -Wasp receiver, a dona- 
tion of the Pilot Radio & Tube Corpora- 
tion. It was his intention to use the set 
for the reception of radio time signals, by 
means of which he could check his chrono- 
meters and thus be able to determine ac- 
curately his position in uncharted territory. 
His purpose on this expedition was to map 
the source of the mysterious Orinoco River, 
in Venezuela, and to study the Indians in- 
habiting the territory. 

As companions on his hazardous jour- 
ney Dr. Dickey had Sidney F. Tyler, Jr., 
who acted as his assistant, and Charles F. 
Polsten, as radio operator and navigator. 
They were the only white men in the ori- 
ginal party, which also included a number 
of Indians. Later they picked up an itin- 
erant Spaniard named Felix Cardona, an 
ex -sailor who had been prospecting unsuc- 
cessfully for diamonds in the vicinity of 
the Orinoco. Dr. Dickey returned to New 
York on August 15th, and through his kind- 
ness we are able to describe some of his 
experiences with the radio set in the 
jungles. 

Leaving New York on the steamer 
"Dominica" of the Furness -Trinidad Line, 

74 

the party reached the Port of Spain, Trini- 
dad, off the northern end of South Amer- 
ica. Here it boarded the steamer "Delta", 
which took the explorers 300 miles up the 
Orinoco River to Ciudad Bolivar, from 
which the actual expedition started. While 
in this city Dr. Dickey wrote the following 
letter, which is self-explanatory: 

Dickey Orinoco Expedition. 
c/o American Vice Consul, 
Ciudad Bolivar, Venezuela. 

Pilot Radio & Tube Corporation, 
Brooklyn, N. Y. 
Dear Sirs: 

In thanking you for your gift of a 
Pilot Super -Wasp to my expedition. I 
wish to state that this set has given us 
the greatest satisfaction. We assembled 
it shortly after arriving at this place 
and have been enjoying programs from 
all over the United States since that 
time. 

Your apparatus will not only be of 
incalcuable value to us in getting time 
for our observations, but will also prove 
a very welcome addition to our scant 
means of entertainment when we are 
in the wilds of the Upper Orinoco. 

Reiterating my thanks, I am, 
Sincerely yours, 

Herbert Spencer Dickey. 
Vol. 2, No. 3, Radio Design 
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The Super -Wasp itself was carried itI a 
double box. The inner one was a misfit 
radio cabinet picked up by Mr. Polsten on 
Cortlandt Street, New York's "Radio Row", 
just before sailing. This was in turn sup- 
ported inside a packing case fitted with 
hinges. For "A" supply, fifty dry cells of 
standard No. 6 size were taken, as the 
weight of a storage battery and a charging 
generator made these more desirable ac- 
cessories impracticable. A group of four 
batteries at a time was used, and then 
simply discarded after the cells became ex- 
hausted. A set of cells gave an average 
of 25 hours service. A bank of heavy-duty 
Burgess "B" batteries furnished the plate 
current. Three pairs of earphones, one for 
each member of the party, were carried. 

For an .antenna, Mr. Polsten used two 
lengths of flexible insulated wire, one length 
gs aerial and the other as counterpoise. 
The aerial wire was thrown over trees and 
bushes and the counterpoise simply 
stretched on the ground, whenever a stop 
was made. 

MUSIC IN THE WILDERNESS 

Although Mr. Polsten is an experienced 
radio operator, he made no attempt to copy 
any of the hundreds of radio -telegraph sta- 
tions he heard, as Dr. Dickey and Mr. Ty- 
ler wanted to hear voice and music, which 
they could understand. The set proved its 
efficiency on the short waves by bringing 
in stations like PCJ, in Holland, 5SW, in 
England, and the short-wave transmitters 
of KDKA and WGY in our own United 
States. Although the static was terrible 
most of the time, the signals came through 
loud and clear, and frequently with loud 
speaker strength. 

Needless to say, the men were delighted, 
as they were kept in close contact with 
civilization although they were many miles 
from the nearest settlement. The cheery 
voices of the announcers and the pleasant 
strains of the music did much to relieve 
the discomfort of the drenched and insect - 
infested camps that were made along the 
turbulent Orinoco. 

Traveling in a sailboat equipped with 

au outboard motor, Ur. Dickey and hio 
companions managed to reach a point 1200 
miles up the river 'from Ciudad Bolivar in 
the time of one and a half months. On 
July 11 the motor broke down, and the 
expedition was forced to turn back because 
it could not obtain Indians to row the 
craft against the current. One of those 
perennial South American revolutions had 
flared up during the course of the trip, and 
the natives were so frightened by the dis- 
turbance that they took to hiding or were 
conscripted into what passes for military 
service. As the white men were sick from 
fever, they could not battle the rapids 
themselves and they had no choice but to 
return, although they probably could have 
reached their goal in another week. 

On July 20, while encamped along the 
river, the intrepid explorers experienced one 
of their greatest thrills; they heard a radio 
program from KDKA addressed especially 
to them. For a time before the trans- 
mission started the static was so bad that 
it threatened to ruin all reception, but it 
cleared miraculously and allowed the ma- 
laria -stricken men to hear messages from 
their own homes. 

The expedition finally drifted into Ciu- 
dad Bolivar on July 28, and its members 
left shortly for New York. Dr. Dickey, 
who has spent 28 years in the tropics, 
plans to return soon, to accomplish his 
mission. 

SET CONQUERS STATIC 

Mr. Polsten visited the Pilot plant to 
express the thanks of the expedition for 
the Super -Wasp. He was loud in his praise 
of the receiver, saying that of all the radio 
sets he knew of in Venezuela, it was the 
only one that worked through the static. 
This is no faint praise, for the static that 
abounds in the tropics is the most horrible 
in the world. It seems to permeate the 
whole atmosphere, and normally drowns 
out the strongest signals. 

Naturally, we are quite proud about the 
way the Super -Wasp performed under 
such adverse conditions. Its operation is a 
credit to its design and efficiency. 

Short Wave Jottings, by Robert S. Kruse 
(Continued from page 32) 

bad because it introduces 60 cycle hum as 
well as R.F. This is frequently serious 
enough to cause modulation of the incom- 
ing signal. Th- R.F. choke is bad because 
its response at different wavelengths is not 
even. 

Altogether the more satisfactory scheme 
is to use a tuned input as shown in Fig. 4C, 
which also gives the constants. The re- 
sistances in the filament circuit are the 
usual biasing resistances employed with 

Vol. 2, No. 3, Radio Design 

the 222 and are found in convenient form 
in the Pilot No. 961 resistor. 

As usual, the diagram does not show 
everything and unless the stage is shielded 
thoroughly its main effect will be to trig- 
ger the whole set into oscillation. Indeed 
both this stage and the main set must be 
more carefully treated than the set alone, 
since the overall gain is higher. If you 
have ample patience the addition will 
amuse you. 
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HE "Workshop Special" is a 
simple, inexpensive little short- 
wave receiver that can be thrown 
together with odd parts such as 
are found in every experimenter's 

workshop junk box. Although it does not 
approach the famous Super -Wasp in gen- 
eral efficiency, it makes a very fine little 
set for the school boy who has little money 
to spend or for the man who would like to 
try his hand at short-wave reception but 
doesn't want to invest in a larger receiver. 
It works quite satisfactorily on small dry 
cells, and the whole outfit, including bat- 
teries, fits on a board the size of an or- 
dinary letterhead, 8% by 11 inches. 

COSTS LITTLE 
Even if you have to go out and buy all 

the parts, you will still receive change from 
a ten dollar bill, and that takes in tubes, 
batteries, earphones and everything. You 
can surely pick up odd sockets and some 
kind of an audio transformer from among 
your friends or you may have them kick- 
ing around in your own junk collection. 
You can assemble, wire and have the set 
working in two hours, and I guarantee 
you'll get a barrel of fun out of it. 

If you are a transmitting amateur, you'll 
find the "Workshop Special" a dandy moni- 
tor. Being small and compact, you can 
keep it out of the way of your other ap- 
paratus. 

The "Workshop Special" is the simplest 
and most elementary form of short-wave 
receiver, and is well suited as a construc- 
tion exercise in school shops. Since so 
many boys from the age of 12 up have a 
natural interest in radio, manual training 
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Boys! Do you want to get 
started on the short waves? 
Build this little receiver 
and learn the tricks of the 

game. 

f h e "Workshop 
Special" is small, 
'gat 4 works. This 
'goy built one and 
njoys it greatly. 

teachers will find them quite enthusiastic 
about making a little set like this. 

In constructing the receiver shown in 
the accompanying illustrations, the writer 
used Pilot parts throughout, because these 
are cheap and can be obtained everywhere. 
Check off the parts you have on hand, and 
borrow or buy the others. 

THE PARTS USED 
The following parts (or their equivalent) 

are needed: Wood baseboard 8/ by 11 
inches, any thickness (''/z or X inch pre- 
ferred). 

1-Pilot J-13 and 1 J-23 midget con- 
densers. 

1-No. 920 rheostat (20 ohms). 
1-No. 413 audio transformer. (Any 

transformer at all will do). 
1-No. 217 five -prong socket. (For the 

plug in coils). 
2-No. 216 four -prong sockets. (For the 

tubes). 
3-No. 185 blank coils forms. 
1-.0001 mf. grid condenser, with grid 

leak clips. 
2 -4% -volt "C" batteries. 
2-Small size 22/ -volt "B" batteries. 
2-UX-199 tubes. 
1-Pair earphones. 
The layout of the parts is exceedingly 

simple, and is made clear in the illustra- 
tions on pages 78 and 79. The first thing 
to do is to make three little L-shaped brack- 
ets out of brass, about two inches high, one 
inch wide, and with the foot an inch long. 
These are used to support the midget con- 
densers and the rheostat along the long 
edge of the baseboard. The J-13 midget, 
which is used as the tuning condenser, is 
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The "WORKSHOP SPECIAL" 
Made of Odd Parts Picked Out of the Junk Box, 

this unique "Breadboard" set brings in 

Europe on two dry -cell tubes 

by Robert Hertzberg 

at the right end, the rheostat at the left, 
and the J-23 in the center. The J-23 is 
the regeneration control. It isn't neces- 
sary to provide the condensers with scales, 
as you can easily see the plates. However, 
if you want to fix up little scales of white 
cardboard, you can fasten them under the 
same nuts that hold the condensers to the 
brackets. 

The five -prong socket is mounted just be- 
hind the J-13 midget, with its P and G 
terminals facing the latter. A lttle behind 
and to the left of this socket mount one 
of the four -prong receptacles, also with its 
P and G posts facing the front edge of the 
baseboard. Proceed with the audio trans- 
former and the socket, with their posts 
facing as shown in the picture diagram. 

The grid condenser stands upright be- 
tween the first two sockets, being held in 
that position by the short wires connecting 
it to the P post on the five -prong socket 
and the G post on the four -prong. 

The "A" and "B" batteries fit along the 
back edge of the baseboard. Leave them 
off until you have finished the wiring. Then 
you can simply tie them down with cord, 
which is perfectly satisfactory, or you can 
devise clamps for them. 

C". 

C 

3MEG. 

.000/MF 

/3 
.00005 ME 

Th e 

The wiring is easy, as there is so little to 
be done. Notice that there are no binding 
posts, all the battery wires being brought 
right up to the battery terminals. The wire 
from the rheostat that goes to the "A"- 
is fitted with a clip, as is the one from the 
"B" -I- post of the audio transformer. These 
clips make a switch unnecessary; to shut 
off the set really completely, so there will 
be no possibility of running the batteries 
down, merely unhook the clips from the 
battery terminals and snap them on the 
cord that ties the batteries down. The 
rheostat, in its off position, also shuts the 
set off. 

Put clips on the earphone cords also. 
Snap one directly on the P terminal of the 
amplified tube socket and the other on the 
"B" -I- post on the extreme left, and you're 
ready to listen. 

WINDING THE COILS 

The winding of the three plug-in coils 
will take only a few minutes. Each form 
has a grid coil and a tickler, connected to 
the pins in the base as shown in the sketch 
on page 80. For the wire, you can use any 
size larger than No. 28 and smaller than 
No. 16. No. 24 is a handy size, as a lot of 

NO. 4/3 
TRANSFORMER 

I 

III 
F 

WORKSHOP SPECIAL 

PHONES 

B. 
BATTERIES 

20 0//M 
£//E0STAT Of - 

6R0UN0 

- 

A 
BATTER/ES 

0 0f 
0 O -f 

Schematic wiring diagram of the "Workshop Special". The aerial condenser "C" must 
be of very low capacity; see text for details. 
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Picturing wiring diagram of the "Workshop Special". Simply clip the earphones to the P 
post on the socket on the left and to the plus post of the second "B" battery. 

this wire is used for broadcast coils. If 
you don't want to buy a spool of new 
wire (you need only a few yards) strip 
an old R.F. transformer. 

Coil A, which tunes from about 18 to 29 
meters, has 6% turns on the grid coil and 
4 on the tickler. Coil B, which tunes from 
29 to 43 meters, has 10 grid and 7 tickler. 
Coil C, which covers 43 to 68 meters, has 
17 on the grid winding and 7 on the tickler. 
The direction of winding is unimportant, 
but whichever direction is adopted must be 
followed for the two windings of each coil. 

You will notice that the bottom end of 
the grid coil connects to two pins, num- 
bers 1 and 2. This is done merely to shorten 
the wires from the five -prong socket to the 
tube socket and to the condensers. In the 
schematic diagram the ends of the coils are 
marked with the letters that appear on the 
terminals of the five -prong socket, as it is 
to these terminals that the actual connec- 
tions in the set are made. In the sketch 
showing the coil construction, the ends of 
the wires are marked with the numbers 
molded into the base of the plug-in forms. 
Pin number 1 corresponds to G on the 
socket, 2 and 3 to F1 and F2 (see picture 
diagram), 4 to P and 5 to C. This sounds 
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complicated, but when you look at the coils 
and sockets it will all be very plain. 

These three coils cover all the important 
short-wave channels, taking in thousands 
of telegraph and all the short-wave broad- 
casting stations of the world. It can be 
made to tune higher by means of additional 
coils, but there really is nothing much to 
listen for above 70 meters except a lot of 
telegraph signals. The three coils make a 
good starter; if you want to do more ether 
exploring you can wind larger coils. 

SMALL AERIAL CONDENSER 

To operate the "Workshop Special" you 
must observe a few simple precautions. 
First of all, you don't need much of an 
aerial. If you already have one up and 
can use it without disturbing the regular 
broadcast receiver to which it is attached, 
you must couple it to the grid of the de- 
tector tube through a very small condenser. 
No factory -made condenser is small 
enough, and we can't recommend a specific 
size because it will depend on the particular 
aerial being used. 

A trick that is both simple and effective 
is to connect a piece of insulated wire about 
a foot long to the stator plates of the J-13 

Vol. 2, No. 3, Radie Design 

www.americanradiohistory.com



condenser, and to merely twist the aerial 
lead around it once or twice without making 
an actual conductive connection. With the 
tubes turned on, you can tell when you 
have too many twists by the fact that the 
set will refuse to oscillate. Start out with 
no aerial but the one foot length, and make 
sure you get good oscillation with all three 
coils. Incidentally, you will be surprised 
at the number of telegraph stations and 
earner -wave whistles that you can pick up 
with just this short wire alone. The writer, 
who lives in upper New York City, actually 
heard a program from G5SW, England, 
with a piece of wire only three feet long 
hanging off the edge of a kitchen table. 
Of course, the voice and music was weak, 
but it was England all right. 

IT RECEIVED EUROPE! 

A piece of lamp cord twenty feet long, 
just dangling from a fourth floor window, 
produced as good results as an 85 -foot aeri- 
al running twenty feet higher to the roof. 
In connecting it to the set, the writer 
merely bent the end of the wire and hooked 
it around another wire fastened to the sta- 
tor of the J-13 condenser. The wires were 
not connected; the slight capacity effect 
alone was enough to transfer the high -fre- 
quency energy from the aerial to the set. 

This arrangement brought in PCJ, Hol- 
land; W6YN, Oakland, California; G5SW, 
England; the nearby American stations in 

Pittsburgh and Schenectady (all broadcast- 
ing voice and music), and amateur and 
commercial telegraph stations by the 
hundreds, from all over the world. It is 
trickly work "fishing" for them, but they 
can be received. 

All the usual rules about regeneration 
control and zero -beating must be observed 
in the operation of the "Workshop Spe- 
cial". (See detailed articles in Spring and 
Summer issues of RADIO DESIGN). The set 
is working best when, with the J-13 at 
maximum capacity (plates all in) with any 
one coil in the coil socket, it goes nicely 
into oscillation when the J-23 condenser 
is turned to full capacity. If the set "plops" 
into regeneration with the J-23 only partly 
in, remove a turn at a time from the tick- 
ler until the aforementioned operation is 
obtained. If it oscillates on the high wave- 
length end of the coil, it will work with- 
out trouble as the tuning condenser is 
turned down. 

The detector plate voltage is a matter of 
experiment. Most small size 22% -volt 
"B" batteries have two or three taps on 
them, so you can try voltages from 4 up 
to the full 45 of the two batteries in series. 
The filament rheostat is not critical. As 
the "A" batteries wear out, it is advanced 
to keep the tubes at the right voltage. 

The grid leak likewise is something that 
must be played with. The writer found 

The simple construction of the "Workshop Special" is made plain in this picture. 
how the batteries are tied down by cord. 
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that 4 megohms was about right for three 
different 199's. If the leak is too high, the 
set will explode into a loud growl on the 
point of oscillation, instead of sliding 
gently into the soft hushing noise charac- 
teristic of regeneration. 

Unfortunately, most of the short-wave 
broadcastng stations of the world trans- 
mit on an experimental basis, and it is im- 
possible to obtain a reliable schedule of 
their activities. However, the following 
table will be of some assistance when you 
are "fishing" around: 

Coil A, 18 to 29 meters: with the J-13 
condenser about three-quarters in look for 
stations G5SW, Chelmsford, England, 25/ 
meters; and CJRX, Winnipeg, Canada, just 
a fraction of a degree below. Condenser 
about all in, 2ME, Sydney, Australia, 28/ 
meters. Condenser near zero, PCL, Koot- 
wijk, Holland, 18 meters; and the trans- 
atlantic radio telephones in New Jersey and 
in London. 

Coil B, 29 to 43 meters: condenser about 
half way in, PCJ, Eindhoven, Holland, 
31/ meters (this is the best of the short- 
wave stations) ; 3L0, Melbourne, Australia, 
31/ meters; NRH, Costa Rica, Central 
America, about 30 meters, (a little 7/ -watt 
station that reaches everywhere); W2XAF, 
Schenectady, N. Y., 31 meters; W6XN, 
Oakland, California. 

Coil C, 43 to 68 meters: near the top of 
the condenser, W8XK, Pittsburgh, Pa., 
62/ meters (very reliable in the U. S.); 
W2XE, New York, 58 meters. 

There is one important thing you must 
be cautioned about: don't expect to bring 
in Europe the first night you listen. The 

short waves are decidedly tricky, and you 
can run by stations a dozen times without 
knowing it. If you exercise a little pa- 

GOD 

COIL 

T/CKLE,P 
COI/ 

NQ /85 COIL FORM 
Details of me plug-in coils. 

tience and play with the set frequently, 
you will soon learn the tricks. It seems 
incredible that a little instrument like this 
can bring in stations thousands of miles 
away, but it certainly does. 

The K-113 Push -Pull Amplifier for 245 Tubes 
(Continued from page 71) 

and connect to the line terminals on the 
K-112, marked 15 and 16. Pull the cord 
out to the right or left, as -you prefer, and 
then finish the whole amplifier by screw- 
ing on the flat aluminum base. 

A special .1 megohm fixed resistance was 
designed for use in the resistance -coupled 
stage of the K-113 amplifier. This is known 
as the Resistochoke, and fits in the left pair 
of clips of the Resistoblock. Being wound 
with wire, it will withstand the plate cur- 
rent of the 227 without changing in any 
way. It is far superior to ordinary grid 
leaks for the purpose, as the latter soon 
disintergrate and become very noisy. 

The operation of the K-113 is very 
simple, as there is nothing to turn or ad- 
just. You simply connect it up, and if the 
tubes are good the voice or music will pour 
right out of the loud speaker. . 

Any kind of a speaker may be used, al- 
though a good dynamic will give the best 
all-round results. You can connect it to 
the output ` transformer in three different 
ways; to posts 1 and 2, 1 and 3 and 2 and 
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3. Try all three combinations for fifteen 
or twenty minutes each and use whichever 
one seems to sound best. 

To use the K-113 with a radio receiver, 
it is best to make the first 227 a resistance - 
coupled tube by connecting an external 
blocking condenser of any size between 
.01 and .1 mf. between the G post and the 
plate of the detector tube, with a .1 megohm 
plate resistor to feed plate voltage to the 
detector. A 500,000 ohm Volumgrad may 
be connected as a volume control, as shown 
on page 71. 

This diagram also shows how a simple 
three-point switch may be used to switch 
the amplifier from the radio set to phono- 
graph pick-up or to a microphone, if all 
three systems are to be used. A two -point 
switch will serve if Only the radio set and 
the phonograph pick-up are used, as they 
would be in the ideal combination for the 
home. For public address work in small 
theatres, dances halls, soft-drink parlors, 
etc., the microphone is very desirable for 
the purpose of making announcements. 
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HOW BAKELITE RADIO PARTS 
ARE MOLDED 

No. 3 of a series of trips through the 
Largest Radio Parts Plant in the World 

by ALFRED A. GHIRARDI 

A group of Pilot parts molded of solid Bakelite. Top row (left to right) : art dial, drum 
dial, terminal plate, coil form, transformer case. Bottom row: Volumgrad form, socket parts, 

and snap switch. 

O the average American, the 
sight of Bakelite in one form or 
another is a common, everyday ex- 
perience. It is used for shaving 
brush handles, coffee percolator 

tops, pipe stems, fountain pens, telephone 
receiver and transmitter cases, in radio re- 
ceivers and for thousands of other pur- 
poses. The processes by which this ver- 
satile material is made into useful articles 
are not complicated, but nevertheless very 
few people are familiar with them. It is 
the purpose of this article to explain in 
simple language how the hundreds of dif- 
ferent Bakelite molded parts used in Pilot 
radio apparatus are made in the world's 
largest radio parts plant. Every Bakelite 
molded part is made right in the plant. 
in keeping with the Pilot policy of pro- 
ducing every part under one roof under 
the constant supervision of trained engi- 
neers. 

For those readers interested in the "how" 
and "why" of things we will first explain 
just what Bakelite is and the reasons for 
the various manufacturing processes. 

WHAT BAKELITE IS 

Bakelite, an Amer%an product, was in- 
viented by Dr. L. H. Baekland in 1907 
after exhaustive research. The principal 
ingredients used in its manufacture are 
phenol (commonly called carbolic acid) and 
formaldehyde. Phenol is obtained from 
coal tar and formaldehyde is made from 
wood alcohol. Under certain well defined 
conditions these two odoriferous materials 
combine chemically to form a solid, resin: 
tike substance differing in every way from 
the ill -smelling liquids from which it is 
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made, a substance that is odorless and 
tasteless, and possessing altogether differ- 
ent chemical and physical characteristics. 
This resinoid is the starting point for all 
Bakelite products. 

Molding material is prepared by mixing 
the original Bakelite resin with various fill- 
ing ingredients, such as wood flour, as- 
bestos, etc. Suitable coloring pigments are 
employed to produce various color effects. 
Thus in the Pilot factory black Bakelite 
is used for sockets, coil forms, dial drums, 
etc.; mahogany or walnut for dials and 
knobs; and yellow, red, green, orange and 
blue Bakelite for the handles on short- 
wave coils. 

The filling ingredients are mixed with 
the Bakelite resin and ground together for 
hours. The resulting powder is then run 
between hot rolls, causing the wood -flour 
to be thoroughly impregnated by the 
molten resinoid. Sheets of material re- 
sulting from this operation are ground to 
a powder which is then sifted and thor- 
oughly mixed to insure uniformity. This 
powder constitutes the molding material 
ready for the market, and it is in this form 
that the Pilot company receives the raw 
Bakelite in steel drums from the Bakelite 
Corporation. 

MAKING THE PRE -MOLDS 

The first step in the Bakelite molding 
department of the Pilot plant is shown 
in the photograph, Fig. 1. Rather than 
use the old-fashioned method of pouring 
the powder into each mold separately, 
practically all parts are made from - pre- 
formed "pills", "biscuits" or "pre -molds" 
of compressed Bakelite powder of the ex - 
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Fig. 1: Pre -mold machines which prepare the 
Bakelite for the molding presses. 

act weight required for the object to be 
molded. These are made by the pre -mold 
machines pictured in Fig. 1. They con- 
sist of a metal hopper containing the 
Bakelite powder and a mold of the size and 
shape best suited for the particular ob- 
ject. The machine is motor driven and 
automatic in its operation. Several ma - 

chines require only one operator to fill 
the powder hoppers and remove the pre - 
molds when the receptacles are full. The 
correct quantity of powder is put into 
the mold and then it is compressed to a 
self supporting "biscuit" or pre -mold. By 
using these pre -molds the Pilot company 
has eliminated waste due to defective parts 
caused by either too much or too little 
Bakelite powder. Each pre -mold contains 
the exact amount of powder required for 
the object. 

The next stop is the actual molding. 
The pre -molds of compressed powder are 
put into the lower half of a heated mold. 
The molds are made of hardened steel 
and are mounted in powerful presses. Pro- 
vision is made for heating the molds to the 
exact temperature of 350 degrees Fahren- 
heit, required for the chemical change 
which the Bakelite undergoes. 

The press forces the two halves of the 
mold together and as the temperature rises 
the resinoid binder first melts, while the 
steadily increasing pressure forces the 
plastic mass into every crevice of the mold 
cavity. Only a few minutes are required 
at a pressure of 2,000 pounds per square 
inch to cause the resinoid to be trans- 
formed into its permanent, strong, infus- 
ible, insoluble state. 

The pre -mold has been transformed into 
a solid mass as a result of the chemical 
reaction produced by the combined heat 
and pressure. We thus have the peculiar 
phenomenon of a material solidifying or 
"freezing" by as much heat that initially 
softened it. 

Fig. 2: A battery of five Terkelson mechanical Bakelite molding presses. 
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The molded parts as they come from the 
molding machines are examined by inspec- 
tors and defective parts are immediately 
destroyed. Some parts require slight fin- 
ishing, but most of them are ready for 
assembly when they come from the presses. 
The parts leave the hardened and pol- 
ished molds exact and accurate in their 
dimensions and faithfully mirror the lustre 
of the mold surface. Even the minute 
markings and graduation on dials are pro- 
duced in the molding operation as accur- 
ately as though machined. 

MULTIPLE CAVITY MOLDS 

In line with the idea of quantity pro- 
duction of high grade parts at low cost 
which prevails throughout every depart- 
ment of the Pilot plant, Bakelite parts are 
not molded one at a time. Practically all 
the molds are made with multiple cavities. 
so that many parts are molded ('.firing each 
operation of the press. The number of 
parts made at a time depends upon the 
size of the part being made. For instance, 
the binding post dies mold 55 binding posts 
at one time. Cases for the No. 390 series 
of audio transformers are made four at a 
time in the four gang mold illustrated in 
Fig. 3. Drum dials are also molded four 
at a time in the mold shown in Fig. 4. 
Thus the output of each molding cycle is 
increased without increasing the cost of 
operation of the molding machines. 

METAL INSERTS 

One great advantage resulting from the 

Fig. 3: Removing four Bakelite transformer 
cases from the die. 

use of molded Bakelite parts is the fact 
that metal parts Tray be embedded in the 
product at the time of molding, thus sav- 
ing much labor and expense over the 
method of doing this work by hand after 
the molding operation has been completed. 

Fig. 4: A hydraulic molding press capable of exerting a pressure of Ut.. duns. 
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Look at a Pilot knob or dial. That metal 
bushing in it was molded into the Bakelite 
in one operation! 

The photograph of Pilot Bakelite parts 
at the head of this article illustrates the 
use of metal inserts. The flat piece of 
Bakelite in the upper center of the pic- 
ture is a terminal plate for the new K-111 
and K-112 power packs. The sixteen 
drilled and plated brass metal connection 
tabs are molded into the Bakelite plate at 
the time it is made. Notice the cross - 
ribbing scientifically placed for strengthen- 
ing the plate. You would have to break 
the plate to get one of those inserts out. 
Moreover, the heat from the soldering iron 
used to solder the wires to the connection 
tabs later will not soften the Bakelite or 
loosen the tabs. 

MOLDING PRESSES 

The twenty-two molding presses used in 
the Pilot plant are of two types, mechan- 
ical and hydraulic. The layout employed 
in the press room is a result of a long 
study by the Pilot engineers. The relative 
arrangement of the presses, the mold load- 
ing tables, the die strippers, the inspection 
tables, all have been carefully planned so 
that there is practically no waste of time 
or no unnecessary handling operations be- 
tween the time the pre -molds are made 
and the finished molded product is loaded 
on to the belt conveyors for distribution 
to the various assembly departments. 

MECHANICAL PRESSES 

Fig. 2 shows a battery of five Terkelson 
mechanical presses. Continuous or follow- 
up pressure is obtained in this type of 
press by the use of four powerful springs 
enclosed in the cylinders at the top of the 
machine. By applying the pressure through 
the springs, the line pressure is maintained 
during the curing process. To operate the 
press, the operator loads the mold and 
places it between the two platens of the 
press. Then he grasps the curved safety re- 
lease lever on the right and the straight 
starting lever on the left. This throws in 
the electric motor on the base, normally 
running without load, and the horizontal 
arm on a toggle moves the upper die block 
downward, first quickly and then slowly 
for the last 4 inch. 

An automatic regulator throws out the 
clutch when the correct pressure is ob- 
tained, allowing the motor to run free 
again. The operator can read the pressure 
by a dial mounted in front of the machine. 
The springs then maintain the correct pres- 
sure, which can be set for one to about 
fifty tons. Heat for the chemical reaction 
is applied to the mold by steam. To re- 
lease the press, the safety lever is again 
thrown out, and the starting lever opened. 
The mold is then lifted out and the work 
extracted. 

To increase production, two molds are 
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made for each machine. While one mold is 
in the machine, the operator strips the 
work from the other and loads it with the 
raw pre -molds. In this way the presses 
are kept working practically continuously. 
The arbor presses shown at the right of 
Fig. 2 are used for separating the molds 
and pressing the finished pieces from 
them. 

HYDRAULIC PRESSES 

Figs. 3 and 4 show some of the Dunning 
and Boschert hydraulic presses used. 
These consist essentially of two pressure 
surfaces which are brought together and 
held in that position by means of a rani 
acting in a steel cylinder. Water forced 
into the cylinder under the ram by means 
of a small hydraulic pump builds up the 
necessary pressure to force these platens 
together. When this pressure is released, 
the water flows back to the pump reservoir 
and is used over and over again. The 
plates are heated to the required tempera- 
ture by steam. 

The press shown in Fig. 4 is capable of 
exerting a total pressure of 112 tons. After 
the pressure has been applied and the 
Bakelite formed, it may require as much 
as five tons of pressure to separate the two 
halves of the mold. The molds can be 
opened on the smaller press by merely 
opening a valve to release the pressure 
acting on the ram. Then the weight of 
the ram, the table and lower half of the 
mold are sufficient to cause the mold to 
open. On the layer presses a special valve 
is opened to create a hydraulic pressure 
to move the lower table of the press down 
and open the mold. In these presses as 
the entire molds are large and too heavy 
for convenient handling, the two halves 
of the mold are made so that the upper 
part is smaller than the lower and can ;,e 
slid in and out from the upper platen of 
the press for removing the Bakelite pieces. 
The lower half of the mold is loaded with 
the pre -molds. Fig. 4 shows a hydraulic 
press with a mold for forming four Pilot 
drum dial wheels in one operation. Fig. 3 
shows a mechanic stripping the Bakelite 
audio transformer cases from a four gang 
mold. 

In all of the presses used in the Pilot 
plant, the molds are heated indirectly by 
steam which is generated in gas fired boil- 
ers. After the steam has given up most 
of its heat to the mold it is returned back 
to the boiler. Thus the heat which it still 
contains is made use of and not wasted. 

PRODUCTION SCHEDULE 

In the Pilot factory the Bakelite molding 
presses are on a mass production schedule, 
and are in operation twenty-four hours a 
day for a large part of the season. As 
many as 34,000 pieces have been turned 
out in a single day, every one under the 
control and rigid inspection of the Pilot 
engineering staff. 
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No EXPERIMENTER, SERVICE 
MAN or CUSTOM Radio Builder 
Can Do Good Work Without 

METERS 
This article describes the 
most important types and 
tells you how to use them 

VOLTAGE indicating device is 
an essential part of every good 
radio receiver installation and of 
every service man's tool kit, since 
it is an aid toward the protection 

of the radio investment and is a means of 
attaining best receiver performance and 
greatest return for the financial expendi- 
ture involved. The service man or custom 
set builder who attempts to work with- 
out measuring instruments of some kind 
is working blindly, in the dark, and is 
wasting good time. 

The performance of any receiver is gov- 
erned largely by three factors: filament, 
grid and plate voltage. Insufficient fila- 
ment voltage, biasing voltage or plate volt- 
age will mar the operation of the receiver 
and cause serious distortion, which is un- 
forgivable in these days of high -quality re- 
production. Excessive voltages, on the 
other hand, actually endanger the tubes 
and shorten their lives, and cause distor- 
tion and general instability. How is one 
to know the applied voltages without a 
voltage indicating instrument? All "A" 
supply units do not provide indentical 
voltage; neither do all "B" power packs 
furnish the same values of plate potential. 

LINE VOLTAGES VARY 

These statements apply particularly to 
receivers working off house power lines, 
of either alternating or direct current na- 
ture. Even in large cities, where the power 
house generators are closely watched all 
the time, changing voltages at the outlets 

Measuring Filament winding 

in the home cause trouble. In suburban 
sections, where the line voltage may be 
115 in the afternoon and 98 in the evening, 
readings with accurate meters must be 
taken nightly to insure satisfactory results 
from the loud speaker and decently long 
life from the tubes. 

A HANDY A.C. METER 
The filament, grid and plate voltages of 

an A.C. receiver are usually obtained from 
the same power source, and therefore all 
three will vary with the input voltage. 
The only way to keep check on them is to 
use multi -range A.C. and D.C. voltmeters 
of suitable construction. The Weston 
model 528 A.C. instruments and the model 
489 D.C. instruments were designed espe- 
cially for the purpose, and RADIO DESIGN 
recommends them because they have been 
found so extremely valuable both in the 
laboratory and in the field. 

The particular A.C. meter we have found 
most useful is the one having three scale 
readings, 0-4, 0-8 and 0-150 volts. Four pin 
jacks on the molded bakelite case, in con- 
junction with a pair of flexible cables 30 
inches long, allow the use of any scale. 
The 150 -volt scale is used for measuring 
the house line, which must be done when 
manually operated line -voltage regulators 
such as series resistances and primary taps 
are employed. Correct adjustment of the 
regulating devices is impossible otherwise. 

The 0-4 volt scale is used to measure the 
filament voltages of 224, 226, 227 and 245 
tubes, while the 0-8 scale is used for 112A, 

glEOSTAT 
2.5 

l5.0 OCO) 

110 VOLTS 1 1.9 

Checking line voltage control Adi.umenl of Flamer, volsage Mea,uring Pote Wlndlag o.tpu 
output voltage equipment rheostat voltage 

Some of the uses of a -four-range A.C. voltmeter. 
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171A, 210, 245, 250, 280 and 281 tubes. The 
importance of maintaining these tubes at 
their rated voltages cannot be emphasized 
too strongly. Proper regulation means 
long life and consistently good results; no 
regulation means short-lived tubes and 
much annoyance. 

THE D.C. INSTRUMENT 
The particular D.C. voltmeter which 

every radio man should own is the triple 
scale model 489, which has the high re- 
sistance of 1000 ohms per volt and requires 
only one milliampere of current to pro- 
duce full-scale deflection. The model hav- 
ing scales reading 0-10, 0-250 and 0-750 
volts is the most popular and widely used 
meter for general radio work. Like the 
A.C. meter, which has exactly the same 
appearance and is of the same size, it is 
equipped with convenient pin jacks and 
flexible test wires. 

Its scope of utility, because of its high 
"ohms per volt" value, is very wide. As 
a filament voltmeter for D.C. tubes it af- 
fords very accurate readings. As a "B" 
eliminator meter it indicates the true out- 
put, because it does not draw enough cur- 
rent to affect the operation of the power 
unit. As a grid bias voltmeter it permits 
accurate adjustment of the grid bias re- 
sistance. Its low current consumption. due 
to its high resistance, does not materially 
affect the plate current flowing through 
the biasing resistor. 

A voltmeter of this type is imperative 
when adjustment is being made on the 

plate voltage of A.C. tubes. The "B" po- 
tential flexibility of these tubes is rather 
limited, and if the voltages are not care- 
fully adjusted the voltage ripple or "hum" 
will be troublesome. 

For the man who appreciates the im- 
portance and value of measuring instru- 
ments, but does not want to spend a Iot 
of money on them, the Weston model 528 
and 489 voltmeters are the best invest- 
ment. The first costs $16.50 and the sec- 
ond $28, and they are extremely desirable 
to anyone who plays with radio. A few 
of their applications are pictured diagram- 
matically on these pages. 

A REAL TEST SET 
The regular service man or the custom 

set builder who does service work should 
equip himself with something more than 
two separate meters like the ones just de- 
scribed. If he expects to be successful in 
his business he should invest a little more 
money in a complete test set like the 
Weston model 547, which is a real instru- 
ment intended for serious usage. The 
service man who owns such a set will be 
able to earn far more money than he would 
without it, as he can find trouble so much 
more quickly and definitely than with sep- 
arate meters. Also, the outfit a 
fine appearance that invariably impresses 
the owner of the ailing radio receiver and 
gives him confidence in the service man's 
ability to do the job. 

The model 547 is contained in a rugged 
bakelite case provided with a carrying 

The Weston model 547 test set 
will find any trouble. 
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The model 533 tube checker. This is a convenient instrument for use on the 
dealer's counter. It works on the 110 volt A.C. line. 

handle and a compartment for housing the 
set accessories, such as test cords, adapt- 
ers, test battery, etc., and also a few small 
tools. It has a snap -on cover which can 
be removed to leave the meters fully ex- 
posed for quick readings. The overall size 
is 12-3/8 by 9 by 33/ inches, and the weight 
is approximately 10 pounds. The panel on 
which the meters and control switches are 
mounted is of molded bakelite, as are all 
the other insulating parts. 

THREE METERS USED 

The instrument equipment consists of 
three 3/ inch meters: an eight range D.C. 
model for 750/250/100/50/10/5 volts, and 
100/5 milliamperes; a double range D.C. 
model for 100/20 milliamperes; and a five 
range A.C. model for 750/150/16/8/4 volts. 
All ranges with the exception of the 750/150 
A.C. voltage ranges are made available by 
means of three rotary switches at the tester 
plug, which is permanently attached to the 
set by flexible cable. All voltage and the 
100/20 milliampere ranges are also brought 
out to binding posts for use in making ex- 
ternal tests using the flexible leads pro- 
vided with the set. 

Two sockets are provided on the panel, 
a UX and a UY. The tester plug has four 
prongs and an adapter is provided to change 
it to a five -prong plug. All voltage and 
the 100/20 milliampere ranges are brought 
out to binding posts. The D.C. voltage 
and current ranges are brought to binding 
posts at the right and the A.C. ranges to 
binding posts at the left. Two binding 
posts and a 4% volt "C" battery are pro- 
vided for use in making continuity tests 
with either a high or low resistance volt- 
meter (1,000 or 100 ohms per volt). The 
resistance is changed by means of a toggle 
switch. _ 

T'ol. 2, No. 3, Rüeli,g Desi.gp 

Simultaneous readings can he made of 
the heater voltages on the A.C. voltmeter 
and the plate current on the milliammeter, 
while plate, grid bias, cathode or 
voltages or the grid screen or rectifier cur- 
rents are being measured on the D.C. volt- 
milliammeter. 

TESTS WITH TESTER PLUG INSERTED IN THE 
RADIO SET 

1) Filament voltage, + 10 or - 10 volts 
on the D.C. voltmeter. 

2) Heater voltages, 16/8/4 on the A.C. 
voltmeter. 

3) Plate voltages, 750/250 volts on the 
D.C. voltmeter. 

4) Bias voltages, for grid at tube base, 
{ 100 or ± 50 volts on D.C. volt- 
meter. ' 

5) "C" bias voltages, D.C. sets with re- 
versed filaments, 50 volts on D.C. 
meter. 

6) Cathode voltages, + 50 or - 50 volts 
on D.C. voltmeter. 

7) Control grid voltages, - 5 or + 100 
volts on D.C. voltmeter. 

8) Plate current ranges, 100/20 M.A. on 
the D.C. milliammeter. 

9) Screen current range, 5 MA. on the 
D.C. volt-milliammeter. 

10) Grid test on A.C. or D.C. screen grid 
tubes and '27 used as detector. 

11) Simultaneous readings of the currents 
of both plates of full wave rectifier 
tubes. 
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EXTERNAL TESTS USING BINDING POSTS AND 
FLEXIBLE CABLES 

1) Measurement from center tan of power 
transformer, 750 volts on A.C. meter. 

2) Line voltage measurements, 150 volts 
on A.C. meter. 

3) Heater voltages at power pack, 16/8/4 
volts on A.C. meter. 

4) Plate current at various "B" supply 
taps 100/20 MA. on milliammeter. 

5) "B" supply at power pack, 750/250 
volts on D.C. voltmeter. 

6) "A" "B" "C" battery voltages, 50/10/5 
volts on D.C. voltmeter. 

7) Continuity tests, using the self con- 
tained 4.5 volt "C" battery and with 
either 1,000 or 100 ohms per volt re- 
sistance in voltmeter circuit. 

180+ 
4TO V. 

90V. 

B 
ELIMINATOR 

Checking Continuity of Circuit Measuring "8" Eliminator 
Output 

Checking circuit continuity and meas- 
uring "B" voltages with a high -re- + 

sistance voltmeter. 

much more effective from the sales stand- 
point to show its operation by meters, as 
well. The meters give an idea of the actual 
quality of the tube. 

A convenient tube checker of a simple 
design is the Weston model 533, which 
costs considerably less than the 547 test 
set and can be kept permanently on the 
counter. This checker operates directly 
from the regular 60 cycle A.C. lighting 
line and is so designed that the circuit 
may have any voltage from 90 to 130 volts. 
It will check all tubes, A.C. or D.C., having 
fi ament voltages of 1.5, 2.5, 3.3, 5, or 7.5 
volts, including filament type rectifier 
tubes, Kellogg tubes, and the A.C. or D.C. 
screen grid tubes with the aid of an adapter. 

The checker is equipped with sockets 
.for UX and UY tubes, a line voltage ad - 

To 
FILTER 

GRID BIAS 
RESISTANCE 

00000000 

Adjusting Grid Bias 
Resistance 

8) Resistance measurement; the voltmeter 
as used for continuity tests also serves 
as a direct reading ohmmeter. The 
instruction card carries a table which 
converts deflection in volts into ohms 
for the unknown resistance. 

9) Values for condenser measurements 
(given in instruction book). 

W) Measurement or trickle chargers and 
other devices; the milliammeter 20 
range may be shunted for 10 or 2 am- 
peres. 

The versatility of this compact test set 
is what makes it so popular with service 
men. The instrument costs almost a hun- 
dred dollars, but it is the foundation of a 
real business and is therefore well worth 
its cost. Once a man has used one, he 
wonders how he ever got along without 
it. 

A COUNTER TUBE CHECKER 

The dealer who sells a lot of tubes (and 
what dealer doesn't?) will find that a 
counter tube -checker is quite a necessity. 
Instead of merely putting a tube in a set 
and hearing if it produces signals, it is 
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T. vy A SUPPLY 
Checking Short Circuit on 

Condensers Measuring Filament Voltage 

Three more uses of a D.C. voltmeter. 
The resistance of the meter will not 

affect the biasing voltage. 

justing dial, a 5 -point filament voltage dial, 
two push buttons, and two instruments: 
an A.C. voltage indicator and a double 
range D.C. plate milliammeter (80/20 
M.A.). 

OPERATION OF CHECKER 

The operation of this checker is very 
simple, as follows: set the pointer to the 
arrow on the voltage indicator by turning 
the voltage adjusting dial; once this has 
been done it will only be necessary to 
change the setting when a change of line 
voltage occurs. Then insert the tube, set 
the filament voltage dial to the rated fila- 
ment voltage and read the plate current 
on the D.C. milliammeter. Then press the 
button "Press for Grid Test' and obtain a 
second current reading. The greater the 
ratio of these two readings, the better the 
tube. When checking power tubes, the 
second reading is obtained by pressing 
the button "Press for 80 M.A. Range." 

The condition of the tube will be deter- 
mined by comparing the two readings with 
the values given on the instruction card fur- 
nished with the checker. 
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E 
VERY custom set builder who 
has made, installed or serviced 
short-wave and broadcast receiv- 
ers has had queer or unusual ex- 
periences. I'm going to tell 

about a few I've encountered, and I would 
like to have you write in and tell about 
any other interesting ones. Trouble has 
a habit of happening in bunches, and if 
you read about what one man did in a 
certain case, you may be able to apply 
the same remedies when you run into a 
similar trouble yourself. 

* * * 

ASET builder had assembled a Super - 
Wasp for installation in the country 

home of a well-to-do radio enthusiast. The 
set worked perfectly on his workbench, 
bringing in a number of European short- 
wave broadcasting stations with loud 
speaker strength. 

The purchaser decided to have the re- 
ceiver set up on a bridge table, as there 
was no other place for it. Accordingly, 
the custom builder hooked up the "A" 
and "B" batteries and was immediately 
rewarded with a series of crashes in the 
loud speaker. A few weak signals from 
a 50 -kilowatt station about 40 miles away 
managed to filter 
through, but the noise 
made real reception 
i m possible. Puzzled, 
t h e builder discon- 
nected t h e batteries, 
turned the set on one 
end, and tested every 
c o n nection through 
with a battery and 
voltmeter. Everything 
w a s perfect. Back 
went the set on the 
table, and back came 
the noise. It didn't 
come from the aerial, 
because it remained 
after t he aerial was 
disconnnected. A sec- 

ond examination, and a replacement of all 
fixed condensers, made no difference. 
Finally the smell of burning fabric gave a 
clue. Where do you think the trouble was? 

The custom builder had fastened clips 
to the tips of the loud speaker cord, and 
had connected them to short pieces of wire 
fastened to the L. S. posts themselves. He 
did this to allow the quick removal of the 
speaker and the connection of a pair of 
earphones instead. The minus end of the 
"B" batteries was grounded to the frame 
of the Super -Wasp in the proper man- 
ner. 

The top of the bridge table was actually 
conductive, and allowed the "B" battery 
circuit to complete itself through the phone 
tips to the frame of the set. The cloth 
seemed to have a metallic weave, of fairly 
low resistance. When the ends of the "B" 
batteries were touched to it directly, it 
flashed and started to burn. That certainly 
was a queer trouble! 

DID you ever hear or hear of a radio re- 
ceiver that reproduced voice and music 

without the aid of a loud speaker or ear- 
phones? Well, such a set was actually 
brought to me for examination by its some- 

what frightened own- 
er, who was begin- 
ning to suspect his 
own sanity. It was a 
five - tube neutrodyne 
of good design and 
construction, and 
about two years old. 
It had been moved 
around a bit, but seem- 
ed to be in good con- 
dition. When con- 
nected up and tuned 
to any local station. 
the program could be 
heard coming right 
out of the wooden 
cabinet. The signals 
were not strong, but 

'/ / 
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they could be heard aibout three or four 
feet away when the room was quiet. When 
the speaker was connected it performed in 
good style. Where did the sound come 
from? 

When the receiver was removed from 
the box the signals became weaker, and 
their source was quickly found. It was 
the last audio transformer! 

The thin iron laminations had evidently 
become loose and under the influence of 
the strong signal currents flowing through 
the windings, vibrated. in sympathy with 
the signal modulation. The installation 
of a new pair of transformers silenced the 
set and relieved the mind of the worried 
owner. If you heard music that you 
shouldn't hear you'd feel worried tool 

* * a 

THERE are always the classical cases 
of the man who forgot to put the line 

plug in the base outlet and of the fellow 
who forgot to put in the tubes. Sound 
impossible, but they've happened. Then 
there is the custom builder who blew out 
fuse after fuse with an absolutely perfect 
Pilotone Electric Six, to discover, finally, 
that the house current was D.C. 

There is a known 
instance of two peo- 
ple having their lead- 
in wires connected 
to the opposite ends 
of the same aerial. 
with somewhat pe- 
culiar detuning ef- 
fects resulting. Of 
similar nature is the 
case of the lazy set 
builder w h o con 
nected his lead-in to 
an existing aerial on 
the roof of his 
apartment house, to 
discover that said 
aerial was the busi- 
ness end of a 100 - 
watt s h o r t- wave 
transmitter! The receiver worked fine for 
about ten days, because the owner of the 
transmitter happened to be away on a va- 
cation. When he returned, he decided to 
retune his outfit, and light wisps of smoke 
soon started drifting out of the other man's 
outfit. Moral: put up your own aerial. 

THERE is an authenticated case of a 
man who decided the insulators on his 

aerial were not strong enough to stand 
the strain, so he bridged them with heavy 
bare copper wire. As one of the insulated 
ends happened to be tied around a pipe 
leading out of a water tank, the opera- 
tion of his receiver was not materially im- 
proved, as he learned of his sorrow! 

ONE of the commonest tróubles in re- 
ceivers using the nld type sockets with 

the bayonet catch (and there are many 
thousands of such sets still in active use) 

is the failure of the springs to touch the 
contact pins in the bases of the tubes. By 
reaching in with your little finger you can 
raise the springs sufficiently to insure good 
pressure against the pins. 

* * * 

THE lessons to be learned are few and 
simple. In cases of trouble attack the 

simple and obvious things first, because 
trouble always exists in the places you 
least expect to find it. To start, make 
sure you have juice, both at the outlet and 
at the set. See that the tubes are in their 
sockets, and that the aerial, the ground 
and the loud speaker are connected. If 
the speaker is absolutely silent, disconnect 
it from the set and tap the tips of the 
cord across the A.C. line. If it growls, 
it's O. K. See if the tubes light. One 
or more of them may be dead, as you can 
determine with the aid of a tube tester 
or merely by substituting spares for those 
in the set. If the tubes test O. K. your 
real work starts. Servicing ideas differ, 
and you must apply the methods you have 
found through experience to be most effec- 
tive. 

* 

Q 
OMETIMES au 
instrument w i 11 

test O. K. in one po- 
sition, but not in an- 
other. For instance, 
in t h e resistance - 
coupled audio ampli- 
fier of a broadcast 
receiver being tested 
Eby one of our staff 
members, the circuit 
was closed up to the 
first audio tube, but 
apparently dead be- 
yond that. The .01- 
mf. condenser in the 
Resisto -block w a s 
suspected, but it test- 
ed all right. Finally, 
the whole Resisto - 

block was removed, and it was discovered that 
while the condenser itself was perfectly 
good, the constructor had neglected to con- 
nect it to the brass straps in the base 
of the device. When the connecting 
screws were passed into the condenser 
from the bottom, the amplifier came to life 
immediately. The moral in this case is: 
Don't pass over any suspected instrument 
until you have examined it on all sides. 

It is an old axiom that the most obvious 
things are the ones overlooked most easily. 
I was once attempting to demonstrate a 

- receiver, and discovered that it wouldn't 
work for the simple reason that I had for- 
gotten to put the detector tube in the 
socket! 

Technical Consultant for Radio Design. 
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A New Book of Interest 

to Every Radio Fan 

Theory of Radio Communication 
Lieut. John T. Filgate's Radio Manual, Used by U. S. 

Army Signal Corps, Published Exclusively by Radio Design 

T is not often that a private firm is 
allowed the privilege of publishing 
a technical government book, par- 
ticularly when that book is used 
by the United States Army for 

instruction purposes. Therefore, RADIO 
DESIGN has been signally honored by the 
War Department in being permitted to 
handle the first public printing of Lieuten- 
ant John T. Filgate's work, "Theory of 
Radio Communication", which is the radio 
manual used by officers attending the Army 
Signal School at Fort Monmouth, N. J., 
the training school for the personnel of the 
Signal Corps. 

A DISCOVERY 

The only copies formerly available con- 
sisted of mimeographed sheets stapled to- 
gether between paper covers. Last sum- 
mer a representative of RADIO DESIGN, while 
visiting a friend at Fort Monmouth, met 
Lieut. Filgate and discovered his book. He 
took it home, read it from cover to cover, 
and decided it was too good to be kept 
from the radio fans who were hungry for 
good books. After prolonged negotiations, 
War Department officials agreed to let 
RADIO DESIGN print it, and we are glad to 
announce that copies are now ready. The 
edition is limited, so if you want to ob- 
tain a copy for yourself or as a gift to a 
friend, it would be a good idea to order 
now. 

"Theory of Radio Communication", as 
it now stands, is a thoroughly up-to-date 
and handsomely printed volume, contain- 
ing 256 pages and more than 200 illus- 
trations. As the author states in his pref- 
ace, it has been written as a text for stu- 
dents who are already familiar with the 
elementary principles of electricity and 
magnetism. It therefore is not a book for 
the rank beginner, but rather for the radio 
experimenter or constructor who has built 
a radio set or two and who has acquired 
some slight knowledge of radio theory by 
reading the current radio magazines. As 
all the readers of RADIO DESIGN a-- in this 
class, the book will be very valuable to 
them. To quote directly from the pref- 
ace: 

MATHEMATICS AVOIDED 

"An effort has been made to present the 
principles of radio which must be known 
in order to intelligently operate radio sets 
and equipment, and also to give the stu- 
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dent sufficient information relative to the 
modern trend of radio developments to 
permit him to keep up with the subse- 
quent improvements in the science of radio 
communication. The use of mathematics 
has been avoided wherever possible." 

VACUUM TUBE EMPHASIZED 

The book is divided into twelve chap- 
ters. It begins with a discussion of the 
general aspects of radio communication, 
and ends up with a description of the latest 
advances in line radio and television. Five 
of the twelve chapters are devoted to the 
vacuum tube and its uses as detector, am- 
plifier, oscillator and modulator. In his 
treatment of this most important of all 
radio devices Lieut. Filgate uses excep- 
tionally clear language and explains in 
simple words the many complicated ac- 
tions of different forms of t»»Les. 

He gives the theory and practical ap- 
plication of coils, condensers, loud speak- 
ers, phonograph pick-ups and power packs, 
and analyzes to the last detail some repre- 
sentative broadcast receivers of modern de- 
sign. By way of acquainting the reader 
with some of the older means of radio 
communication, he describes rotary and 
quenched spark transmitters, the high -fre- 
quency alternator, the arc, and the crystal 
detector. One very illuminating chapter 
deals with antennas and the radiation, 
propagation and interception of radio 
waves, and throws considerable light on a 
subject of which most radio fans have only 
a hazy conception. 

SELF-EXAMINATION IS FEATURE 

One of the features of "Theory of Radio 
Communication" is the list of questions ap- 
pearing at the end of each chapter. By 
attempting to answer these on paper, the 
reader can tell just how much he has 
learned and on what points his knowledge 
is weakest. Each set of questions is pre- 
ceded by a summary of the facts brought 
out in the chapter. 

"Theory of Radio Communication" sells 
for $2.00 a copy. This is a low price for 
the many dollars worth of valuable infor- 
mations that the book contains. Order 
your copy now from your local book dealer 
or direct from RADIO DESIGN. We will pay 
the postage. 
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$400 A Month 
"I was making good money 
before, but I'm making 
more than ever now-more 
than $400 a month. The 
Radio field hasn't been 
scratched yet and it is get- 
ting bigger and better every 
day." 

J. G. Dahlstead, 
1484 So. 15th St., 
Salt Lake City. 

m 
Seldom under$100wak 

My earnings seldom fall 
under $100 a week. My 
profits for the past three 
months were $577. $645. 
$465. You give a man more 
for his money than any- 
body else." 

E. E. Winborne, 
1414 W. 48th St., 
Norfolk, Va. 

$10,000more in )adio 
"I work 38 hours a week 
and make more than three 
times the weekly salary I 
did before I enrolled. I can 
safely say that I have 
made $10,000 more in Ra- 
dio than I would have in 
my old Job." 

Victor L. Osgood, 
7101 Bay Parkway, 
Brooklyn, N. Y. 

IlIaveTrained 11 Hundreds ofMen 
to make much more money in Radio 
than they could make in other fields 

Let me show you, too, how, in a 
short time, you can be making $5 to 
$20 a week more. How, in a year er 
less you can be ready for a big -pay 
Radio job. Others are winning big 
success through this training - why 
not you? Men and young men from practically every trade and profes- 
sion are getting into Radio. Why? 

Because it is today's fastest grow- 
ing business. Because there are so 
many opportunities for quick suc- 
cess. Look at the salaries above. 
What field other than Radio offers 
the chance to make that kind of 
money after about one year's train- 
ing? None that I know of. 

Big growth making 
many big pay jobs 

Don't slave your life away for 
$25, $35 or $40 a week in a no - 

future Job. You can't enjoy your- self-get the good things of life-an 
automobile, a home, money in the 
bank, on that salary. Begin now to 
get ready for Radio where 850 to 
$75 a week is only the beginning. 

Many jobs lead to as high as $200 
a week. In the short space of a 
few years Radio has grown to rank 
among the world's greatest indus- 
tries. Every year there are hundreds 
cf new Jobs among the 30.000 Radio 
dealers, 600 broadcasting stations, 
900 manufacturers, over 1,000 ships 
and other branches. My book gives 
the facts. 

Many make SS to $25 extra a week almost 
at once 

The day you enroll I will show 
you how to do 10 Radio lobs most 
common in every neighborhood in 
connection with installing, repair- 
ing and maintaining sets. G. W. 
Page, 1807 21st Ave., S., Nashville, 
Tenn., says, I picked u) 8935 in 
my spare time while s:udiing." F. 
J. Margraf, Lapeer, Mich, writes, 
"After one month with you I started 
earning extra money." 

f give you the Radio Parts for a 
home experimental laboratory. Six 
Big Outfits. With them you can 
Mild practically all receiving set 
circuits. Two you build are shown 
here. 

N.R.I. trained Men are Recognized Radio Cxberts 

I will train you at home. 
Give you practical Radio 

experience 
Hold your Job. My 50-50 method of training-one-half from lesson books and one-half from practical experi- ments using Six Big Outfits of Radio Parts, given without extra charge. makes learning at home easy. fascinat- 

ing. It is unequaled. You don't have to be a high school or college graduate. 
Many of my most successful graduates 

didn't even finish the grades. My train- ing includes Television, Talking Movies, Radio Prospecting, Radio in Aviation. Screen -Grid Tubes, A.C. Sets-all the latest developments. Every penny of your money will be refunded, if upon completion, you are not satisfied with the lessons and instruction service. 
Act NOW. Get "Rich 
Rewards in Radio" 

It gives you the facts about Radio. where the Jobs are, what they Pay. what your prospects are for future advancement. Clip the coupon. Send it at once for a copy. You won't be obligated In the least. 
J. E. cm,th, President, 

Dept. 9Y52 
National Radio Institute, 

Washington, D. C. 

J. E. Smith. Pres.. 
National Radio Institute, Dept. 9Y$2 
Washington, D. C. 

Dear Mr. Smith: Without obligat- 
ing me, send "Rich Rewards in Ra- dio" explaining your training and Radio's opportunities for bigger 
success. 
Name Age__ 
Address 
City State 
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TWIN COUPLER COILS 
are used in the best radio sets 

THE PILOT TWIN SCREEN -GRID 8 

Ì 

has a special set of Twin Coupler Coils 

No. 230 
FOUR COILS -1 No. PT -2 and 3 No. PT -3 
They are completely shielded by Aluminum cans 

and plug into tube sockets. 

COILS 
Are the Most Important Features 

of a Set 

YOU SHOULD I 

Be Sure to Buy the Best 
and they are made 

only by 

TWIN COUPLER CO. 
Poughkeepsie 

New York 

94 !^, 7, Nn. ?, Radin hesi7a 
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An Invitation to - 
41 A recent survey among the read- 

ers of RADIO -CRAFT has dis- 
closed the fact that our circulation 
is mostly among professional 
radio men. 

41 These men naturally want to read 
and talk "shop" 

Q Our Magazine, starting with the 
October issue, will be the romping 
ground of radio technicians. 

Q We want to publish your experi 
ences, your wishes, your construc- 
tive ideas. 

e Let the other fellow in the trade 
know what's going on, so that the 
whole radio fraternity may benefit 
from it. 

Q Send us your articles, letters, ex- 
periences, questions, stories, etc. 

Q We will pay you for every line 
published. 

Send all contributions 
to: Editor, 

Radio -Craft 
98 Park Place 

New York 

PROFESSIONALS 
RADIOTRICIANS 
CONSULTANTS 
MANUFACTURERS 
CONTRACTORS 

ENGINEERS 
MECHANICS 
DESIGNERS 
DEALERS 
SERVICE MEN 

WHAT RADIO -CRAFT READERS WANT 
Articles giving the professional radie 

van's experience with radio sets, power 
Amplifiers, talking sound film equip- 
nent, experience with tubes. 

Service men, repair men, laboratory 
men and radiotricians very frequently 
develop and get up kinks and test -sets 
that are short-cuts and are a great help 
in their work. Your co -readers want 
to know about this equipment, these 
short-cuts and your novel kinks. Why 
not give them the benefit of your find - 
pigs P RADIO -CRAFT pays well for this 
work. 

A Courtesy to Professional 
Radio Men 

In order to make it possible for all 
adio technicians to read RADIO -CRAFT 
-egularly each month, we have put into 
effect a special subscription price. 

The regular price of RADIO -CRAFT is 
52.50 per year (12 issues). The news- 
stand price is 25c a copy. 

Any radio professional man, sending in 
Nis subscription on his letterhead, show- 
ing that he is engaged in some capacity 
in radio work, will receive as a special 
courtesy 

8 Issues of RADIO -CRAFT for $1.00 
Just pin a dollar bill to the coupon 

below and forward it with your letterhead 
or business card. 

RADIO -CRAFT, 
RD -F, 98 Park Place, 
New York, N. Y. 

Enclosed find $1.00, for which please 
enter my subscription to RADIO -CRAFT 
for eight months. 

Name 

Addreas 

City State 

Vol. 2, No. 3, Radio Design 95 
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S P EE PARCEL POST 

WE PAY THE 

SPEED 
SEND CASH 

WITH ORDER SPEED 
FAST MAIL ORDER HOUSE FOR PILOT PARTS 

ORDER THE NEW SETS NOW 
DESCRIBED IN RADIO DESIGN 

PILOT A.C. SUPER -WASP 
GRIMES 110 volt D.C. "New Yorker" 

PILOT TWIN SCREEN -GRID 8 
If you cannot obtain Pilot 
merchandise in your locality 

order from 

SPEED 
Write For Catalog 
Send 4(' Postage 

NO 

C. O. D. 

RRADIO BU2DERS SUPPUES 

Blue Prints 
10 Cents Each 

103 BROADWAY 
BROOKLYN, N. Y. 

96 Vol. 2, No. 3, Radio Design 
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PII OTRON 
rihr Radio Tube 

E,urloi std by P jessioaals 
The highest tribute a radio 
tube can receive! 
In the experimental labora- 
tories of radio engineers, in 
the technical institutes, in 
the home workshops of ad- 
vanced experimenters and 
custom set -builders you will 
find Pilotrons, aplenty! 
These radio -wise technicians 
are impervious to "sales talk" 
or catchy slogans. They know 
their radio-long experience 
makes them expert judges of 
radio tube performance. 
They prefer Pilotrons because 
Pilotrons are made to their 
exacting standards. More- 
over, t hey know that Pilotrons 
are always available first in 
the new types-sometimes 
months ahead! 

PILOT RA010 Fr TUBE CORP. 
World's Largest Radio Parts Plant-Established 1908 

323 BERRY STREET, BROOKLYN 

77-911.1031.111111.19rN. Y., U. S. A. 

Oppetrturülly 
Finar: I:. cespo,: .bleand tc.'1, 
calf i,: I,,rrned dealers are in ,., i 
to ser :rree details of Pilot's Anthi - 

¿sed Agency Plan. 
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`PI LOT'S ELECTR I C 
SUPER - WASP 

Short Wave 
PLUS Screen Grid 

PLUS A. C. Operation 

Employs Super -Sensi 
tive Screen Grid Tube 
and New 227 PILOTRON 

especially developed 
for A. C. Super -Wasp 
NOW you can enjoy the thrill 

of international short-wave 
radio from your electric light 
socket! Utterly uncanny is the 
A. C. Super -Wasp's ability to 
jump10,000miles,"pulling in" 
novel short-wave broadcasts 
from all over Europe, Central 
and South America, Canada, 
South Africa and Australia! 
Easily assembled in single 
evening. e 

The Pilotron 227 used asdetec- 
tor is a new type tube developed 
especially for the critical re- 
quirements of short-wave re- 
ception! Precisely because of 
this it is an eminently superior 
tube for any broadcast receiver! 

A. C. Operated 
SUPER -WASP 
(Catalog No. K-115) 

Battery -Operated 
SUPER -WASP 
(Catalog No. K-110) 

10,000 Mile Range 
-Covers all bands 

14 to 500 Meters 

EUROPE ON THE 
LOUD SPEAKER ! 

During the course of one eve- 
ning, the A.C. Super -Wasp 
brought in G5SW, Chelms- 
ford, England, and PCI 
Eindhoven, Holland, on the 
loud speaker! Trans -oceanic 
reception with the Super - 
Wasp is easy! 

Join the Guild! r 
50c brings you four quarterly 
issues Radio Design, official 
organ of Radio International 
Guild. Subscription also in- 
cludes one year's Guild mem- 
bership with membership pin 
and certificate furnished with- 
out charge. Timely construction 
articles include full story on 
new A. C. Super -Wasp. Radio 
Design, Department 3, 103 
Broadway, Brooklyn, New York. 

Qualified Dealers! 
Financially responsible and 
technically informed dealers are 
invited to secure details of Pi lot's 
authorized Agency Plan. 

X1107 RADIO if TUBE COMP 
WORLD'S LARGEST 1{:1DIO PARTS PL:1NT' - ESTABLISHED 1908 

® 323 BERIt1" ST. BROOKLYV,n.Y. 
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