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THE four plans 

shown are but a 
sample of the many 
ways in which our mem- 
bers are making $3.00 an 
hour upwards, spare time 
and full time, from the day they join 
the Association. If you want to get 
into Radio, have a business of your 
own, make $50 to $75 weekly in 
your spare time, investigate the 
opportunities offered the inexper- 
ienced, ambitious man by the As- 
sociation. 
Our Members Earning 
Thousands of Dollars 

Every Week 
The Association assists men to 
cash in on Radio. It makes past ex- 
perience unnecessary. As a member 
of the Association you are trained 
in a quick, easy, practical way to 
install, service, repair, build and 
rebuild sets-given sure-fire money- 
making plans developed by us- 
helped to secure a position by our 
Employment Department. You earn 
while you learn, while you prepare 
yourself for a big -pay Radio position. 
The Association will enable you to 
buy parts at wholesale, start in busi- 
ness without capital, help you get 
your share of the $600,000,000 spent 
annually for Radio. As a result of 
the Association, men all over the 
country are opening stores, increas- 

ing their pay, pass- 
inglicensed operator 
examinations, land- 
ing big .pay posi- 
tions with Radio 
makers. 
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Mail Coupon Today for the 
FREE HANDBOOK 

It is not only chock-full of absorbing 
information about Radio, but it shows 
you how easily you can increase your 
income in your spare time. Mailing the 

coupon can mean $50 to $75 a week more for you. 
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"40 Easy Ways" 
Clears Frank J. Deutch, Pa. - "Since 

$3,000.00 joining the Association I have 
cleared nearly $2,000.00. It is 

almost impossible for a young fellow to fail, 
no matter how little education he has, if he 
will follow your easy ways of making money." 

$i400.00 in J. R. Allen, Calif. - "Have 
6 Weeks done over $1,100.00 worth of 

business in the last 6 weeks. 
Next month I am going to open up a store 
of my own. I never knew that money could 
come so fast and easy." 

$25.00 a Week N. J. Friedrich, N. Y.-"I 
Spare Time haveaveraged$25.00aweek 

for the last 7 months even 
though I am not a graduate but just learning." 
Training Lands R. C. Kirk, N. C.-"Your 

Him Job training has been very 
valuable to me. I landed a 

job with the big department store out here a 
few weeks ago because I had my member- 
ship card with me. There were a large bunch 
of applications ahead of me." 

ACT NOW 
If You Wish NO -COST 

Membership 
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the ambitious man a No -Cost Mem- 
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You'll always be glad you did. 
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How To Use This Book 

N response to popular demand we present the 4th edition 
of this book, which has found a place in the heart and 
mind of the home -set builder, the experimenter and the 
radio listener. 

In connection with any new science there are always many prob- 
lems which puzzle the more advanced experimenters as well as the 
beginners and it is, therefore, the puprpose of this book to answer as 
many of these questions of both classes as possible. The questions 
appearing in this edition were selected from more than 2,000 received 
since the publication of the previous edition and it is hoped that the 
information contained herein will prove of even greater value than 
those that have gone before. 

It has been the aim of the publishers of this book to classify the 
questions and corresponding answers in such a way that they are avail- 
able for ready reference. They include the actual queries of hundreds 
of radio experimenters in all parts of the world, covering practically 
every phase of radio reception and amateur transmission, including 
an entire chapter devoted to the consideration of the construction and 
use of short-wave receiving sets, on which there is as yet comparatively 
little accurate information available, but which give promise of being 
one of the most important developments of the year. 

An outline of the various subjects covered in this edition will be 
found on page 2. The reader will note that considerable space has 
been devoted tothe use of the new screen -grid type of vacuum tube, 
also to the use of A.C. tubes and the various methods of adapting 
existing sets for their use. 

A complete index of every question and answer will be found in 
the alphabetical list appearing on page 93. The reader will find 
this of value in obtaining answers to his own questions as well as in 
gaining a knowledge of the various subjects covere by this book. 

-EDITOR. 
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D. C. to A. C. --And How 
How a Receiver Ordinarily Using D. C. Tubes 
can be Converted into an Electric Set by the 

Use of Adapters and A. C. Tubes 

THERE is considerable confusion in 
the mind of the general public as 
to what constitutes an A.C. radio 

set. Various interpretations may be 
made of the degree to which a partic- 
ular power combination can be consid- 
ered an A.C. unit; it is not the purpose 
of this article to discuss this question, 
for its answer is to some extent a 
matter of opinion. We will briefly de- 
scribe, however, what is generally 
accepted as the nearest approach to 
alternating -current operation; namely, 
the use of raw A.C. directly on the fila- 
ments or heaters of all the tubes in the 
set. Some people have been led to be- 
lieve that the use of A.C. tubes does 
away with transformers, "B" power 
units and the like. Such is not the 
case, however. 

For the benefit of a great many ex- 
perimenters and home set builders who 
wish to convert their present battery - 
operated sets to the use of A.C. tubes, 
this article covers the changes required 
in an average six -tube set of the tuned - 
radio -frequency type. 

THE TRANSFORMER 
For equipment, a step-down trans- 

former for filament or heater current is 
the first requisite. The choice of this 
transformer depends upon whether the 
constructor wishes to use only the sep- 
arate -heater tubes of the 227 type; or 
whether the raw A.C.-filament tubes of 
the 226 type are to be used for R.F. 
and first A.F. amplifiers. If only sep- 
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arate -heater tubes of the 227 type are 
to be used, the transformer should be 
capable of delivering 1.75 amperes per 
tube, at 2.5 volts, without any material 
drop in voltage; it is preferable to have 
at least a 15% overload factor above 
these requirements. If the 226 -type is 
to be used in the R.F. and first A.F. 
amplifying stages; the transformer 
should deliver also 1.10 amperes per 
tube, at 1.5 volts. 

It is advisable to use for the last 
audio stage a 171 -type tube, which is 
operated on raw A.C. at 5 volts. The 
transformer should have an additional 
5 -volt winding for this tube. 

Unfortunately, A.C. line voltage 
throughout the country varies a great 
deal in two ways. The designed stand- 
ard voltage of the particular distribut- 
ing system may be 104, 110, 115, 125 
volts or some point between; and, 
under certain load conditions, the 
actual voltage at any given point also 
may vary from hour to hour, above or 
below the standard voltage of the 
power station. This latter condition is 
not common in large communities, 
where the load is handled efficiently. 
However, the situation is a difficult one 
from the standpoint of transformer 
manufacturers, but several have met 
the problem by designing step-down 
transformers which will deliver full 
voltage at the lowest primary potential 
that may be expected. This, in turn, 
means that primary taps, rheostats or 
resistors of some sort will be necessary 
when the primary voltage is higher 

1.5 VOLTS 2.5 VOLTS B+ 
A.C. A.C. 45V 

than this minimum. 
The reader should not, however, 

gather the impression that the 226- and 
227 -tubes are extremely critical on fila- 
ment or heater current; as in fact a 
liberal percentage of voltage variation 
is allowed for in the tube design. In- 
deed, it will be seldom necessary to 
change the filament or heater resist- 
ances to compensate for temporary 
line -voltage fluctuation, once your par- 
ticular average voltage is determined 
and adjusted for. 

Another good reason for using a 
transformer with over -voltage output 
at the terminals is that, in various con- 
verted sets, some may have more volt- 
age drop than others due to the resistance 
of the wiring. It is, therefore, consid- 
ered the best practice to use a liberal 
over -voltage factor. 

PLATE -POWER SUPPLY 

The "B" supply device may be any 
good unit available and does not differ 
from that used with the battery -oper- 
ated sets. Complete "A B C" power 
packs designed to supply all power re- 
quirements for A.C. sets are making 
their appearance on the market, and 
will undoubtedly be widely sold. In 
considering the purchase of these units, 
care should be taken to see that they 
meet the conditions previously outlined. 

The center -tapped resistors (R4 and 
R5) may be purchased in the market, 
oi made by winding up with fine resist- 
ance wire a 60 -ohm unit tapped in the 

VS AF VG OT 

designed for D.C. tubes and converted into one operating with A.C. tubes. 
The schematic diagram shows the wiring connections of a receiver originally X is an optional type of volume control; its range should be 0 to 5 

megohms. 
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Parts used in connection with the new wiring harness: A, by-pass condenser; B, tube adapter for R.F. 
circuits; C, gridsuppressor; D, tube adapter for A.F. circuits; E, center -tapped resistance unit. 

center. If a potentiometer is used, one 
with a resistance around 20 ohms will 
be satisfactory. A fixed 2,000 -ohm 
resistor (R7) , shunted by a 1-mf. con- 
denser, is required for the last audio 
bias; and a similar combination (R6) 
is used for the amplifier bias except 
that the latter resistor should be vari- 
able or tapped, to meet varying condi- 
tions encountered in sets. 

NEEDED ALTERATIONS 

The actual rewiring and changes in 
sets to be converted follow in general 
certain standard practice. We discuss 
here the average six -tube set, consist- 
ing of three stages of R.F., a detector, 
and two stages of A.F. The accom- 
panying schematic diagram shows the 
wiring for the conversion when using 
the 226 -type tubes in the R.F. and first 
A.F. amplifiers, the 227 -type in the de- 
tector and the 171 -type in the last 
audio stage. Should the constructor 
wish to use 227 -tubes in all except the 
last A.F. stages, the procedure is sim- 
ilar; except that the cathode lead of 
the R.F. and first A.F. tubes is to be 
substituted as a connecting point for 
the center tap of the 227 -tubes. The 
use of center -tapped resistors at heater 
terminals of the 227s, with the center 
lead going to the cathode, is also advi- 
sable. 

The fan who wishes to convert his 
battery -operated receiver into a set 
using A.C. tubes may easily do so, and 
he will find that there are two methods 
which he may follow. In one case it is 
necessary to remove all filament wiring 
in the receiving set, and then rewire 
the filament circuits for A.C. tubes. 
This is a simple operation, but requires 
some experience in set construction if 
best results are to be obtained. 

For the radio fan who does not feel 
competent to rewire his set, or who 
wishes to convert it for A.C. tubes in 
the least possible time and with the 
slightest effort, several manufacturers 
have developed and placed on the 
market simple A.C.-tube adapters and 
harnesses. With these adapters it is 
possible to convert a D.C. set into one 
using A.C. tubes in a very few minutes, 
and without the necessity of changing 
any wires in the receiver except a few 
grid returns. 

USE OF A.C. TUBE ADAPTERS 

As the adapters are of different 
types, it is difficult to write a general 
description which applies to all units. 
However, each kit is supplied with di- 
rections which explain exactly how the 
installation is best accomplished. 

Usually each kit contains one adapter 
for each tube, and these adapters fit in 
the tube sockets of the set; while the 
tubes are inserted into the adapter. 
These adapters connect the grid and 
plate prongs of the tubes with the 
proper terminals of the socket, but in- 
sulate the filament prongs from the 
filament wiring of the set. On the 
adapters terminals are provided which 
connect with the filament prongs of the 
tubes, and the harness is connected 
with these posts; the harness, which is 
correctly arranged for A.C. tubes, re- 
places the filament wiring in the set. 
In order to light the tubes it is neces- 
sary only to connect the free ends of 
the harness with the proper terminals 
of a filament transformer. 

Arrangements have also been made 
for installing the extra parts which are 
required; such as center -tapped resist- 
ors, by-pass condensers, grid resistors, 
and biasing resistors. The center -tapped 
resistors are designed so that they may 
be correctly connected in the circuit by 
fastening them to posts provided on the 
adapter, and the same is true of the 
by-pass condensers. The 500 -ohm re- 
sistors (R1, R2 and R3), which are 
required in the grid circuit of A.C. sets, 
fit into slots in the adapters of one 
make; and provision is usually made 
for installing the grid -biasing resistors 
in the cable. The only change which is 
necessary in the wiring of the set is 
the installation of a new volume con- 
trol (VC) ; this is required, as the rhe- 
ostats in the filament circuits are made 
inoperative when the harness is in- 
stalled. 

REWIRING THE SET 

In converting the set without the aid 
of adapters and a harness, the first 
procedure is to cut away all previously - 
installed filament wiring and install the 
5 -prong sockets, for whatever number 
of 227 -type tubes are to be used. The 
filament and heater wires should be 
twisted conductors; the average lamp 
cord has sufficient current capacity for 
this purpose. Many sets are equipped 

with battery switch on the panel; this 
cannot be used to control the A.C. cur- 
rent unless it happens to be one orig- 
inally intended for use on 110 -volt 
lighting supply. Should the power 
switch be installed on the panel, care 
must be taken to insulate the primary 
line with the same precautions usually 
adopted in all appliances connected di- 
rectly to the house mains. Grid returns 
of all stages are brought directly to 
ground as shown in the diagram. Oscil- 
lation control is obtained by use of grid 
suppressors in the R.F. stages. The 
correct resistance values for these sup- 
pressors may run from 200 up to 700 
ohms or over, because of varying cir- 
cuit and R.F. transformer characteris- 
tics; the desired value is the lowest 
which will keep the R.F. circuits out of 
oscillations over the entire wavelength 
range. This method of oscillation con- 
trol is the simplest for the constructor. 
Any control system affecting the 226 - 
type tubes, whether it be for oscilla- 
tions or volume, which in effect reduces 
the plate current below the minimum 
"ripple -voltage point" will not be sat- 
isfacotry; for, below this critical point 
the A.C. hum becomes suddenly appar- 
ent. Another procedure for controlling 
oscillation, which is highly efficient and 
easily adjusted, is to neutralize the R.F. 
stages by the conventional capacitive 
or neutrodyne method. If the set to be 
converted is a neutrodyne, reneutrali- 
zation for A.C. tubes will probably be 
necessary. Should the set have a coil 
system depending upon a scarcity of 
primary turns on the R.F. transformer 
to make it non -oscillatory, the use of 
A.C. tubes will increase the tendency 
to oscillate; in average sets, however, 
this increase will not reach the spilling 
point. In general, any method to con- 
trol oscillation is acceptable, provided 
the plate current is not thereby reduced 
materially. By-pass condensers in the 
R.F. stages are usually essential. 

VOLTAGE REGULATION 

In the previous discussion of suitable 
transformers, the filament- or heater - 
voltage situation was brought out. Our 
conclusions are that, in the first place, 
the average line voltage must be known. 
Should the transformer chosen deliver 
the correct voltage to the tubes no 
rheostats or resistances are necessary. 
In many cases this will not occur and 
therefore a rheostat for all 227 -type 
tubes, or separate ones for the 226's and 
227's, will be required. No rheostat 
control is necessary for the 5 -volt last 
A.F. tube. 

For the dealer or service man who 
expects to convert a number of sets, it 
is suggested that he prepare strips of 
resistance units consisting of bright mi - 
chrome wire wound on fiber or similar 
material. When the set is converted and 
ready to install, the correct tube volt- 
ages may be determined by finding the 
proper point of resistance adjustment 
and permanently soldering or clamping 
the lead. This adjustment must be 
made on the final set location. Of 
course, the use of a good low -reading 
A.C. voltmeter, 0-3 volts, is essential 
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for determining the proper tube volt- 
ages; do not use cheap meters, as they 
are apt to be inaccurate. The dealer 
or service man should always have a 
meter of this kind available for A.C.- 
set adjustment; for the individual who 
converts only one set it would be more 
economical to borrow a meter for the 
occasion, as the meter may never have 
to be used again. Should rheostats be 
used for the A.C. tubes, special types 
are necessary; as the rheostats ordi- 
narily used in battery -operated sets are 
not wound heavy enough for the purpose. 
Suitable heavy-duty rheostats are al- 
ready on the market. 

We have previously referred to tem- 
porary line -voltage fluctuation; this 
usually occurs at the time when the 
heaviest load falls on the lighting com- 
pany's mains. The .voltage at the cen- 
tral station may be maintained con- 
stantly at a fixed standard, but the 
drop in various circuits causes this line 
fluctuation. If this condition prevails, 
the tube voltage will naturally follow 
the rise and fall in the main line. The 
operating characteristics of the A.C. 
tubes, however, are such that average 
fluctuation will not affect their opera- 
tion or life; but, as we have said be- 
fore, it is very necessary to know just 
what the average voltage is and adjust 
for it. In the re -wiring of the set keep 
the grid and plate leads away from the 
filament lines as much as possible. 

A properly -converted set should not 
produce A.C. hum audible more than 
a few inches from the loud speaker. 

It is suggested that some means of 
identifying easily the last audio socket 
be adopted by constructors. The acci- 
dental insertion of the 226 tube in this 
position will result in an almost -im- 
mediate burn out. 

VOLUME CONTROL 

Considerable difference of opinion 
exists regarding the best method to 
control volume in A.C. sets. The fa- 
vorite method in battery -operated sets 
was to vary the filament temperature 
in one or more of the R.F. tubes. Al- 
though some manufacturers of A.C. 
sets use this method today on A.C. 
tubes of the 226 type, it is not consid- 
ered ideal. The heating of the heavy 
filament is slow in following the 
rheostat adjustment, and this naturally 
introduces a very annoying time-lag. It 
is particularly noticeable when trying 
for distant reception. 

We have previously discussed the 
necessity for keeping the plate current 
of the 226 tube at the minimum ripple - 
voltage point. If the bias on the R. 
F. tubes can be reduced simultane- 
ously with the filament temperature, 
this will hold up the plate current 
and keep out the ripple. Some bias 
must be maintained at all times, how- 
ever; as an uneven flow of grid cur- 
rent, and consequent modulation and 
distortion of the signal will result with- 
out it. 

A high variable resistor across the 
secondary of the first audio trans- 
former has been used by some; but this 

method is not recommended as it has a 
tendency to overload the detector. 
Varying the grid bias as a means of 
volume control is quite effective on cir- 
cuits using 227 tubes as amplifiers, but 
is not recommended for 226's; as this 
method is apt to shorten the life of the 
tube. A high variable resistor (100,000 
ohms) in the R.F. plate returns will do 
the job, in a way, but the disadvantages 
have already been mentioned. It would 
seem that the most logical procedure 
in controlling volume is to go to the 
heart of the matter and control the 
signal instead of trying to suppress it 
after it is amplified or rectified. Nat- 
urally this must be done in the antenna 
circuit. The most approved method is 
to couple variably a semi-aperiodic pri- 
mary to the secondary of the antenna - 
coil unit. Unfortunately this is not 

THE TUBES 

Due to the fact that the A.C. tubes 
of the 226 and 227 types are new on the 
market, many experimenters are in- 
clined to be skeptical regarding their 
performance. The actual development 
of these tubes has been going on for 
some time, however, and their perform- 
ance has been under observation over 
a long period. The characteristics of 
the 226 are approximately the same as 
those of the most familiar 201A type; 
long life may be expected, provided the 
tubes are operated under proper condi- 
tions. Maintaining the correct grid bias 
is quite essential for the successful use 
of the 226. 

The characteristics of the 227 are 
such that by using this tube in all 
stages, except the last A.F., greater 

A converted A.C. receiver with supply cable. Note twisted filament leads. 

always easily done in converting sets, 
as the antenna coil is usually of the 
fixed -coupling type. If it is at all pos- 
sible to rotate the primary antenna 
winding, or secure a similar effect 
through taps, it is strongly recom- 
mended that this be done to obtain best 
results. A semi-aperiodic antenna coil 
of 8 or 10 turns of wire, wound on a 
bakelite tube and variable in its rela- 
tion to the secondary, will work out 
very well. 

A variable resistor with a maximum 
of around 500,000 ohms, in shunt with the 
antenna coil, will control volume quite 
satisfactorily. It is suggested that for 
local or very strong signals the aerial 
be disconnected entirely from the set; 
this may be done by means of a snap 
switch conveniently placed. 

A.C. sets give the very best repro- 
duction when the circuits are tuned to 
exact resonance with the received sig- 
nal. Any departure from this condition 
will detract from one of the most pleas- 
ing features of A.C. operation. Volume 
control is right only when the strongest 
signal is not too loud when the set is 
tuned to exact resonance with the vol- 
ume control at minimum. Any attempt 
to control volume by detuning con- 
densers will result in some distortion 
and an apparent lack of selectivity. 

signal volume as compared with the 226 
will result. There will be less tendency 
toward A.C. hum, although a properly 
designed or converted set using 226's 
should be practically free from this 
trouble. The 227 will probably have a 
longer useful life, due to the nature of 
the emitter. The user of A.C. tubes is 
particularly cautioned to read thor- 
oughly the instruction sheet accom- 
panying such tubes. 

The 227 (separate -heater tube) re- 
quires about 30 seconds to come up to 
operating temperature. The momen- 
tary application of excess heater voltage 
to accelerate emission should never be 
tried. The A.C. tubes are operative at 
25 cycles as well as at 60 cycles. 

TROUBLES 

Pronounced A.C. hum in the set may 
be due to several causes; the wiring of 
the filament lines if not twisted may 
cause hum. Frequently the "B" supply 
unit is at fault because of a defective 
rectifier tube. Should an internal leak 
develop between the cathode and the 
heater of the separate -heater tube, hum 
or noise will result; but this latter 
condition is of rare occurrence. Un- 
shielded power transformers, if in close 
proximity to the set, will introduce line 
disturbances which sound very much 
like static. When separate -heater tubes 
have an excessive voltage on the fila- 
ment, signals will gradually become 
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weaker until, in some cases, they disap- 
pear. This is due principally to what 
is called secondary emission; namely, 
that caused when the grid gets suffi- 
ciently hot to emit (independently) 
electrons. This will, of course, disturb 
the stream of electrons and, conse- 
quently, the current between the cath- 
ode and the plate. 

Reactivation of Tubes 

(1) Mr. Henry Smith, Plainfield, N. J., 
asks: 

(Q. 1.) Is there any method for re- 
habiliting UV -199 and UV -201A tubes 
which light but do not function satis- 
factorily? 

(A. 1.) We are showing the correct 
circuit for the reconditioning of the 
tubes you mention. This equipment is 
in regular use at several places where 
these tubes are reconditioned. Any 
transformer having the output indica -- 
ed will be satisfactory. The catalog 
number shown is that of the General 
Electric transformer particularly adap- 
table to the requirements. While it is 
possible to recondition only one or two 
tubes at a time, it is better practice to 
operate the circuit with four tubes in 
the sockets at one time, using the time - 
voltage formula shown. 

For UV -201A tubes, the G. E. No. 
236095, 100 -watt step-down trans- 
former will be satisfactory. Two 
transformers, two double pole double 
throw switches and four UV -199 sock- 
ets and' four UV -201A sockets may be 
mounted on one board, making a com- 
plete reconditioning unit. Note that 
the 100 -watt transformer will have the 
switch arm on point three, not on point 
one, as is necessary for the 50 -watt 
transformer. However, these voltages 
should be checked with a voltmeter, as 
it may be necessary to move the switch 
arm one way or the other, depending 
upon the current supply voltage. Only 
connections B, C and D on both trans - 

GE. e236093 

ception mentioned above, will deliver 
(closely) the voltages of eight and 16 
volts. Putting the double -pole double - 
throw switch on one side should deliver 
16 volts to the filaments of the UV -201A 
tubes for a period of only 30 seconds. 
Finish off with the switch in the op- 
posite position, delivering eight volts 
for 10 minutes. For the UV -199 tubes, 
start with 10 volts for only 30 seconds 
and then immediately change over to 
four volts for a period of 10 minutes. 

POWER TRANSFORMER 

(2) Jack Richman, Jackson, Mich., 
asks: 

(Q.1) Will you kindly inform me 
through the Radio Oracle how to build 
a power transformer to supply A, B, 
and C voltages to be used with a 400 
milliampere rectifying tube? 

(A. 1.) On this page you will find an 
illustration showing the construction of 
the transformer core and also the place- 
ment of the filament, ionizer, and sec- 
ondary windings. The core is made of 
No. 28 sheet silicon steel .014 inch thick. 
62 laminations 21/z "x1344 ", 186 lamina- 
tions 6"x13 ", and 125 laminations 
101/4 "x13/4 ", will be necessary for the 
core. The center leg of the core should 
be assembled from the 62 laminations. 
This should be placed in a vise and 
tightly bound together with tape. The 
primary winding which consists of 160 
turns of No. 14 D. C. C. wire is wound 
on a wooden form, securely taped, and 
then slipped over the center leg of the 
core. Rice paper should be placed be- 
tween each layer of the winding and a 
layer of empire cloth should be placed 
over the completed primary winding. 
The filament winding consists of 10 
turns of No. 12 D. C. C. wire and is 
wound next to this and serve as the 
should be tapped at the center. Seven 
turns of the same number wire are 
wound next to this and serve as the 

30 Secs. 

/0 MM. 
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formers are used, the A connection re- 
maining open. 

The 100 -watt transformer, when con- 
nected in the manner of the 50 -watt 
transformer, with the switch arm ex - 

ionizing winding. A layer of empire 
cloth should be placed over these wind- 
ings. The filament and ionizing wind- 
ings should be held in place with tape. 
The two secondary coils consist of 620 

turns of No. 20 D. C. C. wire and should 
be wound upon a form, taped and then 
slipped over the filament and ionizer 
windings. The completed transformer 
will measure 6"x14" and will have two 
windows, each 21fí" square as shown in 
the illustration. The two secondary 
windings of 620 turns each should be 
connected in series. All the high volt- 
age secondary leads should be well in- 
sulated with varnished cambric tubing 
or with rubber. This transformer can 
be used in an A, B and C eliminator 
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Above we bave the details of the power transform- 
er, showing assembly of core and windings. 

employing the new 400 milliampere rec- 
tifier and will deliver 4 volts at 5 am- 
peres to the ionizer and 5.5 volts at one 
ampere for filament operation. It will 
also supply 360 volts at 300 milliam- 
peres and 375 volts under no load con- 
ditions for the plates of the tubes. 

Either double cotton covered wire, or 
single cotton covered enameled wire 
may be used. Except in the smaller 
sizes the use of plain enameled wire in 
transformers is not advisable. Enam- 
eled wire cannot be shellaced in place, 
which is a distinct disadvantage. The 
number of layers of wire is found by 
dividing the total number of turns by 
the number of turns per layer. From 
this the depth of the winding may be 
calculated, allowing for any insulation 
between the layers. When the trans- 
former is put under load, the core and 
windings may become warm. Although 
it is possible to design transformers to 
operate at low temperatures, a certain 
amount of heating is permissible, and 
transformers that run warmer can be 
built somewhat cheaper and more com- 
pact. The temperature rise, however, 
should not be so great as to damage 
the insulation. When the transformer 
is put under a full load the voltage 
across the secondary terminals will 
drop a small amount. 
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EDISON BATTERY 

(3) Hal Coytes, Wichita, Kansas, 
asks: 

(Q.1) What is the chemical action 
which takes place in the Edison storage 
battery? 

(A.1) The fundamental action 
which occurs is the oxidation and re- 
duction of metals in the electrodes. 
Neither the metals or their cxides dis- 
solve or are combined. The water of 
the electrolyte is decomposed by charge 
and discharge, but it is again reformed 
in equal quantities and therefore its 
conductivity and density are the same 
over a long period of time. Since the 
active materials of the plates are in- 
soluble in the electrolyte, no chemical 
deterioration takes place. In charging, 
the nickel in the positive plate is 
changed to a higher oxide and reduc- 
tion takes place at the negative plate 
where the iron oxide is changed to me- 
tallic iron. The oxidation and reduction 
are accomplished by the oxygen and 
hydrogen set free by the electrolytic de- 
composition of the water, while the bat- 
tery is on charge. During discharge a 
reversal of the above action takes place 
and the hydrogen reduces the higher 
oxide of nickel to a lower oxide and 
the oxygen oxidizes the iron to iron 
oxide. 

The positive plate of the cell is made 
of perforated steel tubes filled with al- 
ternate layers of compressed nickel hy- 
droxide and metallic nickel flakes. 
These tubes are rigidly clamped in a 
steel frame. The negative plate is built 
up of a large number of rectangular 
pockets filled with powdered iron oxide. 
The pockets are enclosed in a corru- 
gated steel grid forming the negative 
plate. The electrolyte is an aqueous 
solution of potassium hydroxide, or 
caustic potash, having a specific gravity 
of 1,400. This hydroxide, if exposed to 
the air, combines with the carbon diox- 
ide, forming potassium carbonate. For 
this reason the cells must be airtight. 
However, it has no effect on the steel 
containing jars which is an advantage 
over the lead acid cell. 

"A" ELIMINATOR 

(4) Robert Shuter, Oklahoma City, 
Okla., asks: 

(Q.1) I have a 5 ampere charger 
using a lamp as a rectifier. Can you 
advise me how I may convert the char- 
ger into an "A" eliminator? 

(A.1) This type of charger can 
easily be converted into an "A" elimin- 
ator by filtering the output. An "A" 
choke and two "A" condensers of 2000 
or more microfarads capacity, con- 
nected across the output on either side 
of the choke, form a suitable filter. An 
electrolytic filter could, of course, be 
used, as well as a dry "A" filter. The 
latter consists of two condeners and a 
choke coil, housed in a metal case. These 
are now available from several manu- 
facturers. 

BUCKLED BATTERY PLATES 

(5) J. Kafilides, Jersey City, N. J., 
writes: 

(Q.1) The plates on my storage bat- 
tery have become warped out of shape 
What is the cause of this? 

(A.1) Buckled or warped plates 
may be caused by too high a tempera- 
ture. Lead will, of course, expand upon 
the action of heat, and since it has a 
very low elastic limit when once ex- 
panded, it will stay in that condition. 
Most buckled plates are caused by con- 
tinued overdischarge or lack of charge. 
An unequally distributed chemical ac- 
tion at the plates will result in unequal 
heat distribution and will cause irregu- 
lar expansion at different parts of the 
plate. This results in bending and 
buckling. Prolonged discharge causes 
expansion, especially if the sulphate 
formed is crystalline in structure. On 
discharge, the active material which 
changes to the sulphate increases in 
volume, and this expansion may exert 
pressure on the grid, causing it to bend. 
Hard sulphate, formed in patches, will 
reduce the conductivity of the plates 
and cause the active material which is 
not covered up to be worked at exces- 
sive rates, even under normal con- 
ditions.. This also results in high tem- 
peratures in certain spots and unequal 
expansion follows. Even at low rates 
of discharge or charge, a battery plate 
which is badly sulphated may become 
buckled. When acid is mixed with 
water, heat is liberated. On charge, 
the acid produced at the surface of 
the plates mixes with the water. At 
excessive rates of charge the heat may 
be so great and irregularly distributed 
that the plates become buckled or 
warped. 

REDUCING A. C. FILAMENT SUPPLY 

(6) Mr. M. R. Smith, Flushing, 
N. Y., writes: 

(Q) I have a filament transformer 
designed for 71/2 -volt tubes, such as the 

R3 
Fig. - 

210 and the 250. I am using a 171 tube 
in the last stage in my set and I would 
like to use this transformer. I have 
tried to place a resistor in series with 

one side of the line to the filaments,.but 
this produces an excessive amount of 
hum. "Can you help me? 

(A.) In order to keep the filament 
current of the tube in a balanced con- 
dition (which is necessary to keep the 
hum at a minimum) the potential -on 
each side of the center tap of the trans- 
former must be the same. If resis- 
tance is added on one side, the voltage 
on that side of the filament is reduced 
and the filament is unbalanced. 

If the center tap of the transformer 
is not used, and a variable voltage - 
divider or potentiometer is employed for 
the center tap of the filament circuit, 
the adjustable arm of the resistor may 
be used to counteract the unbalancing. 
A series resistor might also be con- 
nected directly to the filament terminal 
on the tube socket. In this way, the 
center arm of the tapped resistor would 
not need to be moved from the mechani- 
cal center, and a fixed tapped resistor 
could be employed. 

When using a center -tapped trans- 
former, however, this method of reduc- 
ing the voltage is not practical; since 
it causes an unbalancing of the filament 
circuit. The obvious way of overcom- 
ing the difficulty is, of course, to place 
two resistors (R2, R3), in the circuit, one 
in each side of the filament supply. In 
this way, the voltage on each side of the 
center tap is kept the same and the hum is 
naturally reduced to a minimum. The 
actual value of the resistors depends on 
the filament current and the amount of 
voltage reduction required. Ohm's law 
is used for this calculation-that the 
resistance is equal to the voltage drop 
divided by the current in amperes. In 
this case, the voltage drop is equal to 
71/2 minus 5 volts or 21/2 volts; the 171A 
tube draws 

14 -ampere, 
so the resistance 

should have a value of 10 ohms. Each 
side would then need 5 ohms, in order 
to produce the required voltage -drop. 
The center tap of the filament transfor- 
mer is connected to the negative "B" 
lead and grid return through the resis- 
tor Rl in order to supply the required 
"C" bias for the power tube. Rl is 
2,000 ohms and Cl at least 0.5-mf. 

VOLTAGE -REGULATOR TUBES 

(7) Mr. N. B. Johnson, Cleveland, 
Ohio, writes: 

(Q.) "I have a 'B' power unit in 
which I would like to use a voltage - 
regulator tube. The unit has two vari- 
able output taps and a maximum tap 
for the power tube; the last gives about 
180 volts, and the variable taps supply 
voltages between 20 and 150 volts. I 
understand that a tube of this .type can 
be incorporated without changing the 
internal wiring of the power unit. Can 
you help me to solve my problem?" 

(A.) The use of voltage -regulator 
tubes in "B" power units should be of 
interest to a number of fans, as it is of 
great assistance in cases of variation in 
the voltage in the unit; whether they 
are due to line -voltage changes or to 
current changes in the load which cause 
corresponding changes in the voltage. 
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Such tubes operate by absorbing from 
the power unit all output current which 
is not being used by the receiver at any 
instant. Thus the output voltage is 
maintained at a constant value; the re- 
ceiver, or load, receives exactly the 
power that it requires and the regu- 
lator tube takes the remainder. 

The tubes are designed in such a way 
that their resistance is automatically 
decreased with any increase in the ap- 
plied voltage. If, on the other hand, 
the voltage decreases, the resistance in- 
creases; so that whether more or less 
current is passed through the regulator 
tube depends on the voltage input and 
the amount of current consumed by the 
set. The commercially -available tubes 
are made so that their output voltage is 
kept at 90; in a power unit supplying 

-A- 
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B+ 
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8+ 
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B- 

o 8+ 
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The voltage -regulator tube across a power -unit tap 
maintains its output at 90 volts. 

a constant output in watts, the voltage - 
regulator tube will take sufficient cur- 
rent to keep the output voltage practi- 
cally constant within the limits of the 
tube. Of course, if its input voltage is 
increased over the rated maximum -cur- 
rent value of the tube, since it will take 
only its maximum amount of current 
the terminal voltage will be accordingly 
increased. 

A voltage -regulator tube may be in- 
serted between the negative terminal 
and the 90 -volt tap of a power unit of 
almost any type, without disturbing the 
unit in any way. The necessary hook- 
up for such a tube in a unit with two 
variable taps, is used in a number of 
commercial units. If the tap is provided 
with a by-pass condenser, the only addi- 
tional connections are those from the tube 
to the "B plus Amp" tap and the nega- 
tive terminal. Connections for a unit 
using the potentiometer, or series, 
output arrangement. The voltage at 
the terminal should be somewhat over 
90 volts without the tubes; so that some 
current will flow through the tube and 
enable it to operate correctly. 

Two voltage -regulator tubes may be 

connected in series for the output of a 
18o -volt supply as shown. In this case, 
the output voltage will be maintained at 
18o, even though the input from the recti- 
fier and filter is increased above this 
value. By connecting the tubes in this 
way, the output of the complete unit will 
be maintained at a practically constant 
voltage. The maximum -variation voltage 
range also will be higher than with a 
single tube, so that greater voltage -varia- 
tions can be accommodated. 

TUBE OPERATION 

There is one drawback in the use of 
"glow" tube; that is, in order to have 
the tube operate correctly, it must be 
supplied with about 125 volts for an 
instant, in order to make it glow. This 
can be done by turning the power unit 
before switching on the receiver; as soon 
as the set is switched on, the voltage 
drops to 90 volts, which is the correct 
value. It is also necessary to connect 
the tube correctly; if the polarity is 
right, the glow will be noticed around 
the large circuit plate. If the tube is 
incorrectly connected, the glow will be 
around the small terminal; no damage 
will result from a temporary reversal 
of the connections, but the tube should 
not be left in this condition for any 
length of time. In some cases, it is ad- 
visable to connect a 1000 -ohm resistor, 
in series between the 90 -volt tap and 
the tube, to prevent an excess of cur- 
rent from flowing through the tube. 

Another tube, called a "ballast" tube, 
is often used to keep the receiver's 
power supply constant; being connected 
in series with the primary of the power 
transformer. Its operation controls the 
current supplied to the power unit. Af- 
ter this tube it is necessary to use a 
pecial transformer with a primary de- 

signed for 65 volts, instead of 110 to 
115. If the line -voltage averages 115 
volts; the transformer should be de- 
signed to take, under load, 1.7 amperes 

8+ 
180V. 

B+ 
135 V. 

B+ 
90 V. 

8+ 
DET. 

B- 
Two voltage-regulato tubes in series, as above, 

fix the "B plus Amp" value at 180 volts. 

at 65 volts, the remaining 50 volts be- 
ing dropped in the tube. If the line - 
voltage drops or rises 10 volts, the 
voltage across the tube will correspond- 
ingly change, but the transformer pri- 
mary voltage will remain constant at 
650. 

The "ballast" tube requires about ten 
minutes to heat up fully, and the volt- 
age drop increases rapidly for the first 

few minutes, after which it increases 
up to the final temperature; the "glow' 
tube mentioned previously functions in- 
stantaneously, as soon as the glow is 
seen. The "ballast" tube is equipped 
with a special screw base; while the 
voltage -regulator tube uses the stand- 
ard four -prong UX base of the type 
used for receiving tubes. 

INTERMEDIATE "B" VOLTAGE FROM 
THE POWER PACK 

The majority of 281-210 power am- 
plifier units are constructed with trans- 
formers and choke coils of husky 
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enough design to supply the added cur- 
rent necessary for the "B" potentials 
of the average receiver. Fig 1 shows 
the circuit diagram of a typical power 
amplifier. The changeover, so as to 
dispense with "B" batteries, is ex- 
tremely simple and very little extra 
equipment is required. Fig. shows 
the added voltage reducers Rl and R2. 

210 

UOVAC 
Fig 4 

These variable resistors maw be of the 
compression type, and have a range of 
0 to 100,000 ohms. The cases of the 
resistors should by all means be con- 
nected to the low or reduced potential 
side. Cl and C2 are on the order of 
1 mfd. 250 volt D.C. filter condensers. 
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With this arrangement as shown in Fig. 
2 a wide variation of plate voltages can 
be obtained; a third voltage reducer 
may also be incorporated if, say 
45, 90 and 135 volts are required. While 
"C" battery voltages may also be ob- 
tained, it is not advised, as radical 
changes to the unit will be necessary. 
Dry "C" batteries with this unit are by 
far the more convenient and need only 
to be replaced at the end of, say, nine 
months' use. 

30 -HENRY CHOKE 

(8) James Clarke, Wesfield, Mass., 
writes : 

(Q.1) Will you please supply me 
with information about the construction 
of a "B" eliminator choke which has an 
inductance of about 30 henries while 
handling a current of approximately 85 
milliamperes. 

(A.1) The core of the choke coil 
should be made from silicon steel lam- 
inations, the thickness of each lamina - 

k 

33'é, 

with 150 turns per layer. This coil 
should be wound on a wooden form, 
then bound with tape and slipped over 
the core leg which is built up with the 
53/4" laminations. The direct current 
resistance of this choke will be about 
240 ohms. 

ELECTROLYTES 

(9) J. McMann, Buffalo, New York, 
writes: 

(Q.1) Will you give me some infor- 
mation concerning electrolytes used in 
electrolytic rectifiers. What are the ad- 
vantages of using ammonium phosphate 
and ammonium borate, instead of the 
usual borax used in the aluminum -lead 
type rectifier? 

(A.1) Usually a saturated solution 
of commercial borax is employed in the 
homemade rectifier. This electrolyte is 
suitable, but if it is not chemically pure 
trouble may arise. Ammonium phos- 
phate or ammonium borate dissolved 
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tion approximately corresponding to 
Brown and Sharpe -gauge No. 26. The 
core is a single magnetic circuit with 
a square cross-section, 11/4 "x11/4 ". The 
core is built up from laminations of 
four different sizes, 78 of each size be- 
ing required if the laminations are 
gauge No. 26. The largest laminations 
are 534" long by 114" wide, the next 4" 
long, the next are 23/4" long, and the 
smallest laminations are 11/4" high by 
23/4" wide. The core has four butt 
joints, a piece of ordinary writing 
paper is inserted at each of the joints 
to provide the necessary air gap. 

The coil should have about 7,800 
turns of No. 26 enameled wire, wound 

EVEN LAYERS 

in distilled water will give better re- 
sults. The former is prepared by mak- 
ing a saturated solution of acid ammo- 
nium phosphate. The ammonium bo- 
rate electrolyte is prepared in the same 
manner. 

The ammonium phosphate electrolyte 
may be permitted to stand for a long 
period without harm. The ammonium 
borate, during an idle period, will in- 
crease its internal resistance, which will 
cause a considerable drop in voltage. 
It may even be necessary to scrape the 
electrodes in order to have the rectifier 
function properly. The ammonium bo- 
rate will react upon the lead, forming 
lead peroxide, which will fall to the bot- 

tom of the container. This trouble is 
not encountered with ammonium phos- 
phate. Of course, the electrodes should 
be of the purest metal obtainable, so 
that no "local action" takes place. 

REDUCING TRANSFORMER VOLTAGE 

(io) Felix Simons, Houson, Texas, 
asks: 

(Q.1) I have a transformer with a 
71/2 volt filament winding designed for 
operating a 210 tube. How can I cut 
this down to 5 volts, so that I may light 
the filaments of two 171-A tubes. A 
diagram of the method used will be ap- 
preciated. 

(A.1) The problem of cutting down 
the voltage delivered by the 71/2 volt 
transformer is an easy one, and it will 
simply be necessary to use a resistor in 
series with each leg of the winding. 

TYPE 171 A 

Fig. 6 

This is done in order to preserve the 
electrical balance of the winding which 
would be destroyed if only one resistor 
were used in series with one of the 
leads. In order to operate two 171-A 
tubes which together draw a half am- 
pere of current, the resistance required 
will be 2.5 ohms in each leg, since the 
voltage drop required is 2.5 volts. The 
resistors should be of sufficient capacity 
to carry the load. 

CURRENT -CARRYING CAPACITY OF WIRES 

ii) \Tr. John Morrison, Havanna, 
Cuba, writes: 

(Q.) "In making transformers and 
other apparatus such as choke coils, re- 
quiring windings, I am always bothered 
by the sizes of wire which I should use. 
In making the coils, I usually want to 
make them as small as possible and, for 
this reason, I like to use the smallest 
wire that is practical. I have never 
seen a table of the current -carrying ca- 
pacities of small wires. Since this 
would be of interest to a great number 
of experimenters who make their own 
transformers and other coils which 
carry comparatively large currents, I 
would suggest that you publish one, 
even though the values are only ap- 
proximate." 

(A.) We give below the approxi- 
mate maximum currents safely carried 
by wire of gauges which may be used 
in designing chokes, transformers, etc. 
The main consideration is the selection 
of a wire which will not overheat, when 
used for long periods of time. In audio - 
frequency chokes, the currents vary be- 
tween the limits of a few milliamperes 
and a number of amperes and, natural- 
ly, the design of coils varies considerably 
with the maximum current to be passed. 
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The following table may be used in 
figuring the maximum allowable cur- 
rent in milliamperes which a wire of 
a certain gauge can handle: 

TABLE A 

Copper wire 
B & S Gauge 

16 
18 
20 

Current in 
Milliamperes 

2,000 to 2,600 
1,200 to 1,600 

700 to 1,000 
22 450 to 650 
24 300 to 400 
26 175 to 250 
28 100 to 160 
30 65 to 100 
32 40 to 65 
34 25 to 40 
36 18 to 25 
38 10 to 15 
40 5 to 10 

Since the resistance of the wire is an 
important point in the design of coils 
also, we print a list of the resistance 
values for the various gauges of wire, 
and also the number of turns per inch 
which can be wound with double -cotton - 
covered wire. 

In figuring the space required for a 
multi -layer coil, the linear turns per 
inch can be squared to give the number 
of turns per square inch which can be 
wound into a slot; and simple propor- 
tion will then supply the figure for to 
required space. 

TABLE B 
Copper Wire 
B & S Gauge 

Ohms per 1,000 
Feet 

Turns per Linear 
Inch (D.C.C.) 

16 4.09 16.7 
18 6.51 20.4 
20 10.4 24.4 
22 16.5 30.0 
24 26.2 35.6 
26 41.6 41.8 
28 66.2 48.6 
30 105. 55.6 
32 167. 62.9 
34 266. 70.0 
36 423. 77.0 
38 673. 83.3 
40 1,070. 90.9 

RELAY DIAGRAM 

(12) A. T. Wagnoll, Milwaukee, Wise., 
asks: 

(Q.1) If possible, please publish the 
circuit diagram of the Yaxley full auto- 
matic relay. 

(A.1) The schematic hook-up of this 
relay is shown upon this page. Coil L 
is a low -resistance coil in series with 
the "A" battery and tube filaments. 
Coil Ll has a resistance of about 200 
ohms. The numbers 1, 2, 3 and 4 corre- 
spond to the markings of binding posts 
on the front of the relay. A resistance 
is shunted across coil L, so that the. 
voltage drop is always kept within 0.2 
volt. This resistance is changed ac- 
cording to the current consumption of 
the receiver and consists of a strip of 
resistance wire. Two values of resis- 
tance wire are furnished with the relay. 
The action of the relay is such that 
when the filaments in the receiver are 
turned off, the charger is automatically 
cut in and the "B" eliminator is cut out 

of the circuit. Furthermore, when the 
battery is fully charged, the relay auto- 
matically cuts the charger out of the 
circuit. 

radio -frequency disturbances out of the 
filter, which results in better filtering 
and also reduces the noise level in the 
set itself. The condensers and choke 
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the Yaxley full -automatic relay, for use with B eliminator, A battery 
and charger. 

IMPROVING FILTER FOR "B" POWER 
UNIT 

(13) Mr. R. Stenefield, Richmond, 
Va., writes: 

(Q.) "I have heard about several 
changes that have been made in the 
filter circuit of the Raytheon type 'B' 
power unit, and before building one of 
these units I would like to know just 
what these improvements are so that I 
can incorporate them in my power unit. 
Can you help me in this matter?" 

(A.) In a recent issue of the Tech- 
nical Bulletin, published by the Ray- 
theon Manufacturing Company, several 
changes in the usual design of the "B" 
power units employing the gaseous rec- 
tifier tubes were described. These 

O.IMF 

The usual connection of "buffer" condensers 

changes consisted in the removal of the 
usual buffer condensers from the sec- 
ondary of the power transformer, and 
the insertion of condensers at another 
point of the unit, to accomplish the 
same results. The advantage claimed 
for this change is in the use of a better 
position for these buffer condensers. 
The change in the position of the con- 
densers is shown in the two diagrams, 
Figs. A and B. The condensers are 
placed as close to the terminals of the 
rectifier as possible. 

A radio frequency choke is also in- 
corporated in the line from the rectifier 
to the filter. This choke tonds to keep 

are fastened directly to the terminals 
of the rectifier tube socket to provide 
extremely short leads; as the best re- 
sults are obtained in this arrangement 
when the connections are short and di- 
rect. 

The radio -frequency choke may be 
home constructed if desired, since it is 
very simple to make. It consists mere - 

The new method of connecting condensers is more 
effective with smaller capacities. 

ly of a coil one -inch in diameter wound 
with 100 turns of No. 30 to 34 D.C.C. 
wire. 

Another change has been made in the 
unit, but the construction to the re- 
quired apparatus is too difficult for 
amateur construction and unless com- 
mercial parts are available, it will not 
be practical to use this change. It is 
in the construction and design of the 
filter circuit. A choke coil arrange- 
ment called "a flux bucking choke" is 
used in place of the usual 30 -henry 
chokes. The advantage of this choke 
is in the comparatively high saturation 
point. In other words, the choke is 
more efficient and economical than the 
older type. The economy is partly due 
to the lower capacity of the filter con- 
densers required to give a constant out- 
put current. 

Although the choke sytem is not 
practical for amateur construction 
(unless manufactured chokes are avail- 
able), the other changes can be made 
very easily and they will result in a 
more effective power unit. 
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A TEST FOR LARGE CONDENSERS 

(14) Mr. I. V. Dinmore, Windsor, 
Ontario (Canada), writes: 

(Q.) "I am using a 'B' power unit 
of the Raytheon type with a step-up 
transformer, rectifier, and filter circuit. 
The filter circuit contains several con- 
densers and, some time ago, one of 
these condensers broke down. At that 
time, I replaced all the condensers with 
new ones. I am sure, however, that all 
these condensers are not injured and I 
would like to use some of them as by- 
pass condensers in my set. How can I 
tell which are good and which are not?" 

(A.) There are several ways in which 
a filter condenser may be tested, but 
probably the simplest is the discharge 
test. The only apparatus necessary for 
testing condensers in this way is a "B" 
battery and two pieces of wire. The 

8" BATTERY 

CONDENSER 

-CHARGE' 

mu nn an' 
A condenser which will spark when connected is 
shorted inside; one which will not spark when 

disconnected is open -circuited within. 

battery is connected to the condenser 
for a minute, to charge it, and then one 
of the wires is connected from one side 
of the condenser to the other side 
(after the battery has been discon- 
nected of course) in order to discharge 
the condenser. If the latter is in good 
condition, a spark will jump from it to 
the wire when that is brought close to 
the condenser terminal. If the con- 
denser has been previously internally 
short-circuited, a spark will be seen 
when the battery is connected to the 
condenser; in this case, the battery 
should be disconnected instantly, so that 
it will not be injured. If no spark is 
obtained when the condenser terminals 
are shorted, connect the condenser 
again and repeat the experiment, to be 
sure that no spark can be obtained. If, 
at the second attempt no spark is ob- 
tained, it may be assumed that the con- 
denser is defective. If a heavy spark 
is obtained when the battery is first 
connected, as mentioned above, the con- 
denser is also defective. The method 
of connecting the condenser to the bat- 
tery and discharging it as shown. 

Small condensers, of less than 14-mf. 
capacity or thereabouts, cannot be 
checked satisfactorily in this way; be- 
cause of the comparatively small 
amount of current which can be stored 

in the condenser. The best way to 
check small condensers, without instru- 
ments for measuring the capacity, is to 
connect a pair of headphones and a "C" 
battery in series and try this unit 
across the condenser. In very small 
condensers, no click will be heard when 
the contact is made. If a click is heard, 
of about the same intensity as the click 
produced by touching the two wires 
from the phones and battery together, 
the condenser may be assumed to be 
defective. 

BATTERY TERMINAL REPLACEMENTS 
QUICKLY MADE. 

One contributor has found that a 
small ground -clamp, of the type equip- 
ped with a spring -clip binding post, 
makes an excellent substitute for the 
various components which make up the 
post of a storage battery. 

These parts, as a rule, suffer badly 
from corrosion and finally break off or 
wear off, leaving nothing but a short, 
rounded shank to which a ground -clamp 
may be fastened. It must be remem- 
bered that the clamp has a tendency 
to corrode rapidly unless liberal coats 
of heavy oil or vaseline are applied. 

FILAMENT- BALLAST 
RESISTANCES 

How the "A" Supply Is Tempered to 
the Needs of Tubes When Different 
Types Are Used in One Receiver, as in 
Many Circuits Now Popular, and What 
Resistors May Be Used. 

ITH the introduction of receiv- 
ers employing several special- 
ized types of tubes in their suc- 

cessive stages, the problem of regulat- 
ing the filament voltages becomes more 
complicated than it was in sets of the 
older designs in which general-purpose 
tubes were used throughout. 

In the A.C. electric sets, this situa- 
tion is met by the provision of a step - 
clown transformer with several low - 
voltage secondaries, each calculated to 
furnish the voltage required for one 
type of tube. In this case, proper reg- 
ulation of the input voltage on the pri- 
mary (110 -volt) winding of the trans- 
former will insure a satisfactory "A" 
supply. 

EACH TUBE 20 OHMS -5 V.DROP - .25 -AMP. 

20I A 200 A 20I A 171 A 

IOHM 
IV.DROP 
I AMP. 

c_R 
6 VOLTS 

The filaments of the tubes require the same sup- 
ply. One fixed resistor is sufficient, though the 

voltage falls as the baaery discharges itself. 

On the other hand, if direct -current 
tubes are used, either the 3 -volt ("dry - 
cell") or the new 3.3 -volt ("screen - 
grid") filaments will require special 
protection if they draw their current 
from the same source as the 5 -volt 
("storage -battery") tubes. For this 
purpose, resistors, commonly called 
"ballasts," are used; either of a self- 
adjusting type, which automatically 
change their resistance with their tem- 
perature, and consequently permit the 
flow of a certain amount of current 

Four types of filament resistor$ in common use. 

only, or fixed resistors which properly 
divide the voltage existing within the 
circuit and leave only the correct 
amount across the tube filaments. Such 
resistors are commonly inserted in the 
"A-" return leads from the "F-" 
socket terminals of amplifier tubes, in 
order to secure a negative bias on the 
grids of the tubes. (Properly, this is 
a positive bias on the filament, but it 
amounts to the same thing; the fila- 
ment is kept above ground potential by 
the amount of the drop through its 
series resistor.) 

The most satisfactory method, per- 
haps, is to connect to each tube, or 
group of similar tubes, its own resist- 
or; then a master rheostat between all 
the tubes and the battery permits all 
voltages to be varied proportionately, 
if it is so desired. 

The filament resistance of the screen - 
grid (222 -type) tube is a trifle more 
than that of the standard 5 -volt tube 
(201A, 112A, 171A types) ; the former 
is 25 ohms and the latter 20. But if 
the 222 were put across the "A" leads, 
even after the rheostat had cut the 
voltage down to 5, it would draw one - 
fifth of an ampere, or 200 milliamperes, 
instead of the 132 for which it is de- 
signed. Consequently, an additional re- 
sistance of about 13 ohms in series 
with the filament of the 222 will be 
required. In all cases, it will be found 
better to use a resistor reducing the 
voltage of the tubes slightly below their 
rating, rather than one which will per- 
mit an excess of current. The 120 -type 
semi -power tube operates similarly to 
the 222. 

The filament resistance of the 199 - 
type tube, we find, is much higher than 
that of the foregoing -50 ohms-but 
its current -carrying capacity is very 
much less. With the 199 -type tube 
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across a 5 -volt supply, about 33 1/3 
ohms in series will be required to safe- 
guard its filament; and 50 ohms if it is 
exposed to the full 6 volts of a storage 
battery. 

FIGURING RESISTANCES 

A very easy way to calculate the 
value of the filament resistor required 
to reduce the voltage of a given current 
source to that required for one or more 
tubes is simply to take the difference 
in voltage between the supplied voltage 
and the required voltage and divide 
that by the current drain of the tubes 
with which it is to be used. For in- 
stance, the difference between the 6 
volts supplied by a storage battery and 
the 5 volts required by quarter -ampere 
tubes such as the 201A -type, etc., is 
one volt. If only one tube is to be used, 
the current drain is 0.25 -ampere and 
the resistance required will be 1.00 
divided by 0.25 or 4 ohms. If three 
''ibes are to be used, the total current 

o 

2.77V. DROP 3 V. DROP 
.055 -AMP. .06 -AMP. EACH 

199 199 199 \ 199 

40 d w i \ 
R i', I500NMSj1 

25 OHMS 
139 V. DROP 
0.O55 -AMP. 

EOHMS / 
C 331 DRo 
C.55'AMP 

N 25 Ot}MS 

11 

1.5 V. DROP 

45 VOLTS 0.6-AMP.EACH 

Here we have tubes requiring much greater voltage 
drop. When the rheostat is turned "down," as 
shown, it reduces the voltage across the first tube, 

and current, too. 

drain will be 0.75 -ampere and in this 
case 1.00 divided by 0.75 equals 1 1/3, 
the number of ohms required. 

If several tubes of the same type of 
filament are connected in parallel, their 
combined resistance is equal to that of 
any of them, divided by the number 
used; and a single resistor in series 
with them must be divided in similar 
proportion to the value required to pro- 
tect a single one of them. 

For instance, two 222 -type tubes in 
parallel have only half the resistance 
of one -121/2 ohms instead of 25. Con- 
sequently, the resistor which ballasts 
them, and passes twice the current, 
should have one half the resistance of 
that used with one tube, or 61/2 ohms, 
to maintain the proper voltage across 
their filaments. 

In the case of a filament -ballast 
resistor designed especially for a given 
tube or tubes, whether it is of the fixed 
or the self-adjusting type, the manu- 
facturer's instructions should be read 
carefully, and the user should make 
certain that he has the correct type for 

the tube or tubes which it is to protect, 
before inserting the resistor in the cir- 
cuit. A resistor' designed for two or 
more tubes in parallel would allow an 
unduly high flow of current through 
one of the same type ; and it can be 
seen why it is undesirable to have any 
tubes out of their sockets when the battery 
switch is turned on. This risk is elim- 
inated when each tube has its own 
resistor. 

The use of a reliable voltmeter, it 
need not be said, is as desirable in skill- 
ful set operation as that of a steam 
gauge in the operation of a steam en- 
gine. For this purpose, the higher its 
resistance, the more reliable its read- 
ings, as a rule; for a low -resistance 
voltmeter is a load on the circuit it is 
testing and, by drawing additional cur- 
rent, makes its readings deceptively 
low. 

The figures below indicate the resist- 
ances necessary to reduce the "A" sup- 
ply to the specified working voltages, 
and consequent proper flow of current, 
through tubes of the type given. 

Type of Tube Series Resistor Ohms 
6 -volt "A" supply 

One 201A (or other 1/ amp., 5 -volt 
tube) -- 4 

One 199 (or other 60-milliamp., 3 - 
volt tube) 50 

One 199 (at 3.3 volts) 43 
One 222 (at 3.3 volts) 21 

(If the filament circuit of several 
tubes in parallel returns through one resistor divide the above resistance by 
the number of tubes.) 

*One 201A, one 222 2 3/5 
*Two 201As, one 222 1 3/5 
*Three 201As, one 222 1 1/7 
*Two 201As, three 222s 1 1/7 
*Three 201As, three 222s 7/8 
*Four 201As, three 222s 3/4 
*One 201A, one 199 3 1/4 
*Two 201As, one 199 1 4/5 
*Three 201 -As, one 199 1 1/4 

(For purposes of calculating current 
drawn, two 222s equal one 201A, ap- 
proximately, and two 199s equal one 
222. A 1/2 -ampere tube, 112 or 171, 
counts as two 201As.) 

*As this resistor reduces the "A" 
voltage only to 5, additional resistors 
will be necessary in series with the low - 
voltage tubes. 

5 -volt "A" Supplll (Behind Resistor) 
One 222 (at 3.3 volts) 13 
One 199 (at 3.3 volts) 27 
One 222 (at 3 volts) 15 
One 199 (at 3 volts) 30 

4% -volt "A" Supply 
One 222 (at 3.3 volts) 10 
One 199 (at 3.3 volts) 19 
One 222 (at 3 volts) 121/2 
One 199 (at 3 volts) 25 

4 -volt "A" Supply 
One 222 (3.3 volts) 6 
One 199 (3.3 volts) 12 
One 222 (3 volts) 8 
One 199 (3 volts) 17 

The figures above given are mini- 
mum resistance and, though fixed fila- 
ment voltages need not be critical, a 
lesser value should not be employed- 
remembering always that resistors may 

2 5 OHMS -3.3 V. DROP- 0.132 -AMP. 
20 OHMS -5V. DROP - 0.25 -AMP. 

222 \1/4200A 222 17I A 

210HMS 
2.7 V. DROP 
0.132 -AMP. 

4 OHMS 
IV. DROP 
025 -AMP 

4OHMS 
V.DROF 
25 -AMP. 

6 VOLTS ' 21 OHMS 
2.7 V. DROP 
0.132 -AMP. RHEOSTAT 

This possible hook-up is more comp icated. Each 
tube has its own ballast, adding ju t enough re- sistance to regulate the amount of heating current from the battery. The rheostat here is turned "up," 

out of the circuit. 

be slightly below their rating and that 
power units, in particular, may deliver 
slightly over their rating. The appli- 
cation of too much voltage across a 
tube filament, within reason, will not 
burn it out; but it tends to shorten 
greatly the effective life of the tube. 

A diagram of a 32 -volt filament sup- 
ply which will usually operate satis- 
factorily from a farm -lighting plant is 
factorily from a farm-ligting plant. The 
current supplied by these units is, usually, 
sufficiently constant so that very little 
filtering is necessary. However, in order 
to keep noise level at a minimum, it is 
advisable to use a filter of some kind; 
and, for this purpose, you will find that 
a choke and two filter condensers are 
used. The choke will have to be made 
in such a manner that it will carry three 
amperes or more at 32 volts, without 
overheating. In case you cannot obtain 
a suitable coil, the choke may be omitted 
and a single 4-mf. filter condenser or 
larger size may be used for the filter. 
This method is not as efficient as the 
first; but it will often operate satisfac- 
torily, especially in the larger installa- 
tions. 

The remainder of the unit consists of 
the voltage -reducing device, made up 
of resistors. The first resistor Rl and 
the second R2 are fixed resistors, the 
values of which are determined by the 
type and number of tubes used in the 
set. If 5 -volt tubes are employed, a 
resistor of 12.5 ohms and a current - 
capacity of about 60 watts will be suit- 
able for sets using up to 1 ampere. 
Between 1 and 1.5 amperes, the resistor 
should have a value of 10 ohms and a 
capacity of 60 watts; while sets draw- 
ing up to 3 amperes should use a 
resistor with a higher current rating 
such as 125 watts. The Ward -Leonard 
type PEB-6.4 resistor is suitable in this 
case. The resistance value is 6.4 ohms. 

For resistor R2, the value is also 
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dependent on the number of tubes used. 
A current rating of 60 watts will be 
sufficient for all purposes. A table of 
resistances follows: 

R1 R,2 
Current Resist- Resist - 
drain ance Rating ance Rating 

amperes ohms watts ohms watts 
.75 

1.00 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
2.75 
3.00 

12.5 60 5 60 
12.5 60 7 60 
10. 60 5 60 
10. 60 7 60 

6.4 120 3 60 
6.4 120 3.5 60 
6.4 120 4.25 60 
6.4 120 5 60 
6.4 120 6 60 
6.4 120 7 60 

The current drain of the set should 
be figured from the number and the 

and causes the tube to become inoper- 
ative. 

To remove this scale, procure a 
spark coil such as Ford spark coil and 
connect one of the high-tension ter- 
minals to the filament of the tube and 
the other high-tension terminal to the 
anode or graphite button. The high- 
tension terminals of a Ford coil are 
the two on the side of the box. The 
primary terminals are the bottom one 
on the side and the one on the bottom 
of the box. 

Connect the primary terminals to a 
six -volt battery and a spark will pass 
between the filament and the graphite 
button. The spark punctures the scale 
and removes it. This treatment should 
be continued intermittently for a cou- 
ple of minutes and then if the tube 
does not function normally it should 

Many homes in rural and suburban 
districts have 32 -volt light plants. 
The current, properly filtered, may 
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type of the tubes used, and the corre- 
sponding resistors for Rl and R2 
should be used. 

R3 and R4 are rheostats of about 
6 ohms. They should be made with 
wire sufficiently heavy to carry 3 am- 
peres without overheating. If 199 -type 
tubes are used, resistors R1 should 
have a value of 45 ohms and R2 one 
of 7 ohms. R3 and R4 in this case 
should have a value of about 20 ohms. 
In constructing the unit, the two re- 
sistors R1 and R2 should be mounted 
in such a way that they will be well 
ventilated, so that there will 'be no 
danger of overheating. R3 and R4 
are adjusted with the set in operation 
and a voltmeter is used to determine 
the correct setting. Two 5 -ampere 
fuses should be connected in the cir- 
cuit, and, in some cases, it is advisable 
to place a one-microfarad condenser 
in the ground lead of the receiver, to 
prevent a short circuit in the power - 
supply unit. The condenser is merely 
connected between the set and the 
ground. Its use will not affect the 
operation of the set. 

Tungar tubes may be easily made 
as good as new when they are only 
suffering from scale which forms on 
the graphite button. While the bat- 
tery chargers are being replaced by 
all -electric sets, there are yet thou- 
sands using batteries and the tungar 
chargers, to whom this may be of 
help. 

The small trickle charger tubes 
seem to suffer from this trouble most, 
the larger tubes either burning out 
or the filament sags away from the 
anode, making the tube useless. The 
smaller tubes do not seem to pass 
enough current to keep the graphite 
in a working condition, a sort of scale 
forming which insulates the button 

be repeated. When the tube is work- 
ing properly a blue glow will be seen 
around the filament. With the large 
tubes, in charging a ,six -volt battery, 

FUSE -RI 
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"A" and "B" ELIMINATOR for D.C. 
(15) Mr. Schwartz, Boston, Mass., 

asks: 

(Q. t.) The current supply in my 
particular vicinity is of the "direct" 
type. I have been informed that it is 
exceedingly simple to construct an "A" 
and "B" battery eliminator to operate 
with that type of current; and that a 
power unit having the requisite char- 
acteristics has been designed by F. C. 
Logan and is called the "Varion" 
D.C. Eliminator. Can you furnish me 
with the necessary details? 

(A. 1.) Mr. Logan has described the 
Varion D.C. eliminator in the radio 
section of the New York Telegram. 
Because of numerous requests for a 
device of this type, we reprint the 
complete description of the unit. 

"Until recently little attention has 
been given to the requirements of the 
radio owner with direct current in his 
home. Many a man has walked hope- 
fully from one radio store to another 
in search of data on the construction 
of a good "A" and "B" eliminator for 
direct current. But he has met with 
disappointment on every hand. "We 
don't know of any such thing," was 
the unsatisfactory answer he received 
in every store. 

- -- B+ +67V +45V. B- 
IIO TO 120 V. 
D.C. SUPPLY 

EB RESISTANCE-, 

DEB 90 
RESISTANCES 

An "A" and "B" battery eliminator, operating from a Direct Current source only. The "B" battery 
voltage out -put is approximately 100 volts at maximum. By varying the amount of DEB resistances em- 
ployed, any number of tubes up to 10 (201-A type) will be supplied with filament current (see the table, 

"Figuring the Resistances.") 

if they fail to start when first turned 
on, they may sometimes be started by 
short-circuiting the charging terminals 
for an instant. 

"True, direct -current eliminators have 
been put on the market, but we have 
seen none which supplies both 'A' 
and `B' current and which has volt- 
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age variation over the wide range nec- 
essary to take care satisfactorily of 
detector, radio -frequency and ocsillator 
tubes, many of which operate at their 
best only if just the right voltage for 
the particular tube is applied. 

"Why there has been a lack of atten- 
tion to the design of an all-around, 
efficient eliminator for direct current 
is hard to understand. Certainly not 
because of lack of demand, for in 
Manhattan and Brooklyn alone there 
must be several hundred thousand in- 
stallations with direct current. As far 
as the difficulties in design and build- 
ing go, there is, of course, much less 
trouble and expense involved in the 
construction of a good eliminator for di- 
rect current than in one for alternating 
current. The necessity of rectifying 
is done away with, and with it the 
use of a number of expensive chokes 
and condensers to smooth out the rec- 
tified (and often very interrupted) 
direct current. The cost of a D.C. 
eliminator is naturally much lower, 
since less apparatus is required. So, 
if you are one of those fortunate in- 
dividuals with direct current in your 
home, prepare to eliminate 'A' and 
'B' batteries at small cost and with- 
out sacrifice in operating efficiency. 

"The D.C. eliminator described in 
this article replaces both 'A' and 'B' 
batteries at a cost of approximately 
$33.00 for the complete equipment re- 
quired, a little less than the invest- 
ment necessary to purchase a good 
100 -ampere -hour storage battery and 
a charger. The expense of a set of 
'B' batteries would bring the cost 
considerably higher. With this cost 
in mind it can be seen that building 
for oneself a D.C. eliminator is de- 
cidedly an economy. 

SIMPLICITY OF THE VARION 

"In designing the Varion every ef- 
fort was made to keep assembly and 
construction as simple and safe as 
possible. That this effort succeeded 
quite well is attested by the fact that 
the eliminator has been constructed 
and placed in successful operation on 
a receiver by a non -technical builder 
in an hour and three-quarters time. 
There is really nothing difficult or 
complicated about it, as there are only 
fourteen soldered connections and 
there are no special coils or chokes to 
wind. All the parts required can be 
purchased at any well -stocked radio 
store. 

"The second, and probably the more 
important point is that there is noth- 
ing to deteriorate or wear out in this 
particular eliminator. The resistances, 
of course, are good for a lifetime; and 
as they practically constitute the elim- 
inator one is fixed for many years 
when he builds this unit. 

"If the eliminator is constructed with 
the apparatus, and following the lay- 
out shown here, no difficulty will be 
had in conformity to all the specifica- 
tions of the Underwriters' Laboratory. 
Both legs of the incoming D.C. line 
are equipped with fuses, and in case 
of an overload, even a very slight one, 
they will blow and protect your equip- 
ment and accessories. 

DETAILS OF THE VARION 

"The Varion does away with both 
'A' and 'B' batteries in the follow- 
ing manner: The direct -current line 
is shunted by a current -carrying re- 
sistance or resistances, as shown in 
the wiring diagram. The filament sup- 
ply is taken off from the negative side 
of the line at a point between resist- 
ances AR -1 and AR -2. By variations 
of the resistances AR -1 and AR -2 the 
unit will accommodate any filament - 
current drain from amperes to 21/2 
amperes. This takes in sets ranging 
from 3 to 10 tubes. If a heavier cur- 
rent drain is imposed upon the unit 
it is possible to obtain extra current 
by means of a suitable resistance. To 
figure the correct resistances to use, 
let us assume you have a 5 -tube Neu- 
trodyne set, with one power tube in 
the last stage. Four 201-A tubes draw 
1/4 ampere each at 5 volts, or a total 
of 1 ampere; the power tube will draw 
1/2 ampere at 5 volts. This gives us a 
total of 11/2 amperes for the filament 
consumption. 

FIGURING THE RESISTANCES 

Filament Con- 
sumption Resistance Resistance 
Amperes 
.75 1 DEB 90 1 EB 12.5 

1. 2 DEB 90 1 EB 5 
1.25 2 DEB 90 1 EB 6 
1.5 2 DEB 90 1 EB 7 
1.75 2 DEB 90 1 EB 10 
2. 3 DEB 90 1 EB 3.5 
2.25 3 DEB 90 1 EB 4.25 
2.5 3 DEB 90 1 EB 5 

"Looking at the table above, it will 
be seen that resistance `DEB' should 
consist of two Vitrohm units (DEB 90) 
and `EB', of one Vitrohm resistance 
(EB-7). This is simple and should 
offer no difficulties to any one applying 
this current -supply to any type of set. 
Almost any combination of voltages up 
to 110 can be obtained without diffi- 
culty. If necessary you may have 
three different voltages for your re- 
ceiver. This feature makes the elim- 
inator particularly desirable for use 
with the superheterodyne and some 
types of tuned -radio -frequency sets 
where a number of different 'B' bat- 
tery voltages are desired. 

DETERMINING 'B' BATTERY VOLTAGES 

"A total of 200,000 ohms is placed 
across the 115 -volt D. C. line, as shown 
in the wiring diagram. There are three 
units used and two possible voltage 
variations. The 'B' voltage outputs 
shown in the diagrams are those com- 
monly used; but the experimenter may 
vary the resistances to produce almost 
any voltage value from 10 to 110 volts. 
If more than three 'B' taps are 
brought out from the resistance line, 
however, be sure that an 0.5 -uf. tap 
condenser is shunted from the extra 
tap of the negative 'B' battery line. 
This precaution is taken to eliminate 
the resistance as far as possible from 
the radio circuit. 

ASSEMBLING THE VARION 

"The assembly of the unit is simple 
and the wiring self-explanatory from 
the accompanying diagram. Make all 
leads of No. 14 wire and be sure that 
they are as short and direct as pos- 
sible. Solder each connection thoroughly 
and be sure that contacts in the bottom 
of the tube receptacles are clean. There 
are very few precautions to take in 
placing the Varion in operation on 
your receiver. The first and most impor- 
tant is to connect a fairly heavy con- 
denser, such as an 0.5 -uf., in series with 
your ground lead. This is to prevent 
burning out your tubes in case the 
polarity of the plug is incorrect when 
the unit is first put in operation. 

"It is not necessary while using this 
unit to connect up the `B-' post on 
your set, as this is automatically a com- 
mon connection through the eliminator. 
While the voltage from the eliminator 
at the filament supply tap is six, when 
all the tubes are in your set and lighted 
it is very decidedly not 6 volts with 
only one tube in your set. When no 
load is placed on the circuit the voltage 
jumps up to nearly 20, and you are 
very likely to mourn the loss of a tube if you place it in the set without all 
its mates being in position. These 
simple precautions are really the only 
things you will need to give attention 
to while placing the eliminator in work- 
ing order." 

LIST OF PARTS 

One Choke Coil (L), large current - 
carrying capacity (Amertran) ; 

Two By -Pass Condensers (Cl), 2.0 - uf.; 
Three By -Pass Condensers (C2), 0.5 - uf.; 
One Snap Switch and three Porcelain 

Sockets (S), 110 -volt type; 
One Porcelain Fuse Block, with two 

holders, and two fuses, 110 -volt 10 -am- 
pere type; 

Three Variable Resistance; two (R1), 
0-50,000 ohms, and one (R2), 0-100,000 
ohms ("B" -eliminator type) ; 

One Resistor, type "EB" and two Re- 
sistors, type "DEB" (Ward -Leonard). 
(See table above for computing the 
number of these required for various 
sets.) 

BATTERY CHARGER 

(16) Mr. J. Reed, Springfield, Mass., 
asks: 

(Q.1) Please give complete con- 
structional details and how to make a 
Tungar type of battery charger. 

(A.I) A schematic diagram which 
shows the electric apparatus and connec- 
tions necessary to assemble a two -am- 
pere battery charger, which will operate 
on the usual i ro -volt A. C., 25 to 6o cycles. 
The diagram shows a transformer with 
three windings, which we will designate 
as P, Si and S2. P is the primary 
winding and is connected to the 110 - 
volt A.C. light socket. Si is the fila- 
ment secondary and supplies the power 
for heating the Tungar bulb filament. 
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This winding is provided with a center 
tap B which is used as the positive 
lead for the charger. Winding S2 is 
the charging winding and supplies the 
necessary potential to operate the rec- 
tifier tube proper. Leads are taken out 
from points B and C and run. respec- 
tively, to the .positive and negative ter- 
minals of the storage battery. 

To construct the transformer a core 
is necessary. The simplest way to pb- 
tain it is to go to your local electric - 
light company and ask for a junked 
pole transformer of about 1-kva. ca- 
pacity. These transformers can usually 
be obtained for a small sum. Both 

TO A- ON 
BATTERY 

TO A+ ON 
BATTERY 

Fig. 7 

primary and secondary windings of the 
transformer should be removed. 

Now for the winding of the coils. A 
simple way to calculate the correct 
number of primary turns is to divide 
the cross-sectional area of the core in 
inches into 588. For instance, if the 
core should measure 2x2 inches, the re- 
quired number of primary turns is 147, 
of No. 20 D C C wire, wound on one 
segment of the core. 

The charging winding S2 should 
have one -quarter as many turns as the 
primary or in this particular case, 37 
turns of No. 15 D C C wire, wound on 
a different segment of the core. The 
turns of the filament winding S1 are 
one -fiftieth the number of the primary 
turns; in this particular instance 3 
turns of No. 12 D C C wire. A tap 
is taken off from the second turn and is 
used as the midpoint of this winding. 
Of course, all these different numbers 
cf turns depend on the size of the core, 
as stated above. 

After assembling and wiring the 
charger as per circuit diagram, an in- 
spection should be made to determine 
the initial performance. If possible, 
the charging rate should be measured, 
if only by connecting a Ford -dash am- 
meter or similar device in one of the 
charging leads. When a 6 -volt storage 
battery is being charged, the rate 
should be 2 amperes; on a 12 -volt bat- 
tery the rate will be 1 ampere. If the 
charger delivers less current than the 
above amounts, and still gives some ap- 

-- preciable current, turns should be added 
to the winding S2 until the proper rate 
is obtained. 

In case the charger fails entirely to 
operate, first look for loose wires or 
broken connections. Then try reversing 
the battery leads or clips and observe 
if charging ensues. Occasionally it will 
require the addition of several turns of 
wire to the winding S2 in order to ob- 
tain satisfactory starting of the Tun - 

gar arc; but this should be necessary 
only when the transformer has been 
assembled or wound carelessly. 

When the charger has been adjusted 
so that it does operate at the proper 
rate, it should be left charging for at 
least two hours under continued inspec- 
tion before it is pronounced satisfac- 
tory. 

In normal operation the transformer 
should get fairly hot after having run 
several hours. The temperature will 
be such that it is just a little too hot 
to touch. If, however, it should heat 
excessively, look for short-circuited 
turns, low -quality steel, or careless as- 
sembly of the core. Any of these three 
points will in itself be sufficient to war- 
rant rebuilding the transformer. 

(17) Mr. Arthur F. Clark, San 
Antonia, Texas, writes: 

(Q.) "I am a constant reader of 
your magazine and I have been look- 
ing for some time for instructions for 
making a transformer for lighting the 
filaments of A. C. tubes. I have been 
disappointed, however, since I have 
never seen the details for making a 
transformer of this type. I have also 
looked in your latest edition of "1001 
RADIO QUESTIONS AND ANSWERS" but I 
do not find the instructions in this book, 
either. Will you give me these?" 

(A.) The diagram shows the core of a 
suitable transformed for 6o -cycle current. 
The core is made of strips of silicon steel 
.014 -inch thick and 1144 inches wide, which 
are cut to two lengths; the longer are 
414 inches, and the shorter pieces 23/4 
inches long. The strips are cut from 
sheet metal and the corners are filed 
to prevent any rough edges from pro- 
truding; after the laminations have 
been cut they are shellaced or var- 
nished on at least one side to insulate 
them. About 170 of each size will be 
required; the insulating coat should be 
thin and evenly spread. 

The coils are made by preparing a 
block of wood 1 5/16 inches square and 
about 5 inches long; this is wrapped 
with several layers of heavy paper and 
a piece of fiber 234 inches wide over 
the paper. Two pieces of fiber 33/4 
inches square are also prepared and a 
hole 1 5/16 inches square is cut in the 
center of each; the two washers thus 
formed are placed over the ends of 
the fiber strip which has been wound 
on the wooden block. This will provide 
a spool made of the pieces of fiber, into 
which the transformer windings are to 
be placed; the washers are glued firmly 
in place to make it secure. The spool is 
23/4 inches wide and may readily be 
slipped over one of the long segments 
of the core. 

One section of the core should be 
assembled with the long laminations, 
(offsetting every other one, 114 inches, 
so that the core will fit together cor- 
rectly; using enough to make a pile 1/ 
inches high; the pieces are then bound 
firmly together with friction tape. The 
spool containing the windings is next 
slipped over to core and fastened tightly 

by forcing several wooden wedges between 
the coil and the core. Finally, the rest of 
the core is assembled around the coil 
and the complete core is firmly bound 
with friction tape to prevent the lam- 
inations from vibrating. 

It might be well also to clamp the 
laminations tightly between wooder 
blocks, although this is not essential. 
Such blocks are 5 inches long, with 
holes cut in the ends to carry bolts. 
Four are required, and placed at the 
opposite ends of the core; one at each 
side with a bolt at each corner. 

Next, the primary winding is placed 
in the spool; it contains 528 turns of 
No. 22 D. C. C. wire, layer -wound. 
(The easiest way to wind this is to 
fasten the block in some manner to the 
chuck of a hand drill, or of a lathe if 
one is available.) A layer of varnished 
cambric, or several layers of heavy 
paper, is placed over this winding, after 
the two ends of the wire have been 
brought out through holes in the end 
of the spool; and the first of the sec- 
ondary windings is placed over the pri- 
mary. Between each successive pair of 
windings, a layer of varnished cambric 
or paper must be placed, to insulate 
the windings more thoroughly. 

A winding to give 15 volts across its 
ends will need 72 turns, and one for 
71, volts 36 turns, of No. 14 D. C. C. 
wire. A 5 -volt winding contains 24 

turns of the same wire; a 3 -volt wind- 
ing contains 15 turns and a 2% -volt 
winding 12 turns. For a 1% -volt wind- 
ing, 8 turns of wire are sufficient, and, 
in this case, No. 12 D. C. C. wire should 
be used to carry sufficient current for 
a number of 226 -type tubes. Center - 
tappings of the windings which require 
it should be done as the winding pro- 
gresses, and the ends of the wires should 
be brought out through holes in the end 
of the spool. To design a transformer 
for 25 -cycle current, the cross-sectional 
area of the core should be twice the 
given value, or 13/4 inches square; the 
same number of windings will be used 
in each case. 

Four laminations are used for each layer of rb 
core; they are "staggered" to make it firm. l 

should be bound firmly together. 
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REDUCING THE HUM IN A. C. SETS 

(18) Mr. B. Brown, Miami, Florida, 
writes : 

(Q.) "I am constructing a receiver 
with two stages of radio -frequency am- 
plification and two of audio -frequency 
amplification, using the 226 tubes in 
the radio -frequency and first audio - 
frequency positions, a 227 in the detec- 
tor and a 171 in the last audio -fre- 
quency stage. I am rather puzzled 
about the grid returns and the methods 
of keeping the A. C. hum at a mini- 
mum. Can you give me any data on 
this subject?" 

(A.) The method of balancing out 
the audio -frequency noises in an A. C. 
receiver is a rather puzzling problem 
for the average radio fan. The usual 
method of connecting the grid return 
directly to one side of the filament 
supply circuit is not satisfactory with 
A. C. sets, since it unbalances the fila- 
ment circuit and introduces a consider- 
able hum. The grid returns for the 
226 tubes may be connected according 
to several easy methods. The balanc- 
ing consists merely of finding the exact 
electrical center of the filament circuit 
so that no alternating voltage from the 
power supply will be impressed on the 
grid. Naturally, since this current is 
an alternating one, it must be kept en- 
tirely out of the grid circuit. 

Three methods of obtaining the elec- 
trical center of the filament circuit are 
shown in A, B and C; hese methods are 
the most common in use at the present 
time. Fig. A shows the use of a resistor 
with a sliding contact which can be ad- 
justed for teh minimum amount of hum. 
This resistor usually consists of a poten- 
tiometer of about 15 ohms shunted across 
the center of the filament transformer. 
This method is a very good one, since it 
is often found that the actual center 
of the filament circuit is slightly to one 
side of the theoretical center. 

Fig. B is similar to Fig. A except 
that a fixed center tapped resistor is 
used. This method is not guite as ef- 
ficient as the one shown in Fig. A, since 
if the center tap of the resistor does 
not balance the secondary of the power 
transformer in reference to the ground, 
the filament circuit will be unbalanced. 
However, in most cases it is very sat- 
isfactory. Another method is shown in 
Fig. C, which has the same defect as 
the method shown in Fig. B. This 
method employs a center tapped fila- 
ment transformer for the filament 
supply, but is also very satisfactory for 
general uses. 

It is best to use a separate resistor 

The voltage on the fila- 
ment alternates, except at 
its center, which is a 
"node" or point of uni- 
form potential. On the 
"Wheatstone bridge 
principle, a resistance 
shunted across this mart 
contain a point of identi- 
cal voltage, located by 

the sliding arm. 

22G 

A. C. 
FILAMENT 
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for each grid return rather than try 
to use one resistor for all of the tubes, 
since in this way, each tube is balanced 
in respect to its own filament circuit. 
The wiring to the filament circuits of 
the A. C. tubes should be done with 
twisted wires, well insulated and kept 
as far away from the grid circuits as 
posible. This wire must be quite heavy 
(No. 14 at least), to pass a consider- 
able current. 

The use of resistors for the grid re- 
turns of tubes in a radio -frequency 
amplifier sometimes results in insta- 
bility or oscillation in the amplifier. 
However, this difficulty can easily be 
overcome by connecting fixed condens= 
ers between the center tap of the re- 

sistor and each side. These condensers 
should have a value of .005-mf. 

GRID BIAS 

This is another point which causes 
considerable confusion in the construc- 
tion of A. C. receivers. When the 
negative grid bias for the radio -fre- 
quency amplifier and audio -frequency 
amplifier tubes is an A. C. set is to 
be obtained from the "B" power unit, 
a separate resistor may be used to 
supply the voltage to each grid or one 
common resistor with the correct taps 
may be used for the complete supply. 
When 226 tubes are used in a radio - 

A. C. CENTER - 
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frequency amplifier, the plate voltage 
should be 135 volts and the negative 
bias 9 volts, in order to give the great- 
est amplification and the quietest op- 
eration. Because each of the tubes re- 
quires the same bias ,a single resistor 
can be used for all of the tubes. The 
method of connecting this resistor is 
shown. It will be noticed that the center 
filament terminals of these amplifier tubes 
are connected to one side of resistor RI, 
while the other side and the grid returns 
connect to ground and to the negative 
"B" battery terminal. 

The value of resistor R1 can be easily 
determined with the aid of Ohm's Law, 
wherein R equals E divided by I. R 

Tl 226 TO REST OF 
A. F. AMPLIFIER 

12.5 VOLTS A.C. 

l.5 VOLTS A.C. 

O B- 
B+DETECTOR 
B+ AMPLIFIER 

A typical A.C. Hook-up. 
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represents the unknown resistance re- 
quired, E represents the biasing volt- 
age, and I the plate current of the 
tubes for which the grid bias is re- 
quired. To give the least amount of 
hum, the plate current should be 3 
milliamperes and the plate voltage 135 
volts, for each tube. The correct value 
of the "C" bias for this plate voltage 
and current will be found to .be 9 volts. 
If we have three 226 tubes requiring 
"C" bias, the total plate current will 
be 9 milliamperes, or .009 ampere. 
Substituting these values in the equa- 
tion given above, R equal 9 divided by 
.009, or 1,000 ohms, which is the cor- 
rect value for the resistor Rl. The 
condenser C6 in the diagram is used 
to by-pass the radio -frequency currents 
around resistor Rl. This condenser 
should have a value of about 1-mf. 

REPAIRING "B" POWER UNITS 

(19) Mr. J. R. Cliffman, Rochester, 
N. Y., writes: 

(Q.) "I am a custom builder and 
repair man. In repairing sets I often 
encounter trouble in "B" power units 
and, up to the present, I have never 
seen any information for locating 
trouble in these units. This is es- 
pecially true of the units using the 
gaseous rectifiers; since there is no 
filament to tell when the tube is operat- 
ing correctly." 

"I am also at a loss when one tap 
of the unit will not supply any current, 
while the rest of the power unit works 
satisfactorily. I would appreciate any 
information that you can give me in 
this matter." 

(A.) Although there are few causes 
for trouble in the standard "B" power 
units, trouble does occur sometimes; 
and a few simple tests will enable the 
experimenter to locate and correct it. 

The diagram of the most common 
type of unit, employing the gaseous - 
conduction type of rectifier tube, is 
shown. This diagram will be followed 
in making suggestions, although other 
types of units can also be tested by the 
same methods. Test with set connected: 

NO VOLTAGE AT A GIVEN TAP 

If no voltage can be read With a 
high -resistance voltmeter from one of 
the taps of the unit, the logical point 
to look for trouble is in the resistor 
bank. Then, if the trouble is not lo- 
cated, the parts should be tested back 
from this point until the defective part 
is found. When making the tests, first 
look at the rectifier tube to make sure 
that it does not appear to be damaged. 
Then make sure that current is flowing 
through the primary of the transfor- 
mer. 

An open -circuited or burnt -out resis- 
tor will result in no current flow at 
the tap that it controls; for instance, if the 
resistor RI becomes open -circuited there 
will be of course no voltage at the "B plus 
tap. On the other hand, if R2 is broken 
the detector voltage will immediately 

increase. In receivers of some types 
this would result in a decrease of the 
volume; while sets with regenerative 
detectors would get out of control. 

The simplest method of locating a 
defective resistor is to connect a high - 
resistance voltmeter to each tap in turn. 
A meter of this type is almost essential 
when a unit of this type is used; both 
for measuring the output, in order to 
get the best results from a set, and 
for testing defective units. In the ab- 
sence of a voltmeter, a 15 -watt 220 - 
volt electic-light bulb may be employed; 
it should be connected like the voltmeter, 
between the negative terminal and each 
of the positive terminals in turn. It 
should glow a dull red on the high and 
intermediate taps and, with the detec- 
tor resistor turned all the way in, a 

C6' 

winding of the transformer is open or 
the center tap does not connect to the 
negative terminal. 

The secondary winding of the trans- 
former can be checked by first remov- 
ing the tube from the socket and then 
connecting the primary of the power 
transformer to the line through a 25 - 
watt 110 -volt lamp, in series with one 
of the leads. If the secondary is in 
good order, the lamp will not glow at 
all, or a very dull glow may be seen. 
If the lamp glows brightly, either the 
secondary is broken down or one of 
the buffer condensers is short-circuited. 
On replacing the rectifier tube in its 
socket, the lamp in the primary lead 
will glow brighter. The buffer condens- 
ers should be disconnected in order to 
test them separately. The test de - 

L1 L2 

R2 
The circuit of a typical "B" power unit employing a gaseous rectifier tube. 

dull glow should be obtained on this tap 
also. If the detector lights the bulb 
with brightness equal to that obtained 
from the other taps, the 10,000 -ohm re- 
sistor (R2) is open or defective. 

No VOLTAGE FROM ANY TERMINAL 

This trouble may be due to an open 
circuit in the windings of the power 
transformer or in one of the choke 
coils; or it may be due to a broken- 
down condenser in one of the filter 
circuits, or to a broken wire. 

If the tap voltages are found correct 
and the set does not operate well, the 
trouble may be due to the development 
of a defect in a by-pass condenser, 
or to a faulty construction of the unit, 
omitting a condenser where it is needed. 

In testing for these brakes the fol- 
lowing method may be used. Discon- 
nect the power supply from the unit; 
then connect a pair of phones, with a 
battery in series, between the plate 
terminal of the rectifier tube and the 
positive output terminal. (Remove the 
rectifier tube before testing these cir- 
cuits.) You should hear a click on 
making contact; and also, on testing, 
between either of the filament ter- 
minals on the rectifier socket and the 
negative terminal of the unit. The 
clicks from both of these binding posts 
should be of equal strength; if one is 
stronger than the other, the trouble is 
generally due to a defect in one of the 
buffer condensers (C5 and C6 in the 
diagram). If no click is heard from 
one terminal, either the secondary 
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scribed above will also serve to gauge 
the operation of the gaseous tube since 
a poor tube will not show an increase 
in the light of the lamp. 

A gaseous -conduction rectifier tube 
will usually give about 1,000 hours of 
service before trouble is encountered. 
When the tube becomes old, the output 
voltage gradually falls off and it is 
necessary to keep turning up the resist- 
ors to maintain the correct voltages. 
When the resistors can no longer be 
adjusted to give the required voltage, a 
new tube must be used. The gaseous 
tube becomes quite warm when oper- 
ating correctly and this fact often 
serves to indicate whether or not the 
tube is in good condition. 

EXCESSIVE HUM 

This may be caused by a filter con- 
denser's becoming open -circuited, or by 
an open lead to one of the condensers; 
it might also be due to a short-circuited 
choke coil or to the usual causes of 
hum in the receiver itself. The action 
of the choke coils may be tested by 
short-circuiting each of them in turn. 

If both chokes are functioning cor- 
rectly, the hum will be increased when 
either is short-circuited. If no differ- 
ence is noted when one of the chokes is 
shorted, the connections should be 
checked and, if they are found correct, 
a new choke should be inserted. In 
some installations, although the power 
unit is in apparently good working 
order, the hum will be objectionable. 
In such case, it may usually be reduced 
by increasing the size of the filter con- 
densers, C2 and C3. 
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Some of the radio noise -makers. Top row: electric flat iron ith poor contact sr defective resistance; flashing signs or flashers in window displays. Bottom 
row; electric heating pad, sparking motor, railroad signals, faulty connections in lamp leads. 

WE would be willing to wager a 
goodly portion of the munificent 
weekly sipend that, if you were 

ot inquire the funny little noises in his 
set, he would make one of the two an- 
swers; viz: 

Answer No. One: "Static." 
The Other : "A leak in that doggone 

transformer on the post in the alley." 
Such a simple disposition of a difficult 

problem! Surely no other solutions could 
appeal so strongly to such a variety of 
minds. Somebody or other gave these 
simple explanations to the first radio fan; 
and that great love of truth which char- 
acteries all receiving -set owners has fos- 
tered them and the radio fraternity has 
clasped them to its bosoms. They are 
magnificent in their broad generality; and, 
like so many other beautiful but broad 
generalities, they are far from being 
true. 

After a great deal of intensive re- 
search on the part of a great deal of 
engineering brains, it was discovered that 
Grandpapa Static is innocent of a lot of 
crimes for which he had been blamed. 
After a lot more research, these same 
engineers ascertained that, in most cases, 
the people who made complaints were in 
the same class with the dog who sat on 
his own tail and howled, but was too lazy 
to move. 

It was the consensus of expert opinion 
that, with the home -brew -noise industry 
getting along so nicely, natural static 
might as well he put on a sled and started 
on the well-known road to oblivion. A 
man with the hives, you know, doesn't 
do much kicking over a mosquito bite. 

INTERFERENCE AND INTERFERENCE 

As this sub -title indicates, and as those 
of us who get more or less enjoyment 

from listening ot radio programs should 
be fully aware, there exist two kinds of 
interference. A type which is, happily, 
confined to the vicinity of large cities 
is the spirited interference of one broad- 
cast station with another and makes itself 
known to the listener by a beautiful 
whistle in the background of the music, 
instead of the more conventional bass. 
The only remedy that comes to mind at 
this moment is either several sticks of 
well -placed dynamite or aggressive activ- 
ity on the part of the Federal Radio 
Commission. 

On the other hand, if the sounds that 
float gently out from your loud speaker 
seem to be a cross-section of a kitchen 
working overtime frying eggs, with at- 
tendant crackles, hums, moans, roars, 
sputters and waht you will-then this is 
something else again and there is a good 
chance that the noises can be chased 
clown to their lair and killed. Of 
course, it would not be right to assume 
that all the noises come from within 
the home-for that above -mentioned 
transformer in the alley might be to 
blame; but the chances are that, if a 
little intelligent thought and work is 
put on the problem, the source of the 
noises can be tracked down and will 
be found within your own four walls 
or those of a neighbor. 

MAKING INTERFERENCE AT HOME 
The list of noise -makers that are in 

the equipment of the average modern 
electrically equipped home is far too 
long to be here included. However, 
take heart, radio fan, and read on; for, 
although these noisemakers are numer- 
ous yet it is a simple matter generally 
to find out where the trouble is and 
then to kill it. And all this does not 
necessarily mean that the searcher 
need have a wide knowledge of the mys- 

teries of electricity, or possess a thick 
pocketbook; for the most part it is a 
relatively simple matter. 

It should be stated again that "the 
doggone transformer out in the alley" 
is usually about as much of a source 
of radio noises as the mummy of one 
King Tut recently found in his old 
family cemetery, west of the water- 
works in his home town. To the radio 
public in general it may seem logical 
that power companies should burn coal 
in the power house, at its present 
prices, just for the fun of pumping 
current through holes in the lines to 
ground. But they don't. They would 
much rather sell electricity than broad- 
cast it. 

Some of the real offenders have been 
classified by the National Electric Light 
Association, as follows: 

POWER CIRCUITS: (1) lines;; (2) in- 
sulators; (3) lightning arresters; (4) 
transformers; (5) generators and mo- 
tors; (6) induction voltage -regulators. 

INDUSTRIAL APPLIANCES: (1) arc - 
light circuits; (2) telephone and tele- 
graph lines; (3) pole changers and 
converters; (4) street cars and electric 
railroads; (5) smoke and dust precip- 
itators; (6) motors; (7) sign flashers. 

HOUSEHOLD APPLIANCES: (1) electric 
pads; (2) violet -ray machines; (3) 
flatirons; (4) doorbells, light -switches, 
various small motors. 

MISCELLANEOUS: (1) X-ray ma- 
chines; (2) storage -battery chargers; 
(3) annunciator systems; (4) stock 
tickers; (5) ignition systems; (6) eke - 
trie elevators and electric furnaces; 
(7) moving -picture equipment; (8) 
high -voltage testing equipment. 

This list covers in a general way 
most of the field of household and in- 
dustrial noise makers; but, if it were 
not for the lack of space, further class- 
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Automatic tel dials; bad contacts in light rockets, thermostat controls on oil burners, contactors on farm -lighting 
leaky transformers, are among the sources of interference. 

ifications might be made; for example, 
under the heading of heating pads 
might be included all those devices, 
which are operated by some sort of an 
electrical thermostatic control; with 
flatirons might be included those arti- 
cles which use resistance -wire heaters, 
such as curling irons, percolators, waf- 
fle -griddles, etc. 

Now, as has been suggested, much 
work has been done on reducing the 
output of these non -licensed broadcast 
stations and in due time the secrets 
will be unfolded to a panting world 
and illustrated by rare old Sargents 
will crosses marking the spot where 
the body was found. We have inti- 
mated that the method of bomb -tossing 
is a bit too crude for this advanced 
day and age and should be left to those 
nephews of our National Uncle who 
get their thirty bucks a month for do- 
ing just such little odd jobs. We shall 
try to shunt to Oblivion, Gehenna and 
other way stations the hums, crackles 
and other noises that were given to the 
radio fan for his sins. 

RECOGNIZING THE NOISES 

Some bright student of the class 
might at this moment get up on his 
hind legs and pipe, "But how the- 
pardon me, how on earth are we going 
to tell where a hum comes from and 
where a crackle has its home?" Sit 
down, Oscar, and incline your ear this 
way and you will get an idea (if pos- 
sible). 

Suppose you hear romping through 
your loud speaker, a nice, low, deep 
hum sounding like a note pulled cut 
of a bull fiddle by the long-haired 
gentleman in the orchestra pit. Such 
hums, which are sometimes induced in 
an aerial which runs parallel to a line 

carrying 60 -cycle alternating current, 
may also be among those present 
through the medium of power -supply 
units with defective rectifier tubes or 
bad filters. A little thoughtful search 
by the operator will usually bring such 
a hum to nought. 

The unwanted voices of the violet 
ray and X-ray machines are pitched 
deeper and have the added character- 
istic of sounding like a neighbor's win- 
ter supply of coal going down the 
chute into his cellar. Similar to these 
sounds are those of a wild and un- 
domesticated battery charger. 

Another type of grating sound is 
caused by spark interference, although 
this has sometimes a high-pitched note 
accompanying it. It is generally inter- 
mittent. Also intermittent is the noise 
from a thermostatic control, like those 
of some types of electric irons. 

Crackling noises can generally be 
traced to defective contractors, loose 
wiring connections and bad sockets. A 
crackle with a steady hum indicates a 
dirty commutator on a nearby motor. 

Of course, it is mighty difficult to dif- 
ferentiate between the fine graduations 
of tones which might mean an entirely 
different source of interference; but 
each annoyance has, and sticks to the 
bitter end to, its own pet note which 
we shall soon attempt to describe. The 
experienced trouble-shooter should 
know his notes, as well as the piano 
tuner knows the difference between 
middle C and G sharp; but this is small 
consolation to Mr. Average Listener, 
whose affronted ears only tell him that 
his loud speaker is snarling at him. 
However, one need not be a grand - 
opera singer or a performer on the 
fiddle to track down the elusive inter- 
ference. 

equipment, dirty commutators on motors, 

The mthods are simple for the most 
part. 

ON TROUBLE'S TRAIL 

One of the first thinks that the trouble 
shooter should implant firmly, away 
in the back of his skull, is that the 
power company has not concocted a plot 
to annoy him every time he hears a 
queer noise in his loud speaker. Many 
a time and oft an investigating first 
thrust rudely in the "innards" of a 
receiver is the cause for bent condenser 
plates; and plates that touch and 
therefore sometimes spark are every bit 
as potent a source of noise as any 
trolley car that ever wandered up a 
street. 

And then batteries can play a little 
tune all their own. Corroded terminals 
in jacks and battery clips, corroded 
socket contacts and tube prongs do their 
stuff nicely. An excellent imitation of 
a 60 -cycle hum is caused by an open 
circuit in the audio amplifier. Did you 
ever hear a defective grid leak fry and 
sputter? Well, they do. And above 
all, loose connections will let loose as 
nice an assortment of noises as has 
ever been your lot to listen to. 

There has been much published on 
the subject of trouble -shooting in the 
mazes of a receiver and we will skip 
blithely over that with this admonition : 
look carefully over your various batte- 
ries and socket -power units, connections 
fore and aft, test your tubes, for con- 
tacts and microphonic noises, your 
switch and jack springs, and the loud- 
speaker cords. 

CADGETS AROND THE HOUSE 

If sister is getting all dolled -up to 
go to a party and the curling iron, the 
violet -ray machine, and the flatiron are 
all working overtime to aid her, and 
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if these various objects are doing their 
level best to drown out whatever music -if any-is trickling through the loud 
speaker, don't spoil your sister's even- 
ing by crashing a storage battery over 
her head. She didn't invent the noise- 
makers. Attack the problem in a more 
scientific way, look for the source of 
the trouble. 

15AMP 
FUSES 

FIG.1 

SERIES FIELD 

2 mf.-1000 V. 

One way to stop a motor interference is by placing 
across the brushes a 2-mf. condenser of suitably 

high -voltage rating. 

After sister has succeeded in waking 
up her boy friend, who has been wait- 
ing "just five minutes"- has it ever 
happened to you?-turn off all the 
trouble makers and then turn them on 
one by one and see which one is making 
all the fuss. If one kicks up a rumpus, 
first inspect the light socket from which 
the appliance is getting its power. The 
contact in there may be bad. 

Of course, some cases may not be so 
simple to trace and it may be necessary 
to resort to a small portable set using 
a loop antenna so that its directional 
properties can be used. But let this 
word of caution sink in: be sure that 
the trouble is not in your own house 
before you go snooping around some 
neighbor's domicile. 

Suppose that you have traced the 
trouble to a motor which is merrily 
sparking; in most cases this is due to 
dirt on the commutator, causing the 
brushes to make bad contact and result- 
ing in a spark jumping to them. This 
will in time pit the commutator, and 
this result will not help to reduce noise. 
First clean the motor, and if the iron 
frame of the motor is not connected to 
ground, make this connection. The 
last of the interference may be killed 
by connecting a 2-mf. condenser (tested 
to stand 1,000 volts D.C.) across the 
brushes. Place the condenser as near 
as possible to the place where the 
sparking occurs. 

If the line is over 110 volts and un- 
grounded the design of the filter should 
be changed. Two condensers of the 
same size mentioned above are con- 
nected in series, with their common 
point grounded. This system is then 
shunted across the commutator, as will 
be seen in Fig. 2. For very small 
motors, such as are used in hair driers, 
vacuum cleaners, soda -mixers, etc., a 
high-test condenser of 1/4-mf. will do 
the trick. 

In the case of a refrigerator control, 
furnace control, heating pad, or like 
device, 'giving trouble, more than likely 
sparking is taking place at the thermo- 
stat contacts. Roo'.: a 1/4-mf. condenser 

across the input. The result should be 
silence. 

Then we have the case of bad con- 
tacts. Of course, the best remedy that 
we can advise is to fix the contact. But 
then we just know that someone is go- 
ing to yelp, "Suppose you can't fix it. 
What then?" If you find, for instance, 
that the delicatessen man over the way 
is using his sign to put your radio re- 
ception on the blink, tell him about it 
and we will bet another nickel that he 
will gladly let you hook a 1-mf. con- 
denser across the terminals. Business 
is business. 

Now, suppose that you are located 
far away from sign -flashers, street cars 
and the other noise -makers of the city 
and that, when you want to get your 
telephone operator to put through a 
call to Mary's house, you have to turn 
a funny crank on the side of the box. 
That, being attached to a magneto, can 
do plenty in the way of noise making. 
In order to have radio reception such 
as you read about, make a filter of two 
condensers grounded at their common 
point and put them in series with two 
choke coils, one in each side of the 
line. 

LESS THAN 
600 VOLTS 

UNGROUNDED 

The choke coil consists of 100 turns of No. 18 
D.C.C. wire wound in a single layer on a 3- 
inc tube form, 1/8 -inch thick and 8 inches long. 
It is wrapped with insulating tape after winding. 

As we have said, somewhere in the 
first portion of this advice, there are 
many sources of interference, which we 
have no room to treat of here. We 
respectfully suggest that, if you are 
bothered with some ill to which radio is 
heir, you should consult the "Manual 
on Interference prepared by R. J. 
Casey for the Radio Manufacturers As- 
sociation. We are indebted to this ex- 
cellent booklet for some of the sugges- 
tions herein given. 

SOLDERING 

(2o) Mr. LeRoy Jonson, Aberdeen, 
N. C., asks: 

(Q. 1.) Can the use of acid -core 
solder be the cause of a set not func 
tioning properly? 

(A. 1.) Possibly. It depends some- 
what upon what is being soldered and 
the way in which the soldering is 
done. In general, it is very inadvis- 
able to use acidflux for any kind of 
soldering in connection with radio ap- 
paratus. 

(Q. 2.) What would be a satisfac- 
tory method for soldering radio in- 
struments and wiring? 

(A. 2.) First have a real hot sol- 
dering copper (called a soldering 
"iron"). This "iron" should not be 
allowed to turn red, as this causes 
the "tin" to burn off. To make a 
satisfactory connection the hot iron 
should be applied to the work, so as 
to heat the work before the solder is 
applied. When the solder on the iron 
seems to be taking hold of the sur- 
face to be soldered, the solder can be 
applied. If a resin core flux is used, 
no other flux is usually necessary to 
make the solder stick. 

In order for the iron to work prop- 
erly, it is necessary that it be well 
"tinned." The simplest way to make 
sure of this is to have a large sheet 
of tin handy, also a jelly glass of 
muriatic acid which has been "killed" 
by the addition of sufficient scrapings 
of zinc to prevent the further forma- 
tion of bubbles when zinc is added. 
By heating the iron to almost a red 
heat, then quickly dipping it into the 
acid, the iron will readily become 
coated with a film of solder, when the 
iron is rubbed around on the sheet of 
tin, on which are pieces of solder. A 
file sometimes assists the process. No 
flux is used in this operation, the acid 
treatment being sufficient for the pur- 
pose. When all sides of the iron have 
become coated with a film of bright 
solder wil not stick to thesoldering 
ready for use; without the tinning, 
solder will not stick to the soldering 
copper, and the soldering copper will 
not heat the work. 

Beware of soldering "pastes." They 
sometimes cause more harm than good. 
There are several good soldering 
pastes on the market, but they must 
be used judiciously. An excess may 
form a leakage path just where it is 
not wanted. A little care and thought 
will be all that is necessary. Capillary 
attraction sometimes causes conduct- 
ing fluxes to creep into undesirable 
places. Sometimes, too, it will spatter 
into the wrong spot. 

OUTPUT 

A compound filter that silences bell-ringers, so far 
as the radio set is concerned. 
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The How and Why of Radio Filters 

The two large cases contains chokes for use in audio -frequency filters, and the five small ones radio -frequency chokes. 

ANY set builders are of the opin- 
ion that radio engineers insert 
choke coils and by-pass condens- 

ers i ntheir circuit designs for radio 
receivers either for their own amuse- 
ment or for the sole purpose of caus- 
ing the public to purchase additional 
equipment when building sets. Among 
radio constructors, there has circulated 
the rumor that these instruments may 
be removed from most circuits without 
affecting the operation of the receivers 
in any way, and some experimenters 
have proved this "fact," to their own 
satisfaction, at least. However, when 
poor results are experienced with such 
a set, most fans think they have se- 
lected a poor circuit; and it seldom oc- 
curs to them that the trouble might be 
corrected to some extent, at least, by 
the use of choke coils and condensers. 

Because of the general misunder- 
standing which seems to exist on the 
subject of choke coils and by-pass .con - 

RFC RFC A FC 

RFC AFC'" 
x00000` fozon 

5 

A is the complete circuit; B the path taken by 
the R.F. current; C, path of the A.F. current, 
and D that followed by the battery's direct 

current 

densers, the writer will endeavor to 
show the purpose of these instruments 
in electrical circuits, and, at the same 
time, to explain how they may be used 
most intelligently in radio receivers. 

In order to return as much as possible of R.F. 
energy to coil P for regeneration, the choke RFC 
is inserted, keeping this current from the phones 

and battery. 

It is, of course, ridiculous to assume 
that engineers specify apparatus which 
is not necessary in receiver designs. 
Therefore, the set builder who con- 
siders a part unnecessary should at- 
tempt to find the reason why it is used 
before eliminating it from the receiver. 
If this plan were followed by everyone, 
the average home -built receiver would 
give much better performance. 

A choke coil may be described as a 
device which, when connected in an 
electrical circuit, hinders alternating 
currents of a certain frequency or fre- 
quencies from passing and, at the same 
time, readily allows direct current and 
alternating current of lower frequen- 
cies to pass; it consists of a number of 
turns of wire. Choke coils for use in 
radio -frequency circuits are usually of 
the air -core type, while audio -fre- 
quency choke coils almost always have 
iron cores. 

"BY-PASSING" ACTION OF CONDENSERS 

By-pass condensers perform an ex- 
actly apposite function in a radio re- 

ceiver. These may be described as fixed 
condensers of standard type, which are 
connected in a circuit in such a way 
that currents of one frequency or band 
of frequencies are forced to pass 
through them; 'but D.C. and A.C. of 
lower frequencies are practically un- 
able to pass. The capacity of the by- 
pass condenser determines the fre- 
quency of the current which it will pass 
efficiently. For example, a small con- 
denser (say .001mf.) will by-pass only 
high- or radio -frequency currents; 
while a large condenser (1.0 mf.) is 
needed for audio -frequency circuits. 
However, large by-pass condensers will 
allow high- (radio-) frequency as well 
as audio -frequency currents to pass 
through them. 

In radio circuits, choke coils and by- 
pass condensers are commonly used to- 
gether; i. e., the choke coil is employed 
to prevent currents of a certain fre- 
quency from entering a circuit and the 
by-pass condenser is used to provide a 

Two methods of using R.F. chokes and con- 
densers in the plate circuit of a receiver, for the 

prevention of interstage coupling. 
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new path for the excluded current. In 
this way it is possible to separate the 
alternating- and direct -current com- 
ponents which are present at the same 
time in one circuit; and it is possible 
also to separate the radio -frequency 
and audio -frequency components by 
the same method. That portion of a 
circuit which consists of a choke coil 
and by-pass condenser is known as a 
"filter." 

Two methods of using A.F. choke coils and con- 
densers. A is the more usual, and B one used 
when the plate -supply current is heavy, to keep 
the plate current from the transformer's primary. 

A DOUBLE -FILTER SYSTEM 

A hypothetical diagram gives an exam- 
ple of how currents of different frequen- 
cies may be separated by means of choke 
coils and by-pass condensers in combina- 
tion (filters). In the complete circuit 
(A), of tis illustration, Li is a trans- 
former with a primary winding P and a 
secondary winding S; B is a battery; RF 
C a radio -frequency coke coil; AFC an 
audio -frequency choke coil; and Cl and 
C2 are by-pass condensers, small and 
large respectively. In this circuit a 
current composed of two different fre- 
quencies is induced in the secondary 
winding of the transformer by the pri- 
mary winding which, we will say, is con- 
nected to an audio -radio -frequency os- 
cillator. Also, the battery B introduces 
direct current into the circuit. 

The problem is to separate the three 
different components of the current. 
This is accomplished by the action of 
the choke coils and the by-pass con- 
densers. A glance at the diagram will 
show that the R.F. component of the 
current cannot pass the R.F. choke coil 
(RFC) and, therefore, is forced to go 
through the by -.pass condenser Cl. 
However, direct current cannot pass 
through a condenser and the capacity 
of Cl is so small that very little A.F. 
current is able to follow this path. 
Therefore, the direct current and the 
A.F. -current components continue 
through the circuit until the A.F. com- 
ponent is impeded by the A.F. choke 
coil (AFC). This current is then 
forced to pass through the by-pass con- 
denser C2. As the direct current is 
not stopped by the choke coils, it passes 
through the coils and makes its return 

RFG 

The choke coil RFC and condenser C are con- 
nected as shou n, in order to keep R.F. cur- 
rents out of the A.F. amplifier, where tbtey 

would tend to overload the tubes. 

to the battery via the only available 
path. 

The circuit action is further analyzed 
in detail at B, C and D, which 
show more clearly how the three dif- 
ferent currents were separated. B is 
the path of the R.F. current, which is 
unable to pass the R.F. choke coil; C 
is the path of the A.F. current, whic'i 
is unable to pass the A.F. choke coil; 
and D is the path of the direct current, 
which is unable to pass through the 
by-pass condensers Cl and C2. 

USE OF R.F. CHOKES 

Now that the purpose of by-pass con- 
densers has been explained, we are 
ready to consider the various ways in 
which choke coils of various sizes may 
be used to advantage with them in 
radio circuits. As R.F. and A.F. choke 
coils are used in different parts of the 
circuit, the use of the R.F. choke and 
by-pass will be explained first. 

In last month's issue of Radio News, 
it was pointed out that regeneration, 
when correctly used, is a great aid in 
increasing the sensitivity and selectiv- 
ity of receivers. On the other hand, in 
circuits where regeneration is not re- 
quired, and where it cannot be con- 
trolled properly, its presence is suffi- 
cient to ruin reception. The same is 
true of resistance in a radio receiver; 
in tuned circuits its existence causes 
poor results; whereas, in other parts 
of the set, it is needed to produce a 
voltage drop for biasing purposes, to 
reduce filament current, etc. 

Coupling is a consideration equally 
as important as regeneration and re- 
sistance. It is essential to the opera- 

tion of every receiver that the various 
circuits be coupled together; however, 
the way in which this is done is often 
responsible for either the success or 
failure of the set. In certain parts of 
the circuit the coupling must be highly 
efficient, while in others any trace of 
coupling causes poor or undesirable 
results. This applies not only to radio - 
frequency circuits, but also to audio - 
frequency and power circuits. In many 
cases undesired coupling may be pre- 
vented by a system of choke coils and 
condensers. 

CONTROL OF REGENERATION 

In order to explain one of the most 
frequent causes of undesired coupling, 
and its effect upon the operation of a 
radio receiver, the writer will refer 
again to his article, "Regeneration- 
What it is and What it Does," which 

in a past issue of Radio 
News. In this article it is explained 
that regeneration is caused by cou- 
pling between the plate and grid 
circuits of a vacuum tube; as such 
coupling makes it possible for plate - 
circuit energy to be returned to the 
grid circuit and to be re -amplified ex- 
cessively. This coupling may be effected 
by the use of either condenser, induc- 

appeared 

Above are two groups of condensers of high capacity. Those in the up _per row are suitable for use as 
A.F. by-passes. Those in the lower row are of types suitable for power filters. 
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In the above illustration are shown various types of fixed condensers which may be used in filter circuit 
as R.F. by -passer. 

tors or resistors; but in all cases the 
effects upon the receiver are similar. 

A limited amount of regeneration in 
a receiver is beneficial; for it tends to 
reduce the "effective resistance" of the 
circuit, and also improves the selectiv- 
ity and sensitivity of the receiver. 
However, if the regeneration is not 
properly controlled, the results are un- 
satisfactory. Where too much regen- 
eration is present, the set is unstable 
in operation and is apt to enter a state 
of sustained oscillation, on the least 
provocation. This ruins the utility of 
a set for the reception of broadcast 
programs; as speech or music becomes 
badly distorted. 

In designing receivers, engineers 
have provided many ways for con- 
trolling and limiting regeneration. In 
some systems, energy is fed from the 
plate circuit to the grid circuit with 
the phase of the current reversed, so 
that it neutralizes any normal feed- 
back current which may exist. In other 
systems, resistors are connected in the 
grid circuit of each tube to overcome 
regeneration, or other means are em- 
ployed to reduce the efficiency of the 
circuit. Shielding, automatic coupling - 
variation and grid -bias control are still 
other processes which are employed for 
limiting regeneration. 

A fact which puzzles many experi- 
menters is that a radio receiver may 
perform excellently in one location, but 
give very poor results when it is con- 
nected to other batteries or a socket - 
power unit in another location. Some 
persons are inclined to blame the new 
location for the trouble but, in a major- 
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ity of cases, it will be found that the 
new batteries or the power unit are 
responsible. An examination of the 
circuits of most receivers will show that 
the same source of power is used to 
provide potential to the plates of all 
the tubes. As there is a certain amount 
of resistance in the batteries or power 
unit, the various circuits of the set are 
linked together by a form of resistance 
coupling; and, as a result, feed-back 
takes place and regeneration and some- 
times strong oscillation is produced. 

CHOKES IN THE PLATE LEADS 

One of the most important uses of 
R.F. choke coils is to prevent inter - 
stage coupling which might take place 
through the "B" power -supply device. 
These choke coils not only tend to make 
the operation of the receiver more 
stable by preventing feed-back, but they 
often improve the selectivity of the set 
by preventing the long "B" supply 
wires from acting in the capacity of 
aerials. When the "B' batteries are 
new the advantage of the choke coils 
may not be very apparent; but, where 
socket -power units or old batteries are 
used for the "B" supply, the judicious 
use of choke coils and by-pass con- 
densers will often greatly improve re- 
sults. 

Below shows how the coils and con- 
densers should be connected with the 
"B" supply wires of an R.F. stage. 
Diagram A shows the usual method; 
with the choke coil RFC connected in 
series with the "B supply wire to 
the primary of the R.F. transformer; 
and the by-pass condenser C connected 
between the filament circuit and the 
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"B -F" side of the R.F. transformer pri- 
mary . Diagram B shows the use of the 
choke coil in a shunt -feed circuit; by 
this arrangement the "B" power is 
delivered directly to the plate of the 
tube through the choke coil and the 
R.F. energy is transferred from the 
plate to the following transformer pri- 
mary through the by-pass condenser. 
Both circuits give approximately the 
same results and, in each case, the 
choke coil prevents the R.F. current 
from entering the "B" supply wires; 
while the by-pass condenser provides 
a path for the R.F. signal to go directly 
from the plate of the tube, through 
the transformer and thus reach the 
filament of the next tube. 

In this illustration, the choke coil 
and condenser are used to prevent 
coupling. However, there are other cir- 
cuits which require choke.coils to create 
coupling. An excellent example of this 
is in the Reinartz circuit, shown in 
Fig. 3. In this circuit, in order to 
obtain regeneration, it is necessary that 
the R.F. energy in the plate circuit of 
the detector should be fed back to the 
grid circuit through the plate coil P 
of the coupler and the regeneration con- 
denser C; therefore, the purpose of 
the choke coil RFC is to prevent the 
energy from going through the head- 
phones and "B" battery. In this case 
the by-pass condenser (C) is variable, 
as it is used to control the amount of 
feed-back. 
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Nou chokes and condensers are used in a power - 
supply unit to smooth out the "ripples" in the 

rectified current. 

BEFORE THE A.F. AMPLIFIER 

A third important use of the R.F. 
choke coil is to prevent R.F. currents 
from entering A.F. circuits. There are 
many types of audio -frequency am- 
plifiers which will amplify R.F. cur- 
rents as well as A.F. currents; and, 
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In a tuned -radio -frequency receiver of the type shown here, both R.P. and A.P. filters can be used to great advantage. Three of each will be seen in the scher.:atic diagram above, one after each of the tubes. 
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if the former were allowed to enter the 
audia amplifier, the utility of that de- 
vice would be greatly reduced because 
the R.F. currents would overload the 
tubes, and thus prevent the efficient 
amplification of the A.F. impulses. All 
A.F. amplifiers will amplify R.F. cur- 
rents, to some extent; but this is true 
particularly of resistance- and im- 
pedance -coupled amplifiers. 

R.F. currents are most apt to enter 
the audio amplifier through the primary 
of the first A.F. transformer or the 
first coupling device, which is con- 
nected in the plate circuit of the de- 
tector tube; because a detector always 
transmits some R.F. impulses. There- 
fore, a choke coil and by-pass condenser 
should always be connected in the de- 
tector circuit, in such a way that the 
R.F. currents cannot pass through the 
primary winding of the transformer. 
The way in which this is accomplished 
is illustrated clearly in Fig. 4. The 
R.F. choke coil is connected in series 
with the lead to the A.F. transformer 
from the tickler coil or plate of the 
detector; and the by-pass condenser is 
connected between the plate side of 
the R.F. choke coil and the filament. 
Consequently, the D.C. and the A.F. 
components of the current in the plate 
circuit of the tube pass from the plate 
through the primary of the A.F. trans- 
former; while the R.F. component is 
blocked by the choke coil and is forced 
to return to the filament through the 
by-pass condenser. The same circuit 
is used, whether or not a tickler coil 
is employed. 

The use of a choke coil in the posi- 
tion shown in Fig. 4 has an especial 
advantage when the amplifier is con- 
nected externally to the receiver cabi- 
net. With. an R.F. choke coil in the 
plate circuit the R.F. current is 
shunted directly to the filament, and 
only audio current is fed to the am- 
plifier. The wires connecting the set 
with the amplifier may then be as long 
as required without affecting the results 
obtained. 

The more important uses of R.F. 
chokes and R.F. by-pass condensers 
have now been considered; but there 
are many other places in which these parts are always required in radio circuits. For example, by-pass con- 
densers are always connected in shunt 
with any instrument which introduces 
straight ohmic or pure resistance into 
a tuned circuit, as in this way it is 
possible to reduce the total resistance 
(the impedance) of the unit to R.F. 
currents. In reflex circuits, condens- 
ers are connected across the windings 
of A.F. transformers; and in other 
circuits, similar condensers are con- 
nected across potentiometers, grid -bias 
resistors and other apparatus which 
is sometimes connected in the grid cir- cuit, to protect them from R.F. cur- rents. 

USE OF A.F. CHOKES 
In audio -frequency circuits choke 

coils are used just as much as in R.F. circuits, and are employed in much 
the same way. In "impedance"- (cap- 
acity-) coupled amplifiers, chokes are required actually to prevent coupling; 

in socket -power units they are em- 
ployed to smooth out or to filter out 
the "ripples" of the rectified alternat- 
ing current. In other places they 
serve to separate the D.C. from the 
audio -frequency component of the cur- 
rent in a circuit as in output filters. 

A very important use of the A.F. 
choke coil is in the plate -supply wires 
of an audio -frequency amplifier. When 
connected in this position it prevents 
the interstage coupling, which might 
take place as a result of the resist- 
ance in the output circuit of the 
power -supply devices. Frequently, this 
is the only way in which howling and 
"motorboating" may be prevented; 
particularly when "resistance -coupled" 
or "impedance -coupled" amplifiers are 
operated from "B' socket -power units. 
With these amplifiers, an audio choke 
and a by-pass condenser, connected in 
the plate lead of the detector stage, 
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PROTECTING THE SPEAKER 
Since power tubes have become gen- 

erally used in the last audio -frequency 
stage of receivers, the use of an A.F. 
choke coil and a by-pass condenser in 
the output circuit of a receiver is al- 
most universal practice. The purpose 
of this choke -and -condenser combina- 
tion is to allow the A.F. current to 
pass through the loud speaker and, at 
the same time make it impossible for 
the plate current of the tube to flow 
through the windings of the loud- 
speaker unit. This is absolutely nec- 
essary in many cases; as the heavy 
plate current required by the power 
tube would be suit'cient to burn out 
the fine wire in the loud -speaker unit 
or, at least, it might "saturate" the 
winding, afid the results would be al- 
most equally unsatisfactory. 

Fig. 6 shows the method of connect- 
ing a choke coil and a by-pass condens- 

In Fig. 7, at the right the coils marked L and Ll are audio -frequency choke coils, which are employed instead of transformers in an impedance -capacity -coupled audio -frequency amplifier. The condenser C transfers the energy from the plate of one tube to the grid of the following one; the chokes being in the circuit to retain the A.F. impulses, yet supply the needed voltages to the grids and plates. 
and also in that of each detector er ("tone filter") in the plate cir- stage, will usually obviate the trouble- cuit of the last A.F. stage. Diagram 
some effects altogether. A and B are for the usual amplifier 

Fig. 5 shows the method of connect- arrangement, and diagram C is for the 
ing an A.F. choke and an A.F. by- push-pull" amplifier. At A is indicated 
pass condenser in the plate circuit of a the arrangement followed when the detector or an audio amplifier tube. choke coil and condenser are a part Diagram A shows the usual method, of the receiver proper; and the chief with the choke coil connected in the advantage of this circuit is that the "B" supply wire to the transformer loud speaker is at ground potential. 
T2, and the by-pass condenser C be- When the choke coil and condenser 
tween the "B+" side of the trans- are connected externally to the re- former and the filament ("B-"). With ceiver, however, the circuit shown at this circuit the A.F. current must re- B is usually used because of its turn directly to the filament through greater simplicity Both circuits 'give 
the by -.pass condenser because, after identical results; but in the use of the the current passes through the pri- latter the loud speaker is kept at a mary of the transformer, the choke high potential, which is sometimes con - 
coil pevents it from entering the "B" sidered unwise. When a push-pull cir- supply circuit. cuit is used, a special choke coil is re - Diagram B shows another method, quired; this coil is twice as large as which is sometimes used when the the usual choke and has a center tap plate current of the tube is heavy, for connecting the plate supply wire. and in any case where the core of the As both ends of the choke coil are at transformer might be saturated by the the same D.C. potential, it is not nec - plate current. The advantage of the essary to use by-pass condensers in system ("shunt -feed") is that the the wires to the loud speaker; but, if direct plate current doeenot pass it is desired to keep the loud speaker through the transformer winding, but at ground potential, two condensers is delivered directly to the plate may be connected in the positions in - through the choke coil connected in dicated in dotted lines. 
series with the "B+" wire. Also, by "IMPEDANCE" A.F. COUPLING this method, the insulation of the An "impedance"- (capacity-) coupled transformer is not subjected to high audio -frequency amplifier circuit is an - voltages. In this circuit the by-pass other place where A.F. choke coils are condenser is connected in series with required in numbers. In these circuits the wire to the primary of the A.F. choke coils are used for two different transformer from the plate of the tube purposes; so that two choke coils as and the A.F. choke coil. This con- well as one by-pass condenser are re - denser makes it possible for the A.F. quired in each stage. Fig. 7 shows current to pass from the plate, the circuit arrangement usually em - through the A.F. transformer, and to ployed; in this the by-pass condensers the filament circuit. C are used to transfer the audio-fre- 



quency energy from the plate (output) 
circuit of one stage tothe grid (in- 
put ^ircuit of the next stage. The 
choke coils L provide a path for the 
direct ("B") current to the plate of 
the tube and, at the same time, pre- 
vent the A.F. component of the cur- 
rent from returning to the filament 
without going through the condenser 
C. The choke coils L1 allow the 
charges on the grids of the A.F. am- 
plifier tubes to leak back to the fila- 
ment. 

In the first part of this article it is 
stated that choke coils and by-pass 
condensers may often be removed from 
a receiver without affecting the re- 
sults. The fact is that, under certaia 
receiving conditions, if a choke coil 
were short-circuited the music would 
not be affected; but under other con- 
ditions the choke would greatly im- 
prove the results. The fact is, that 
a receiver fully protected with chokes 
is more stable in operation and is 
capable of giving superior performance 
under most conditions. The number 
of choke coils required varies with the 
circuit used, but Fig. 8 shows the posi- 
tions in which choke coils may be used 
to advantage, in practically every re- 
ceiver. Of course, special circuits 
often require many additional chokes 
and by-pass condensers. 

The uses of audio chokes, which 
have been considered thus far in this 
article, are those of the choke coils 
which are used in the receiving set 
proper. However, probably more choke 
coils are used in power -supply units 
for radio receivers, than for any 
other purpose. When used in this 
way they are part of a filter circuit 
consisting of two or more choke coils 
and a condenser "bank." (Filter cir- 
cuits are provided to smooth out the 
ripple in the interrupted direct cur- 
rent which is delivered by the recti- 
fier-i.e., to remove the 60 -cycle hum 
from the direct -current output of the 
rectifier tube.) The action of a filter 
circuit requires a rather lengthy ex- 
planation, and, therefore, it will not 
be fully covered in this article. How- 
ever, it may be said that the choke 
coils retard the pulsating component 
of the current and the condensers act 
as reservoirs, which become charged 
at "peak" voltages and discharge 
smoothly between "peaks." By use of 
combinations of chokes and condens- 
ers, in a circuit similar to that illus- 
trated in Fig. 9, it is possible to 
change a pulsating direct current into 
direct current pure enough to operate 
the plate circuits of radio tubes. 

In their construction, both R.F. and 
A.F. choke coils offer more complica- 
tions than one might think. In the 
case of the R.F. choke coil it is nec- 
essary only to wind a coil of wire pos- 
sessing sufficient inductance (and 
therefore impedance) to offer an ef- 
fective barrier to the radio -frequency 

current which it is desired to block. 
However, in winding the coil the 
maker must take care to see that the 
distributed capacity is as low as pos- 
sible. If the distributed capacity of a 
coil is high, this capacity tends to 
short-circuit the coil, thus destroying 
its utility. Several methods have been 
developed for winding coils having a 
very low distributed capacity, and one 
of them is illustrated in the picture 
shown on this page. In this system, 
the coil is wound on a small wooden 
bobbin, in three or more sections of 
various widths. In most cases, the 
end of the wire leading from the 

Typical example of the construction of R.F. choke 
coils; the windings are separated to reduce self - 

capacity. 

smallest -winding section is connected 
to the high -potential side of the cir- 
cuit. 

In winding A.F. choke coils, the 
problem is to produce a coil which will 
have sufficient inductance when a com- 
paratively high current is passing 
through the winding. This is a prob- 
lem which concerns the manufacturer 
more than the eperimenter; because 
it is rather impractical for the latter 
to attempt to build a home-made A.F. 
choke coil. However, it is important 
for the constructor to select an in- 
strument which possesses the proper 
inductance and suitable current -carry- 
ing rating for the particular circuit 
in which it is to be used. 

(2I) Mr. Metherell E. Pearce, Ander- 
son, Indiana, asks: 

(Q.1) In building a three stage 
audio frequency amplifier for a 
Radiola III, what ratio transformers 
should be used? Should they be ar- 
ranged at right angles? 

(A.1) Transformers of about 4:1 
ratio will probably be satisfactory. It 
may be advisable, however, to use a 
3:1 or even a 2:1 ratio for the last 
audio frequency transformer. Best re- 
sults will be had from a push-pull, 
resistance coupled, or choke coil, third 
stage amplifier. 
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Hints on Operation for the Short..Wave Beginner 
WHEN the receiver goes in and 

out of oscillation with a squawk, 
or a loud cluck, experiment with 

various grid -leaks until you find the 
proper value which will allow the re- 
ceiver to go into oscillation smoothly. 
Obstinate cases can be cured, gener- 
ally, by reducing the detector plate 
voltage. 

When wiring the receiver always 
connect the rotor (movable) plates of 
the tuning and regeneration condensers 
to the filament return of the stage. 

Power units, of both the "A" and 
"B" types, are not recommended for 
use with short-wave receivers. A good 
"B" power unit is entirely satisfactory 
when used with a broadcast receiver; 
for the simple reason that, should a 
slight A.C. ripple be present in the 
speaker, it will not be noticed because 

of the volume of the reproduced sig- 
nal. However, listening to a very weak 
signal with headphones is another mat- 
ter; in this case A. C. ripples which 
would be inaudible in a broadcast re- 
ceiver become literally roars in the 
phones. It should be remembered, also, 
that the broadcast receiver is, or should 
be, operated below the point of oscilla- 
tion; this is quite a factor in keeping 
the A.C. ripple down to a minimum. 
In using a short-wave receiver, as the 
regeneration control is advanced, the 
ripple is amplified in direct proportion 
to the signal. 

An efficient vernier dial must be used 
on the tuning condenser of a short- 
wave receiver. This refinement is not 
essential on the regeneration condens- 
er; but tuning on the high frequencies 
is so critical that often signals are 
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SKIP DISTANCES 

Chas. McCormick, Proctor, Utah, 
writes: 

(Q.1.) Will you kindly explain the 
meaning of "sunset effect" and short- 
wave skip distances ? 

(A. 1.) It has been demonstrated a 
number of times that short waves are 
decreased in strength as the distance 
from the transmitter is increased, until 
a certain point is reached. At greater 
distances beyond this point, the sig- 
nals gradually increase in strength to 
a maximum. Beyond this point, the 
strength usually decreases. The dis- 
tance between the transmitter at the 
beginning of the rise in signal strength 
is called a skip distance. This zone is 
not sharply defined and is found to be 
longer at night than in the day, and is 
usually longer in winter than in the 
summer. In most cases, the skip zone 
is a region where signals are entirely 
absent. The shorter the wave -length, 
the greater the skip zone distances will 
be. Long waves do not have such skip 
zones as true attenuation begins at 
the transmitting antenna. This ac- 
counts for the greater distances cov- 
ered by short waves even during day- 
light. 

During the period of transition from 
daylight to darkness, "sunset effect" is 
often observed. About an hour before 
sunset there will be a noticeable rise in 
signal intensity, which will drop just 
about as the sun sets, after which, it 
will rise until a maximum strength is 
reached about an hour later. During 
the night a further gradual rise in 
signal strength will go forward, until 
several hours before sunrise. A "sun- 
rise effect" similar to the "sunset ef- 
fect" will then be noticed, but the phe- 
nomenon will be reversed. 

AMATEUR LICENSES 

passed over without the operator be- 
ing aware of their presence. This state- 
ment also, emphasizes the necessity of 
slow and deliberate tuning, when a 
mere slight pressure on the knob of 
the dial may bring in a station. 

It should be remembered that short- 
wave receivers can be logged - not 
quite as easily as the stabilized 
broadcast -wave receiver; but with a 
fair degree of reliability. After a sta- 
tion has been tuned in to the point 
where it is loudest, turn the regenera- 
tion dial to as low a point as it can 
be brought without losing the signal; 
when this has been reached, adjust the 
tuning condenser until the signal is 
loudest. At this dial reading the sta- 
tion may be logged; with some assur- 
ance of returning to it, when desired, 
with a minimum of "juggling." 

Mr. C. D. Nelson, Caldwell, N. J., 
asks: 

(Q.) "Is it possible for you to sup- 
ply me with information for obtaining 
an amateur license? What are the re- 
quirements for such a license and 
where is application made ? Any infor- 
mation that you can give me will be 
greatly appreciated." 

(A.) The prospective amateur should 
forward an application for a license to 
the Supervisor of Radio for the district 
in which he resides, as shown below. 
This application will bring a letter of 
instructions; from which the applicant 
will learn that he must be able to read 
the International Morse code at a speed 
of ten words or more per minute and 
also that he must pass a written ex- 
amination covering the theory and 
practical operation of the transmitter 
and receiver to be used. He will also 
learn that he must obtain a copy of the 
Radio Communciation Laws and Regu- 
lations of the United States, and study 
carefully. the regulations relating to 
amateur operators. A copy of these 
regulations may be obtained at a cost 
of 15 cents (not in stamps) from the 
Superintendent of Public Documents, 
Government Printing Office, Washing- 
ton, D. C. 

The regulations mentioned contain a 
copy of the code; and a considerable 
amount of time must be devoted to 
learning the code before further steps 
are taken to obtain the license. An ar- 
ticle explaining several methods of 
learning the code will be found in the 
August, 1928, issue of Radio News. In 
order to obtain the necessary informa- 
tion on the theory of radio and the op- 
peration of transmitters and receivers, 
it will be necessary to refer to text- 
books and periodicals. The Signal 
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Corps handbook entitled "The Prin- 
ciples Underlying Radio Communica- 
tion" is a very good textbook on the 
theory of transmission; this book can 
be obtained from the Government 
Printing Office and is priced at $1.00. 

The vacuum tube is used in all 
amateur transmitters now, and this 
point should be particularly stressed. 
As soon as the applicant is sufficiently 
confident that he is capable of passing 
the code test and the theory test, he 
should make an appointment for per- 
sonal examination at the office of the 
Supervisor of Radio for his district. 
These districts are as follows: 

First District: Maine, New Hamp- 
shire, Vermont, Massachusetts, Rhode 
Island and Connecticut. Address 
Supervisor of Radio, Custom House, 
Boston, Mass. 

Second District: New York (New 
York City, Long Island, and the coun- 
ties on the Hudson River up to and in- 
cluding Schenectady, Albany and Rens- 
selaer) and New Jersey (counties of 
Bergen, Passaic, Essex, Union, Middle- 
sex, Monmouth, Hudson and Ocean). 
Address Supervisor of Radio, Sub - 
Treasury Building, Pine and Wall 
Streets, New York City. 

Third District: New Jersey (all 
counties not included in second dis- 
trict), Pennsylvania (counties of Phila- 
delphia, Delaware, all counties south of 
the Blue Mountains and Franklin 
County), Delaware, Maryland, Virginia 
and the District of Columbia. Address 
Supervisor of Radio, Custom House, 
Baltimore, Maryland. 

Fourth District: Tennessee, North 
Carolina, South Carolina, Georgia, 
Florida, Alabama, and the Territory of 
Porto Rico. Address Supervisor of 
Radio, Room 524, Post Office Building, 
Atlanta, Georgia. 
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Fifth District: Mississippi, Louisi- 
ana, Texas, Arkansas, Oklahoma and 
New Mexico. Address Supervisor of 
Radio, Custom House, New Orleans, 
Louisiana. 

Sixth District: California, Nevada, 
Utah, Arizona and the Territory of 
Hawaii. Address Supervisor of Radio, 
Custom House, San Francisco, Cal. 

Seventh District: Oregon, Washing- 
ton, Idaho, Montana, Wyoming and 
the Territory of Alaska. Address Su- 
pervisor of Radio, Room 2301, L. C. 
Smith Building, Seattle, Washington. 

Eighth District: New York (allcoun- 
ties not included in the Second Dis- 
trict), Pennsylvania (all counties not 
included in the Third District), Wes: 
Virginia, Ohio and the Lower Penin- 
sula of Michigan. Address Supervisor 
of Radio, Room 405, Federal Building, 
Detroit, Mich. 

Ninth District: Indiana, Illinois, 
Wisconsin, Michigan (Upper Penin- 
sula), Minnesota, Kentucky, Missouri, 
Kansas, Colorado, Iowa, Nebraska, 
South Dakota and North Dakota. Ad- 
dress Supervisor of Radio, Federal 
Building, Chicago, Ill. 

If successful in the examination, the 
applicant is granted an amateur first - 
grade license; if unsuccessful, he must 
wait three months before he is eligible 
for re-examination. If the applicant 
lives in a point remote from the dis- 
trict headquarters, he may submit evi- 
dence of his qualifications to the super- 
visor by mail; and, if the evidence is 
accepted, he may be granted an ama- 
teur second -grade license. To secure 
the license, the amateur must take an 
oath to preserve the secrecy of all 
radio messages which he may hear. 

DESCRIBING THE TRANSMITTER 

Before an amateur can construct a 
station, he must also obtain a station 
license. The transmitter must be de- 
scribed in detail and a very complete 
diagram of the transmitting equipment 
and aerial system must be shown. The 
type of transmitter must agree with 
the requirements of the radio laws in 
the matter of the type of wave emitted 
and the wavelength used. 

Spark transmitters are now banned, 
because of the serious interference 
caused by their operation; and the use 
of conductive coupling in amateur 
transmitters is no longer permitted 
with any type of transmitter, except 
where loop aerials are used. The maxi- 
mum power input which may be used 
is limited to 1,000 watts and, where a 
station is located within five nautical 
miles of a naval or military radio sta- 
tion, to 500 watts. 

The required licenses having been ob- 
tained, the amateur may proceed with 
the operation of his station in accord- 
ance witty the regulations governing 
such stations and under the conditions 
set forth on the license itself. The sta- 
tion cannot be used betwen the hours 
of 8.00 and 10.30 p. m., or during the 
broadcasting of church services on Sun- 
days, on wavelengths between 150 and 
200 meters; although on wavelengths 
below 87.5 meters the station may be 

operated at any time, provided it does 
not interfer with radio reception. If the 
amateur should cause interference on 
the broadcast band, the radio inspector 
will withdraw the privilege of operat- 
ing during the hours mentioned until 
the amateur can prove that he has 
eliminated the cause of the interfer- 
ence. 

The amateurs in the United States 
enjoy many privileges not given to ama- 
teurs in other countries. That these are 
appreciated, in most cases, is shown 
by their efforts to be of public service 
and by the number of amateurs holding 
responsible positions in the radio in- 
dustry. It is also proven by the many 
developments credited to them. 

The information given here for ob- 
taining a license has been put into gen- 
eral form so that it may be of service 
to anyone because of the great number 
of letters which we have received on 
this subject. 

AN ELABORATE COMBINATION 

Some time ago I was flooded with re- 
quests from other readers for particu- 
lars of my short-wave set. Unfortu- 
nately, circumstances did not allow me 
the time to answer, and in the mean- 
time I have developed a set that will be 
of great interest to the advanced am- 
ateur and, more especially, the owner 
of a superheterodyne. With this I listen 
regularly to Chelmsford and the Dutch, 
French and German short-wave broad- 
cast stations. 
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stage transformer -coupled, two stages 
resistance -coupled, and an output stage 
of two 210 tubes in push-pull with 300 
volts on the plates. 

Now, there are two controls for the 
long -wave set, one for the short-wave 
set, and a D.P.D.T. Yaxley jack switch. 
The oscillator condenser for short- 
wave work becomes the oscillator con- 
denser for the long -wave super by 
throwing the switch. There is one 
combination rheostat and potentiom- 
eter, and one master battery control. 
I used a former Freed -Eiseman panel. 

This set, with its interchangeable 
coils, will tune from 17 to 24,000 me- 
ters; it is a real DX getter, is very 
selective and gives assembly -hall vol- 
ume. What I consider very important 
is that the 23 -control set, with its bat- 
tery troubles, has been reduced to not 
more than three controls at one time 
and operated from the house -current 
supply. When changing from one wave- 
band to another, the filaments of the 
side which is not in use are automati- 
cally cut out. 

On account of the great distance 
from broadcast stations here in the Far 
North (120 miles north of Quebec) 
shielding was not necessary; but it 
was provided to see what the differ- 
ence would be. A slight gain in selec- 
tivity was observed, and when it was 
operated with the battery in a shielded 
container and cabled underground an- 
tenna, static was reduced to practically 
nil. 

For my intermediate and R.F., I used 
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Mr. Van Koolbergen's combination ingeniouslp uses the same condenser for both long- and short-wave 
superhets. We can conscientiously recommend any constructor to steer clear of it unless he is used to 

finding his way out of the woods alone on a dark night. 

The long -wave side is exceedingly 
efficient, and one wonders why some 
sets cannot bring in stations clearly on 
the lower end of the broadcast band; 
as when tuning with this set we get a 
great number of stations below WPG, 
and distance well around 11 p. m. Pa- 
cific Coast reception is quite frequent. 

The combination comprises (a) a 
short-wave single -circuit regenerative 
unit with plug-in coils; (b) a one -dial 
R. F. amplifier and detector unit; (c) 
an oscillator unit; (d) two I. F. stages 
with filter; (e) an A.F. amplifier, one 

"peanut" tubes to save space. The R.F. 
coils are placed under the three -gang 
variable condenser and the peanut 
tubes between the different sections; so 
that the two sets, one with nine tubes 
available for short waves, the other 
with twelve for long waves, are con- 
tained in a cabinet 7x9x30, and are so 
simple to control that a child can oper- 
ate them. 

The short-wave super has been de- 
signed for broadcast reception only, 
and is a combination of the sets de- 
scribed in Radio News for July, 1927, 
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and October, 1927, and the short-wave 
superheterodyne described in the Feb- 
ruary, 1927, issue of the same maga- 
zine, where all data as to coils, etc., 
can be found. I have eliminated the 
regenerative detector for code recep- 
tion. For the broadcast band (200-600 
meters) I have found that a very se- 
lective single -control receiver loses its 
selectivity on account of the difficulty 
of tuning the first stage. So I added 
one tube ahead of the three tuned cir- 
cuits; its amplification peaks between 
400 and 600 meters. This permits the 
three following stages to tune very 
sharply, and adds also somewhat to 
amplification at the higher wave- 
lengts. I find the 100,000 -ohm resist- 
or indispensable in this circuit; be- 
cause, even without an aerial, power- 
ful stations like WGY, KDKA, WJZ 
and others come in with such termen- 
dous force as to be too loud even for a 
big hall. The Peridyne principle of 
stabilizing has been added, as well. 
The set permits the reception of code 
on the short-wave set by using the po- 
tentiometer on the intermediate stages 
and permitting the set to oscillate. 

The condenser C, which serves as the 
short-wave condenser or oscillator con- 
denser, depending upon how the switch 
is turned, is .0005-mf., and might be 
as high as .001-mf., improbable as this 
might seem, provided its minimum is 
low enough. I use a Remler for the 
purpose and can go as low as 13 me- 
ters. By putting a .0005-mf. fixed con- 
denser in series with the "short-wave" 
set's secondary, that set can be made 
to oscillate up to 24,000 meters using 
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Mr. Van Koolbergen uses 11/2 volts on the plate- 
plus, of course, half the "A" voltage, as compared 

with the center of the filament. 

a 1,200 -turn duo -lateral coil. Although 
the circuit seems terribly complicated, 
if properly placed it is simplicity it- 
self and can be enclosed in a cabinet 
24x12x8 without undue crowding. Of 
course, in this out-of-the-way part of 
the world, where radio is our only 
amusement, distance -getters are wel- 
comed and I have so far changed three 
standard sets for friends of mine. With 
this set we have music, speech or lec- 
tures during all hours of the day and 
cover both continents as well. I am en- 
closing a letter of verfication from the 
British Broadcasting Company, London, 
on 5SW. 

Coil data can be found by those de- 
sirous of building this set in any good 
radio hook-up. However, to help those 
who have no time to look it up, here 
goes: 

Coils V, 50 turns Advance resistance 
wire on a half -inch spool. Coils M 
("binoculars" 17/8 inches in diameter 
each section) have 50 turns on each 
of good No. 22 enameled wire-wound 
in the same direction. The primaries 
have each 40 turns of No. 38 S.S.C. 
wire inside the binoculars close to the 
filament terminals. These coils with 
their 400 -turn chokes and .0005-mf. 
condensers are enclosed in a copper 
box; the tubes are mounted on top of 
this box and the triple condenser at the 
side. No leads are longer than half an 
inch. On the other side of this con- 
denser are the I.F. section and three 
tubes: the Yaxley switch and the os- 
cillator condenser are at the right of 

very much interested in short-wave 
sets ? 

(A. 1.) All the available information 
on the Grebe CR -18 short-wave re- 
ceiver is obtained from their booklet 
"Instruction and Operating Manual." 
All the necessary data which we think 
you might need, contained in that 
booklet, are herewith reprinted. 

SHORT-WAVE RECEIVER DESIGN 

"In designing a receiver for short- 
wave reception, many problems are en- 
countered which are not met with when 
dealing with the higher wave -lengths. 
Radio frequency amplification does not 
seem to offer any particular advan- 

Rear view of the Grebe CR18 short wave receiver 

these, and finally the A.F. amplifier is 
at the end of the baseboard. The three 
dials are thus in a row on the panel, 
which carries also the two resistor con- 
trols, and the jack switch above the 
oscillator condenser. This is all except 
for the filament switch at the right. 

I have also found a pronounced im- 
provement in short-wave reception 
which may be of interest to readers 
in the use of a 171A as the detector; 
not with the usual 45 volts upward, 
which caused the signals to be mushed, 
but by using a 11/2 -volt "C" battery 
on the plate, with a 0-8000 ohm resis- 
tor in series (Fig. 2). With this, in- 
stead of aerial and ground, I use a 
basket -weave coil of 4 inches in diam- 
eter and having 100 turns. With this 
three inches from the grid coil, and the 
circuit led into the intermediate and 
R.F. amplifier and a dynamic speaker, 
we had a band concert all day, to the 
surprise of the villagers-at least, to 
the owners of $500 sets. 

J. H. Van Koolbergen, 
Port Alfred, Quebec, Canada. 

GREBE SHORT-WAVE RECEIVER 

(22) Mr. B. P. Deverest, Ottawa, 
Can., asks as follows: 

(Q. 1.) I am informed that A. H. 
Grebe has developed a new short-wave 
receiver, "CR -18" I think. Can you 
furnish me with any constructional in- 
formation concerning same, as I am 

tages, and more complex circuits using 
multi -stage amplifiers are either un- 
stable or have too many operating con- 
trols to be of any practical use. 

"The adjustable -tickler -coil circuit, 
for example, is inferior at very short 
wave -lengths, because a change in re- 
generation produces so great a change 
in wave length that the transmitting 
station cannot be received with any de- 
gree of certainty. On the other hand, 
the capacity feed-back coupling method 
generally used results in stray -capacity 
effect so great that tuning is destroyed 
and the receiver becomes difficult to 
operate. While few receivers have been 
designed, using the above mentioned 
circuits, generally the wave - length 
range of such sets is small and they 
can only be used to cover a limited 
band: 

"In order to receive continuous -wave 
stations to the best advantage, the cir- 
cuit should be such that the point of 
oscillation is practically constant over 
the entire tuning range. For recep- 
tion of broadcoasting on the high fre- 
quencies, however, the regeneration 
control should operate in such a man- 
ner that the change from oscillating 
to non -oscillating condition is gradual 
rather than sudden. 

"The CR -18 receiver has been de- 
signed with all these points in mind, 
and a study of the circuit will reveal 
that variable electro -magnetic coupling 
between the antenna and secondary cir- 
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cuit is employed, contrary to the usual 
practice of using a small coupling con- 
denser. This coupling coil permits a 
greater transfer of energy without af- 
fecting the wave -length calibration, and 
affords greater selectivity, reduces in- 
terference and induction noise and 
makes possible the use of harmonic 
tuning when using a large antenna. 

INTERCHANGEABLE COILS 

"In order that tuning shall not be 
too critical the receiver is provided with 
five different coils which cover wave- 
length ranges, as shown above. The 
winding indicated as `L' may be ap- 
proximately 8 turns. Coupling is va- 
ried by changing its position of prox- 
imity to the other windings. 

"These coils are fitted with plugs 
and are mounted outside of the cabinet, 
in order to reduce all losses and permit 
the coils to be interchanged without de- 
lay or difficulty. (No. 16 or 18 DCC 
wire will be satisfactory for winding 
these coils. Although each coil covers 
only a small wave -length range, the 
frequency -range is very large; and for 
this reason the beat -frequency control, 
consisting of a small variable air con- 
denser, is incorporated in the receiver. 
This condenser permits one to discrim- 
inate between stations separated by 
only a fraction of a kilocycle and 
makes it possible to hold a station 
which is swinging or changing its fre- 
quency. 

"In place of a choke -coil in the plate 
circuit, the CR -18 employs a resist 
ance. This resistance eliminates non - 
oscillating points in the tuning range 
which frequently occur when a choke - 
coil is used. Cushion sockets are used 
to eliminate all vibration and micro - 
phonic disturbances, which seriously 
affect the operation of a short-wave 
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1 8.5- 18 1 1 2 16.6 -35 
2 15.8- 31 3 1 2 9.7 -19 
3 29 - 62 8 1 4 4.85-10.3 
4 56 -112 18 2 6 2.68- 5.35 
5 107 -216 49 1 18 1.38- 2.8 

OPERATING INSTRUCTIONS 

"The CR -18 is designated to operate 
with 201-A, 5 -volt, Y4 -ampere, X -type - 
base vacuum tubes. It is sometimes 
advisable to reverse the tubes in order 
to obtain the most desirable results. 
A storage battery should be used for 
filament supply. 

"At least 90 volts of 'B' battery is 
necessary. A clip should be provided 
on the detector lead, so that variation 
of detector plate -voltage may be easily 
secured, as certain coils require more 
voltage than others. 

"The antenna should consist of a 
single wire, aproximately 75 or 100 
feet in length including the lead-in, 
and should be well insulated. Good re - 

suits may be obtained with an antenna 
as short as 25 feet, or even an indoor 
antenna may be resorted to. Connec- 
tion to the ground should be made se- 
curely by means of a ground clamp 
fastened to a water pipe or radiator 
system. Care should be exercised in 
making all connections, as loose connec- 
tions are more detrimental on short 
waves than on the higher wave -lengths. 

"Set the wave -length dial on '0,' and 
starting at '0' on the regeneration dial 
slowly increase the reading to 35 or 
as far as necessary to cause indica- 
tions of oscillation to be heard in the 
telephones. This point is usually 40 
but will be subject to slight varia- 
tions. When the point on the regen- 
eration dial at which oscillations oc- 
cur has been determined, move the 
dial 5 points higher. The receiver 
should now be in an oscillating condi- 
tion over the entire wave -length range 
covered by the wave -length dial. A 
simple test to determine whether the 
receiver is oscillating or not is to 
touch the left-hand screw on the sec- 
ondary coil; if a click is heard in the 
telephones the receiver is oscillating. 

"Insert the antenna coupling coil 
and connect the antenna to the bind- 
ing post provided. Adjust the an- 
tennà coil so that there is a separa- 
tion of two inches between the top of 
this coil and the top of the secondary. 
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ening the aerial. It will be impossible 
under certain conditions to eliminate 
all these points, regardless of the 
treatment of the antenna; but when 
these points appear, moving the an- 
tenna coil further away from the 
secondary coil will again permit oscil- 
lation to be maintained. Moving the 
regeneration dial to a higher point will 
also accomplish this, but it is prefer- 
able to utilize the antenna coupling 
coil for this purpose. 

USE OF ANTENNA CONDENSER 

"With further reference to the oc- 
currence of non -oscillating points on 
the wave -length dial, some may prefer 
to use a third method of shifting or 
eliminating such points. It may be 
accomplished by connecting a small 
variable condenser with a capacity of 
.00035- or .0005 -uf. between the aerial 
and the antenna binding post on the 
receiver. By tuning this external con- 
denser, a point will be found where the 
receiver stops oscillating; and by ad- 
justing the condenser, above or below 
this point, stable operation will again 
be restored. 

"It is important for the operator to 
appreciate fully the advantages that 
may be gained by harmonic tuning. 
This can be accomplished by using a 
small variable condenser connected in 
series with the antenna and the coup - 
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Super -regeneration, or regeneration, at short wave -lengths? By a slight change, the experimenter has 
either available, a will. We will welcome reports, on reception conditions in various parts of the 

world, at short wave -lengths. 

Note again whether oscillations take 
place; if they have stopped, increase 
the regeneration dial 10 degrees and 
if this is not sufficient to cause oscil- 
lations, further separate the antenna 
coil from the secondary coil. Start- 
ing at '0', move the wave -length dial 
to 100; and if points are found where 
the receiver stops oscillating, it in- 
dicates that the antenna circuit or a 
harmonic of it is in tune with the 
secondary circuit. 

"If in later experience it is found 
that these non -oscillating points fall 
directly in the most generally used 
wave -length ranges, the points may be 
shifted by either lengthening or short - 

ling coil. The effects are most noted 
on wave -lengths in which the funda- 
mental period of the antenna is some 
multiple of the received wave -length. 

"For example, if the length of the 
antenna is such that, when it is con- 
nected to the antenna coupling coil, it 
has a natural period of 300 meters, the 
following harmonics would occur; 
second harmonic at 150 meters; third 
at 100 meters; fourth at 75 meters; 
fifth at 60 meters, etc. If the antenna 
coil is close to the secondary coil, the 
receiver will stop oscillating at these 
wave -lengths. However, if oscillations 
are again restored by any of the pre- 
viously -mentioned methods, stronger 
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signals will be obtained at these points 
than on other wave -lengths in the tun- 
ing range. It is therefore possible to 
adjust any antenna so that some har- 
monic falls on approximately the wave- 
lengths one desires to receive. The ad- 
vantage of this method is that a long 
quency control wheel. With this in 
will have better pick-up qualities. 

"It is important for the operator to 
realize at the outset that the frequen- 
cy band included in a single wave- 
length dial division is sufficient to 
accommodate as many as fifteen sta- 
tions; and while very fine tuning can 
be secured with the tangent wheel, 
many of the stations will be passed 
over unless use is made of the beat - 
frequency control. The tuning values 
of the main wave -length condenser 
and the beat -frequency control are so 
proportioned that, whereas approx- 
imately fifteen stations will be found 
in one degree of the wave -length dial 
(one notch of the tangent wheel) each 
station may be separated by approx 
imately one notch of the beat-fre- 
point. A final critical adjustment rheo- 
mind, the operator will soon become 
familiar with the tuning capabilities 
of this receiver. 

RECEPTION OF CODE 

"When receiving C.W. or I.C.W. 
code signals, the regeneration dial 
should be reduced to the lowest read- 
ing possible, where oscillations are just 
maintained. This will result in weak 
signals being received with greater in- 
tensity. In other words, the weaker 
the signal, the weaker the oscillations 
in the receiver should be for maximum 
intensity in the telephones. However, 
where signals are easily readable, 
stronger oscillations may be used and 
are helpful in reducing noises and 
low -frequency interference. 

"In order to receive broadcasting 
or speech it is necessary to .keep the 
receiver in a non -oscillating condition. 
Maximum strength of reception will 
be obtained when the regeneration 
dial is set just below the oscillating 

GRID LEAKS 

be made by using the filament rheo- 
stat." 

(23) D. B. Leibman, Salem, Illinois, 
writes: 

(Q. 1.) What is the function of a 
grid leak in a detector circuit? 

(A. 1.) A grid leak is a higher resis- 
tor which is connected between the 
grid terminal of the detector tube and 
some portion of the filament circuit. 
The purpose of the grid leak is to as- 
sist in controlling the grid bias . and 
also to allow the excess of the nega- 
tive electrons that accumulate on the 
grid to leak away. By correctly bias- 
ing the detector tube, it is possible to 
obtain rectification without using a 
leak, but this method is not as sensi- 
tive as the grid leak detector. The 
value of the grid leak used depends 
upon the type of tube employed and 
on the strength of the receiver signal. 
To some extent, it is also dependent 
upon the tendency of the receiver to 

oscillate. When weak signals are be- 
ing received, it is necessary to employ 
a high resistance leak for good vol- 
ume, and when loud signals are being 
received a low resistance, in order to 
maintain fidelity. A compromise value 
roust therefore be chosen to give both 
quality and sensitivity. If the leak 
has too high a value, the set will 
block and howl. If the resistance is 
too low, distant stations will be weak 
or entirely absent and it may also be 
found difficult to make the set regen- 
erate. Further, when the regenera- 
tion point is reached, the receiver will 
suddenly fall into oscillation. 

Grid leaks are also used in ampli- 
fiers of certain types. In choke coil 
and resistance coupled amplifiers the 
grid must be supplied with the correct 
bias. A choke coil or resistor of the 
correct value will keep the signal in 
the right channel, but will also allow 
the D.C. potential of the "C" battery 
to be impressed upon the tube grid 
and yet will nit short-circuit the sig- 
nal current. 
KILOCYCLES -METERS CONVERSION CHART 

(24) Mr. H. Parkhurst, Denver, Colo., 
writes : 

(Q.) "I have just bought a new 
receiver, but I am having some diffi- 
culty because the dials are calibrated 
in kilocycles and I do not know what 
the corresponding wavelengths are for 
the kilocycle readings. If I knew these 
wavelengths, I am sure that I could 
tune in more stations than I can get 
at present. Can you supply me with 
a list of kilocycles and the correspond- 
ing wavelengths?" 

(A.) We are printing a chart for 
the conversion of wavelengths to kilo- 
cycles, since this should interest many 
of our readers. The frequency scale 
is being used more, at present, than it 
has been in the past and several man- 
ufacturers have put out sets with the 
dials calibrated in kilocycles. It is 
quite easy to convert wavelengths to 
kilocycles by merely dividing the wave- 
lengths into 300,000. The wavelength 
in meters can also be figured in the 
same manner. The number 300,000 is 
obtained from the speed of radio 
waves. In miles per second, this is 
186,000 and when this is converted to 
the metric scale, it is approximately 
3,000,000 meters. Dividing the length 
of one wave into the speed would give 
the frequency in cycles. Since Kilo- 
cycles (which means "thousand 
cycles") is more popular than cycles, 
we divide the 3,000,000 by 1,000 which 
gives the 300,000 originally used. The 
figure 3,000,000 meters for the velocity 
of radio waves is only approximate, 
but the error is very slight and it can 
be disregarded. 
Frequency Wavelength Frequency Wavelength 
Kilocycles Meters Kilocycles Meters 

1500 199.9 990 302.8 
1490 201.2 980 305.9 
1480 202.6 970 209.1 
1470 204.0 960 312.3 
1460 205.4 950 315.6 
1450 206.8 940 319.0 
1440 208.2 930 322.4 
1430 209.7 920 325.9 
1420 211.1 910 329 5 

1410 212.6 900 333.1 
1400 214.2 

1390 
1380 
1370 
1360 
1350 
1340 
1330 
1320 
1310 
1300 

1290 
1280 
1270 
1260 
1250 
1240 
1230 
1220 
1210 
1200 

1190 
1180 
1170 
1160 
1150 
1140 
1130 
1120 
1110 
1100 

1090 
1080 
1070 
1060 
1050 
1040 
1030 
1020 
1010 
1000 

215.7 
217.3 
218.8 
220.4 
221.1 
223.7 
225.4 
227.1 
228.9 
230.6 

232.4 
234.2 
236.1 
238.0 
239.9 
241.8 
243.8 
245.8 
247.8 
249.9 

252.0 
254.1 
256.3 
258.5 
260.7 
263.0 
265.3 
267.7 
270.1 
272.6 

275.1 
277.6 
280.2 
282.8 
285.5 
288.3 
291.1 
293.9 
296.9 
299.8 

890 
880 
870 
860 
850 
840 
830 
820 
810 
800 

790 
780 
770 
760 
750 
740 
730 
720 
710 
700 

690 
680 
670 
660 
650 
640 
630 
620 
610 
600 

590 
580 
570 
560 
550 

BATTERY LIFE 

336.9 
340.7 
344.6 
348.6 
352.7 
356.9 
361.2 
365.6 
370.2 
374.8 

379.5 
384.4 
389.4 
394.5 
399.8 
405.2 
410.7 
416.4 
422.3 
428.3 

434.5 
440.9 
447.5 
454.3 
461.3 
468.5 
4'15.9 
483.6 
481.5 
499.7 

508.2 
516.9 . 

526.0 
535.4 
545.1 

(25) H. B. Wentworth, Trenton, Tenn., 
asks: 

(Q.1) Can you supply me with a 
service curve showing the service hours 
at various currents obtained with a me- 
dium sized 45 -volt "B" mattery? 

(A.1) On this page you will find 
the curve requested which shows the 
service record of a 45 -volt "B" battery 
known commercially as a 5 lb. battery. 
The results shown were determined by 
one of the large battery manufacturers 
in a series of laboratory tests. This 
gives the service hour capacity at vari- 
ous currents to an end voltage of 34 
volts with the discharge based on an 
intermittent service of 2 hours per day. 
The current from a "B" battery to a 
tube does not remain constant but 
drops off as the battery voltage de- 
creases. To estimate the service hours 
of batteries, it is necessary to know the 
average working voltage of these bat- 
teries. The average working voltage 
of a 45 -volt battery between 45 volts 
and an end voltage of 34 volts is 39.5 
volts. 
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LAMINATED BAKELITE 

(26) John Kerney, Watertown, Mass., 
writes : 

(Q. 1.) Will you outline briefly the 
process used in making laminated 
bakelite and if possible give some of 
its outstanding properties? 

(A. 1.) For the manufacture of lam- 
inated bakelite, the initial or primary 
resinoid, which is obtained from the 
interaction of formaldehyde a n d 
phenol, is dissolved in solvents to pro- 
duce a varnish. This is then used to 
impregnate the fabric or cloth. Im- 
pregnation is caried out with special 
machines which coat the paper or 
cloth with a uniform layer of varnish. 
These are then dried and cut into 
sheets of convenient size. A number 
of these sheets are then stacked up 
and placed in a hydraulic press where, 
under the action of heat and pressure, 
a hard plate is produced. The final 
product cannot be resoftened by heat 
and is non -hygroscopic. The variety 
of properties available in laminated 
bakelite is determined by the amount 
of resinoid and by the type of lami- 
nating sheet used. Physically speaking, 
laminated bakelite is a dense uniform 
solid with a smooth and even surface 
and is obtained in a number of colors. 
Mechanically, it is sufficiently strong 
so that it can be substituted for wood 
or metal in many cases. It is free 
from variation in structure and is 
stronger in some respects than cast 
iron. It has 90 per cent of the ten- 
sile strength of aluminum and only 
one-half the specific gravity. It is the 
most generally effective organic in- 
sulating substance, is more heat -re- 
sisting than shellac and more water- 
resistant than fiber. Its application 
in the electrical field and in. radio 
work are familiar to all and are too 
numerous to mention here. Chemically, 
it is quite inert and is not attacked 
by most reagents. It is unaffected by 
most organic acids and by most dilute 
mineral acids. It is, however, at- 
tacked by hot alkaline solutions. For 
more information concerning lami- 
nated bakelite, we would suggest that 
you obtain a copy of Bakelite Lami- 
nated from the Bakelite Corp. 

FORMING RECTIFIERS 

(27) Albert Nesbit, Hamilotn, On- 
tario, Canada, writes: 

(Q. 1.) How may aluminum -lead elec- 
trolytic rectifiers for a battery charger 
be formed and what indication shows 
when they are ready for use? 

(A. 1.) The aluminum electrode in a 
rectifier of this sort must be covered 
with a film of hydroxide of aluminum 
and the process by which this film is 
obtained is known as "forming." This 
can be done by connecting the rectifier 
to the output of a toy or bell ringing 
transformer delivering about 10 volts. 
After the aluminum plate turns a 
light grey color, the rectifier is ready 
i'or use. When an electrolytic charger 
is not in use for a long time, the 
film on the aluminum electrode will 
gradually disappear and the rectifier 
must then be reformed. The loss of 

the film can be prevented by remov- 
ing the electrodes from the solution 
and wiping them dry if the charger 
is to remain inoperative for any length 
of time. 

NOISE LEVEL 

(28) Herbert McKellar, Euclid, Ohio, 
writes: 

(Q. 1.) What is the meaning of the 
term "noise level"? 

(A. 1.) The combination of all noises 
coming into a radio receiver is usually 
taken to be the noise level. These 
noises are caused by true static, elec- 
trical interference, by reradiating re- 
ceivers or by any apparatus or device 
which forms electrical impulses which 
may be picked up by the receivers. 
The limit of radio reception is gov- 
erned by the distance and power of 
the transmitter and also by electrical 
disturbances which drown mit signals 
as soon as their intensity falls to a 
certain degree. A point is reached 
where the signal from the station has 
less strength than the impulses form- 
ing the noise level. It is then im- 
possible to receive the station because 
the receiver will amplify the noises 
equally as well as it amplifies the true 
signal. 

SCRATCH FILTER 

(29) R. Lindsay Wickes, New Haven, 
Conn., asks : 

(Q. 1.) Will you please give data for 
constructing a scratch filter to be used 
with a phonograph pick-up. 

(A. 1.) A satisfactory scratch filter 
consists of a 1,500 turn honeycomb 
coil connected in series with a .008- 
mf. condenser. This series combina- 
tion is placed across the first audio 
frequency transformer primary, or 
across the pick-up. If a honeycomb 
coil of this size is not available, 1,800 
turns of No. 28 D.C.C. wire may be 
wound on a form 2 inches in diameter 
and 1 inch wide, or an 85 millihenry 
choke may be used in place of the 
honeycomb coil. 

TONE CONTROL IN AMPLIFIERS 
(3o) Mr. E. B. Hamilton, Pasadena, 

California, asks: 
(Q.) "Can you help me to solve a 

problem which has been bothering me 
recently? I have seen in a magazine 
some time ago a method of control- 
ling the tone of a radio set by con- 
necting condensers of different sizes 
across the audio frequency trans- 
formers. I have looked through all 
of my old copies of Radio News but 
I have not been able to find the ar- 
ticle in question. As I remember the 
arrangement, a number of fixed con- 
densers were connected with a switch 
so that any one of the condensers 
could be connected across the trans- 
former. I do not remember whether 
the condensers were connected to the 
primary or the secondary." 

(A.) We are printing two dia- 
grams of tone control arrangements, 
which you can use to improve the 
quality of your receiver. It is well 
known that the tastes of people do 
not agree as to the quality of re- 
ceivers, some owners desiring soft low 
type of tone, in which the low fre- 
quencies are comparatively loud, while 

others desire a sharper type of tone 
in which the middle frequencies are 
more predominant than either the high 
or lower tones. 

The use of a condenser of the cor- 
rect size across the secondary of the 
first audio frequency transformer will 

Fig. 8 

help to change the characteristics of 
this transformer in such a way that 
the tones on the correct part of the 
band are brought out more strongly 
than the others. This may be done 
in two ways. The first of these is to 
try different condensers across the 
transformer until the best one is 
found, and the other is to arrange a 
number of condensers of different 
sizes with a switch, so that the differ- 
ent capacities may be used by merely 
shifting the position of the switch. 
An arrangement of this kind is shown. 
An extra contact should be added with 
no condenser attached so that the ampli- 
fier can be operated without the shunt 
condenser if desired. 
above. 

.00005 MF, 

.Orel MF 

.00025Nr 
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Fig. 9 

The use of the switch method will 
allow a convenient variation of the 
tone for different types of programs. 
In other words, if an orchestra is 
being received, one type of tone may 
be desired, while if a lecture is being 
received, an entirely different type of 
tone may be preferred. 

The capacities needed to supply 
these different characteristics in the 
audio amplifier vary between a very 
small value, about .00005 and a large 
value. The maximum capacity rarely 
exceeds .001-mf. and this is the value 
showns on the accompanying diagram. 
A fixed condenser can be used in many 
cases o improve the characteristic of 
a poor audio transformer, by bring- 
ing out the section of the band which 
is weak, usually the lower frequencies. 
In using a condenser for this pur- 
pose, it is not necessary to use the 
bank of condensers, unless a change 
in the tone is desired, as explained 
above. Fig. Q2345A shows how this 
is done. 
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UNDERGROUND AND UNDERWATER 
AERIALS 

(30) Mr. C. Williams, Union, N. J., 
writes : 

(Q.) "I would like to obtain infor- 
mation in reference to the operation 
and construction of underground and 
underwater "aerials." I have seen a 
number of advertisements in recent is- 
sues of the radio periodicals advertis- 
ing antenna devices of this type to 
reduce static and increase the selec- 
tivity of a receiving set. There have 
been so many "static eliminators" ad- 
vertised and exploited from time to 
time, all of which were failures, that 
I am rather skeptical about the re- 
sults obtained with an aerial of this 
type. 

(A.) The underground aerial is well 
known in radio circles and its ad- 
vantages were proved quite conclusively 
by tests made during the war by the 
U. S. Navy Department and several 
individual experimenters, led by Dr. 
James Harris Rogers, whose labora- 
tory is located at Hyattsville, Mary- 
land. The tests made by these experi- 
menters showed that the ratio of 
static and noise to the signal strength 
was much less than with the ordinary 
elevated type of aerial. Dr. Rogers 
arranged aerials of various lengths 
and depths in all directions around his 
laboratory, so that by means of 
switching systems combinations or in- 
dividual aerials could be used at will. 
It was found that the underground 
aerial, when buried in a straight line, 
is more or less directional, in the plane 
of its length. It was found that the 
best wire for use with underground 
aerial experiments is one with heavy 
rubber insulation covered by a coat- 
ing of lead. Seventy-five feet is usu- 
ally considered about the correct 
length for an aerial to be used on 
wavelengths between 150 and 500 
meters. Under average conditions, 
stranded or solid copper wire, about 
No. 14 gauge, with a good rubber in- 
sulation and coated with lead, will be 
found most suitable for this purpose. 
The wire should be buried in a shallow 
trench between 12 and 24 inches below 
the surface of the ground. An aerial 
of this type is shown. 

Another type of underground aerial 
which has been used extensively is 
one consisting of a number of spirals 
of lead -sheathed wire buried in a pit 
about four feet deep and three in dia- 
meter. An aerial of this type is 
meter. An aerial of this type is shown. 
The end of the wire should be insulated 
very carefully by pouring meled paraffin 
or sealing wax over it and then winding 
upon it rubber or friction tape to pre- 
vent the wax from breaking away. In 
this way, the end of the wire is made 
completely waterproof and there is no 
chance of moisture short-circuiting the 
wire to the sheath. The spirals should 
be made with the turns of wire 3 to 
4 inches apart, and the smallest dia- 
meter should be about 6 inches. The 
lowest spiral should be placed about 
3 feet below the surface of the ground 
and a space of 6 to 8 inches should 

be left between each of the spirals. 
The advantages of such an aerial 

over the first type mentioned are that 
it is not directional and is much easier 
to lay. The disadvantages are that 
the pick-up is much smaller and nat- 
urally it is necessary to use a more 
sensitive receiver in order to obtain 
equally satisfactory results. 

UNDERWATER AERIALS 

In constructing underwater aerials, 
the same specifications should be fol- 
lowed for the type of wire, insulation 
of the end, and length. When the wire 
is placed in fresh water, it has been 
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found that it can be submerged as 
deep as 60 feet without an appreciable 
decrease in signal strength. In salt 
water, however, it has been found that 
the signal strength drops off very rap- 
idly when the wire is submerged to 
any great depth. In making an un- 
derwater aerial for operation in salt 
water, buoys should be fastened to 
the wire at intervals in order to keep 
it close to the surface. The underwater 
aerial is quite satisfactory for portable 
use, since camps are usually located 
near a lake or other water supply. If 
desired, a number of wires may be sunk 
in a fan -shaped area, and connected to- 
gether at the lead-in, in order to in- 
crease the pick-up. In underwater 
aerials, it is extremely important that 
the end of the wire be made water- 
tight; since, if water enters through 
the insulation, the wire will be 
grounded and results obtained will be 
very poor. 
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The amount of signal energy re- 
ceived by the ground system is less 
than that obtained with the average 
elevated aerial, depending upon the 
type used, and for this reason it is 
necessary to use a set with several 
R.F. amplifier tubes in order to ob- 
tain satisfactory volume. The use of 
an aerial buried in a large circle or 
semi -circle will overcome the directional 

effects to some extent; while it has 
been found that the use of the ground 
aerial in combination with a "coil" 
(loop) aerial is of assistance in elim- 
inating interference and strays, since 
under proper conditions this combi- 
nation forms a unidirectional aerial. 

The official naval tests from time to 
time during the war showed some 
very interesting comparisons between 
the degree of signal strength as com- 
pared to the static when using under- 
ground aerials. At New Orleans, for 
example, it was found possible to 
carry on steady radio reception from 
a distant station, with the under- 
ground aerial, while a heavy electric 
storm was directly overhead. It is 
practically impossible to accomplish 
anything like this when using a regu- 
lar elevated aerial, and it would be 
sometimes rather dangerous to attempt 
it. 

TYPES OF RECEIVERS 

One of the most important points 
to remember is that you will not reap 
the full benefits of static reduction 
with an aerial of this type, unless you 
are using a shielded set. If your 
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receiving set does not already have 
shielded condensers and coils, the set 
can be shielded by placing aluminum 
or copper plates all around the inside 
of the cabinet and then grounding the 
metal lining. It is important to re- 
member that the lead -sheathed cable 
must extend up to the set, and also 
that the ground wire must be a piece 
of lead -sheathed wire. It will be of 
advantage, in some cases, also to place 
the filament and plate supply in a 
metal -lined box with the lining well 
grounded. The wires between the 
power supply and the set, unless they 
are very short, should be lead -covered 
and, in any case, all lead sheathing 
on the wires must be connected to 
ground. In order to obtain the greatest 
ratio of signal strength to static, it 
is best to use batteries to supply thè 
current to the filaments and plates, 
and to place them in a metal -lined 
box as mentioned before. 

If a "B" power unit -operating from 
the 110 -volt line is used, there is liable 
to be a feed-back of "strays" through 
the power unit. This is especially true 
in country districts where elevated 
electric -light feed wires branch off 
from the poles and then proceed to 
the house. In the city, where most of 
the electric -light wires are shielded 
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and buried in the street, this effect is 
much less noticeable, and the "B" 
power unit can be used quite sucess- 
fully. 

SHELF -SHIELDED COIL 

(31) Can you give me any informa- 
tion concerning the design of a sol- 
enoid which will be self -shielded both 
electrostatically and magnetically? 

(A. 1.) Certain forms of coils have 
been designed which have a small ex- 
ternal field and are uncoupled both 
magnetically a n d electrostatically. 
Among the forms employed are "D" 
windings, binocular coils and oroid 
windings. Even with these types, 
coupling between coils and the other 
apparatus is frequently experienced. 
A cross-sectional view of a self - 
shielded solenoid appears on this page. 
The coil comprises an inner and an 
outer form arranged in coaxial rela- 
tion. The outer coil forms a mag- 
netic and electrostatic shield for the 
inner coil. The two coil sections are 
connected together as shown, so that 
instantaneous currents traversing the 
coil sections are in opposite directions, 
or, in other words, so that opposite 
fluxes of different magnitudes are pro- 
duced in the core of the inner coil. 
The outer coil and inner coil are 
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joined at the same axial end, so that 
t ey may be wound in the same direc- 
ti n. The free end of the inner coil 
is he high potential end, and the free 
en of the outer coil is the ground 
end The outer coil should preferably 
ove lap the inner coil, so that a line 
join ng their ends makes an angle of 
approximately 45 degrees with the 
axis of the coils. To produce the mag- 
netic decoupling of the coil system, 
the ratio of the number of turns of 
the two coil sections must bear a def- 
inite relation to the ratio of the areas 
of the two coils. The product of the 
area and the number of turns of one 
section should equal the product of 
the area and the number of turns of 
the other coil section. If this coil 
system is placed in a uniform mag- 
netic field of variable intensity di- 
rected along the axis of the coils, the 
emf. (electro -motive -force or voltage) 
induced in the inner coil section is 
equal to the emf. induced in the outer 
coil section, because .the induced emf. 
in a coil is a linear function of the 
number of turns and the total flux 

threading the coil. The resultant field 
at a distance is negligible, since the 
field produced by one coil neutralizes 
the field produced by the other coil. 
If the magnetic field is not parallel to 
the axis, the same condition exists. 
To produce the static shielding, the 
coil system is so constructed that the 
self-inductance of the outer coil sec- 
tion is made equal to the mutual in- 
ductance between the two coils. When 
this condition exists, there is no po- 
tential drop along the outer coil, due 
to the high frequency currents flowing 
and the whole surface of this coil is 
substantially at one potential. Now, 
if this potential be made the ground 
potential, it will be seen that the coil 
system is electrostatically shielded. 
The outer coil may overhang the inner 
coil at each end, which slightly im- 
pairs the electrostatic shielding of the 
high potential end of the inner coil, 
but slightly improves the magnetic 
shielding. Generally, the ratio of 
areas of the outer to the inner coil 
may be from 5 to 1 to 1/ to 1, and 
for producing the greatest efficiency, 
this ratio should be about 2.1 and 2.2 
for coils having ratios of 1.26, 1.58 
and 2.1 respectively, of outer coil dia- 
meter to length. The inductance of 
the coil system is obtained mainly be- 
cause the inner coil has in its core a 
relatively intense magnetic field, which 
is only partly neutralized by the flux 
of the outer coil. A detailed descrip- 
tion of the self -shielded coil will be 
found in U. S. Patent No. 1,608,560. 

REDUCING ANTENNA EFFECT OF 
ELIMINATOR 

(32) A. Rampelli, San Francisco, 
Calif., writes: 

(Q. 1.) Is there any method which 
can be used for reducing the antenna 
effect of a "B" eliminator. 

(A. 1.) A fixed condenser placed in 
series with the ground will prove ef- 
fective. In some cases it may even 
be necessary to reduce the length of 
the regular aerial or disconnect it en- 
tirely. The provision of a counter- 
poise may sometimes be necessary. 
Disconnect the regular aerial and 
ground and connect the counterpoise 
to the ground binding post. This will 
give a slight condenser effect between 
the lighting circuit and counterpoise, 
thereby increasing the selectivity. 
Sometimes it will simply be necessary 
to move the eliminator away from 
the receiver as the signal may be 
transferred by induction. Sometimes 
it will be helpful to provide a radio 
frequency choke coil in series with 
each output line of the eliminator 
with by-pass condensers placed be- 
tween each output terminal and the 
B negative. This will isolate the R.F. 
currents and prevent them from get- 
ting into the plate circuits of the 
tubes. 

COIL -WINDING INFORMATION 

(33) Mr. M. Galane, Brooklyn, N. Y., 
writes : 

(Q.) "I would be obliged to you if 
you could tell me how many turns to 
place on a 2 -inch tube for the pri- 
mary and secondary, using litz wire 

(equivalent to No. 25 B. & S. gauge, 
containing 20 strands of No. 38 wire) 
when a 199 tube is to be used with a 
.00035-mf. condenser. 

"Also please give me the constants 
for No. 22 D.S.C. wire for the same 
tubes and tubing. I've walked ail 
over New York City and can't find 
coils for the 199s, as they don't make 
them any more." 

(A.1) A coil to be incorporated in 
a set using 199 -type tubes, and cover- 
ing the broadcast band, may be wound 
with a secondary of 98 turns of the 
litz wire you describe, on a 2 -inch 
tube. The primary size depends on 
the type of stabilizing and the type 
of circuit in which the coil is to be 
used. If a "losser" control is used, 
such as a resistor in the plate lead, 
the primary should contain about 15 
turns or in some cases, more. In sets 
of the neutrodyne or similar types, a 
primary of about 20 turns may be 
used safely, without making the set 
unstable. If a tapped primary is used . 

for neutralizing, the complete primary 
should contain 40 turns with a tap 
at the 20th turn. 

In the aerial circuit, it may be ad- 
visable to use a somewhat smaller pri- 
mary in order to make the set suffi- 
ciently selective. 

(A.2) If No. 22 double -silk covered 
wire is used in place of the litz wire, 
the secondary should contain 108 
turns. The primary is wound accord- 
ing to the instructions given above 
and depends on the type of balancing 
used. 

A neon lamp connected to a resonant circuit indi- 
cates, by lighting, he flow of current which creates 
voltage across the plates of the condenser and the 

ends of the coil. 

A.3) Tuned radio -frequency coils 
designed for the 201A -type tubes are 
quite satisfactory for the 199s in 
most cases. The 201As oscillate more 
easily than the smaller tubes and, if 
losser methods of oscillation control 
are used, the efficiency of the amplifier 
might be poor when using the 199s. 
However, if the primary is increased 
slightly in size, this trouble will be 
overcome. 

If the set is a neutrodyne or uses 
a similar method of oscillation control, 
no changes are necessary; the same 
coils will be quite suitable. 

USING 

(34) Mr. 
writes: 

(Q.) "I have recently purchased 
several small neon tubes with small 
semi -cylindrical plates. These tubes 
are not very satisfactory for tele- 
vision receivers because of the small 
size of the plates. I wonder if they 
have any other practical purpose? Can 
you help me to put these tubes to 
some use?" 

(A.) The radio experimenter will 

SMALL NEON LAMPS 

D. Stanton, Superior, Wis., 
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find a number of uses for the small neon 
tubes which were placed on the market re- 
cently. A circuit using one of these tubes 
kith a coil and a variable condenser for 
use in testing a set for o:calation; it may 
be used also for testing the oscillation 
in a superheterodyne set. If the tube 
lights when the condenser and coil are 
in tune with the oscillator, the oscil- 
lator may also be considered to be 
operating correctly. By calibrating 
the condenser with a regenerative re- 
ceiver when tuning in various signals 
and then making the detector oscillate, 
the unit may be used as a wavemeter. 
When calibrating the unit, the re- 
generative receiver should be tuned 
to different stations and the wave- 
length of each noted on the scale of 
the condenser of the neon unit. 

Another use for the neon lamps is 
in testing "B" power units. If the 
power unit is working, the tube will 
glow when connected across the max- 
imum terminals. In this case the 
tube replaces the usual high -resistance 
voltmeter required to test these units. 
By connecting one of the lamps across 
the terminals of a "B" power unit, a 
constant indicator that the unit is con- 
nected to the power lines will be 
available. The neon lamp can then be 
mounted in a prominent place to show 

hen the set is "on" or "off." 
Audio -frequency transformers can 

be tested, by connecting a neon tube, 
in series with the winding, across 
the terminals of a "B" power unit 
or other source of high potential. 
These small lamps will not glow with 
less than 150 volts of direct current or 
100 volts of alternating current. 

The neon lamp makes also a very 
handy polarity -indicator for high -volt- 
age direct -current supplies. When the 
lamp is connected to a source of suffi- 
cient D.C. potential, the electrode con- 
nected to the negative terminal will 
glow; while the positive side will re- 
main dark. When it is connected to 
an A.C. supply, both sides will glow, 
so that this phenomenom can also be 
used when there is doubt as to the 
type of current supplied to a certain 
house. 

By connecting the lamp with 150 to 
200 volts of direct current, it may be 
made to flash periodically by placing 
a condenser across and a resistor in 
series with the line. A change in 
either the capacity or resistance will 
change the period of the flash. When 
either the capacity or the resistance 
is constant, the value of the other can 
be determined by comparing its "flash 
period" with that of a resistor or con- 
denser of known value. There are also 
a number of other uses for these 
lamps which will occur to the individ- 
ual experimenter. These lamps may 
be used wherever a high -resistance in- 
dicator is needed for testing purposes, 
because of the extremely small amount 
of current consumed by the lamp. This 
value is about 4 milliamperes at 110 
volts A.C. 

In using the tube for testing the 
capacity of condensers, use a variable 
resistor of about 0-500,000 ohms and 
connect it in one of the leads to the 

neon tube. Then adjust it until the 
tube flickers in and out at a slow, 
steady rate with a condenser of known 
capacity connected across the two ter- 
minals of the tube. Replace the con- 
denser with the one of unknown value 
and note the difference in the flicker- 
ing speed. 
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These small neon tubes can be used 
for experimental television reception 
by mounting several of the tubes in a 
line so that the entire space between 
the inner and outer holes of the spiral 
is covered. In this way a much larger 
image can be obtained than by using 
only one. The tubes should be all con- 
nected in parallel and the two wires 
connected in the usual manner to the 
set. 

CHOICE OF SPEAKER 

Wm. Pitt, Brooklyn, New York, 
asks: 

(Q. 1.) I would like to know whether 
it would be better to use an electro- 
dynamic speaker or the more common 
magnetic speaker? 

(A. 1.) The electrodynamic speaker 
will give considerably better quality, 
especially when great volume is de- 
livered. The volume produced by 
either type with a given input is 
about the same. One of the reasons 
why better quality is obtainable with 
the moving coil type speaker (as the 
electrodynamic speaker is often called) 
is that it is capable of producing pure 
low notes at frequencies below 100 
cycles, which speakers with iron ar- 
matures cannot do. Furthermore, the 
iron armature speaker delivers a con- 
siderable part of the input energy at 
harmonics of the input frequency, 
especially with large volume. The 
mass and the elasticity of the iron 
armature mechanism also causes reso- 
nant distortion. 

HIGH -FREQUENCY FILAMENT SUPPLY 

(35) Mr. A. H. Murray, Rochester, 
N. Y., writes: 

(Q.) "Can you give me some data 
as to how I may step up a 6 -volt 60 - 
cycle current of four or five amperes 
to radio frequency? I believe that 
the Fansteel Company uses such an 
arrangement in their new radio re- 
ceiver. If details cannot be given, 
I will be satisfied with an idea of how 

to proceed, so that I will be able to do 
some experimenting along this line?" 

(A.) Most A.C. receivers produce a 
small amount of hum, even though 
care is taken to prevent this. The 
226 -type tubes cause a considerable 
amount of hum unless they are care- 
fully balanced, and even the 227s with 
isolated heater -filaments are not ab- 
solutely free from hum. The "A" 
power units used to electrify battery - 
type sets are practically hum -free, if 
properly constructed, but they are af- 
fected by changes in the supply volt- 
age. Series -filament arrangements have 
been used with some success, but rad- 
ical changes must be made in the wir- 
ing of the set for such a method of 
supply. Other complications, such as 
audio feed -backs, are also encountered 
and are often hard to eliminate in 
sets of this type. 

One method of overcoming these dif- 
ficulties has been utilized by a radio 
manfacturer, to change the rate of 
alternations in the supply voltage from 
25 cycles or 60 cycles to a frequency 
above the audible range. In this way, 
ordinary battery -type tubes can be 
operated from an alternating -current 
supply without noticeable hum. A fre- 
quency is chosen above the audible 
band but not high enough to cause 
interference in the radio frequencies. 
Such high -frequency currents are pro- 
duced by a 250 -type tube, which is 
supplied with current from an or- 
dinary high -voltage "B" power unit, 
using 281 -type rectifiers. 

The 250 tube is connected as an 
oscillator with a suitable coil arrange- 
ment, using either very thin laminated 
iron, iron filings or air only, even, in 
the cores. An ordinary oscillator cir- 
cuit, such as the Hartley, is used and 
suitable coils are coupled to the oscil- 
lator inductor to light the filament of 
the tubes in the set. The tubes are 
connected in the usual parallel man- 
ner. 

Offhand, one would not suppose that 
a 250 tube can supply sufficient cur- 
rent to light the filaments of the 
tubes used in a radio set; but it must 
be remembered that the plate current 
of this tube is almost 25 watts at 
maximum value and the current re- 
quired for the filaments of an average 
5- or 6 -tube set, rarely exceeds 12 
watts. The frequency of the current 
does not affect its ability to light the 
filaments as long as there is suffi- 
cient current, and a suitable oscillator 
arrangement can be made to supply 
current. 

The power tube or tubes in the re- 
ceiver can be operated from the usual 
110 -volt -primary, step-down transfor- 
mers; since very little hum is noticed 
when these tubes are operated on the 
60 -cycle supply, and this lightens the 
load on the oscillator even more. The 
transformer must be specially con- 
structed, as mentioned above, and no 
information is available as to the con- 
struction of a filament transformer or 
this type. If the system is to be tried 
out, the experimenter will have to try different core arrangements, etc. 
No one except an amateur familiar 
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with transmitting work and R.F. cur- 
rents of some magnitude should at- 
tempt it. 

Another point which must be con- 
sidered is the control of the filament 
supply. This may be accomplished by 
controlling either the filament voltage 
or the plate voltage in the oscillator 
tube; it might be varied also by ad- 
justing the value of the grid leak on 
the oscillator. The filament current 
for the 250 oscillator tube in manu - 

the plate potential is across it and a 
breakdown or shorted plate will ruin 
the "B' battery. The inductance Ll 
and L2 are wound on a 3 -inch form 
with No. 22 d.c.c. wire. Ll consists 
of 32 turns, while 34 turns are wound 
on L2. Both these wirings should be 
in the same direction. The audio 
choke, L3, may, on account of the 
small plate current, be the secondary 
of an audio transformer. No matter 
if the primary is burnt out, so much 

Cl 

1111 vi 1111 
L2 (go _ 

L3 _ 
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factured power units is supplied from 
a special filament winding on the 
power transformer; which supplies 
also the plate current for this tube 
and the other tubes in the receiver. 

SET TESTER 

With the universal use of gang con- 
densers comes the need for an easy 
method for balancing. Being able to 
tune in a few high-powered broad- 
cast transmitters helps materially in 
such work, but the majority of ex- 
perimenters are not so fortunate as 
to have this class of station on a 
number of wavelengths in the im- 
mediate community. So the need 
arises for some simple piece of ap- 
paratus that will produce a strong 
carrier wave on any desired wave- 
length. The apparatus required for 
the set tester may be found in all 
experimenters' junk boxes. Now, re- 
ferring to Fig. 14, we will run through 
the parts. The most important piece 
of apparatus is the condenser Cl, of 
a capacity of .00035 mfd. This con- 
denser should be well constructed, as 

the better, as we will not be tempted 
to remove it for some other experi- 
ment. The two tubes are of the 

obtain a source of tone in the shape 
of phonograph reproduction to modu- 
late our test oscillator. Battery D will 
have to be experimented with, as its 
correct value will depend on the type 
of pick-up used at PP. Three dry 
cells will do nicely for the "A" bat- 
tery, and from 60 to 90 volts for the 
"B" is plenty. Now that we have the 
set tester built and all ready for oper- 
ation, let us make sure that V1 does 
actually oscillate. Tune a broadcast 
receiver on any station near the mid- 
dle of the dial. Light up V1 and V2 
and tune Cl slowly from its minimum 
to its maximum setting. As the 
tester passes through the frequency 
band that the receiver is operating on, 
a loud squeal will result, providing 
V1 is oscillating. Imagine that the 
squeal has not developed; all right, 
that is simple; reverse the winding 
leads on L2 as shown in Fig. 15. This 
time the squeal will be heard. 

So now the tester is ready for cali- 
bration. Mr. Brennan has explained 
thoroughly how this is accomplished in 
his construction article of the modu- 
lated oscillator. For those who have 
not the February issue of Radio News, 
we will repeat what he said on this 
subject. "Calibration of an oscillator is 
not as difficult as it sounds. The pro- 
cedure to be followed for the broad- 
cast band of frequencies will be ex - 

Fig. 16 

199 variety, with 30 ohms each in Rl 
and R2. Either a modulation trans- 
former or a good low -ratio audio 
transformer is needed for T1. The 
phonograph pick-up, PP, is used to 
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plained. A simple one -tube regenera- 
tive detector is all the accessory 
needed. Insert the broadcast coil in its 
mounting, place the `tester' near the 
regenerative detector and then turn on 
both the detector and the `tester.' Be- 
gin at the high end of the dial. When 
a station is tuned in, determine its 
identity and wavelength. Usually this 
is possible by listening for the sta- 
tion's call letters; by referring to a 
newspaper or current call book, for the 
wavelength, the frequency equivalent 
may be obtained. Now, without mov- 
ing the dial of the detector tuning con- 
denser, rotate the dial of the oscillator. 
As resonance is approached a high- 
pitched squeal (referred to above) will 
start gradually coming to a beat note 
and then back to the high pitch. The 
beat note or the point midway between 
the two high-pitched squeals is the 
point to be noted and this is the wave- 
length, on our `teste'r,' that the broad- 
cast station is using. Mark down the 
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dial reading of the `tester' tuning con- 
denser carefully, continuing the cali- 
brations on as many broadcast stations 
as possible. Having a number of wave- 
lengths for our tester, it is now ready 
for the pick-up, PP, to be used. This 
pick-up may ordinarily be of the pho- 
nograph type. Adjust the tuning con- 
denser Cl to a wavelength on which 
there is no broadcast operating, set the 
phonograph going and enjoy the thrill. 
The plate voltage of the tube V2 may 
be too high, which will result in dis- 
torted transmission. This can be recti- 
fied by inserting a 10,000 -ohm grid re- 
sistor as shown in Fig. 16. A unit of 
this type will prove its worth for neu- 
tralizing receivers, testing sets for 
over-all amplification at the high, me- 
dium and low wavelengths. As experi-- 
ence is gained with the operation of the 
set "tester," various tests will suggest 
themselves to the experimenter." 

SIMPLE SCREEN -GRID SHIELDING 

Constructors who, in their experi- 
ments with the screen -grid tube, have 
found shielding absolutely essential for 
best results, will appreciate this 
wrinkle, which is extremely simple 
and yet makes as good a shielding job 
as can be done with more elaborate 
material. 

It is simply a matter of wrapping 
the tube to be shielded with heavy tin- 
foil or leadfoil. This is held in place 
with shellac or a similar preparation. 
When curving the foil about the top 
of the tube a much neater effect may 
be obtained by slitting the foil to avoid 
wrinkling. A lug is left at the bot- 
tom to fit over the "F-" prong of 
the tube, thus grounding the shield. 
Care should be taken to cut out suffi- 
cient foil about the cap of the control - 
grid to avoid grounding it.-Contrib- 
uted bi, Charles E. Hammer. 

REDUCTION TROLLEY LINE 
INTERFERENCE 

(36) Mr. P. Van Doorn, Newark, 
N. J., writes: 

(Q.) "My home is located on a 
street which has a trolley line on it. 
For several years I have been both- 
ered by interference from these trol- 
leys and I have spent a lot of time 
erecting aerials of all types and in 
all available locations, without being 
able to overcome the trouble. To be 
more specific, whenever a car ap- 
proaches within several blocks of my 
home, a terrible crackling noise is 
heard. This continues until the car 
has passed to a point of several blocks 
on the other side, when it gradually 
fades out. 

The reception is then very clear un- 
til another trolley car approaches. 
The trouble cannot be due to my set, 
as I have used several receivers during 
the time that I have been in the pres- 
ent location and the interference was 
encountered on each. It has occurred 
to me that the noise might be reduced 
by using a ground connection separate 
from the water pipe. Since the use of 
aerials placed at right angles to and 
as far away from the street as possible 

have only reduced the noise slightly. 
I believed that the ground may be 
partly at fault. My reason for be- 
lieving this is that the water main 
runs under the tracks and the water 
pipe from my house runs directly to 
this main. I wonder if a ground 
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made by driving pipes into the ground 
in the back of my house would reduce 
this interference?" 

(A.) It would not be possible to 
say exactly just what effect the new 
ground connection would have on the 
volume of the interference. However, 
we believe from your description that 
the use of the ground that you men- 
tion would cause a considerable reduc- 
tion in the volume of the noise. We 
base this statement on the fact that 
the usual ground ,connection is not 
really at ground potential. If a 
ground connection is not at zero po- 
tential, a potential difference may exist 
between the two circuits connected to 
ground. 

In this way, a voltage might be set 
up in the receiver from the trolley 
and this would be heard in the set as 

The phenomenon of inductive pick-up accounts for 
or even when no house -current connection is made. 
may cause this disturbance to become very strong. 

a crackling noise similar to static. By 
placing the ground connection as far 
away from the source of this inter- 
ference as possible and making the 
connection as perfect as possible, the 
interference may be either cut out or 
reduced very much. In making the 
connection, we would suggest that you 
drive pipes in the ground as deeply as 
possible in order to reach the moist 
earth. The various pipes should be 
connected together and be used as the 
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GRID LEAKS 

(37) Mr. J. M. Johnson, Andover, 
Mass., writes: 

(Q.) "What is a `grid leak,' and 
why is it used in the grid circuit of 
the detector tube of my set? I 
should think that a resistance in the 
grid circuit of the tube would have 
a tendency to reduce the volume of 
the music. Will you please explain 
the reason for its use 

(A.) A grid leak is a high re- 
sistor, connected between the grid 
terminal of a detector tube (or an 
amplifying tube) and some part of 
the filament circuit of the tube. 
Grid leaks are usually rated ac- 
cording to their resistance in meg- 
ohms or in fractions of that unit; 
the megohm is equal to 1,000,000 
ohms. One of the chief difficulties 
with grid leaks has been the un- 
certainty of their resistance. 

Many kinds of grid leaks have 
been used; the original type con- 
sisted of pencil marks on a piece 
of paper between two contacts. 
Naturally this type of grid leak 
was affected by moisture in the air 
and changes of temperature. A 
more recent type is made of a piece 
of fibre impregnated or coated with 
some form of carbon, mounted in 
a short length of glass tubing, and 
fitted with metal ends, which make 
contacts with two spring clips. 
Leaks of this type are quite satis- 
factory, if they are air -tight so 
that moisture cannot enter. 

The most recent type of grid leak 
consists of a piece of glass tubing, 
on the inside of which has been de- 
posited a layer of resistant metal, 
which acts as the conducting me- 
dium. Another variation of this 
metallic type has the coating on a 
piece of insulating compound inside 

interference, when there is a filter in the light -line; 
The water pipe, parallel to track and trolley wire, 

A separate ground should be devised in this case. 

the tube. The resistance of these 
grid leaks is much more constant 
than that of other types and, by 
carefully watching the amount of 
metal deposited, the resistance 
values can be made much more ac- 
curate. 

GRID LEAKS AND DETECTORS 
The purpose of the detector's grid 

leak is to assist in the control of the 
"grid bias" of the detector tube, and 
also to allow dissipation of the excess 
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negative charges (electrons) that ac- 
cumulate on the grid of the tube. Al- 
though detection can be obtained with- 
out a grid leak, by correctly biasing 
the detector tube, this method is not 
nearly as sensitive as the grid -leak 
method and, for this reason, has not 
gained much favor. 

The proper value of the grid leak 
depends both on the type of tube em- 
ployed and on the strength of signal 
being received. It also depends, to 
some extent, on the tendency of the 
receiver to oscillate. When very weak 
signals are being received, a very 
high -resistance leak should be used, in 
order to get the greatest amount of 
volume. However, when loud signals 
are received, a rather low resistance 
must be used to maintain good tone 
quality. From this explanation, it 
can be seen that a compromise value 
must be chosen, to give good quality 
and sufficient sensitivity. A variable 
grid leak may be used; but most of 
them are unsuitable because of their 
tendency to make the set noisy, and 
set owners usually try to avoid adding 
another adjustment. If the grid leak 
has too high a resistance, the receiver 
will howl and block without much pro- 
vocation. The blocking is indicated 
by a series of popping noises either 
last or slow, depending on the value 
of the leak and the other constants 
of the circuit. 

If the resistance of the grid leak 
is too low, the distant stations will 
be weak, or entirely absent. It may 
also be found difficult to make the 
set regenerate and, when the regener- 
ation point is reached, the set will 
suddenly drop into oscillation. 

With the "hard" tubes (such as the 
201A, 199, and 112A) a grid leak with 
a value of between 2 and 5 megohms 
will usually be found satisfactory, at 
wavelengths in the broadcast range. 
The gaseous tubes (of the 200A type) 
will also use a value within this 
range; while the old-style soft tube 
(similar to the UV -200) required a 
value of about 1/z megohm. However, 
the best value for the grid leak in a 
particular receiver can only be found 
by experiment. 

GRID LEAKS IN AMPLIFIERS 
Grid leaks, or grid resistors, are 

used also in amplifiers of certain 
types. In the choke -coil- and resist- 
ance -coupled amplifiers, in which the 
stages are coupled through trans- 
formers, the grid must be supplied with 
the correct bias. In order to keep the 
"signal" (A.F. or, sometimes, R.F.) 
in the correct channel, it is necessary 
to use an arrangement which will al- 
low the direct -current potential of 
the "C" battery to be placed on the 
grid, but will not short circuit the 
signal current. This may be accom- 
plished by the use of either a choke 
coil or a resistor of the correct value. 
Since the latter is much simpler and 
cheaper, it is used more frequently. 

The bias applied to the grid is de- 
termined by the value of the leak and 
method in which the resistor is con- 
nected to the filament circuit. If it is 
connected to a "C" battery, the biasing 
voltage depends on the potential of this 

battery, of course, as well as on the 
resistance of the grid leak. When the 
grid return is connected to the nega- 
tive terminal of the filament circuit, 
the bias is derived from the "A" bat- 
tery, and it is necessary to use the 
correct resistance in the grid leak in 
order to have the tube correctly biased. 
The latter method is often employed in 
the first stages of an amplifier where 
the grid voltage does not have to be 
very high. 

MEASURING RESISTANCES 

Every radio experimenter, at some 
time in his experience, finds it nec- 
essary to measure the values of fixed 
and variable resistors. A certain re- 
sistance may be required for a cir- 
cuit, and although any number of va- 
riable and fixed resistors may be 
found in the "Junk Box" they can- 
not be used unless the exact resist- 
ance value is known; or unless some 
means is devised to find the correct 
point on the scale (in the case of a 
variable resistor). Mr. J. F. Gold- 
man, Boston, Mass., raises the ques- 
tion again, in a letter addressed to 
this department. Mr. Goldman is 
building a new power -operated re- 
ceiver, and intends to use resistors 
for the "C" bias. He has a number 
of variable resistors on hand, but does 
not know the point on the scale at 
which the correct resistance will be 
found. He inquires as to a method of 
determining this point. 

Very few of us possess a resistance 
bridge, and although it is possible to 
make one of these units at home, it 
is a rather difficult task to calibrate 
it. Also, it would take considerable 
time, and for this reason it is im- 
practical for our purpose. However, 
there is a simple way of measuring 
resistance values which uses the equip- 
ment found in almost every radio ex- 
perimenters' kit. This system makes 
use of a voltmeter and a milliam- 
meter in conjunction with a battery 
of the correct size. The voltmeter 
should be one of the high -resistance 
meters employed for testing "B" 
power units. The milliammeter should 
have a scale of about 0 to 100 milli- 
amperes. 

One of the three well-known ver- 
sions of Ohm's Law states that the 
resistance in ohms is equal to the 
voltage divided by the current in 
amperes. If we connect our voltmeter 
and milliammeter to a resistor and 
"B" battery of about 20 volts, as 
shown in Fig. 1, we can use Ohm's Law 
to show the resistance value. Suppose 
we take a particular case such as 
required by Mr. Goldman. If the 
voltmeter shows that the "B" battery 
has a voltage of 20, and the current 
flowing through the milliammeter is 
10 milliamperes (.01 amperes), then 
the resistance value is 2,000 ohms. 
This conclusion is reached by dividing 
20 by .01. Since the current flowing 
through the current meter in our 
circuit registers thousandths of an 
ampere, we can change the original 
equation slightly and simplify the cal- 
culation. This is done by multiplying 

the voltage by 1,000 and dividing this 
figure by the current in milliamperes. 
In the above example, we would mul- 
tiply the voltage, which is 20, by 1,000 
(which equals 20,000) and then divide 
by 10 milliamperes, giving the same 
result -2,000 ohms. 

Almost any value of resistance can 
be measured in this way by using 
the correct size of battery. The 
question may arise as to what would 
be done if the resistance that we 
are testing had such a low value that 
the pointer on the milliammeter moved 
beyond the scale. It is merely neces- 
sary, in this case, to reduce the volt- 
age of the battery or use a smaller 
battery, so that the meter will remain 
on the scale. 
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In connecting the meters to the re- 
sistor and battery, as shown in Fig. 
1, the connection between the milliam- 
meter and the resistor should be left 
off, until we are ready to make the 
test. Then it should be touched 
lightly to the resistor, to be sure that 
the milliammeter is not injured be- 
cause of too much current passing 
through it. We can also tell, from 
this test, if the resistor is short- 
circuited. 

The interior construction of a modern cone loua 
speaker. 
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Methods of Obtaining Suitable Screen -Grid Voltage 

THE theory of the screen -grid tube 
is now fairly well understood and 

many manufacturers and experiment- 
ers are engaged in a race to see 
what heights of amplification can be 
reached. Various circuits and shield- 
ing plans have been evolved, but one 
arrangement has remained unchanged, 
i.e., the method of obtaining the posi- 
tive bias on the screen -element. 

The standard method has been to 
take off a tap, somewhere along the 
plate battery. This plan is very good, 
so long as the various batteries main- 
tain constant terminal voltage; but 
consider what will happen after the 
set has been in use for some time and 
one or more of the battery units de- 
teriorates. A set of screen -current 
and plate -current curves (plotted with 
fixed plate voltage and variable screen 
voltage, or with fixed screen voltage 
and variable plate voltage) will serve 
to show the difficulties which are sure 
to result if the ratio between the 
plate and shield voltages is not main- 
tained within certain limits. It is 
true that this ratio is not extremely 
critical; but any service man can as- 
sure you that it is not at all unusual 
to find two identical batteries, con- 
nected in series for the same length 
of time, whose voltages differ as 
much as ninety per cent. 

In addition, this method requires an 
extra lead, which must be brought 
out of the set through the already - 
crowded filter system and cable. 

Why not, then, make some arrange- 
ment whereby we can obtain this 
screen voltage inside the receiver and, 
at the same time, maintain a fixed 
ratio between screen and plate volt- 
ages? 

USE OF SERIES RESISTOR 

Such a system is shown in Fig. 1. 
Here we are using a simple series re- 
sistor, R, to reduce the full plate volt- 
age to the value required for the 
screen. Now, if the plate voltage 
varies for any reason, the screen volt- 
age will also vary in almost direct 
proportion. In addition, we no longer 
require the extra screen -voltage lead 
to our batteries. 

Since the ratio between plate and 
screen voltages is not extremely criti- 
cal, it is evident that the size of the 
series resistor will not be critical and 
our work is simplified; since we can 
use a resistor of the standard size 
nearest to the indicated value. 

For example: Curves of screen cur- 
rent and plate current show that the 
screen current will be approximately 
0.18 -milliampere, with a plate voltage 
of 135 and a screen voltage of. 45. 
Assuming that these are the values 
we are to use in the circuit, it is evi- 
dent that the series resistor must be of 
such size that the voltage drop across 

it, due to the screen current, will be 
sufficient to reduce 135 volts to 45 
volts. In other words, the drop across 
this resistor must be 135 minus 45, or 
90 volts. 

Then, applying Ohm's law: 

E 90 -= 
I .00018 

- 500,000 ohms. 

put on a 2 -inch tube for the primary 
and secondary using Litz wire, 20 
strands of number 38 wire which is 
equivalent to number 35 D.S.C. B & 
S gauge, for UX199 tubes. A .00035 
tuning condenser will be used. 

I have tried in all the local stores, 
but I can't find coils for 199s as they 
do not make them anymore, so I 
would appreciate if =you would send 
me the above data. If there are any 
special precautions to be taken when 
using 199s I would also like you to 
tell me, so that I can get the best re- 
sults with my set." 

(A.) In winding a coil with Litz 
wire, the equivalent solid wire may be 

Pigs. 1 and 2 show alternative methods of insuring automatically a proper voltage between screen -grid 
and plate. The latter is somewhat easier mechanically. 

Since this can be supplied by a 
standard size of metallized resistor, 
capable of carrying safely far more 
than .018 -milliampere, see how simple 
our problem has become. It is possible 
in most cases simply to connect this 
resistor between the plate and screen - 
grid posts of the tube socket, as shown 
in Figs. 2 and 3; although, theoretic- 
ally, it would appear that the ar- 
rangement of Fig. 1 is better. This, 
perhaps, is a question whose answer 
depends on the remainder of the cir- 
cuit and the voltages used. 

The shielding system of the receiver, 
usually, forms the negative filament 
return and, where this is the case, it 
is customary to simply ground the 
screen -grid by-pass condenser to this 
shielding system. However, care must 
be taken to make all ground connec- 
tions at the same point on the shield. 
If this is not done, circulating cur- 
rents will be set up in the shield and 
undesired coupling effects will almost 
certainly result. 

It will, of course, be evident that 
this same arrangement may be used 
to obtain the positive bias for the in- 
ner grid, in any space -charge -grid 
A. F. amplifiers. 

COIL CONSTRUCTION 

(38) Mr. W. E. Wilson, Pelham Bay, 
New York, writes : 

(Q.) "As a constant reader of your 
radio magazine for the past five years 
I would be very much obliged if you 
could tell me how many turns I should 

used as a base for figuring the number 
of turns required to cover a certain 
wave band. In the case mentioned 
above the secondary would be wound 
with 90 turns in order to cover the 
wavelengths between 200 and 550 
meters. The size of the primary de- 
pends on the method of balancing or 
stabilizing the circuit. In using UX- 
199 tubes, a larger primary can be 
used than with the UX201A type. 
This is due to the latter type of tube 
oscillating more freely than the 
smaller type. With a tube that does 
not oscillate very freely, a greater 
amount of coupling can be used with- 
out difficulty. 

In a set using resistors for sup- 
pressing the oscillation, a primary of 
about 18 turns can be used. In sets 
of the neutrodyne and similar bal- 
ancing methods, a primary of up to 
about 22 turns can be employed with 
no difficulty, while if no balancing or 
suppression is used, the primary must 
be smaller; about 12 to 15 turns. It 
is advisable to bunch or slot wind the 
primary in order to keep the capacity 
between the two coils at a minimum. 

In making a set with the UX199 
tubes, no special precautions need be 
taken, except the usual need for short 
leads in the grid and plate circuits 
and the placing of the coils in such 
a way that there is a minimum of 
coupling between the succeeding 
stages. The apparatus used in the 
set should, of course, be the best ob- 
tainable, in order to get the best 
satisfaction. 
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A typical commercial Dynamic Loud Speaker 

GASEOUS RECTIFIER 

(39) Howard Clyman, White Haven, 
Pa., asks : 

(Q.1) If possible would you kindly 
give me some information regarding 
the construction of a gaseous rectifier 
tube such as made by Raytheon and 
publish an ilustration of this tube? 

(A.1) On this page you will find 
an illustration of a gaseous rectifier. 
This type of rectifier employs a glass 
envelope, a hollow cathode of tan- 
talum, an anode, insulating thimbles 
and a base of insulating material. 
The tube or glass envelope is filled 
with helium, which serves as a carrier 
for the space current. The cathode 
is formed in two parts, the upper 
part comprising a conically shaped ele- 
ment, and the lower part a cover . 

which fits the open end of the cone. A 
portion of each insulating thimble is 
spaced from the anodes a distance ma- 
terialy less than the mean free path 
of the electron present and serves to 
prevent the passage of current between 
either anode and the outer surface of 
the cathode. Ionization is thus con- 
fined to the space enclosed by the 
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Above is a cross-sect'onal view of a gitseoús recti- fer such as that m ide by Raytheon and others. 
The glass envelope ìs filled with helium gas. 

cone. In order to minimize the inter- 
nal losses, the active portion of the 
cathode is coated with an alkaline sub- 
stance. The cylindrical insulating 
thimbles contain circular recesses ad- 

jacent to the openings, which reduce 
the tendency of current to flow be- 
tween the cathode and anode. In or- 
der to conserve the tantalum which is 
expensive, nickel pins are used coated 
with a thin band of the metal at the 
end and act as the anodes. Additional 
information concerning this rectifier 
will be found in the following United 
States patents: Numbers 1,679,449, 
1,420,824, 1,617,171, 1,617,180, 1,499,- 
078, 1,617,172, 1,617,178, 1,617,181, 
1,545,207, 1,617,174, 1,617,179. 

(Q.1) What is the action which 
takes place in a gaseous rectifier. 
How is it possible to prevent the cur- 
rent from flowing equally in both di- 
rections? 

(A.1) When potential is applied to 
the gaseous rectifier the gas atoms be- 
come ionized. Each atom now posi- 
tively charged is attracted to the cath- 
ode or negative element from which 
it picks up another electron and re- 
turns to its original state, only to be 
re -ionized by collision with other 
atoms, and again to pick up an elec- 
tron from the cathode. The electrons 
which are lost seek the positive ter- 
minal of the tube and hence a flow 
of electrons occurs from the cathode 

TYPE 245 

z 

TO 
SPEAKER 
COUPLING 

2.5 V. 
A.C. 

A.C. 
O - 8+ 

250 V 

C bias for the new 245 -type power tube may be 
obtained from the "B" eliminator by using the 

drop across a resistor Rl, as illustrated above. 

to anode through the external circuit. 
If the anode and cathode are of the 
same dimensions, the current will flow 
equally well in both directions. How- 
ever, by making one electrode small in 
comparison with the other, the posi- 
tively charged atoms may readily 
strike one electrode and pick up elec- 
trons, while with the potential in the 
opposite direction their ability to 
strike the small electrode and secure 
the necessary electron is greatly di- 
minished. The atoms in their attempt - 
to do this collect around the small 
electrode and build up a positive 
charge which tends to repel the other 
atoms. A few, however, do strike the 
small electrode and cause a back or 
reverse current to flow. This back 
current, however, is now reduced to a 
negligible factor. In the full -wave 
rectifiers of this type, the two anodes 
are in the form of pins or points with 
cne large cathode. The two anodos 
are so constructed that alternately one 
and then the other passes current, re- 
sulting in full -wave rectification. 

(Q.2) What determines the life of 
a gaseous rectifier? 

(A.2) The life of a gaseous recti- 
fier depends -upon several things. The 
purity of the gas employed, the 
amount of gas introduced into the 
tube or gas pressure, the removal of 
impurities from the materials of the 
rectifier, all play an important part 
in the tube's life. The surface of the 
electrodes are also guarded against be- 
ing ripped apart by the bombardment 
of the gas atoms. The applied volt- 
ages and the current passed also help 
to determine the life of the tube. 

C BIAS FOR TYPE 245 TUBE 

(4o) R. H. Bowker, Greenwich, Con- 
necticut, writes : 

(Q.1) I intend to use one of the 
new 245 power tubes in the last stage 
of my power amplifier, lighting the 
filament from an A.C. source. I will 
use the maximum plate voltage of 
250 and would like to know how I 
may secure the proper C bias. 

(A.1) Doubtlessly this query will 
interest a large number of radio fans, 
as there are many who will desire to 
change their present equipment and 
substitute the new power tube for 
the 171 or 171-A, which is now em- 
ployed in the last audio stage. The 
schematic diagram reproduced here 
shows the correct manner in which to 
use the new 245 type power tube. The 
resistor, R, which is placed across the 
secondary of 2.5 volt filament trans- 
former should have a variable center 
tap and preferably a resistance of 40 
to 60 ohms. The C bias can be se- 
cured by connecting a 1,500 -ohm resist- 
or between the grid return and the 
center tap of the filament transformer 
resistor. This is designated in the 
diagram as R1 and is by-passed by a 
condenser, C, having a capacity of 2 
to 4 mfs. The grid return is con- 
nected to the B-and thus the bias is 
secured by the plate current drop 
through the resistor Rl. It must be 
remembered that when using this 
method for obtaining C bias, the plate 
voltage available will have to be 300 
volts, in order to allow 250 volts for 
the plate potential and 50 volts nega- 
tive bias for the grid of the tube. 
If the plate voltage available is less 
than 300 volts, the bias is probably 
best secured by means of a C battery. 

If the C bias is secured by using 
the drop across a resistor, it will 
necessarily be subtracted from the 
plate voltage available. The center tap 
of the resistor can be adjusted until 
A.C. hum is eliminated, and the grid 
and plate voltage can be correctly ad- 
justed with a 50 milliampere milliam- 
meter in the plate circuit, if there is 
any doubt as to their value. If the 
needle is deflected downward, the C 
bias should be raised or the plate 
voltage lowered. If the needle kicks 
upwards, the plate voltage should be 
increased or the grid bias reduced. 
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TUBE BRILLIANCY 

(41) L. T. Gcrschwin, Cedar Rapids, 
Iowa, asks : 

(Q.1) I noticed that my 227 de- 
tector tube varies in brilliancy even 
when the voltage remains constant. Is 
this an indication of a defective tube? 

(A.1) Occasionally it happens that 
the 227 tube does not always glow 
with the same brightness, even though 
there is no flucuation in the operating 
voltage. The filament of the 227 is 
pure tungsten which is threaded 
through an insulating material. At 
the top of the structure, the filament 
is exposed and may be seen through 
the top of the bulb. A slight differ- 
ence in contact at this point results 
in the increase in the operating tem- 
perature, which in turn changes the 
brilliancy of the filament. As the fila- 
ment is operated below the melting 
point of tungsten, this temperature 
variation does not affect the perform- 
ance of the tube. The fact that a 
tube may glow brilliantly is not neces- 
sarily an indication that it is over- 
loaded. 

NEW POWER TUBES 

(42) Mr. A. H. Horlick, Cleveland, 
Ohio, writes : 

(Q.) Some time ago in one of the 
local paper there appeared a descrip- 
tion of a new power tube, that used a 
plate voltage of 250 as a maximum 
and had an undistorted output much 
greater than the usual 171 tube. I 
would like to build a power unit and 
amplifier with these tubes and there is 
some information that I would like to 
have before thinking further about 
such a power pack. In the first place, 
the description mentioned that the fila- 
ment was different than the other 
power tubes in that a filament voltage 
of 2.5 is used. Is this correct and 
how much current is required to oper- 
ate this filament? In using A.C. cur- 
rent for the filament supply as the 
article mentioned, what value of resis- 
tance would be required for the grid 
bias, using the common method of em- 
ploying a resistor in the grid return 
for the bias. What grid bias is re- 
quired when a plate voltage of 250 is 
used? What bias with 180 volts? 
Will it be necessary to use a special 
transformer to supply the 250 volts 
for the plate of this tube? 

(A.) The new UX245 power tube 
is designed to operate with a plate 
voltage of 250 and supplied and un- 
distorted output of 1600 milliwatts at 
this plate potential. This output is 
the same as the UX210 with a plate 
potential of 425 volts. The filament of 
the new tube is designed to operate 
from a 2.5 -volt supply, either from a 
step-down transformer connected to the 
A.C. power supply or from a suitable 
battery. The filament current is 1.5 
amperes. 

The grid bias for the tube is -50 
volts when a 250 -volt plate potential 
is used. With 180 volts on the plate, 
the grid bias is -30 volts. This grid 
bias can be obtained through the volt- 

age drop in a resistor connected in the 
grid return of the tube, in the usual 
way. A resistance of 1,500 ohms is 
required to give the correct grid 
potential. 

In order to obtain the best results 
with the new tube, a plate voltage of 
250 is required. The usual type of 
"B" power unit, using the Raytheon 
BH or the UX280 tube will not supply 
more than 180 or 200 volts when it 
is used to supply current to the rest 
of the set, or in other words, under 
load, and for this reason a number 
of new transformers are being de- 
signed by transformer manufacturers 
in order to supply the required 250 
volts under load. 

Radio Tubes 

BACK in the forgotten years that 
we date B.B. (Before Broadcast- 

ing) when a radio tube was merely 
that and nothing more, the purchase 
of this important device comprised 
numerous steps, or stages, which 
eventually led up to the actual trans- 
action. Mr. Experimenter, after many 
months of more or less satisfactory 
crystal reception, decided to obtain a 
vacuum -tube detector; the very 
thought of possessing this awesome 
instrument so thrilled him that he 
started saving for it at once. (In- 
cidentally, radio apparatus, in those 
days, was not merely purchased; it 
was "saved for.") Through weeks of 
absence from the movies, and by the 
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spring very much in the air. His 
feelings as he got off the train and 
entered the store may readily be im- 
agined; but the conversation which 
took place between him and the dealer 
is worthy of note. This conversation; 
it might be added, invariably followed 
fixed lines. 

"Give me a tube," said the buyer, 
after he had been asked his wants. 
Doubtless, he was nervous and there 
was a touch of excitement in his voice. 

"Right" was the terse reply of the 
dealer, as he reached back( for the 
mysterious box, tested the contents, 
then wrapped it up and handed the 
precious burden to the thrilled radio 
fan. 

And that was that! How times- 
and tubes-have changed! 

NEW TUBES GALORE 

At the present time the customer 
may make his selection from nearly 
forty types, the most commonly used of 
which are produced in similar design 
under more than one trademark and 
type -number. The "general-purpose" 
tubes-that is to say, those which may 
be used both to amplify either R.F. 
or A.F. frequencies and as detectors- 
were until recently the only ones with 
which the set builder was familiar; 
even today tubes designed solely for 
the purpose of detection are compara- 
tively little used. The increasing de- 
mand for volume and quality of am- 
plification, however, compels the use 
of "power tubes"; which are adapted 
for use solely in the final stages of 
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The UV base and socket (left) are now little used; the UX (center) is practically universal but for 

certain A.C. tubes which require the UY (right). 

simple expedient of staying home on 
Wednesday nights, the ransom neces- 
sary to extricate the treasure from 
the clutches of the radio dealer was 
finally amassed. Then, on the long- 
awaited day, the prospective tube 
owner entrained for the city with 
imaginary bands seeing him off and 

an audio amplifier where very high 
voltages and currents must be 
handled. 

The introduction, however, of cir- 
cuits in which "raw" or unrectified 
alternating current is used, to heat 
the filaments of tubes, has doubled 
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the number of the tube types on the 
market. There were about a dozen 
"storage -battery" types with filaments 
designed to be operated from direct 
current only, in addition to the power 
tubes; which, by reason of their final - 
stage position, may be lighted by al- 
ternating current, when desired, with- 
out introducing undue hum. There 
are now over a dozen different types 
of A.C. tubes, which will be found 
listed in this article, with descriptions 
of their characteristics. The rectifier 
tubes swell the list with seven more 
types; and three tubes devoted to 
automatic regulation purposes have 
béen produced to meet the condition 
of fluctuating line -voltage which made 
electric -set operation inconvenient in 
some localities. 

Television has introduced two new 
families to the radio public; the tele- 
vision lamps (neon -gas glow -lamps) 
and the photoelectric cells. The 
latter, however, had been known for 
some time to scentiss and engineers, 
though television interest has stimu- 
lated the demand for them and is 
working toward the improvement and 
mass production of these, as well as 
the television lamps. The latter, par- 
ticularly, will be in great demand as 
television broadcasts are more gen- 
erally undertaken. There are other 
tubes, such as the "grid -glow -relay" 
type and the oscillograph, which are 
of scientific and industrial use; but, 
as they are not suited to the require- 
ments of the radio builder, they will 
not be described here. 

In the description below of the 
"vacuum" tubes (including a few of 
the "gas -filled" (types) which are 
adapted to use in a radio receiving 
set or its power unit, the attempt has 
been made to present them in logical 
order, with a concise statement of 
the most important characteristics of 
each, its functions, its socket connec- 

tions, its voltage and current require- 
ments its plate resistance (impedance), 
amplification factor, and (in the case 
of the power tubes) its maximum 
undistorted output. The reader will 
find it to his advantage to keep this 
article at hand for reference when 
undertaking experimental or new con- 
structional work. 

GENERAL-PURPOSE TUBES 

Under this head, as stated above, 
may be included most of the tubes of 
older design and those used in receiv- 
ing sets of earlier models. With the 
specified voltages applied to their ele- 
ments, tubes of any of these types 
might be used in all stages of a re- 
ceiver. 

Among the earliest tubes to find 
favor are four types generally known 
as "dry -cell" tubes, because of tht 
low voltage and small current con- 
sumption of their filaments. The first 
two of these, the WD -11 and WX-12, 
are still in use, though seldom if ever 
specified in new construction. The 
table of their characteristics should 
be sufficient comment. 

WD -11 AND WX-12 TYPES 

Use, detector -amplifier (not power 
amplifier) ; 

Socket, WD -11, special; WX-12, UX- 
type; 

Filament voltage 1.1; current 0.25 
ampere; 

Plate voltage 22/ to 45 as detec- 
tor, 90 to 135 as amplifier; current 
1.5 mla_ at 45 volts, 2.5 mla. at 90, 
3.5 mla. at 135; 

Grid bias 4/ volts at 90 plate, 10/ 
at 135 plate; 

A.C. plate resistance 15,500 ohms 
at 90 volts, 15,000 at 135; 

Amplification factor 6.6. 

The second pair of dry -cell tubes, 
the UV -199 and UX-199 types, have 
found more favor and more widely 
used, especially to obtain compact 
light construction. The two differ only 
in their bases; the first being designed 
to fit a special miniature socket, and 
the second adapted to the UX socket 
which is now standard. Both tubes 
are electrically alike; they function 
equally well in all receiver sockets, up 
to the limit of their current -carrying 
capacity; they have a companion, the 
UX-120 type, which is a true power 
tube, suited for the operation of a 
loud speaker. These tubes require 
three dry cells or a 4 -volt storage 
battery for lighting their filaments 
(a 6 volt battery may be used with a 
suitable resistor) and draw but little 
current; as their filaments need be 
heated but moderately to give a 
heavy electronic emission and maintain 
a suitable path for the plate current. 

X-199 AND V-99 TYPES 

Use, detector -amplifier (not power 
amplifier) ; 

Socket, V-199, miniature; X-199, 
UX-type; 

Filament voltage 3.3; current .063 
ampere; 

Plate voltage 45 as detector, 90 as 
amplifier; current 1.5 mla. as detector, 
2.5 mla. as amplifier; 

Grid bias, 4/ volts as amplifier; 
A.C. plate resistor 15,500 ohms; 
Amplification factor 6.6. 
The 120 -type, the earliest power 

tube, is a companion of the 199 -type 
but is designed only for the last 
stage of audio amplification in a bat- 
tery -operated receiver. It may be op- 
erated from either three dry cells 
wired in series or (provided a suit- 
able resistor is in the filament circuit) 
a storage battery. A large grid - 

Older members of the radio vacuum -tube family and their big younger brothers: the types are, front left to right, UV -199, UX-199, UX-201A, UX-222 (with control -grid cap), UX-210 and, last, but surely not least, UX-250, the giant of receiving tubes. 
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biasing voltage is absolutely necessary 
with this tube -22% with 135 volts 
plate. 

120-TYFE 

Use, power amplifier (last A.F. 
stage); 

Socket, UX-type; 
Filament volts 3.3; current 0.132 - 

ampere; 
Plate volts 135; current 6.5 mla.; 
Grid bias, 22/ volts; 
A.C. plate resistance 6,600 ohms; 
Amplification factor 3; undistorted 

output 110 milliwatts. 

"STORAGE -BATTERY" TUBES 

The 201A -type tube has been the 
favorite for all purposes for some 
years; it is the standard, all-around, 
flexible "storage -battery" tube of radio 
functioning with high efficiency in 
radio -frequency, detector and audio - 
frequency circuits. More tubes of 
this design, undoubtedly, have been 
made than all others combined. Though 
it can be used as a last -stage audio 
amplifier, with 135 volts on the plate 
and the proper grid bias, the 201A is 
not a power tube; its maximum undis- 
torted output is but 55 milliwatts. It 
is listed, also, under manufacturers' 
type numbers, as "301A" and "AX." 
(Type numbers of other manufac- 
turers were not obtainable at time 
of writing.) 

201A AND 201B -TYPES 

Use, detector -amplifier (not power 
amplifier; 

Socket, UX-type; 
Filament voltage 5; current 0.25 - 

ampere for 201A, 0.125 -ampere for 
201B; 

Plate voltage 45 as detector, 90 to 
135 as amplifier; current 1.5 mla. 
as detector, 2.5 mla. at 90 volts, 3.0 
mla. at 135 volts, as amplifier; 

Grid bias 4/ volts at 90 plate, 9 
at 135; 

A.C. plate resistance 11,000 ohms at 
90 volts, 10,000 at 135; 

Amplification factor 8; undistorted 
output 15 milliwatts at 90 volts, 55 at 
135. 

The 01B -type tube is identical with 
the 201A -type except that its fila- 
ment at 5 volts draws 125 milli- 
amperes (one -eighth ampere) instead 
of the customary quarter -ampere of 
the 201A -type. It was designed to 
answer the demand for a tube which 
may be used in series operation with 
rectified A.C. on the filaments. Be- 
cause of the slight current drain of 
the 01B -type filament, it is possible to 
obtain from a rectifier of the 280 or 
281 type sufficient current for a re- 
ceiver using these tubes, provided they 
are wired in series. It is very es- 
sential that the proper grid bias be 
used with this tube whenever the 
plate voltage exceeds 40. 

The characteristics of the K -type 
tube show it to be well adapted for 
radio -frequency amplification with the 

usual R.F. transformers employed to- 
day in T.R.F. sets. The use of this 
tube is recommended only in sets hav- 
ing adequate provision for re -adjust- 
ment of neutralization. Its plate re- 
sistance is almost twice that of the 
201A type; its electrical characteristic 
differ from the latter principally in 
this matter. 

POWER TUBES 

The 112 -type tube, though engi- 
neered before the development of the 
A.C. receiver for storage -battery op- 
eration, may also be used with alter- 
nating current; though, as with all 
other tubes of D.C.-filament design, 
only when used as a power amplifier. 
This tube, however, though not classi- 
fied by manufacturers as a general- 
purpose tube, functions with remark- 
able efficiency in any socket of the 

mla, at 180 volts as power amplifier, 
15 mla. as detector; 

Grid bias 4/ volts at 90 plate, 9 at 
135; 13/ at 180; 

A.C. plate resistance 5,300 ohms at 
90 volts, 5,000 at 135, 4.700 at 180; 

Amplification factor 8; undistorted 
output 120 milliwatts at 135 volts, 
300 milliwatts at 180. 

171A -TYPE 

Use power amplifier (last stage only) ; 
Socket, UX-type; 
Filament voltage 5; current 0.25 -am- 

pere (may be A.C.) ; 
Plate voltage 135 to 180; current 16 

mla. at 135 volts, 20 mla. at 180; 
Grid bias 27 volts at 135 plate, 40; 

at 180 (Note; When a power tube 
has A.C. filament supply, it is nec- 
essary to increase the grid bias by 

Well-known rectifying tubes; left to right, gas -filled filamentless, gas -filled filament, half -wave (one -plate), 
and full -wave (two -plate) filament types. 

receiver. The present type, 112A, has 
a filament consumption reduced to a 
quarter -ampere at 5 volts; this type 
is manufactured, also, as F -12A. 

The 171A tube, perhaps, is the most 
popular power amplifier at the present 
time. It has an extremely low output 
impedance and is suitable for use in 
the last stage only. Since the plate 
current of this tube is exceptionally 
high at maximum voltage, some form 
of loud -speaker coupling, such as an 
output transformer or a choke coil 
and a by-pass condenser, should be 
used to prevent the heavy direct -cur- 
rent component from passing through 
the windings of the loud speaker. Al- 
ternating current may be applied 
directly to the filament of the 171A, 
only when it is used in the last audio 
stage. It replaces the old 171 -type, 
which drew half an ampere of fila- 
ment current. 

112A -TYPE 
Use, amplifier, power amplifier or de- 

tector; 
Socket, UX-type; 
Filament voltage 5; current 0.25 am- 

pere. 
Plate voltage 90 as amplifier, 135 to 

180 as power amplifier, 45 as de- 
tector; current 5.5 mla. at 90 volts, 
as amplifier. 7 mla. at 135 volts, 10 

one-half the filament voltage, or 2/ 
volts here) ; 

A.C. plate resistance 2,200 ohms at 
135 volts, 2,000 ohms at 180; 

Amplification factor 3; undistorted 
output 330 milliwatts at 135 volts, 700 

milliwatts at 180. 

LARGER PowER TUBES 

The 210 -type especially, because of 
its heavy filament -current require- 
ment, is usually operated with alter- 
nating current from a special trans- 
former secondary, direct to its fila- 
ment, and is used in the last audio 
stage only. It is capable of handling 
far greater volume without distortion 
than any other receiving tube except 
the recently introduced 250 -type. The 
high plate current of this tube makes 
a loud -speaker coupling device, such 
as those recommended for use with 
the 171A -type, a necessity. The fila - 
me of this tube is normally operated 
from the 7.5 -volt winding of a step- 
down transformer, and draws 11/ am- 
peres. 

The 250 -type is the largest and most 
powerful power amplifier manufac- 
tured for radio reception, and capable 
of handling more than three times as 
much undistorted energy as the 210- 
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type. Obviously, while the new tube 
is capable of enormous output, it 
should be employed at but a fraction 
of its full capacity, thus securing un- 
distorted output at all times with 
ample reserve power. The output of 
this tube must lead into a protective 
coupling device. 

210 -TYPE 

Use, power amplifier only; 
Socket, UX-type; 
Filament voltage 7.5; current 1.25 am- 

peres (usually A.C. from special 
winding) ; 

Plate voltage 250 to 425; current. 12 
mla. at 250 volts, 16 mla. at 350; 
20 mla. at 425; 

Grid bias 18 volts at 250 plate, 27 at 
350, 35 at 425; 

A.C. plate resistance 5,600 ohms at 
250 volts, 5,000 at 425; 

Amplification factor 8; undistorted 
output 340 williwatts at 250 volts, 
925 at 350 volts; 1,540 at 425 volts. 

250 -TYPE 

Use, power amplifier only; 
Socket, UX-type; 
Filament voltage 7.5; current 1.25 am- 

peres (usually A.C. from special 
winding) ; 

Plate voltage 250 to 450; current 28 
mla. at 250 volts, 35 at 300, 45 at 
350, 55 at 400, or 450; 

Grid bias 45 volts at 250 plate, 54 at 
300, 63 at 350, 70 at 400, 84 at 450; 

A.C. plate resistance 2,100 ohms at 
250 volts, 2,000 at 300; 1,900 at 
350; 1,800 at 500 and 450; 

Amplification factor 3.8; undistorted 
output 900 milliwatts at 250 volts; 
1,500 at 300; 2,350 at 350; 3,250 at 
400; 4,650 at 450. 

BASIC 
THEORY OF 

THE HEATED 
EMITTER 

FIG.1 

SCREEN -GRID TUBES 

The 222 -type is a four -electrode 
screen -grid tube, designed particularly 
for radio -frequency amplification, but 
adaptable as a "space -charge" tube to 
A.F. amplification. With proper shield- 
ing of the radio -frequency circuit, 
neutralizing and stabilizing devices are 
unnecessary because of the extremely 
small capacity between control -grid 

-and plate. The shielding "screen -grid" 
between the usual third -element (or 
"control -grid") and the plate thus 
eliminates the effect of plate -to -grid 
feed-back capacity; and it also in- 
creases the "mutual conductance"; 
that is, the current output -signal in- 
put ration of the tube. Special cou- 
pling circuits are therefore required. 
The filament of this tube operates at 
3.3 volts and draws 0.132 amperes; 
but, with a series resistor of 15 ohms, 
it may be connected in parallel with 
the 5 -volt filaments of other tubes. 

222 -TYPE (SCREEN -GRID) 

Use, amplifier (not power amplifier) ; 
Socket, UX-type (control -grid ter- 

minal at top of tube) ; 

Filament voltage 3.3; current 0.132 - 
ampere; 

Plate voltage 135 as R.F. amplifier; 
current 1.5 mla. with 1/ volts on 
control -grid 1 mla. with 3 volts. 
(See below.) 

Plate voltage 180 as A.F. amplifier, 
"space -charge" connection; current 
0.3-mla. with 1/ volts on screen - 
grid. 

Special voltage 45 on screen -grid as 
R.F. amplifier; 22/ on inner ("con- 
trol") grid with "space -charge" 
connection as A.F. amplifier. 

A.C. plate resistance with 135 volts, 

850,000 to 1,100,000 ohms, depend- 
ing on grid voltage; with 180 volts, 
"space -charge" hook-up, 150,000 
ohms; 

Amplification factor as R.F. amplifier 
300 (theoretical; r: duced by circuit 
limitations) ; as space -charge A.F. 
amplifier 60. 

"HIGH -Mu" AND SPECIAL -DETECTOR 
TUBES 

The "high -mu" 240 -type tubes 
(classified, also, as types "340," and 
"G") were designed especially for use 
with resistance- or impedance -coupled 
audio amplifiers. It is important that 
the plate voltages, on the 240 -340 - 
types, be applied through a plate - 
coupling resistor of 250,000 ohms; and 
coupling resistors of 50,000 to 75,000 
ohms and a plate voltage of 135 
should be used with the "G" type. 

240 -TYPE ("HIGH -MU") 
Use, resistance-, or impedance -coupled 

amplifier or detector; 
Socket, UX-type; 
Filament voltage 5; current 0.25 -am- 

pere; 
Plate voltage 135 to 180, as amplifier 

or detector; current 0.2-mla. as am- 
plifier, 0.3- to 0.4-mla. as detector; 

Grid bias 3 volts at 135 plate, 4/ at 
180. With 250,000 -ohm plate resis- 
tor, bias 1.5 volts at 135 plate, 3 at 
180. 

A.C. plate resistance 150,000 ohms; 
Amplification factor, 30. 

The "special -detector" 200A -type 
tube is designed for this purpose only 
and is avail ble, also, under the desig- 
nations of type 300A, and type H. It 
is not at all critical to voltage adjust- 
ments, and may be substituted for a 
201A -type in the detector socket with- 
out circuit or voltage changes. (Ex - 

STORAGE BATTERY- RAW- A. C- 
HEATED FILRPvMENT 

20I -A TYPE DIRECT EMITTER 26 -TYPE 

INDIRECT' 
HEATED CATHODE 
RAW A.C.HEATER. 

27 -TYPE 

CATHODE 

110 VOLTS 
STEP-DOWN A'C 

TRANSFORMERS 

'L.5 VOLTS 
A C. 

The filament or "A" current takes no part in the operation of a tube, except as it it used incidentally to give bias. A tube may theoretically be operated 
with a gas flame to heat its filament, as at the left. A storage -battery tube (even if operaed from an "A" unit) has only direct current in its filament; 
so has the No. 27 -type tube at the right, in which the alternating current doer not enter the cathode, which acts as a filament. The 26 -type, however, has 

slight A.C. coupling in its filament circuit. 
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cept that type H requires a minimum 
plate voltage of 67.) The use in this 
stage of a specially -designed tube of 
this type, it is claimed, produces ad- 
ditional sensitivity and volume nearly 
equal to that which would be obtained 
by the addition of one stage of radio - 
frequency amplification; it is particu- 
larly helpful when receiving distant 
stations. The tube's mechanical and 
electrical characteristics are identical 
with those of the 201A -type, except 
that its A.C. plate resistance is 30,000 
ohms, and its amplification factor 20. 

200A -TYPE 

Use, special detector; 
Socket, UX-type; 
Filament voltage 5; current 0.25 -am- 

pere; 
Plate voltage 45; current 1.5 mla. 
A.C. plate resistance, 30,000 ohms; 
Amplification factor, 20. 

ALTERNATING -CURRENT TUBE 
The question has often been asked, 

"How can alternating current be ap- 
plied to the filament of a tube with- 
out the accompanying 60 -cycle hum be- 
coming a pronounced factor in the out- 
put ?" It can readily be seen that this 
problem becomes somewhat hazy to the 
uninitiated, when they know how that 
raw alternating current is used to 
light the filament of the 226 -type tube, 
and, to all appearances, the 227 -type 
tube as well. 

THE "DIODE" 
In order to gain a clearer under- 

standing of the functions of an A.C.- 
operated tube, it is first necessary to 
review the electronic action which 
adapts a vacuum tube for use in radio 
reception and transmission. Without 
entering too lengthy a discussion of 
this subject, it may be stated briefly 
that the electrical characteristics of the 
vacuum tube depend on the electron - 
emitting property of a heated metal; 
this action was first discovered by 
Thomas E. Edison and is known as the 
"Edison Effect." Edison found that, by 
heating a piece of metal to a high 
temperature, he obtained conditions 
permitting the flow of electricity in a 
vacuum; now known to be due to the 
emission of electrons. 

Some time after Marconi had ob- 
tained his first patents, J. A. Fleming 
made use of this effect and constructed 
the first vaccum tube to be used in 
radio circuits. This tube was a crude 
affair containing a filament which, 
when heated by a battery, served as 
the electron -emitter, and a plate which 
was kept positive by connecting it to 
the "+" side of a high -potential gen- 
erator (the "B" battery) . When the fila- 
ment was heated it emitted a constant 
stream of electrons which were directed 
toward the plate, by its attraction for 
the electrons, which are negative. (The 
half -wave rectifiers described in this 
article are actually "Fleming Valves" 
in operation, though greatly improved 
electrically and mechanically.) 

As long as the filament remained in- 
candescent there was an electrified re- 
gion between filament and plate, pro- 

viding what is known as a "path of 
unilateral conductivity"; that is, per- 
mitting a current in one direction only. 
This "one-way" characteristic provided 
a sensitive rectifier (or what was then 
considered sensitive) necessary to "de- 
tect" radio waves and reduce them to 
audio frequencies. 

THE "TRIODE" 

This development was the forerunner 
of the modern three -element vacuum 
tube, which was invented by Dr. Lee 
de Forest and by him styled the "au- 
dion." He found that, on inserting a 
third element (the grid) between the 
filament and the plate, he obtained a 
sensitivity of detection heretofore un- 
known. This resulted from the grid's 
action in responding to the feeble flow 
of energy collected by the antenna and 
so affecting the current of electrons 
from filament to plate. The introduc- 
tion of the grid made possible also 
audio -frequency amplification, radio - 
frequency amplification and the adap- 
tation of the vacuum tube to radio -tele- 
phone and telegraph transmission, 
where it is employed as a generator of 
high frequency currents. There is no 
doubt that, without the triode or three - 
element vacuum tube, radio telephony 
could never have even neared the per- 
fection it enjoys today. 

While the battery -operated three - 
element vacuum tubes gave excellent 
results, and for that matter still do, 
the public's demand for increased sim- 
plicity of operation brought forth A.C. 
tubes, designed for operation from the 
light socket. Incidentally, it may be 

THREE - 
ELEMENT 

VACUUM TUBE 

THREE -ELEMENT 
TUBE A.C.HEATED 

CATHODE TYPE (227) 

SCREEN -GRID 
TUBE (222) 

SCREEN -GRID 
A C TUBE 

mentioned here that (contrary to a 
general belief) there is a theoretical 
difference only in efficiency between the 
two classes of vacuum tubes; the phac- 
tical differences are found merely in 
the convenience of maintenance and op- 
eration. Where the 201A -type requires 
a storage battery or an "A" power 
unit with rectifier and filter, the 226 - 
and 227 -type tubes require for fila- 
ment excitation only a step-down trans- 
former; which in turn is connected to 
the house -lighting line, thus doing 
away with the routine of charging and 
watering a battery. 

However, for the 'benefit of those who 
lack a source of alternating current it 
should be repeated that, other things 
being equal, they are equaling the 
results of the A.C. tube users except 
in the previously mentioned matter of 
convenience. 

WHAT THE A.C. TUBE DOES 

In the first diagram a three -element 
vacuum tube, the filament of which is 
brought to incandescence through the me- 
dium of a flame, is shown at the left. 
This, of course, is merely to illustrate the 
"Edison effect" in its basic form and has 
no practical counterpart in the commer- 
cial or present-day experimental field; 
though Dr de Forest is said to have 
used a flame in his early experiments 
in order to obtain electronic emission 
from a filament. It will be noticed that 
the plate current, carrying the sngal 
heard in the loud speaker, travels from 
filament to plate and "return" and is 
entirely independent of the heating 
method used on the filament. 

HALF -WAVE 
RECTIFIER. 
FILAMENT 

TYPE 

FULL -WAVE 
RECTIFIER. 
FILAMENT 

TYPE 

FULL -WAVE 
RECTIFIER 

FILAMENTLESS 
TYPE 

TWO -ELEMENT 
VOLTAGE - 

REGULATOR TUBE 

THREE - 
ELEMENT 
VOLTAGE 

REGULATOR 
TUBE 

PHOTO- 
ELECTRIC CELL 

NEON -GAS 
GLOW -TUBE 
(TELEVISION 

LAMP) 

The symbols used in schematic diagrams to indicate the types of tubes here described. The first, and 
commonest, symbol is the sanie for a direct current tube or for one working with raw alternating current 

on its filament. 
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The second sketch in the same il- 
lustration shows the conventional di- 
rect -current tube with its battery -heated 
filament. Of course, this may as weil 
represent any of the dry -cell tubes; 
the principle is the same with the 
exception of the voltage and current 
demands of the respective filaments. 
Here, as in the first sketch, the fila- 
ment -plate current follows the same 
path. 

Before proceeding with a descrip- 
tion of the A.C. tube, it should be em- 
phasized that the only difference be- 
tween the latter and the D.C.-filament 
types lies in the construction of the 
filament. This is, of necessity, much 
heavier in construction in the A.C. 
tubes. Necessarily, there is a differ- 
ence between the filament circuits of 
both types; the 'grid and plate cir- 
cuits, however, are similar and re- 
quire no changes in the event that a 
D.C. receiver is rewired to use A.C. 
tubes; except that the return is made 
to the "midpoint" of the filament cir- 
cuit. This refers to the 226 -type 
tubes, which can be used only in radio - 
frequency and audio -frequency ampli- 
fication circuits, and not as a detector. 

ELIMINATING A.C. HUM 

The schematic structure of the 227 - 
type A.C. detector is illustrated in 
Fig. 1; this tube employs a "heater" 
which is entirely independent of the 
grid, plate and filament -return circuits 
and, for this reason, produces less 
hum than the 226 -type. Many com- 
mercial receivers employ these tubes 
throughout the amplifying stages to 
guard against any possibility of hum. 
Unlike the 226, this tube employs for 
its electron -emitter a fourth element 
known as the "cathode" (this accounts 
for the fifth prong on the UY 
socket), which is nothing but a cyl- 
inder built about the filament or 
"heater." It is the sole function of 
this heater to heat the cathode until 
it has reached the temperature where 
it will emit electrons. (See the sketch 
at the right of Fig. 1.) This ex- 
plains the slight delay which takes 
place between the switching -on of an 
A.C. receiver and the moment its de- 
tector begins to function; this inter- 
val averages about 30 seconds and has 
always been somewhat of a mystery 
to the layman. 

Another hazy subject, to the begin- 
ner, is the center -tapped resistor which 
is placed across the secondary of the 
step-down 1% -volt filament transfor- 
mer used in lighting the filament of 
the 226 -type tubes. Briefly, the reason 
for the use of this component is the 
necessity of providing an electrical 
balance in the filament circuit, in or- 
der to allow as little "ripple -voltage" 
or hum as possible. Such a resistor 
must be connected as shown in Fig. 
1, where it is balancing the filament 
of the 226 -type tube; as the alternat- 
ing current flows back and forth in 
the filament, voltage at its center is 
practically uniform. This resistor is 
absolutely essential when using 226-, 
171-, 210- or 250 -type tubes in A.C. 
circuits. 

The filament of the 226 -type tube is 
operated on raw alternating current; 
so that it cannot be used in place of 
the 201 -A -type unless suitable circuit 
changes are made. Through this tube 
is fitted for use as an R.F. or A.F. 
amplifier, with an amplification factor 
equal to the 201A -type, it cannot be 
used as a detector because of the hum 
which it would intrdduce; and, as an 
amplifier, it must be used with a 
grid bias. Though its filament is rated 
at 1.5 volts, the recommended voltage 
is 1.35; to avert the rapid deteriora- 
tion of the oxide coating of the fila- 
ment, which sets in when excessive 
voltage is applied. As an audio am- 
plifier the 226 -type is capable of an 
undistorted output of 160 milliwatts 
at 180 volts, and of 70 at 135 volts, 
compared with 55 for the 201A. Other 
type numbers are 326 and M-26. 

226 -TYPE (A.C. DIRECT -TO -FILAMENT) 
Uuse, R.F. or A.F. amplifier (not de- 

tector); 
Socket, UX-type; 
Filament voltage 1.5 "raw" (unsecti- 

fied) A.C.; current 1.05 amperes; 
Plate voltage 90 to 180; current 3.5 

mla. at 90 volts, 6 at 135, 7.5 at 
135. 

Grid bias 6 volts at 90 plate, 9 at 
135, 1314 at 180; A.C. plate resist- 
ance 9,400 ohms at 90 volts, 7,400 
at 135, 7,000 at 180; 

Amplification factor 8.2; undistorted 
output 160 milliwatts at 180 volts. 

The 227 -type is of the "indirectly - 
heated -cathode" type. That is to say, 
although raw alternating current is 
applied to the "heater" (a tungsten 
filament which passes through the cen- 
ter of the "cathode," from which it is 
insulated), the function of this current 
is merely to heat the cathode. The latter 
element takes upon it the duty of the 
filament in a D.C. tube as the actual 
electro -emitter and furnishes the 
neutral point on which both plate volt- 
age and grid bias are based. The 227 
was designed for use as a detector 
employing a grid leak and condenser, 
and requires no bias when so used; 
but it may also be used as either a 
radio- or an audio -frequency amplifier 
with considerable similarity, in char- 
acteristics, to the 201A -type. It has 
been found that the use of 227 -type 
tubes in a set throughout, except in 
the last audio stage, results in ex- 
cellent performance. An operating 
characteristic of this tube is that an 
interval of about 30 seconds, after it 
is turned on, is required for the cath- 
ode to heat to its functioning point. 
Other type numbers are 327 and N-27. 

227 -TYPE (A.C. "HEATED -CATHODE") 
Use, detector -amplifier (not power am- 

plifier) ; 

Socket, five -prong UY -type; 
Filament voltage 2.5 raw A.C.; cur- 

rent 1.75 amperes; 
Plate voltage 45 to 90 as detector, 90 

to 180 as amplifier; current 2 mla. 
at 45 volts, 7 at 90 volts as detec- 
tor, 3 mla. at 90 volts, 5 at 136, 
6 at 180 as amplifier; 

Grid bias 6 volts at 90 plate, 9 at 135, 

13'4 at 180; 
A.C. plate resistance 9,000 ohms; 
Amplification factor 9. 

"HIGH -MU" AND SCREEN -GRID A.C. 
TUBES 

The Hi -Mu 26 -type tube has "static" 
characteristics similar to the 240 -type 
but is operated from a raw-A.C. 1.5 - 
volt filament source, taking 1.05 am- 
peres, like the 226 -type. It is par- 
ticularly adapted for use with resist- 
ance and impedance audio amplifica- 
tion, from which it was designed; this 
tube should not be used without a 
grid bias. 

HI -MU 26 -TYPE (A.C. DIRECT -TO - 
FILAMENT) 

Use, amplifier (not power amplifier) ; 
Socket, UX-type; 
Filament voltage 1.5 raw A.C.; cur- 

rent 1.05 amperes; 
Plate voltage 135 and up, depending 

on plate resistor; current 2.6 mla. 
Grid bias 4 volts; 
Amplification factor 20. 

Fig. 21 

The A.C. 22 -type tube is similar in 
Iow RADIO Answers and Questions 55 
characteristics to the 222 -type, except 
that it is designed for operation on 
alternating current; as the cathode is 
similar to that found in the 227 -type. 
The control -grid lead comes out 
through the top of the tube and the 
base has five prongs. The outer or 
screen -grid is connected to the base 
prong used in the 227 -type for the 
control -grid. When a metallic shield 
with a closed top is used over this 
tube, it is advisable to drill a few 
holes in the top and bottom of the 
shield to allow dissipation of heat. 
The tube may be used as a screen - 
grid amplifier or as a space -charge - 
grid tube. 

A.C. 22 -TYPE (SREEN-GRID HEATER 
CATHODE) 

Use, amplifier (not power amplifier) ; 

Socket, five -prong UY (connection to 
control -grid through top of tube) ; 

Filament voltage 2.5 raw A.C.; cur- 
rent 1.75 amperes; 

Plate voltage 135; control -grid bias 
1% volts; screen -grid voltage 45 pos- 
itive. When used as space -charge 
amplifier, the screen -grid and con- 
trol -grid interchange functions, as 
with the D.C. 22 -type. 

Amplification factor 300 (theoretical, 
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limited by circuit conditions) as R.F. 
amplifier, or 75 as space -charge am- 

plifier. 

15-VoLT A.C. TUBES 

The first part of this article, in last 
month's Radio News, described the 
1TT/2- and 2/ -volt alternating current 
tubes, which include the 226-, 227-, 
Hi -Mu 26- and A.C. 22 -types; 

Another class of alternating -current 
tubes makes use of the separate 
heater -filament for all types, instead of 
A.C. current led directly to the fila- 
ments as in some of the A.C. tubes 
listed above. These tubes require a 
step-down transformer with a single 
fifteen -volt secondary; whereas the 
others require transformer secondary 
voltages of 1.5 and 2.5, in addition to 
a separate supply for an accompany- 
ing power tube. 

15 -VOLT 26 -TYPE (A.C.) 
Use, detector; socket, UX-type; 
Filament voltage 15 raw A.C.; cur- 

rent 0.35 -ampere; 
Plate voltage 22; to 45; current 1 

to 2.5 mla. 
Grid bias 41/2 to 9 volts positive. 

28 -TYPE 
Use, amplifier (not power) ; socket, 

UX-type; 
Filament voltage 15 raw A.C.; current 

0.35 -ampere; 
Plate voltage 90; current 7.5 mla; 
Grid bias 1.5 volts; 
A.C. plate resistance 9,000 ohms; 
Amplification factor 10.5. 

30 -TYPE 
Use, power amplifier; socket, UX- 

type; 
Filament voltage 15 raw A.C.; current 

0.35 -ampere; 
Plate voltage 180; current 22 mla.; 
Grid bias, 27 volts.; A.C. plate resist- 

ance 3,500 ohms; 
Amplification factor 3.8. 

32 -TYPE (HIGH -MU) 

Use, amplifier (not power) ; socket, 
UX-type; 

Filament voltage 15 raw A.C.; current 
0.35 -ampere; 

Plate voltage 135; current 1.5 mla.; 
Grid bias 3 volts; A.C. plate resist- 

ance, 32,000 ohms; 
Amplification factor 30. 

40 -TYPE 

Use, power amplifier; socket, UX-type; 
Filament voltage 15 raw A.C.; cur- 

rent 0.4 -ampere; 
Plate voltage 180; current 21 mla.; 
Grid bias 40/ volts; 
A.C. plate resistance 2,000 ohms; 
Amplification factor 3. 

48 -TYPE (A.C.) 
Use, amplifier; socket, UX-type; 
Filament voltage 15 raw A.C.; current 

0.35 -ampere; 
Plate voltage 90; current 4.5 mla.; 
Grid bias 4/ volts; 
A.C. plate resistance, 9,290 ohms; 
Amplification factor 11. 

22 -TYPE (15 -VOLT A.C.) 
Use, voltage amplifier (not power) ; 
Socket, UX-type; 
Filament voltage 15 raw A.C.; current 

0.35 -ampere; 
Plate voltage 135; current 1 mla.; 
Grid bias, control -grid 1 volt, screen - 

grid 30; 
A.C. plate resistance 700,000 ohms; 
Amplification factor 400 (theoretical). 

"OVERHEAD -FILAMENT" A.C. TUBES 

Still another type of A.C. tube is 
familiar to many because of its dis- 
tinctive "overhead" construction; the 
terminals of its cathode heater are 
brought out from the tube through a 
bakelite top; while, though four 
prongs are in the base of the tube, 
only three of these are employed elec- 
trically. One is connected to the grid, 
a second to the plate, and the third, 
which provides the grid return for 
the circuit, to the heater -filament. 
These tubes differ from the others 
which have been described in that they 
require a three -volt A.C. supply for 
the filament. 

401 -TYPE (OVERHEAD FILAMENT) 

Use, detector -amplifier (not power am- 
plifier) ; 

Socket, UX-type (filament connection 
through special cable); 

Filament voltage 3 raw A.C.; current 
1 ampere; 

Plate voltage 150; 
Grid bias 4/ to 9 volts. 

403 -TYPE (OVERHEAD FILAMENT) 
Use, power amplifier; 
Socket, UX-type (filament connection 

through cable) ; 

Filament voltage 3 raw A.C.; current 
1.5 amperes; 

Plate voltage 180; 
Grid bias 40 volts. 

RECTIFIER TUBES 
Rectifier tubes are divided into -three 

classes; the first, gas -filled, filament - 
less, full -wave rectifiers; the second, 
high -vacuum, electron -emitting -filament 
rectifiers, comprising two half -wave 
and two full -wave rectifiers. With 
the latter, it is necessary to provide 
a supply of current (usually from a 
low -voltage secondary on the power 
transformer) to heat the filaments; 
this is unnecessary with the first type. 
The third comprises gas -filled tubes 
with filaments. 

Three types are offered in the first 
(gaseous) classification, all using UX 
sockets; the first is a moderate -power 
full -wave filamentless, rectifier de- 
signed to supply plate voltage for a 
standard radio receiver using no tube 
of heavier duty than the 112A -type. 
This is known as the "B" type and 
has an output rating of 60 milliam- 
peres at 150 volts, with a maximum 
allowable input A.C. voltage of 275 
per "anode' (positive electrode). 

The next in this class is the "BH" 
type, a heavy-duty full -wave rectifier 
having an output of 125 milliamperes 
at 300 volts. This tube will rectify 
sufficient current to supply the plate 

requirements of a standard receiver 
using the 171A -type amplifier in the 
last audio stage. The transformer - 
secondary A.C. voltage may be as high 
as 325 per anode. 

The third rectifier in this series was 
designed to supply "A," "B" and "C" 
voltages to series -filament receivers 
using quarter -ampere tubes; its rating 
is 350 milliamperes at 200 volts. Known 
as type "BA," this tube has a maxi- 
mum allowable input A.C. voltage of 
350 per anode. 
FILAMENT TYPE VACUUM RECTIFIERS 

In this class, the high -vacuum, fila- 
ment rectifiers, are found four types, 
the 280 -type, a full -wave rectifier, the 
281 -type, a half -wave rectifier; the 
213 -type, a full -wave rectifier for a 
full -wave circuit; and the 216B -type, a 
half -wave rectifier for a half- or a 
full -wave circuit. 

213 -TYPE (FULL WAVE RECTIFIER 
Socket, UX-type; 
Filament voltage 5, current 2 amperes; 
Plate voltage 220 A.C. maximum (per 

plate) ; 

D.C. output (both plates) 65 miliam- 
peres maximum; 170 volts at max- 
imum current, as applied to average 
filter. 

216B -TYPE (HALF -WAVE RECTIFIER) 
Socket, UX-type; 
Filament voltage 7.5; current 1.25 am- 

peres. 
Plate voltage 550 A.C. (maximum); 
D.C. output 65 milliamperes (maxi- 

mum) ; D.C. output 470 volts at max- 
imum current as applied to average 
filter. 
280 -TYPE (FULL -WAVE RECTIFIER) 

Socket, UX-type; 
Filament voltage 5; current amperes; 
Plate voltage 300 A.C. maximum (per 

plate) ; 

D.C. output 125 milliamperes maximum 
both plates) ; 260 volts at maximum 
current, as applied to average filter. 
281 -TYPE (HULL -WAVE RECTIFIER) 

Socket, UX-type; 
Filament voltage 5; current 2 amperes; 

1.25 amperes; 
Plate voltage 700 A.C. (maximum); 
D.C. output, 65 milliamperes recom- 

mended; 85 milliamperes maximum; 
voltage maximum 620, as applied to 
filter or average circuit. 

FILAMENT GASEOUS RECTIFIER TUBES 
These are of the hot -cathode gas - 

filled rectifier type containing, at low 
pressure, the inert gas argon (found in 
small quantities in the atmosphere) 
which is ionized by the electrons emit- 
ted from the incandescent filament. 
This ionized gas acts as the principal 
current -carrier, with the result that the 
bulb operates with a very low voltage - 
drop (3 to 8 volts) and is capable of 
passing a current of several amperes; 
the current limit depending on the de- 
sign and size of the tube. Two elements 
make up in the internal construction 
of the tube; the cathode (lower elec- 
trode) consists of a filament of small 
tungsten wire coiled into a closely - 
wound spiral, and the anode (upper 
electrode) is graphite of relatively 
large cross section. 

The tube rectifies because, on the 
half -cycle when the graphite anode is 
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positive, the emitted electrons from the 
heated filament are being pulled to- 
ward the anode by the voltage across 
the tube. They collide with the gas 
molecules and ionize them; that Is, 
make them conductive in the direction 
from anode to cathode. During the 
other half of the cycle, when the an- 
ode is negative, any electrons that are 
emitted are driven back to the fila- 
ment; so that the gas in the bulb is 
non-conductive during that half -cycle. 

These tubes have been designed pri- 
marily for heavy-duty work such as 
storage -battery chargers, rectifiers for 
"A" power units and commercial needs. 
They are available in both half -wave 
and full -wave types; the former, which 
has been described above, is in most 
common use and is produced in three 
current ratings; the smallest is a 0.6 - 
ampere type designed for trickle charg- 
ers using a half -wave rectifier circuit. 
It requires a filament current of 6 am- 
peres, and a transformer -secondary 
"pick-up," or "starting" voltage of 8 
to 12; it requires a transformer the 
secondary of which must deliver at 
least 25 volts for a 6 -volt storage -bat- 
tery load. 

The 2 -ampere type requires a fila- 
ment current of 12 amperes, a "pick- 
up" voltage of 9.5 to 15, and a trans- 
former -secondary minimum of 30 volts 
at 6 -volt storage -battery load. The 5 - 
ampere type requires a filament cur- 
rent of 18 amperes, a "pick-up" volt- 
age of 11 to 16, and a transformer - 
secondary minimum of 30 volts at 6 - 
volt storage -battery load. Both 2- and 
5 -ampere tubes are of the half -wave 
type. 

The full -wave -rectifier tube differs 
from the half -wave type only in the 
addition of another graphite anode; 
thus giving an internal construction 
consisting of a heavy tungsten -wire 
filament and two graphite anodes. 
However, this tube is used on rare oc- 
casions and so may be difficult to ob- 
tain. All the above -mentioned tubes 
make use of the standard 110 -volt 
screw -lamp socket for the base through 
which the filament leads are brougnt 
out. The anode is brought out through 
the top of the glass bulb in the form of 
a projection of heavy wires, to which 
connection is made by means of a spring - 
clip binding post, which is in turn con- 
nected to a flexible lead. 

REGULAR TUBES 
The 874 -type tube is a voltage -regu- 

lator tube designed to maintain con- 
stant voltages supplied by "B" power 
units at different current drains. The 
tube has two elements, an anode and 
a cathode, and contains a low-presure 
mixture of gas. It maintains a con- 
stant potential of 90 volts to the radio 
receiver. 

The 876- and 886 -type tubes, on the 
other hand, are designed for maintain- 
ing constant the current to radio sets 
operated from A.C. house lighting cir- 
cuits; the former 1.7 amperes and the 
latter 2.05 amperes. The useful prop- 
erty of these tubes is that, within their 
rated voltage range, the current 
through them remains approximately 
constant. Such a tube should be .used 

only in a circuit especialy designed for 
it, and must never be placed in a lamp - 
socket on the house -lightning line. 

876- AND 886 -TYPES (CURRENT -REGU- 
LATOR) 

Socket, UX; 
D.C. rated voltage, 90; 
Starting voltage, 125; 
Maximum current (direct) 50 milliam- 

peres. 
874 -TYPE (VOLTAGE REGULATOR) 

lator) 
Socket, large ("Mogul") screw type; 
Operating amperes, 876 -type, 1.7; 886 - 

type, 2.05; 
Voltage range, 40 to 60. 

TELEVISION LAMPS 
Under this head come the tubes used 

in reproducing televised images at the 
receiver; they were formerly knows as 
"neon -gas glow -lamps," but the new 
designation was decided upon by the 
Television Committee of the Radio 
Manufacturers Association. These tubes 
should be used in the plate circuits of 
171- or 210 -type tubes, in order to ob- 
tain best results; also, they require 
a series resistor to prevent excessive 
current from reaching them, and a 
minimum direct -current voltage of 180, 
independent of the plate voltage ap- 
plied to the last tube in the audio am- 
plifier. Gradual blackening of the bulb 
indicates an excess of direct current 
passing through the lamp. 

TELEVISION LAMP 
Socket, UX-type; 
Plate 180 volts; maximum current 20 

mla., while 10 is recommended. (Cur- 
rent is generated by output of ampli- 
fier, not by television lamp.) 

PHOTOELECTRIC CELLS 
These tubes may be considered the 

"eyes" of the television transmitter; 
for it is their function to convert 
into electricity the fluctuations of 
light reflected from the subject being 
televised and send them on to the trans- 
mitter, where they are converted into 
radio waves and sent out like voice or 
music. These impulses, by now familar 
to many listeners, when received on the 
loud speaker sound very much like dot - 
and -dash code signals with very rough 
notes, except that they are all dashes. 
In mechanical form the cell usually 
comprises a light-sensitive coating on 
the inside surface of the glass, and 
a metal electrode facing this coating. 
While no light is shining on the cell, 
no current will pass between the coat- 
ing and the metal; but, as soon as 
the cell is excited by light, an elec- 
tron -stream, the intensity of which de- 
pends upon that of the light, will 
pass from the coating to the metal ele- 
ment, thus closing the circuit. 

This description of the action of the 
photoelectric cell explains its use in 
light -recording apparatus, fire -alarm 
systems and other commercial appli- 
cations where light is required to op- 
erate a mechanism. These cells are 
manufactured in two types; those of 
the high-vaccuum type require a high 
voltage, about 600 volts D.C. for best 
results. The proper voltage for the 
gas -filled type is found exposing the 

cell to the maximum light to be used 
and gradually increasing the applied 
voltage until "ionization" occurs. This 
voltage is noted, and a potential about 
ten lower is selected as the optimum 
to be applied. One stage of audio -fre- 
quency amplification is required for 
experimental operation of the cell; the 
requirements for commercial applica- 
tion depend upon the duty of the pho- 
toelectric apparatus. As the manufac- 
ture of these cells is not yet standar- 
dized, characteristics are not given 
here. 

A new vaccuum tube has been an- 
nounced. It is the power 45 and is of 
particular interest, because it provides 
a very satisfactory power output with 
a relatively low plate voltage. It will 
find ready application as a replace- 
ment tube, to be used in place of the 
210; unfortunately, however, its ampli- 
fication constant value is less than 
that of the 210. The accompanying 
figures speak for themselves. 

Filament volts (A.C.) 
Plate volts 
Bias volts 
Amplification 
Plate resistance, ohms 6,000 
Mutual conductance 1,800 
Plate current, milliamps 26 
Output impedance, ohms 1,950 
Max. undisturbed output, 

milliwatts 750 1,600 

45 
Power Tube 

2.5 2.5 
180 250 

33 50 
3.5 3.5 

6,000 
1,850 

32 
1,900 

"C" BIAS FOR THE 250 
(649) M. Chiante, Fairchild, Wis., 

asks: 
(Q. 1.) Will you please publish a 

diagram showing how I may obtain 
the necessary "C" bias for my 250 
power tube from the "B" supply. 

(A. 1.) On this page you will find 
a diagram showing how this may be 
done. It will be seen that part of the 

TYPE 250 

' O 

B- C BIAS RESISTOR B} 
A stra.'ght audio stage. 

"B" voltage is used to obtain the nec- 
essary "C" bias, therefore the volt- 
age between the B+ and B- ter- 
minals will have to be raised. For in- 
stance, when using 450 volts on the 
plate, a negative grid bias of minus 
84 volts is required. The voltage be- 
tween the B+ and B- terminals in 
this case should be raised to 584 volts 
to compensate for the 84 volts being 

' used on the grid. When using 250 
volts on the plate, the "C" bias re- 
sistor should be rated at 1,600 ohms, 
with 300 volts the resistor should be 
1,550 ohms, with 350 volts 1,400 ohms, 
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with 400 volts 1,250 ohms, and with 
450 volts 1,545 ohms. It will be noted 
that with 450 volts on the plate the 
"C" bias resistor is rated at 1,545 
ohms, while with only 400 volts on 
the plate the resistor is rated at 1,250 
ohms, obtaining a bias of minus 70/ 
volts when using 400 volts on the 
plate. With 450 volts on the plate a 
negative grid bias of minus 84 volts 
is used. It will be seen, therefore, 
that the increase in grid bias is dis- 
proportionate, so that the plate cur- 
rent does not exceed 55 milliamperes 
when using 450 volts on the plate. 
The resistor used, as shown in the 
diagram, is inserted between the fila- 
ment winding center tap and the "B" 
negative. A by-pass condenser of 
nearly 4 mfds. is inserted across the 
two resistor connections. The resis- 
tor should be of the heavy duty type, 
as it must handle up to 55 milliam- 
peres at 84 volts for a single 250 tube, 
and 110 milliamperes at the same 
voltage when two such tubes are used. 
For any intermediate voltage not 
given here, the value of the resistor 
can be calculated by using Ohm's Law. 
It must be borne in mind, however, 
that the voltage between the B+ and B- terminals should be equal to the 
plate voltage plus the grid voltage. 

BY-PASSING AUDIO AMPLIFIER 

(43) Mr. R. W. Wilson, Portland, 
Maine, writes: 

(Q.) "I understand that most au- 
dio -frequency amplifiers can be im- 
proved by the correct use of by-pass 
condensers. Can you explain where 
these condensers should be used, their 
values, and just what advantage they 
supply to an amplifier of this type? 

(A.) Audio -frequency amplifiers are 
often constructed in such a way that 
a common coupling is unavoidably 
formed by the power unit or common 
"B" battery. This coupling provides 
an excellent path for feed -backs, from 
which a large amount of distortion 
may result. This trouble may be re - 

by -pass condensers between the vari- 
ous circuits. These condensers pro- 
vide a lower resistance path for the 
audio -frequency currents than the arti- 
ficial coupling. Of course, the direct 
current passes through the usual cir- 
cuits, since it is blocked by the con- 
densers. You will find two diagrams 
showing how by-pass condensers should 
be used in an audio -frequency am- 
plifier in the illustrations below. The 
first represents any audio -frequency 
amplifier with transfcrmer coupling, 

Cl 

A- A+ B+ 
C I B- DETECTOR 

V2 

C- 

These condensers are represented at 
C2 and C4. 

The diagram in Fig. Q2307 rep- 
resents the usual transformer -coupled 
audio -frequency amplifier and shows 
how the by-pass condensers should be 
connected in order to improve the 
results. The condensers should be 
placed close to the transformers, so 
that the audio -frequency currents will 
not have to travel through much of 
the wiring in the amplifier or through 
any of the leads to the power unit. 

T2 

0 0 0 
o 
ó C4 o 

R3 

LOUD 
SPEAKER 

C5 

B+ 
AMPLIFIER 

Schematic circuit of the arrangement when transformers are used. Cl may be from .001-mf. up; C2 and 
C4 are usually 0.25-mf., C3 and C5, 1 mf., though such values are not critical. 

duced very easily by the proper use of 
resistance coupling, or any type of 
"impedance" coupling. Condenser Cl 
is the usual by-pass condenser con- 
nected between the plate of detector 
V1 and the negative filament. The 
plate circuit of each amplifier tube 
is completed by connecting a 1-mf. 
by-pass condenser between one of the 
filament terminals and the positive 
"B" terminal of the transformer. 
These condensers are shown at C3 and 
C5. A separate path is also provided 
for the grid currents1 by placing by- 
pass condensers of 14-mf. or more 
capacity between the transformer sec, 
ondaries and the filament terminals. 

COUPLING TRANSFORMERS, 
RESISTORS OR IMPEDANCE UNITS 

G V2 

A- A+ B+ 
C+ B- DETECTOR 

B+ 
AMPLIFIER 

LOUD 
SPEAKER 

Alternating impulses are kept out of the. "B" battery, which is common to all circuits, by the use of 
suitable condensers which divert them to the grounded filament. Cl is an R.F. by-pass; C2 and C4 
block the "C" voltage, and C3 and C5 the "B" voltage from the filament while complei.ng the A.F. 

circuits. 

RESISTANCE -COUPLED AMPLIFIERS 

(44) Mr. I. N. Jefferson, Peoria, 
Illinois, writes: 

(Q.) "I am building a resistance - 
coupled amplifier with two high -mu 
tubes and a power tube. The high - 
mu tubes are of the 240 type, while 
the power tube is a 210. I do not 
know the correct values for the plate 
and grid resistors in the amplifier. 
Can you supply the data? I am also 
undecided whether it would be better 
to use an impedance in place of the 
grid leak in the last tube circuit. The 
coupling condensers in my amplifier 
have a capacity of .01-mf. Is this 
correct?" 

(A.) In building a three -stage re- 
sistance -coupled amplifier with high - 
mu tubes of the type you mention,. the 
plate resistors in each case should be 
given a value of approximately 0.25 
megohm. The grid resistors for the 
first two stages should have values of 
1 megohm; that for the power tube, 
if a resistor is used, should have a 
value also of approximately 1 meg- 
ohm. Better results are, however, 
usually obtained with a suitable choke 
coil in this circuit; especially if power 
units are used to supply the plate cur- 
rent to the tubes, because of the ten- 
dency of the amplifier to "motorboat." 
The values of the grid resistors given 
here are slightly lower than those 
usually specified; their use will tend 
to reduce the volume to some extent; 
but it will overcome the possibility of 
blocking and, when a grid choke of 
very high inductance (say 100 hen- 
ries) is used in the power -tube circuit, 
there will be very little chance of 
"motorboating." 
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The coupling condensers you are 
using will be quite suitable. 

When using a resistance -coupled am- 
plifier with a radio receiver, it is very 
important that a by-pass condenser 
be connected between the plate of the 
detector tube and the "B-" terminal, 
to keep R.F. currents out of the audio 
circuits. The omission of this con- 
denser will often prevent the correct 
operation of the amplifier and, in 
some cases, the latter will refuse to 
work at all until the condenser is in- 
serted. Most sets have a .001-mf. 
fixed condenser at this point and this 
value is quite suitable; but it is ad- 
visable to be sure that the condenser 
is incorporated in the set before try- 
ing to operate it. 

A DYNAMIC SPEAKER WITH "B" UNIT 

(45) Mr. Arthur M. Russell, El Paso, 
Texas, writes : 

(Q.) "Having purchased a dynamic 
speaker to operate from a 'B' power 
unit, I am at a loss to know how to 
connect it. No instructions were given 
with the speaker and my power unit 
is not arranged to be. used with a 
speaker of this type. The field wind- 
ing of the speaker is designed to oper- 
ate on 80 to 90 volts at about 80 mil- 
liamperes. The 'B' power unit sup- 
plies 180 volts at a current of 125 
milliamperes, and it has two other 
output taps for the detector and am- 
plifier. The amplifier supplies 90 volts 
and the detector 45 volts. 

"I believe that the field minding can 
be actuated from my power unit, but 
I do not know how to connect it. Will 
you show me how?" 

(A.) The field winding of your 
speaker can be connected to the "B" 
power unit, if it is used to replace one 
of the resistors in the voltage -divider. 
The most suitable point is between the 

MEASURE RESISTANCE 
BETWEEN THESE -- 

TWO POINTS 

A - 

TOTAL 
RESISTANCE - 

EQUAL 
TO "R" 

-B- 

o T 

B+ 
180v 

B+ 
90 v 

8+ 
DET 

ag 

8+ 
180 V 

R" 

9Ó V 

6+ 
DET 

DYNAMIC 
SPEAKER 

A speaker's field windings may replace one le;sloe 
ra u5ower unit, if the latter will supply sufficien4 

current for its operation. 

maximum "B+" terminal and the am- 
plifier tap. In order to insert the 
winding properly, the resistance be- 

tween the two points must be known 
or a variable resistor substituted in 
place of the regular resistor. The 
correct connections are shown. The actual 
resistance value between the ends of the 
resistor in question must be the same as 
the original value, or somewhat less, in 
order to maintain the taps at the rated 
values. 

A condenser of suitable capacity (determined by 
the owner's ear) will improve audio tone. 

Because of the large increase in 
the current drawn from the unit, it 
may be advisable to readjust all the 
resistance values in the voltage di- 
vider; and for this purpose, a wire - 
wound resistor with variable output 
taps is the most convenient. A power 
unit supplying more than 80 milliam 
peres must be used, since there would 
not otherwise be sufficient current for 
the tubes in the set. Many of the 
common "B" power units using full - 
wave rectifier tubes are designed to 
supply about 125 milliamperes, and 
this is sufficient for most receivers. 

If, as usual, the dynamic unit re- 
quires more current than the tubes 
of the set, this may be compensated 
by reducing the two lower -tap re- 
sistors; the voltages must be very care- 
fully checked with a high -resistance 
voltmeter. 

AUDIBILITY METER 

(46) William Laher, Ferndale, Michi- 
gan, asks: 

(Q. 1.) How may the comparative 
strength of received signals be ob- 
tained? 

(A. 1.) The comparative strength 
of a receiver signal may be indicated 
by an audibility meter. The careful 
comparison of two or more signals 
requires delicate instruments. Al- 
though the current received may be 
measured by sensitive galvanometers, 
the method requires careful manipula- 
tion and is not satisfactory. A simple 
method of obtaining good results is 
roughly to compare the signal strength 
when the phones are shunted with a 
known resistance. By reducing the 
resistance of this shunt until the sig- 
nal is just audible, it is possible to 
calibrate the variable resistance so 
that comparisons with other signals 
may be made. If properly calibrated 
the ratio of impedance of the head 
set and the impedance of the shunt 
resistance may be expressed in units 
of current, and can be taken as the 
degree of audibility of the signal. An- 
other method of determining signal 
strength is to compare the one signal 
intensity with another signal of known 
intensity produced by an oscillator 
using a high-pitched buzzer or a vacu- 
um tube. 

If the signal is just audible when 
99 per cent of the detector current 
flows through the shunt resistance 
and one per cent through the phones, 
the signal is said to have an audi- 
bility of 100. For use in connection 
with an oscillating detector circuit, a 
simple series resistance is not suffi- 
cient to give an accurate reading. 
Changes in the constants of the os- 
cillating circuit often cause variations 
in the phones which are out of propor- 
tion to the changes introduced. A 
series resistance must be added in 
the plate circuit to compensate for 
the reduction in resistance caused by 
the shunt resistance at the phones. 

One simple method of comparing 
signal intensities consists in using a 
crystal detector and a galvanometer 
by means of which currents as small 
as 10 microamperes can be measured. 
This experiment requires careful man- 
ipulation, and information regarding 
it will be found in circular No. 74 
of the U. S. Bureau of Standards. 
Careful comparison of two signals is 
a measurement which require appa- 
ratus available only in large labora- 
tories. However, where accuracy is 
not of prime importance, any one of 
the approximate methods are satisfac- 
tory. 

TONE CONTROL IN AMPLIFIERS 

(47) Mr. E. B. Hamilton, Pasadena, 
California, asks: 

(Q.) "Can you help me to solve a 
problem which has been bothering me 
recently? I have seen in a magazine 

r-' 

+B C- 

A unit of this type, such as used at one time in 
a receiver of a well-known make, permits the set 
operator to make adjustments on the tone quality 

of a program to his own taste. 

0000 MF. 

A001 MF, 

.ó00zS.r 

000S Mi 

n0i MF 

some time ago a method of control- 
ling the tone of a radio set, by con- 
necting condensers of different sizes 
across the audio frequency transform- 
ers. I have looked through all of 
my old copies of Radio News but I have 
not been able to find the article in 
question. As I remember the arrange- 
ment, a number of fixed condensers 
w re connected with a switch so that 
any one of the condensers could be 
connected across the transformer. I 
do not remember whether the condens- 
ers were connected to the primary 
or the secondary." 

(A.) We are printing two diagrams 
of tone control arrangements, which 
you can use to improve the quality of 
your receiver. It is well known that 
the tastes of people do not agree as 
to the quality of receivers, some 
owners desiring soft low type of tone, 
in which the low frequencies are com- 
paratively loud, while others desire a 
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sharper type of tone in which the 
middle frequencies are more predom- 
inant than either the high or lower 
tones. 

The use of a condenser of the cor- 
rect size across the secondary of the 
first audio frequency transformer will 
help to change the characteristics of 
this transformer in such a way that 
the tones on the correct part of the 
band are brought out more strongly 
than the others. This may be done 
in two ways. The first of these is to 
try different condensers across the 
transformer until the best one is 
found, and the other is to arrange a 
number of condensers of different sizes 
with a switch, so that the different 
capacities may be used by merely 
shifting the position of the switch. 
An arrangement of this kind is shown. 
An extra contact should be added with 
no condenser attached so that the ampli- 
fier can be operated without the shunt 
condenser if desired. 

The use of the switch method will 
allow a convenient variation of the 
tone for different types of programs. 
In other words, if an orchestra is 
being received, one type of tone may be 
desired, while if a lecture is being re- 
ceived, an entirely different type of 
tone may be preferred. 

The capacity needed to supply these 
different characteristics in the audio 
amplifier vary between a very small 
value, about .00005 and a large value. 
The maximum capacity rarely exceeds 
.001-mf, and this is the value shown 
on the accompanying diagram. A 
fixed condenser can be used in many 
cases to improve the characteristic 
of a poor audio transformer, by bring- 
ing out the section of the band which 
is weak, usually the lower frequencies. 
In using a condenser for this purpose, 
it is not necessary to use the bank 
of condensers, unless a change in the 
tone is desired, as explained above. 

RULES FOR RADIO INSTALLATIONS 

(48) Mr. D. S. Spiegel, Batavia, N. 
Y., asks as follows: 

(Q.1) Will you please state the re- 
quirements (fire insurance companies, 
or Bureau of Standards, etc.) , for the 
correct installation of an antenna and 
ground system? I am in the radio re- 
tail end of this game and do a lot of 
set installing. Installations of antenna 
are quite numerous and I desire to keep 
up-to-date with the new legal require- 
ments. 

(A.1) The following are among the 
safety rules for radio installations 
issued by the Bureau of Standards, 
which are given in full in its new Hand- 
book No. 9, "Safety Rules for Radio 
Installations." 

In erecting antennae and guy wires 
for your radio sets, see that you do not 
attach them to telegraph or electric 
light poles, do not carry your wires 
over streets or tracks and avoid cross- 
ing electrical conductors of all kinds. 

Antenna supports must be sufficiently 
rigid and of such size as to withstand 
any load which may come on them. 
Attachments to chimneys should be 
avoided. Metal poles, or masts extend- 
ing more than ten feet above the sup- 
porting building, must be permanently 
and effectively grounded. 

The bureau recommends that loca- 
tions involving crossings over railroads, 
supply lines, etc., be avoided; but where 
no other location is possible, special 
rules are given for the installation. 

In case of receiving sets, lead-in con- 
ductors shall be not less than No. 14 
wire (0.064 -inch in diameter) if of cop- 
per, nor less than No. 17 (0.045 -inch) 
if made of bronze or copper -covered 
steel. Clearances are given between 
lead-in wires and other conductors on 
the building, and it is recommended 
that lead-in conductors be "securely 
fastened in a workmanlike manner." 
The code also requires that the lead-in 
wire shall enter the building "through 
a rigid non-combustible, non -absorptive, 
insulating tube or bushing, or through 
a drilled window -pane." 

For receiving sets, grounds must be 
made to gas pipes, but should be made 
to cold -water pipes, if these are con- 
nected to a street main. An outlet pipe 
from a water tank fed by a street main 
or a well may be used, provided this 
outlet pipe ie adequately bonded to the 
inlet pipe connected to the street main 
or well. Where the wire is attached 
suitable clamps must be used, and the 
entire surface of the pipe covered by 
the clamp must be scraped clean. 

Rules for the application of protec- 
tive devices, such as lightning arresters 
and antenna -grounding switches, are 
also given. Each lead-in conductor for 
a receiving set must be provided with 
a lightning arrester, whether or not an 
antenna -grounding switch is used. The 
arrester may be either outside the 
building or inside if away from com- 
bustible materials. 

If your set is connected to a power 
supply -line, the device used and meth- 
ods of wiring must be in accordance 
with the rules covering permanent or 
portable fixtures, devices and appli- 
ances, as given in Section 37 of the 
National Electrical Safety Code. The 
wiring of storage batteries must also 
confor mthese rules and such batteries 
must be placed where there is adequate 
ventilation. 

Copies of this handbook may be ob- 
tained from the Superintendent of 
Documents, Government Printing Office, 
Washington, D. C., at 10 cents each. 

Definitions 

(49) J. Berger, Alotona, Pa., writes: 
(Q. I.) What are the definitions of the 

following terms: acoustic impedance, 
acoustic reactance, acoustic resistance, 
acoustic ohm? I recently came across 
these terms when reading a report of 
electric acoustic devices used with radio 
receivers. 

(A. I.) The Handbook of Radio Stand- 
ards of the National Electrical Manu- 

facturers' Association gives the follow- 
ing definitions for the terms mentioned: 

Acoustic impedance-acoustic impe- 
dance of a sound medium on a given 
surface is the vector ratio of the pres- 
sure (force per unit area) on that sur- 
face to the flux (volume velocity or 
linear velocity multiplied by the area) 
through that surface. The acoustic 
impedance may be expressed in terms 
of mechanical impedance, the acoustic 
impedance being equal to the mechan- 
ical impedance divided by the square of 
the area of the surface considered. 

Acoustic resistance-the acoustic re- 
sistance of a sound medium is the real 
component of the acoustic impedance. 
This is the component of the acoustic 
impedance resulting from the dissipa- 
tion of energy. 

Acoustic reactance-the acoustic re- 
actance of a sound medium is the imag- 
inary part of the acoustic impedance. 
It is the component of the acoustic im- 
pedance resulting from the effective 
mass or compliance of the medium. 

Acoustic ohm-an acoustic resistance, 
reactance or impedance is said to have 
a magnitude of one unit when a pres- 
sure of one bar produces a volume of 
one cubic centimeter per second. This 
is an acoustic ohm. 

A pressure of one dyne per square 
centimeter is called a bar. The above 
definitions are from a preliminary re- 
port of the Institute of Radio En- 
gineers. 

(go) J. B. McKngiht, San Diego, 

(6) J. B. McKnight, San Diego, 
Calif., asks: 

(Q. I.) Kindly give me the correct 
technical definitions of the following 
radio terms: sensitivity, selectivity and 
fidelity. 

(A. I.) The Institute of Radio en- 
gineers has compiled the following defi- 
nitions: Sensitivity is the degree in 
which a radio receiving set responds 
to signals of the frequency to which it 
is tuned. Selectivity is the degree to 
which a radio receiving set is capable 
of differentiating between signals of 
different wave frequencies. Fidelity is 
the characteristic of a system or a por- 
tion .of a system, by virtue of which it 
accurately reproduces at its output, the 
modulation of the signal which is im- 
pressed upon it. As applied to a radio 
receiving set, fidelity is measured by 
the accuracy of reproduction of the mod- 
ulation of the received wave at the out- 
put terminals. The term fidelity is 
therefore used to describe the faithful- 
ness of the reproduction of a sound. 

FIXING "STICKY" RADIO TUBES 

The solder on the ends of the con- 
tact pins of some radio tubes is 
slightly lumped, and prevents the 
tubes from sliding easily in and out 
of their sockets. To remedy this 
trouble, simply pare off the lumps 
with a sharp knife, or file the pins 
smooth with a fine file. 
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Why Batteries are Still in Fashion for Short -Wave Receivers 

ANY of us have probably won- 
dered why, in the numerous dia- 
grams appearing in the various 

i adio publications of short-wave broad- 
cast or code reception, "B" batteries, 
rather than socket -power devices, are 
always designated as a source of plate 
supply. That there is a good reason 
for this, however, in indicated by some 
interesting tests recently made. 

In the first place, a short-wave re- 
ceiver is almost invariably of the re- 
generative type, consisting of a detec- 
tor and one or two stages of audio 
amplification. It is designed on the 
low -loss principle (which in short- 
wave reception really means some- 
thing) and consequently is extremely 
sensitive and must be capable of main- 
taining the most critical adjustments. 
When it is used in connection with a 
power unit, the remaining unsuppress- 
ed A.C. hum, which may be entirely 
unnoticed in the ordinary broadcast re- 
ceiver, becomes pronounced and grows 
in intensity as the regenerative cou- 
pling is tightened. In addition to this 
residual A.C. hum, the alternating - 
current variations may also be picked 
up through the antenna system. Many 
radio fans, who possessed in the old 
days broadcast receivers of the regen- 
erative type, will probably recall how 
easily the 60 -cycle hum was picked up 
when the aerial lead-in paralleled the 
house wiring, even though it might be 
separated by many feet, and how the 
proximity of an electric light was suffi- 
cient to also cause this effect. 

Furthermore, a stable plate current 
is vital to success in short-wave re- 
ception. The tickler is almost always 
in a state of micrometrically-critical 
adjustment; consequently, if the plate 
current is not stablized and varies ever 
so slightly, it will cause the tube to 
spill over, thus necessitating readjust- 
ment. As the A.C. input to the power 
unit is varying constantly and this 
variation, on a smaller scale, is re- 
flected in the output of the device, the 
impossibility of maintaining a state of 
critical adjustment is obvious. 

This varying voltage is a factor also 
in broadcast reception on the higher 
waves, and has caused a few manufac- 
turers of "B" power units to incorpo- 
rate a regulator or glow tube in their 
outfits. This glow tube has as its func- 
tion the preservation of a uniform cur- 
rent flow, but, unfortunately, its cur- 
rent consumption is so heavy that it 
can be used only in eleminators especi- 
short-wave receivers to all forms of 
drags down the over-all voltage, causes 
choke -coil core saturation, and intensi- 
fies the A.C. hum. 

Because of the sensitivity of the 
short-wave receivers to al forms of 
electrical disturbance, background noise 
must be eliminated whenever it rests 
within the power of the set operator 

to accomplish this. Power units, when 
used on short-wave receivers and high- 
ly -sensitive broadcast sets, are inher- 
ently noisy, owing to line fluctuations. 
If some kind of vibrating household 
device, which operates on the make - 
and -break principle from the house 
current, is in use, it will generate 
strong waves, which will probably be 
picked up by the receiver through its 
antenna even when "B" batteries are 
used. However, when the receiver's 
plate supply is obtained from the same 
power source as that operating the in- 
terfering device, the interference will 
be greatly magnified. In neighborhoods 
supplied with direct current for light- 
ing, because of the fact that connec- 
tions are direct rather than through 
transformers, interference of this char- 
acter may attain astonishing volume. 

For this reason, additional impor- 
tance is to be attached to the increas- 
ing vogue of constructing the power 
unit and amplifier as a separate in- 
strument from the receiver proper- 
R.F. and detector. Not only is there 
greater flexibility in the use of a pho- 
nograph combination with the ampli- 
fier; but a small, highly - sensitive 
short-wave receiver may be used with 
the amplifier for the purpose of re- 
ceiving the programs now available 
from great distances. Even with a 
stage of R.F. ahead of the regenera- 
tive detector, as in the short-wave 
broadcast receiver rescribed in this is- 
sue of RADIO NEWS, the amount of cur- 
rent consumed by the two tubes re- 
quired would be but a small drain on 
batteries and entail little trouble. 

CIRCUIT CHANGES ON THE NEUTRO - 
HETERODYNE 

SINCE publishing a series of three 
articles describing the theory, 
construction and operation of the 

Reich Neutroheterodyne receiver and 
its power unit (in the May, June and 
July numbers), Radio News has re- 
ceived a considerable number of letters 
from readers who desire further in- 
formation on the circuit. Many of 
these contained simple questions about 
the construction of the set, but others 
suggested changes and improvements 
and requested our opinion on revised 
arrangements. Therefore, this article 
will consider the most popular queries 
received, for the benefit of those who 
are interested in the set but did not 
write in. Also, it will describe a cir- 
cuit improvement perfected by Mr. 
Reich since the publication of his ar- 
ticle. 

SCREEN -GRID TUBES NOT ADVISED 

Probably the question most frequent- 
ly asked us regarding the Neutrohet- 
erodyne receiver is this: "Is it advis- 
able to redesign the set to permit the 
use of 222 -type (screen -grid) tubes in 

the intermediate -frequency amplifier 
stages ?" In this connection it may be 
explained that the use of screen -grid 
tubes in place of 201-A type tubes in 
the intermediate stages of a receiver 
may result in one of two possible ad- 
vantages: either an increase of ampli- 
fication, or a decrease in the number 
of tubes. On the other hand, when 
used with 201A -type tubes, the Neutro - 
heterodyne, as now designed, at all 
times gives more than ample sensitivity 
and volume. Gaining additional sen- 
sitivity per stage, by use of 222 -type 
tubes, in order to make possible the 
elimination of one intermediate stage 
without reducing the range of the re- 
ceiver, is not entirely satisfactory; as 
the selectivity of the receiver would 
be impaired to an undesirable point. 
There would, therefore, be no real ad- 
vantage in the use of 222 -type tubes, 
and their use would introduce a num- 
ber of needless complications. These 
tubes also tend to be very micophonic. 

199 -TYPE OSCILLATOR 
The type of the tube used in the 

oscillator stage also attracted some at- 
tention. In the text and list of parts 
in the second instalment of the article, 
it was stated that either the 201A - 
or 199 -type tube may be used satisfac- 
torily in this position; and several ex- 
perimenters have found that better re- 
sults are obtained with the 201A -type. 
It is true that the coils of the set were 
designed especially for a circuit using 
a 201A -type tube and, when a 199 - 
type tube is used in the oscillator stage, 
there is some reduction in signal 
strength on long -wave stations. Also, 
the dials do not remain perfectly syn- 
chronized on all waves. 

If it is desired to use a tube of the 
199 -type permanently in the oscillator 
stage, it will be best to reconstruct the 
oscillator coupler. Adding five turns 
of wire to each winding of the coupler 
will make it possible to obtain the same 
efficiency with a 199 -type tube as from 
a 201A -type with the original coil. Also, 
the use of a 199 -type tube in this po- 
sition effects a reduction in the fila- 
ment current required for the receiver. 

When building the power unit for 
the receiver, it may be found necessary 
to reduce its size slightly in order to 
fit it into a console cabinet. It is pos- 
sible to make the power unit some- 
what smaller by removing two of the 
parts and placing them in the receiver. 
The first -detector "B" choke may be 
mounted above the first audio trans- 
former in the receiver, instead of in 
the power unit, and this arrangement 
will not affect the efficiency of the 
circuit in any way. In addition, if pre- 
ferred, the output choke coil may be 
mounted in the receiver, over the second 
audio transformer. Because of the 
limited space, it will be necessary, 
however, to use a choke coil having 
smaller mechanical dimensions. A 
choke of the type used in the first -de- 
tector "B" circuit may be employed for 
the purpose. 

In operating the receiver, with the 
first -detector "B" choke mounted in the 
power unit, if a fairly loud 60 -cycle 
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hum in heard at all times in the loud 
speaker, it probably is caused by stray 
fields from the power transformer, 
which are picked up by the choke coil. 
In order to eliminate this hum the 
choke coil should be turned about un- 
til best results are secured. If it is 
found impossible to eliminate the hum 
entirely, it may be necessary to place 
the choke coil in the receiver as de- 
scribed in the preceding paragraph. 
Also, the power unit should be placed 
at least three feet from the receiver 
wherever possible. 

ADJUSTMENT OF I.F. TUNING 
An important operating kink has to 

do with the connections to the adjust- 
able condensers which are used to 
tune the intermediate -frequency trans- 
formers of the receiver. One termi- 
nal of each condenser makes electrical 
contact with the adjusting screw; to 
prevent detuning during adjustment, 
it is essential that this terminal be 
connected to the transformer terminal 
R, and not to G. Also, it will be no- 
ticed that these condensers change 
slightly in capacity with their tempera- 
ture. It is, therefore, best to adjust the 
receiver carefully after the set has 
been in operation for several hours, 
and has warmed up completely. Also, 
it is well to check this tuning occosion- 
aly. 

A RECOMMENDED CHANGE 

Since the publication of this article 
on the neutroheterodyne in the June 
issue of RADIO NEWS, the designer of 
the set found that a considerable im- 
provement can be made by a slight 
alteration of the circuit. In the origi- 
nal circuit, the oscillator pick-up coil, 
which is in the secondary circuit of 
the first detector, is not included in the 
tuned portion of that circuit, and there- 
fore responds to its own natural fre- 
quency. It may happen very readily 
that this frequency corresponds to that 
of a short-wave transmitter; and in 
this case a small amount of energy 
from an undesired station will be su- 
perimposed upon the carrier of the de- 
sired station. Harmonics from the os- 
cillator may heterodyne an undesired 
station to the intermediate frequency, 
resulting in an audio -frequency hetero- 
dyne whistle. This trouble may be pre- 
vented entirely by including the coup- 
ling coil in the tuned portion of the 
detector secondary circuit; so that it 
will respond only to the frequency of 
the desired station, and not to its own 
natural frequency. 

It is a very simple matter to make 
this change, as only one connection is 
altered in the actual wiring. The 
frame (rotor plates) of the first -detec- 
tor tuning condenser is connected to 
the shielding instead of to the termi- 
nal R of the first -detector transformer; 
while R connects to the O terminal of 
the oscillator coil, as before. See page 
1339 o fthe June issue of RADIO NEws. 

With this arrangement, it is obvi- 
ously unnecessary to insulate the vari- 
able condenser from the panel shield or 
to substitute a bakelite shaft for the 

U 

M E. 

ROTOR 

SEC 

PRI 
la> 

üuCt 

8+ G 

5EC. 

N. 

C101 M 

A regenerative circuit employing the use of inductive and capacitative feed-back, termed 
"throttle control." 

regular brass condenser shaft. It is 
necessary, however, to reduce the num- 
ber of secondary turns from 70 to 60. 
THROTTLE CONTROL OF REGENERATION 

(5i) Mr. V. Sia, Shanghai, China, 
asks: 

(Q. 1.) What is "Throttle" control 
of regeneration? 

(A. 1.) This is control of regenera- 
tion by means of a variable by-pass 
condenser connected across the pri- 
mary of the audio frequency trans- 
former connected in the plate circuit 
or, from the plate binding post of this 
winding to the "A" battery. This is 
made clear in the circuit diagram, No. 
Q.-2160. 

Regeneration is controlled by means 
of variable condenser "C", which we 
may call the "throttle condenser." It 
may have a value of .0005 to .001 
uf., the exact value being governed 
by the natural capacities of the in- 
truments used. The distributed ca- 
pacity, as it is called, of the audio 
frequency transformer, is represented 
as "C-1." If its value is large, only 
a small capacity variation will be 
necessary in "C," to start and stop 
circuit oscillation; and if small, the 
value of the other may be made 
larger. 

The three -coil coupler is of stand - 
and type and may, for example, have 
the values stated below: 

Primary, 6 to 15 turns at the fila- 
ment end of the secondary. Secondary, 
about 50 turns of No. 24 D.C.C. wire 
wound on a 3 -inch tube, at the end 
of the primary winding. It is not 
necessary to space the primary and 
the secondary more than 1/s -inch. Ro- 
tor, 20 turns of the same size wire 
on a 2% -inch tube or ball, placed at 
the grid end of the secondary, and 
rótably arranged. If dry cell tubes 
having lower internal capacities are 
used, it will probably be necessary to 
increase the number of tickler, or 
rotor turns to about 35 to 40, in which 
case it may be more convenient to use 
a smaller size of wire. The exact 
number of turns for the tickler must 
be such that the rotor can be left in 
one position, almost full coupling, and 
not changed thereafter. The number 
of tickler turns must be so nropor- 
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tioned that throttle condenser "C" will 
fully control circuit oscillation at all 
wave -lengths, without recourse to an 
adjustment of "rotor." 

It is advisable to operate this cir- 
cuit with at least one stage of audio 
frequency amplification, as otherwise 
the capacity of the phone cords would 
become part of the "throttle" capacity 
and capacity effects would be very 
noticeable and annoying; every move- 
ment of one's head would vary the 
phone cord capacity and, thereby the 
regenerative balance of the circuit. 

(Q. 2.) What can I use to fill the 
unwanted holes in a panel used for 
experimental work? 

(A. 2.) Black sealing wax may 'be 
used for black panels and the proper 
shade of brown sealing wax for brown 
panels. The proper degree of "mot- 
tling" may be obtained by the addi- 
tion of a very slight amount of black 
sealing wax. 

(Q. 3.) How are panels given a 
dull finish? 

(A. 3.) The original polish of bake - 
lite, formica or hard rubber panels is 
easily removed with No. 00 emery 
cloth. The graining is usually done 
with a left -and -right motion. If a 
somewhat finer finish is desired, the 
panel may be rubbed with very fine 
emery powder. For bakelite, a light 
machine oil lubricant may be used with 
the powder; on hard rubber, oil should 
not be used, plain water being much 
better. 

LATEST HARKNESS REFLEX CIRCUIT 

(52) Mr. Stanley R. Hart, Phila- 
delphia, Pa., asks: 

(Q. 1.) Please show the latest Hark- 
ness reflex circuit. 

(A. 1.) The latest Harkness reflex 
is being shown in these columns. 

Radio frequency transformers R.F.- 
T.2 may be made by winding about 
50 turns of No. 24 D.C.C. wire on a 
three inch tube. One end of this 
secondary coil connects to the grid. 
The other end connects to "A" plus. 
About one -quarter inch from this end 
of the secondary is wound the pri- 
mary, which may consist of about 15 
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turns of the same size wire. 
In the earlier Harkness receivers 

the tuned radio frequency transformer 
marked R.T.F.1 consisted of two coils 
which we have designated "P" and 
"S." In the newer circuit it has been 
found possible to eliminate the 15 
turn primary, the aerial being con- 
nected directly to the grid end of the 
50 turn secondary (wound with No. 
24 D.C.C. wire on a three inch tube), 
through a very small variable con- 
denser instead of to the 10 turn tap 
or the end of the primary. The ca- 
pacity of this condenser is higher than 
the maximum capacity of the average 
condenser of the "neutrodon" type. It 
is of such small size that changes in 
its capacity change the wave -length 
very little, but an excellent control 
of selectivity is afforded by its use. 
This method of inducing antenna cur- 
rent to the control grid of an amplifier 
tube will probably come into more gen- 
eral use. 

The neutralizing condenser marked 
N.C. may be of the usual "neutrodon" 
type. 

Resistances R-1, which may be vari- 
able grid leaks, will probably be re- 
quired if the General Radio No. 285 
audio frequency transformers are 
used. The .0001 mfd. fixed by-pass 
condenser may not be required with 
these transformers if the metal shell 
is connected to "A" minus. 

Before the neutralizing condenser is 
adjusted a loud howl should be heard 
when both tuning condensers tune 
their respective circuits to the same 
wave -length. 

The variable condenser rotor plates 
are indicated by the arrowheads. 

If a three to six and one-half volt 
"C" battery is placed at "X", it will 
be possible to use high as 135 volts 
in the amplifier "B" battery. 

(Q. 2.) Why are the amateurs per- 
mitted to send "CQ" in code a dozen 
or more times, at a wave -length of 
80 meters, when the Government has 
requested that these letters be sent 
only a few times? 
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tenna systems. Due to the extremely 
sharp tuning at such short wave- 
lengths, it is necessary that the re- 
ceiving set be adjusted very slowly. 
For this reason the amateurs have 
been permitted to repeat this general 
call many times before signing the 
letters assigned to the sending sta- 
tion. This gives the receiver a chance 
to properly tune in the calling station, 
an operation requiring much more 
time on the short wave -lengths than 
at the longer wave lengths or when the 
continuous waves are interrupted. Such 
interrupted or modulated signals are 
more readily tuned in, but this type of 
transmission is not permitted on the 

wave -length band you refer to. 

lutely necessary that this primary con- 
nect ONLY to the two posts indicated 
as "output." 

The Neutrodyne is adjusted for the 
maximum wave -length, which will be in 
the neighborhood of 600 meters. After 
once being adjusted, there is no further 
adjustment of this receiver required. 
The tuning controls are now reduced to 
two, the two tuning condensers in the 
frequency changer. 

The object of the O'Conner Frequency 
Changer is to transfer incoming re- 
ceived signals to the wave -length for 
which the regular receiving set has 
been tuned to respond. 

This effect is obtained by means of 
the usual "Heterodyne" method. 

In "heterodyning" a signal from one 
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O'CONNOR FREQUENCY CHANGER 

(53) Mr. W. T. Lambert, W. Palm 
Beach., Fla., asks: 

(Q.1) Please give full construction 
details for making the O'Connor Fre- 
quency Changer. I wish to use it in 
conjunction with a Neutrodyne re- 
ceiver. 

(A.1) Full details for the ar- 
rangement you mention appeared in the 
June and August, 1925, issues of Radio 
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(A. 2.) Th regulation was in- 
tended to apply to spark transmission, 
not C.W. (continuous wave) trans- 
mission, with , inductively coupled an- 
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Broadcast Magazine. The important 
details are contained in the text below: 

"Pri. 1" is the primary winding of 
the first neutroformer, and it is abso- 
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wave -length (frequency) to another, a 
second, or "beat" frequency is used. 
The difference between the beat fre- 
quency and the incoming signal is 
called the "intermediate" frequency. 
In regular Super -heterodyne the "in- 
termediate" frequency is of a wave- 
length between 1,000 and 10,000 
meters. In the arrangement shown in 
this month's "I want to Know" depart- 
ment the intermediate frequency is 
about 600 meters, the exact wave- 
length being determined only by the 
adjustment of the standard receiver 
being used, in this case one of the 
Neutrodyne type. 

There is one big advantage in the 
use of the combination shown which 
will appeal to any one having had 
previous experience in operating a 
standard Super -heterodyne. It will be 
recalled that stations in the middle of 
the tuning band were heard at two 
different points on the oscillator dial. 
Those unfortunates having sets that 
tune in stations from three to eight 
times are probably wishing their sets 
would work in such a way as to bring 
in stations at not over two points on 
the oscillator dial; but such receiving 
sets have other afflictions than an in- 
termediate frequency amplifier-signal 
response to wave -lengths between 1,000 
and 10,000 meters, the cause for recep- 
tions of stations at two points on the 
oscillator dial. 

By using the extremely low inter- 
mediate frequency of 600 meters, it is 
not possible to hear twice any broad- 
cast stations that operate on the pres- 
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ent American wave -length band of 200 
to 545 meters, so far as intermediate 
frequency amplifier design, the main 
governing factor, is concerned. 

The oscillator design has a wave- 
length range of approximately 161 to 
287 meters, in order to heterodyne 
stations in the regular broadcast range 
so as to produce the 600 -meter inter- 
mediate frequency. 

The oscillator design is as follows: 
"L" and "L-1," 49 turns of No. 24 

D. C. C. wire, wound double -"spider - 
web" or "Lorenz" fashion. The coils 
are %-inch thick, with a %-inch core, 
and are slidably arranged on a 3- or 
4 -inch insulating rod, the best coupling 
of the two coils being determined by 
test. 
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A crystal -tube combination. 

The exact number of turns required 
for "L" is readily determined experi- 
mentally, by varying the number of 
turns in this grid coil until a 545 - 
meter signal station is heard with the 
oscillator dial at about 95. 

The use of the .00013 uf. condenser 
results in obtaining tuning over ex- 
actly the wave band desired, with a 
half -circle variation of the capacity of 
the .00025 uf. condenser. 

The "B" and "A" battery shown 
may be the regular current supply to 
the radio set. Be sure "B" minus con- 
nects to the same "A" battery ter- 
minal of both the oscillator and the 
regular set. Probably not more than 
10 turns will be required in "Pri.1," 
depending upon the particular tube 
used as the detector -oscillator. 

(Q.2) Please show a circuit using 
the regular three -circuit coupler, but 
with provision for: 

(a) Grid leak rectification. 
(b) Grid bias rectification. 
(c) Crystal detector rectification. 
I would like to have any one of 

the three arranged to be had option- 
ally. 

(A.2) The circuit requested is 
shown. 

Switches Sw. 1 and Sw. 2 may be 
of the push-pull type, in which event 
.he crystal shorted by Sw. 1 should 
preferably be of the fixed type. 

The grid leak shorted by Sw. 2 is 
rariable, and must be of the very 
finest quality, otherwise noisy opera- 
tion is sure to result. 

Variable condenser "C" is a Chelton 
Midget, or the equivalent thereof. 

A 400 -ohm potentiometer is to be 

preferred. 
The writer is of the opinon that 

this is the first time this composite 
diagram has ever been shown. It 
affords complete mastery of the major 
rectification means. 

The "B" potential should be varied 
to determine the best value. It will 
probably be found that 221,E volts is 
the required potential. 

Try reversing tickler leads. 
Crystal rectification and grid -bias 

rectification are best for quality; grid 
leak rectification is best for sensitivity. 

Condenser rotor plates are indicated 
by the arrowhead. 

(Q.3) I would wish to be advised 
as to how my 2-variometer circiut can 
be arranged so that there is regenera- 
tion control by means of a potentiome- 
ter. I have a 400 -ohm potentiometer 
I can use. The two variometers are 
in inductive relation, ' resulting in 
strong circuit oscillation at the shorter 
wavelengths. 

(A.3) We have modified your cir- 
cuit in the manner requested. It is 
shown in diagram Q.2161 -B. 

We are inclined to believe it would 
be better to transpose the aerial and 
ground connections, although it is 
stated that results are exceptional with 
the arrangement shown. 

FILTER AND TESTING CIRCUIT 

(54) Mr. Herbert Chamberlain, Plain- 
field, N. J., writes : 

(Q.1) I understand there is a 
special filter circuit for sharp tun- 
ing. Kindly show this diagram. 

(A.1) The filter circuit you men- 
tion will be found in these columns. 
Vernier condensers or attachments will 
probably be found necessary with this 
arrangement. The amount of energy 
transferred is controlled by the vari- 
able resistance. The inductive rela- 
tion must be as shown in the dia- 
gram. One is assured of an excep- 
tionally selective regenerative receiver, 
if this construction is followed. 

(Q.2) What are wiring diagram 
connections of the Jewell Radio Test 
Set? 
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(A.2) This diagram is shown in 
these columns. This unit has been 
specially designed for tube testing, and 
a complete set of curves may be made 
showing every D.C. characteristic of 
any vacuum tube, by the use of this 
instrument. In addition, the indi- 
vidual instruments may be arranged 
for innumerable other tests. See the 
January, 1924, issue of Science and 
Invention magazine, which contains an 
excellent article on modern testing 
sets, including, one for the determina- 
tion of the A.C. characteristic of 
vacuum tubes. 

It will be noticed that the rheostat 
is in the positive lead. This is for 
the purpose of securing a zero grid 
potential when the potentiometer arm 
is placed half way between the two 
ends. Were the rheostat in the nega- 
tive lead with the grid return to "A" 
minus, a negative grid bias would be 
placed on the grid, and this grid bias 
would not be indicated by the grid volt- 
meter, unless the grid return connected 
directly to the filament, when the ap- 
plied plate voltage would be lowered, 
due to the rheostat resistance. This 
drop in voltage will not be shown by 
the plate voltmeter, in either case. 

(Q.3) Why does my potentiometer 
smoke (two of them have burned out) 
when connected up? 

(A.3) You may have an imperfect 
instrument. Usually, though, it is an 
entirely different cause. If the poten- 
tiometer arm and one end of the 
potentiometer winding are connected 
across the "A" battery and the switch 
arm placed so that only a few turns are 
included in the circuit, the fine wire, 
unable to carry the current, will fuse 
(burn out). Only the two outside 
ends of the potentiometer winding 
should be connected across the battery 
(switch arm going only to the grid 
return lead). The total resistance of 
the entire winding is so high that it 
cannot fuse or melt under this, the 
correct, connection. 

Variometers are used in this circuit 

.001 MF 

(ggie9.22-PRI. OI 
.00025 MFD. OI 

V OI 
C> 

2 MEG. 

'VIA 400 CHM POT EN. 

SEC. 

i V_L - Zy 

- 
+ 60V. 



1001 Radio Questions and Ansu'err 57 

OBTAINING CURRENT SUPPLY 
FOR AN ELECTRODYNAMIC 
SPEAKER 

MANY owners of electric receivers, 
who have purchased new electro- 

dynamic loud speakers in an effort to 
obtain the utmost in radio reproduc- 
tion, have found themselves confronted 
with a very perplexing problem. Un- 
like others, an electrodynamic unit re- 
quires an external source of direct 
current to excite its special field wind- 
ing, and the speakers will not operate 
unless this power is supplied. The 
amount of current consumed by the 
field coil varies in different speakers, 
but most units need aproximately 

%- ampere D.C. at 6 volts. However, this 
potential is not available in circuits 
where the tube filaments are heated 
with alternating current. 

Nevertheless, this current may be 
obtained very easily from a standard 
trickle charger; as the current used 
by the field coil need not be pure D.C. 
and any rectified A.C. of the proper 
voltage will give satisfactory results. 

AN INGENIOUS METHOD 

In addition to the electrodynamic 
speakers which operate at low voltages 
there are other types which require a 
potential of 100 volts or more at a 
current of approximately 50 milliam- 
peres. When using a speaker of this 
type in connection with an electrified 
receiver the power may often be obtain- 
ed by using the field coil of the loud 
speaker in place of the filter -choke coil 
in the "B" -power unit. 

USE OF SEPARATE AMPLIFIER 

THERE is no unanswerable reason 
why the audio -frequency amplifier 

of a receiving installation should be 
built as part of the radio set; while 
on the other hand, it is often more 
satisfactory to construct it as a sepa- 
rate unit. The practice of combining 
the audio amplifier with the "B" 
socket -power unit is now becoming 
very common, and has received the 
endorsement of a large number of 
radio engineers. 

With the amplifier and "B" supply 

Grid 

device in one unit, the installation is 
much more flexible; as it may be con- 
nected quickly and easily with any 
type of either radio set, phonograph 
pick-up unit, or microphone. In ad- 
dition, this prevents the necessity of 

improve it. I believe that the reflex 
system would be th.e most suitable, as 
it is not practical to use many tubes 
here on account of the necesity of 
using dry batteries. I am an old 
reader of Radio News, and I am ccr- 
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The increasingly opular Filter Circuit to be that of an except'onally sharp tuning, complete receivers 
Careful instrument layout, careful construction and good apparatus will be required for best results. 

rebuilding the audio amplifier every 
time one builds a new set, and elimi- 
nates the danger involved in having 
exposed high-tension wires between the 
"B" -supply unit and the power tube. 

The reproduction obtained will be no 
less satisfactory when an external am- 
plifier is used, provided one simple 
precaution is taken in the design of 
the receiver; i.e., an R.F. choke coil 
and a by-pass condenser must be con- 
nected in the plate circuit of the 
detector tube. The by-pass condenser 
should have a capacity of approxi- 
mately .001-mf. and be connected be- 
tween the detector plate and the "A-" 
lead. The R.F. choke coil should be 
mounted near the detector tube and 
connected directly in series with the 
lead to the A.F. amplifier. 

REFLEX WITH REGENERATIVE DETECTOR 

(55) Mr. M. Gayman, Beamsville, On- 
tario, Can., asks : 

(Q.) "Will you supply me with the 
diagram of a receiver using a stage 
of reflexed amplification and a regen- 
erative detector? I have a one -tube 
set using a capacity -controlled regen- 
erative detector and I would like to 

Plate 

Direct current tube characteristics are indicated with test sets connected as shown. A different circuit 
arrangement is required for determining the exact characteristics under alternating current conditions. 

tainly pleased with the 'new' maga- 
zine. It is a great improvement over 
the old system." 

(A.) We are printing, as Fig. 
Q2330, the diagram of a set of the 
type that you desire. In order to 
obtain the best service, the radio - 
frequency amplifier must be neutra- 
lized or stabilized and, for this reason, 
a double primary coil is employed. The 
coil L2 which you are using in your 
present set will be satisfactory as a 
R.F. coupler if you remove the pri- 
mary winding and replace it with a 
double winding. This is done by tak- 
ing two pieces of wire of the same 
length and gauge and winding them 
together on the coil; the correct length 
in this case is the same that is used 
in the primary at present. 

The aerial coil Ll is wound on a 
tube of the same size as the detector 
coupler and similar to it, with the 
same size of wire, etc. The primary 
is placed on the same tube, about 14 - 
inch away from the secondary, and 
contains 8 to 10 turns of wire. 

The other apparatus, needed for the 
double -purpose amplifier, is as follows: 

One .0005-mf. variable condenser Cl; 
One audio - frequency transformer 

(about 3:1 or 4:1 ratio) Tl; 
One 3 -volt "C" battery (or two 

flashlight cells in series) ; 

One neutralizing condenser (about 
20-mmf. capacity) NC; 

One dry -cell tube Vl and socket; 
One .005-mf. fixed condenser C6; 
One .00025-mf. fixed 'condenser C5; 
One .0001-mf. fixed condenser C4; 
One 30 -ohm rheostat Rl; 
One radio -frequency choke (about 85 

millihenries) RFC; 
Binding posts, wire, etc. 
Place the two coils at right angles 

and as far apart as possible to pre- 
vent any interaction, and keep all the 
grid and plate wires away from each 
other. If the set does not operate cor- 
rectly when first tried, reverse the con- 
nections to the primary of the A.F. 
transformer to obtain the correct rela- 
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tion between the various circuits. The 
neutralizing condenser is adjusted un- 
til the amplifier does not oscillate; first 
connecting a pair of phones in the 
plate lead of the detector tube and 
turning off the rheostat in the radio - 
frequency amplifier. Then adjust the 
neutralizing condenser until the sig- 
nals fade out or are at minimum vol- 
ume. The regeneration in the detector 
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of as much as 8 to 1. A ratio of this 
kind is, of course, necessary for the 
dynamic speaker where large current 
changes, and not voltage changes, are 
required. With the magnetic speaker 
somewhat more different is the case; 
that is, voltage changes as well as 
current changes produce the greatest 
armature variations. 

Fig. 8 shows the method employed 
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The reflex two -tube receiver shown here (see preceding page for description) adds one tube to a single - 
circuit regenerator and makes a "bloopless" circuit with R.F. and A.F. stages. 

should be suppressed, so that the de- 
tector will not oscillate while adjust- 
ing the amplifier. Then remove the 
phones from the detector plate lead 
and the set is ready for operation. 
During the neutralizing of the ampli- 
fier the two phone or loud -speaker 
binding posts should be connected to- 
gether, so that the plate circuit will 
be complete; or the loud speaker 
should be left connected to these bind- 
ing posts. 

Diagram appears on the following 
page. 

USING TWO SPEAKERS 
The experimenter who, for peace in 

the family, uses a commercial receiver 
with a built-in dynamic speaker may 
wish to equip this receiver with an ad- 
ditional speaker of the magnetic type. 
Having speakers at various locations 
throughout the home is by no means 
new. But a number of us have been 
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a little timid at the idea of tinkering 
with the family receiver. In Fig. 7 is 
shown the average push-pull commer- 
cial hook-up. Here T2, the output 
transformer of the push-pull stage, is 
of the step-down variety. This trans- 
former has in some cases a step-down 

A+ 8+ 
90V. 

in connecting the additional parts to 
the circuit. Cl and C2 are 2 mfd. 
400 -volt filter condensers. AC1 is an 
audio choke of 30 henries. C2 is 
connected in the grounded metal por- 
tion of the receiver chassis and gives 
added protection if, as in some re- 
ceivers, the chassis ground is at a "C" 
potential instead of a "B-." A neat 
arrangement may be worked out to 
suit the experimenter's fancy by wir- 
ing outlets in the various rooms where 
"local speakers" are desired. 

DRY CELL TUBE SET 

(56) Mr. James Hardwick, South 
Dartmouth, Mass., asks: 

(Q.1) Will you kindly furnish me 
with a schematic diagram of a set 
incorporating the following items I 
now have? A variocoupler, a fixed 
radio frequency transformer, a vari- 
ometer, two audio frequency trans- 
formers, five WD -11 tubes and a 
variable grid leak. 

(A.1) We are herein showing a cir- 
cuit incorporating the parts you name 
and a few other necessary items. 

You do not state whether your coils 
are of the two -coil or of the three -coil 
type. If of the latter form of con- 
struction, it may be a good plan to 
connect the tickler coil as indicated 
by the dotted lines, resulting in a 
Superdyne effect that will enable you 
to move the potentiometer arm more 
toward the negative end, resulting in 
greater amplification. Since turning 
the tickler coil through a full circle 
will be the equivalent to reversing the 
connections on the tickler, it is not 
necessary to take especial pains as to 
which way the rotor is connected in 
the circuit. 

(Q.2) Will the UV -712 audio -fre- 
quency transformer work with the UV - 
199 tube? 

(A.2) This transformer is quite 
suitable for amplification of code sig- 
nals due to the high ratio of 9:1. It 
may also be used in the reflexed stage 
of a reflex set intended for broadcast 
reception. A lower ratio transformer 
is more suitable for an amplifier of 
broadcast programs. 

(Q.3) Is there any difference be- 
tween the grid lead and the grid re- 
turn lead? 

(A.3) Peculiarities of certain cir- 
cuits modify the usual understanding 
of these two terms, which is that the 
grid return lead is wire connecting the 
grid to the tuning inductance; a grid 
condenser is sometimes connected in 
series with this lead. The grid return 
lead is considered as that wire con- 
necting the tuning inductance to the 
filament circuit. 
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FIVE -STAGE NEUTRODYNE 

(57) Mr. Jerome Fennimore, Basking 
Ridge, N. J., asks : 

(Q.1) What is the tube tester dia- 
gram using an oscillating circuit? 

(A.1) This is standard. It will be 
found in these columns. 

The inductance may be made by 
winding 50 turns of No. 22 D.C.C. 
wire on a tube about 114 inches in 
diameter. There is a tap at the middle 
of this collodion coated coil. 

A Weston thermo - galvanometer 
("G") model 425, is used, having a 
range of 0 to 115 milliamperes. 

The D.C. ammeter ("A") is a Wes- 
ton model 301, 0 to 1 amp, range, 
instrument. The D.C. voltmeter ("V") 
is also a model 301 Weston with a 
range of 0 to 7 volts. 

The voltages shown must be used. 
Tubes having 0.06, 0.25 and 1.0 amp. 

filaments at the respective voltages of 
four and one-half, six and six volts, 
may be tested. Different tubes known 
to operate satisfactorily should be put 
into the tester and the readings noted. 
An average reading may thus be de- 
termined, by which unknown tubes 
may be checked. 

(Q.2) I would like very much to 
have you publish a picture diagram 
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showing how to use a three -slide tuner 
in a regenerative circuit. 

(A.2) We are showing you two 
ways of using your tuner in a re- 
generative circuit. 

Circuit A shows the Weagant sys- 
tem of producing regeneration oscilla- 
tion. 

The radio frequency choke may be 
made by winding about 250 turns of 
No. 36 B. & S. gauge S.C.C. wire on 
a tube about two inches in diameter. 

Circuit B shows the negative fila- 
ment as connecting to a middle tap 
on the coil. Instead of tapping here, 
however, connection may be made to 
one end of the coil, as shown by the 
dotted line. Mark X denotes a break 
if the filament is connected as per the 
dotted line. 

(Q. 3.) Since it is possible to make 
a satisfactory Neutrodyne having 
three dials, why would it not be pos- 
sible to make one having five or six 
dials? 

(A. 3.) It is possible, but not easi- 
ly done. If care is taken in the con- 
struction of the set, it would be inter- 
esting to construct one along the lines 
of the Neutrodyne circuit illustrated 
in this issue.. 

Probably the best way to go at this 
unit is to first make up the set with 
only the usual two stages of neutral- 
ized radio frequency. Then, one -by - 
one, build additional stages, carefully 
neutralizing and balancing each suc- 
cessive one. As soon as a stage is 
balanced, the aerial and ground are 
removed and that coil to which the 
aerial and ground were connected now 
becomes the plate circuit primary 
winding for the next stage. 

All neutroformers and condensers 
should be of the one make and type 
selected. N-1, etc., are the usual neu- 
tralizing capacities. C-1, etc., are the 
usual tuning variable condensers, all 
of the same capacity. 

The combination shown is one of 
extreme sensitivity and selectivity. 
Audio frequency amplification may be 
added in the usual manner, if desired. 
One stage, using a transformer of 
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It may be quite difficult to neutral- 

ize some of the stages unless the neu- 
troformers are counted in such a way 
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This is an experimental Neutrodyne diagram. A detector rheostat, not shown, is required in the positive lead of this tube. Reception reports should be addressed to the "I -Want -To -Know" department. 

as to be rotable through an arc of 
perhaps five degrees to the right or 
left of the calculated angle. 

This set will not function if the 
parts are crowded. 

The neutroformer windings are on 
tubes 2344 inches in diameter. No. 26 
S.S.C. wire is used. The neutrodon 
taps are taken 15 turns from the grid 
end of the secondary. 

To prevent oscillation, it may be 
necessary to use only four to six turns 
in the radio frequency tube plate pri- 
maries. 

A PORTABLE RECEIVER 

Quite a number of our readers ap- 
pear to be interested in the construc- 
tion of a portable set to be used in a 
car. A set which will operate effi- 
ciently in this position must have con- 
siderable amplification because of the 
comparatively poor pick-up which will 
be obtained. In Fig. 5 we are show- 
ing a schematic diagram of a 5 -tube 
set, using two screen -grid tubes and 
three UX-199 tubes. Although the 
apparatus in this set seems to take a 
considerable amount of space, it can 
actually be arranged in a small enough 

shields." This conserves space and 
also allows more flexibility in the con- 
struction of the set. 

The coils Ll and L2 are wound on 
2" tubes and contain 70 turns of No. 
26 D.C.C. wire. The shields for these 
coils should be either box -shaped or 
cylindrical, and they should be 31/2" 
across or in diameter. The filament 
resistors RI and R2 have a value of 
15 ohms with a tap at 5 ohms. This 
tap provides the C bias for each of 
the tubes. Resistor R3 is a 2 megohm 
resistor which completes the grid cir- 
cuit of the screen grid tube. Resistor 
R4 is also a 2 megohm resistor and is 
used as the grid leak. Resistors R5, 
R6 and R7 are filament ballast resist- 
ors designed for use with the 199 type 
tubes. Condensers Cl, C2, and C3 are 
variable condensers; C2 and C3 may 
be ganged together. C4 and C5 are 
coupling condensers, while C6, C7, CS 
and C9 are by-pass condensers. C6 
has a value of .002 mfd. and the 
other three by-pass condensers have 
a value of 1 mfd. The transformers 
Tl and T2 are ordinary audio fre- 
quency transformers with a ratio of 
2 or 3 to 1. The choke coils CH1, 
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One of the many variations possible wherein a variocoupler, fixed -tune radio frequency transformer, and continuously variable inductance (variometer) are used. Only two dials are required for this set. The R.F. transformer should not have a sharp peak at one wave -length. 
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CH2 and CI -13 radio frequency chokes 
with an inductance of 80 or 85 milli - 
henries. 

In laying out the parts for the set, 
care must be taken to prevent any 
feed -backs occurring between the vari- 
ous stages. In order to do this, the 
grid and plate leads should be kept 
as short as possible, and if practical, 
they should be enclosed in copper tub- 
ing with the tubing grounded to the 
negative filament. The loop aerial is 
one of the ordinary types and a suit- 
able one may be made at home if de- 
sired. A wooden frame, 18" square 
and wound with 15 turns of No. 18 
or 20 wire around the frame with 
a spacing of 14" between the turns 
will be suitable. 

After we have assembled the set, 
the next thing to do is to connect the 
batteries. The filament supply con- 
sists of a group of dry cells with 

the spark plug and the wire from the 
distributor. The choke coil should be 
shielded in a metal can to prevent 
inductive reaction between choke and 
the receiver. 

The portable set which we have de- 
scribed above is only portable from 
the standpoint of being transported 
in a car or other suitable conveyance. 
The batteries and apparatus in the set 
would make it too bulky and heavy to 
be carried by hand, and it could not 
be made lighter without reducing its 
efficiency. 

"MICROPHONIC" NOISES 

Very often in amplifying circuits 
where "hig-mu" tubes are used, a 
howl is noticed in the loud speaker, 
which is not changed by adjustments 
of the receiver. If this happens the 
tubes are said to be "microphonic." 

How TO DRILL HOLES EXACTLY 
AS LAID OUT ON THE PANEL 

No one knows better than the am- 
ateur radio constructor the difficulty of 
drilling a panel so that it comes out 
perfectly true. A panel may be laid 
out correctly and the center punch 
used for locating the start of the drill; 
and yet, due to the travel of the drill 
point, the drill holes will be off center. 

A simple method for overcoming this 
trouble follows: The panel is laid out 
in the usual way with the center 
punch. Then with a rose countersink 
drill out a "bed" which will just take 
the slope of the drill point, as shown 
in the illustration. This scheme is 
a sure way of starting the drill point 
on true center and never fails of 
getting a hole drilled where it is 
wanted. 

-Contributed by Lester P. Young 
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three cells in series for each section. 
If two of these sections are made and 
the positive and negative terminals 
of these sections are connected to- 
gether, the battery will last much 
longer than if a single section were 
employed. In connecting the three 
cells in series, the positive terminal of 
the first cell should be connected to 
the negative terminal of the second; 
the positive of the second should be 
connected to the negative of the third 
and the remaining positive and nega- 
tive terminals should be connected to 
the filament circuit of the receiver. If 
possible, a "B" supply of 135 volts 
should be used, although satisfactory 
results can be obtained with 90 volts 
on the plates of the screen grid tubes. 

The construction of the set for use 
in an automobile brings another point 
to mind. If the set is to be used 
while the car is in operation, trouble 
might be encountered with interfer- 
ence from the ignition system. The 
most practical way to overcome this 
interference is to place resistors or 
choke coils in series with the leads 
from the spark gaps. If resistors are 
employed, they should have a value 
of 20,000 ohms and should be of the 
carbon type. If choke coils are used, 
they should be wound with heavy wire. 
A suitable choke may be wound by 
winding 8 to 10 turns of No. 16 D.C.C. 
wire on a tube 1%" in diameter. This 
choke coil is merely placed between 

This condition can usually be cor- 
rected by moving the reproducer away 
from the receiver; although it may 
be necessary to mount the tubes on 
sponge rubber to dampen the vibra- 
tions. There are on the market at 
present several types of shock -proof 
sockets which are helpful in prevent- 
ing this microphonic ringing. Ex- 
changing tubes in the sockets is also 
helpful in some cases. 

PEPPING UP THE VETERAN 
RADIO TUBES 

A simple and efficient method of 
rejuvenating tubes which have "gone 
dead" is to turn their filaments up to 
normal brilliancy and then to reverse 
the polarity of the "B" battery, con- 
necting its positive terminal to "A+" 
and its negative to the lead which is 
normally connected to the "B+." The 
tubes should be left connected in this 
manner for a full hour; the filament 
current should then be turned down 
to the lowest point and left this way 
for another half hour. 

In cases where the tubes are unusu- 
ally poor, the treatment may have to 
be repeated. After the tubes have 
been allowed to cool off, the batteries 
should be connected in their correct 
manner. It should be borne in mind 
that some types of tubes are not suit- 
able for rejuvenation; such are the 
200A, and certain power tubes. 

A WELL DESIGNED SUPER - 
REGENERATOR 

(58) I\ 1r. S. K. Walker, North Ber- 
gen, N. J., asks : 

(Q. 1.) Will you please furnish me 
with the circuit diagram of an effi- 
cient and well -designed Super -Regen- 
erative circuit, one that you think 
would give satisfactory results? 

(A. 1.) The accompanying diagram 
of the wiring connections, with de- 
tailed data, of super -regenerative re- 
ceiver are self-explanatory. 
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The loop aerial used in conjunction 
with this set is wound with 7 -strand 
No. 22 twisted wire, 12 turns, sepa- 
rated V2 -inch on a 42 -inch square. An 
aerial, 150 feet long, of No. 14 wire, 
which is connected to the top binding 
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post of the loop, effects reception over 
a radius of about 1,000 miles. This 
distance increases by 150 miles as the 
operator learns to handle the set. One 
stage of audio frequency is added, to 
enable the use of a loud speaker. 

These are the necessary parts of 
the set: 

One variocoupler of special design, 
consisting of tubing 4 inches high and 
4 inches in diameter, with a regenera- 
tor inductance coil at the bottom, con- 
sisting of 35 turns of No. 22 DCC 
wire, and at the top a stator winding 
of 26 turns of No. 30 DCC wire on 
each half. The rotor, which is 8 
inches in diameter and 1/ inches 
long, is wound with 26 turns of No. 
30 DCC wire. All this is mounted on 
a 41/2"x41/2"x7/8-inch wood block and 
shellaced. 

One Air -choke Coil wound with 400 
turns of No. 28 enameled wire on a 
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3 Power -Tube Sockets; 
3 UV -202 or UX-210 Tubes; 
1 Bakelite Panel, 12x21x3/16 inches; 
2 "C" Batteries, 0-12 volts; 
1 "B" Battery, 100-200 volts; 
4 3 -inch Dials; 
2 Contact Arms, 11/2" radius; 
30 Contact Points; 
6 Terminals for loop and battery con- 

nections; 
2 Honeycomb Coils, 1,500 -turn. 

SUPER-PLIODYNE 9 -TUBE RECEIVER 

(59) Mr. D. Stanley, Tuxedo, N. Y., 
asks as follows: 

(Q. 1.) Please furnish me with the 
schematic wiring diagram of the Su- 
per-Pliodyne 9 -tube receiver, which in- 
corporates a special means of con- 
trolling oscillations in the R.F. stages, 
six stages of tuned -radio -frequency 
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A three -tube Super -Regenerative Circuit which the average constructor can build with the assurance that 
the troublesome defects, usually encountered i,, this type of circuit, are eliminated or minimized :o a 
great extent. Very satisfactory loop reception may be expected, if this circuit is constructed properly. 

5 -inch tube 8 inches long, supported 
by blocks cut to fit under each end 
and shellacked. 
3 Variable Condensers, .001 -uf.; 
1 Fixed Condenser, .005 -uf.; 
3 Filament Rheostats, one with ver- 

nier; 
1 A.F. Transformer; 

amplification, detector and two stages 
of audio. Also any constructional data 
or constants. 

(A. 1.) This receiver is manufac- 
tured by their courtesy. All the vari- 
able condensers (C1, C2, C3, C4, C5 
C6 and C7), are .0005-mfd. capacity. 
These condensers are all geared to- 
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gether, thus giving you one dial for 
control. The transformers employed 
allow broad tuning. This is the rea- 
son for the use of so many stages 
tuned, simultaneously. 

The primaries (L1, L3, L5, L7, L9, 
L11, L13) consist of 25 turns, wound 
on 13/4 -inch tubing. The secondaries 
(L2, L4, L6, L8, L10, L12, L14) con- 
sist of 100 turns wound on 2 -inch 
tubing. No. 26 D.C.C. wire is used. 
The primary tubing is placed inside 
of the secondary tubing. The primary 
winding is spaced. Between every pri- 
mary turn, allow a space equal to 
three turns, or about 1/8 -inch. 

The resistors (R1, R2, R3, R4, R5) 
in the neutralized stages are variable, 
although not indicated as such. They 
vary from 20,000 to 120,000 ohms. 
The condensers in these stages are 
also variable, being of the regular 
midget type. C14 is the grid con- 
denser, having a capacity of .00025- 
mf. R10 is the grid leak, having a 
resistance of from 1 to 3 megohms. 

The filaments of all the R.F. tubes 
are controlled by a single rheostat, 
R6, which has a resistance of 6 ohms, 
and should pass 1/ amperes. The fila- 
ment of the detector tube is controlled 
by a 20 -ohm rheostat, R8. The fila- 
ments of the A.F. tubes are controlled 
by a single 10 -ohm rheostat, able to 
pass /-ampere. Tubes of 201-A or 
301-A type are used throughout, with 
a 6 -volt "A" battery. C13 is a .003- 
mf. fixed condenser. R7 is a 400 -ohm 
potentiometer, used to control the os- 
cillatory action of the tube. 

WIRING THE RECEIVER 

The beginning of the primary wind- 
ing is brought to the antenna post, and 
the other end to the ground post and 
to the beginning of the secondary 
winding L2. This same lead is ex- 
tended to the arm of the rheostat, R6, 
and to the "A-C+" post. The rotor 
plates of all the variable condensers 
and the beginnings of the secondary 
windings of all the coils, except L12, 
are connected to this same lead. This 
gives all the tubes in these circuits a 
negative grid return. The beginning 
of the secondary winding, L12, is 
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0A -C+ Wt;ing diagram of the Super -P iodyne 9 -tube receiver, which employs six stages of tuned radio -frequency amplification, and incorporates a novel m ans of suppressing oscillations. The amount of radio -frequency amplification obtained is tremendous, resulting in a very sensitive and selective receiver. 
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brought to the arm of the potenti- 
ometer, R7, and the resistance termi- 
nals of this potentiometer are brought 
to the "A+" and "A-". Altnough 
the grid return through the secondary 
winding, L14, is to "minus," a posi- 
tive bias is obtained on this detector 
tube by connecting the grid leak in 
shunt to the grid and "A+." 

The beginning of these secondaries 
(L2, IA, L6, L8, L10, and L12) are 
brought to the grid posts of their re 
spective sockets, and the beginning of 
L14 to one terminal of C14. The 
other terminal of this condenser is 
brought to the grid post. The begin 
nings of the secondary windings (L2, 
L4, L6, L8, and L10,) are also con- 
nected to the resistors in their stages, 
while the other terminals of these resis- 
tors are connected to the fixed condens- 
ers. The other terminals of these con- 
densers are brought to the plates of the 
respective tubes. No such resistor and 
condenser are connected to the sixth R. 
F. tube, the potentiometer taking its 
place. The rheostats are all connected 
in the negative legs of the respective 
filament circuits which they control. 
The variable condensers are connected 
in shunt to the secondaries, the rotor 
leads going to the filament side and 
the stators to the grid side. 

BATTERIES REQUIRED 

The plates of the R.F. and the A.F. 
tubes should receive about 90 volts 
("B+Amp.") ; that of the detector 
tube about 45 volts ("B+Det."). A 
4.5 -volt "C" battery ("low") should be 
used as a grid bias in the first stage 
of A.F. coupling, and a 9 -volt "C" 
battery "High" in the last stage. 

The first variable condenser can be 
controlled independently of the other 
six, which may be ganged. This may 
lead to easier synchronization of dials 
and louder signals. 

The complete set is housed in a 
totally -shielded cabinet, with the coils 
placed so that practically no field 
exists between them; this is to pre- 
vent interstage coupling and conse- 
quent uncontrollable oscillations of the 
tubes in these circuits. 

If a power tube is desired in the 
last stage, it would be best to isolate 
the "B" and "C" voltages that con- 
nect to this stage. A voltage not ex 
ceeding 135 should be used for the 
UX112 tube, and about 175 for the 
171 tube; 9 volts "C" battery for grid 
bias with the first tube and approxi- 
mately 221/2 volts "C" battery for the 
latter. 

The amount of amplification ob- 
tained from this receiver is tremen- 
dous, which permits loop reception. 
The loop connections are made to the 
grid of the first tube and to the "A-" 
terminal instead of to L2. 

THE ARKAY RECEIVER 

(6o) Mr. L. K. Riley, Geneva, N. Y., 
asks as follows: 

(Q.1.) A friend of mine is obtaining 
wonderful reception with a small four - 
tube reeciver, which he says, is termed 
the "Arkay" receiver, and which was 
described in some radio section of a 

newspaper. I wonder if you can fur- 
nish me with any data or information 
concerning the construction and wiring 
diagram of this receiver? I am very 
much interested, due to its high effi- 
ciency, and would like to construct one 
similar to that of my friend. 

(A.1.) The Arkay receiver, to which 
you refer, was described in the Newark 
Sunday Call, and the following is a re- 
print of the description of this receiver. 
All the necessary information is in- 
cluded. 

"A stage of radio frequency, detec- 
tor, and two stages of audio -frequency 
amplification are employed in this cir- 
cuit. No `trick' wound coils are em- 
ployed. Single -layer inductances which 
can be constructed at home are ample. 
The two dials may be logged and after 
a short time the owner should be able 
to pick up many stations throughout 
the country. The set is quite selective 
and it has been possible during the 
tests to log DX through a great many 
locals. 

R. -F. INPUT CIRCUIT 

"Unlike the majority of tuned -radio - 
frequency receivers of the neutrodyne 
type v.-hich make use of an `untuned- 
primary' coil underneath or alongside 
of a secondary, the improved Arkay 
circuit employs a tuned primary coil 
directly coupled to the antenna circuit 
through a series condenser. In this 
manner a greater amount of radio - 
frequency current is obtained from 
the antenna than with the untuned 
primary coil. The latter system is not 
as efficient as the former, due to the 
losses which occur in coupling. The 
single -circuit idea appears to have 
considerable merit, and actual com- 
parisons seem to favor this form of 
tuning for R.F. work. 

plifier carries with it the efficient qual- 
ities of the one -tube set. 

"The following is a list of parts re- 
quired to complete this set: 
1 Panel 7 x 14 or longer; 
1 Baseboard to suit panel; 
5 Binding Posts; 
2 Variable Condensers, .0005 -uf.; 
4 201-A Sockets; 
2 Audio Transformers; 1:6 and 1:2; 
1 Self-adjusting Rheostat, % ampere, 

and mounting; 
4 201-A Tubes; 
1 Grid Condenser, .00025 -uf., and 5- 

megohm leak; 
1 .002 -uf. Fixed Condenser; 
2 3 -inch Tube Forms, 41/2 and 31/2 

inches long; 
1 Binding -Post Strip; 
2 30 -ohm Rheostats; 
1 Single -Jack Filament Control or cut- 

off switch; 
6 Lengths of busbar wire; 
2 4 -inch Dials. 

MAKING THE R.F. COIL 

"The radio -frequency coil is easy to 
make and consists of a single layer 
of wire wound on a cardboard or Bake- 
lite tube; the lighter the tubing, the 
better. The coil employed in the set 
was 21/s inches in diameter and 5 
inches long. As it may be difficult to 
get tubing of this size, it is suggested 
that a 3 -inch tube be used in its place. 
Start about half an inch from one 
end of the tube and wind 60 turns of 
No. 22 D.C.C. wire, taking a tap or 
loop at this point. Continue winding, 
taking another tap at the 80th turn, 
completing the coil at the 100th turn. 
Make sure to leave about an inch of 
wire at the beginning and end of the 
coil for connections. The coil should 
be mounted above the baseboard of the 
set on blocks of wood or by means of 
small brass rods; its end should point 
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An untuned R.F. stage with detector and two audio. 

"Radio fans who were owners of 
single -tube `single -circuit' receivers will 
recall the remarkable distances cov- 
ered with this type of set, compared 
with a receiver making use of a cou- 
pler having separate primary and sec- 
ondary windings. The former outfit, 
while not much on selectivity, certain- 
ly took the prize for sensitiveness. 
This circuit employed as a R.F. am- 

toward the front panel and be placed 
at the right of the baseboard. 

"This coil is tuned by means of a 
.0005 -uf. variable condenser, which is 
mounted on the panel a little to the 
left of the end of the coil. The taps 
are used for different aerials. No 
switch is employed for the taps, as 
this proper point will be determined 
by trial. 
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SECONDARY COIL 

"The secondary coil has three sep- 
arate windings. On one end is the 
R.F. `reversed coil'; in the center is 
the secondary, which takes up most 
of the space; and on the remaining 
end is the detector -plate coil, T. The 
secondary coil, as well as the two 
smaller coils, are all wound with No. 
24 D.C.C. wire. A quarter of an inch 
separation is left between each wind- 
ing on this form. 

"Starting one -quarter of an inch 
from one end of a 3 -inch tube, which 
should be 31/2 inches long, wind tightly 
14 turns of wire, making provision 
at the beginning and end for holding 
the wires in place. Two small holes 
will be satisfactory for holding the 
start and finishing wires. Leave at 
least an inch of wire for connections. 

"Then skip about one -quarter of an 
inch and in the opposite direction wind 
the secondary of 45 turns of wire. 
Leave another quarter of an inch and 
wind in the same direction the detec- 
tor -plate coil of nine turns. This com- 
pletes the entire inductance. 

"The secondary coil is mounted at 
right angles to the radio -frequency 
coil and at least five inches away, so 
that the fields of the two coils will not 
interfere. Back of the secondary coil 
is the .0005 -uf. variable condenser. 

"The coil may be mounted on the 
condenser end -plate, provided the con- 
denser has an insulated form. (The 
condenser used is a .0005 -uf. straight- 
line wavelength type, with a hard - 
rubber end plate.) Or the coil may 
be supported by means of the busbar 
wires which connect to its six ter- 
minals. 

"Keep all wires out of the end fields 
of the secondary coils. Do not run 
wires through the coil or across the 
ends. Run them away from the wind- 
ings rather than parallel or too close. 

FOUR BINDING POSTS 

"Battery binding posts are mounted 
on a small panel to the rear of the 
baseboard. There are four in num- 
ber; the "A-" is also ground. The 
antenna post is mounted on a separate 
small panel away from the battery 
and ground binding posts. This con- 
nection is brought out on the side near 
the .0005 -uf. antenna tuning condenser, 
and run to the rotor plates. 

"The by-pass condenser, .002 -uf., is 
connected between the detector plate 
coil winding and the "A-" battery 
wire. The .0005 -uf. grid condenser 
is mounted close to the detector tube 
socket, underneath the secondary tun- 
ing coil. 

"A single -circuit jack with filament 
control can be employed for the out- 
put, or a `cut-off switch' may be 
mounted on the panel, for extinguish- 
ing the filaments. The two audio 
transformers are mounted at right 
angles to each other. The shielding 
will allow them to be placed close to- 
gether in case the set is made com- 
pact. The baseboard is 9 inches deep." 

INTERMEDIATE -FREQUENCY TRANS- 
FORMER DATA 

(61) Mr. R. Contini, Niagara Falls, 
NV. Y., asks : 

(Q. 1.) Due to present legal en- 
tanglements and injunction suits re- 
straining the manufacturers from 
commercially producing Super-Heter- 
odyn'e material, I am having difficulty 
in obtaining an efficient Super -Heter- 
odyne kit, or at least the intermediate 
and filter transformers. Don't you 
think it would be a good idea to .pub- 
lish constructional data of various 

MUIC ONC W0O0 MULL OK An«. 

The design and constructional data including all 
necessary dimensions of an intermediate frequency 
transformer, air core type, having an amplification 

peak at 10,000 meters. 

types of intermediate transformers 
and filters designed to operate in con- 
junction with them? Many construct- 
ors who "roll their own" would be 
glad to obtain this data; I for one 
would. In fact the information that 
you will publish, I hope, contains the 
constructional data of the transformer 
I am going to use in my Super -Heter- 
odyne receiver. 

(A. 1.) The following are the con- 
structional data for various types of 
intermediate transformers and filters. 
We are also including oscillator -coil 
design, thus making the necessary in- 
formation complete; with the source 
of the information, so that more com- 
plete data and illustration may be ob- 
tained by referring to the original 
article. 

The following are constructional 
data for an efficient 10,000 -meter in- 
termediate transformer, filter trans- 
former and oscillator coupler, obtained 
from "The Radio Constructor" series 
of blueprints; the title of this partic- 
ular one being "A Genuine Standard 
Super -Heterodyne." Incidentally, this 
blue -print is no longer being published, 
though it is possible that copies are 
obtainable from some dealers. 

THE TUNED FILTER 

A very important part of the Super - 
Heterodyne is the tuned -filter cou- 
pler. This coupler is very simple and 
yet must be accorded much care in 
construction. Practically all filters for 

this purpose consists of two coils placed 
close together. Each coil is tuned by 
a condenser, either fixed or variable, 
and is arranged to have a certain 
"tune" or wave -length which, once ad- 
justed, is not touched again after the 
set is in operation. 

The tuned -filter coupler determines 
the "intermediate frequency." One of 
the simplest and most convenient form 
for this purpose will be two standard 
"duo -lateral" or honeycomb coils, each 
having 750 turns. The wave -length 
advocated is 10,000 meters; and, in 
order to bring the coil up to this level, 
two fixed mica condensers, each of 
.0005 -uf. capacity, are connected across 
the terminals of both coils. 

As a great deal of the selective 
quality of the set depends on the filter, 
it will be necessary to arrange it so 
that the coupling between these two 
coils can be varied to the best posi- 
tion. The best efficiency will be ob- 
tained only if the intermediate -fre- 
quency transformers give maximum 
amplification at the particular wave- 
length for which the filter is designed. 
Therefore, when using the two duo - 
lateral coils as explained above, it will 
be a good plan to purchase or con- 
struct three intermediate frequency 
transformers that will give best am- 
plification at about 10,000 meters. 
There are several types on the market 
which will give excellent results. If 
the builder desires to construct a 
special filter it can be made according 
to the following plans. Fig. 2176-A 
shows details of the disks and cores 
necessary. 

First assemble the disks on the cores 
and glue them fast, as indicated in 
the illustration. Now wind on each 
form 950 turns of No. 32 D.C.C. 
copper wire. Have these windings as 
near uniform as possible; that is, 
wind in layers from one side to the 
other. The windings are insulated 
from the core, as shown by means of 
a strip of empire cloth or insulating 
tape. 
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The design of an oscillator coil to operate in 
conjunction with a .001-mfd. variable condenser for 

a 10,000 -meter type superheterodyne receiver. 

The alignment pin shown in the il- 
lustration, in these pages, of the com- 
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plete coupler, is merely a piece of 
wood driven into the first core. A 
hole about twice as large as the pin 
may be drilled in the other core to 
offer a recess in which the pin is to 
fit as shown. 

The ends of each coil are brought 
out, as shown, connected to small ma- 
chine screw terminals fastened to the 
disks. This furnishes a convenient 
means of connecting to the coupler 
when wiring the set. In assembling 
the coupler, a brass screw (do not use 
iron) about 2% inches long and just 
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Design of an intermediate transformer which oper- 
ates with maximum efficiency at 50 to 60 K.C. 
The correct amount of iron core must be determined 

experimentally. 

large enough in diameter to fit the 
holes drilled in the cores, is used. This 
screw should be of the flat -head 
variety, and fits through a hole in the 
panel. It is then pushed through the 
hole in the core of the first coil unit 
of the filter coupler and a nut ad- 
justed to hold it tight to the panel. 

In placing the second coil on the 
shaft or screw, remember that the 
windings on both coils must be in the 
same direction. This is a most im- 
portant feature, and must be taken 
into careful consideration when mak- 
ing the coupler. The second coil can 
now be fitted. Place another nut on 
the shaft and leave it about half an 
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The design of the filter or input transformer. Al- 
though these coils may be wound similarly to 
ordinary transformers, ordinary honeycomb coils 

may be used with the same efficiency. 

inch from the other. Then place the 
second coil in position, by adjusting 
the core so that the aligning pin fits 
the hole and the core can be forced 

up to the second nut. The final nut 
for clamping may now be put on, and 
the coupler is finished except for ad- 
justing of coupling. 

It is apparent that by turning the 
second nut on the shaft the second 
coil can be placed nearer to the first 
coil. The best operating position, that 
is, the proper coupling, will be found 
by test, as described later, and the 
second coil can then be clamped per- 
manently in place. 

Both primary and secondary coils 
are brought up to proper wave -length 
by placing .00025 uf. mica fixed con- 
densers across the terminals of both 
coils. 

BUILDING THE OSCILLATOR COUPLER 
Below is shown graphically the con- 

structional details of the oscillator coupler 
and it will be noted that, in effect, it 
consists of a primary, secondary and 
also a coupling coil. The coupling 
coil is used to pick up the necessary 
energy from the oscillator: it is what 
is usually known as a "pick-up" coil. 
This entire circuit is tuned by the 
.001 -uf. condenser. 

The illustration, on this page, shows 
a bakelite or fiber tube 3/ inches in 
diameter, 21/2 inches long and 1/8 inch 
thick. A hole is drilled about 3/16 of 
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The design of an oscillator and an oscillator coil 
in conjunction with a .0005 -mid. condenser, in a 
super -heterodyne receiver employing 50 to 60 KC 

type intermediate frequency transformer. 

an inch from one end and the brass - 
angle supporting -bracket mounted as 
shown. Directly above this mounting 
screw hole, another small hole is 
drilled to hold a small round -head 
machine screw and nut, terminal No. 
1. Now take a spool of No. 20 or 22 
double covered copper wire and wind 
7 turns as close as possible. The end 
of this coil is then connected to a 
screw terminal, 2, in the tube in the 
same manner as done at the begin- 
ning. This is coil Ll. 

Use the same size wire to wind 
a second coil on the tube. Wind 20 
turns, fastening both ends to these 
screw terminals, 3 and 4, as shown. 
To each of these screw terminals a lug 
can be attached if desired. These will 
serve for making permanent connec- 
tions. his will be coil L2. 

Coil L3 is wound on a separate 
form. For this purpose a bakelite or 
fiber tube, 2/ inches in diameter by 

13/ inches long and % inch thick, is 
used. Use the same size wire and 
wind 36 turns in what is known as 
"bank winding." This coil must be 
wound in the same direction as coil 
L2 in order to form a continuous 
winding through the fixed condenser. 

One end of this bank winding can 
be connected to a screw terminal, 
shown as terminal 6 in the illustration, 
and the other end fastened by thread- 
ing it through two small holes drilled 
close to the other end of the tube. 
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The design of a tuned intermediate frequency trans- 
former, employing an iron core. A small variable condenser, approximately .00025-mf., is connected 
across the secondary and varies with wave -length 
range from approximately 2,000 to 7,000 meters. 

This coil is then fastened to the base- 
board by means of an angle support- 
ing -bracket as shown; the placing coil 
L3 in proper relation to coils Ll and 
L2. The distance between coil L1 and 
L2 is not a very critical detail and 
the windings may be placed about / 
inch apart. 

The relation of coil L3 to L2 is best 
determined after the set has been 
placed in operation. Also illustrated is 
the smaller for mon which coil L3 is 
wound, mounted only temporarily on the 
baseboard. 

50 TO 60 K.C. FILTER AND INTER- 
MEDIATE TRANSFORMERS 

Herewith is shown the design of a+^ 
efficient intermediate -frequency trans -- 
former which operates very efficiently 
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Constructional data of an oscil ator coil to operate 
in conjunction with the tuned intermediate -fre- 
quency transformer; designed so that it may be 
use in the Tropadyne, which receiver incorporates 

both detector and oscillator in one tube. 
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at a peaked efficiency of between 50 
and 60 kilocycles (6,000 to 5,000 me- 
ters). The correct amount of iron core 
to be used must be determined ex- 
perimentally. 

Below is shown the design of a 
filter transformer which may be very 
easily constructed and designed to 
operate in conjunction with the above - 
mentioned intermediate -f r e q u e n c y 
transformer. The coil consists of two 
ordinary 1250 -turn honeycomb coils 
mounted as illustrated. 

Herewith is shown the construction and 
details of an oscillator coil for the above - 
mentioned. 

TROPAFORMER 

The tropaformer is an efficient tuned 
intermediate -frequency transformer; 
its amplification peak may be varied 
between 2,000 and 7,000 meters (150 
to 43 kilocycles). 

The complete details of this trans- 
former are shown in the illustration 
in these pages. It will be noted that a 
variable condenser is permanently 
mounted on each transformer. This 
condenser is connected across the sec- 
ondary winding; and in this way each 
transformer may be accurately tuned, 
making the intermediate -frequency am- 
plifier very selective and efficient. 
Mica -insulated variable condesers are 
used because they occupy less space 
than those employing air as the dielec- 
tric. These condensers have a maxi- 
mum capacity of .0005 -uf. and, in 
connection with the coils used, the 
transformers may be tuned to any 
wave -length ranging from 2,000 to 
7,000 meters. Although the coils used 
in these transformers were wound by 
machine, they may easily be wound 
by hand, haphazardly, on a suitable 
form, or spool. The number of turns, 
which in this case is 440 in each coil, 
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is not critical. Two coils connected 
in series form a secondary, and one 
coil forms a primary. It is important 
to separate the coils at least a quarter 
inch. The core iron used is excep- 
tionally thin, japanned silicon steel. 
This steel, which may be obtained 
from manufacturers of iron -core radio - 
frequency transformers, is not the 
same as that used in the construction 
of audio -frequency transformers. When 
constructing these transformers, it is 
important that all coils be wound in 
the same direction and placed on the 
core, as shown in the illustration. The 
leads are lettered to correspond to the 
vacuum tube connection. 

The design for an oscillator coil to 
operate in conjunction with the above - 
mentioned intermediate -f r e q u e n c y 
transformer and which combination 
may be used for the construction of 
the popular Tropadyne receiver, is as 
follows: 

The two windings (plate and grid) 
are wound in the same direction on 
a tube 3 inches in diameter and 4 
inches in length. The plate winding 
consists of 24 turns of No. 20 S.S.C., 
whereas the grid coil consists of 29 
turns of No. 20 S.S.C., and has a 
center tap (141 turns). For exact 
specifications and details refer to the il- 
lustrations. 

BEST'S 5 -TUBE SUPER -HETERODYNE SET 

(62) Mr. H. T. Borden, Portland, 
Maine, asks as follows: 

Q. 1. I am advised that G. M. Best 
has designed a new super -heterodyne 
receiver, a 5 -tube affair. Have you any 
constructional data on this receiver? 
Would appreciate any schematic dia- 
gram and any additional information. 

A. 1. The Best 5 -tube super -hetero- 
dyne receiver was originally featured 
in the April, 1926, issue of Radio 
magazine. The following are parts of 
the description of this receiver from 
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the article, written by G. M. Best, 
which appeared in the publication men- 
tioned. 

"The salient features of the circuit 
are selectivity, superb quality of out- 
put, excellent volume with cone loud 
speaker, by the use of a power tube, 
economy in battery consumption, as 
only five tubes are required, and ease 
of assembly by the use of both sides 
of the shelf for mounting the appa- 
ratus. 

"The principal difference between 
this super -heterodyne and others previ- 
ously described is in the use of two 
carborundum crystal detectors for the 
frequency changer and the detector, 
commonly called the first and second 
detectors. It has long been known that 
crystals could be used in these positions 
in a super -heterodyne; but the objec- 
tions were that the crystal was not 
easily adjusted, had a low internal re- 
sistance which destroyed selectivity, 
and was not sufficiently sensitive. 

"The new carborundum detector, 
however, has none of these disadvan- 
tages, as it has a permanent adjust- 
ment under pressure which prevents in- 
stability; has a high internal resis- 
tance, so that the detector will have 
little or no damping effect on the tuned 
transformer or antenna tuner; and is 
remarkably sensitive. the carborun- 
dum detector, in order to produce maxi- 
mum results, requires a small battery 
to control the detector resistance and 
sensitivity. A new unit is now avail- 
able which consists of a small flash- 
light dry cell, a potentiometer, by-pass 
condenser and carborundum detector, 
arranged for convenient panel mount- 
ing and adjustment. 

"Working with two of these detec- 
tors as a basis, a five -tube super -het- 
erodyne was developed, which had the 
sensivity of a seven -tube circuit, with 
greater selectivity and less battery 
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Best's 5 -tube super. An innovation in supers, in that three tubes are eliminated by means of two crystal detectors. Although the sensitivity of the original 
receiver decreases somewhat, the set is unusually efficient and wilt satisfy particular constructors, especially as regards DX, volume, and clarity. 
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drain than conventional five -tube tuned 
R.F. receivers. (By reference to the 
schematic wiring diagram on page 65, the 
general arrangement of the circuit can 
be understood.) 

AVOIDING RADIATION 

"While the set can be operated with 
a loop antenna, many readers object 
to the loop for various reasons, and 
prefer to use an outdoor antenna. 
Realizing that the indiscriminate use 
of the set with the antenna without 
due regard to the radiation of the re- 
ceiver when improperly operated, would 
cause a great amount of harm to 
neighboring receivers, an antenna sys- 
tem was selected, which, when properly 
adjusted, will cause a minimum amount 
of radiation of the oscillator output. 
The antenna circuit consists of a series 
air condenser, loading coil, and coupling 
coil. If the loading coil is the proper 
size, the antenna system will tune 
through the broadcast band without 
difficulty. The coupling coil is arranged 
so that very loose coupling can be ob- 
tained, and a center -tapped secondary 
is used to obtain greater selectivity. 

"The antenna condenser is mounted 
on the left end of the panel, and the 
secondary tuning condenser, which is 
similar in size to the antenna condens- 
er, is in the center of the panel. 

"The frequency -changer circuit is 
connected to the secondary of the an- 
tenna tuner, and consists of a pick-up 
coil placed in the field of the oscillator, 
a. carborundum detector unit, and the 
primary of the first intermediate -fre- 
quency transformer. The oscillator is 
of the conventional pattern, and is 
tuned by another variable condenser of 
.00o5 mf. capacity in series with a pro- 
tective .0o6 mf. fixed condenser; the 
latter preventing tube burn -outs in case 
the air condenser develops a short cir- 
cuit. 

The intermediate -frequency amplifier 
consists of two stages, with storage - 
battery tubes. 

Parts necessary for the construction 
of this receiver are as follows: 
3 Variable Condensers, .005 mf.; 
1 Antenna Load Coil; 
1 Antenna Coupler; 

.00025 MF 4/ 1000125 MF I TURN 

VOLUME 
CONTROL 

1 Oscillator Coupler; 
2 Intermediate - Frequency Trans- 

formers; 
1 Filter Transformer; 
2 Audio -Frequency Transformers; 
2 Carborundum Crystal -Detector units; 
4 Automatic Filament Resistances, 

1/4 -amp. size; 
1 Automatic Filament Resistance, 

1/2 -amp. size; 
1 Filament Switch; 
2 Fixed Condensers, t mf.; 
t Mica Condenser, .006 mf.; 
t Mica Condenser, .002 mf.; 
1 Filter Tuning Condenser; 
1 Grid Leak, 1/2-megohm with mount- 

ing; 
1 Tube -Protective Resistance Unit-. 

500 -ohm; 
2 41/2 -volt "C" Batteries; 
5 X -type Sockets; 
1 Single -circuit Jack; 
1 Variable Resistor, 50,000 -ohm; 
1 Binding Post Strip -7 posts; 
1 Panel, 10x20x3/16 in.; 
1 Bakelite or Formica Shelf, 5x18/4x1/4 

in.; 
2 Brackets for Shelf; 

Insulated and bare wire, 3 doz. 1/2 -in. 
6/32 r.h. brass machine screws, and 
four 1 -in. flat -head brass 6/32 ma- 
chine screws for fastening brackets 
to panel. 

COIL DATA 

"The antenna coil may be made by 
winding 125 turns of No. 26 silk -cov- 
ered wire on a 23/4 -in. bakelite tube 
3 in. long. The antenna tuning coil 
comprises a stator and rotor. The sta- 
tor coil consists of 70 turns of No. 26 
S.C. wire, wound on a 21/4 -in. tube, 2% 
in. long; a tap is taken off at the 35th 
turn, for connection to the ground cir- 
cuit. The rotor, or antenna coupling 
coil, is wound on a 11/2 -in. tube, and 
consists of to turns of No. 26 S.C. wire. 
If the set is not sufficiently selective, 
it may be necessary to reduce the num- 
ber of turns of wire on the rotor. 

"The oscillator -coupler is identical in 
dimensions with the antenna coupling 
coil, except that when using the "A" 
tube as an oscillator, 5 turns in the 
pick-up coil will be ample; and it may 
be possible to reduce the turns to 3 

-A 

or 4, where sufficient energy is obtained 
from the oscillator. In this connection, 
the "A" tube delivers more energy as 
an oscillator than does a type 99 tube un- 
der similar conditions; and it is a good 
idea to reduce the oscillator output by 
placing an additional filament resistance 
cartridge in series with the filament of 
the oscillator, which will serve to re- 
duce the filament current of the tube. 
A variable filament rheostat at this 
point would give greater flexibility, 
but it has been found that two 6 -volt 
automatic filament control units in 
series will reduce the oscillator out- 
put to just the right amount. If the 
type of 99 tube is used, the normal 
filament current of 60 milliamperes 
should be employed. 

KELLOGG R.F.L. RECEIVER 

(63) Mr. W. D. Bridge, Scranton, Pa., 
asks: 

Q. 1. I would like to construct the 
Kellogg R.F.L. receiver, bu lack the 
necessary constructional data, especi- 
ally, the condenser and coil values. Can 
you furnish me with the desired infor- 
mation? Also whether the receiver is 
designed for power -tube operation, and 
the correct plate and grid voltages nec- 
essary for the power tube, if used? 

A. 1. The following is all the con- 
structional information we have avail- 
able on the Kellogg R.F.L. receiver. 
Schematic wiring diagram given on this 
page. 

The five tuning condensers are 
mounted on a common shaft, which is 
split between each two condensers by 
means of an insulating bushing. The 
station indicator is a transparent sheet 
mounted on a cylindrical metal frame, 
and placed in the center of the con- 
denser group. The shaft is turned by 
means of a worm drive between the 
right-hand pair of air condensers. Back 
of the condensers are mounted the tube 
sockets, adjusting condensers and mis- 
cellaneous apparatus, while under- 
neath the shelf are the four R.F. trans- 
formers, and the antenna tuned cir- 
cuit, which is the unshielded coil. The 
filament rheostat and meter panel are 
mounted to the right of the condenser 

OUTPUT 

0-0 
+A -ß 672 135 V. 

The schematic wiring diagram of the Kellogg R.F.L. receiver. This set combiner many desirable features which are very popular with the broadcast listener: th 
most important of which are four stages of tuned -radio -frequency amplification bef ore a detector, and two stages of audio frequency amplification. A power tube i. 

used in the last audio stage, using the voltage shown. 
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group, since the filament adjustment is 
seldom made; and it is not necessary 
to have the voltmeter on the panel for 
an operating indicator, as the dial is 
illuminated. On the left, at the rear, 
is the antenna series condenser, which 
is adjusted upon installation of the set 
to the point of greatest efficiency for 
that particular antenna system, and is 
left alone. 

Each of the four R.F. transformers 
is tuned with a .005 mf. variable con- 
denser, each condenser being shielded 
by a metal can. The antenna coil 
secondary condenser is not shielded, 
being at the extreme left front of the 
assembly. From the diagram it can be 
seen that the grid return for three 
of the tuned circuits is through a 
one -turn coil, which is coupled loosely 
with the primary of the next R.F. 
transformer, and permits efficient neu- 
tralization of the amplifier. 

COIL SPECIFICATIONS 

Each R.F. transformer consists of an 
8 -turn primary, wound on a 2% -inch 
form, and a 6z -turn secondary wound 
on a 2% -inch form, each coil being of 
the cylindrical, space -wound type, with 
No. 20 enameled wire. The balancing 
coil, in the case of those transformers 
which are so equipped, is placed close 
to the primary, and both coils are at 
the low -potential, or filament end of 
the secondary. The antenna coil con- 
sists of a 45 -turn primary, and 51 - 
turn secondary, both wound adjacent to 
each other on a 2% -inch form, with 
No. 20 enameled wire. Copper cans en- 
close each R.F. transformer, and the 
connecting leads from the transform- 
ers to the condensers and tube sockets 
are brought up through holes in the 
tops of the cans. This prevents coup- 
ling between tuned stages, and is the 
reason for sensitivity and selectivity of 
the set. 

Each variable condenser is adjusted 
for minimum setting by means of set 
screws with which the rotor plate 
groups are attached to the shaft; and 
after all rotor plate groups are ad- 
justed, the individual tuned circuits 
are brought to resonance by means of 
small shunt variable mica condensers, 
which are shown in the diagram in 
parallel with the variable air con- 
densers. Additional shunt to the posi- 
tive filament circuit from the grids of 
certain of the R.F. amplifiers, is used in 
order to stabilize the circuit. 

Volume control is obtained by vary- 
ing the filament current of the first 
R.F. amplifier tube, and placing a 
variable high resistance in the grid 
return of the second R.F. amplifier. 
The two variables are mounted on 
the same shaft, and are so adjusted 
that the set does not oscillate at any 
time during the operation of the vol- 
ume -control dial. The positive "A" 
and negative "B" battery circuits are 
grounded to the frame and shields, 
so that the shielding becomes the ac- 
tual conductor for the A and B cur- 
rent. This reduces the number of 
wires in the set, and simplifies test- 
ing. A voltmeter enables voltage con- 
trol through a master rheostat, which 
is in the negative filament lead. 

INCREASING RANGE OF THREE -CIRCUIT 
TUNER 

(64) Mr. S. Snyder, Hackensack, N. J., 
asks: 

(Q. 1.) I have a 3 circuit receiver 
of the Ambassador type employing a 
detector and two stages of A.F. am- 
plification. I have read that the Radio 
Commission considers the possibility of 
reducing the broadcast wave band to 
include the wavelengths from 200 
down to 150. Would you please in- 
form me of the changes necessary to 
enable me to receive these wave- 
lengths? 

(A. 1.) From the accompanying 
diagram, it will be seen that only a 
few minor changes would be necessary 
to adapt a receiver of this type to 
the lower wavelengths. 

A S.P.D.T. switch, S, is connected 
as indicated. A tap taken on the sec- 
ondary of the 3 -circuit tuner, at a 
point 15 turns from the grid end, is 
connected to one tap of the switch. 
The end of the secondary which 
usually goes to the grid condenser is 
connected to the outer tap of the 
switch. The lead from the grid con- 
denser and tuning condensers is 
brought to the movable arm of the 
switch. It is now a very simple mat- 
ter to tune to either the high wave- lengths or the lower ones by simply 
using the correct switch tap. It may 
be necessary to reduce the detector 
voltage when tuning to the shorter 
wavelengths, since the tickler coil may 
be too large and excessive oscillation 
may occur. 
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1 single circuit jack, J. 
Structural material, sockets, etc. 

It is extremely unlikely that the 
broadcast wavelength band will be ex- 
tended beyond its present limits (200- 
550 meters), the Radio Commission 
having decided that millions of dollars 
worth of receivers would be made ob- 
solete by the change. A comparatively 
simple set of the 3 -circuit type can 
be adapted to lower waves without 
much trouble, but other receivers are 
not so flexible. 

GAROD NEUTRODYNE 
(65) Mr. Clarence Selley, Benkelman, 

Neb., writes : 

(Q. 1.) Please show the Garod 
Neutrodyne circuit, but using one 
stage of audio frequency amplification 
instead of two stages. 

(A. 1.) We are showing this cir- 
cuit in these columns. 

All the neutroformers use 3 -inch 
tubes for the secondaries. The pri- 
maries, on tubes 2% inches in dia- 
meter, fit just inside the filament end 
of the secondaries. Neutroformer N-1 
has a primary of seven and one-half 
turns of No. 24 D.C.C. wire, the same 
wire being used throughout. 

The secondary comprises 70 turns. 
Neutroformers N-2 and N-3 each have 
four one one-alf turn primaries and 
65 turn secondaries. These two neu- 
troformers are tapped 22 turns from 
the filament end of the secondary. 
Neutroformer N-1 is tapped in the 
center. They must be placed at the 
usual non -inductive coupling angle. All 
coils are wound in the same direc- 
tion. 

Revamped three circuit tuner 

For those desirous of constructing 
this receiver the following is the list 
of parts: 

1 three -circuit tuner, T; 
1 variable condenser, .0005-mf., Cl; 
1 grid condenser, .00025-mf., C2; 
1 grid leak, 2-megohms, R1; 
1 fixed condenser, .002-mf., C3; 
1 switch, S; 
1 rheostat, 20 ohm, R2; 
1 rheostat, 15 ohm, R3; 
2 audio frequency transformers, ratio 

3:1, Tl, T2; 

2 

--90V -9V. +90-135V. 

It will be noted that the connections 
to both the primary and secondary of 
neutroformer N-2 are reversed. 

A variable detector grid leak may 
be used. 

Standard neutralizing condensers 
may be used. While the point of 
neutralization is quite sharply defined 
it is not difficult to find. 

Although Stromberg -Carlson 4.3:1 
ratio audiofrequency transformers are 
used, any other good make of transformer 
may be used. 
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This set is extremely selective, sensi- 
tive and clear reproducing. Signals are 
also very strong. "B" battery consump- 
tion is unusually low. All this is ex- 
plained by the high negative "C" po- 
tential, the detector grid return to 
"A" negative, the one -quarter megohm 
resistances, correctly placed and pro- 
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the positive connection. In some errone- 
ous diagrams, this is shown reversed, the 
short line denoting the positive connec- 
tion. 

(Q. 3.) Does it make any differ- 
ence whether the "A" battery connects 
to the switch arm, or to the resistance 
wire, of a rheostat? 
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ceiver? This is a seven -tube set em- 
ploying the super -heterodyne prin- 
ciple. The receiver has three stages 
of short-wave, high frequency ampli- 
fication, a first detector, and oscillator, 
a second detector and two stages of 
audio frequency amplification. The 
unusual part of the set is that no in - 
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The Garod Neutrodyne. A study of this circuit shows it to be one difficult to surpass, where a prime requisite is tone quality. tire. Although reception may be excellent at the detector, a very careful audio frequency amplifier design must be employed resistances in the radio frequency amplifier grid return leads. 

portioned condensers, and carefully de- 
signed neutroformers. Of course, the 
audiofrequency amplifier must be well 
designed in order to maintain the 
high quality signals of the detector 
circuit. 

(Q. 2.) Does the long thin line or 
the short thick line denote the posi- 
tive binding post of a cell or battery? 

(A. 2.) The long thin line denotes 
(A. 3.) It makes no practical differ - 

C 

ence whether the rheostat is connected 
one way or the other. Also, polarity 
markings on the tube sockets may be 
disregarded, if it will not be confusing 
to you. 

THE SUPER-UNIDYNE 

(66) Mr. H. S. Harris, New Albany, 
Miss., asks : 

(Q. 1.) What is the diagram of con - 

C- 6 V. 
But also, it is extremely sensi - 
to retain this quality. Note 

nections used in the Super-Unidyne re- 
termediate frequency amplification is 
used. 

(A. 1.) We are showing the circuit 
of this very interesting receiver in 
these columns. 

The radio frequency transformers 
marked "L" may be the standard type 
of so-called "tuned radio frequency 
transformer" designed to cover the 
broadcast wave -length band. Fresh - 
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The Super-Unidyne circuit. Storage battery tubes are best. Two stages of radio frequency amplification are used. The fourth tube from the left is the oscil- lator tube. There is no intermediate frequency amplification. The oscillator is used only to furnish selectivity and a certain amount of amplification which 
is the result of heterodyning. 
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man, Toroformer, Syckles, Erla "Bal- 
loon" Circloid, Andrews "Paddlewheel," 
Hammarlund, Rasco "R.F. Spider - 
web," or even Neutrodyne coils may 
be used in the three radio frequency 
amplifier stages, if care is used in 
building this part of the set. The 
value of the condensers marked "C-1" 
will be dependent upon the constants 
of the particular coils selected for 
"L." The most important points to 
remember in placing these coils are 
the two we have stressed in almost 
every issue of RADIO NEWS for the 
past six months or more: the coils 
must be in non -inductive relation; 
leads must be short. The latter refers 
most strongly to the grid leads; the 
plate leads are next in importance. 

Both potentiometers are of the 400 - 
ohm type. The four rheostats may all 
be of twenty- or thirty -ohms rating, 
the first -named rating being best for 
the usual quarter -ampere tubes. 

There is only one intermediate fre- 
quency transformer in this set and 
even this is more properly termed a 
"filter coupler." 

It is the coil with the .00025-mf. 
condensers across the primary and 
secondary (P and S) coils. These 
condensers will, in practice, necessarily 
vary from this value. In order to 
tune this filter coupler properly, these 
two condensers should be of the very 
small, variable mica type having a 
maximum capacity of about .0005-mf. 
There are at least three such instru- 
ments on the market, the Amplex, 
"Grid -Denser," the X -L Laboratories 
"Vario -Denser," and the "Turn -It" 
condenser. 

Both primary and secondary filter 
coils have the same constants, in the 
regular set, but other, nearly similar 
coils may be used; anyone having a 
stray Ultraformer or Tropaformer 
around will find it adaptable to this 
set. 

An ambitious experimenter can make 
his own coil by winding 500 turns of 
No. 30 D.S.C. wire in a groove one. 
quarter inch wide and one inch internal 
diameter. This is the primary. Du- 
plicate this for the secondary. Both 
coils are wound in the same direction. 
The outside of the primary goes to 
the plate and the outside secondary 
lead goes to the grid. By the time 
you have filled the two grooves, the 
diameters will have grown to about 
three inches. This groove proposi- 
tion is easily attended to by having 
some cigar -box wood cut to the dia- 
meters of one inch and three inches. 
You will need three 3 -inch, and two 
1 -inch disks. These are placed to- 
gether alternately this way: 3-1-3-1-3, 
with a brass screw running through 
the center of the five pieces, to hold 
them together. Four sets of such 
coils may be used in any super -hetero- 
dyne. It is best to make the cigar - 
box wood impervious to moisture by 
painting it with colodion or thin shel- 
lac. The finest treatment is to place 
the wood in melted paraffin until air 
bubbles stop coming to the surface, 
then remove and allow the excess 
paraffin to drain off. 

The three -coil oscillator L-1 is next 
on the construction list. All three 
coils are wound in the same direction, 
with No. 24 D.C.C. wire on a three- 
inch tube. Wind "A" to about 18 
turns; leave one -quarter inch space 
and wind 45 turns for "B", and lastly, 
12 turns for "C", one -quarter inch 
from "B." 

There is nothing new or unusual 
about the filament control jacks for 
the audio stages. 

Right here we wish to voice a 
warning. Keep the oscillator in non - 
inductive relation to the outer coils in 
the set. 

As in all multi -tube sets, good tubes 
are a prime requisite. 

Condenser rotor plates are indicated 
by the arrowhead. Body -capacity ef- 
fects will be strong, at the oscillator 
condenser, unless a s e p a r a t e l y 
grounded frame condenser is used. 
Straight-line wave -length or straight- 
line frequency condensers should be 
used-not straight-line capacity. 

The oscillator variable condenser 
dial readings may be made to closely 
match the remaining three variable 
condensers in the set, if they are of 
the same capacity, by changing the 
number of turns in grid coil "B." A 
little experimentation here will do the 
trick. 

Q. 2) Why does removing the cat - 
whisker from the crystal of my reflex 
set cause a loud howl in the loud 
speaker? And, why is it necessary 
to change the catwhisker location 
when changing from one extreme 
wave -length to the other, in order to 
prevent a loud howl? Other reflex 
sets I know of do not have this 
trouble. 

A. 2) Both these experiences are 
caused by the same major effect-the 
crystal detector has a variable resist - 
?nee. This resistance is varied as the 
bontact is changed. Your receiver is 
similar to thousands of others, in that 
a loud howl is heard when the cat - 
whisker is lifted from the crystal. All 
this is understood when one considers 
the fact that the damping, or oscilla- 
tion control of the circuit is governed 
largely by the amount of resistance in 
the circuit. By reducing the number 
of turns in the plate coil of the tube 
circuit that is oscillating, it is possible 
to stop the oscillation of the circuit. 
The effect of reducing the number of 
plate turns is obtained by connecting 
a resistance in the secondary circuit 
of the R.F. transformer, the primary 
of which is in the tube plate circuit. 
The crystal is this resistance. At the 
longer wave -length adjustment, less 
resistance is required in the circuit to 
stop oscillation, than at the short 
wave -length. This variable resistance 
requirement is met by varying the 
catwhisker location and pressure, as 
stated above. Some receivers use 
fixed crystals. In this case, where 
other special conditions exist, such as 
a reduced number of the plate -coil 
turns, it may not be necessary to make 
any change in the detector resistance 
to control circuit oscillation. In gen- 

eral, it may be said that receivers 
having such a critical adjustment of 
the crystal are more sensitive than 
those not so blessed (?). 

SUPER -ZENITH 

(67) Mr. L. E. Moore, Durham, 
N. Y., asks: 

(Q. 1) Please show the Super -Zenith 
circuit, with constants. 

(A. 1) We are showing the circuit 
in these columns. Note that the 
three, four and five turn coils rotate. 
They are fastened to the variable 
condenser rotor shafts and, therefore, 
turn as the variable condensers are 
adjusted. These rotating coils may 
be wound on tubes 21/z inches in diam- 
eter with No. 24 or 26 D.C.C. wire 
(No. 22 or 24 D.C.C. wire being used 
for the remaining coils). 

The seven- and ten -turn plate coils 
are fixed, being wound on the same 
three-inch tube as the 61 -turn secon- 
daries, but spaced from them about 
one -quarter of an inch. 

The object in dividing each plate 
coil into two sections, with one sec- 
tion rotable, is to maintain a constant 
plate condition at all wave -lengths, 
rather than have possible oscillation 
at certain wave -lengths. 

It is quite necessary that each tuned 
radio frequency transformer (61 -turn 
secondaries) be in non -inductive rela- 
tion to one another. Placing at an 
angle to the baseboard, similar to a 
neutroformer layout, is satisfactory. 

The 2,000 -ohm variable resistance 
must be non -inductive. A regular car- 
bon or graphite type of resistance will 
be satisfactory. 

The aerial, if short, connects to the 
end of the 20 -turn aerial coil which 
is wound on the same tube as the 61 - 
turn secondary, but separated about 
one -quarter inch from it. 

In the commercial set the variable 
condensers that tune the grid circuits 
of the second radio frequency tube and 
the detector tube are mechanically ar- 
ranged to turn with only one knob. 

Standard storage battery tubes will 
probably give best results. 

We are showing one stage of audio 
frequency amplification, but the audio 
frequency amplification desired is op- 
tional. 

Connect headphones to binding posts 
X1 and X2, if the audio frequency 
amplifier is not used. 

If three variable condensers are 
used to tune the set, the balancing 
condenser will not be required. This 
is only used to compensate for any 
variations, when two variable condens- 
ers are geared together. The balanc- 
ing condenser need only be of three 
or four plate size. 

A single dry cell, or a single flash- 
light cell, will be satisfactory for the 
1% -volt "C" battery. 

Note that all constants shown (coil 
turns, etc.) must be considered as 
variable, depending upon individual 
conditions. 

The construction of this receiver 
should not be attempted unless one 
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has had considerable experience in 
making experimental sets. 

(Q. 2) What could be the explana- 
tion of weak signals from local sta- 
tions when using a Super -Heterodyne 
having intermediate frequency iron 
core transformers marked "10,000 
meters"? The filter coupler consists 
of two 250 -turn honeycomb coils. A 
.002 mf. fixed condenser is connected 
across each coil. 

(A. 2) The filter coupler must be 
sharply tuned (or nearly tuned) to 
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R4-Very feeble. 
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PHONE AUDIBILITY AND QUALITY 

Ml-Speech garbled. 
M2-"Hashed" speech. 
MS-Uneven modulation. 
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turns of No. 24 D.C.C. wire wound on 
a 3 -inch tube. One eighth of an inch 
from the filament end of this coil is 
wound L-2, 25 to 40 turns (depending 
upon tubes used) of the same size wire, 
wound on the same tube with a sepa- 
ration between L-1 and L-2 of about 
%-inch. Four UV -201A type tubes 25 
turns will probably be found about 
right. For dry cell tubes, more nearly 
40 turns will be required. L-3, 15 to 
35 turns (depending upon tubes used) 
of No. 24 D.C.C. wire, on a 3 -inch tube. 
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the wave -length peak (that is, the 
wave -length at which the amplification 
is greatest) of the intermediate fre- 
quency transformers selected. For 
that reason it will be necessary to use 
larger honeycomb coils than you now 
have. Try two 600 -turn honeycomb 
coils shunted by two variable condens- 
ers having maximum capacities of 
about .001 mfd. 

CODE SIGNAL AUDIBILITY AT 
RECEIVING STATION 

R1-Almost inaudible. 
R2-Perceptible. 
R3-Extremely feeble. 

Aa unusual circuit employing the use 
of electrolytic rectifiers to supply B 
voltage for the plates of the last two 

amplifier tubes. 

NOVEL PLATE SUPPLY 

(68) Mr. Jno. J. Ruby, Brooklyn, N. 
Y., asks: 

(Q. 1.) Please show how to combine 
an amplifier using UX-112 tubes and 
the radio frequency circuit accompany- 
ing this inquiry. 

(A. 1.) We believe you will find the 
circuit shown in the diagram below on this 
page will meet your requirements. (See 
page 1188.) 

The constants are as follows: 
L 48 turns of No. 24 D.C.C. wire 

tapped at 2 turns from the filament 
end of the coil for "L" 8 turns for 
"M" and 15 turns for "S." L-1 50 
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L-3 is separated from L-1 by a distance 
to be determined by test. It will prob- 
ably be about 3 inches, and in inductive 
relation as shown. All coils are wound 
in the same direction. Condenser C-1 
may have a maximum capacity of .0005. 
C-2 has a vlue of about .0025 mf. 

It may be advisable to connect a 
choke coil at "X," this coil to consist 
of about 200 turns of No. 30 D.S.C. 
wire an a 2 -inch tube. 

To insure better quality, grid -bias 
rectification is used, instead of the 
more ordinary grid -leak rectification. 

Good audio frequency transformers 
must be used. Chokes one and two may 
be autoformers with a voltage step-up 
ratio of 1:11/2. 
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To eliminate strong hand -capacity 
effect, the writer has shown the rotor 
of C-2 connecting to the "C" battery 
side of the instrument. 

An illustration of the radio fre- 
quency instrument and a lay-out that 
may be followed appear on page 796 
of the December, 1925, issue of RADIO 
NEWS. 

The electrolytic rectifiers are very 
easily made. The tubes are 1 x 6 -inch 
test tubes filled with a solution of so- 
dium phosphate, made by dissolving 
about a teaspoon full of the chemical 
to a cup of water (use the neutral salt, 
not acid sodium phosphate). The elec- 
trodes are thin aluminum and iron 
strips, 1/4 -inch wide and 6 inches long. 
The positive element, the aluminum, 
must be of the purest grade obtain- 
able. 

The iron or negative electrode serves 
only as a connection to the electrolyte. 
It is the aluminum oxide film, the for- 
mation to be described, with which we 
are most concerned. 

The transformer is a 50 -watt, 110 - 
volt, 60 -cycle transformer with a 220 - 
volt secondary winding tapped about 
evenly. This secondary voltage, which 
is very critical, is the plate potential 
to be determined by test. 

Although 8 mf. condensers are shown, 
condensers of larger capacity will re- 
duce any ripple that may remain in 
the out -put. 

Before using this rectifier on the 
set, switch Sw.0 should be set for 
the lowest possible voltage and the 
transformer connected to the 110 -volt 
line for about 10 minutes. The oxide 
film will by then be formed on the 
aluminum electrodes. 

Switch Sw.B may be a push-pull ar- 
rangement, for selecting either the 
first or second stage of power ampli- 
fication. The tubes recommended for 
the two -power stages marked 4 and 
5, are UX-112-type tubes. Type UX- 
210 tubes can also be used in these 
two positions with extraordinarily 
good results. In the event that these 
tubes are used, no filament resistance 
is required at "R," with a 6 -volt 
supply. When UX-112 tubes are used, 
a resistance capable of carrying 1/a 

ampere per tube must be provided 
for the set. The UX-210-type tube 
will require a negative "C" bias in 
the neighborhood of 15 volts. 

The 8 mf. condensers must have a 
high insulation value. 

By use of the unusually efficient 
and high plate voltage supply de- 
scribed above, one need not give the 
attention needed by "B" batteries of 
the usual type which age rapidly 
under such heavy duty service and 
eventually become noisy, or the stor- 
age "B" battery that requires frequent 
recharging, or the next best proposi- 
tion, the motor generator with its 
attendant and undesirable commutator 
noises. 

This circuit is an unusually efficient 
one for driving cone -type reproducers. 

Readers will be interested to know 
that a set built with this form of 
plate supply reproduced the signals of 

a broadcast station fifty miles away 
so loudly and clearly as to be per- 
fectly understandable at excellent audi- 
bility, two miles from " the loud 
speaker. 

Experimenters desiring more de- 
tailed information regarding the tun- 
ing system and circuit, selected for the 
qualities of selectivity and sensitivity, 
and the plate supply selected for the 
reasons enumerated above, are advised 
to study these references: 

"The One -Stage Radio Frequency 
Amplifier," page 21, in the November, 
1925, issue of QST magazine (Hart- 
ford, Conn.) ; "The Reactodyne Cir- 
cuit," page 796, December, 1925, issue 
of Radio News; "Electrostatic A.C. to 
D.C. Converters," page 1077, March, 
1923, issue of Science and Invention. 

(Q.2) In the November, 1925, issue 
of The Experimenter magazine, in the 
article "How to Make and Use a 
Wave -Meter" (A. P. Peck, Radio 
3M0), page 18, is a circuit, Fig. 1, 
showing a Neon tube for indicating 
reasonance in transmitter wave -length 
determinations. I understand the 
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and relates in this instance to the 
lighting of the tube), and since the 
current required to maintain oscilla- 
tion of the Neon tube circuit is only 
about two milliamperes, an ordinary 
"B" batterly will furnish amply suffi- 
cient current. In fact "B" battery cur- 
rent consumption is about one-third 
that of the ordinary vacuum tube. 
Another feature is the elimination of 
the "A" battery. 

(Q. 3) If it is possible to incorpor- 
ate the new DeForest Anti -Radiation 
device of Roy A. Weagant with a re- 
generative receiver of the so-called 
single -circuit type, so as to prevent 
radiation of squeals and whistles, 
please show how it can be done and 
give all details necessary. Would the 
large Acme audio transformer work 
satisfactorily in the set? Or would 
the Erla code transformer work best? 

A. 3) Yes, it is possible to apply 
the principle you mention with no 
difficulty at all. The changes are 
probably made sufficiently clear in 
circuit diagram Q.2162 -B on page 1163. 

The aerial is removed from its usual 

J 10 r--1 B+9o. - 
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An interesting circuit for the experimenter. 

Neon tube may be made to cause cir- 
cuit oscillation. If this is the case 
at audio -frequency, I would like to 
know how to make an audio frequency 
oscillator using the Neon tube. 

(A. 2) The circuit requested is shown 
in these pages. Resistance "R" may be a 
fixed unit. The value required is most 
easily determined by making "R" variable 
with a range of 25,000 to 250,000 ohms, 
for testing the initial set-up. 

The output may be used for test- 
ing the response for loud speakers, 
audio transformers and headphones to 
various audio frequencies. 

The Neon tube may be an "Osglim 
lamp" obtainable in England, or the 
more easily acquired Neon lamps used 
in the Westinghouse "Spark -C" auto- 
mobile spark plug tester, or the Airco 
"Ignition Gauge." 

Since this type of lamp only re- 
quires about 15 milliamperes at 200 
to 300 volts, to "strike" the tube (the 
word "strike" is taken from electrical 
nomenclature, ordinarily used in con- 
nection with electric arcs, with refer- 
ence to the starting of the arc action 
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position (1) and placed as shown at 
(2). The .00025 mf. condenser shown 
in the first position of the aerial 
may be tried at point "X" of the 
aerial in the second position, but it 
will probably not be found at all 
necessary for its usual purpose-in- 
creasing selectivity. 

The coil marked "Choke" may be the 
secondary of a good radio frequency 
transformer of the aperiodic type, such 
as the Acme R-2, the Duratran, the 
All-American R -201A, etc. 

A Chelton Midget condenser may be 
used as N.C. Other condensers of the 
type used in neutrodynes for neutraliz- 
ing purposes will probably prove satis- 
factory, if 5o mf. capacity can be ob- 
tained. 

Any good make of audio frequency 
transformers may be used, with the 
lower ratio transformer in the second 
stage. 

The ratios of the new and old model 
Acme transformers, and other compar- 
ative data are: 

NQ. RATIO HEIGHT DEPTH WIDTH WEIGHT 
A 2 .. 43! :1 d" 2" 2%" 8 oz. 
MA -2 .. 5 :1 3" 4" 4 " 16 oz. 
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It is inadvisable to use the code 
transformers mentioned, unless it is 
desired to receive mostly code signals, 
in which case inductances "L" and 
"rotor" would be entirely different 
from their broadcast values; which 
may be, for example, "L," 50 turns of 
No. 20 D.C.C. wire on a 3 -inch tube; 
rotor," 20 to 40 turns of No. 24 D.C.C. 
wire wound on a 21k -inch form, the ex- 
act number of plate coil turns deter- 
mined by the particular tubes used. 
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The Erla code transformer is called 
the "1,000 cycle" transformer and at 
this frequency at which it peaks, a volt- 
age amplification ratio is approxi- 
mately 30:1 and is the most suitable 
transformer on the market for the am- 
plification of code signals of 1,000 
cycles frequency (approximately). 

MODEL C-7 SUPERHETERODYNE 

(69) Mr. J. Hathaway, Weirsdale, 
Florida, asks as follows: 

(Q. 1.) I would like to construct the 
C-7 type superheterodyne receiver 
which, I am informed, has a high de- 
gree of efficiency and is very sensitive 
to weak signals. Any particulars re- 
garding the construction of this re- 
ceiver, also a list of parts which I 
could use in the construction of this 
set, wherever it is impossible to make 
the instruments, will be greatly ap- 
preciated. 

(A. 1.) The Model C-7 receiver was at 
one time manufactured by the Norden - 
Hauck Co., 1617 Chestnut St., Phila- 
delphia, Pa. All information on this 
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receiver published in these columns was 
kindly furnished by this company. The 
schematic wiring diagram will be found 
below. 

LIST OF PARTS 

One cabinet, 40x8x8 inches; 
One panel, 40x8x1/ inches; 
Eight binding posts; 
One heterodyne condenser, .0005-mf.; 
One wavelength condenser, .00025- 

mf.; 
Three midget condensers, .000045- 

mf.; 
One oscillator coupler, as per speci- 

fications below; 
One output transformer, as per spec- 

ifications; 
Two radio -frequency transformers, 

type "C" only - E.I.S. special (or 
1716's) ; 

Two audio -frequency transformers; 
three "C" batteries, 41/svolts; 

Three by-pass condensers, one .005- 
mf., and two .001-mf.; 

One open jack; 
One grid leak, 2-megohm; and grid 

condenser, .00025-mf., with mounting; 
Three by-pass condensers, 1-0-mf.; 
Seven sockets; 
60 ft. each No. 12 bus wire soft 

drawn tinned copper and No. 12 spa- 
ghetti, with necessary screws and nuts. 

One filament switch; 
Two 4 -inch dials, and knobs; 
One antenna inductance (see below) ; 
Two master rheostats, one 7 -ohm and 

one 20 -ohm; 
One fixed condenser, .01-mf.; 
One voltmeter, 0-7, 0-140 scale, and 

one ammeter, 0-3 amps. (optional as 
extra equipment). 

COIL SPECIFICATIONS 

OSCILLATOR COUPLER: form is a 
31h -inch tube, 1/s inch thick, 2% inch 
long. Start 1h inch in from edge and 
wind 26 turns of No. 20 D.C.C. wire, 
two -layer bank winding (L5, L6) ; 
start 1/4 inch over and wind 26 turns 
of No. 20 D.C.C. wire, two -layer bank 
wound in the opposite direction (L3, 
L4) ; start 1/ inch over and wind 5 
turns of No. 20 D.C.C. wire, two -layer 
bank winding in the same direction as 
the first coil. Connect as shown in the 

BOTH WINDINGS HAPHAZARD IN IV GROOVE 

schematic wiring diagram. (L1, L2). 
OUTPUT TRANSFORMER: form is 2 

inches inside, 4 inches outside di- 
ameter, with a winding space 5/16 inch 
wide; the primary is 100 turns of No. 
28 D.C.C. wire wound at random; the 
secondary 300 turns of No. 28 D.C.C. 
wire, wound in the opposite direction. 

ANTENNA INDUCTANCE: primary 
form, 1% inch tube, 1/16 inch thick, 
2% inches long. Wind 20 turns of No. 
32 D.C.C. wire, in 2 -inch winding space, 
and equally spaced from ends of tube 
(L). On top of the first coil, and sep- 
arated from it by a piece of paper, 
wind 40 turns of No. 32 D.C.C. wire 
in same direction secondary reform 3 
inches in diameter xi/16-inch wall, x2/ - 
inch long formica tube. Wind 10o turns 
of io -strand No. 38 (Litzendraht) with a 
tap at 5o turns. Wind in opposite direc- 
tion from the two primary coils and 
spaced evenly from ends of the tube. 

Oscillations and the sensitivity of 
the receiver may be controlled by the 
insertion of a 400 -ohm potentiometer 
(in the proper manner) at points 
marked "X" in the intermediate -fre- 
quency stages. One may be used for 
both stages. 

WIRING DATA 

(70) Mr. A. S. Marriott, Toronto, 
Ont., Canada, asks: 

(Q. 1). Is there any disadvantage in 
using spaghetti on all wires? Does 
spaghetti tubing absorb moisture? 

(A. i). This insulation should be used 
only when there is danger of one wire 
touching another. Air is the best di- 
electric. When replaced by something 
else, dielectric absorption losses are 
greater. Also, parallel wires carrying 
currents of two different potentials act 
as two plates of a condenser. With air 
as a dielectric the condenser effect is a 
minimum. In some sets this condenser 
effect may make the receiver inopera- 
tive. 

(Q. 2). Which is the best to use, No. 
14 enameled wire, No. 18 annunciator 
(bell) wire, or round or square bus 
wire? 

(A. 2). Either the enameled wire or 
the bus wire. We do not believe there 
is any difference worth considering in 
the use of square or round bus wire, 
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unless one is wiring a set to operate 
on short waves, such as 50 meters or 
less. The annunciator wire has the dis- 
advantage of causing considerable con- 
denser effect due to the paraffined cot- 
ton thread used as a covering. 

(Q. 3). Where can I secure informa- 
tion on the re -broadcasting systems in 
use? 

(A. 3). Mr. Frank Conrad presented a 
paper on this subject before the Insti- 
tute of Radio Engineers. The Decem- 
ber, 1924, issue of the "Proceedings" 
of this organization contains a reprint. 

SECTIONAL STAND-OFF INSULATOR 

The other day, while re -arranging his 
transmitter lead-in, the contributor fell 
in need of a stand-off insulator about 
eight inches long. He found, however, 
several porcelain receiving insulators 
in stock, and struck upon the idea of 
making them into a stand-off insulator, 
as shown in the accompanying illus- 
tration. 

After fastening them together, end 
to end, with No. 12 copper wire run 
through the holes, a large, flat staple 
was made from a tenpenny nail and 
passed through the hole in the end of 
the last insulator before being bent. 
The staple was then driven into the side 
of the house, the insulator standing 
out rigidly at right angles. The lead- 
in wire was then passed through the 
hole on the end insulator and fastened. 

A stand-off insulator of this type 
can be made any length desirable, if 
the support is securely fastened. 

Contributed by Y. M. Hoag. 

A PRACTICAL BAND SELECTOR 

(7i) Mr. N. L. Allan, Brooklyn, N. 
Y., writes: 

(Q.) "For some time I have thought 
of building a new radio set; but after 
reading the article in your March, 
1928, issue, in reference to the "Full - 
Band" tuning system, I decided to wait 
until further data were available for a 
set using a tuning system of this type. 
Since that time I have watched every 
issue of Radio News but no further 
data have been published. The system 
has remarkable possibilities and I am 
sure that many of your readers would 
be interested in obtaining more infor- 
mation about this system. Can you 
supply us with experimental data or 
details for making one of these filters 
for the broadcast band, and also data 
for coupling it to a tuned -radio -fre- 
quency receiver?" 

Cl 

L1 

C2 

L2 

The coupling unit L3 governs the width of the 
radio -frequency band amplified. 

(A.) By referring to the diagram 
or to the diagrams published in the orig- 
inal article, you will see that the filter 

comprises two coils LI and L2 tuned by 
condensers CI and C2; these two resonant 
circuits are coupled together through an 
inductance coil L3. Since L3 acts only 
as a coupling device for the two reso- 
nant circuits, the coil may be replaced 
by a condenser of rather large capacity. 
However, for ordinary purposes, a coil 
is more practical; since the value may 
be changed more easily. 

The theoretical discussion (in March 
Radio News) pointed out that, when 
an aerial is coupled to the filter, the 
capacity between the aerial coil and the 
first resonant circuit is sufficient to 
throw this circuit out of resonance with 
the other and, in order to gang the two 
tuning condensers together, it is there- 
fore necessary to place a small com- 
pensating condenser (C6, C7) across 
each of them. A practical circuit with 
two stages of tuned -radio -frequency 
amplification is shown below. 

COIL CONSTANTS 

In the filter, coils L1 and L2 are 
wound on 3 -inch forms. Coil Ll has a 
primary of 10 turns and a secondary 
of 47 turns of No. 24 S.C.C. wire; a 
space of about 14 -inch should be left 
between the two windings. Coil L2 is 
similar to L1 except that the positions 
of the two coils are reversed. It is 
absolutely necessary to shield L2 and 
L3; since the filter will not operate 
properly if a current is introduced into 
these coils from any other source than 
coil Ll. Since coil L1 is coupled to the 
aerial, it will not be necessary to shield 
this coil. 

C6 C7 

LA 

a tuned -radio -frequency set, the other 
tuning circuits should be made rather 
broad, so that the good qualities of the 
filter are not lost. The easiest way to 
accomplish this is to make the coils 
small and use fine wire. With .0003 - 
or .00035-mf. tuning condensers, L4 
and L5 can be wound on 2 -inch forms 
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A stand-off insulator 

with No. 28D.C.C. wire; the primary 
with 12 turns and the secondary with 
86 turns of the same wire. A space 
of about 1 -inch is left between the 
two coils on the tube. The other parts 
of the R.F. amplifier are the same as 
in any other set and any convenient 
method of oscillation control can be 
employed. If it is so desired, the con- 
densers C3 and C4 may be ganged to- 
gether, since the tuning is purposely 
made broad in these two circuits. The 
resistors R2, R3 and R4 are filament 
'ballasts; their value depends on the 
type of tubes employed. Any good 
audio -frequency amplifier may be cou- 
pled to the output of the detector tube. 
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Diagram of a receiver in which a band -selector unit is followed by two R.F. stages. Data for El, E2 

and L3 are given above; L4 and Li may be any coils suited to the condensers used. 

The size of coil L3 is very important 
and these instructions should be fol- 
lowed exactly when building it. It is 
wound on a tube 1 inch in diameter and 
contains 5 turns of the same wire as 
used on the other coils. The inductance 
of this coil is approximately 1.2 micro - 
henries and, if a condenser is used to 
replace it, one with a capacity of .024 
mf. should be employed. The reason 
why coil L3 is so critical is that this 
coil is used to couple the two resonant 
circuits together. Its value determines 
the degree of coupling, also the width 
of the band covered by the filter; and 
any changes in the constants will also 
change the characteristics of the filter. 

When using the Band Selector with 

COIL OR CONDENSER? 

The data given for this band selector 
are experimental and a certain amount 
of alteration may be necessary in order 
to get the correct band width for your 
receiver. However, the inductance 
values were checked in an experimental 
model and found to give a band slightly 
wider than 20 kilocycles at 200 meters, 
and slightly narrower at the higher 
wavelength. The use of a condenser 
for coupling, in place of coil L3, will 
give slightly better characteristics on 
the longer waves; since it tends to 
broaden the tuning or widen the band 



74 1001 Radio Questions and Answers 

on the upper waves and narrow it on 
the shorter waves. However, as ex- 
plained before, the difficulty in obtain- 
ing the correct capacity to give the ex- 
act characteristics led to the use of an 
inductance in the experimental model. 
The experimental values for the coils 
and capacities were derived from the 
formulas and diagrams in the Bureau 
of Standards' Circular No. 74. For 
further information on the subject, we 
would suggest that the experimenter 
read the previous article on the theo- 
retical operation of the band selector. 

OUTPUT COUPLING DEVICES 

(72) Mr. M. J. Joseph, Chicago, Ill., 
writes : 

(Q.) "Will you please supply as 
much information as possible as to the 
use of an output coupling device for a 
receiver? When is one required, and 
just what type is necessary for a partic- 
ular installation? I notice that almost 
every set now in use uses a filter of 
some type; although they differ greatly 
in their construction." 

(A.) The value of the current which 
actually operates the loud speaker is 
constantly varying as the signal 
changes. The plate current, or output, 
of the last tube may be considered as 
an alternating current superimposed 
on the direct current in the plate cir- 
cuit; since the variations in the current 
follow, exactly, the form of an alter- 
nating current. When an output filter 
is not used, the direct plate current of 
this tube is continually passing through 
the windings of the speaker; the 
amount of this current is dependent on 
several factors, including the plate vol- 
tage, the "C" bias and the resistance 
(of what?) 

This direct current does no useful 
work in actuating the speaker, but is 
necesssarily produced by the normal 
operation of the tube. If some method 
is used to separate the alternating -cur- 
rent component from the continuous or 
direct -current, the speaker operates 
just as efficiently, and actually gives 
better quality, since it is not loaded 
with unnecessary current. Also, the 
windings of the speaker are not endan- 
gered, since the actual signal variation 
is comparatively small when compared 
to the plate potential. 

The output filter supplies a means of 
separating the two currents; it has 
also another use, that of providing a 
means of matching the impedances of 
the tube and the speaker. In order to 
obtain the greatest efficiency from a 
speaker, its impedance should be close 
to that between the filament and the 
plate of the last tube in the set. A 
transformer with properly designed 
windings will supply these require- 
ments. 

On this page arc shown three common 
methods of coupling. The first (A) is 
that of using an output transformer; 
as mentioned above; this serves the 
double purpose of keeping the plate 
voltage away from the speaker and 
matching the impedance. The second 
method (B) employs a choke coil CH 
and a condenser Cl ; the condenser pre- 

vents the direct current from passing 

TRANSFORMER 

B+ -C- 
Three popular methods of coupling the loud speaker 

with the audio power take. 

through the windings of the speaker, 
while the choke coil prevents the alter- 
nating component from being by-passed 
around the speaker through the "B" 
battery. The choke coil has, usually, 
an inductance of about 30 henries and 
the condenser a capacity between 2 
and 4 mf. There is one fault in this 
system, and that is the possibility of 
getting a shock when the speaker and 
the ground are touched at the same 
time, as the speaker is at the highest 
"B+" voltage. This may be overcome 
by connecting an additional condenser 
(C2) at the point shown by the dotted 
lines; the speaker is thus entirely in- 
sulated from the plate supply. 

The same results may also be ob- 
tained, without using the additional 
condenser, by connecting the loud 
speaker between the condenser and the 
negative filament lead. In this case, as 
shown at C, the alternating component 
still passes through the speaker, but 
the direct current is entirely separate. 

SCREEN -GRID CIRCUIT DESIGN 

(93) Mr. A. H. Grindle, Fort Wayne, 
Indiana, writes: 

(Q.) "Will you please explain why 
choke coils and condensers are used so 
extensively in radio sets employing 
screen -grid tubes? In almost every 
such set I have seen described, a num- 
ber of coils are placed in the plate 
leads, and sometimes in the screen -grid 
leads. However, none of the articles 
explain why these chokes are employed; 
can good results be obtained without 
them or are they necessary for correct 
operation?" 

(A.) Although the circuits for 
screen -grid receivers do not differ ma- 
terially from those comprising ordinary 

tubes, there are several points of dif- 
ference which must be considered if ef- 
fective results are to be obtained. It 
must be remembered for one thing that 
these tubes give very great amplifica- 
tion when used correctly. Also, the 
screen -grid tube does not require any 
neutralizing device to operate success- 
fully and this alone is of great assist- 
ance in constructing multi -tube re- 
ceivers. 

The fourth element (the screen -grid) 
in this tube prevents any feed-back 
through the capacity of the tube ele- 
ments; but, because of the very high 
amplification possible, it is necessary 
to use extreme care in shielding the 
receiver to prevent any interaction due 
to the capacities between wires, etc. 
The shielding for such a set should be 
effective as both the electromagnetic 
and an electrostatic shield. 

With reference to the actual con- 
struction of the set, there are several 
rules which should be followed: use the 
best components available and be sure 
that they are designed for use with a 
screen -grid tube. All parts are not 
suitable even though they are well 
made otherwise. The coils should have 
a ratio, of primary to secondary turns, 
about 1 to 1; or, if impedance coupling 
is employed, the impedance should not 
be tapped to produce a step-up ratio of 
the turns in the primary and secon- 
dary. 

There is one other point which many 
a radio fan has discovered, much to 
his sorrow, in the use of the screen - 
grid tube as a radio -frequency ampli- 
fier. As an example, suppose we build 
a completely shielded set and use ex- 
treme care to prevent any interactions 
due to faulty shielding. We use the 
very best apparatus that we can ob- 
tain but, when the set is finished, we 
discover that the amplifier is uncon- 
trollable and has a bad tendency to os- 
cillate. In fact, the better the appa- 
ratus that we use, the greater will be 
the tendency to oscillate. We can cure 
this trouble by introducing resistors 
into the circuits; but this method is 

LI ; L2 

The arrows show the electron flow. 

not desirable because it will reduce the 
efficiency of the amplifier. This leaves 
us in a very unfortunate position, so 
far as the operation of the set is con- 
cerned; since the only other apparent 
means of overcoming the difficulty is 
to reduce the number of turns on the 
primary coils of the coupler, and this 
will also reduce the amplification. 
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Evidently our trouble is due to a 
feed-back, even though we have used 
care to prevent this. The answer to 
the riddle is that there is a feed-back 
through the common plate -voltage sup- 
ply. The reason why we encountered 
this feed-back will be explained later, 
but let us look first at the diagram. This 
shows the insertion of choke coils CH in 
series with each of the plate leads and the 
screen -grid leads, as well as in the grid - 
return wires. This is the correct con- 
struction for getting the highest effi- 
ciency from the screen -grid R.F. am- 
plifier. Now we will explain why these 
chokes are used. 

r 

o 

o 

ers of suitable capacity between the 
circuit in question and the filament 
wiring, we will provide a low -impe- 
dance return path for the radio -fre- 
quency currents. Because of the chokes 
they will not noticeably affect the "B" 
supply. These illustrations show how 
the choke coils and condensers would 
be introduced into the circuit. The chokes 
should be of the usual R.F. design, with 
an inductance of about 6o millihenries or 
up ta 125; and the condensers have a 
capacity of one -quarter microf arad, or 
ever more. 

The same system of isolation is ap- 
plicable to all other circuits involved, 
both control -grid and shield -grid, as 
well as the plate. To follow through, 
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By passing the Screen -Grid R.F. Amplifier, using R.F. Chokes CH and Condensers C. 

BATTERY COUPLING 

In the following is shown a radio -fre- 
quency amplifier simplified so that we 
can more easily follow the circuits in 
question. The plate wires are connected 
to a common battery "B," which places 
the necessary positive potential on the 
tube plates. This method of operating 
the tubes would be quite satisfactory 
if the battery or power unit did not 
possess any resistance or impedance. 
The well-known Ohm's Law tells us 
that, when a current flows through a 
resistance, a voltage is set up which is 
equal to the product of the resistance 
and the current. Referring to the fig- 
ure, it will be seen that as R.F. current 
is set up, due to the impedance of the 
power supply, and this current is then 
introduced into the plate circuits of 
these tubes; which provide a coupling, 
in spite of all our precautions in shield- 
ing the set. 

Since we have now discovered the 
cause of the trouble in our set, it is 
necessary to find some way to prevent 
the interaction thus caused. The sim- 
plest way is to place radio -frequency 
choke coils in each of the leads which 
might cause trouble in this matter. 
The choke coils will restrain the cur- 
rents from flowing in the incorrect 
paths, and by connecting also condens- 

we must then isolate each individual 
circuit by the condenser -and -choke ar- 
rangement; this is shown in the first 
diagram, Fig. Q2326A. 

The manufacturers of the screen - 
grid tube recommend the use of a spe- 
cial shield on each tube and also the 
shielding of the grid and plate leads. 
This is especially important when the 
plate or grid wiring is run from one 
stage to another. A metal tube placed 
over the wires is shown as shielding the 
plate leads, Fig. Q2326A; this tube 
should extend directly from the plate 
terminal on the tube socket to the ter- 
minal of the coil in the succeeding 
shield. It must be grounded very care- 
fully to the common shield connection, 
in the manner described above. 

GIMBALL LOOP 

(74) Mr. J. Sildman, Kew Gardens, 
L. I., asks: 

(Q. I). What is a "Gimbal Loop?" 
(A. i). A loop mounted on "gimbals," 

a form of swivel support permitting 
movement in any direction, allowing 
the loop to move in "azimuth" and 
"zenith." All this is made clear from 
a study of the illustration. Two arrows 
indicate the motion. For broadcast wave- 
lengths, about loo ft. of wire will be 
needed. Arrange the number of turns 
and their diameters in any convenient 

manner to assure using about this 
length of wire. 

(Q. 2). Please show, in the "I Want to 
Know" department of Radio News, the 
circuit mentioned by the editor of that 

A simple method of preventing battery coupling. 

department, Thursday evening, August 
13, 1925, from station WRNY, to be 
given to all those who wrote to the 
station asking for it, and include all 
data for the first radio frequency coil 
described. 

(A. 2). The circuit mentioned was that 
of a standard regenerative receiver 
with two stages of audio -frequency 
amplification, showing how to add a 
single stage of radio frequency ampli- 
fication. The particular feature of the 
arrangement was the emphasis laid 
upon the method of preventing feed- 
back by induction, the most troublesome 
form of feed-back in such circuits. A 
Circloid or similar coil may be used for 
the toroid shown, or it may be home 

The Gimbal! Loop 

constructed according to the directions 
given, just so it is of the "astatic" 
type of winding. The "Twin Cylinder" 
coil construction described in the "I 
Want to Know" department of the Oc- 
tober, 1925, Radio News, page 480, may 
also be followed. 

Astatic coils do not absorb energy 
(radiated, say, from the 3 -coil unit), 
neither does it radiate energy (to the 
3 -coil unit). Upon a realization of this 
the astatic coil is seen to be the most 
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desirable form of coil winding for the 
particular purpose for which it is here 
recommended. 

The little tap marked "N" is not 
used. It is a Neutrodon tap for other 
circuits. 

Circuit oscillation is controlled by 
varying the number of turns on the 
primary of the 3 -coil unit. After the 
correct number of turns have been de- 
termined, there is no further change 
required in the constants of this unit. 

A DIALLESS SET 

(95) Mr. Stephen Jordan, Birming- 
ham, Alabama, writes : 

(Q.) "I saw the descriptions of two 
switch -operated sets in the December 
issue, but the instructions for each 
were omitted. I am thinking of build- 
ing a set and I would like to arrange 
it so that the local stations could be 
picked up without the use of any dials. 
The set will use a screen -grid tube as 
a radio -frequency amplifier, and con- 
tain two stages as a radio -frequency 
amplification. If the screen -grid tube 
cannot be used in a set of this type, 
a regular 201A tube will be suitable. 
Can you supply me with the diagram 
and instructions for making such a re- 
ceiver? It will not be necessary to 
show the audio amplifier, since an or- 
dinary transformer -coupled system will 
be used." 

(A.) Since the design of a switch - 
operated set will be of interest to a 
number of constructors, we are print- 
ing a diagram which will be suitable, 
for construction by the experimenter. It 
contains one stage of (screen -grid) 
radio -frequency amplification with a 
regenerative detector; the R.F. circuit 
is untuned, in order to keep the wiring 
as simple as possible. The detector 
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is an ordinary 201A -type tube, and 
tuning in this stage is accomplished by 
switching semi -variable condensers into 
the circuit. The condensers for this 
purpose are so set that a different sta- 
tion will be tuned in by each condenser 
when it is shunted across the secon- 
dary coil. By using several of these 
instruments, the local stations can be 
selected without adjusting any tuning 
controls except the switches. If recep- 
tion from distant stations is desired, 
a variable condenser of the usual de- 
sign may be mounted in the set and 
switched into the circuit instead of one 
of the semi -variable condensers. 

The radio -frequency amplifier and 
the detector are shielded in separate 
metal cans, and the plate lead of the 
screen -grid tube is run through a metal 
tube to shield it from the other wires 
in the set. This is done to prevent 
feed-back, which might otherwise occur. 
The radio -frequency tube is coupled to 
the aerial through a radio -frequency 
choke, of a value between 80 to 125 
millihenries. The larger inductance is 
preferable, although good results can 
usually be obtained with a smaller one. 

Grid bias for the R.F. amplifier is 
obtained from a single 11/2 -volt flash- 
light cell connected as shown in the 
diagram. The screen -grid and the 
plate circuits of the radio -frequency 
tube are isolated by placing a radio - 
frequency choke in series with each of 
these leads and connecting a by-pass 
condenser to the filament circuit. The 
coupling coil in the set is specially con- 
structed, with a large primary which al- 
lows the radio -frequency tube to operate 
properly. 
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CONSTRUCTION 

The first thing to do when building 
the set is to make the coil L2; this may 
be done in a number of ways with 
equally good results, but the primary 
should be made almost equal to the 
secondary in size, regardless of the con- 
struction. A large primary is needed 
to give the necessary impedance for the 
plate of the screen -grid tube and also 
to give the greatest amount of coupling 
between the primary and secondary. A 
suitable coil may be made by winding 
a secondary of about 8o turns of No. 
22 D.C.C. wire on a tube 2 inches in 
diameter; the primary should be slot - 
wound on a tube or spool, 1% to 17/8 
inches in diameter, and placed inside 
the secondary coil. The fixed tickler is 
wound on the same tube as the sec- 
ondary; it contains about 40 turns of 
the same wire used on the secondary. A 
space of about 1/4 -inch should be left 
between the two windings on the tube. 

Other parts required for the set, ex- 
clusive of the audio -frequency ampli- 
fier, are as follows: 

One screen -grid (222 -type) tube, V1; 
One 201A -type tube, V2; 
One aerial choke coil (85- to 125 - 

millihenry) LI.; 
Two radio -frequency chokes (about 

85 -millihenry) L3, L4; 
Two semi -variable condensers, .0001- 

mf, maximum, Cl, C2; 
Four semi -variable condensers, .0005- 

mf., C3, C4, C5, C6; 
One grid condenser, .00025-mf., C7; 
One condenser, .002-mf., C8; 
Two by-pass condensers, 1-mf., C9, 

C10; 
One fixed condenser, .00025-mf., C11; 
Two filament ballasts, one 222 -type, 

R2; one 14 -amp. type, R3; 
One grid leak, about 2-megohm, R4; 
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A circuit employing the "Toroid Coil." 
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One variable resister, o -500,000 -ohm, 
R5; 

Three S. P. D. T. switches, panel - 
mounting, cam -operated type, Sw1, 
Sw2, Sw3; 

Two shield cans, aluminum or cop- 
per; 

One panel and baseboard, to suit lay- 
out and amplifier; 

Eight binding posts; 
Two tube sockets; 
One dry cell, 11/2 -volt "C"; 
Hookup wire, screws, copper tube 

for plate lead, etc. 
The set may now be assembled. The 

switches are mounted on the panel in 
a line. The volume -control resistor 
R5 is also mounted on the panel and, 
if a variable condenser is to be used 
as an auxiliary control for tuning in 
stations not covered by the switches, 
its dial is also panel -mounted. If a 
condenser of this type is desired, it 
should have a capacity of about .0005- 
mf. In laying out the parts, the coils 
L1 and L2 should be placed in the 
middle of the can, leaving a space 
of at least an inch between the coil 
and the shield. The control grid 
lead of the screen -grid tube must be 
made as short as possible to obtain 
the best results. The plate lead of 
this tube should also be short and, as 
mentioned above, should be run 
through a copper tube, which is then 
grounded very carefully. 

OPERATION 

After the set has been assembled, 
the condensers are adjusted. First ad- 
just Cl to the station with the lowest 
wavelength of those to be received. 
This is done by turning on the set 
and then adjusting the condenser 
screw with a rod of wood or other 
insulator. Care must be taken to tune 
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the condensers to maximum settings, 
as the volume and efficiency of the set 
for each station depend on this ad- 
justment. After Cl has been tuned, 
each of the other condensers is ad- 
justed to its respective station by 
switching it into the circuit and tuning 
it in the same manner as the first one. 

The only other control on the re- 
ceiver is the oscillation control R5, 
which acts also as a volume control. 
For local stations, this resistor may 
be set and left in a position at which 
there is no oscillation but which yields 
sufficient volume for ordinary needs. 
If body capacity is noted when the 
switches are adjusted, the panel should 
be shielded or, if they are made with 
insulated, metal frames, the frames 
should be grounded to the shields. 
It is a good plan to engrave the 
panel with the call letters of the sta- 
tion opposite the switches, so that any- 
one can tune the set without knowing 
the particular arrangement. 

An interesting variation of this ar- 
rangement, for the enterprising experi- 
menter, is a relay system to connect 
the various condensers from a distance 
which will give remote control of the 
set. This arrangement is rather too 
complicated for the average fan, but 
it consists mainly of switches at the 
remote points and relays, instead of 
cam switches, at the set proper. A 
"master" switch is also provided, to 
turn the set off and on without the 
necessity of ' going to the set. The 
switches at the remote points will be 
similar to those described for the 
original set; they close a local circuit 
operating the relay for the proper 
condenser. Each relay is provided 
also with an S. P. D. T. switch to 
operate the condenser circuits; or a 
separate S. P. D. T. relay may be used 
for each station. 
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PIEZO-ELECTRIC CRYSTALS 

(Q. 2.) What is the piezo-electric 
effect and how is it used in radio? I 
have often heard of quartz crystals 
and piezo-electric crystals being used 
in transmitters but I am at a loss to 
know where to find information on this 
subject. 

(A. 2.) When a piece of quartz of 
correct shape is placed between two 
metal plates, a condenser is formed 
with the quartz as the dielectric and 
the metal pieces as the plates. When 
the plates are connected to a source 
of alternating current, the quartz is 
found to expand and contract; as the 
charges on the plates increase and 
decrease, due to the changes of po- 
larity. It is also found that an alter- 
nating potential is generated by the 
crystal itself; this can be detected if 
a sensitive galvanometer is connected 
to it. From this explanation it will 
be seen that the action is reversible; 
alternating electric currents cause the 
crystal to expand and contract, and 
lengthening and shortening of the 
crystal cause it to produce alternating 
electric impulses in the plates. 

Although this action takes place to 
some extent on any frequency, the 
action is much greater on one fre- 
quency, depending on the size and 
thickness of the crystal. The thinner 
and shorter the crystal, the higher the 
natural or resonant frequency. When 
a crystal is placed in the grid circuit 
of a vacuum tube and an exciting volt- 
age is impressed on it, it imediately 
starts to expand and contract, which 
causes the plates to become charged. 
If the vacuum -tube circuit is tuned to 
a frequency close to that of the 
natural frequency of the crystal, the 
crystal will feed currents of this fre- 
quency to the grid of the tube, whose 
plate circuit will deliver more power- 
ful impulses at the same frequency. 
These currents are then amplified and 
impressed on the antenna, in the case 
of a transmitter. 

Another explanation of the action of 
the crystal is as follows: the actuat- 
ing voltage from a "C" battery causes 
the crystal to get thinner and to be- 
come longer between the metal plates. 
Because of the strained position of 
the crystal, it starts to release or 
get thicker and this starts a pendu- 
lum -like action which is maintained by 
the exciting voltage and the alternat- 
ing current in the grid circuit of the 
tube. The expansion and contraction 
of the crystal produces an alterna- 
ting current, as explained above. 

In making the crystals, they are 
cut very carefully on planes deter- 
mined by measurements with optical 
instruments and they are then ground 
down with the opposite sides perfectly 
smooth and parallel. The thickness of 
the crystal is generally used to deter- 
mine the frequency, and manufactured 
crystals are finished either round, 
square or oblong. The crystal mount- 
ing consists of two plates of a good 
conducting metal, such as copper or 
brass. The surfaces of the metal be- 
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tween which the crystal is held are 
ground smooth, and the crystal is 
usually held in place by the pressure 
of a spring on one of the plates. 

In testing the crystals, a vacuum - 
tube circuit with a receiving tube is 
used. The grid circuit of the tube 
contains the crystal shunted by the 
"C" battery, which has a radio -fre- 
quency choke coil in series with it. 
The plate circuit contains an induc- 
tance coil of suitable size, shunted by 
a variable condenser in series with a 
hot-wire milliammeter. As the con- 
denser and coil are tuned approxi- 
mately to the fundamental frequency 
of the crystal, the hot-wire milliam- 
meter starts to register. When the 
two circuits are exactly in resonance, 
the tube stops oscillating because the 
turned choke circuit in the plate has 
an extremely high impedance at the 
working frequency. For this reason, 
in a transmitter, this circuit is always 
tuned to a slightly different wave- 
length than the crystal. 

Quartz crystals are being used more 
and more. Practically all of the 
large broadcast stations employ them 
now to keep their waves constant. 

APPLYING AN AUDIO FILTER TO THE 
DETECTOR 

Although "B" power units have 
been developed to a very high stand- 
ard of efficiency, a hum is encountered 
in some few cases and demands a 
remedy. A rather unusual use of a 
"tone filter" has been made by one 
fan in reducing this hum to a much 
lower value. The filter was originally 
designed to be connected between the 
output of the set and the loud speaker, 
to keep the plate current out of the 
speaker windings. The choke coil in 
the filter condenser was connected in 
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one of the leads as shown. Three of 
the leads were used, as indicated in 
the diagram above. 

If a hum is encountered, after the 
filter is added to the regular filter 
of the power unit, it is evidently 
caused by an inductive pick-up in the 
wiring of the set and power -unit, and 
can be overcome only by proper sepa- 
ration of the offending leads. The 
filter increases the filtering action 
only in the detector tube, but this is 
the usual point at which a hum is 
encountered. The filter will have no 
effect on the operation of the amplifier 
stages. 

WAVEMETER AND RESONANCE INDICATOR 

(76) C. P. Sullivan, Johnsonburg, 
Pa., writes: 

(Q.1.) Please publish a diagram of 
an oscillating wavemeter and a reso- 
nance indicator of simple design. 

(A.I.) Illustrated below on this page 
you will find a diagram of an oscil- 
lating wavemeter. This uses the 
well-known Hartley circuit and the in- 
ductance of the coil and capacity of 
the condenser will depend upon the 
wave -length which the oscillator is to 
cover. The inductance, however, for 
covering the broadcast band should be 
the same as is used in the receiver with 
the same capacity condenser. The os- 
cillator can be calibrated to wave- 
lengths by means of standard signals. 
A procedure of calibration known as 
the zero -beat method, briefly, is as fol- 
lows: First tune the reeciver to the 
standard signal and then place the 
wavemeter about three feet from the 
set and turn the dial slowly. When 
the oscillator is tuned almost to the 
wavelength of the incoming signal, a 
whistle will be heard. This is a beat 
note whose frequency is the difference 

-- 

The Hartley circuit. 

between the frequency of the incoming 
signal and the oscillations of the wave - 
meter. The beat note changes to a 
lower pitch as the dial is turned and 
finally ceases altogether. If the dial 
is turned still further, the beat note 
will come in again and rise in pitch. 
Tests may be made for a number of 
different wavelengths and a graph plot - 
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ted using the ordinates for the fre- 
quencies or wavelengths and the ab- 
scissas for the dial readings. When 
the phones are not used they are 
short-circuited as indicated by the dot- 
ted line. The second diagram shows how 
a neon tube may be used to indicate 
resonance. When a circuit consisting 
of a condenser and a coil is tuned to 
resonance, the voltage across the ter- 
minals of the condenser is at maxi- 
mum. Therefore, a voltage indicating 
device such as the small neon tube 
can be used across the condenser. 
When the wavemeter is tuned to the 
frequency of the oscillations it is re- 
ceiving, the current flowing between 
the coil and the condenser is at a 
maximum. The wavemeter is then in 
resonance at the frequency of the 
incoming signals a simple resonance 
indicator, in this case, is a hot wire 
milliammeter connected in series with 
the coil and condenser as shown in 
Fig. 3. 

BAND-PASS FILTER 

(77) C. P. Ashton, Sturgis, Michi- 
gan, asks: 

(Q.1.) Will you kindly furnish me 
with a hook-up of a band-pass filter 
to be used in the i. f. amplifier of a 
superheterodyne and tell me how to 
wind the coils, in order to obtain a 
peak frequency of 90 kilocycles with 
a band-pass 10 kilocycles wide? I am 
now using 201-A type tubes. 

(A.1.) On this page you will find 
+the hook-up of a band-pass filter and 

the manner in which it is connected 
in the receiver circuit. This filter 

- should be used between the last inter- 
mediate amplifier tube and the second 
detector. It serves to couple the plate 
of the last intermediate amplifier tube 
and the primary winding of the last 
intermediate frequency amplifier trans- 
former. A band 5,000 kilocycles wide 
is afforded on each side of the peak 
frequency, which, in this case, is 90 
kilocycles. The first condenser, C, 
would normally be connected to the 
plate of the last intermediate fre- 
quency amplifier tube, but under such 
conditions it would be impossible to 
apply any plate voltage, since the con- 
denser would not pass direct current; 
therefore, it is necessary to adopt a 
means for feeding the plate voltage to 
the amplifying tube. The resistance, 
R, is used for this purpose, although 
a choke coil could be used. If the 
choke coil were employed, it would be 
necessary to eliminate coupling be- 
tween the plate choke and the induc- 
tances in the band-pass filter. The 
output impedance of a 201-A type is 
such that the capacity of C should be 
.000175 mf. and that of Cl .00285 mf. 
These capacities cannot be obtained in 
one condenser, and a small variation 
in capacity is not appreciable. By ob- 
taining a number of small capacities 
and placing them in parallel or series 
as required, a value closely approxi- 
mating that needed can be obtained. 
The resistance, R, should be of the 
non -inductive type, rated at 18,000 
ohms. The coils, L, should have an 
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inductance of 0.98 millihenry. These 
coils consist of 272 turns of No. 30 
enameled wire wound on a form hav- 
ing a diameter of 11/2 in. Greater 
selectivity will be gained by using a 
band-pass filter, but the effective re - 
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both circuits are properly coupled the 
response curve is about 8 kilocycles 
wide and slopes steeply on each side 
and the response approaches zero 
much more rapidly above and below 
the resonant frequency. The flat por - 
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sistance of the coils and condensers 
will cause losses. These, however, are 
usually slight, because most i. f. am- 
plifiers have sufficient amplifying pow- 
ers to permit a slight loss without 
changing the performance of the 
superheterodyne receiver. 

SCREEN GRID HI -Q 

(78) R. Henly, Niagara Falls, New 
York, asks: 

(Q.1.) I would appreciate your giv- 
ing me some information concerning 
the radio frequency stages used in a 
Hi -Q circuit. I understand that a 
transformer of new design having a 
one to one . ratio is employed with the 
shielded grid tubes. If possible, kindly 
publish a circuit diagram showing one 
of the radio frequency stages. 

(A.1.) On this page you will find 
a circuit diagram of a radio frequency 
stage such as used in the Hi -Q. A 
specially constructed radio frequency 
coil is used and is illustrated here 
also. The primary and secondary both 
have the same number of turns, name- 

ly 80. The detector input has a tap 
at about the 20th turn from the grid 
end to which the grid of the detector 
tube is connected. Each of these sim- 
ilar coils is tuned with a variable con- 
denser. When both the plate and grid 
circuits are in resonance, the maxi- 
mum secondary voltage is obtained 
with a low coupling co -efficient. The 
loosely coupled tuned circuits really 
constitute a band-pass filter. When 

;f 
BAND-PASS 

FILTER 

-J 

tion and width of the top of a re- 
sponse curve will influence the quality 
of the received signal. A receiver 
should be capable of passing and am- 
plifying a band of frequencies if the 
program is to be reproduced faith - 

fully. 
on a 
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A.C. MILK -SHAKER SPECIAL 

(79) Mr. B. G. Till, Toronto, Ont., 
writes : 

(Q.) "I am desirous of building the 
`Milk -Shaker Special' receiver, de- 
scribed in your October, 1928, issue, 
using A.C. tubes and an audio -fre- 
quency amplifier. I will appreciate it 
if you advise me of the necessary 
changes in the circuit." 

(A.) We have received a great num- 
ber of requests for information about 
this set, and many fans would like to 
build it, substituting an A.C. screen - 
grid tube for the D.C. type specified. 
A few changes will be necessary in the 
apparatus and wiring; but these are 
very easy to make, and we believe that 
no one will encounter serious trouble in 
effecting these alterations. 

By referring to the diagram on this 
page you Hill see that the grid - 
return leads must be changed and that 
it is necessary to use five -prong (UY) 

Q 
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The screen grid tube in 

'he Band Pass Filter. 

Broadcasting stations transmit 
band of frequencies with the 
of side bands varying to a cer- 

tain extent. 
The tuned R.F. transformers of the 

Hi -Q type need four variable condens- 
ers but, since all the tuned circuits are 
identical, the condensers can be used 
with a common shaft. The antenna 
coupler is tuned with a separate. con- 
denser. 
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A.C. tubes in a two tube Tuner 

sockets in place of the usual four -prong 
type. A 227 -type tube is employed as 
the detector and, since the filament 
voltage required for this tube is the 
same as for the screen -grid tube, the 
two filaments can be heated from the 
same transformer winding. The other 
parts for the set should be arranged 
in the same manner as for the original 
circuit. All the parts shielded in the 
original should be shielded in the A.C. 
model also. 

The grid bias for the radio -frequency 
amplifier must be obtained in a differ- 
ent manner from that used in the D.C. 
model, as it is not possible to use the 
voltage drop across the filament resist- 
or. By connecting a resistor of cor- 
rect value in the lead from the cathode 
to the "B-" post, the cathode will be 
given a positive bias with relation to 
the grid, which is connected directly 
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to the negative terminal of the "B" 
battery. The resistor required for this 
purpose should have a value of 1000 
ohms, to give the required voltage drop 
of 1% volts at 1% milliamperes, which 
is the plate current consumed by the 
tube. In order to provide a low -re- 
sistance path for the radio -frequency 
currents, a half-microfarad by-pass 
condenser (C7) is connected across the 
resistor. 

The connections to the detector also 
are changed, to use a five -prong socket 
for the 227 -type tube in the detector 
circuit. The cathodes and the by-pass 
condensers in all of the circuits are 
connected to the common terminal 
which serves as a ground connection 
and "B-" lead, but is not connected to 
the filaments. Twist all the filament 
wires, to prevent the hum from being 
excessive; and keep all of the grid and 
plate wires as far as possible from 
these filament wires, to further reduce 
this possibility. 

Any good audio -frequency system 
can be employed with the set. 

SCREEN -GRID AUDIO AMPLIFICATION 

Although the remarkable potential- 
ities of the screen -grid tube are gen- 
erally recognized today and are being 
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This resistance coupled amplifier employs the 222 
tube as a space charge amplifier. 

exploited more and more, the idea is 
generally prevalent that this tube is 
uniquely a radio -frequency amplifier 
and therefore unsuited to any other 
function. This is certainly not the 
case. As a space -charge audio ampli- 
fier, the screen -grid tube provides ex- 
cellent volume per stage. 
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In employing the screen -grid tube as 
an amplifier, special transformers, de- 
signed particularly for this purpose, 
may be employed. However, a straight 
resistance coupled amplifier is prefer- 
able for many reasons, and is certainly 
the least expensive. The unusual char- 
acteristics of a very high impedance 
plate load and a very low capacity feed- 
back of the screen -grid tube combine 
in producing a tonal quality of the first 
order. 

Due to the enormous amplification 
factor of the screen -grid tube, it is ad- 
visable to employ only one stage of this 
kind, and to place the same immedi- 
ately following the detector, in order 
that the power output of the tube may 
not be exceeded. The diagram Fig. 3, 
suggested by the engineering staff of 
the International Resistance Company, 
shows a good circuit, and is offered 
merely as a suggestion, since the radio 
experimenter may work out his own 
version of a screen -grid audio amplifier. 
It will be noted that the detector tube 
works into a resistive load of 50,000 
ohms, R5. R2 is a 25 -ohm resistor that 
provides the necessary 3.3 volts to the 
filament of the tube. R4 should have a 
resistance of 250,000 ohms, while Rl 
and R6 are grid leaks of 3 megohms 
each. R3 is a conventional rheostat of 
6 ohms. 

Due to the large amplification in a 
screen -grid audio amplifier, the resis- 
tors must be selected with care. They 
must be accurate, in the first place, and 
certainly must not be subject to sudden 
resistance changes or fluctuations. Re- 
sistors must be moisture -proof. The 
metallized type fulfill these various re- 
quirements and for this reason are be- 
ing widely applied to experimental and 
commercial screen -grid circuits. 

ATWATER KENT CIRCUIT 

(8o) Mr. H. Webb, Yonkers, N. Y., 
writes: 

(Q.) "I have an Atwater Kent 
"Model 20 Compact" set. Will you 
print in your next issue of Radio 
News a wiring diagram of this set 
with "C" battery connections? At 
times it plays; but it goes off with a 
roar every once in a while." 

(A.) You will find the diagram of 
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this set illustrated below on this page. 
By referring to the diagram, you will 
see that the set contains two stages 
of tuned -radio -frequency amplifica- 
tion, a detector and two stages of 
audio frequency. Transformer cou- 
pling is used in the audio -frequency 
amplifier and grid resistors are used 
for stabilizing the radio -frequency am- 
plifier. The set is equipped with a 
cable for the battery connections, and 
the color of the various wires are in- 
dicated on the diagram. Two filament 
resistors are used; one controls the 
radio -frequency tubes and the other, 
the audio tubes and the detector. 

Probably the trouble with your set 
is due to a loose connection or to a 
defective tube. First go over the wir- 
ing carefully, and bend up the prongs 
in the tube sockets. Then test the 
transformers and the fixed condensers 
with a battery and a pair of phones. 
When the phones are connected across 
the windings of the transformers, a 
distinct click will be heard, if the 
windings are good. The small fixed 
condensers will not give a very notice- 
able click if they are in good condi- 
tion; while the filter condenser will 
give a click but no continuous noises. 
If all of the connections appear to be 
good and the parts test satisfactorily, 
the tubes and batteries should be 
tested and finally the aerial and 
ground should be checked. 

BUILDING A RESISTANCE AMPLIFIER 

(8i) Mr. D. W. Brown, Niagara, Falls, 
N. Y., writes : 

(Q.) "I am going to build a resist- 
ance -coupled amplifier for my tuned - 
radio -frequency receiver. I want to 
use the amplifier also for receiving 
television signals with the unit de- 
scribed in the November issue of Radio 
News. I am afraid that I will have 
trouble with motorboating when trying 
to use the amplifier with a "B" power 
unit, and I am writing to find how 
I may make the amplifier so that I 
will not have any trouble from this 
score. By using choke coils in the 
correct combination with by-pass con- 
densers, I believe an amplifier could 
be constructed with no tendency to 
motorboat." 
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The Awater Kent "Model 20," 
NEWS (page 44) will be found 

one of the most popular receivers ever built, in its day, used the circuit shown above. In the July, 1928, issue of R,wro 
an article on adapting this receiver to modern conditions with an added power stage for a large cone speaker. 
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"I would also like to get some infor- 
mation for constructing a resistance - 
coupled amplifier using a screen -grid 
tube in the first stage and a power 
tube in the second stage. If this can 
be done, will you supply any informa- 
tion possible for the construction of 
one?" 

(A.) "Motorboating" in an amplifier 
is simply a condition of oscillation brought 
about by the beating back of energy 
from the output circuit of an amplifier 
to the input. The feed-back currents 
usually occur through "B" power units 
or rundown "B" batteries. In the 
older types of audio transformers, 
where the bass -note response was 
poor, these feed -backs were usually in 
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Both effects are due to the impe- 
dance of the "B" supply being com- 
mon to all the plate circuits. The 
regenerative effect to the second stage 
from the detector will increase as the 
impedance of the "B" supply increases, 
and also as the signal strength in- 
creases; and, if the combination of the 
two is large enough, the regeneration 
of the system may overcome the re- 
sistance of the circuits and the am- 
plifier will oscillate. 

The logical way to prevent these 
oscillations is to separate the plate 
circuits of the amplifier tubes, and 
the easiest way to do this is to in- 
sert . audio -frequency choke coils and 
by-pass condensers in each of the cir- 
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.9 resistance audio amplifier b9 -paned to elo.inate "motorboating." 

the form of high-pitched whistles. In 
the newer transformers and in the 
impedance and resistance -coupled sys- 
tems, the feed-back usually appears 
in the form of low humming noises or 
the well-known "putt, putt" of motor - 
boating, which is really only a very 
slow oscillation. 

In a regular three -stage amplifier 
using any of the common types of 
coupling it will be found that the sig- 
nal -current of A.C. component (this 
should not be confused with the direct 
current in the plate circuits which is 
read with a D.C. meter) will be in 
phase or traveling in the same direc- 
tion, in the detector plate circuit and 
the plate circuit of the second A.F. 
stage at a given instant. The current 
in the first and third stages will be 
out of phase with the former, or 
traveling in an opposite direction at 
the same moment. The direction of 
the current in these circuits is not im- 
portant if new batteries are used be- 
cause of their relatively low impe- 
dance; but, if the impedance of the 
batteries or power unit is relatively 
high, two effects are possible. The 
first and second A.F. currents are 
opposing, giving a slight reduction in 
the signal strength; but, what is more 
important, the detector and second 
Stages are in phase, which will cause 
regeneration. 

4 MF. 

cuits to prevent any feeding back of 
these currents. 

CONSTRUCTING THE AMPLIFIER 

On this page you will find the 
schematic diagram of an amplifier 
with resistance coupling, incorporating 
the chokes and condensers recom- 
mended in the discussion above. Two 
other A.F. chokes are inserted in the 
circuit, one in the grid circuit of the 
last audio tubes and the other in the 
plate circuit of the detector. Both of 
these chokes will help to stabilize the 
amplifier and also in preventing motor - 
boating. The first two tubes in the 
amplifier are high -mu tubes of the 
240 type. The last is a power tube 
of the 171 or 210 types. The values 
of the grid and plate resistors are 
indicated on the diagram. The audio - 
frequency chokes in the detector plate, 
first and second amplifier plate, and 
third grid circuits, may be the sec- 
ondaries of audio -frequency trans- 
formers or they may be obtained for 
the purpose. The choke in the plate 
of the power tube should be suitable 
for the plate current of this tube. 
The coupling condensers have a capac- 
ity of .00ó-mf. A .00i-mf. fixed con- 
denser is shown across the first impe- 
dance unit, but is not necessary if the 
detector in the set is already provided 
with a condenser in the plate circuit. 

Loop Data 
(82) Lawrence Vender, Barnegat, N. 

J., writes : 

(Q. 1.) I have a loop frame meas- 
uring approximately 12 in. by 12 in. 
Can you give me winding data for a 
loop to be used with a .0005 mf. con- 
denser with wire space about 1/4 in.? 

(A. 1.) A loop 1 ft. square has an 
area of 144 sq. in. and you will need 
approximately 21 turns spaced 1/4 in. 
apart for covering the broadcast band 
working with a .0005 mf. variable con- 
denser. 

(Q. 2.) What are the advantages of 
this type of antenna? 

(A. 2.) The principal advantage of 
a loop is that it greatly reduces the ef- 
fect of atmospherics and any strays. 
Strays appear to be due to varying 
differences of potential between the 
earth and the space above it. Such 
variation of potential readily affects a flat 
top antenna, because this antenna forms 
one plate of a condenser with the 
earth as the other plate. The loop an- 
tenna, however, is not connected to the 
earth and therefore is not affected by 
and change of potential with reference 
to the earth. Furthermore, the loop an- 
tenna has directional characteristics. 

STABILIZING METHOD 

(83) A. T. Maxwell, West Philadel- 
phia, Pa., asks: 

(Q. 1.) Can you give me a method 
for stabilizing radio frequency stages 
without balancing similar to that used 
in the Atwater -Kent receiver? 

(A. 1.) The coils used are wound 
with fine wire upon a small form and 
are enclosed in metal shields. The 
number of turns on the primary coils 
of the radio frequency transformers 
may be increased without loss of sta- 
bility or tendency to oscillate. In the 
antenna circuit a radio frequency 
choke coil is used, which prevents the 
passage of the radio frequency energy 
of the received signal. The reaction 
of this inductance for audio fre- 
quency current is low, thereby shunt- 
ing low or audio frequency currents 
from the grid of the first radio fre- 
quency tube, thus preventing the pro- 
duction of low audio frequency cur- 
rents in the receiver. In the grid cir- 
cuit of each of the radio frequency 
tubes, except that in the first stage, 
are placed resistances of such a value 
as to prevent regeneration or oscilla- 
tion. To increase stability, the plate 
supply can be isolated by using filters. 
A further margin of stability will be 
gained if the radio frequency trans- 
former secondary is tapped about one - 
quarter of the way from the grid end 
and this tap connected to the grid of 
the vacuum tube. The tuning con- 
denser is placed across the total sec- 
ondary winding. In this way, the 
tendency to oscillate and effects of un- 
desired coupling are minimized with- 
out substantially reducing the desired 
voltage amplification of the circuit 
This method comprises reducing all 
fluctuating voltages impressed upon 
the grid, by reducing the impedance of 
the input circuit of the tube and de- 
creasing the step-up ratio between the 
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input circuit and the output circuit of 
the preceding vacuum tube, so that 
the desired signal voltage fluctuations 
are maintained upon the grid. The 
feed-back voltage impressed upon the 
grid is reduced in much greater pro- 
portion than is the signal voltage. The 
impedance of the primary winding 
should approximate the impedance of 
the circuit in which it is used, whereby 
the normal value of the signal voltage 
impressed upon the grid is restored. 

TUNED R.F. IMPEDANCE 

(84) Russel Gordon, Boston, Mass., 
writes: 

(Q. 1.) What is the operating prin- 
ciple of the tuned impedance -coupled 
radio frequency amplifier? 

(A. 1.) This sort of an R.F. stage 
is similar in operation to an impedance 
coupled A.F. amplifier. In both cases, 
a voltage drop is obtained across an 
impedance or a resistance in the 
plate circuit of one tube and through 
a fixed condenser, the changes in volt- 
age across the impedance or resistance 
are applied to the grid of the following 
tube. The coupling device consists of 
a coil and a condenser in parallel 
placed between the plate of the tube 
and the "B" battery. By varying the 
capacity of the condenser, the circuit 
may be tuned to resonance with the 
signal to be received. When the coil 
and the condenser are tuned to reson- 
ance, they have the greatest impedance 
possible at the received frequency. The 
plate current meets a great coil- and 
condenser -impedance at this frequency 
and there is a drop of voltage across 
this impedance. From the connection 
of the impedance leading to the plate 
of the tube, a lead runs to a blocking 
condenser, the other side of which is 
connected to the grid of the succeeding 
tube. The changes in voltage across 
the impedance are carried through this 
condenser and applied to the grid. A 
grid leak is also connected across the 
grid terminal and the A positive. The 
principal objection to this sort of am- 
plifier is the difficulty found in pre- 
venting self -oscillation. The tuned im- 
pedance circuit cannot be neutralized. 
Oscillation may be controlled by a po- 
tentiometer in the grid return or by 
any suitable method, such as placing 
a high resistance in series between the 
impedance and the "B" supply. In 
tuned impedance coupling there is no 
step-up of voltage as there is with 
transformer coupling where there may 
be an increase in voltage from the pri- 
mary to the secondary. Since the en- 
tire amplification obtained is from the 
tube alone, it is advantageous to em- 
ploy high -Mu tubes. 

MINIMIZING R.F. COUPLING 

(85) Robert Sutton, Brooklyn, New 
York, asks: 

(Q. 1.) In present day receivers 
using two or three stages of radio fre- 
quency amplification, the position of 
the coils appear. What is the advan- 
tage of placing coils at an angle to 
each other, or separating them some 

distance apart with their axes parallel 
or at right angles to each other ? 

(A. 1.) Coils of the solenoid type 
will be coupled together by their mag- 
netic fields unless they are separated 
by quite an interval. With their axes 
directly in line, the degree of coupling 
depends upon the coil separation. Plac- 
ing the coils so that the separation 
remains at a fixed value, and so that 
their axes or lines of center are at an 
angle to each other will reduce the 
coupling. When the axes are exactly 
at 90 degrees or at right angles to 
each other, this coupling is at a mini- 
mum. Feedback between coils can be 
effectively reduced in this manner. If 
two coils are placed parallel to each 
other, the magnetic field of one will 
pass through the other. If the mag- 
netic lines of force cut one side of the 
turns of wire on a coil and do not cut 
the opposite sides of the same turns 
with equal strength, a voltage differ- 
ence will be set up across the turns. 

If the axes of the coils are parallel 
changing the angle they make to a 
straight line drawn through them, 
causes the magnetic lines of force sent 
out by one coil to cut through both 
sides of the turns of the other. This 
angular placement may he increased 
until a point is reached where the lines 
of force will cut evenly through both 
sides of the coil. In this position there 
will be minimum magnetic coupling be- 
tween the coils. When the coils are 
placed parallel and close to each other, 
their efficiency and that of the associ- 
ated circuit must be reduced - so. that 
the feedback will not cause oscillation. 

POSITIVE BIAS 

(86) Hugh Driggs, Thomas, Okla., 
asks: 

(Q. 1.) What is the effect produced 
when using no bias or a positive bias 
on the radio -frequency tubes in a re- 
ceiver? I have tried a positive bias 
of small value and can find no differ- 
ent effects than when operating the 
r. f. tubes with a negative bias. 

(A. 1.) In normal vacuum tube 
operation, the flow of plate current is 
accompanied by a flow of electrons 
which are emitted from the filament 
and attracted to the positive plate. 
There is no flow to a point at nega- 
tive or zero voltage. In Fig. 2 the 
electrons flow from filament to plate 
as shown by the arrows. In a circuit 
of this sort the grid is negative and 
will not extract the electrons in the 
vicinity. A millimeter placed in the 
grid and plate circuit will show all 
the current flowing in the plate cir- 
cuit and none in the grid circuit. If 
the grid should be positive, it will at- 
tract some of the electrons, as shown 
by the arrows. 

A curve may be plotted showing a part 
of the total current on the positive 
half of the signal. This will not go 
to the plate but to the grid and will be 
subtracted from the plate circuit. The 
rise of current in the plate circuit will 
be less than the fall of current in this 
circuit for equal falls and rises of sig- 

nal voltage. Therefore, plate current 
rise and fall will not be exactly like 
the signal voltage rise and fall and dis- 
tortion will result. For this reason, 
the grid bias voltage must be suffi- 
ciently negative, so that the greatest 
increase in signal voltage will not 
cause the grid to become positive and 
this is accomplished in the manner 
shown in Fig. 2. 

(Q. 2.) In a vacuum tube, the elec- 
trons flow from the filament to the 
plate. How does current flow through 
the tube when a positive voltage is 
applied to the plate? 

(A. 2.) The plate of a tube is con- 
nected to the positive side of a bat- 
tery while the filament is connected 
across the battery or to both the nega- 
tive and positive sides. The major por- 
tion of the filament is therfore at a 
lower voltage than the plate. It is 
well known that an electric current 
will flow from a body of higher po- 
tential, through a vacuum, to a body 
of lower potential when this body is 
heated above a certain point. If the 
voltage difference between the two 
bodies is increased a greater current 
will flow. The current flow is from 
plate to filament while the flow of 
electrons is from the heated filament 
to the plate in the opposite direction. 
Electric currents flow from points of 
positive voltage, to points of negative 
voltage. Consequently, in any circuit, 
the electron flow is opposite to the 
current flow. The electron flow is al- 
ways toward a positive charged body 
since the electrons are negative they 
are attracted to positive or high volt- 
age points. 

OSCILLATOR TROUBLE 

(87) E. T. Bradford, Livingston, Mon- 
tana, asks: 

(Q. 1.) I am experiencing trouble 
with my superheterodyne receiver and 
have attributed the cause to the oscil- 
lator, which I think is not working 
properly. Is there any way in which 
I can determine if the oscillator is 
functioning properly? 

(A. 1.) When the oscillator in a 
superheterodyne is not working prop- 
erly, the "rushing" sound will not be 
heard and the receiver will have lost 
some of its energy. Sometimes, broad- 
cast stations can still be tuned in, 
even though the oscillator is not work- 
ing. The set is then functioning as a 
radio frequency receiver and signals 
can only be tuned in by rotating the 
tuning dial. Turning the oscillator 
dial does not affect tuning. A simple 
method of determining if the tube is 
oscillating is to touch the grid ter- 
minal with a piece of metal or with 
a moistened finger. If the oscillator 
tube is oscillating, a click will be 
heard in the headphones or speaker. 
Another test consists in tuning in a 
station and then removing the oscil- 
lator tube from its socket. If the sig- 
nal still continues to be heard, the 
oscillator tube is not working properly. 
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POPULAR CIRCUITS 

Another test is to connect a pair of 
phones in the plate circuit of the first 
detector between the plate terminal 
and the B+ lead, disconnecting the 
primary of the first intermediate fre- 
quency transformer. All the tubes, 
except the oscillator and first detector, 
should now be removed and a local 
station tuned in. The detector tube 
rheostat is now adjusted until the 
signal is just audible. The oscillator 
dial should now be rotated and if this 
causes a number of whistles, or if the 
signal becomes distorted or muffled, 
the oscillator tube is working properly. 
If no interference is noticed, the oscil- 
lator circuit is defective. Usually this 
will be found to be due to a poor tube, 
and when a new one is substituted, 
the set will again work satisfactorily. 
Connections should also be examined 
and sometimes the plate and grid leads 
to the coupling unit will be found to 
be reversed. The oscillator will not 
function if any section of the coupling 
coil or the primary of the first inter- 
mediate transformer is short-circuited. 
Lack of oscillation may also be caused 
by too low or too high a voltage on 
the oscillator tube. 

NEUTRODYNE DATA 

(88) T. Evans, Brooklyn, New York, 
asks: 

(Q. 1.) Please give me the neces- 
sary information for winding neutro - 
dyne coils on a 2 in. form to be tuned 
with a .00035 mf. variable condenser. 
Also describe briefly the best method 
of neutralizing a set with two R.F. 
stages. 

(A. 1.) On this page you will find 
an illustration of a neutrodyne coil 
wound on a 2 in. form. The primary 
and the neutralizing coils are wound 
parallel as illustrated. Both of these 
coils consist of fifteen turns of No. 30 
enameled wire. The secondary con- 
sists of 87 turns of No. 28 D.C.C. wire, 
close wound. It is important that the 
primary and neutralizing coils be 
wound together in the same direction 
with the turns interleaving as shown. 

START OF NEUT. END OF PRI. TO B+ 
COIL TO B+ END OF NEUT. COIL TO CONO 

I" 

SECONDARY 

A typical Neutrodyne Coil. 

On account of the difficulty of accu- 
rately measuring or calculating very 
small capacities, particularly neutral- 
izing capacities, the proper neutraliz- 

ing capacities in practice are best de- 
termined by trial. A suggested pro- 
cedure for neutralization is as follows: 
first, with the filament of the second 
radio frequency tube cold, and those 
of the first and detector tube lighted, 
a strong signal is tuned in and the 
capacity of the neutralizing condenser 
of the second radio frequency stage is 
then adjusted until the signal disap- 
pears, showing that no coupling exists 
between the plate circuit and the grid 
circuit of the second radio frequency 
tube. Then, with the filaments of the 
detector and the second radio frequen- 
cy tube lighted and that of the first 
radio frequency tube cold, the pro- 
cess is repeated with the first neu- 
tralizing condenser. On account of 
the proximity of the radio frequency 
transformers to one another, and be- 
cause of the loop formed between 
the leads of each secondary and 
its tuning condenser, the actual in- 
clination for zero magnetic coupling 
may diffed slightly from its theo- 
retical value of 55 degrees; hence, 
the proper inclination of the radio 
frequency transformers must also be 
determined by trial. This angle or in- 
clination may be ascertained by em- 
ploying the following procedure: with 
all the coils at the same inclination, 
the two neutralizing condensers are 
adjusted for zero coupling as described, 
with the circuits first tuned for a low 
frequency and then for a high fre- 
quency. In general, the settings found 
for the two frequencies will be differ- 
ent, showing that the capacity cou- 
pling which varies with the frequency, 
is being called upon to compensate for 
some magnetic coupling. The coil in- 
clinations are then varied together, 
until the settings of the two neutraliz- 
ing condensers are found to be the 
same at the two extreme frequencies. 
The determination of the proper coil 
angle need ordinarily be made only 
once for a given design of receiver, 
but the adjustment of the neutralizing 
condensers is made in each individual 
receiver in order to insure complete 
stability. 

OSCILLATION TROUBLE 

(89) A. L. Starett, Jersey City, N. J., 
writes: 

(Q. 1.) I have an Abbey model 
Splitdorf receiver which worked ex- 
cellently until a week ago, when it 
suddenly broke into violent oscillation, 
which I have not been able to correct. 
Some trouble -shooting hints will be 
appreciated. 

(A. 1.) In the service manual for 
Splitdorf receivers, the following 
causes for oscillation in this set are 
mentioned: The antenna may be open 
or grounded, and we would suggest 
that you inspect the aerial system for 
possible breaks in the wire, and also be 
sure that it does not come in contact 
with any metal work. The "B" voltage 
on the radio frequency tubes may be 
too high. The one-half mf. by-pass 
condenser may be open or disconnected 
from the circuit. Another cause may 
be poor tubes or the ground connection 

may be poor or open. The angle at 
which the radio frequency coils are 
placed is also important. Also, these 
coils may have too many primary 
turns. The correct number of turns is 
13%. There is also a possibility of 
the grid resistor being shorted or the 
shield bushings may be short-circuited. 

THERMOCOUPLES 

(9o) C. A. McAndrews, Quebec, Can- 
ada, writes: 

Q. 1.) Please show the construc- 
tion of a vacuum thermocoupler and 
how this is used to measure small 
radio frequency currents of one-half 
ampere or less? 

(A. 1.) In many radio experiments 
or in research work, accurate measure- 
ments of feeble alternating currents 
are essential. For measurements of 
currents present in radio receiving ap- 
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The actual construction of a typical vacuum tube thermocouple is illustrated here, connected to a D.C. galvanometer. The leads marked G and (; 
come from the thermo couple wire, H and H from 

the heater filament. 

paratus, a vacuum thermocoupler, such 
as that shown on this page, is used. 
The heater element is caused to sup- 
ply heat to a thermo-junction which 
is connected to a sensitive microam- 
meter. The heated element and 
thermo-junction are combined in one 
unit, known as a thermocouple. The 
combination of thermocouple and gal- 
vanometer may be calibrated by pass- 
ing through the heater element a 
known direct current and the combi- 
nation may therafter be used to meas- 
ure the value of an alternating cur- 
rent. Vacuum thermocouples measure 
the square root of the mean square 
of an alternating current and within 
wide limits, the accuracy is independ- 
ent of the frequency of the alternating 
current. The inductance and capacity 
of vacuum thermocouples are so low 
that these factors can be considered 
negligible, except where extreme ac- 
curacy is required and when multi- 
plier resistances are used. The smaller 
sizes have a heat lag which is negli- 
gible, and the larger show a greater 
lag. With the largest thermocouple, it 
takes approximately 30 seconds to 
reach the full value corresponding to 
the current being measured. The 
latest vacuum thermocouples consist 
essentially of a thermocouple composed 
of two wires of small diameter, the 
junction of which is attached to the 
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midpoint of a heater element consist- 
ing of a length of resistance wire, the 
dimensions of which depend on the 
strength of the current to be measured 
and the sensitivity required. The heater 
and thermocouple element are connected 
to separate wires of low resistance and 
are sealed inside of a glass bulb which 
is evacuated to a pressure of 1 x 10-i 
mm. or less. 

LOOP CAPACITY 

(9i) Howard Moon, Weston, W. Va., 
writes: 

(Q. 1.) I have a twelve turn box 
loop and would like to know if this 
may be changed in any way so that 
hand capacity can be eliminated or 
reduced? 

(A. 1.) Hand capacity may be elim- 
inated by removing the winding and 
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HOUSE CURRENT 

DISCONNECT 

TO 
AERIAL 

Antenna clock connected to the receiver. 

rewinding by starting from the center 
of the frame and winding toward one 
edge of the loop. The wire is then 
run to the opposite edge and the 
winding is completed from this edge 
to the center of the frame. The two 
leads are thus brought out from the 
center of the loop, resulting in a no- 
ticeable reduction in the hand capac- 
ity. 
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ANTENNA CLOCK 

(92) A. Burtow, Brooklyn, N. Y., 
writes : 

(Q. 1.) In the June issue of Science 
and Invention, on the New Radio De- 
vices page, a description of an anten- 
na clock was published. Can you fur- 
nish me with a diagram of the in- 
ternal wiring, showing how the light 
lines are used as the aerial? 

(A. 1.) An illustration showing the 
internal connections appears at the 
right. The two leads from the line are 
led into the base of the clock, but 
only one of them is used for the an- 
tenna. A small fixed condenser is 
connected in series with the lead used 
and the radio set. This prevents the 
flow of the direct current or the low 
frequency alternating current. The 
radio frequency signals are, however, 
able to pass through the condenser to 
the set. All of the present light - 
socket antennas use the same prin- 
ciple, employing a fixed condenser in 
series with one side of the line. An 
aerial of this nature can be made at 
home in a few minutes' time and can 
be used with almost any of the pres- 
ent-day receivers employing two or 
three stages of radio frequency. 

KEEP THE LOUD -SPEAKER CORD AWAY 
FROM THE LEAD-IN 

In running a length of wire from 
the receiver proper to the loud speaker, 
if the latter is separated any distance 
from the former, be careful to keep 
this wire away from the aerial lead- 
in. If the two are too close together, 
a very persistent and annoying howl 
will develop. 
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SECOND HARMONIC SUPER -HETERODYNE 

(93) Mr. O. Leslie, Argonia, Kan- 
sas, asks: 

(Q. 1.) Will you please show the 
diagram of connections employed in the 
R. C. A second harmonic Super-Hetero- 
dynn, together with construction data 
and an explanation of the principle of 
operation? 

(A. i.) In the following illustrations 
are illustrated in a general way the prin- 
ciple involved in the second harmonic 
Super -Heterodyne. 

In the circle A of the picture diagram 
is a representation of the weak incom- 
ing broadcast signal. Circle A-1 rep- 
resents this same signal made stronger 
by the amplified action of the first 
vacuum tube. This tube does nothing 
but amplify signals. It is reflexed in 
a manner to be described later. 

The amplified plate current of the 
first tube is transferred by induction 
to the grid circuit of the second tube. 
This grid current is shown in circle 
A-2. 

This second tube acts as the first 
detector and also as the frequency 
changer. 

If you will count the number of 
cycles represented in A, A-1 and A-2, 
you will see that there are nine com- 
plete cycles. 

You will note that in B-1 we have 
only four cycles. This is the strong fun- 
damental oscillator frequency produced 
by the second tube, which must act as 
an oscillator as well as the second de- 
tector. 

Heterodyning is the next operation 
to be considered. When one frequency 
is added to a different frequency the 
combination of the two produces beats 
which may be considered as another 
frequency. This "beat" frequency is 
the difference in frequency between the 
first two. For instance, if an audible 
note of 1,000 cycles is sounded at the 
same time that an audible note of 400 
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The Second -Harmonic Supe -Heterodyne. Although an aerial is shown, a loop is recommended, unless the aerial is quite short. This receiver is considered 
as non -radiating since the first radio frequency tube has considerable blocking 
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A novel oscillator circuit. 

cycle is sounded, a listener will hear 
these two and still a third note having 
a frequency which is the difference be- 
tween the two, or 600 cycles. This, 
the production of a third frequency by 
adding one frequency to another, is 
"heterodyning." In our example of 
audio sounds, the third frequency of 
600 cycles is called the "beat," or "beat 
frequency." In a superheterodyne this 
beat frequency is ordinarily termed the 
"intermediate frequency." 

Our fundamental oscillator frequency 
B-1, of 4 cycles, heterodynes the A-2 
frequency, producing a beat note or in- 
termediate frequency of 5 cycles. How- 
ever, let us suppose our intermediate 
frequency C-1 to be 1 cycle. Con- 
sequently, a beat frequency of 5 cycles 
does not affect the filter coupler in the 
second tube plate circuit, tuned to the 
frequency C-1 of 1 cycle. 

Due to what is termed "asymmetric- 
al action" in the tube, the oscillator 
tube is capable of producing a "second 
harmonic," or second frequency B-2, 
which is very much weaker than the 
fundamental. (The need for utilizing 
the 8 -cycle harmonic of 4 cycles rather 
than producing a fundamental of 8 
cycles will be stated below.) 

The second harmonic of any fre- 
quency is just double that number of 
vibrations (% the wave -length) in a 
given time. 

B-2, the second harmonic, consists of 
8 cycles (i. e., twice x 4). When these 
8 cycles are caused to heterodyne (to 
be added to) the A-2 frequency of 9 
cycles, the difference of only 1 cycle. 
This beat frequency of 1 cycle is the 
same as the adjustment of the filter 
coupler which is designed for 1 cycle. 

C-2 is the beat frequency or inter- 
mediate frequency which has been re - 
flexed into the grid circuit of the first 
tube, which now amplifies once more. 
The Output, C-3, of this tube is 
stronger than C-2 and considerably 
more powerful than the original in- 
coming signal A. 

The output, C-3, continúes on to 
other tubes which act consecutively to 
further amplify at the intermediate 
frequency, detect, then amplify at au- 
dio frequency. 

OHM 

111. 

Explanatory Circuit. 

The above is a schematic circuit illus- 
strating the system. The 50 -turn coil 
may be the secondary of a standard 
aerial tuning coil wound with No. 22 
or 24 D.C.C. wire on a 3 -inch tube. 
The primary may be wound directly 
over the filament end. 

The two honeycombs are in variable 
inductive relation and must not be in 
inductive relation to other coils in the 
set. 

The 500 -turn honeycomb coils and the 
two variable condensers comprise the 
standard filter coupler which, when 
Giblin-Remler coils are used, will re- 
spond to wave -lengths between ap- 
proximately 1,730 and 7,900 meters. If 
intermediate frequency transformers 
are used having a higher wave -length, 
it will be necessary to connect two 
fixed condensers, each of .001 mfd. ca- 
pacity, in parallel to each of .001 mfd. 
variable condensers. 

If we consider an actual example of 
an incoming signal having a frequency 
of 500,000 cycles (600 meters), to 
which the 50 -turn coil and its variable 
condenser are tuned, and an inter- 
mediate frequency amplifier and filter 
coupler tuned to 50,000 cycles (6,000 
meters), it becomes necessary to 
heterodyne some frequency with the in- 
coming signal frequency in order to 
produce a difference of 50,000 cycles. 

Adding 50,000 cycles to 500,000 cycles 
we derive a total of 550,000 cycles (554 
meters), the frequency required of our 
oscillator. 

If the oscillatory circuit now includ- 
ing the 125 -turn honeycomb coil were 
to include a much smaller honeycomb 
coil instead, so as to cover practically 
the same wave -length range as the 
broadcast stations, in the same manner 
as the regular oscillator system of a 
Super -Heterodyne, a peculiar effect 
would be noted; it would not be pos- 
sible to adjust this circuit so as to 
heterodyne with the incoming signal 
without de -tuning the input circuit. 
Inversely, it would not he possible 
to tune the input circuit without de - 
tuning the oscillator circuit. 

It is an entirely different matter 
when the wave -length range of the os- 
cillator circuit is placed considerably 
outside the operating range of the in- 
put tuning circuit, which is accom- 
plished by doubling the wave -length; 
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tuning the 125 -turn honeycomb circuit 
designed for this new wave -length 
range no longer has any appreciable 
de -tuning effect on the input circuit. 

Our beat frequency, we have decided, 
is to be about 50,000 cycles. The asym- 
metrical tube action mentioned above 
causes our oscillator to produce the de- 
sired frequency, which will result in a 
beat of 50,000 cycles. Granting an ar- 
bitrary incoming signal frequency of 
500,000 cycles (600 meters) and the 
requirement of an oscillator frequency 
of 550,000 cycles (545 meters) the 125 - 
turn honeycomb coil circuit is tuned 
to 275,000 cycles (1,090 meters). Tun- 
ing this circuit does not appreciably 
affect the input tuning, while the 
second harmonic of 1,090 meters occurs 
at the required 545 meters (550,000 
cycles). 

Remember that these figures are 
used only for illustrating the principle. 
They will be diflerent for every wave- 
length received and for the different 
intermediate frequencies for which the 
set may be designed. 

Experimental Circuit 
The above circuit shows a complete 

set having one stage of short-wave am- 
plification (tube No. 1), first detector 
(tube No. 2), oscillator (tube No. 2), 
first intermediate frequency amplifier 
(tube No. 1), second stage of inter- 
mediate frequency amplification (tube 
No. 3), second detector (tube No. 4, 
and one stage of audio frequency am- 
plification (tube No. 5)-seven opera- 
tions being performed with five tubes. 

In this circuit the instrument marked 
R.F.T. (B.W.) can probably be a regu- 
lar radio frequency transformer, air 
core, designed to cover the broadcast 
wave -lengths. 

We are showing a "C" battery in the 
oscillator tube circuit. This tube must 
act as detector as well, and, therefore, 
it may be advisable to try connecting 
a grid condenser and leak, or a crystal 
detector, at "X." 

Although iron core intermediate fre- 
quency transformers I.F.T. 1, I.F.T. 2 
and I.F.T. 3 are shown (if the experi- 
menter has a set of Tropaformers, they 
will readily adapt themselves to many 
experiments with this circuit) , it is 
possible that air core transformers 
which amplify best at about 6,000 to 
8,000 meters could be used. 

It will be noticed that the primary 
I.F.T. 1 is connected into the circuit in 
a different manner than usual. It is a 
particularly efficient method of connec- 
tion in this circuit. 

The second harmonic Super -Hetero- 
dyne is generally conceded to be the 
most difficult type of receiver to con- 
struct outside of the laboratory. Only 
a skilled engineer can hope to success- 
fully build a set incorporating this 
particular principle. 

LONG WAVE RECEIVER 

(94) Mrs. Lowell Price, Pelham Bay, 
N. Y., asks: 

(Q. i.) Please furnish me with a dia- 
gram which will enable me to con- 
struct a set capable of receiving the 
programs broadcast by certain French, 
Swedish, German, Italian, Spanish, 
Swiss, Dutch, Danish, Belgian and, I 
understand some South American sta- 
tions, on long wave -lengths. 

(A.1.) The long wave broadcast 
programs of stations in these and 
other countries may be tuned to with 
a set constructed in accordance with 
the diagram shown in these columns. 

The wave -length range is dependent 
upon the values of inductance and ca- 
pacity used. Variable condensers of 
.001 mfd. capacity are more to be 
desired when tuning to the longer 
wave -lengths than those of lesser ca- 
pacity. Otherwise, it would cause the 
unnecessary inconvenience of frequent 
inductance coil change. 

The coil values shown will cover a 
wavelength range of approximately 
1,000 to 3,000 meters. Simplification 
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A resistance R.F. amplifier. 

of control results by the use of only 
two honeycomb coils. The correct 
honeycomb coil value for various 
wave -length ranges may be determined 
from the table given in the "I Want 
to Know" department of the January, 
1925, issue of Radio News, page 1229. 
When changing to a different wave- 
length range, it will be necesary to 
replace both coils. 

Plate resistors "PR" have a value 
approximately 70,000 ohms. The ex- 
act resistance, which is not critical, is 
readily determined by test. The value 
is governed mainly by the "B" battery 
voltage (which should be high, 135 to 
150 volts) and tubes used (practically 
any make of amplifier tubes will be 
satisfactory, with the proper resistor 
values). 

Good tubes, preferably balanced, are 
essential. 

The grid resistors, or "grid leaks" 
as we know them (marked "GL"), may 
all be of the same size (about 2 meg- 
ohms) . 

Blocking condensers "BC" are all 
of .0005 mfd. capacity. The detector 
grid condenser value is .00025 mfd. 
capacity, as usual. 

The two L-200 honeycomb coils 

R.F: C1 -101<E 

.001 

shown are placed in variable inductive 
relation; this is indicated by the ar- 
row -head lines placed to show coup- 
ling. 

Two variable condensers are shown 
in the aerial -grid circuits. If only one 
is used, either the aerial circuit or 
the grid circuit will be out of tune on 
all but one wave-length-the natural 
period of the aerial system or of the 
grid circuit. 

Hand capacity will be evident from 
the aerial series condenser, unless the 
usual precautions are taken. 

Investigators have termed a particu- 
lar form of static prevalent at the 
lower frequencies (high wave -lengths) 
as "long wave" static. A "static leak" 
(SL)) of about 50,000 ohms is shown 
as a method for reducing, somewhat, 
static effects. This leak is of particu- 
lar value as a means of causing a 
slow discharge to ground of static 
electricity (particularly the kind 
known as "snow static, often observ- 
able during snowfall) which would 
otherwise accumulate on the aerial, 
due to the direct current insulation af- 
forded by the antenna series condens- 
er; fitfully discharging to ground, 
this stored -up electricity would cause 
loud, annoying clicks in the head- 
phones. 

Variable condenser rotors are in- 
dicated by the arrow -head. 

.acs 

6 Ohms 

/50k Bus BAR WIRE -a' (95) Miss Ann Sempere, New York 
lase City, asks: 

(Q. 1.) Is square or round bus wire 
best for wiring up a set? 

(A. 1.) It makes no practical dif- 
ference whether one or the other is 
used. 

(Q. 2.) Can an indoor aerial be 
used with a Neutrodyne receiver? 

g+A. (A. a.) Excellent reports have been 
6y received from radio fans who have 

used indoor aerials, not only with 
2oohmt. Neutrodyne sets, but with other types 

of sets as well. 
MAGNAVOX OA -DIAL SET 

(96) Mr. George A. Bell, Bethany, 
Mo., asks: 

(Q. 1.) What is the circuit of the 
Magnavox one -dial receiver type TRF-5? 

(A. 1.) The circuit of this and the 
TRF-5 receiver is shown. 

Condensers "C" are variable be- 
tween .00001 and .00015 mfd. These 
are called "ratio" condensers. They 
are controlled by the three white 
porcelain knobs. When a distant sta- 
tion is being received, these three ratio 
condensers are varied until maximum 
signal strength is reached and need 
not again be adjusted unless the set 
is moved or the tubes are changed. 

When balancing the tuned circuits, 
it is advisable to make the adjust- 
ments while a low wave -length station 
is operating. If the variable ratio 
condensers are adjusted for a high 
wave -length station, there is a pos- 
sibility of circuit oscillation when re- 
ceiving stations at the shorter wave- 
lengths. 

The radio frequency choke may con- 
sist of 300 turns of No. 30 D.S.C. 
wire, wound on a 2 -inch tube. 

It will be noticed that no detector 
grid leak is used in the manufactured 
set. The experimenter may wish to 
use the customary grid leak from the 
detector grid to "A" plus. A variable 
one will be satisfactory. 

.00015 TO 
.000 2 

5 

g., 
60-90 v = 
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The Magnavox One -Dial Receiver has aroused considerable interest by reason of the excellent results that have been secured by its owners. Tiny, while 

knobs control the "ratio condensers" used to balance the circuits to the particular tubes and local conditions encountered. 
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Audio frequency transformers hav- 
ing a ratio of about 3:1 will probably 
be found best. 

'Variometer V2 may be tapped at 
about 8 to 15 turns from one end of 
the stator winding, as shown, the 
exact number of turns being deter- 
mined by experiment. Variometer V-3 
may be tapped 5 to 10 turns from one 
end of the stator winding. The three 
variometers are mechanically arranged 
to be controlled by a single dial. 

The 7 -ohm rheostat is marked "Vol- 
ume Control," and used in the follow- 
ing manner: With "Volume Control" 
at maximum, a whistling note is heard 
on tuning in a station. Turning "Vol- 
ume Control" towards minimum, thus 
reducing the filament current of the 
first two radio frequency amplifier 
tubes, will now eliminate the whistle. 

AIRTROLA NON -OSCILLATING RECEIVER 

(p7) Mr. Emil Johnson, La Crosse, 
Wis., asks : 

(Q. 1.) Please show the schematic 
circuit of the Airtrola receiver. This 
uses an adjustment called the "Corn- 
pentrol" for controlling oscillation. 

(A. 1.) We are showing this cur - 
cuit in these columns. 

The "Compentrol" unit comprises the 
three -turn coil wound on the outside 
of the secondary and connected through 
the 200 -ohm (or 400 -ohm) variable 
resistance. A standard potentiometer 
may be used as these are obtainable 
in 200- and 400 -ohm size. 

The "shorte turns" method of preventing oscilla- 
tion in tuned radio frequency receivers is described 

in the text referring of this inductance coil. 

The construction of the tuned radio 
frequency transformer containing this 
absorption coil is shown in the draw- 
ing above on this page. The tuned 
radio frequency coils must be placed 
in non -inductive relation to one an- 
other. The winding having terminals 
one and two is the stabilizing coil. 
This set is being shown without the 
second stage of audio frequency am- 
plification since this is standard. 

These are not the most efficient form 
of inductance, solenoid coils (the type 
of coil made by winding a single 
layer of wire on an ordinary tube) 

The Freshman "eddy currents" method of oscilla- 
tion control. The inductance is placed sufficiently 
close to the condenser end -plate for the lines of 
f orce of the coil to cause eddy currents (a form 

of loss). 

being best from a "loss" standpoint, 
but this type of coil and the one 
marked "Q. 2126" are being used by 
radio set manufacturers to a great ex- 
tent because they do not have as strong 
an external field as solenoids, a fact 
which makes it much easier to prevent 
coupling of the fields. If the fields 
couple, undesirable oscillation starts. 
Both coils require less space than solen- 
oids. The one marked "Q. 2126" is a 
modified Lorenz winding. 

(Q. 2.) Is it possible to use a trans- 
former in such a way as to increase 
the response when a pair of ordinary 
75 -ohm receivers are used? 

(A. 2.) We have shown, in the 
above circuit of the Airtrola, the re- 
quirements of a transformer to be 
used with a pair of head -phones hav- 
ing a total D.C. resistance of about 
150 ohms-two 75 -ohm receivers con- 
nected in series. If head -phones of 
standard high resistance (1,000 to 
3,000 ohms) are used, they should be 
connected into the circuit in place of 
the 1,000- to 3,000 -ohm primary of the 
transformer shown. The high resist- 
ance primary is adapted to the high 
resistance plate circuit and the low 
resistance secondary is adapted to the 
low resistance head -phones, resulting 
in efficient operation; the low resist- 
ance phones are not well adapted to 
vacuum tube plate circuits, unless this 
transformer -adapter is used. 

Also some circuits are extremely 
sensitive to the approach of the hand 
("hand -capacity" or "body capacity" 
effect). Using a transformer to in- 
sulate the phones from the plate cir- 
cuit of the detector tube often elim- 
inates or greatly reduces this effect. 
Of course, a high resistance secondary 
must be used if a pair of high resist- 
ance head -phones are being used. 

A 1 -to -1 telephone transformer of 
the high resistance primary, high re- 
sistance secondary type is advisable 
where phones of high resistance are 
being used. Often these are wound 
with very fine wire not capable of 
carrying the high amperage direct cur- 
rent that occasionally flows in the 
plate circuit. The transformer sup- 
plies the head -phones with alternating 
current of a lower amperage, thus pre- 
venting a burn -out. The transformer 
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losses are compensated for by good de- 
sign and the advantages derived. 

TUNED RADIO FREQUENCY 

(98) Mr. Richard Walters, Shang- 
hai, China, asks: 

(Q. 1.) What is the Starr system 
of "tuned absorption," as used to pre- 
vent oscillation of tuned radio fre- 
quency circuits? It is desired to use 

07 

potentiometer or connecting the R.F. 
tube grid return leads to "A" positive, 
is two -fold. First, if a positive po- 
tential is put on the grid, i. e., if the 
grid is "biased positive," "B" battery 
consumption is considerably increased. 
Second, the tuning is not then as 
sharp. In cheap sets the practice is 
to run the grid return lead to "A." 

Consider the three tuned radio fre- 
quency transformers, having primaries 

200 0MM5 
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one stage of push-pull audio frequency 
amplification with a phone jack so ar- 
ranged that plugging the phones into 
the detector jack will automatically 
disconnect the push-pull amplifier tube 
filaments. When the head -phones are 
removed from the detector jack, the 
loud speaker should be automatically 
connected to the output of the ampli- 
fier. 

As has been occasionally explained in 
these columns, the reason manufac- 
turers try in so many ways to pre- 
vent oscillation without the use of a 
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and secondaries, as regular neutro - 
formers designed for the Neutrodyne 
circuit. One make has a secondary 
winding of 58 turns of No. 24 D.C.C. 
wire wound on a 23/4 -inch tube. The 
primary consists of 6 turns of No. 26 
D.C.C. wire wound on a 21/s -inch tube, 
which tube just fits inside the sec- 
ondary. This primary may be re- 
wound to 12 turns. The absorption 
coil "A" is tuned by means of the 
.00004 mfd. fixed condenser to a wave- 
length of about 250 meters. The "A" 
coils are made by winding 36 turns of 
No. 26 D.C.C. wire on a tube the same 

size as the one used for the primary 
winding, viz., 21/,. inches. 

PICTURE DIAGRAM 

(99) Mr. John W. Smith, New York 
City, says: 

(Q. 1.) Please show the picture 
diagram of a reflex receiver having 
only one tube. 

(A. 1.) We are showing the cir- 
cuit below. 

The crystal detector is shown con- 
nected to a center tap on the second 
radio frequency transformer secondary. 
The object of this is to increase selec- 
tivity. The dotted line indicates how 
one side of the radio frequency trans- 
former secondary may be connected to 
"A" minus. This connection some- 
times improves reception considerably, 
strong capacity effects being noted un- 
til this connection is made. 

All coils are wound in the same di- 
rection, with any convenient size of 
wire. Three-inch tubes may be used. 
If larger tubes are used, less turns 
are required; if smaller, more turns. 
Although the spacing between the 12 
(and 15) turn primary and the 50 - 
turn secondary looks large, the spac- 
ing of a single turn of wire will prob- 
ably be found 'quite sufficient. A 
greater spacing will considerably 
sharpen the tuning, but also decrease 
the volume. This reduction is most 
noticeable when receiving signals from 
distant stations. Enamel, cotton or 
silk may be used as wire insulation, 
the latter two being preferable. 

The potentiometer controls amplifica- 
tion (regeneration). 

Any good audio frequency trans- 
former may be used. Those of high 
ratio are not desirable in regular sets; 
but in reflex receivers high ratio trans- 
formers seem to be desirable, rather 
than otherwise. The UV -712 trans - 
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former (of which there are two types) 
was originally designed for high am- 
plification of spark signals. (That is, 
one type was.) In regular broadcast 
receivers considerable distortion results 
when these are used. This circuit may 
be used with these audio frequency 
transformers with quite excellent re- 
sults. 

Different tubes and different audio 
frequency transformers (and different 
placing of apparatus) require different 
"by-pass" condenser (that is, the con- 
densers connected to the primary and 
to the secondary windings of the audio 
frequency transformer) values. Other 
values than those shown should be 
tried and the result noted. 

This is an extremely efficient cir- 
cuit for the reception of local stations. 
Tone quality is very good. If the 
radio frequency coils are not crowded 
together, selectivity should be quite 
sufficient for all ordinary needs. 

Although an adjustable crystal de- 
tector is shown, one of the fixed, vari- 
ety may be used. A dozen different 
minerals should be tried. At least two 
different "detector stands" should be 
tried. 

The size of the "A" battery used 
will depend upon the tube used and 
the tube selected is a matter of per- 
sonal like and dislike. A regular 
"storage battery tube" will give best 
results. You are fairly safe in buy- 
ing a tube that will oscillate. 

(Q. 2.) Is a loud speaker any good 
when made by clamping a pair of 
head -phones on the horn? Some of 
the loud speakers of this type require 
only a single unit. 

(A. 2.) Head -phones are not de- 
signed for adequate handling of the 
strong currents necessary for proper 
loud speaker operation. There are 
many "units" obtainable that may be 
incorporated in some of the various 
types of horns. These units are en- 
tirely satisfactory for loud speakers. 

A pair of head -phones designed to 
be really sensitive to weak signals will 
rattle greatly if forced to operate for 
even "moderate" loud speaker volume. 
Although not recommended, a simple 
expedient that permits of loud speaker 
operation with most head -phones 
(with the exception of the Brown and 
the Baldwin brands) is the raising of 
the diaphragm from the pole -pieces. 
It is the touching of the diaphragm 
against the pole -piece which causes 
the rattle. Sometimes merely revers- 
ing the diaphragm, so that the inside 
now becomes the outside, is sufficient 
to stop the rattle. A thin paper 
washer, one -eighth inch wide and with 
an outside diameter equal to the dia- 
phragm diameter, may be used to 
raise the diaphragm slightly from the 
pole -pieces, a sufficient number of 
washers being used to prevent the 
rattling. 

Another thing. Some head -phones 
are wound with wire much finer than 
that used in other makes of receivers. 
The wire is large enough for ordinary 
signal strength, but is insufficient when 
taxed by the output of a 2 -stage audio 
frequency amplifier. The result is a 

burn -out which renders the phones 
useless until repaired. 

MICROPHONES 

(roo) Mr. Eugene Moussean, Basin, 
Wyo., asks : 

(Q. 1.) What is the highest radio 
station in the world? 

(A. 1.) We understand the recently 
opened station on the Pic -du -Midi 
Mountain, in the Upper Pyrenees, near 
the Spanish border, is the highest sta- 
tion in the world. It is located 9,439 
feet above sea level. 

(Q. 2.) Can the very small "B" 
batteries of the size called "Signal 
Corps" be used in a superheterodyne? 

(A. 2.) These batteries have such 
a short life that they should be used 

A simple microphone amplifier. 

in a portable receiver only. Larger 
batteries should be used in permanent 
installations. 

(Q. 3.) How can microphone cur- 
rents be amplified by a vacuum tube? 

(A. 3.) Picture diagram numbered 
Q. 2134 shows how this is done. The 
microphone requires a high current at 
a very low voltage. The vacuum tube 
requires a high voltage but a very low 
current. The "modulation transform- 
er" serves to adapt the microphone 
circuit to the requirements of the 
vacuum tube circuit. 

Any firm selling transmitting ap- 
paratus will have this form of trans- 
former, which has a low resistance pri- 
mary (about 25 ohms) and a high re- 
sistance secondary (about 1,000 ohms). 
An ordinary Ford spark -coil is often 
quite suitable. 

A regular telephone transmitter 
may be used instead of the micro- 
phone, but it will not be as sensitive. 
Several telephone companies manufac- 
ture hand transmitters and micro- 
phones. 

While the regular "A" battery used 
to supply the tube is shown as supply- 
ing the necessary microphone current, 
it may be necessary to have a differ- 
ent microphone current supply de- 
pending upon the constants of the 
microphone used. 

The regular 2 -stage audio frequency 
amplifier of your radio set may be 
used. The modulation transformer 
may be used in place of the first audio 
frequency transformer; or the set may 
be left connected up in the regular 
way and then the microphone made up 
as a separate unit. When it is de- 
sired to use the microphone, it is only 
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necessary to connect the secondary of 
the modulation transformer to the sec- 
ondary of the first audio frequency 
transformer. Since one side of the 
modulation transformer and one side 
(the filament side) of the audio trans- 
former may always be connected, it 
then becomes necessary only to have a 
regular push-pull switch to connect 
the remaining two transformer posts, 
in order to use the microphone. The 
microphone may also be connected di- 
rectly across the primary of the first 
audio frequency transformer. 

Those who are hard of hearing will 
find the system explained in the dia- 
gram marked Q. 2134 a great im- 
provement over a microphone used 
alone, in the customary manner. The 
ordinary microphone connection uses 
only a small battery, the receiver and 
the microphone. It is usual for this 
combination to be very noisy, partic- 
ularly when the battery is new. This 
is due to an overloading of the micro- 
phone. This overloading is prevented 
by using the tube amplifier shown. 
The microphone is operated with much 
less battery current, eliminating the 
loud, rushing sound usually present. 
In addition, quality is very greatly 
improved and greater volume is ob- 
tainable. 

If the microphone is used with the 
2 -stage amplifier of a regular set, as 
described above, the exceptionally high 
amplification resulting may cause the 
loud speaker output to feed into the 
microphone, resulting in a "reflexing" 
of the audio sounds that builds up 
until a loud, continuous howl is heard. 
This may be prevented or reduced in 
one or more of several ways. The 
howl will stop if the microphone is 
moved to another room. Try reducing 
the tube filaments current. Mount the 
microphone in a framework in such a 
way that the entire "mike" is sus- 
pended by springs. Rubber bands 
fastened to the "mike" and to the 
framework will afford the necessary 
spring suspension. The microphone 
may be suspended in a metal box open 
at one end, the box being grounded. 
This is an improvement over the plain 
framework mounting mentioned above. 
The microphone should not touch the 
metal at any point. 
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SUPER -REGENERATOR 

(tor) Mr. Boyd Wilson, Toledo, Ohio, 
asks: 

(Q. 1.) Do double grid tubes oper- 
ate as well as single grid tubes? 

(A. 1.) In the main, no. There are 
circuits where double grid tubes are 
of greater value than single grid 
tubes. The principle of the double grid 
tube is correct, but the great majority 
of these tubes are not made as per- 
fectly as the three element tubes. The 
special construction of the better known 
three element tubes is not available to 
the present manufacturers of four ele- 
ment tubes. 

For experimental purposes, the avail- 
able four element tubes will usually 
be found satisfactory. 

(Q. 2.) Is it possible to use Super - 
Regeneration on the short wave- 
lengths? 

(A. 2.) It has been found that 
Super -Regeneration on the short wave- 
lengths seems to be a considerably bet- 
ter proposition than Super -Regenera- 
tion on the regular amateur or broad- 
cast wave -lengths. The standard cir- 
cuit will be found in these columns. 
The circuit used is that of the stand- 
ard regenerative receiver with the addi- 
tion of the coils DL -1250 and DL - 
1500, with their accompanying capac- 
ities. These two honeycombs are in 
variable inductive relation. When re- 
ceiving short wave -lengths between 50 
and 110 meters for the primary, six 
turns of No. 20 D.C.C. wire wound 
directly over the secondary will be sat- 
isfactory. The secondary may consist 
of about 15 turns of No. 24 D.C.C. 
wire wound on a three-inch form. It 
will be advisable to use some special 
form of low lose winding, such as the 
pickle bottle, spiderweb, honeycomb, 
lattice, or Morecroft type. 

The winding method for the latter 
form of coil is similar to that shown 
on page 55 of the July, 1924, issue of 
Radio News. However, the method of 
using insulating strips should be ap- 
plied to the secondary winding as well 
as to the primary winding. The tick- 
ler may be wound on a solid tube in 
a manner similar to the primary coil 
construction shown in the above men- 
tioned article. 
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STANDARD RADIO SYMBOLS 
ADOPTED BY "RADIO NEWS", FEBRUARY, 1928 

AERIAL 

COIL ( "LOOP") 
AERIAL 

- GROUND 

COUNTER 
/1!!II///III7/ POISE 

VARIABLE 
CONDENSER 

VARIABLE L CONDENSER 
( MOVING PLATES 

I 

INDICATED) 

TRIPLE ..1. -1- VARIABLE 
CONDENSER 

( SAME STYLE 
FOR DOUBLE 

OR QUADRUPLE) 

71-7- VARIABLE 

T CONDENSERS ED 
TOGETHER 

FIXED 
CONDENSER 

1 1 1 1 CONDENSER 
BLOCK 

R.F. INDUCTOR 
( MAY BE 
R.F. CHOKE) 

R.F. INDUCTORS, 
COUPLED. 

(R.F. TRANSFORMER) 

INTERMEDIATE- 
FREQUENCY 

TRANSFORMER 
OF A SUPER- 

HETERODYNE 

CONTINUOUSLY 
VARIABLE 
INDUCTOR 

("VARIOMETER") 

TAPPED 
INDUCTOR 

© E.P.C^. 

AUDIO- 
FREQUENCY 
INDUCTOR 

(USUALLY A.F. CHOKE) 

1 
AUDIO - 

FREQUENCY 
TRANSFORMER 

PUSH - PULL 
AUDIO - 

FREQUENCY 
TRANSFORMER 

FREQUENCY 
METER 

(WAVEMETER) 

FIXED 
RESISTOR 

VARIABLE 
RESISTOR 

VOLTAGE 
DIVIDER 

( POTENTIOMETER) 

FI LAMENT 
BALLAST 

THREE - 
ELEMENT 
VACUUM 

TUBE 

THREE- 
ELEMENT 

VACUUM TUBE. 
A. C., HEATED- 
CATHODE TYPE 

SH I ELDED- 
GRID 
TUBE 

HALF- WAVE 
RECTIFIER 

TUBE; 
FILAMENT 

TYPE 

FULL -WAVE 
RECTIFIER 

TUBE; 
FI LAMENT 

TYPE 

FULL -WAVE 
RECTIFIER; 

FI LAM ENT LE SS 
TYPE 

Two - -ED_ ELEMENT 
VOLTAGE 

REGULATOR TUBE 

3.__1 
27-r 7, a-- 

THREE - 
ELEMENT 
VOLTAGE 

REGULATOR TUBE 

CONNECTION 
BETWEEN 

WIRES 

NO 
CONNECTION 

ozJ ° 1J TELEPHONE 
JACKS 

FILAMENT 
SWITCH 

((S.P.S.T.) 

LIGHTNING 
ARRESTOR 

ELECTROLYTIC 
RECTIFIER 

VOLTMETER 

AMMETER 

CRYSTAL 
DETECTOR 

TELEPHONE 
RECEIVER 

BATTERY 
--1 (POLARITY 

INDICATED) 

--1- FUSE 

O 

-0 o-- 

T 

BINDING 
POST 

TIP 
JACKS 

PI EZO- 
E LECTR I C 
CRYSTAL 

MICROPHONE 
TRANSM ITTER 

D.C. 
GENERATOR 

ALTERNATOR 

TRANSMITTING 
1---- K E Y 

X 

r 

r:71:4-1 

LAM P 

ARC 

BUZZER 

THERMO- 
ELEMENT 

PHONOGRAPH 
PICK- UP. 
MAGNETIC 

TYPE 

PHONOGRAPH 
PICK-UP. 
CAPACITY 

TYPE 

LIGHT BROKEN 
BORDER TO 
INDICATE CASE 
CONTAINING 
APPARATUS 
SHOWN BY 
'SYMBOLS 

LAMP SOCKET 
PLUG. 

11O-VCLT TYPE. 

PLUG 
RECEPTACLE 

110- VOLT TYPE 

HEAVY 
DOTTED LINES 
TO INDICATE 
GROUNDED 
SHIELDING 

PERI DYNE 
SYI-4 BOL 

LIGHT LINES 
,--FOR R.F. 8c A.F 

CIRCUITS. 
HEAVY LINES FOR 
FOR FILAMENT á 
II0V. POWER LEADS. 

(TO INDICATE HEAVY CURRENT) 
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How Would You Like to Be 
Another Lindbergh? 

YOU, too, may win huge prizes for 
daring feats of aviation. You, 

too, may earn the honors heaped on 
heroes of the air by admiring 
nations. You, too, may gain the sup- 
port and friendship of the great 
financial leaders of the world. But 
you've got to start, and start soon! 
Only a little more than 2 years ago 
nobody knew Lindbergh. Only a 
little more than 2 years ago he was 
just an obscure young man trying to 
learn all he could about aviation. 

We Are Looking for 
Men Who Dare ! 

Today his fame is probably greater 
than that of any other single man. 
At the age of 27 he stands a model of 
the way to gain fame and fortune 
quickly. 

We are looking for men who dare 
to conquer the air! We are looking 
for men who realize that the quick- 
est route to success is in a field of 
endeavor that is new and growing 
fast. We are looking for men who 
want to learn all about Aviation. We 
want to show them how to get 
started right! 

Dept. 294-1 

381 Fourth Avenue, New York, N. Y. 

These Men Can 
Help You 

With this ideal (to help the youth 
of America learn Aviation) firmly in 
mind, we have brought together a 
staff of men who KNOW Aviation. 
Years of practical experience in the 
Aviation School of Hard Knocks 
have taught them how to conquer 
the air. And now, they want to give 
this knowledge to you in AERO 
MECHANICS, the new magazine 
that tells all about Aviation in easy - 
to -read language. Within its pages 
you will learn how a pilot controls 
his airplane; how the propeller 
works; what you have to do to be- 
come a flier; how to build model air- 
craft; how to build a glider; and 
dozens of other practical, helpful 
bits of information every aviator 
must know. 

Complete Cost Is 
Only $1 

As a special inducement we are 
offering you the next 6 Big issues of 
AERO MECHANICS all for a single 
$1. Simply clip and mail the coupon 
below with your dollar. 

AERO MECHANICS 
I Dept. 294a, 381 Fourth Ave., New York, N. Y. I 

Gentlemen: 
I am interested in Aviation. Please send me the next 

6 issues of AERO MECHANICS, for which I 
enclose $1. I 

I 

I 

® 10 i 
i 

i 

Name 

Street and Street No. 

LCity State 
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The Most Interesting 
E venin c 

I Ever Spent 
UP 'TILL 9 o'clock the 

party was a complete 
flop. Nobody seemed to 

be able to get things going. Then 
Tom walked in. Tom's a live 
wire, if there ever was one. 

He said he'd heard about a one 
man show anyone could perform 
with the help of a book he knew 
about. He had sent for that book, 
and said he was going to put on 
the show. 

We thought he was joking, 
and laughed at him, but he sat 
us all down in the living room, 
got out a pack of old playing 
cards, and started to do things 
that made our eyes pop out of 
our heads. 

For over 2 hours he made those 
playing cards almost talk. What 
he could do with those cards just 
didn't seem human. After it was 

all over, the gang 
all crowded around 
shaking his hand, 
and patting him on 

SIMPLY 

CLIP 

AND 
MAIL 

THE 

COUPON 

back. The girls all said, "Oh, 
Tom! You're wonderful!" It was 
by far the most interesting 
evening I had ever spent. 

I asked him how he learned it 
all, for I knew he didn't know 
a single thing about card tricks 
a week before. For answer he 
pulled out a shiny new quarter, 
and said that one just like it had 
taught him every trick he had 
showed us. 

And it was a fact! Tom had 
simply enclosed a quarter with 
the coupon below, and gotten 
Walter Gibson's Famous Book 
of Popular Card Tricks.by return 
mail. You, too, can entertain 
yourself and your friends with 
the 101 card tricks it teaches. 
No slight of hand is necessary- 
no hard work to learn. Simply 
read the book carefully and you 
can do every trick in it. 

And it costs only 25C! Send for 
it today. The demand is great, 
and we only have a few hundred 
on hand. 

EXPERIMENTER PUBLICATIONS, Inc. 
Dept. B7, 381 Fourth Ave., New York, N. Y. 

I enclose 2.5c. (in stamps or coin) in full payment for Walter 
Gibson's Book of Popular Card Tricks, which, it is under- 
stood will be sent me by return mail. 

Name 

I Street & No 

City state 
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Jules Verne Comes 
to Life 1 

AMAGIC name-Jules Verne ! A name 
that has brought untold joy to untold 

millions. 
Who can fail to remember his famous novels, 

"Twenty Thousand Leagues Under the Sea," 
"From the Earth to the Moon," "To the Center 
of the Earth," and other equally imaginative 
triumphs of this world renowned novelist ? Few 
writers have ever equaled Jules Verne's vivid 
imagination, and still fewer have been able 
to paint these pictures of the mind so bril- 
liantly in printed words. 

And now Jules Verne comes back to life ! 
Comes back with stories that increase your 
pulse and make your heart pound. For in 
AMAZING STORIES, the magazine of scien- 
tific fiction, the famous school of authors who 
have followed in' Jules Verne's footsteps now 
offer you the fertile fruits of their imagination. 
In their colorful minds, the inventions and dis- 
coveries still to come are already here. They 
write of a voyage to Venus, that silvery star 
seen so often in the evening sky; of cor- 
respondence with a mythical people on Mars; 
of radio messages from still more distant 
planets; of giant insects and of people who 

fic 
THE MAGAZINE 

OF SCIENTIFIC 
FICTION 

381 FOURTH AVENUE 
NEW YORK, N. Y. 

eck 
have huge heads and no bodies; of the things 
a man might well see and hear a thousand 
years from now! 

It's a thrill you've never had ! For it deals 
with the Future, and the things your children's 
children may some day actually experience 
and enjoy. 

Get the. next 6 Big Issues of AMAZING 
STORIES delivered to your home by the post- 
man. Read with a relish these profusely illus- 
trated stories of a weird, but not impossible 
future. 

As a special inducement we 
offer all 6 Big Issues for a single 
$1. (The news-stand price is 
$1.50). And if you are not con- 
vinced AMAZING STORIES is 
worth twice the price, after read- 
ing the first issue, we will let you 
keep it FREE, and send your 
dollar back. 

Sit down right now, and fill out 
the coupon below. It is your in- 
surance against dull evenings 
from now on 

r v. 

SIMPLY 
CLIP 
AND 
MAIL 
THE 

COUPON 
BELOW! 

AMAZING STORIES 
Dept. 2509-S, 381 Fourth Ave., New York, N. Y. 
Gentlemen: 

I enclose $1 for which send me your next 6 
issues of AMAZING STORIES. (Reg. price $1.50) 

Name 

Street 
City State 111------ --11 



All Around the World 
ANTARCTIC HOLLAND 

yOU can hear words and music from Java, Australia, Eng- 
land, France,-from all around the world,-with the 
NATIONAL Screen Grid SW -4 THRILL Box. 

Already many famous broadcasting stations 
abroad and in this country are putting their 
regular programs on the short waves, too. More 
and more stations are doing this. These broad- 
casts may be received anywhere else in the 
world, in cities, in the country, at the frozen 
poles, in the jungles and the deserts, with the 
NATIONAL THRILL BOX. 

This simple Four -Tube Screen -Grid THRILL 
BOX is a trim, neat receiver with single dial 
tuning and smooth sensitivity -control. It is free 
from annoying radiation and the design elimi- 
nates "tuning holes," formerly a troublesome 
short-wave difficulty. The special audio system 

N ATO N 
SCREEN 

JAVA JAPAN AUSTRALIA 

with 171-A Power Tube gives excellent loud -speaker operation, and 
the plate supply may be taken from the lighting circuit, through 
the NATIONAL Velvet-B,-a feature not usually found in short- 
wave receivers. The interchangeable tuning transformers are kept 

in special storage sockets inside the cabinet, pro- 
tected from dust and damage, and always ready 
for use. 

The cabinet itself is of simple and very at- 
tractive design and finish, which harmonizes 
with the most tasteful surroundings. 

Write us for full information and prices today. 

NATIONAL COMPANY INC. 
ENGINEERS & MANUFACTURERS 

63 SHERMAN ST., MALDEN, MASS. 
Est. 1914, W. A. READY, PRES. 

d T1-IRJLLBOX 
GRID SW -4 



Jew/What B16 money 
ese fellows have made 

in the RADIA BUSINESS 

$375 in one month spare time 
"Recently I made $375 in 
one month in my spare time 
installing, servicing, selling 
Radio sets. And, not so long 
ago, I earned enough in one 
week to pay my tuition." 

EARLE CUMMINGS. 
18 Webster St.. Haverhill, Masst 

Started in business with $5 
"I started in Radio with $S 
capital. Now I have a full 
line of accessories and sets 
as well as tools and test kits. 
Just can't tell you the feel- 
ing of independence N.R.I. 
has given me." 

HOWARD HOUSTON, 
512 So. Sixth St.. Laramie. Wyo. 

Weldotit tinder S too a week 
"My earnings are seldom 
under $100 a week. Last 
month they were close to 
$600. This month I made 
$535. You give a man more 
for his money than any- 
body else." 

E: E. WINBORNE, 
1414 West 48th St.. Norfolk. Va. 

31000 in 4 months part time 
"My opinion of the N.R.I. 
course is that it is the best 
-to be had. I didn't know a 
condenser from a trans- 
former, but I made well over 
$1000 in four months re- 
cently working only in the 
mornings." 

AL. JOHNSON, 
Shelby Bt.. i _ Bandueky. Oh1o. 

momainsmnal. 

I will show qoutoo 
how to start a spare 
time or full time 
Radio Business 

Your Own Without capital 
Radio's amazing growth is making many big jobs. The world- 
wide use of receiving seta and the lack of trained men to sell, 
install and service them has opened many splendid chances 
for spare time and full time businesses. 

PRESIDENT 
Ever so often a new business is started in this country. We have seen how 
the growth of the automobile industry, electricity and others made men rich. 
Now Radio is doing the same thing. Its growth has already made many men 
rich and will make more wealthy in the future. Surely you are not going to 
pass up this wonderful chance for success. 

Mary Trollied Radio IIMn Needed Will Train You At Home la Your 
Space Time 

A famous Radio expert says there are four 
good jobs for every man trained to hold them. 
Radio has grown so fast that it simply has 
,sot got the number of trained men it needs. 
Every year there are hundreds of fine jobs 
among its many branches such as broad- 
casting stations, Radio factories, jobbers, 
dealers, on board ship, commercial land sta- 
tions, and many others. Many of the six to 
ten million receiving sets now in use are only 
25% to 40% efficient. This has made your 
big chance for a spare time or full time 
business of.your own selling, installing, repair- 
ing sets. 

M Many Opportunities You Can Moue Extra Money While Learning 
Many of our students make $10, $20, $30 a 
week extra while learning. I'll show you the 
plans and ideas that have proved 
successful for them-show you 

how to begin- making extra money shortly after 
you enroll. G. W. Page, 1807.21st Ave., S., 
Nashville, Tenn., made $935 in his spare time 
while taking my course. 

I the You Practical Radio Experience With My Course 
My course is not just theory. My method 

gives you practical Radio experience- 
you learn the "how" and "why" 

`, of practically every type of Radio 
set made. This gives you confi- 
dence to tackle any Radio problems 
and shows upin your pay envelope too. 

You can build 100 cir- 
cuits with the Six Big 
Outfits of Radio parts 
I give you. The pictures 
here show only three of 
them. My book explains 

my method of giving prac- 
tical training at home. 

Get your copy I 

.71gm 8 ook 
oaf 

I bring my training to you. Hold your job. 
Give me only part of your spare time. You 
don't have to be a college or high school 
graduate. Many of my graduates now mak- 
ing big money in Radio didn't even finish the 
grades. Boys 11, 15 years old and men up 
to 60 have finished my course successfully. 

You Must Be Satisfied 
I will give you a written agreement the day 
you enroll to refund your money if you are 
not satisfied with the lessons and instruction 
service when you complete the course. You 
are the only judge. The resoureesof the N. R. I. 
Pioneer and Largest Home -Study Radio school 
in the world stand back of this agreement. 

Got Ms seek 
Find out what Radio offers you. My 64 -page 

book, "Rich Rewards in Radio" 
points out the money making op- / t portunities the growth of Radio (ñG has made for you. Clip the cou - 

1 / t pen. Send it to me. You won t. 
obligated in the least. 

Address 
J. E. Smith, Pres.: 

Dept. 911'-! 1 

National Radio Institute 
Washington, D. C. 

J. E. Smith, , 

President, 
Dept., 9W41 
Nationaleadio Institute, Washington, D. C. 
Dear Mr. Smith: Send me your book. I 
want to know more about the opportunities 
in Radio and your practical method of teaching 
at home in spare time. This request does 
not obligate me to enroll and I understand 
no agent will call on me. 
Name Age 
Address 
city.... State.. 

If CUIl(lUii 1S gout! to 
a FREE copy of ni 

(Va.Cccaüte, 0viz_ 
Mail. it NOW 

t 


