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The Latest in Tuning Equipment 
SHIELDED COIL 

RF transformer in aluminum shield 2%" 
square si bottom, 2%" high. If metal sub- 
paael la need na extra base 1s needed. 
dotL have brackets on. You must assemble 
In ahtell yourself and colder winding ter- 
minals to built-in luge. For all circuits and 
stages. including screen grid tubes. 
Cat. Na SID fer .00035 mfd. $0.95 
Cat. No. OER5 for .0005 mfd. $1.00 
Cat. BNB (extra base) 80.10 

'ANTENNA COUPLER 

Cat. Na. VA5-$0.55 
FOR .0005 MFD. CONDENSER 

Moving primary and fixed secondary. for 
antenna coupling. Serves at volume control 
Cat. Na. TAO for .00038 mfd. $0.90 

SG TRANSFORMER 

Cat. No. SG S5-$0.60 
FOR .0005 MFD. CONDENSER 

Interstice radio frequency transformer, to 
work out of a screen grid tube, primary un - 
tuned. 
Cat. No. SGS3 for .00035 mfd 80.85 

.reen Grid Cell Company. 
143 West 45th Street, 
New York, N. Y. (lust East et Broadway.) 

Please ship at ana C. O. D.: 

Cat. No. at $ 

Cat. No. at f 
D Cat No. at $ 

Name 

Address 

City State 

FL4 $0.30 
Flexible in- 
sulated coupler 
for uniting coil 
o r condenser 
shifts. 
Order Cat FL4 
at $0.30 
Equalizing son - denier, 80 
mmfd., for eon - 
section across 
any tuning con- 
denser where 
ganging is re- 
sorted to, or for 
equalizing inde- 
pendently tuned 
circuits to make 
dials track. 
Order Cat. E080 
at $0.35 

Cat. Ne. BT5A-$I.35 
FOR .0005 MFD. CONDENSERS 

BERNARD TWO -TUBE TUNER ASSEMBLY 

For building a tuner consisting of a stage of screen grid radio frequency amplification and detector, AC or battery - operated, use the Bernard two -tube tuner assembly. Suitable for single control with one drum dial or aeparately tuned stages with two Ost -type dials. The assembly consiste of antenna stage (BTL-AC or BTL-DC), hazing Bernard Tuner BT3A. a .00035 mid. condenser, socket, link and fuminum base. The detector input otage (BTR-AC or BTR-DC) omelets of the same parts, but the coil has tuned primary with untuned input to detector. Assemblies are unwired but are erected 
The condenser has shaft protruding at rear, to if two dial. are used coil is put at front panel in either Instance and condenser at front panel for the other. 
For AC operation, 224 RF and 224, 227 or 228 detector, order Cat. No. BTL-AC and BTR-AC at $6.00 for both. For battery operation of filaments, 222 Bi' and 222, 240, 2111A or 112A detector, order Cat. No. BTL-DC and BTB-DO at 36.00 tor both. 
[Note: for drum dial single control an 80 mmfd. equalizing condenser la necessary. This le ertra at $0.35. Order Cat. EQ-80.1 

BERNARD TUNERS 
Bernard Tuner BT5A 
for .0005 mfd. for 
antenna coupling, the 
primary being fixed 
and the secondary 
tuned. This coil is 
used as Input to the 
fleet screen grid 
radio frequency tube. 
Secondary has mov- 
ing coll. 
Cat. No. BT3A for 
00035 mfd. ..81.35 
Bernard Tuner RTSB 
for .0005 mfu for 
working out of a 
c a r e e n grid tube, 
tuned primary, un - 
t u n e d eeeondary. 
Primary ham moving 
roll. 
Cat. B T 8 B for 
.00035 mfd. .31.35 

DIAMOND 
PAIR 

Cat. No. RF5-$0.80 
FOR .0005 MFD. CONDEN 

SER 
Antenna colt for a u 

standard circuit, and one of 
the two coils constituting the 
Diamond Pair. 
Cat. No. RF3 for .00035.80.65 

Cat. No. SGT5-$0.85 
FOR .0005 MFD. CONDEN- 

SER 
Interatage 3 -circuit coil for 

any hookup where an un - 
Cat. Na. RF5-$0.00 tuned primary la In the plate 

FOR .0005 MFD. CONDENSER circuit of a screen grid tube. 
SOTS for .00035 mfd... $0.90 

Order the Diamond Pair, Cat. DP5 for .0005 
mfd. it $1.45 

Order the Diamond Pair. Cat. DP3 for 00035 
mfd. at $1.55 
[Note: These same roils are for Al'. or battery 
cirealt.] 

The standard three-cireult tuner is used with 
primary 1n the plate circuit of any RF tube, AC 
or battery type, excepting only careen grid tube. 
For .0005 mfd. order T5 at $0.85 
For .00035 order Cat. 73 at $0.90 
All coils have 234" diameter. except the shielded 
coil, which is wound on 1%". 

The coil, are wound by machine on a bakellte 
form, and the tuned windings have identical in- 
ductance for a given rapacity condenser, 1. e.. 
.0005 mfd. or .00035 mfd. Full coverage of the 
were nand is insured. 

All coils with a moving coil have single hole 
panel mounting fixture. All others have base 
mounting provision. The coils should be used 
with connection lugs at bottom, to shorten leads. 

Only the Bernard Tunera have a shaft extend- 
ing from rear. This feature is neteury so that 
physical coupling to tuning condenser shaft my 
be accomplished by the insulated link. 

Cat. he. BT5B-$1.35 
FOR .0005 MFD. CONDENSER 

Cat. No. SGT5-$0.85 
FOR .0005 MFD. CONDENSER 

STANDARD TUNER 
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Superizi.ng a TR 
Tuner Becomes Intermediate Filter by Simple Changes 

By J. E. Anderson 
Technical Editor 

THE conversion into a superheterodyne of any broadcast 
receiver having a screen grid tube in the first radio fre- 
quency socket is easily accomplished without making and 

wiring changes except removing the grid clip from the control 
grid of the tube and placing thereon another grid clip from the 
output of the adapter circuit. There are many different circuit 
arrangements by means of which the change may be made, some 
of which we proceed to describe. 

The adapter is a frequency changer consisting of a modulator 
and an oscillator similar to the first part of an ordinary super- 
heterodyne. The frequency changer converts the desired signal 
carrier to a lower frequency lying within the tuning range of the 
broadcast receiver, preferably below the 550 kc limit of the 
broadcast band. The radio frequency amplifier in the broadcast 
receiver becomes the intermediate frequency amplifier of the 
entire system and the frequency remains fixed for all carriers 
that may be desired, unless for some reason it becomes desirable 
to change the setting of the tuner to another frequency, which 
may be done as quickly as tuning from one station to another. 

A typical frequency changer is shown in Fig. 1. This contains 
a screen grid tube modulator and a 227 type oscillator, and the 
voltage vibrations generated by the oscillator are introduced into 
the modulator by means of a small coil LI coupled inductively 
to the oscillator circuit and connected in series with the screen 
grid. 

Details of the Circuit 

Ti is an ordinary antenna coupler such as is used in all radio 
frequency type receivers, its design depending on the space that 
is available for the coil and the size of the condenser Cl with 
which it is to be tuned. .-\ .1)0115 mid. condenser is preferred be- 
cause it covers the broadcast band better than a smaller con- 
denser. 

The oscillator coil system T2 consists of three windings, Ll. 
the pick-up, L2, the oscillation coil, and L3, the tickler. In 
form this system is similar to the three circuit tuner used in 
regenerative receivers but it differs in respect to the number of 
turns and also the size of the tuning condenser. Both the in- 
ductance of L2 and the capacity of C2 should be smaller than the 
corresponding values in the first tuning system because the 
range of the oscillator is smaller than the range of the radio 
frequency tuner and the mean frequency is higher. 

In order to show the difference between the ranges of the two 
let us assume typical examples. Let the broadcast receiver he 
set at 540 kc. It is assumed that this can n be done. Then the 
intermediate frequency will be 540 kc. To produce this fre- 
quency by beating between a 550 kc carrier and the oscillation 
frequency, the oscillator must be set at 1,090 kc. And to produce 
the required beat frequency between the 1,500 kc carrier and the 
oscillation frequency, the oscillator must be set at 2,040 kc. Thus 
the range of the oscillator must be from 1,090 to 2,040 kilocycles. 
The range of the radio frequency tuner must be from 550 to 
1,500 kilocycles. 

Inductance Required 

We might well use a value of 250 mmfd. for C2. If this. is 

Fig. 1 

THE CIRCUIT OF AN ADAPTER WHICH CHANGES ANY 
SCREEN GRID TUBE BROADCAST RECEIVER INTO A 
SUPERHETERODYNE. THE PICK-UP COILS ARE CON- 

NECTED IN THE SCREEN GRID CIRCUIT. 

done we need a value of 84.25 microhenries for L2, which is 
about one-half as much as the value of the inductance of the 
secondary of Ti when a value of .0005 mfd. is used for Cl. An 
inductance of 84.25 microhenries is obtained by winding 49 turns 
of No. 30 enameled wire on a 1.25 -inch diameter. The tickler L3 
may consist of 33 turns of the same wire on the same form, 
beginning one winding where the other leaves off. The pick-up 
coil Ll may consist of 20 turns of the same wire, put on the same 
form on the grid end of L2, but separated from it by about one - 
quarter inch. 

If the inductance value of L2 should prove to be too high for 
the condenser used, a few turns may be removed, one at a time, 
until the 550 kc carrier comes in near the 98 point on the oscil- 
lator dial. Likewise, if the pick-up winding should be too high 
for satisfactory operation a few turns may be removed from that 
winding. The larger the number of turns on this winding the 
greater the sensitivity but the stronger will be the squeals from 
harmonics. The selectivity will also be better the smaller 
the number of turns on the pick-up coil. 

The Volume Control 

It is advisable that two separate dials be used for the two 
tolling condensers in the frequency changer because the fre- 
quency characteristics of the two circuits are quite different. 
This does not complicate the tuning of the receiver greatly 
because after the broadcast receiver has been set there are only 
two controls with which to tune, and only one of these, the 
oscillator, is critical. 

The choke coil Ch in the plate circuit of the modulator may 
he one of 65 millihenries, but the value is not at all critical. 

The intermediate frequency signal is taken off by means of a 
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AC and Battery Type Mi 
Li 

P1 

1.5VAt 
1 
+i5 

Regular Receiver is Used at Low Intermedi 

GC 

FIG 2 
THE SAME CIRCUIT AS IN FIG. 1 WITH THE EXCEP- 
TON THAT THE PICK-UP IS CONNECTED IN SERIES 
WITH THE CONTROL GRID OF THE MODULATOR TUBE. 

500,000 -ohm potentiometer Pl, connected in series with a 
stopping condenser C5, which may have a value of about .01 
mfd. The slider of the potentiometer is connected to a lead of 
suitable length, terminating in a clip that fits over the cap of 
the first screen grid tube in the broadcast receiver. The range 
of volume that may be covered with this potentiometer is from 
zero to the maximum that is put out by the frequency changer. 

The two resistors R1 and R2 may have a value of 300 ohms 
each and each of the by-pass condensers C3, C4 and C5 may have 
a capacity of .01 mfd. or more. The center -tapped resistor P2 
is used for the purpose of connecting the center of the heater 
winding to ground. If the filament winding is center -tapped 
this tap may be grounded and the resistor omitted. If the 
resistor is used it should have a value of about 30 ohms. 

In Fig. 2 is the same circuit as in Fig. 1 with the exception that 
lator tube. All the values are the same in both circuits, but in 
Fig. 2 is an extra by-pass condenser C7, which may have a value 
of .01 mfd. or more. When the pick-up coils is connected in the 
grid circuit it is more effective than when it is put in the screen 
circuit, and therefore for a given degree of coupling between 
the two tubes L1 should have fewer turns in Fig. 2 than in 
Fig. 1. 

Three -element Modulator 

In Fig. 1 the screen return is made to the cathode. Since the 
modulating efficiency depends largely on the voltages applied it 
is well to try making the return to different positive voltages. 
This applies also to the second circuit, and for that reason the 
screen return in that circuit has been terminated by plus Bx, 
indicating that different positive voltages should be tried to find 
that which gives greatest modulating, or detecting efficiency. 
Since the applied plate voltage in each case is low, the optimum 
value of screen voltage is rather low also. It should always he 
considerably less than the applied plate voltage. 

In most superheterodynes the modulator, or so-called first 
detector, is usually a three -element tube. In Fig. 3 is shown the 
same frequency changer with a 227 tube as modulator. The 
various constants in this circuit are the same as those in Fig. ? 
except that R1 may have a higher value. It is recommended, in 
fact, that Rl be made a 5,000 ohm variable resistor so that it mad 
be set at that value which gives best operation. 

AC Circuits 

The circuits in Figs. 1, 2 and 3 are designed for alternating -cur- 
rent tubes. In Figs. 4, 5 and 6 the same circuits are given for 
direct -current tubes. There is practically no difference between 
the corresponding circuits in respect to coils and condensers, but 
there are slight differences in the grid bias resistors. In Figs. 4 
and 5 RI should be 20 ohms and in Fig. 6 Rl should be 4 ohms 
or an equivalent filament ballast resistor. R2 in all the battery 
circuits in a 4 -ohm resistor. 

Since the ballast resistor RI in Fig. 6 does not give the grid 
enough bias for effective detection a grid battery Eg is connected 
between ground and the grid return of the first tube. Voltages 
of 1.5, 3.0, and 4.5 volts should be tried and that one used which 
gives the highest detecting efficiency. 

On the DC circuits it is not necessary to use more than 45 volts 
on the plates of any of the tubes. This applies to the circuits 
using screen grid tubes as well as to the circuit using a three -ele- 
ment tube as detector. While the screen grid tubes ordinarily 
require high plate voltages for amplification, lower voltages may 

FIG. 3 
THIS ADAPTER OR FREQUENCY CHANGER CIRCUIT IS 
LIKE THAT IN FIG. 2 EXCEPT THAT A THREE -ELE- 

MENT HEATER TUBE IS USED FOR MODULATOR. 

be used for detection, and if the plate voltage is too low for a 
given value of screen grid voltage it is only necessary to reduce 
the voltage on the screen. 

Behavior of Oscillator 

In giving the design for the oscillator coil the number of turns 
on the tickler winding was specified at two-thirds as many as on 
the tuned winding. It frequently happens that this will cause 
oscillation on the low frequency end of the tuning range but not 
on the high end. That is, the oscillator may work from 550 to 
1,000 kc and fail from 1,000 to 1,500 kc. When that happens it 
is best to remove a few turns from the tickler, just enough to 
cause oscillation at all settings of the condenser. It may also 
happen that the circuit will oscillate at the high frequency end 
but not at the low end. In such cases it is best to add a few 
turns to the tickler. Oscillation can usually be induced by in- 
creasing the voltage on the plate of the oscillator but it is pre- 
ferable to adjust the tickler turns to achieve the desired result. 

In each of the six adapter circuits described is a choke coil 
Ch of 65 millihenries used for coupling the modulator to the 
first tube in the receiver. If this choke is replaced by a tuner 
adjusted to the intermediate frequency, that is, a tuning coil 
with a suitable condenser across it,. considerably better operation 
will result. The modulator will be more efficient and the circuit 
will be more selective as well as more sensitive. However, 
unless this tuned circuit be provided with a variable condenser 
it is not possible to select more than one intermediate frequency. 
And if a condenser is provided for tuning this coupling coil the 
circuit becomes complicated. If the receiver used with the 
adapter is of the modern, sensitive type it is best to arrange the 
circuit just as is given in the diagrams. 

One -spot super 

The lowest frequency that can be selected for the intermediate 
frequency is so high that the circuit is essentially a one -spot. 
Only the higher oscillator setting can be selected. This, how- 
ever, does not mean that certain stations cannot be received on 
harmonics. But no trouble should be experienced from this 
source since the intermediate frequency is so high that the first 
tuner in the adapter will effectively suppress' any interference. 

In building any one of these adapters it is advisable to shield 
the circuit as a whole as well as to shield the first tuner T1C1 
from the rest of the circuit. The oscillator system, however, 
should not be shielded separately because the shielding will 
change the characteristics of the oscillator and may stop the 
oscillations entirely. 

It is scarcely necessary to describe the antenna input trans- 
former T1 since there are hundreds of suitable "antenna coils" 
on the market, any one of which may be used, provided that it 
fits the tuning condenser with which it is to be used. But there 
are those who prefer to wind their own coils and who do not 
have winding data available, and for their benefit we give a 
design for each of the standard tuning capacities. 

Since compactness is a desirable feature of an adapter of this 
sort we select a small form for the coil, a piece of bakelite 
tubing 1.5 inches in diameter. If the tuning condenser has a 
maximum capacity of .0005 mfd. the inductance of the secondary 
of the coils should be 160 microhenries. This assumes that the 
distributed capacity in the circuit is 25 mmfd. This inductance 
will be obtained with 68 turns of No. 28 enameled wire wound 
on the 1.5 -inch tubing. Fifteen turns of the same kind of wire 
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xers for Broadcast W aves 
ate Frequency in Superheterodyne Adaption 

FIG. 4 
THE DIRECT -CURRENT COUNTERPART OF THE 

ADAPTER SHOWN IN FIG. 1. 

on the same form at one end of the secondary will be enough for 
the primary winding. 

If the condenser has a capacity of .00035 mfd. the required 
inductance is 224 microhenries, again allowing 25 mmfd. for 
distributed capacity. This inductance is obtained with 79 turns 
of No. 30 enameled wire on a 1.5 -inch form. The primary may 
contain 16 turns of the same wire. 

Recommended Tubes 

The direct -current tube circuits are designed for 222 screen 
grid tubes and 201A three -element tubes, with a filament battery 
voltage of 6 volts. While the circuits could be assembled with 
199s in the three -element sockets and a voltage source of 4.5 
volts, this is not recommended because these small tubes do not 
give nearly as satisfactory results as the larger tubes. 

Whenever it is practical the plate voltage for all six circuits 
should be provided by batteries because they will not introduce 
any hum. However, if the filtering in a B supply is very good 
this may be used with good results. 

In connecting one of these adapters it is necessary that the 
same ground be used for both the adapter and the radio receiver. 
It is also necessary that the grid clip on the first tube in the 
receiver be removed and that the grid clip in the adapter be 
substituted for it. When the grid clip in the set is removed 
from the cap the first tuner and any volume control which may 
be used ahead of the tube are disconnected and the adapter 
substituted. The change amounts to the same thing as to rebuild 
the receiver and to make a superheterodyne out of it. 

Use of Low Intermediate 

When the broadcast receiver is converted to a superhetero- 
dyne by means of one of these adapters it should be tuned to 
the lowest possible frequency so that the intermediate fre- 
quency does not become impractically large. As a rule, every 
broadcast receiver can be tuned to a frequency somewhat below 
550 kc. We previously assumed a frequency of 540 kc, but it 
is quite probable that on many receivers a lower frequency can 
be obtained. Once the intermediate frequency has been 
selected it should be kept at that value, because any changes 
in the frequency by readjusting the tuning control in the 
broadcast receiver will change the dial settings of the oscillator 
condenser. If it is left fixed it is possible to calibrate the 
oscillator dial so that the station tuned in may be known by 
the position on the dial. 

There may be times, however, when it is desirable to select 
a different intermediate frequency. For example, there may be 
harmonic interference on a certain station. This can be 
avoided by changing the intermediate frequency, that is, by 
setting the tuning control of the broadcast receiver at a 
different point. 

Again, when short wave stations in the vicinity of 200 meters 
are being tuned in it may also be desirable to select a higher 
intermediate frequency. Since the higher oscillator setting is 
selected in all instances, the intermediate frequency may be as 
high as 1,500 kc without any undsirable effects, provided that 
the broadcast receiver is sensitive at this frequency. 

In each of these six adapters the output voltage is developed 
across a choke Ch. If it is desired to tune the output, a tuning 
coil having the same inductance as the secondary of TI may be 
substituted for the choke and another .0005 or .00035 mfd. tuning 

C6 

1 
45To 90V 

GC 

FIG. 5 

THIS CIRCUIT IS THE SAME AS THAT IN FIG. 2 BUT 
ARRANGED FOR BATTERY OPERATION. 

condenser connected across this coil. This will transform the 
output to the tuned impedance type. Somewhat higher detection, 
or modulation, efficiency can be obtained in this manner, but it 
complicates the circuit by adding another tuner that must be 
adjusted whenever the tuning of the broadcast receiver is read- 
justed. This tuned output impedance must be tuned to exactly 
the same frequency as the broadcast receiver, since the coupler 
becomes a part of the intermediate tuner. It will make the 
circuit both more sensitive and more selective. The added com- 
plication, however, is not justified by the improved results. This 
is especially true when the broadcast receiver itself is sensitive 
and selective. 

Short Wave Reception 

Those who have followed the articles on short wave adapters 
in previous issues of RADIO WORLD will note that the six adapters 
here described are of the same form as the short wave adapters. 
The only essential differences between the circuits here given 
and the short wave circuits lie in -the values of the coils and 
the condensers in the tuned circuits. In the present circuits they 
are essentially of broadcast dimensions, while in the previous 
circuits they were smaller electrically. Those who are interested 
in adapting broadcast receivers to short wave reception, using the 
superheterodyne principle, are referred to the articles previously 
published on this subject. 

An adapter like any one of those described here may be built 
into a compact box, placed on top of or inside the cabinet of 
the broadcast receiver. It is advisable that this box as a whole 
be shielded so that there will be no energy pick-up other than 
that intended from the antenna and also so that there will be 
no coupling between the adapter and the receiver other than that 
provided by the potentiometer Pl and the grid clip GC. 

In connecting up the adapter, the antenna lead which is con- 
nected to the broadcast receiver should be transferred to the 
antenna binding post on the adapter, and the two ground posts, 
as has been stated, should be connected together and grounded. 

FIG. 6 
THE DIRECT -CURRENT VERSION OF THE CIRCUÌT 

DIAGRAMMED IN FIG. 3. A GRID BATTERY IS USED 
IN THIS HOOK-UP TO PROVIDE THE PROPER BIAS. 
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Diverse Action is Due to Atomic Struc 
By John C. 

FIG. 1 

THE RELATIVE ARRANGEMENT OF CHARGES IN AN 
ATOM. 

[The following article is the fifth of a series on dynamic speakers. 
The series began in the March 15th issue with the article on "Design 
of Dynamic Speakers." The pot magnet, voice coil and baffle were 
discussed. The second article, "A comparative Test of Dynamic 
Results," appeared in the March 22nd issue, in which acoustic com- 
parisons were made between magnetic and dynamic speakers. In 
the March 29th issue, "Hum Reduction in Dynamic Speakers" was 
discussed. Reverse wound coils and condenser choke systems were 
included. In the April 5th issue "Wave Forms of Hum Reducers" 
was the topic. The use of the bucking coil and some remedies for 
hum were discussed. Follow this series on dynamic speakers from 
week to week-Ern-roil.] 

INDUCTANCE (or electrical inertia) has the effect in AC, DC 
and pulsating DC circuits, of delaying the arrival of the current 
at maximum value, and this delay, or lag, also depends directly 

on the amount of inductance present. Now, condenser§ have the 
opposite effect in electrical circuits, and create leading effects instead 
of lagging ones. 

Later on we will examine typical curves of effects relative to 
each other and the applied emf. 

We must first understand how a condenser condenses, and why, 
before we can intelligently apply its effects. 

The Atom Under Consideration 

The electrical constitution of matter rests upon some concepts of 
great importance. The atom, and its constituents, the electron (neg- 
ative charge) and the proton (the associated positive charge). How 
they are associated in atomic structure and their relation to the 
explanation of condenser action are important facts for getting at 
the root of the subject in a simple and readily understandable 
manner. 

The atom in its simplest form consists of electrical charges 
grouped around a nucleus of positive charges (protons) and is 
represented for convenience as not being in motion, and can be 
shown to have a very direct bearing on the action of a condenser. 

The materials of which a condenser is made have a definite 
electrical structure and although the capacity of a condenser is 
mainly dependent upon the distance between the two plates or 
electrodes; the atomic structure of the material that separates the 
plates influences the value of the capacity by the extent of the 
material's tenacity, or rather its tendency to retain its normal 
condition of aggregation. 

Voltage Applied to Condenser 

When the terminals of a condenser are connected to a source 
of difference of uniform direct voltage a corresponding difference of 
potential is set up across the terminals of the condenser a short 
fraction of time after the contact with the charging source is 
completed. During the lapse of time between the contact with the 
charging source and the final arrival of the condenser terminal 
voltage at similarity with that of the charging source a current 
flowed and this current is called the charging current. 

Fig. 1 shows the arrangement of protons and electrons in an atom. 
As can be seen from Fig. 1, the atom is made up of a positive 

nucleus marked A and contains eight positive charges, each of such 
strength electrically that it holds within the radius R the eight 
negative charges. Now, the number of electrons that, a positive 
nucleus can hold is exactly similar to the quantity of electric current 

that can flow in a given electrical circuit. The radius R about which 
the eight negative charges are grouped is a direct comparison to the 
expression voltage, which means electrical pressure. The difference 
of potential expression means the work done on the electron to locate 
it where it is. 

Now although we began at the outset by stating that this atom 
was not moving we were purposely not telling the full story. Nov 
the rest can be told. 

Electrons Shifted 

Fig. 1 shows an atom that is under electric stress and although 
the electric field that is actually responsible for molding the electrons 
in the position shown is acting it is not shown so, but may be 
regarded as a mutual repelling force acting between the eight 
electrons and exactly counterbalanced by the attractive force between 
the positive nucleus and the ring of eight electrons (the negative 
charges). 

If the position of one of the negative charges in Fig. 1 is altered 
by the application of an external force, the resulting dislocation 
automatically will result in the seven remaining electrons (negative 
charges) being shifted to a new position of equilibrium. To 
accomplish this, work must be done on the atom, and since this is 
the case we find that due to the electrons having been re -located 
from their former positions the atom now can do work for us. 
The atom having stored some energy, because the atom is elastic, 
has permitted some of its constituent parts to be dislodged tem- 
porarily from a position of rest. Later on when the effect of 
the dislodgement is removed the electrons will assume their 
former relative positions and in doing so return a part of the 
work that has been done on them. 

Condenser's Condition 

Fig 2 shows a condenser of two plates, with air between them. 
The two plates are of the same material and the same, size. Also 
each bears in the natural electrical state the same number of atoms 
as the distribution of electrical charges on each plate shows. 

Now, this condenser is said to be not charged or discharged de- 
pending upon its previous electrical condition, but I will assume a 
new condenser and therefore an uncharged one. Furthermore, the 
uncharged state assumes that the atoms of each plate are exactly 
alike and contain the same number of constituent parts, viz.-posi- 
tive nuclei and electrons. 

In Fig 3 the same condenser is shown ready to be charged by 
battery M when the key is closed, but before I close the key I want 
to explain that there is no premeditated idea in arranging the 
battery connections as shown. The battery could have been hooked 
up the other way around, with the result that the very same effect 
that is about to be shown would have occurred. So, having noted 
this, and once again that there is the same number of positive and 
negative charges on each of the two plates. 

Action Resulting from Closing Key 

I close the key, with the result that one plate is charged positively 
by the battery and the other becomes charged negatively. The 
plate that is now positive is so because it has drawn off (by virtue 
of its positive charge imparted by the battery M), the negative 
charges which existed previously on the opposite plate. See Fig. 3. 
If the key is opened, and the terminals of an electro -static voltmeter 
are touched to the two plates, the condenser will be found to 
have a potential difference between the plates, approximately 
equal to the battery emf of the battery M, and thus potential 
will remain unchanged provided there is no way for the excess 
of electrons on the positive plate to reach the "negative" plate, 
from whence the original supply was withdrawn. But in a com- 
mercial condenser of not very high grade this leakage current, 
or tendency of the charged condenser gradually to or otherwise 
assume its uncharged state, is due to the excess electrons on the 
positively charged plate finding their way back to the negatively 
charged side. 

From the foregoing it can be seen that a positive charge on a 
condenser plate is in reality a deficiency of electrons and a 
negatively charged plate represents an excess of electrons. 

Where Reverse Current Arises 

I have stated previously that if work (electrically speaking) be 
done on a condenser. that the condenser can do work in return. 
The circuit of Fig. 3 can be imagined to contain a high resis- 
tance connected in series with the key and a milliammeter in 
any part of the external circuit. On closing the key the con- 
denser charges more slowly, of course, but we can see by the 
milliammeter reading that there IS a current and if the time 
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rate of flow be observed this quantity when multiplied by the 
potential of the battery M will give a measure of the energy 
done on the condenser. And similarly if we connect the high 
resistance across a charged condenser we will observe a cur- 
rent, but in the reverse direction, and the emf across the 
resistance furnishes the voltage drop which when multiplied by 
the indication of the milliammeter gives the energy in fractions 
of a watt. I have purposely not taken up the fact that the 
charging emf in an experimental or actual case is not constant 
but varies with the state of charge and the resistance of the 
external circuit, as this will be brought out later. 

In the simple condensers shown the work done in charging 
the condenser, and in discharging, is very small, and to make 
the effect large enough to be visually demonstrated a condenser 
of high capacity is substituted for the two -plate types depicted. 

Changes in Voltage 

Fig. 5 shows a graph of the voltage variation of a sine wave 
alternating source of voltage. The voltage is seen to begin at 
zero and rise and attain its highest value of 120 volts in seven- 
teen -tenths of a cycle unit, and after this point has been 
reached the voltage is seen to fall. At thirty-four tenths of a 
cycle unit after having begun its upward excursion the voltage 
is zero again. Then it starts off again in the opposite direction 
and another seventeen -tenths of a cycle unit later it is seen 
to have reached its negative value of 120 volts, whence it 
recedes back to zero again, completing the cycle. 

Now, when the condenser of Fig. 3 was connected to battery 
M the current started to flow BEFORE the full voltage of the 
battery M was measurable across its plates, and as the electrons 
pile up on one of the condenser plates the voltage across the 
condenser increases until, when no more electrons are trans- 
ferred, the voltage reaches its highest value. 

Same Effect on AC 

Now, as has been explained, the fact that the condenser cur- 
rent flows before the voltage drop reaches its maximum value 
gives rise to the expression of "leading current" in connection 
with the effect of a condenser connected to an alternating 
source of exciting power. 

This is also true of condenser effect in pulsating circuits but 
I will refer to that later, in further discussion on the phase 
relationships of hum voltage components, this subject is exten- 
sive and must therefore have special treatment in a subsequent 
article. 

Fig. 6 shows the voltage curve of Fig. 5 with the accompany- 
ing condenser current curve and this shows that the condenser 
current leads the applied emf by 45 degrees, and is a represen- 
tation of an observed effect. The amount of each is propor- 
tional to the capacity of the condenser. The final value of the 
emf of the condenser depends generally on the resistance in 
series with it and the charging source. This interesting 
property of a condenser is therefore seen to be due to natural 
causes and is not a secondary effect as some electrical manifes- 
tations are. 

Now it will be remembered that the effect of self-induction 
was discussed and shown in last week's article and it will be 
remembered also that this effect produced reverse emfs that 
tended to oppose the building up of the applied emf in a coil 
of many turns (containing an iron core.) 

Reason for Lag 

Since the emf of self-induction opposes the applied emf and 
is therefore said to lag behind the applied emf, the two devices. 
namely the inductance coil and the condenser, will be found to 
have opposite effects when combined on an alternating cur- 
rent circuit, and these opposing effects are utilized in varying 
degrees, in electrical apparatus of all kinds, and especially in 
radio receiving and power circuits. 

Fig. 6 shows the manner in which inductance and capacity 
will vary on an alternating current circuit in which there is no 
resistance. They are shown equal and opposite and therefore 
in the case shown if the inductance and condenser that repro- 
duce these curves are connected in parallel or series the net 
current through both would be zero. 

In an actual case this condition would be very closely approxi- 
mated. though never attained. 

Now. as oreviously stated. the condenser has some very 
definite applications to rid dynamic speakers of objectionable 
hum. Of course there is associated with the condenser used au 
inductance, in the form of the pot coil, but in some' cases there 

4-- 
-+ 
-+ 

+- 

-- il 
FIG. 2 (Left) 

THE ARRANGEMENT OF CHARGES ON THE PLATES 
OF AN UNCHARGED CONDENSER. 

FIG. 3 (Center) 
A CONDENSER READY TO BE CHARGED 

FIG. 4 (Right) 
A CHARGED CONDENSER-AND ALSO THE RE -DISTRI- 

BUTION OF POSITIVE AND NEGATIVE CHARGES. 

is an extra inductance also, which is not linked magnetically 
with the speaker pot. 

Ripple Smoothed Out 

Whether the speaker be dry rectifier operated or not, a con- 
denser often is used to smooth out the ripple in the pulsating 
DC supply, and advantage is taken of precisely the same effects, 
except that as the voltage fluctuation on pulsating DC cir- 
cuits is considerably less than it is on alternating current cir- 
cuits of the same voltage, a larger condenser is necessary to 
obtain the same effect. In high voltage pulsating DC cir- 
cuits, though, the magnetizing coil is usually of high induc- 
tance, and where a speaker coil forms part of a B voltage 
source network there is usually a condenser associated with 
the pot coil circuit or some adjacent circuit. 

Rectifiers of all kinds depend for their action on the dis- 
placement of electrons, essentially, although in the wet types 
where chemical action is incidental the terminology is some- 
what different. Yet the fact that ions and molecules are 
referred to need not confuse in the least as the idea involved 
is still the previously recorded description. 

Circuit Traced 

In a simple circuit consisting of a dry cell in series with a 
copper and zinc plate immersed in water you can trace a cir- 
cuit from the positive terminal of the dry cell to the zinc plate, 
then through the water to the copper plate and back to the 
negative terminal of the dry cell. If you connect an indicating 
instrument in series in this circuit and add a pinch of salt to 
the water in which the copper and zinc plates are inserted, a 
current will flow. 

This current flow results from the zinc plate being charged 
positively by the dry cell, thus attracting from combination with 
the water molecules the electrons they normally contain and 
these are deposited on the zinc plate, resulting in the establish- 
ment of a current and consequently at a brief time later a 
potential difference builds up. Notice how this compares with 
the previous statement about the condenser. 

Now let the connection to the dry cell be reversed. We now 
trace a circuit from the positive terminal of the dry cell to the 
copper plate, and thence to the zinc plate and return to the 
negative terminal of the dry cell. But the indicating meter 
shows little or no current. If we investigate we find that the 
electrons are tending to move through the solution in the same 
way as they formerly did and the emf of the dry cell is trying 
to make them move oppositely and the result is that there is no 
net current in the external circuit. 

AC is Substituted 

Now if we substitute a source of alternating emf of the same 
magnitude as the dry cell, and contrive to make the reversals 
slow enough so that we can observe the effect as it will be 
indicated by the series indicating device we will see that we get 
a deflection where the current flows one way and no deflection 
where it reverses its emf, we have in effect an elementary 
rectifier and the series indicating device is showing us a 
pulsating direct current, or a uni -lateral current as it is some 
times called. 

Fig. 8 shows the usual diagrammatic sketch of a dry rectifier 
and it consists essentially of two dissimilar metals which when 
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FIG. 5 
A SINE WAVE ALTERNATING VOLTAGE CURVE. 

combined in very close proximity constitute a combination 
which has the property of conducting a current of electricity in 
one direction very much better than in another, and a series 
combination of several such cells forms a very efficient rectifier. 

A form of condenser operative on this principle but consist- 
ing of suitable electrodes immersed in a conducting paste- 
and having a very thin insulating film built up on one of the 
electrodes so that the device has very large capacity is suc- 
cessfully used on low voltage circuits to remove ripples. 

Fig. 9 shows a rectifying tube for the production of high 
voltage pulsating DC, its rectifying action is also dependent 
upon the flow of electrons from the cathode C to the anode A 
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HOW CONDENSER CURRENT LEADS THE APPLIED 

VOLTAGE. 

Lí0 

Loo 

90 
8 

+ 70 
b- 60 

50 
40 
30 
20 
LO 

o 
10 
10 

30 
1 40 

1/40 50 
60 

> 70 
80 
90 
100 

Lt' 
110 

FIG. 7 
HOW INDUCTANCE AND CAPACITY EFFECTS OPPOSE 

EACH OTHER IN AN AC CIRCUIT. 

FIG. 8 (Left) 
SHOWS ARRANGEMENT OF PARTS OF A DRY 

RECTIFIER 

*** 

FIG. 9 (Right) 
SHOWS DIRECTION OF ELECTRON -FLOW IN A 

RECTIFYING TUBE. 

(or plate) and it is doubtless known that the current is pro- 
portional to the difference of potential between the cathode and 
the anode. 

Service of a Receiver is Something 
to be Considered 

In discussing the relative merits of receivers one must not forget 
the service that any receiver may require. It is clear that the 
troubles which may develop in a receiver is directly proportional to 
the number of tubes in the circuit. It is proportionately more diffi- 
cult to locate the source of any trouble that may develop. It is, 
therefore, clear also that the cost of servicing will be proportional 
to the number of tubes. The cost of this service must be added to 
the cost of upkeep, and on this score the modest receiver wins by 
a wide margin. 

Furthermore, if troubles requiring the attention of a service man 
develop at a rate proportional to the number of tubes it is obvious 
that the receiver will be inoperative a larger percentage of the time. 

Difficulties may develop late in the afternoon on a day when a special 
program is scheduled. The service man is called in, but he may be 
too busy to attend to that particular difficulty the same day. He may 
not be able to come around until the next morning. Obviously, the 
special program will be missed. 

The owner of the receiver may become desperate as the time for 
the special program approaches, and he may attempt to fix the set 
himself. He switches the tubes around in a random manner. He 
short-circuits a coil here, a resistor there. He tries out his spare 
tubes. The result may be a receiver requiring a thorough overhauling 
by an expert. This is not a fantastic assumption, for such things 
happen every day. 

www.americanradiohistory.com



April 12, 1930 RADIO WORLD 

Is Grid Blocking Real? 
Positive Grid Never Below Zero, or Stops Plate Current 

By Henry 
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IN THIS SHORT-WAVE ADAPTER NO GRID LEAK IS 
PROVIDED AND THE GRID CONDENSER IS SUBJECT 
TO CHARGE ACCUMULATON AS EXPLAINED IN THIS 
ARTICLE. STRAY LEAKAGE KEEPS THIS CIRCUIT 

OPERATIVE. 

AS 
everybody knows, there are two types of detection by 

means of a vacuum tube, namely, grid condenser -leak and 
grid bias detection. A satisfactory explanation of the grid 

bias process of detection has been given, but not so of grid 
condenser -leak detection. It is true that an explanation has been 
given, and a simple one, but not a satisfactory explanation. 
Indeed, not even a sensible explanation has been propounded 
that is intelligible to anyone who is not well versed in mathe- 
matics. 

The usual simple explanation is nothing short of ridiculous. 
It violates the so-called "uniqueness theorem" in mathematics, 
which in its simplest terms is nothing but a statement of common 
sense. The explanation goes about as follows : 

A signal voltage is impressed on the grid, making it alternately 
positive and negative. A leak -proof condenser is placed in series 
with the grid lead. When the signal voltage is such as to make 
the grid positive, electrons flow from the cathode to the grid, 
partially neutralizing the charge impressed by the signal. These 
electrons cannot escape from the grid because the condenser is 
leak -proof. When the signal withdraws the grid remains nega- 
tive by an amount depending on the number of electrons that 
were trapped. Shortly the second cycle making the grid positive 
comes along and more electrons are attracted to the grid, and 
when the signal voltage recedes, the grid is left still more nega- 
tive. This process goes on until the grid is so much negative 
that no plate current can flow. That is the explanation of grid 
blocking, which is part of the explanation for detection by grid 
condenser and leak. 

The Fallacy 

This explanation depends on the fact that grid current can 
flow only when the grid is positive. But this very condition 
makes the explanation fallacious. How can a weak signal 
voltage, which is negligible in comparison with the grid voltage 
required to cut off the plate current, continue to force the grid 
positive against the accumulating negative charge on the grid? 
Obviously, it cannot continue to force it positive to the point 
where the plate current is cut off. but only until the charge on 
the grid makes the potential of the grid equal to the peak of 
the signal voltage that is impressed. This peak voltage may be 
of the order of one -tenth of a volt whereas the bias necessary 
to stop the plate current may be of the order of 25 volts. 

The absurdity of the contention can he illustrated simply by 
means of an analogy. Let there be a dam between a dry dock 
and the open ocean. It is desired to keep the dock dry. Waves 
of a given height begin to roll in, and at every crest a little 
water goes over the dam. After every crest the dam is raised 
a little to prevent any overflow at the next crest. Clearly, it is 
not necessary to raise the dam any higher than the height of 
the peak of the crests. It is only necessary to raise the dam in 
case the waves should become higher. 

In this analogy the waves represent the signal voltage and the 
height of the dam the accumulated charge on the grid. The fact 

Field Farrow 
that the electrical charge on the grid increases automatically and 
the water dam has to be raised does not vitiate the analog} 

It is true, however, that if a sudden surge of voltage, the peak 
of which is higher than the bias necessary to stop the plate 
current, should be impressed on the grid, then the grid would be 
completely blocked. This may be tested very easily with a 
battery. When the signal voltage is weak and the grid blocks 
some other explanation must be found for the blocking. 

Since the explanation for the action of the grid condenser -leak 
detector depends on the absurd condition that the grid goes 
negative and positive simultaneously, the explanation must nec- 
essarily be absurd. It is not enough to call it fallacious. 

A simpler explanation can be given in terms of an analogy. 
The grid condenser can he likened to a vessel into which air 
may be forced with a pump. The grid leak can be likened to a 
very tiny hole in this vessel through which air may escape at a 
very slow rate. The air pressure in the vessel would then be 
the electric pressure on the condenser, or the potential, which 
determines not only the flow of current through the leak but also 
in the plate circuit. The signal voltage will find its counterpart 
in an air pump forcing air into the vessel. The pump may work 
regularly with equal strokes, which would compare with an un - 
modulated voltage, or it may work with unequal strokes, the 
lengths of the strokes going through regular variations. This 
compares with a modulated radio wave. 

What will happen to the air pressure as the pump works with 
periodic strokes of irregular lengths. It will increase to a value 
depending on the amount of leakage through the hole and the 
force back of the pump. At a certain time as much will leak out 
as is forced in. For each stroke the current through the hole 
will increase, but only a little, because the increased pressure 
due to the stroke will be small compared with the steady pressure 
inside. This small variation in the air draught through the hole 
corresponds with the radio frequency component of the current 
through the grid leak. 

Wide Fluctuations 
The regular fluctuations in the length of the strokes will result 

in a pressure variation, and hence a variation in the current 
through the hole, which will have a much greater amplitude. 
This slow -period fluctuation corresponds with the audio fre- 
quency variations in the potential of the grid, or the audio 
frequency variations in the current through the grid leak. The 
grid condenser, like the air vessel, acts like a storage tank which 
levels out the amplitude of the small input variations and brings 
out the long -period variations in the amplitude of the signal, or 
the length of the strokes. 

In the electrical case there is no appreciable inductance to 
help smooth out the rapid variations. Neither is there any 
appreciable mass in the hydraulic case. There is a slight in- 
ductance in the wiring, and there is also a little mass in the air. 
Hence the two cases are closely analogous. Anyone who can 
visualize the rate of flow of air through the little hole in the 
tank as it varies with the rate of pumping in air can visualize 
the rate of flow of electric current through the grid leak when 
a modulated signal is impressed on the grid. 

But how is the plate current of the tube affected by the rate 
of flow of current through the grid leak? There is no counter- 
part to the plate current in the hydraulic case. Well, the plate 
current is determined by the voltage on the grid (the pressure 
in the tank) and the current through the leak is directly pro- 
portional to the voltage. In fact, the current times the resistance 
of the leak is numerically equal to the voltage. Hence the plate 
current may be said to depend directly on the current through 
the grid leak. It is simply a magnified copy of it. 

It is admitted that the usual simple explanation of grid con- 
denser -leak detection amounts to the same thing as that one 
just given. The only difference is that the untenable idea that 
the charge on the grid accumulates until the plate current is cut 
off has been rejected, not in its entirety but to the extent of 
about 99 per cent. The periodic charges which have been likened 
to the strokes of an air pump are just the groups of electrons 
from the cathode to the grid which are used in the other 
explanation. 

When there is no leakage from the grid to the filament in the 
external circuit the electrons that are trapped will make the grid 
negative to the extent of the peak signal voltage. If the carrier 
is unmodulated this is equal to the amplitude of the carrier wave 
as impressed on the grid circuit. If the grid is modulated, it is 
the greatest amplitude of the wave. It is clear that if the wave 
is greatly modulated, say for a low frequency, the grid may be 
charged so highly negative that the tube will be dead to all other 
signals. In effect it would be as if the plate current had been 
shut off by an excessive negative charge, but a steady plate 
current flows just the same. The trouble is that it is perfectly 
steady. This cannot happen when there is a grid leak. 
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By Herman 
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FIG. 1 
REVISED DIAGRAM OF THE SIX -CIRCUIT TUNER, WITH COIL CONSTANTS GIVEN. 

[In the March 29th issue was shown a theoretical circuit, using 
six tuned circuits, comprising a band pass filter, four stages of TRF 
and a power detector, for AC operation as a tuner in conjunction 
with a power amplifier. It was promised this would be built, and a 
report rendered. This report, published last week, issue of April 
5th, hailed the extreme sensitivity of the circuit, but found fault 
with the selectivity and some of the tentative mechanical arrange- 
ment. Some critical voltage aspects were found, also. The experi- 
ment was proposed of reducing the number of primary turns on 
some of the coils to cure the selectivity trouble, and the critical 
voltage aspect was to be relieved in the same way. The following 
article deals with the results of the application of these and other 
suggested remedies.-EDITOR.] 

HAVING started with a tuner that was pretty good, in that 
the sensitivity was very high, but the selectivity fell short 
of what one would expect from six tuned circuits, we 

applied some theoretical remedies. In the beginning there were 
forty turns on the primaries of all six coils used. Well, we 
reduced the number of turns to twenty in the instances of the 
first three RF transformers. It is indeed true that the apparent 
selectivity was increased thereby. But what happened to that 
exceedingly high sensitivity that had been developed? Obsequies 
are in order. 

If any one were to suggest that the set builder be invited to 
follow the design as it now stands, he would be rash indeed, for 
the immediate reaction from constructors would be that about 
the same results could be obtained from a stage of tuned RF and 
a regenerative detector. And that criticism would be correct. 

No Mere Compromise 

It is obvious, therefore, that with multiple stages of tuned radio 
frequency amplification that enormous sensitivity can be attained. 
There is nothing left to do but to retain. that sensitivity and 
insure selectivity by other means, for if it is not for sensitivity, 
then for what are all those tubes used? For selectivity? No. 
Adequate selectivity could be developed with three or four tuned 
circuits, so six ought to provide abundantly more. 

At the present writing six are affording very little more, but 
with disappointingly low sensitivity. Radio science challenges 
us to solve the problem adequately. No mere compromise, that 
gives three -circuit selectivity from a six -circuit assembly, will do. 
We want all the sensitivity that's to be had, down to just above 
the noise level, and selectivity enough to give us 10 kc separation 
between two frequencies of equal power at the antenna, say, 
50,000 microvolts per meter apiece. 

As was suggested in a previous instalment, besides reducing 
the number of primary turns, to improve the apparent selectivity 
(although not the actual selectivity), other remedies, and ones 
that affect the actual selectivity, include the use of shielded wire 
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for the antenna lead from the post of the tuner to the coil. 
shielded wire for the plate, and grid leads and also for any long 
leads. It so happens there is only one long lead, and it carries 
audio frequency, since the design has been changed from the 
first presentation, March 29th, to include a stage of audio, as 
shown last week, April 5th. The lead being long, we are resolved 
to use shielded wire, whether the frequencies be audio or radio. 

How Condensers Pick Up 

Another remedy suggested was to use a cover over the bottom 
of the subpanel. Thus all the wiring would be shielded as a unit, 
because the subpanel is metal, and the bottom cover is metal, 
and between the two they bottle up the works of the tuner and 
force any pickup to be exclusively of antenna origin, with one 
exception, the tuning condensers. 

No suggestion has been made until now that the tuning con- 
densers be shielded. But when one considers (after experimental 
stimulus) that there are two three -gang condensers, and that 
each condenser has, say 23 plates, and there are thus 138 plates, 
only half of which are at ground potential, we can rest assured 
that we have a pretty good capacity antenna right in the tuning 
capacities, no matter what other precautions may be taken to 
insure no pickup save from the intended aerial itself. 

The cover has not been put on the bottom of the receiver yet, 
as there was some delay on the part of the machine shop in 
getting it ready. Moreover, the tuner, as it stands now, must 
be torn down and rebuilt, because we want to introduce all 
intended changes, except primary turns reduction, and then we 
will be ready for a more optimistic report, let's hope. 

Must Be No Stray Pickup 

In last week's issue the statement was made that a receiver 
that picks up distant stations without antenna attached as this 
did, up to 1,000 miles, needs some remedial attention. Some may 
ask whether this is really so, since all that a receiver is intended 
to do is to pick up stations, and if it does that well without an 
intended antenna, why decide arbitrarily that such antenna is 
needed? 

There is no point whatsoever to the question, as put, and no 
argument that represents good engineering practice or highest 
possible results, since the object of using tuned circuits is to 
obtain the full benefit of tuning, and stray pickup tends to spoil 
the advantage of tuning. The selectivity is not as high as it 
would be were the antenna actually used, and the remedies 
applied that would make such use practical. 

Only a very sensitive receiver is affected by stray pick-up. 
The amplification is high, hence any small pickup ahead of the 
detector becomes large enough to produce a substantial result 
on the detector. Whatever stray pickup takes place in the 
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B- Bi 
FIG. 1 

AN ARRANGEMENT OF AN OSCILLATOR AND A 
BROADCAST RECEIVER FOR TAKING THE RATE OF 
CHANGE OF CAPACITY OF A CONDENSER, USING THE 

ZERO BEAT METHOD. 

RADIO 
RECEIVER 

LOUD SPEAKER 

OMETIMES an occasion arises for taking the tuning char- 
acteristic of a variable condenser, that is, for determining 
its rate of capacity change with degrees of rotation of the 

shaft. For example, is the condenser of the straight line fre- 
quency, the straight line wavelength, the straight line capacity, 
or some other type? In laboratories it is customary to deter- 
mine the characteristic by comparing the condenser with a cali- 
brated standard condenser, but few experimenters have access to 
standard condensers and therefore they need some other method 
which not n t re it anyspecial e spec al equipment. 

There is a very simple method which requires nothing nior 
than an ordinary broadcast receiver and an oscillator such as 
is used in Superheterodynes in which the condenser under test 
is used for controlling the frequency of oscillation. This oscil- 
lator andt be broadcast receiver are placed close together but 
are not directly connected, except that both are grounded. The 
rotor plates of the condenser under test are connected t( 
ground in order to stabilize the frequency of oscillation. 

The circuit diagram of a suitable oscillator is shown in Fig. 1 

to the left of the receiver. In this oscillator C is the condenser 
under test and L1L2 is an oscillation coil, the secondary L2 of 
which is adjusted so that the frequency range of the oscillator 
is the same as the range of the receiver. The number of turns, 
of course, depends on the capacity of the condenser and on the 
size of the coil form. If the condenser is designed for tuning a 
broadcast receiver the coil might be a three -circuit tuner de- 
signed for the particular capacity of the condenser used, the 
smallest winding of the coil being left open. 

Principle of Test 

The object of the broadcast receiver is to tune in stations of 
known frequencies, or wavelengths, and the object of the oscil- 
lator is to produce a frequency which may be adjusted to 
equality with the known frequency, using the zero beat method. 
When the frequency of the oscillator is the same as that of the 
station tuned in, the signals disappear from the loudspeaker, 
the oscillator tuned circuit acting as a wave trap. The exact 
setting of the oscillator dial is sharply indicated by the zero beat. 

Before a run is made on the condenser a number of broadcast 
stations covering the entire tuning range should be selected 
spaced as nearly as practical at equal intervals and the exact 
frequency of each station should be obtained from a list. These 
frequencies should be entered in a table. This done, the run on 
the condenser may be started. 

First set the broadcast receiver on the lowest broadcast fre- 
quency selected, for example, 550 kc. Turn the oscillator con- 
denser until the zero beat position is found accurately. This is 
characterized not only by the characteristic squeal on the ap- 
proach to the point from either direction, but also, as was 
stated, by the disappearance of the signal or a marked diminu- 
tion in its strength. Read the oscillator carefully when set at 
zero beat with the first frequency and enter the reading in the 
table opposite the frequency previously entered. 
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FIG. 2 
TWO CURVES SHOWING THE TUNING CHARACTER- 

ISTIC OF A STRAIGHT LINE FREQUENCY CONDENSER, 
OBTAINED BY THE ZERO BEAT METHOD. THE 
LOWER CURVE INDICATES TOO MUCH INDUCTANCE 

IN THE COIL. 

Condenser Characteristics 
Determined by Zero Beat Oscillator Test 

By Benson Burroughs 
Now turn the receiver to the next station selected and repeat 

the operation on the oscillator condenser and again enter the 
zero beat position in the table opposite the second frequency. 
Continue this process until all the selected stations have been 
covered and a zero beat position found for each. 

Many Squeal Points 
In turning the oscillator dial from minimum to maximum, or 

vice versa, it will be found that there are many zero beat posi' 
tions for every broadcast frequency. Some of these will be ver., 
weak and others will be strong. Usually, however, there is only': 
one at which the signal disappears. That is the setting for which 1 the fundamental frequency of the oscillator is equal to the fundat 
mental of the broadcast carrier. The other squeals heard may 

be due to beating between harmonics of the two frequencies 
intentionally involved, or between the fundamental of the oscil- 
lator with broadcast carriers not tuned in with the receiver. All 
these weak squeals should be disregarded. 

It should be remembered that the squealing produced will 
cause a certain amount of interference with other receivers close 
to the experimental hook-up. Because of this it is well to do the 
work when this will be a minimum, for example, early in the 
morning or late at night. It should not be supposed, however, 
that the intensity of the squeals heard in the test receiver is 
indicative of the intensity of the interference in receivers nearby. 
The oscillator causing the squeals will be not over twelve inches 
from the test receiver while it may be 100 feet from the nearest 
receiver used for entertainment at the time. The squeals may 

Washington. 
The following new station applications 

were received by the Federal Radio Com- 
mission on new stations : 

Floyd G. Carr, Lancaster, New Hamp- 
shire, construction permit to erect a new 
station using 100 watts, at 1,000 kilocycles. 
Unlimited time. 

J. Milton Guyton, Swan Hotel, Union- 
town, Pa.-construction permit to erect a 
new station using 250 watts at 1190 kilo- 
cycles, and unlimited time. 

V. F. Hutchens, of Huntsville, Alabama. 
-construction permit to erect a new sta- 
tion using 250 watts, at 1190 kilocycles. 
and unlimited time. 

Frank P. Wernali, Hazen, North Da- 
kota-construction permit to erect a new 
station using 5 watts on 1100 kilocycles. 
one night a week. 

Sewell B. Jackson, Memphis, Tenn. 
C P to build new station using 50 watts on 
1210 kc on unlimited time. 

D. V. Piggott, doing business as Broach 
Sales Co., Susanville, California, C. P. 
To erect new station on 1420 kc 100 watts, 
unlimited time. 

Kay Kawachi, Los Angeles, California, 
CP. To erect new station on 1450 kc, 50 
watts. Unlimited time. 

Porter Hardy Jr., Salisbury, Ind. C. P. 
to erect new station on 1220 kc-250 watts. 
Unlimited titme. 

Pierce E. Lackey and Fred W. Olcott, 
doing business as Paducah Broadcasting 
Co., Paducah, Kentucky-CP to erect new 
station on 1370 kc, 250 watts day and 100 
watts night unlimited time. 

Huntington Broadcast Company Inc., 

ELEVEN SEEK 

NEW STATIONS 
Huntington, Ind-C. P. to erect new sta- 
tion on 1240 kc-500 watts for four hours 
daytime, and two hours night. 

F. L. Elliott, M. S. Finley, E. L. Ed- 
wards doing business as Hoosier Broad- 
casting Co., Indianapolis, Indiana, C.P. to 
erect new station on 920 kc, 500 watts. 
Unlimited time. 

Frequency and power changes include: 
WSIX-Springfield Tenn.-C. P. to use 

day power of 200 or 500 watts. (now 
using 100 watts). 

WWAE-Hammond, Ind.-C. P. to in- 
stall new equipment with automatic fre- 
quency control, and change frequency 
from 1200 to 920 kc and increase power 
from 100 watts to 5 kw. Also change 
hours from dividing time with WRAF 
to unlimited. 

KGAR-Tucson, Ariz. License to cover 
C. P. to move studio and transmitter 
locally, and install new equipment with 
automatic frequency control, also change 
power from 100 to 250 watts day and 100 
watts night on 1370 kc. 

KGER-Yuma, Colo. License to cover 
C. P. for 50 watts on 1200 kc. Divides 
time with KGEW. 

KXA-Seattle, Washington. Installa- 
tion of automatic frequency control. 

BOOK REVIEW 
RADIO TROUBLE -SHOOTING, second edition, 

by Enno R. Haan, E.E., Associate Editor of Pop- 
ular Mechanics Magazine, published by The 
Goodheart-Wilcox Co., Inc., Chicago. ($3.00). 
Those who are contemplating going into 

radio servicing as a profession should pro- 
cure this splendid volume, for it contains 
a wealth of servicing information from the 
tools required and how to use them to the 
theory on which radio receivers and ac- 
cessories work. The book not only tells 
how to repair radio receivers but it shows 
how by drawings and half -tones. It is 
the kind of book that answers all ques- 
tions that arise in the course of service 
work, and that answers them in a practical 
and explicit manner. It is surprising how 
many practical suggestions have been 
crowded into a single volume of 361 pages. 

The book is bound in flexible imitation 
leather and is 6x9 inches. It is well in- 
dexed so that anyone looking for infor- 
mation on radio servicing can find it in a 
moment. 

WORTH THINKING OVER 

0 NE solid hour of the oratorio, "Eli- 
jah," over the air, and, according to 
reports from Station WJZ, the listen- 

ers -in liked it. Who shall say now that jazz 
has the American public by the ear and that 
we are a nation of loose thoughts and looser 
musical tastes? 

WJZ carried a spelling bee the other 
night that proved highly interest- 
ing. Members of the Senate and 

the House, and representatives of the 
press, under the auspices of the National 
Press Club competed. Heavy casualties 
took place early, so Ray T. Tucker, 
Washington correspondent for the New 
York "Telegram," and Representative 
Luce, of Massachusetts, were left to fight 
it out for first honors. 

It looked for a while as if Mr. Tucker 
was tripped up on the word referable, 
which he spelt r -e -f -e -r -r -i -b -1-e. Senator 
Fess, of Ohio, a former schoolmaster, who 
played the roll of schoolmaster in the con- 
test, reading the words for his "pupils" to 
spell, rang the bell on the quaint spelling, 
indicating failure. But Mr. Tucker pro- 
tested that there were two ways of spell- 
ing the word, and that he was familiar 
with both ways, and at liberty to choose 
either. The question, being referrible was 
referred to Representative Luce, and he 
acquiesced politely, although it is not cer- 

The Sp4ling Bee 
tain he was really, convinced. Yet Mr. 
Tucker was right. The spelling he gave 
is strictly correct, and is not even in the 
dubious realm of the archaic, being simply 
the second choice way of spelling the 
word. Mr. Tucker's way is classed as 
variant. 

Finally Representative Luce w a s 
stumped by the spelling of the word 
kimono. He used the letters k -i -m -o -n -a. 
Perhaps the defeat was not entirely his 
fault, for the former schoolmaster pro- 
nounced the word kimonah. This is ut- 
terly incorrect, although a popular error, 
and perhaps for psychological if not for 
spellological reasons, Representative Luce 
was trapped into the error, with no in- 
tended injustice flowing from Senator 
Fess, but With an unhappy twist at best. 

The Senator did some excellent mis- 
pronouncing in the course of the broad- 
cast, although some of it was sectionalism 

creeping into a national event, for the 
pronunciations sometimes fell into the 
category of local sanction. 

One of the rules of the contest was that 
the "pupil" was not to be permitted to 
spell a word any differently than the way 
in which he started to spell it. although 
he might repeat the letters already ut- 
tered, came the word "stalactite." The 
Representative spelt this without the "a" 
after the first "t," and when asked to 
repeat the spelling, repeated the error. 
But it was thought by Senator Fess that 
the omission was a slip of the tongue, and 
Mr. Tucker, consulted, courteously agreed 
and the inviolate rule really didn't prove 
so at all inviolate. The Representativ, 
should have been counted out then, so 
after all, if he tripped up on Senator 
Fess's suggested "kimonah" there wasn't 
any injustice involved in the final result. 
Mr. Tucker won twice, once clearly, once 
by unwitting outside help, and two vic- 
tories ought to be enough to win any one 
prize any night. 

550 

500 
450 

400 

350 
300 
250 

200 

!9' LO 10 30 40 50 60 10 80 90 !00 

DIAL. SETTINGS 

FIG. 3 
TWO CURVES FOR A STRAIGHT LINE WAVELENGTH 

(A) AND A STRAIGHT LINE CAPACITY (B) CON- DENSER, TAKEN WITH THE ZERO BEAT METHOD. 

be intensely loud in the test receiver yet not be audible in an- other receiver located in apartment one flight higher or lower. 
This point was tested experimentally. 

Sample Characteristic 
Two sample curves obtained by this method are shown in 

Fig. 2. Curve A was obtained first on a straight line frequency condenser. At the right this curve follows nearly a straight line 
but bends downward toward the left. No squeals could be obtained below about 28 on the dial. To the left of this point 
of the curve continues as a broken line. The failure was due to the high zero setting capacity in the circuit, which greatly lim- 
ited the tuning range of the circuit. 

Curve B was obtained on the same circuit after the turns on the coil L2 had been reduced until the 550 kc carrier came in 
at approximately 98 on the 100 division dial. This change not 
only reduced the zero setting capacity somewhat but it also reduced the inductance so that oscillation, as indicated by the 
squeals, could be obtained all the way up to 1,500 kilocycles. 
The influence of the zero setting capacity is clearly discernible 
as the curve approaches the 1,500 kc carrier, but the bending 
over is not great. 

The curves in Fig. 2 are idealized. The actual observation 
points did not fall exactly on the curve drawn, some falling 
below, others above, but no point deviated more than one divi- 
sion. These inaccuracies, which must be expected, are due to errors in setting for zero beat, slight lost motion of the con- 
denser, deviations of the carrier frequencies from the nominal 
frequencies, and to other causes. 

If it is suspected that the condenser under test is of the straight line wavelength type, wavelengths should be used instead 
of frequencies. The curves obtained in this case should be straight, if the condenser is correctly designed, but they will 
run in the opposite direction, using the same dial. That is, they 
should start in the lower left corner of the graph and run upward toward the right. Fig. 3A shows the type of curve obtained 
with a straight line wavelength condenser. 

If the condenser is of the straight line capacity type the curve obtained when wavelengths are plotted against dial settings is about as shown in Fig. 3B. This curve, too, will be straight if 
the wavelengths squared is plotted against dial settings. 

Type of Dial 

It is assumed that the dial, whether it is on a drum or on a 
disc, is divided into 100 equal divisions. It is also possible to 
use a dial which is divided into 180 equal divisions. The equality 
of the divisions is essential. Since the zero beat position may 
be found very accurately it is preferable to use a dial which is 
provided with a real vernier so that it may be read to one -tenth 
of the smallest division. If it is not provided with a real vernier, 
the readings should be estimated to the nearest tenth of a 
division. Since the zero beat settings are quite critical it is also 
desirable that the dial be provided with a slow motion device, 
popularly called "vernier" in connection with radio tuners. 

It is important that the voltage sources on the oscillator 
remain constant during a run on the condenser because changes 
in the voltages will change the frequency even if there is no 
change in the condenser or the inductance coil. It is also important that the oscillator remain in a fixed position during 
an experiment and that nothing close to it be moved around 
while the test is in progress. This applies to the hand that turns the dial, which should be held in the same relative position 
at every adjustment. If the oscillator were surrounded by a 
ground metal shield there would be no appreciable change in 
the frequency when external objects are moved, but in this case 
it would be necessary to introduce some coupling arrangement 
between the oscillator and the receiver. This complication is 
not necessary if the few simple precautions are observed. 

An oscillating coil suitable for a .0005 mfd. condenser can be 
made by winding 60 turns of No. 24 enameled wire on a 2 -inch 
diameter. This is the secondary winding. The tickler winding may consist of 40 turns of the same wire and on the same 
diameter. If the condenser has a capacity of .00035 mfd. the number of turns should be 78, the size of coil and kind of wire being the same as before. The tickler in this case might be 
52 turns. 
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THIS MULTI -TUBE AND MULTI -TUNER RECEIVER IS CAPABLE OF A HIGH DEGREE OF SELECTIVITY, BUT IT 
CANNOT BE SAID THAT IT HAS 10 -KC SELECTIVITY SINCE THIS EXPRESSION HAS NO SIGNIFICANCE. 

NE hears a great deal about receivers having 10 kc 
selectivity. Any radio fan who is planning to build a 
receiver that is to be ne plus ultra always puts this 

as one of the first conditions that must be satisfied. The re- 
ceiver must also be so sensitive that it will bring in any station 
this side of antipodes with loudspeaker volume at any time of 
the day and year. And withal it must he absolutely free from 
all kinds of distortion. It must rate 100 per cent in the three 
cardinal virtues selectivity, sensitivity, and quality. 

One fan with undamped enthusiasm demanded a receiver 
which would tune out the signals from a high power broad- 
cast station located within half a mile of his antenna and tune 
in the signals from the same station after they had gone ..once 
around the earth, less the half mile that separated the station 
and the receiver. 

"My receiver must have absolute 10 kc selectivity," is the 
usual demand. "I am interested in the Decadyne receiver, 
but before buying it I want to know whether it really ha. 
10 kc selectivity." 

One does not have to tell a deliberate falsehood to say that 
the Decadyne has 10 kc selectivity. But neither can one say 
without reservation that it has. The difficulty in the matter 
is that the fan does not define what he means by 10 kc 
selectivity. Since there is no accepted definition of the ex- 
pression it must necessarily be defined by the one who uses 
it. 

Meaningless Expression 

The expression "10 kc selectivity" is quite meaningless unless 
it is accompanied by clearly stated limitations. The expression 
itself suggests only that the tuning accuity of the receiver 
should be such that it should separate two stations operating 
on frequencies 10 kilocycles apart. It says nothing of the re- 
lative intensities of the signals of the two stations at the 
receiver antenna. And that omission makes the expression 
meaningless. 

Suppose there is a station on the Pacific Coast and another 
on the Atlantic Coast operating with the same antenna power 
on frequencies 10 kc apart. Can a modern receiver located in 
Chicago or Omaha pick up either of these stations to the com- 
plete exclusion of the other? Quite likely it could. Then that 
receiver would have a 10 kc selectivity in the Middle West. 
But suppose the same receiver were set up in exactly the same 
way within a mile of either station. Could it then tune in the 
distant station to the complete exclusion of the local? Quite 

likely it could not . If it could tune in the distant station audibly 
at all the background noise from the local station would un- 
doubtedly be stronger than the signals from the distant sta- 
tion. Hence that receiver would not have a 10 kc selectivity in 
the vicinity of either station. 

Undoubtedly, if the receiver were really selective there would 
be a wide swath of country between the two transmitting sta- 
tions in which either station could be tuned in with it to the 
practical exclusion of the other station, but there would also be 
large sections in the West and in the East where there would 
he plenty interference. Now, has that particular receiver a 1( 

kc selectivity? Remember that we considered an exceptionally 
good receiver in respect to selectivity and sensitivity. 

Field Strength Important 

The relative field strength about the receiving antenna of the 
two stations is just as important as the intrinsic selectivity of 
the receiver. The term "10 kc selectivity" does not have any 
meaning in the case, for it simply indicates a lack of the proper 
conception of tuned circuits on the part of the man who uses it 
without definite qualifications. 

The relative field strength of two stations does not depend 
on the distance alone but also on the original power of the 
transmitting stations, and on degrees of absorption of the radio 
wave in the space intervening between the transmitter and the 
receiver. Suppose a selective receiver is located half way be- 
tween two transmitting stations, one using 50,000 watts and the 
other 500 watts, and operating on frequencies 10 kc apart. Can 
the receiver pick up the smaller of the two stations to the 
exclusion of the high power station? If the distance is large it 
may be possible but if the distance is small it is quite probable 
that the signals from the high power station will override those 
of the smaller, even when the receiver is adjusted accurately to 
the weaker station. 

Again, if the signals of the two equidistant stations have the 
same strength when transmitted and the intervening terrain in 
one case is poor for wave propagation and the other is good, 
the signals which must traverse the poor terrain will be weak 
compared with those of the other station, and it is quite likely 
that the receiver will not receive uniquely the signals coming 
over the poor terrain. 

Good terrain for wave propagation are water, moist earth 
and level country. Poor terrain are sand, dry earth, hilly coun- 
try, and ground covered by steel structures such as city sky - 

in Separation, So New Tack is Taken in Six -Circuit Tuner 
Bernard 

Editor 

detector input circuit, though without amplification, is also with- 
out tuning benefit of any preceding tuned circuit. 

Good Test of Sensitive Circuit 

So if there are two stages of RF, the detector's stray piclçup 
and the second RF stage's pickup are both deprived of the 
tuning benefit of the first stage, as to this sum pickup, and the 
effect is cumulative. It is therefore a good test of a sensitive 
receiver, as to the expertness and care of its design, to test it 
for stray pickup. Disconnect the antenna and determine if 
stations can be brought in. It should be virtually impossible 
to hear any stations. The more you hear, and the louder they 
are, the greater the stray pickup and the greater the desirability 
of eliminating this defect. So many very sensitive receivers have 
no means of shielding the wiring against such pickup that the 
result is inevitable : stations come in without aerial or ground 
attached. 

This is not to say receivers that are affected by stray pick-up 
are no good, but that they would be better if, at the same ampli- 
fication, the nuisance could be cured. Much more DX could be 
picked up. 

On this score it is well to inquire somewhat into what select- 
ivity is. A definition is that selectivity is the ability of a tuner 
to respond to a given frequency at a time, bringing in that 
frequency to the exclusion of all other frequencies. The select- 
ivity differences between receivers is shown by means of super- 
imposed curves so that the greater sharpness of the peak dis- 
closes the greater selectivity. 

It must be obvious that the selectivity of a tuner is an inherent 
characteristic of the tuner. Practically, it is the relatively low 
level of resistance of the tuned circuit to a resonant frequency. 

When Selectivity Seems to Be Improved 

Suppose we put a series condenser in the antenna lead, say, 
.00025 mfd. This remedy is often suggested for "improving the 
selectivity." But the condenser remedy does not accomplish this. 
It simply reduces the coupling between antenna and the receiver. 
The volume is lower on all stations, because the coupling is 
looser. The selectivity seems to be greater, but the receiver 
itself, which alone creates its own selectivity, hasn't been 
changed, so you can rest assured the actual selectivity hasn't 
been increased, either. 

Now, the same holds true as to reduction of the number of 
primary turns. It seems that the tuner becomes more selective, 
because a station is blotted out three divisions of the dial off 
resonance that formerly came in over ten divisions. But notice 
the difference in volume. 

The station still comes in over ten divisions, only you do not 
hear it as plainly, or may not hear it at all, due to the constitu- 
tion of the ear as a non -delicate instrument. But accurate 
meters measure the voltage ten divisions off resonance. Hence, 
while the remedy of looser coupling, one way or another, may 
have some practical value, by causing the operating indications 
of the receiver to be as desired, this gain is at the expense of 
volume by reduced coupling or sacrifice of amplification, and 
while we want selectivity, we don't want it at this price. 

Our experiment has merely verified the fact that while 
apparent selectivity, as observed visually on a dial by the number 
of divisions off resonance that tunes a station out of the sen- 
sitivity level of the ear, has some practical advantages, it is not 
that kind of a makeshift that will satisfy the discriminating and 
radio -wise experimenter. He wants all the promised amplifica- 
tion, plus all the necessary selectivity. And he is going to get 
both. 

High Plate Impedance Necessary 

It must not be assumed that all required selectivity has never 
been achieved in a highly sensitive receiver. The only assump- 
tion justifiable just now, on the basis of experiments, is that the 
screen grid tubes must have their generous impedance in the 
plate circuits or they will not perform as well as general purpose 
tubes, and that extraordinary sensitivity makes triply necessary 
the severest precautions as to total shielding. So in the model 
that is now in the works the primaries will have their forty turns, 
the shield wire will he used as needed, as an extra precaution, 
the bottom piece will be put on the subpanel, and the tuning 
condensers will be shielded as well. Then, we feel confident, we 
will get somewhere If we do or if we don't, the story will be 
told in RADTO WORLD next week, issue of April 19th. 

It must not he supposed that lack of selectivity is due only to 
pick-up by the various leads after the antenna coupler. Some 
of it must be ascribed to the lack of matching of the several 

FIG. 2 

DIRECT -COUPLED POWER AMPLIFIER, PARTLY NON - 
REACTIVE, PARTLY REACTIVE, UNDER CONSIDERA- 
TION FOR USE IN CONJUNCTION WITH THE SIX -CIR- 

CUIT TUNER 

tuned circuits. It is next to impossible to adjust two tuners on 
the same control and have them track nicely throughout the 
tuning range, let alone six of them. However, when good 
condensers are used, like those used in the present undertaking, 
it is possible to get them to track with sufficient accuracy to 
get a high degree of selectivity. To achieve this goal it is 
imperative that all the tuning coils be made alike, as well as to 
make certain that all the condensers and the coils are put in 
similar settings. The experimental work on the circuit now 
in progress will clear up this difficulty. 

While at first it would seem to be three times as difficult to 
line up six tuned circuits to track satisfactorily as to line up two 
of them, this is not the case. A little deviation can be tolerated 
when there are six tuned circuits and as many amplifiers, 
because the gain will be enormous and the six tuners will 
average up so that the selectivity will be good, not as good, 
to be sure, as if each circuit were tuned independently, but it 
will be satisfactory. It is really a blessing that exact line-up 
cannot be achieved for if it could, the selectivity would be so 
enormous that the quality of the receiver would not be tolerable. 
The object of the experimentation is to get the highest possible 
sensitivity and selectivity consistent with excellent quality. 

Precautions taken in getting all the coils and the condensers 
exactly alike, both in construction and in location, would be 
wasted if the shielding were not thoroughly done, permitting 
the wiring to act as miniature antennas. If the signal is not 
forced to go through the entire tuner, it is of no help to have 
a highly selective one. It would be like using a fine -mesh sieve 
to separate gravel from sand and then allowing large holes in 
the sieve, or shaking part of the unsifted. material over the top 
of the sieve. A tuner is nothing but a fine -mesh sieve which 
sifts out one frequency to the exclusion of other frequencies. 

Shield Experiment Made 

Some experiments have been conducted with the shields that 
house the coils. The thickness of the walls has been reduced, and 
it was found that while the shielding remained as effective, for 
the purpose intended, the inductance of the coils due to energy 
absorption was reduced less, so that fewer secondary turns were 
necessary. The diagram this week therefore shows the new 
windings, left to right : 40-67, 0-67, 40-68, 40-68, 40-68, 40-68. 
These windings are for tubing 1% inches in diameter. The 
wire is No. 28 enamel. The primary is wound outside the second- 
ary, and a piece of Empire cloth, 21/10,000 of an inch thick 
separates the two. The band pass filter coil has 10 turns of 
No. 28 wire on under diameter. 

Even though the tuner design is far from completed, some 
thought is being given to the power amplifier. The design calls 
for a 250 output tube, preceded by a resistance -coupled stage of 
non -reactive audio, and that preceded by a direct -coupled im- 
pedance stage. The two preliminary tubes are 227s. The 
rectifier is a 281. 
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Badly HurtSensitivity 
in Separation, So New Tack is Taken in Six -Circuit Tuner 
Bernard 

Editor 

detector input circuit, though without amplification, is also with- 
out tuning benefit of any preceding tuned circuit. 

Good Test of Sensitive Circuit 

So if there are two stages of RF, the detector's stray pickup 
and the second RF stage's pickup are both deprived of the 
tuning benefit of the first stage, as to this sum pickup, and the 
effect is cumulative. It is therefore a good test of a sensitive 
receiver, as to the expertness and care of its design, to test it 
for stray pickup. Disconnect the antenna and determine if 

stations can be brought in. It should be virtually impossible 
to hear any stations. The more you hear, and the louder they 
are, the greater the stray pickup and the greater the desirability 
of eliminating this defect. So many very sensitive receivers have 
no means of shielding the wiring against such pickup that the 
result is inevitable : stations come in without aerial or ground 
attached. 

This is not to say receivers that are affected by stray pick-up 
are no good, but that they would be better if, at the same ampli- 
fication, the nuisance could be cured. Much more DX could be 
picked up. 

On this score it is well to inquire somewhat into what select- 
ivity is. A definition is that selectivity is the ability of a tuner 
to respond to a given frequency at a time, bringing in that 
frequency to the exclusion of all other frequencies. The select- 
ivity differences between receivers is shown by means of super- 
imposed curves so that the greater sharpness of the peak dis- 
closes the greater selectivity. 

It must be obvious that the selectivity of a tuner is an inherent 
characteristic of the tuner. Practically, it is the relatively low 
level of resistance of the tuned circuit to a resonant frequency. 

When Selectivity Seems to Be Improved 

Suppose we put a series condenser in the antenna lead, say. 
.00025 mfd. This remedy is often suggested for "improving the 
selectivity." But the condenser remedy does not accomplish this. 
It simply reduces the coupling between antenna and the receiver. 
The volume is lower on all stations, because the coupling is 
looser. The selectivity seems to be greater, but the receiver 
itself, which alone creates its own selectivity, hasn't been 
changed, so you can rest assured the actual selectivity hasn't 
been increased, either. 

Now, the same holds true as to reduction of the number of 
primary turns. It seems that the tuner becomes more selective, 
because a station is blotted out three divisions of the dial off 
resonance that formerly came in over ten divisions. But notice 
the difference in volume. 

The station still comes in over ten divisions, only you do not 
hear it as plainly, or may not hear it at all, due to the constitu- 
tion of the ear as a non -delicate instrument. But accurate 
meters measure the voltage ten divisions off resonance. Hence, 
while the remedy of looser coupling, one way or another, may 
have some practical value, by causing the operating indications 
of the receiver to be as desired, this gain is at the expense of 
volume by reduced coupling or sacrifice of amplification, and 
while we want selectivity, we don't want it at this price. 

Our experiment has merely verified the fact that while 
apparent selectivity, as observed visually on a dial by the number 
of divisions off resonance that tunes a station out of the sen- 
sitivity level of the ear, has some practical advantages, it is not 
that kind of a makeshift that will satisfy the discriminating and 
radio -wise experimenter. He wants all the promised amplifica- 
tion, plus all the necessary selectivity. And he is going to get 
both. 

High Plate Impedance Necessary 

It must not be assumed that all required selectivity has never 
been achieved in a highly sensitive receiver. The only assump- 
tion justifiable just now, on the basis of experiments, is that the 
screen grid tubes must have their generous impedance in the 
plate circuits or they will not perform as well as general purpose 
tubes, and that extraordinary sensitivity makes triply necessary 
the severest precautions as to total shielding. So in the model 
that is now in the works the primaries will have their forty turns. 
the shield wire will he used as needed, as an extra precaution. 
the bottom piece will be put on the subpanel, and the tuning 
condensers will be shielded as well. Then, we feel confident, we 
will get somewhere If we do or if we don't, the story will be 
told in RADIO WORLD next week, issue of April 19th. 

It must not be supposed that lack of selectivity is due only to 
pick-up by the various leads after the antenna coupler. Some 
of it must be ascribed to the lack of matching of the several 

121 227 eso 

FIG. 2 

DIRECT -COUPLED POWER AMPLIFIER, PARTLY NON - 
REACTIVE, PARTLY REACTIVE, UNDER CONSIDERA- 
TION FOR USE IN CONJUNCTION WITH THE SIX -CIR- 

CUIT TUNER 

tuned circuits. It is next to impossible to adjust two tuners on 
the same a control and have them track nicely throughout the 
tuning range, let alone six of them. However, when good 
condensers are used, like those used in the present undertaking, 
it is possible to get them to track with sufficient accuracy to 
get a high degree of selectivity. To achieve this goal it is 
imperative that all the tuning coils be made alike, as well as to 
make certain that all the condensers and the coils are put in 
similar settings. The experimental work on the circuit now 
in progress will clear up this difficulty. 

While at first it would seem to be three times as difficult to 
line up six tuned circuits to track satisfactorily as to line up two 
of them, this is not the case. A little deviation can be tolerated 
when there are six tuned circuits and as many amplifiers, 
because the gain will be enormous and the six tuners will 
average up so that the selectivity will be good, not as good, 
to be sure, as if each circuit were tuned independently, but it 
will be satisfactory. It is really a blessing that exact line-up 
cannot be achieved for if it could, the selectivity would be so 
enormous that the quality of the receiver would not be tolerable. 
The object of the experimentation is to get the highest possible 
sensitivity and selectivity consistent with excellent quality. 

Precautions taken in getting all the coils and the condensers 
exactly alike, both in construction and in location, would be 
wasted if the shielding were not thoroughly done, permitting 
the wiring to act as miniature antennas. If the signal is not 
forced to go through the entire tuner, it is of no help to have 
a highly selective one. It would be like using a fine -mesh sieve 
to separate gravel from sand and then allowing large holes in 
the sieve, or shaking part of the unsifted material over the top 
of the sieve. A tuner is nothing but a fine -mesh sieve which 
sifts out one frequency to the exclusion of other frequencies. 

Shield Experiment Made 

Some experiments have been conducted with the shields that 
house the coils. The thickness of the walls has been reduced, and 
it was found that while the shielding remained as effective, for 
the purpose intended, the inductance of the coils due to energy 
absorption was reduced less, so that fewer secondary turns were 
necessary. The diagram this week therefore shows the new 
windings, left to right: 40-67, 0-67, 40-68, 40-68, 40-68, 40-68. 
These windings are for tubing 1% inches in diameter. The 
wire is No. 28 enamel. The primary is wound outside the second- 
ary, and a piece of Empire cloth, 21/10,000 of an inch thick 
separates the two. The band pass filter coil has 10 turns of 
No. 28 wire on under diameter. 

Even though the tuner design is far from completed, some 
thought is being given to the power amplifier. The design calls 
for a 250 output tube, preceded by a resistance -coupled stage of 
non -reactive audio, and that preceded by a direct -coupled im- 
pedance stage. The two preliminary tubes are 227s. The 
rectifier is a 281. 
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FIG. 1 
AN ARRANGEMENT OF AN OSCILLATOR AND A 

BROADCAST RECEIVER FOR TAKING THE RATE OF 
CHANGE OF CAPACITY OF A CONDENSER, USING TH E 

ZERO BEAT METHOD. 

sOMETIMES an occasion arises for taking the tuning char- 
acteristic of a variable condenser, that is, for determining 
its rate of capacity change with degrees of rotation of the 

shaft. For example, is the condenser of the straight line fre- 
quency, the straight line wavelength, the straight line capacity, 
or some other type? In laboratories it is customary to deter- 
mine the characteristic by comparing the condenser with a cali- 
brated standard condenser, but few experimenters have access to 
standard condensers and therefore they need some other method 
which does not require any special equipment. 

There is a very simple method which requires nothing m ur 
than an ordinary broadcast receiver and an oscillator such as 
is used in Superheterodynes in which the condenser under test 
is used for controlling the frequency of oscillation. This oscil- 
lator and the broadcast receiver are placed close together but 
are not directly connected, except that both are grounded. The 
rotor plates of the condenser under test are connected t( 
ground in order to stabilize the frequency of oscillation. 

The circuit diagram of a suitable oscillator is shown in Fig. 1 

to the left of the receiver. In this oscillator C is the condenser 
under test and L1L2 is an oscillation coil, the secondary L2 of 
which is adjusted so that the frequency range of the oscillator 
is the same as the range of the receiver. The number of turns. 
of course, depends on the capacity of the condenser and on the 
size of the coil form. If the condenser is designed for tuning a 
broadcast receiver the coil might be a three -circuit tuner de- 
signed for the particular capacity of the condenser used, the 
smallest winding of the coil being left open. 

Principle of Test 
The object of the broadcast receiver is to tune in stations of 

known frequencies, or wavelengths, and the object of the oscil- 
lator is to produce a frequency which may be adjusted to 
equality with the known frequency, using the zero beat method. 
When the frequency of the oscillator is the same as that of the 
station tuned in, the signals disappear from the loudspeaker, 
the oscillator tuned circuit acting as a wave trap. The exact 
setting of the oscillator dial is sharply indicated by the zero beat. 

Before a run is made on the condenser a number of broadcast 
stations covering the entire tuning range should be selected 
spaced as nearly as practical at equal intervals and the exact 
frequency of each station should be obtained from a list. These 
frequencies should be entered in a table. This done, the run on 
the condenser may be started. 

First set the broadcast receiver on the lowest broadcast fre- 
quency selected, for example, 550 kc. Turn the oscillator con- 
denser until the zero beat position is found accurately. This is 
characterized not only by the characteristic squeal on the ap- 
proach to the point from either direction, but also, as was stated, by the disappearance of the signal or a marked diminu- 
tion in its strength. Read the oscillator carefully when set at zero beat with the first frequency and enter the reading in the 
table opposite the frequency previously entered. 
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FIG. 2 
TWO CURVES SHOWING THE TUNING CHARACTER- 

ISTIC OF A STRAIGHT LINE FREQUENCY CONDENSER, 
OBTAINED BY THE ZERO BEAT METHOD. THE 
LOWER CURVE INDICATES TOO MUCH INDUCTANCE 

IN THE COIL. 

Condenser C 
Determined by Zero 

By Benson 

Now turn the receiver to the next station selected and repeat the operation on the oscillator condenser and again enter the zero beat position in the table opposite the second frequency. 
Continue this process until all the selected stations have been covered and a zero beat position found for each. 

Many Squeal Points 
In turning the oscillator dial from minimum to maximum, or vice versa, it will be found that there are many zero beat posi tions for every broadcast frequency. Some of these will be very weak and others will be strong. Usually, however, there is only one at which the signal disappears. That is the setting for which the fundamental frequency of the oscillator is equal to the funda. mental of the broadcast carrier. The other squeals heard may 

Washington. 
The following new station applications 

were received by the Federal Radio Com- 
mission on new stations : 

Floyd G. Carr, Lancaster, New Hamp- 
shire, construction permit to erect a new 
station using 100 watts, at 1,000 kilocycles. 
Unlimited time. 

J. Milton Guyton, Swan Hotel, Union- 
town, Pa.-construction permit to erect a 
new station using 250 watts at 1190 kilo- 
cycles, and unlimited time. 

V. F. Hutchens, of Huntsville, Alabama. 
-construction permit to erect a new sta- 
tion using 250 watts, at 1190 kilocycles. 
and unlimited time. 

Frank P. \Vernali, Hazen, North Da- kota-construction permit to erect a new 
station using 5 watts on 1100 kilocycles. 
one night a week. 

Sewell B. Jackson, Memphis, Tenn. 
C P to build new station using 50 watts on 
1210 kc on unlimited time. 

D. V. Piggott, doing business as Broach 
Sales Co., Susanville, California, C. P. 
To erect new station on 1420 kc 100 watts, 
unlimited time. 

Kay Kawachi, Los Angeles, California, 
CP. To erect new station on 1450 kc, 50 
watts. Unlimited time. 

Porter Hardy Jr., Salisbury, Ind. C. P. 
to erect new station on 1220 kc-250 watts. 
Unlimited titme. 

Pierce E. Lackey and Fred W. Olcott, 
doing business as Paducah Broadcasting 
Co., Paducah, Kentucky-CP to erect pew 
station on 1370 kc, 250 watts day and 100 
watts night unlimited time. 

Huntington Broadcast Company Inc., 

ELEVEN 

NEW 
Huntington, Ind-C 
tion on 1240 kc-50 
daytime, and two 1 

F. L. Elliott, M. 
wards doing busine 
casting Co., Indiana 
erect new station 
Unlimited time. 

Frequency and pi 
WSIX-Springfiel 

day power of 200 
using 100 watts). 

WWAE-Hammo 
stall new equipmen 
quency control, ar 
from 1200 to 920 k( 
from 100 watts to 
hours from dividin 
to unlimited. 

KGAR-Tucson, A 
C. P. to move st 
locally, and install 
automatic frequency 
power from 100 to 
watts night on 137( 

KGER-Yuma, Ci 
C. P. for 50 watts 
time with KGEW. 

WJZ carried a spelling bee the other 
night that proved highly interest- 
ing. Members of the Senate and 

the House, and representatives of the 
press, under the auspices of the National 
Press Club competed. Heavy casualties 
took place early, so Ray T. Tucker, 
Washington correspondent for the New 
York "Telegram," and Representative 
Luce, of Massachusetts, were left to fight 
it out for first honors. 

It looked for a while as if Mr. Tucker 
was tripped up on the word referable, 
which he spelt r -e -f -e -r -r -i -b -1-e. Senator 
Fess, of Ohio, a former schoolmaster, who 
played the roll of schoolmaster in the con- 
test, reading the words for his "pupils" to 
spell, rang the bell on the quaint spelling, 
indicating failure. But Mr. Tucker pro- 
tested that there were two ways of spell- 
ing the word, and that he was familiar 
with both ways, and at liberty to choose 
either. The question, being referrible was 
referred to Representative Luce, and he 
acquiesced politely, although it is not cer- 

The Spe 
tain he was really 
Tucker was right. 
is strictly correct, ai 
dubious realm of the 
the second choice 
word. Mr. Tucker's 
variant. 

Finally Represen. 
stumped by the spe 
kimono. He used the 
Perhaps the defeat w 
fault, for the former 
nounced the word kit. 
terly incorrect, althoug 
and perhaps for psych( 
spellological reasons, R. 
was trapped into the es 
tended injustice flowing 
Fess, but With an unhapp. 

The Senator did some 
pronouncing in the course 
cast, although some of it w 
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Beat Oscillator Test 
Burroughs 
be due to beating between harmonics of the two frequencies 
intentionally involved, or between the fundamental of the oscil- 
lator with broadcast carriers not tuned in with the receiver. All 
these weak squeals should be disregarded. 

It should be remembered that the squealing produced will 
cause a certain amount of interference with other receivers close 
to the experimental hook-up. Because of this it is well to do the 
work when this will be a minimum, for example, early in the 
morning or late at night. It should not be supposed, however, 
that the intensity of the squeals heard in the test receiver is 
indicative of the intensity of the interference in receivers nearby. 
The oscillator causing the squeals will be not over twelve inches 
from the test receiver while it may be 100 feet from the nearest 
receiver used for entertainment at the time. The squeals may 

SEEK 

;TATIoNs 
P. to erect new sta- 

) watts for four hours 
sours night. 
S. Finley, E. L. Ed- 
ss as Hoosier Broad - 
polis, Indiana, C.P. to 
Dn 920 kc, 500 watts. 

)wer changes include : 

d Tenn.-C. P. to use 
or 500 watts. (now 

nd, Ind.-C. P. to in - 
t with automatic fre- 
id change frequency 

and increase power 
5 kw. Also change 

g time with WRAF 

,riz. License to cover 
udio and transmitter 
new equipment with 
control, also change 

7,50 watts day and 100 
kc. 

)1o. License to cover 
on 1200 kc. Divides 

KNA-Seattle, Washington. Installa- 
tion i automatic frequency control. 

BOOK REVIEW 
RADIO TROUBLE -SHOOTING, second edition, 

by Enno R. Haan, E.E., Associate Editor of Pop- 
ular Mechanics Magazine, published by The 
Goodheart-Wilcox Co., Inc., Chicago. ($3.00). 
Those who are contemplating going into 

radio servicing as a profession should pro- 
cure this splendid volume, tor it contains 
a wealth of servicing information from the 
tools required and how to use them to the 
theory on which radio receivers and ac- 
cessories work. The book not only tells 
how to repair radio receivers but it shows 
how by drawings and half -tones. It is 
the kind of book that answers all ques- 
tions that arise in the course of service 
work, and that answers them in a practical 
and explicit manner. It is surprising how 
many practical suggestions have been 
crowded into a single volume of 361 pages. 

The book is bound in flexible imitation 
leather and is 6x9 inches. It is well in- 
dexed so that anyone looking for infor- 
mation on radio servicing can find it in a 
moment. 

WORTH THINKING OVER 
oNE solid hour of the oratorio, "Eli- 

jah," over the air, and, according to 
reports from Station WIZ, the listen- 

ers -in liked it. Who shall say now that jazz 
has the American public by the ear and that 
we are a nation of loose thoughts and looser 
musical tastes? 

ling Bee 
convinced. Yet Mr. 
The spelling he gave 
rd is not even in the 
archaic, being simply 
vay of spelling the 
way is classed as 2 

tative Luce w a s 
11ing of the word 
letters k -i -m -o -n -a. 
as not entirely his 
schoolmaster pro- 

nonah. This is ut- 
-h a popular error, 
)logical if not for 
epresentative Luce 
-ror, with no jn- 

from Senator 
v twist at best. 

excellent mis- 
: of the broad - 
'as sectionalism 

creeping into a national event, for the 
pronunciations sometimes fell into the 
category of local sanction. 

One of the rules of the contest was that 
the "pupil" was not to be permitted to 
spell a word any differently than the wad 
in which he started to spell it, although 
he might repeat the letters already ut- 
tered, came the word "stalactite." The 
Representative spelt this without the "a" 
after the first "t," and when asked to 
repeat the spelling, repeated the error. 
But it was thought by Senator Fess that 
the omission was a slip of the tongue, and 
Mr. Tucker, consulted, courteously agreed 
and the inviolate rule really didn't prove 
so at all inviolate. The Representative 
should have been counted out then, so 
after all, if he tripped up on Senator 
Fess's suggested "kimonah" there wasn't 
any injustice involved in the final result. 
Mr. Tucker won twice, once clearly, once 
by unwitting outside help, and two vic- 
tories ought to be enough to win any one 
prize any night. 
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FIG. 3 
TWO CURVES FOR A STRAIGHT LINE WAVELENGTH 

(A) AND A STRAIGHT LINE CAPACITY (B) CON- 
DENSER, TAKEN WITH THE ZERO BEAT METHOD. 

be intensely loud in the test receiver yet not be audible in an- 
other receiver located in apartment one flight higher or lower. 
This point was tested experimentally. 

Sample Characteristic 
Two sample curves obtained by this method are shown in 

Fig. 2. Curve A was obtained first on a straight line frequency 
condenser. At the right this curve follows nearly a straight line 
but bends downward toward the left. No squeals could be 
obtained below about 28 on the dial. To the left of this point 
of the curve continues as a broken line. The failure was due to 
the high zero setting capacity in the circuit, which greatly lim- 
ited the tuning range of the circuit. 

Curve B was obtained on the same circuit after the turns on 
the coil L2 had been reduced until the 550 kc carrier came in 
at approximately 98 on the 100 division dial. This change not 
only reduced the zero setting capacity somewhat but it also 
reduced the inductance so that oscillation, as indicated by the 
squeals, could be obtained all the way up to 1,500 kilocycles. 
The influence of the zero setting capacity is clearly discernible 
as the curve approaches the 1,500 kc carrier, but the bending 
over is not great. 

The curves in Fig. 2 are idealized. The actual observation 
points did not fall exactly on the curve drawn, some falling 
below, others above, but no point deviated more than one divi- 
sion. These inaccuracies, which must be expected, are due to 
errors in setting for zero beat, slight lost motion of the con- 
denser, deviations of the carrier frequencies from the nominal 
frequencies, and to other causes. 

If it is suspected that the condenser under test is of the 
straight line wavelength type, wavelengths should be used instead 
of frequencies. The curves obtained in this case should be 
straight, if the condenser is correctly designed, but they will 
run in the opposite direction, using the same dial. That is, they 
should start in the lower left corner of the graph and run upward 
toward the right. Fig. 3A shows the type of curve obtained 
with a straight line wavelength condenser. 

If the condenser is of the straight line capacity type the curve 
obtained when wavelengths are plotted against dial settings is 
about as shown in Fig. 3B. This curve, too, will be straight if 
the wavelengths squared is plotted against dial settings. 

Type of Dial 

It is assumed that the dial, whether it is on a drum or on a 
disc, is divided into 100 equal divisions. It is also possible to 
use a dial which is divided into 180 equal divisions. The equality 
of the divisions is essential. Since the zero beat position may 
be found very accurately it is preferable to use a dial which is 
provided with a real vernier so that it may be read to one -tenth 
of the smallest division. If it is not provided with a real vernier, 
the readings should be estimated to the nearest tenth of a 
division. Since the zero beat settings are quite critical it is also 
desirable that the dial be provided with a slow motion device, 
popularly called "vernier" in connection with radio tuners. 

It is important that the voltage sources on the oscillator 
remain constant during a run on the condenser because changes 
in the voltages will change the frequency even if there is no 
change in the condenser or the inductance coil. It is also 
important that the oscillator remain in a fixed position during 
an experiment and that nothing close to it be moved around 
while the test is in progress. This applies to the hand that 
turns the dial, which should be held in the same relative position 
at every adjustment. If the oscillator were surrounded by a 
ground metal shield there would be no appreciable change in 
the frequency when external objects are moved, but in this case 
it would be necessary to introduce some coupling arrangement 
between the oscillator and the receiver. This complication is 
not necessary if the few simple precautions are observed. 

An oscillating coil suitable for a .0005 mfd. condenser can be 
made by winding 60 turns of No. 24 enameled wire on a 2 -inch 
diameter. This is the secondary winding. The tickler' winding 
may consist of 40 turns of the same wire and on the same 
diameter. If the condenser has a capacity of .00035 mfd. the 
number of turns should be 78, the size of coil and kind of wire 
being the same as before. The tickler in this case might be 
52 turns. 
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THIS MULTI -TUBE AND MULTI -TUNER RECEIVER IS CAPABLE OF A HIGH DEGREE OF SELECTIVITY, BUT IT 
CANNOT BE SAID THAT IT HAS 10 -KC SELECTIVITY SINCE THIS F,XPRESSION HAS NO SIGNIFICANCE. 

NE hears a great deal about receivers having 10 kc 
selectivity. Any radio fan who is planning to build a 
receiver that is to be ne plus ultra always puts this 

as one of the first conditions that must be satisfied. The re- 
ceiver must also be so sensitive that it will bring in any station 
this side of antipodes with loudspeaker volume at any time of 
the day and year. And withal it must be absolutely free from 
all kinds of distortion. It must rate 100 per cent in the three 
cardinal virtues selectivity, sensitivity, and quality. 

One fan with undamped enthusiasm demanded a receiver 
which would tune out the signals from a high power broad- 
cast station located within half a mile of his antenna and tune 
in the signals from the same station after they had gone once 
around the earth, less the half mile that separated the station 
and the receiver. 

"My receiver must have absolute 10 kc selectivity," is the 
usual demand. "I am interested in the Decadyne receiver, 
but before buying it I want to know whether it really ha., 
10 kc selectivity." 

One does not have to tell a deliberate falsehood to say that 
the Decadyne has 10 kc selectivity. But neither can one say 
without reservation that it has. The difficulty in the matter 
is that the fan does not define what he means by 10 kc 
selectivity. Since there is no accepted definition of the ex- 
pression it must necessarily be defined by the one who uses 
it. 

Meaningless Expression 

The expression "10 kc selectivity" is quite meaningless unless 
it is accompanied by clearly stated limitations. The expression 
itself suggests only that the tuning accuity of the receiver 
should be such that it should separate two stations operating 
on frequencies 10 kilocycles apart. It says nothing of the re- 
lative intensities of the signals of the two stations at the 
receiver antenna. And that omission makes the expression 
meaningless. 

Suppose there is a station on the Pacific Coast and another 
on the Atlantic Coast operating with the same antenna power 
on frequencies 10 kc apart. Can a modern receiver located in 
Chicago or Omaha pick up either of these stations to the com- 
plete exclusion of the other? Quite likely it could. Then that 
receiver would have a 10 kc selectivity in the Middle West. 
But suppose the same receiver were set up in exactly the same 
way within a mile of either station. Could it then tune in the 
distant station to the complete exclusion of the local? Quite 

likely it could not . If it could tune in the distant station audibly 
at all the background noise from the local station would un- 
doubtedly be stronger than the signals from the distant sta- 
tion. Hence that receiver would not have a 10 kc selectivity in 
the vicinity of either station. 

Undoubtedly, if the receiver were really selective there would 
be a wide swath of country between the two transmitting sta- 
tions in which either station could be tuned in with it to the 
practical exclusion of the other station, but there would also be 
large sections in the West and in the East where there would 
be plenty interference. Now, has that particular receiver a li 

kc selectivity? Remember that we considered an exceptionally 
good receiver in respect to selectivity and sensitivity. 

Field Strength Important 

The relative field strength about the receiving antenna of the 
two stations is just as important as the intrinsic selectivity of 
the receiver. The term "10 kc selectivity" does not have any 
meaning in the case, for it simply indicates a lack of the proper 
conception of tuned circuits on the part of the man who uses it 
without definite qualifications. 

The relative field strength of two stations does not depend 
on the distance alone but also on the original power of the 
transmitting stations, and on degrees of absorption of the radio 
wave in the space intervening between the transmitter and the 
receiver. Suppose a selective receiver is located half way be- 
tween two transmitting stations, one using 50,000 watts and the 
other 500 watts, and operating on frequencies 10 kc apart. Can 
the receiver pick up the smaller of the two stations to the 
exclusion of the high power station? If the distance is large it 
may be possible but if the distance is small it is quite probable 
that the signals from the high power station will override those 
of the smaller, even when the receiver is adjusted accurately to 
the weaker station. 

Again, if the signals of the two equidistant stations have the 
same strength when transmitted and the intervening terrain in 
one case is poor for wave propagation and the other is good, 
the signals which must traverse the poor terrain will be weak 
compared with those of the other station, and it is quite likely 
that the receiver will not receive uniquely the signals coming 
over the poor terrain. 

Good terrain for wave propagation are water, moist earth 
and level country. Poor terrain are sand, dry earth, hilly coun- 
try, and ground covered by steel structures such as city sky- 
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THE CIRCUIT DIAGRAM OF ANOTHER HIGHLY SENSITIVE AND SELECTIVE RECEIVER WHICH HAS BEEN 
SAID, ERRONEOUSLY, TO HAVE 10 -KC SELECTIVITY. A REAL RECEIVER CANNOT HAVE A FICTIONAL 

PROPERTY. 

scrapers. It may happen that when two stations of unequal 
transmitted power are located at equal distances from a re- 
ceiver the nature of the intervening terrain will equalize the 
two signal strengths, or it may even make the weaker station 
stronger at the receiver. 

Relative Selectivity 

The selectivity of receivers should be rated on the basis of 
relative field strengths at the antenna. For example, if the 
relative signal srength of two stations 10 kc apart is 100 to 1 

will it tune in the weaker of the two stations to the complete 
exclusion of the stronger? If it does, it is fairly selective. 
But it is not selective enough for all reception conditions. The 
signal strength of one station, may for instance be 2 microvolts 
per meter and that of another 200,000 microvolts per meter, a 
ratio of 100,000 to 1. It requires an exceptionally selective 
receiver to tune in the weaker station to the complete exclusion 
of the stronger if they are separated by only 10 kc. Indeed, 
very few receivers can do it. Moreover, those that do are so 
selective that the quality of sound produced by them is scarcely 
worth listening to. 

Those who must have receivers with ultra -selectivity must 
necessarily sacrifice some of the quality, at least while the set 
is adjusted to distant stations requiring the very high select- 
ivity. To be sure, there is the possibility of using band pass 
filters for sharpening the selectivity without at the same time 
ruining the quality, but such filters have to be adjusted right or 
it is better to leave them out of the circuit. 

The reason no definite meaning can be attached to "10 kc 
selectivity" is evident when it is recalled how the intensity of 
the received signal varies when the dial is turned. Suppose 
we start with the signal tuned in accurately and adjusted to 
maximum. Then when the dial is turned in either direction 
the intensity decreases, not suddenly but gradually. it is true 
that the rate of decrease is most rapid next to the exact tuning 
point, but it is gradual just the same. When the dial has been 
turned so far that the signals are inaudible they still persist. 
They would still he audible if the ear were a little more sensi- 
tive, or they could be made audible by adding more audio 
frequency amplification. This is true no matter how far from 
the exact tuning point the dial is set. There is no abrupt 
cut-off anywhere. 

Powerful Signals Force In 

The strongest signals force themselves in without any en- 
couragement from the tuners, and they often reach the detector 
with sufficient intensity to produce audible signals in the 
loudspeaker. The weak signals require a great deal of nursing 
and encouragement from the tuner before they are built up to 
sufficient strength to produce an audible signal. 

Suppose the ratio of the field strengths of two stations 10 
kc apart is 100,000 to 1 and it is desired to receive the weaker 
of the two without interference from the other. If the select- 
ivity of the receiver is such that when the dial is set 10 kc 
off resonance the signal is reduced in intensity to 1/100,000 of 
its maximum value, the two signals will come in with equal 
intensity when the tuner is set for the weaker station. This 
is an exceedingly high selectivity. Yet it must be higher, for it 
will not do to have two signals of equal intensity coming out 
of the loudspeaker simultaneously. 

Just how much weaker should the interfering signal be in 
order that it may not be objectionable. Let us say that the 
desired signal should be 100 times stronger. In order to satisfy 
that requirement it is necessary that when the tuner is 10 kc 
off resonance the signal should be reduced in the ratio of 
10,000,000 to 1, a ratio 100 times greater than the ratio of the 
field strengths of the two signals in question. There is no 
practical receiver having such high selectivity. 

An Extreme Condition 

Of course, it is not necessary that the ratio of the two 
sounds be 100 to one. This can be demonstrated readily from 
everyday experience. Suppose a person talks in a low voice 
one foot from the ear of another person. Ten feet away is a 
third person with the same hearing accuity as the second. Can 
he hear the voice of the first person? If he hears the voice 
does it interfere with the second person's hearing? The in- 
tensity of the sound from the first person is only 1/100 as 
strong ten feet away as at one foot. Common experience tells 
that there will be practically no interference. It makes no 
difference whether the voice comes from a human or a mech- 
anical speaker. Just the same it is well to have as much 
suppression of the one as possible. A background of ex- 
traneous noise, whether it be signals from another station or 
static, does not enhance the enjoyment of the program tuned in. 

The expression "10 kc selectivity" is never used in radio engi- 
neering circles because engineers know the meaninglessness of 
it. When engineers use the term selectivity they always employ 
it qualitatively, or they give a set of curves representing the 
selectivity of a given receiver. They recognize that only by a 
set of curves can a quantitative expression of this important 
property be given. A set of resonance curves, not a single such 
curve, is required, because the selectivity of any receiver varies 
with the frequency. 

And do these curves show the so-called 10 kc selectivity? No, 
not if they are real experimental curves on a real receiver. 
Sometimes ideal curves are given which show that inside a 
10 kc hand every frequency comes through with equal strength 
and outside that band nothing gets through. But these curves 
represent nothing but an unattainable goal. 
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A THOUGHT FOR THE WEEK 
IN former years we were told of the sal- 

aries paid grand opera singers and were 
supposed to grow excited and envious 

when the figures were mentioned. Then 
came the motion picture stars with salaries 
that made the stipend of a bank president 
look silly. Now we have Will Rogers with 
his contract calling for $72,000 for fourteen 
appearances before the mike. Next! 

The First and Only National Radio Weekly 
Eighth Year 

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

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

A Governor Gets Brave 

WHETHER 
a legal right exists is 

plainly a legal question, and you 
would not expect any substantial 

person to assume it was a whimsical ques- 
tion, to be decided on the flip of a coin, 
the throw of a pair of dice or by the fury 
of a hot-tempered executive. 

Nevertheless, the Governor of the State 
or Michigan, Fred W. Green, desiring to 
erect a 5,000 -watt short-wave station at 
East Lansing, to aid the State police in 
crime prevention and the tracking down 
of suspects and criminals, has to decide 
whether he has the legal right to erect 
such a station. This decision he makes 
at first, in the right way, by applying to 
the Federal Radio Commission for a per- 
mit to erect the station, for that indeed 
indicates a realization that the Commis- 
sion has something to do with the subject. 

But a decision is not reached by the 
commission speedily enough to suit him, 
the final hearing being set for May 15th, 
so what does he say he will do but erect 
the station, permit or no permit. From 
sources close to the Commission comes 
the counter -comment that the radio law 
has a punitive clause, and that the Com- 
mission is ready to ask the Department 
of Justice to proceed fully under that 
clause. The people's remedy includes a 
fine of $5,000 and five years' imprisonment. 

The Governor himself started the spec- 
tacle and perhaps the Federal Govern- 
ment will treat the country to the further 
spectacle of the Governor of a State ac- 
cused of lawlessness. 

It so happens that it is a Governor who 
is the center of the spotlight, and in his 
behalf a softer reaction may be expected 
to take place. When some ordinary per- 
son conducts a station without legal auth- 
ority, the Federal Radio Commission and 
the Department of Justice combine to in- 
form the press in careful statements that 
the "outlaw" station has been dismantled 
by the Federal Government, and offender 
indicted. 

At this writing the Governor has done 
nothing more than issue a threat. If we 
know Governors who have rashly threat- 
ening habits, they have the politically easy 
faculty of backing down, and we expect 
Governor Green to back down. 

Maybe the Federal Radio Commission 
can advance the date of the hearing, and 
grant the petition for a wavelength, if 
deserved, thus avoiding an ugly difficulty, 
but if this does not come to pass, and the 
Governor goes ahead with his attempt to 
erect a bootleg station in the name of the 
State of Michigan, it is hoped that the 

Federal Government will do as is inti- 
mated, proceed against him with the same 
just vigor that would characterize the 
prosecution of an obscure offender. 

This business of defying the Federal 
Government-Congress that passed the 
law, the courts that affirmed it and the 
administrative offices that prosecute it- 
is particularly bad when conducted by a 
person of standing, for the higher he 
stands, the better he is supposed to be 
able to appreciate his responsibilities. 

If Governor Green thinks that he can 
elevate himself from the sphere of local 
attention to a favorable national spotlight 
by making this "brave" stand, he may be 
right, but it would be better if he could 
gain national position by doing some legal 
act, some constructive work, rendering 
some public service, instead of uttering 
defiance of a Federal law. We shall see 
presently whether he has uttered "weasel 
words," as Roosevelt might have said, or 
whether . he really means what he says. 

It may be true that there is some feel- 
ing in and around Michigan corridors that 
the station is needed quickly by the State 
police, but the radio law is the law of all 
the people of the United States, and East 
Lansing is not the only city that has ap- 
plied for a police wavelength and hasn't 
received it yet. East Lansing's bootleg 
broadcasts on 2,416 kilocycles might inter- 
fere seriously with police broadcasts from 
half a dozen other cities, and thus the 
other cities might interfere with East 
Lansing, and if criminals would not reap 
some benefit from this confusion, then 
radio has no use or value in trailing crim- 
inals. 

Yet it should not be necessary yet to go 
into the facts to determine a question of 
law. 

The Governor mutters something about 
State's rights, which somehow doesn't 
sound so sincere when coming from North 
of the Mason and Dixon line. Does the 
governor claim the right of the state to 
do wrong? 

The Governor says he will not back 
down. We say he will, providing the 
problem is not solved by granting of the 
wavelength. He ought to know what he 
will do, and we ought not to know. But 
we expect to print soon a complete news 
article on his forsaken bravery! 

The Musical Level 
SOME few efforts are being made to 

bring symphonic music to the gates 
of popularity. The idea is to make 

this type of music pass the gates and stay 
inside the fence of popular favor. For 
purely historical and experience reasons, 
and not pessimistically we are afraid the 
effort is doomed to failure. Assuming it 
is so doomed, the question will be raised 
whether that's too bad. We don't think 
it is. 

It requires considerable musical famili- 
arity, if not musical education, to enable 
one to enjoy a full half hour uninterrupt- 
edly devoted to Beethoven's Fifth Sym- 
phony. Walter Damrosch essayed to hold 
his radio audience for that length of time 
with that rendition, but we have a sneak- 
ing suspicion there was much exercising 
of the wrist among listeners who are the 
family dial engineers. 

Symphonic music is heavy. It has been 
true all along that if you do not select 
your audience, and there is no such selec- 
tion in radio, you can not get far along 
with symphonic music before your listen- 
ers start fidgeting in their seats. Often 
persons who have no liking for such mu- 
sic find themselves trapped by social con- 
ventions. Not being able to duck, they 
brave it out as best they can, which is 
often none too well. 

This is no indictment of symphonic mu- 
sic or its kindred compositions of the 
opera, concert and chamber stages. Nor 
is it any indictment of popular taste. 

What is in symphonic music can be ap- 
preciated only after study, and the prob- 
lem thus acquires an educational aspect. 
Now, the popular acceptance of music is 
as entertainment, rather than as edifica- 
tion or education, and the enjoyment must 
be such as to require no preparation by 
the listener to make it complete. In that 
respect jazz comes through easily, and so 
do other forms of music, including some 
of the melodic pieces from the operas and 
much semi -classical music. 

Mr. Damrosch frequently gives an ex- 
position of the "plot" of the music, with 
the technicalities explained, but many 
people must fail to coincide all such ex- 
positions with the music that follows. in- 
terpretation of such music is not easy. 
You cannot take any musical piece, dis- 
sect it, analyze it, and say with finality 
just what each passage symbolizes. So 
some system of interpretation must be 
followed, just as the courts, not being 
able to discern just what the legislature 
meant in every section of every statute, 
follow rules of statutory construction. 
Now, these rules, like those of musical 
construction, may lead to a goal other 
than that intended by the enactors, but 
when otherwise impossible to decide 
what's what, the only resort is to make 
the best interpretation possible. 

So with musical compositions. Being 
often wordless, they require some verbal 
equivalents for the thoughts intended to 
be stirred by the score. The composer 
actually may state his aim, whch is sup- 
posed to close all argument, or, too proud 
to admit that his music needs the help of 
any such statement, he leaves the under- 
standing to those who understand. Then 
the possibility arises for conflicting inter- 
pretations and constructions. Even if the 
composer has disclosed in words the pur- 
pose of his composition', who knows he 
isn't spoofing? Although the serious 
composers have not been noted for their 
humor (but too often by their ill humor), 
a joke in the second power would be a 
possibility for an expert in mathematical 
music. 

Musical compositions are much like 
radio circuits. A slight change makes a 
world of difference. In radio, a condenser 
from plate to ground will help make a 
detector stable. Connected from plate to 
grid, it produces unholy oscillation. So a 
change in tempo, as we know from sport- 
ive musical tricks we've heard so often, 
makes a fox-trot out of an erstwhile fun- 
eral march. Fortunately, with words, 
whether spoken fast or slow, the meaning 
is always the same, if otherwise what a 
perplexing world this would be. 

The public can't be bothered to make 
special preparation for the understanding 
of any music, but is mainly concerned 
with sitting back and enjoying the pro- 
gram. 

The so-called popular music and semi- 
classical pieces have a wider "circulation" 
for the same reason that "Liberty" has a 
wider circulation than "The Atlantic 
Monthly." 

Granite and Iron Core 
Called Wave Absorbers 

Washington. 
Deposits of granite and iron ore in New 

England absorb radio signals with conse- 
quent deterioration of broadcasting re- 
ception, the Federal Radio Commissio. 
was told by Howard Booth, who operated 
WBRL, at Tilton, N. H. 

Seeking renewal of the broadcasting 
license of the station, Mr. Booth said the 
channel on which it had operated was not 
well suited for reception because of these 
conditions. WBRL has not been operat- 
ing since December 1st, having been or- 
dered off the air because of failure to 
apply for renewal. The station formerly 
operated with 500 watts power on the 
1,430 -kilocycle channel with unlimited 
time. 

www.americanradiohistory.com



April 12, 1930 RADIO WORLD 17 

Likes the Debates 
YOUR magazine certainly is appreci- 

ated for the manner in which it is 
handled, both as to outstanding facts 

and truth. No deadly germs of deceit are 
between the lines. 

EDWARD J. BROCKWAY, 
Wildwood, Annex, N. J. 

* * * 

Favors Simple Battery Sets 
MULTI -TUBE receivers do not per- 

form any better than sets with 
one-third or one-half the number 

of tubes. Mr. Cramer, one of your read- 
ers, believes he is getting something good 
when he gets KDKA from Iowa. Well, I 
am living in Washington Heights, New 
York City, with WOR only a few miles 
away from me, and am listening to 
WLW, Cincinnati, O., with not the faint- 
est whisper from WOR, with a 5 tube- 
four 112 and one 171. 

The simple receivers will cut through 
locals and bring in distance regularly if 
assembled and operated properly. 

Furthermore, multi -tubers are always 
out of tune. The balancing condensers 
are good only for one and only one setting 
of the dial and there is no set made yet 
which is an exception, because it is im- 
possible to make two things exactly alike. 
There will always be points on the dial 
where a station could be brought in 
louder, if one or two condensers could be 
moved just a little bit. 

As for power noise in electric sets, Mr. 
Cramer is all wrong. There is today not 
a single electric set on the market which 
does not reproduce plenty or such noise, 
so battery sets have it all over the others 
in this respect. Ask any experimenter or 
serviceman. I have been servicing radios 
for four years and I know where most of 
my complaints come in. Noise, noise and 
noise again. God bless the good old bat- 
tery sets! 

Why, Mr. Cramer, do manufacturers 
build multi -tube sets today? Because the 
public wants them. And if a producer 
does not make what the public wants, he 
has to close up. That does not mean that 
fewer tubes could not do the same work 
if the set is made properly. The manu- 
facturers have to introduce losses to cut 
down the tremendous gain so, why not be 
content with fewer tubes and save all 
around, using them to full efficiency? 

A 5 -tuber can be made to tune just as 
easily as a 10 -tuber. Oscillation can always 
be controlled but sensitivity is much better 
because of the oscillation minus one little 
movement, which gives you those extra 
100 miles distance. 

My circuit consists of : 

(1)-R. F.: plain tuned stage with 112 
tube. 

(2)-R. F.: regenerative tuned stage 
with 112 tube. 

(3)-Detective, regenerative tuned stage 
with 112 tube. 

(4)-Transformer coupled first audio 
unit. 

(5)-Transformer coupled second AF. 
112 tube. 

For coils I am using plain R F' and 
3 -circuit tuners, as advertised in RADIO 
WORLD. 

Now a little advice : 

Read RADIO WORLD carefully. If you see 
a big article don't skip over it. Read it. 
What counts is not only pictures but 
everything that is printed. RADIO WORLD 
is good, otherwise I would not be reading 
this paper today, after five years. 

WALTER STRUDEMAN, 
513 W. 176th Street, N. Y. City. 

* * * 

No Sidebands, Says He 
IN your argument about sidebands, both 

sides confuse very simple and easily 
explained phenomena regarding com- 

pound waves, heterodyne waves and mod- 
ulated waves. They are all mixed up and 
thrown in a jumble of facts, reminding one 
of the blind men and the elephant; each 
was wrong, but altogether there is a lot 
of truth in their opinions about the ele - 

Forum 
phant. In some respects the elephant is 
like a wall, and in others like a snake etc. 
etc. It is all so simple that one feels 
foolish to offer even an explanation, 
Fleming and Morecroft at loggerheads 
notwithstanding : 

(1)-A simple or fundamental wave has 
a single frequency. 

(2)-A complex wave is the resultant 
wave train of several wave trains of dif- 
fering frequencies acting concurrently. 

(3)-A heterodyne wave train is the 
sum or difference wave train of two wave 
trains having different frequencies. 

(4)-A modulated wave train, simple or 
complex, (in radio it is simple) is one that 
has its amplitude varied in accordance 
with some controlling frequency but is in 
no wise combined with this control fre- 
quency. 

In case (2) of a complex wave we may 
tune in on and single out pure and un- 
adulterated any one of the elemental wave 
trains no matter how many miles such a 
wave is broadcast. But our receiver must 
tune them all in if we wish to receive 
the full wave in all its complexity, and 
sideband cutting will surely result if the 
receiver will not tune in the full range of 
frequencies which make up the wave. 

In case (4) of a modulated simple wave 
of carrier frequency 1 cycle wide or 10,000 
cycles wide, the amplitude is varied per- 
iodically. The detector knows no differ- 
ence-it will rectify either and deliver 
pulsing DC which varies at the same 
period as the variation in amplitude of 
the carrier wave, no matter what the rate 
of variation. In case (2) of a complex 
wave, the tuner must pass the audible 
band of frequencies but in the case (4) 
of a modulated wave it need pass only 
the modulated wave. Try to imagine a 
selective tuner that will pass frequencies 
of both 1,000,000 cycles and from 30 to 
5,000 cycles, and put it on the air in our 
congested broadcast band and see what 
happens. There is no other frequency to 
which you can tune a modulated simple 
wave (excluding harmonics), for, however 
it is modulated, it is still a simple wave 
train. Varying the ampltitude alone dues 
not change its wave form, and does nct 
make it complex, any more than Bees 
changing the volume of a sound. 

Furthermore, if sidebands were present 
in a modulated simple wave, these side - 
bands would heterodyne with carrier 
waves of other stations and we would 
have audio frequency heterodyning as 
well as radio frequency heterodyning. 
Where stations sometimes stray from 
their assigned frequencies the sidebands 
of a broadcasting station would autodyne 
against the carrier of the next station dur- 
ing its silent interval; its program would 
heterodyne, with the result that along 
with the whistle or even before the 
whistle we would hear the program at 
some different frequency without need of 
detection as is done in C W telegraphy. 
Thus Superheterodynes would need no de- 
tectors if carrier waves carried sidebands. 
It would only be necessary to heterodyne 
the oscillator against the sideband, and 
we could vary the pitch of the program 
at will. 

It may be true that Morecroft found 
that passing a wave train through a tuner 
decreased its modulation,-and it may not 
be true. Of course if he used a complex 
wave, as the negative side states, that is 
something vastly different than a simple 
modulated wave. Modulation affects only 
the volume of the radio frequency and 
surely tuners cannot discriminate between 
volume changes varying from 30 to 10,000 
cycles if they cannot discriminate between 
volume changes in the carrier wave's zero 

to peak values. That is, the rapidity of 
volume change in the carrier wave itself 

ir, rising from zero to peak is so great in 
comparison that it should make no differ- 
ence at what rate the peak is varied since 
the carrier frequency is the same in any 
case. 

If a modulated wave train loses some 
degree of modulation, but I do not see 
how it can, then it will favor the high 
frequencies more than the lower ones 
simply because the tuner has a resonance 
peak above the audible band. However, 
it is so far above it that modulation in all 
frequencies must be affected alike and 
this again affects only a change in audio 
volume, the same as if the per cent. mod- 
ulation were changed at the station and 
can have no effect on quality whatsoever. 

It may be repeated that in complex 
waves, sidebands are present and tuners 
for such waves must pass all the different 
frequencies present to avoid sideband cut- 
ting. In the case of modulated waves, 
however, the tuner may have any desired 
degree of selectivity, since a band 1 cycle 
wide may be varied in volume at the same 
rate and degree as a band of any desired 
width ; 10 kc or more. 

When two frequencies are combined 
into a complex wave, the low frequency 
follows a straight line zero abcissa and 
the higher frequency follows, and has for 
a zero line, the wave form of the lower 
frequency, and this is true regardless of 
what the relative amplitude. 

One reason some Superheterodynes lose 
the high frequencies is because the inter- 
mediate frequency is chosen so low 
(around 45 kc) that the second, third and 
fourth harmonics of audio tones are al- 
ready up into thee region of the interme- 
diate frequencies. When a second detec- 
tor plate by-pass condenser is chosen 
large enough to effectively filter out the 
radio frequency of 45 kc, unless care is 
used, it also begins to lop off the quality 
in the high audio register. The condenser 
should be replaced by a tuned wave trap 
which will just block 45 kc from getting 
into the audio system. 

I might simplify the entire discussion by 
merely stating that if the carrier wave 
were varied in carrier frequency between 
5 kc below and 5 kc above normal, that is 
within a 10 kc band, the receiver would 
cut sidebands if its selectivity band were 
less than 10 kc. 

However, stations do not send out a carrier modulated in frequency. The fre- 
quency is constant, and only the volume 
is varied at a rate corresponding to the 
modulation frequency. In this case the tuner need not respond to variations in 
frequency, for there is none. It need 
respond only to variations in signal 
strength caused by modulation, and this it 
can easily do, on a narrow band equally as 
well as on a wide band. Thus complex 
waves which are modulated in frequency 
have sidebands equal in width to the modulation band, but simple carrier waves 
modulated only in volume have no side 
bands. 

V. V. GUNSOLLEY 
116 So. 4th Street 
Minneapolis, Minn. 

* * * 

Doubtful on Selectivity 
AGOOD topic for debate was given in 

your magazine, "Resolved, That 
Sidebands Are Mere Fiction." Well 

you've given out a lot of valuable reading 
matter. Here is a topic to debate : 

"Resolved. That High Selectivity Re- 
duces Interference." 

No! it's not always so! 
Well, how about it? 

FRANK DE MARCO. 

PRICE VISITS COAST 
Benjamin H. Price of the DeJur-Amsco 

Corporation, New York City, made an ex- tended tour to the Pacific Coast. 
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Highest Grade 
Key Tubes at 

Defiant 
Prices: 

Screen Grid Tubes 

224 at $1.43 
222 at 1.88 

Power Tubes 

250 at 4.95 
210 at 3.25 
245 at 1.28 
112A at .78 
171A at .78 

Other Tubes 

227 at .90 
226 at .68 
280 at 1.13 
281 at 2.95 
201A at .53 

The above constitute the nine most popu- 
lar tubes used in radio today. Despite the 
severely low prices the Key tubes are firsts 
of the very first quality. Besides, there is 
a five-day money -back guaranty! The 
above tubes are manufactured under 
licenses granted by the RCA and its 
affiliated companies. 

All prices are net and represent extreme 
discount already deducted. 

GUARANTY RADIO GOODS CO., 143 West 
45th St., N. Y. City. (lust East of Broadway). 

Enclosed please find $ for width ship 
at once tubes marked below: 

224 AC screen arid $1.43 
E 245 AC power tube $1.28 

228 AC amplifier .68 
227 AC det.-amp. .90 
280 AC rectifier $1.13 
222 battery screen grid $1.88 
112A power tube .78 
171A power tube .78 
201A battery tube .59 

11 250 power tube 4.95 
n 210 Dower tube 3.25 

Name 

A tdress 

City State 

Put urea here it C. O. D. shipment Is de- 
sired. 
Canadian remittance mutt be by vestal er ex - 
prim mosey order. 

5 -Day money -back guaranty 

Your 
These Nine 

Choice of 
Meters FREE! 

1) 8-8 Voltmeter D.0 Ns. 328 
19-00 Voltmeter D.0 Ne. 337 I- Veil Charge Tester D.0 No. 2,1 

9-10 Amperes D.0 Na. 838 

0-25 M III 'amperes D.0 No. 325 
0-60 M III lampvsa D.0 Ne. 500 
0-10s M ill lamperee D.0 No. 3W 
0-500 Milliamperes D.0 No. 590 
111-400 Mllllam D.0 Ne. 354 

Equip Yourself Now 
With Necessary Meters! 

To do your radio wort properly you need meters Hen V 
yeur opportunity to get them at no extra cost See the ills 
of nine meters at left Heretofore we have offered the Mole. 
of any one of these meters free with ao 8 -weeks .ub.crtpttr 
for RADIO WORLD. at $1. the regular price for sue' 
subscription. Now we extend title offer For the firm stma 
you are permitted to obtain any one or more or ail of tbem 
meters free, by sending in $1 for 8 -week's subscription, an - 
titling you to one meter; $2 for 18 weeks, entitling you te 
two meter., $3 for 26 weeks. entitling you to three meters 
24 foe 35 weeks, entitling you to four meters; $5 for 44 weeks 
entitling you to 5 meter; $6 for 52 weeks, entitling you to 
six meters. Return this offer with remittance. and cheat eft 
desired meters In squares at left 

RADIO WORLD wilt help you In your radio work, a. 
you will be able to use the meters most valuably. Kee. 
abreast of all the new elrculte, intimate details on perfeetine 
existing sets, and get inside track on sensitivity, dlnaoce 
reception, tonal quality, and news of radio, technical and non- 
technicat Enjoy the writings of Dr. Lee De Forest, McMurdo 
Silver. J E. Anderson, Herman Bernard and host of other 
radio engineers who contribute their knowledge to you through 
the medium of RADIO WORLD, the first and only Illustrated 
national 'edio weekly. Too can Ind no magazine that better 
caters to your needs than RADIO WORLD. Short waves? 
RADIO WORLD will tell you all about them. Extremely 
sensitive broadcast receiver° Their construction and operation 
are fully discussed with confident regularity. Power supplies 
--push-pull or otherwise? AC receivers? Screen grid tubes? 
Large receiver, that glee a super -abundance of performanee- 
emall, economical receivers that give performance out of all 
comparison to their Size Are you interested 10 these? Thee 
you're interested In RADIO WORLD. 

Present mail subscribers may renew their subscription under 
this remarkably generous, offer. Put cross in square. B 

RADIO WORLD 
14$ W. 45th St., N. Y. City -Published Weekly. 

All Newsstands. I6e per oepy-s0, sin meuths-0I a fees 

Portable Type 

VOLTMETERS 
for Measuring High Voltages, In- 

cluding Those of B Supplies. 

0-300 volts, at 200 ohms resistance per volt, 
5 ma. drain at full-scale deflection. Accuracy, 
2%. Case is full nickel finish. Long connecting 
cords have especially ornamental tip holders. 
Meter should be read in perpendicular position. 
Five-day money -back guaranty. Order Cat. F-300 
C $2.59. 

0-500 volts, same as above in appearance, but 
the range is greater and the resistance per volt 
is 233 ohms., 4yx ma. drain at full-scale deflection. 
Accuracy, 2%. Five-day money -back guarantee. 
Order Cat. F-500 @ $3.73. 

0-600 volta, AC and DC (same meter reads 
both types). DC readings accurate to 2%, also 
AC readings 2% at 50-60 cycles but accuracy in 

less on AC at substantially different frequencies. 
Resistance 100 ohms. per volt, 10 ma. drain at 

full-scale deflection. Same general appearance as 
illustrated meter. Five-day money -back guar- 
antee. Order Cat. M-600 @ $4.95. 

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

(lust East of Broadway) 

Please ship C.O.D. the following makes, at advertised. 

on 5 -day money -back guaranty' 

Cat. F-300 at 

E Cat. F-500 at 
Cat. M-600 at 

Name 

Address 

City 

$2.59 
3.73 
4.95 

State 

1-246 Voltmeter. tor 
measuring all direct 
current voltage., in- 
cluding B elimina- 
tors. 0-60, 0-300 
(double range). 

RADIO WORLD 
and "RADIO NEWS" 

BOTH FOR ? ONE YEAR k. .00 
Teu esa obtain the two leading radio techaisal map 

sines that cater to experimenter., service men and atadente. 
the tiret and only national radio weekly and the Isadlas 
monthly, for one year each, at a saving of 51.60. TM 
regular mail subscription rate for Hallo World for re 
year. a new and fascinating copy each week fer 53 weeks 
is 38.00. Send in 81.00 extra, get "Radio New," aloe 
for a year -a new issue each month for twelve mouths 
Total. 64 issues for $7.00. 

Ti if renmc log Radio World subscription. put cross in 
square. 
RADIO WORLD, 145 West 46th Street, New Tort. N. T 

0.60,0.300 
HIGH RESISTANCE 

DC VOLTMETER 
With three 28" tipped leads built in 

A por'able type, high reststanee 
meter, 2 ti" outside diameter, for 
close reading of direct current 
voltages up to 60 volts, and fur 
reading DC voltages up to 300 
volts. Three sari -colored 28" in- 
sulated leads, with jack tips, are 
built in. Black is minus, yellow 
Is 10 volts maximum and red L 
300 volts maximum. These volt- 
age, are marked at the meter 
outlets. Cat. 3-246. Net price. 
$2.28. 

Multiplier, with lack terminate, 
to increase range 0-300 range to 
0-600. Cat. 7-1063V (with jack 
terminals), net price, $1.18. 

Order One C. O. D. 

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

LACAULT'S BOOK 
"Super -Heterodyne Conetruction and Operation." 
giving the master's meet masterful exposition 
of the theory, performance and construction of 
this fascinating type of circuit, is a necessity 
to every aerioue radio experimenter. More than 
100 pages and more than 50 illustrations. Buck- 
ram cover. This book by R. E. Lacuna, FREE 
1f you send 31.00 for en 9 -weeks subscription 
few Radio World. Present subscriber. may accept 
this offer. Subscription will be extended. 

RADIO WORLD 
145 W. 45M St.. N.Y. City 

Met East et 'Ewer 

HiQ 30 Wholesale Prices! 
AC OR BATTERY MODEL 

Write or wire! 
Guaranty Radio Goods Co. 

143 West 45th St., 
New York City 

www.americanradiohistory.com



.s,pri1 12, 1930 RADIO WORLD 19 

Long Distance 

The Balkite A5 neutrodyne, In real walnut table model cabinet by 
Berkey & Gay. Volume control at left. AC switch at right, drum dial 
at center, with space to mark in call letters. 

You want DX-the more DX 
the merrier I But why take any 
chances? We positively guar- 
antee that the Balkite Neutro - 
dyne, made by Gilfillan, will 
get you all the DX you could 
desire! Try the set for five 
days. If not completely satis- 
fied, return it in that time 
for prompt refund of purchase 
price? 

8.Tube Pusheull AC Balkite Neutrodyne 
with Matched Speaker and All 50 
Tubes, Complete 

A good many bargains in radio receivers are available today, because set manufacturers over 
produced, and had to let their stock go at sacrifice prices. It does not follow that all sacrificed 
receivers are worth even the cut price. We turned down many "opportunities" to obtain large 
quantities of "sacrificed" receivers. When the Balkite was offered to us we tested its performance 
for five days and were delighted. We took the set apart completely to see what calibre of parts 
was used and how the wiring was done. When we tell you all the parts were ace -high and the 
wiring the best we've seen, you will know this is an extraordinary receiver. The tubes used are 
five 227, two 112A and one 280. The undistorted maximum power output is 780 milliwatts. 

The line input must be 50-60 cycles, 105 to 120 volts. There is a voltage adjuster built in. 
The magnetic speaker has a matched impedance for the output of the receiver, and is itself housed 
in a real walnut cabinet with marqueterie inlay. 

FIVE-DAY MONEY -BACK GUARANTEE ON RECEIVER, TUBES AND SPEAKER! 

Guaranty Radio Goods Co., 143 West 45th Street, 

Three stages of tuned RF, neutralized, 
so there's no squealing; easy tuning; 
operation on short piece of wire indoors 
perfectly satisfactory; no repeat tuning 
points; no hum; phonograph pickup 
jack built in; excellent tone quality; 
good selectivity. These are outstanding 
points of the receiver, ONE OF THE 
MOST SENSITIVE BROADCAST 
RECEIVERS EVER DEVELOPED. The 
receiver alone lists for $135. Here you 
get the set, speaker and tubes at $9.50 
less than half the list price of the 

receiver alone! 

The spa-ker Is of hand -rubbed genuine 
and its list alone is $35.00. 

New York, Na Y 

walnut 

FIXED CONDENSERS! 

Fixed Condenser, Shown 
Actual Size. 

Dubilier Micon fixed condensers, type 642, 
removed from receivers, are available at 
following capacities and prices. 
.0001 mfd. IOe .006 20e 
.00025 mfd- 10c 
.0003 mid, I0c All are guaranteed 
.00035 mfd. 15e electrically perfect and 
.001 17e money back if not 
.0015 17e satisfied within five 

.002 18e days. 

GUARANTY RADIO GOODS CO. 
143 WEST 45TH STREET 

FILL OUT AND MAIL N O W 
SUBSCRIPTION BLANK 

RADIO WORLD 
RADIO WORLD 145 West 45th Street, New York City 

Please send me RADIO WORLD for months, for which 
SUBSCRIPTION RATES: 

Singe Copy I .15 
fbree Months 1.50 please find enclosed 
Six Months 3.00 
)ne Year, 52 Issues 6.00 

Add $1.00 a Year for Foreign 
Postage; 50e for Canadian Post 

If this is a renewal, put cross 
in square at left. 

STATEMENT OF THE OWNERSHIP, MAN- 
AGEMENT, CIRCULATION, ETC., RE- 

QUIRED BY THE ACT OF CON 
GRESS OF AUGUST 24, 1912, 

Of Radio World published weekly at New York, 
N. Y., for April 1, 1930. 
State of New York ) 

County of New York J 
as: 

Before me, a Notary Public in and for the State 
and county aforesaid, personally appeared Roland 
Burke Hennessy, who, having been duly sworn 
according to law, deposes and says that he is the 
Editor of the Radio World, and that the follow- 
ing is, to the best of his knowledge and belief, 
a true statement of the ownership, management 
(and if a daily paper, the circulation), etc., of the 
aforesaid publication for the date shown in the 
above caption, required by the Act of August 24. 
1912, embodied in section 411, Postal Laws and 
Regulations, printed on the reverse of this form, 
to wit : 

1. That the names and addresses of the pub- 
lisher, editor, managing editor and business man- 
agers are. Publisher. Hennessy Radio Publications 
Corp., 145 West 45th St., N. Y. C. Editor Roland 
Burke Hennessy, 145 West 45th St., N. Y. C. Man- 
aging Editor Herman Bernard, 145 West 45th St., 
N. Y. C. Business Manager Herman Bernard, 
145 West 45th St.. N. Y. C. 

2. That the owner is: (Ii owned by a corpora- 

tion, its name and address must be stated and also 
immediately thereunder the names and addresses 
of the stockholders owning or holding one per cent 
or more of total amount of stock. If not owned 
by a corporation, the names and addresses of the 
individual owners must be given. If owned by 
a firm, company, or other unincorporated con- 
cern, its name and address, as well as those of 
each individual member, must be given.) Hen- 
nessy Radio Publications Corp.. 145 West 45th St., 
N. Y. C. Roland Burke Hennessy, 145 West 45th 
St., N. Y. C. Mrs. Mary J. McArthur, 1940 East 
82nd St., Cleveland, O. 

3. That the known bondholders, mortgagees, and 
other security holders owning or holding 1 per 
cent or more of total amount of bonds, mort- 
gages, or other securities are: (If there are none, 
so state.) None. 

4. That the two paragraphs next above. giving 
the names of the owners, stockholders, and secur- 
ity holders, if any, contain not only the list of 
stockholders and security holders as they appear 
upon the books of the company but also, in 
cases where the stockholder or security holder 
appears upon the books of the company as trustee 
or in any other fiduciary relation, the name of 
the person or corporation for whom such trus- 
tee is acting, is given; also that the said two 
paragraphs contain statements embracing affiant's 
full knowledge and belief as to the circumstances 
and conditions under which stockholders and se- 

curity holders who do not appear upon the books 
of the company as trustees, hold stock and secur- 
ities in a capacity other than that of a bona Me 
owner ; and this affiant has no reason to believe that any other person, association, or corporation 
has any interest direct or indirect in the said 
stock, bonds, or other securities than as so stated 
by him. 

5. That the average number of copies of each. 
issue of this publication sold or distributed, 
through the mails or otherwise, to paid sub- 
scribers. during the six months preceding the date 
shown above is weekly. (This infor- 
mation is required from daily publications only.) 

ROLAND BURKE HENNESSY 
(Signature of Editor.) 

Sworn to and subscribed before me this 31st 
day of March, 1930. 

HARRY GERSTEN. 
Notary Public, Kings Co. Clks. No. 121, Reg. 

No. 2133, N. Y. Co. Clks. No. 214, Reg. No. 2-G-153. 
My commission expires March 30, 1932. 

Note.-This statement must be made in duplicate 
and both copies delivered by the publisher to the 
postmaster, who shall send one copy to the Third 
Assistant Postmaster General (Division of Classi- 
fication). Washington. D. C., and retain the other 
in the files of the post office. The publisher must 
publish a copy of this statement in the second is- 
sue printed next after its filing. 
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lente 

The Most 

"Elements of 
Radio Com- 
munication" 

The latest book by Prof. John 
H. More,roft, of the Engineer- 
ing Department of Columbia 
University, and past president 
of the Institute of Radio En- 
gineers, is his "Elements of 
Radio Communication." We re- 
gard this as the best elementary 
book to inform you authorita- 
tively on the technical phases 
of radio 1n plain language, 
provided you have some founda- 
tion knowledge of radio. Tim 
book is a complete course on 
the elements of radio, contain- 
ing much material never before 
published. It has 226 pages, 

170 illustrations and a complete 
index. Cloth bound. Order Cat. 

11íE. 
By the same author: "Principles of Radio Communication." second edition. This boost is for advanced students. It is the standard of excel - in its field. Cloth bound. Order Cat. M 

"Radio Receiving Tubes" 
The need for an up-to-date book on radio tubes that answers all the important questions has been filled by James A. Moyer, Director of University Extension. Massachusetts Department of Education, and John F. Wostrel, instructor In radio engineering, Division of University Extension, Massachusetts Department of Education. This book is a complete discussion of tube prin- ciples, functions and uses. The essential principles underlying the operation of vacuum tubes are explained ln as non -technical 

a manner as Is con.sl.stent with accuracy. The book covers the construction, action, reactivation testing and use of vacuum tubes as well as specifications for vacuum tubes and applications for distant control of industrial processes and precision measure- ments. 297 pages, cloth bound. Order Cat. MWT. 
By the same authors: 
"Practical Radio" including the testing of radio receiving sets, 378 pages, 223 illustrations. Cloth bound. Order Cat. MWPR. 
"Practical Radio Construction and Repairing," 319 pages, a companion volume, new second edition. Order Cat. MWPRC. 

(Nora: The standard book on tubes for advanced students 
is 'The Therm ionic Vacuum Tube," by Hendrik Van der Bijl. Order Cat. VDB.) 

RADIO WORLD, the first and only national radio weekly, 
ninth year, publishes all the latest circuits and news of radio. Its technical presentations are highly authoritative. Construc- 
tion of ultra -sensitive and selective circuits is featured regu- larly. Subscribe for RADIO WORLD and follow the develop- 
ments on pentodes. Loftin -White amplifiers, band pass filters, 
pre -tuners, Superheterodynes, screen grid tubes, push-pull, etc. 

Complete Radio Book Service! 
Your Opportunity to Obtain Any of the Out- 

standing Volumes from One Source 
"AUDIO POWER AMPLIFIERS" 
By J. E. Anderson, M.A., and Herman Bernard, LL.B. 

The First and Only Book On This Important Subject 
IN radio receivers, separate audio amplifiers, talking movies, public address systems and the like, the power amplifier stands out as of predominating importance, therefore a full and authentic knowledge of these systems is imperative to every technician. "Audio Power Amplifiers" is the book that presents this subject thoroughly. The authors are: J. E. Anderson, M.A., former instructor in physics, University of Wisconsin, former Western Electric engineer, and for the last three years technical editor of "Radio World." Berman Bernard, LL.B., managing editor of "Radio World." They have gathered together the far-flung branches of their chosen subject, treated them judiciously and authoritatively, and produced a volume that will clear up the mysteries that have perplexed many. The book begins with an elementary exposition of the historical development and circuit constitution of audio amplifiers and sources of powering them. From this simple start it quickly proceeds to a well -considered exposition of circuit laws. including Ohm's laws and Kirchhoff's laws. The determina- tion of resistance values to produce required voltages is carefully expounded. All types of power amplifiers are used as examples: AC. DC, battery operated and composite. But the book treats of AC power amplifiers most generously, due to the superior importance of such power amplifiers com- mercially. 
"Audio Prover Amplifiers" is for those who know something about radio. It is not for novices. But the engineers of manufacturers of radio receivers, power amplifiers, sound installations in theatres, public address systems and phonograph pickups will welcome this book. Engineers-even chief engineers-of the Bell Telephone Laboratories, Radio Corporation of America, Westinghouse Electric & Mfg. Co., Western Electric. l'hotophone, Vitaphone and the like needn't be afraid they won't learn something from this little book. 

Details of Chapter Contents 
CHAPTER I. (page 1) General Principles, analyzes the four types of power amplifiers, AC, DC, battery -operated and composite, illustrates them in functional blocks and schematic diagrams, and treats each branch in clear textual exposition. 
CHAPTER II. (page 20) Circuit Laws, expounds and applies Ohm's laws and their special form known as Kirchhoff's Laws. 

CHAPTER III. (pago 35) Principles of Rectification, expounds the vacuum tube, both filament and gaseous types. electrolytic and contact rectifiers, and explains why and how they work. Full -wave and half -wave rectification are treated, with current flow and voltage derivation analysis. Regulation curves for the 2S0 tube are given. Voltage division, filtration and stabilization are fully illustrated and dissected. CHAPTER IV. (page 62) Practical Voltage Adjustments, gives the experimental use of the theoretical knowledge previously imparted. Determination of resistance values is carefully revealed. CIIAI'TER V. (page 72) Methods of Obtaining Grid Bias, enumerates, shows, and compares them. CHAPTER VI. (page 90) Principles of Push -Pull Amplifier, defines the push-pull relationship, with keys to the attainment of desired electrical symmetry. CHAPTER VII. (page 98) Oscillation in Audio Amplifiers, deals with motorboating and oscillation at higher audio frequencles, explaining why it is present, stating remedies and giving expressions for pre -determination of regions of instability. The trouble is definitely assigned to the feedback through common Impedance of load reactors and B supply, and in some special instances to the load's relationship to the C bias derivation as well. The feedback is shown as negative or positive and the results stated. CIIAI'TER VIII. (page 11.4) Characteristics of Tubes, tells how to run curves on tubes. how to build and how to use a vacvoltage-plateu 

lrcurrent, 
`ter, 240, discusses hum in 

1112A, 171A, 227 
ACubes with 

and 
on 

1he 245 
filament 

loadr 
heaters 

lines, Also, ti platesents 
families of 

voltage plate currentr character- istics of 220, 20OA, 201A, 112A, 171A, 222, 240, 226, 227, 229, 245, 210, 2.50, full data on everything. There is a composite table (II) of characteristics of Rectifier and Voltage Regulator Tubes, and individual tables, giving grid voltage, plate current characteristics over full Useful voltage ranges for the 220, 201A. 112A, 171A, 222, 240, 227, 245 and 229. CHAPTER IX. (page 151) Reproduction of Recordings, states coupling methods and slows circuits for best connections. CHAPTER X. (page 161) Power Detection, explains what it Is, when it should be used, and how to use it. A rectifying detector, designed by one of the authors, Is expounded also. CHAPTER Xl. (page 121) Practical Power Amplifier, gives AC circuits and shows the design of a sound reproduction system for theatres. A page is devoted to power amplifier symbols. CHAPTER XII. (page 183) Measurements and Testing, discloses methods of qualitative and quantitative analysis of power amplifier performance. Order Cat. APAM, 

Two Other New Books by the Same Authors 
"The Superheterodyne," a new volume, deals with the theory and practice of this receiver in a detailed and pertinent manner. fully illustrated. The theoretical discussion proceeds to a receiver embodying the theory stated. Full constructional data. Order Cat. ABSH. "Foothold on Radio," for the sheer novice. the only book published that is really for the person who knows nothing about radio. Fully understandable by any one. Freely illustrated. Order Cat. FOR. 

"Trouble Shooter's Manual"-"Mathematics of Radio" 
The three books by John F. Rider, Institute of Radio Engineers, are "Mathematics of Radio," "Trouble Shooter's Manual." and "Treatise on Testing Units for Service Men." "Mathematics of Radio," 128 pages, 81/2 x 11", 119 illustrations, bridges the gap between the novice and the college professor. It gives a theoretical background so necessary for a proper understanding of radio and audio circuits and their servicing. Flexible cover. Order Cat. Moll. The first comprehensive volume devoted exclusively to the topic uppermost in every service man's mind Is "Trouble Shooter's 1llanual," just published. It is not only a treatise for servire men. telling them how to overcome their most serious problems, and fully diagramming the solutions, but It Is a course in how to become a service man. It gives all the details of servicing as they have never been given before. Finding the right mode of attack, applying the remedy promptly and obtaining the actual factory -drawn diagrams of receivers ahvays have been a big load on the service man's chest. But no more. This book is worth hundreds of dollars to any one who shoots trouble in receivers-whether they be factory - made. custom-built or honte -node receivers. 
M(111E THAN 100 WIRING DIAGRAMS OF RECEIVERS MADE BY MORE THAN FORTY DIFFERENT SET 'MANUFACTURERS ARE PUBLISHED IN TITIS BODE, INCLUDING OLD 11IODELS AND LATEST MODELS! RCA. A'IWATEIR KENT, CIIOSLEY, MAJESTIC, ZENITH. ST1tODIBERG ('AIRLSON, KOI.STEII, FEDERAL, FADA, ETC. 240 pages, size 834 x 11"; 200 illustrations. Imitation leather cover. Order Cat. TISI. 
"Treatise on Testing Units for Servire Men." is a 43 -page, liberally illustrated book on testing units and circuits. Tells what equine. nt a service man should have and how to use it most effectively and quickly. Rapidity of operation is mie of the points stressed throughout titis valuable book, as a 

service man's time Is Ills chief stock in trade. Radio World, 145 West 45th Street, New York, N. Y. 
(Just East of Broadway.-Phone BRYant 0558.) 

Enclosed please find $ for which please enter my subscription for RADIO WORLD for specified 
period and send free (postpaid) the one premium book 
designated by my cross in square. 

at. L. 

Other Books 
"ABC of Teterislon," by Raymond Francis Yates, tells the whole story and gives data on construction of a television roceiver. 210 pages, 

100 illustrations. Cloth bound. Order Cat. TEL. 
"The Radio Manual," by G. E. Sterling of 

U. S. Dept. of Commerce sod Itobt. S. Kruse, 
formerly technical editor at' 08T. Neatly 900 
pages 369 illustrations. Bound In flexible 
fabrlkofd. Order Cat. MAN. 

"Drake's Encyclopedia." new edition, 21/2" 
thick, weighs 3F lbs.. 920 pages, 1,0.25 illus- 
trations. Order ('at. DRA. 

"Experimental Radio." by R. R. Ramsey. 
Ph.D., l'rof. Physics, Indiana University. 255 
pages, 168 Illustrations. Cloth cover. Order 
Cat. REX. 

"Fundamentals of Radio." by Ramsey. 372 
pages, 402 illustrations. Order ('at. REM. 

Principles of Radio," by Keith Henney, 
M.A., director, laboratory. Radio Broadcast. 
477 pages, 305 illustrations. Order Cat. PRE. 

"Radio Telegraphy and Telephony," by Ru- 
dolph L. Duncan and Charles E. Drew, of 
Radio Institute of America. Order Cat. RTT. 

"The Superheterodyne." by R. E. Lacault, 
93 pages. 68 illustrations; cloth cover. Order 
Cat. REL. 

REL $1.00 for 8 weeks (8 issues) 
:VtsH $2.00 for 16 weeks (16 issues) TTU 

E FOI1 $3.00 for 6 months (26 issues) 
$9.00 for 34 weeks (34 issues) 

MOR MWPRC 
$5.00 for 42 weeks (42 issues) 

MWT E 51WPR 

APAM 
TEL 
LFSI 

D VDI[ 

$í).00 for 1 year (52 issues) 
TSNI 
REX [1 PRK 

$7.00 for Io wen, 
?10.00 hr Sit work, (.S i ssarsl 

MAN 
$12.00 for 2 years (101 issues( 

-1 DRA RTT 
Name 

Address 

City Stute 

RADIO WORLD, a weekly paper published by Hennessy Radio Publications Corporation, from Publication Office, 145 West 45th Street, New York, N. Y. 
Vol. XVII, No. 4. Whole No. 420. April 12, 1930. 15c per copy, $6.00 per year. [Entered as second-class matter, March, 1922, at the Post. Office at 
New York, N. Y., under act of March, 1879.1 Roland Burke Hennessy, president and treasurer; M. B. Hennessy, vice-president; Herman Bernard, 

business manager and managing editor; J. E. Anderson, technical editor. 
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High Efficiency 
Tuning Coils 

Wound with non -insulated wire plated with 
genuine silver, on grooved forms, these coils af- 
ford high efficiency because of the low resistance 
that silver has to radio frequencies. The grooves 
in the moulded bakelite forms insure accurate 
space winding, thus reducing the distributed ca- 
pacity, and keep the number of turns and separa- 
tion constant. Hence the secondary reactances 
are identical and ideal for gang tuning. 

The radio frequency transformer may be per- 
pendicularly or horizontally mounted, and has 
braced holes for that purpose. It has a center - 
tapped primary, so that it may be used as 
antenna coil with half or all the primary in 
circuit, or as interstage coupler, with all the 
primary on a screen grid plate circuit, or half the 
primary for any other type tubes, including 
pentodes. 

The three -circuit tuner has a center -tapped 
primary, also. This tuner is of the single hole 
panel mount, but may be mounted on a chassis, 
if preferred, by using the braced holes. 

The secondaries are for .0005 mfd. tuning only. 
There are no models for .00035 mfd. 

These coils are excellent indeed for popular 
circuits like the Diamond of the Air and tuned 
radio frenquency. 

Diameters of form, 3 inches. 
Two -winding coil, order Cat. GRF 99c. 
Three -winding coil, order Cat. G-3 CT O $1.49. 

GUARANTY RADIO GOODS CO. 
145 West 45th St., N. Y. City 

(Just East of Broadway) 
Please mail me C.O.D. at stated prices, plus few elms 

extra for postage, the following coils on 5 -day money - 
bads guaranty: 
(] ORT at 99e. 03cT at 31.49 

Name 

Address 

City State 

0.1 MA, $5.95 

SERVICE AS USUAL 
MATCHED PARTS FOR THE 

LR4 

STROBODYNE 
R.EeLe9 
R. E. 29' 

POWER UNITS TO MATCH 

R. E. Lacault Radio Electric Laboratories 
1931 Broadway, New York City 

RADIO WORLD'S 
QUICK -ACTION 
CLASSIFIED ADS 

IC) CENTS A WORD 
10 WORDS MINIMUM 

CASH WITH ORDER 

LYNC 
TUBA DAPTAU 
For Better TONE 

List Price..$2.50 
Improves reception and prolongs life of ex- 
pensive power tubes. Used in last audio stage. 
Write for descriptive circular and complete 
catalogue Lynch Guaranteed Radio Products. 
LYNCH MFG. CO., Ina., 1773 B'way, N. Y. 

www.americanradiohistory.com
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Spring Action 
Diagonal Nipper 

, 

p ,a;.,p; uí 
ADIAGONAL cutting nipper is the second most useful 

tool for radio work, next to the soldering iron. Non 
friction spring action adds convenience of use, as 

the handles are sprung back just far enough for com- 
fortable grip, and the jaws are closed by easy pressure 
or the handles. 

For cutting wire, a constant operation in your work, 
this tool is most serviceable, as it makes a clean eut, 
right through fuzzy Insulation as well as through metal. 
The eut is far more incisive than with the common 
diagonal cutting pliers. With the diagonal nipper you eta 
cut wire not only along its length, but wherever it ma) 
be attached, since accessibility is perfect. A cut can 
be made any place where the diagonal nipper can enter. 
since the cutting can be done at the tip. Pliers with 
ditgonal cutters can only ply, not cut, at the extremity 

With the diagonal nipper insulation can be bared from 
wire ends for soldering. Also screws up to 8/32 machine 
screw used in radio can be nippped off at any point with 
one firm application of pressure with one hand. 

The device is used extensively in radio set factories 
and by custom set builders and radio experimenters. 

Bist 5%" long; weight 1% lba.; material, drop 
forged steel; finish, nickel plated. 

Send $3.00 for 6 months' subscription for Radio 
World and ask for No. 177 Nipper, free. RADIO 
WORLD, 145 West 45th Street New York, N. Y. 

D Put cross here if renewing subscription 

SUBSCRIBE NOW! 

RADIO WORLD, 145 West 45th St., New 
York City. Enclosed please find my remit- 
tance for subscription for RADIO WORLD, 
one copy each week for specified period: 

$6 for one year, 52 issues. 
E $3 for six months, 26 issues. 

$1.50 for three months, 13 issues. 

Nothing Finer Than This 
Dynamic in Tone Quality! 

Try This AC Dynamic Erla-No Matter on What Set 

and You Will Verify These Facts: Tone Unexcelled, 
sensitivity most remarkable 

TO WORE this speaker, put plug into AC wall socket, 
lamp socket or convenience outlet of set, connect speaker 
tips to output posts of set, and tune in. 

Here are the technical data on the AC dynamic Erla: 
10 feet long power leads with plug 
10 feet long speaker leads with one -inch terminal tips 
Outside diameter of cone, 9 inches 
Depth of speaker, 8 inches 
Overall width of speaker, 9.5 inches 
Mounting board, detachable, 10%x123ax% inches 
Burtex cone 
Diameter of central magnet pole, 1.5 Inches 
Flexible spring mounting of tip of cone, and moving coil 
Moving coil accurately center -mounted 
Depth of magnet structure, 9.5 inches 
Outside diameter of magnet structure, 4.5 inches 
Built-in'full-wave Westinghouse Rector dry rectifier 

rbly In any 

á 

12.5° 
Acoustical Engineering Associates 1 

143 West 45th Street New York, N. Y. 
Please ship at once, express C.O.D., one Erla 

dynamic chassis, 110 volt AC, 50-60 cycles, as I 
advertised, at 

.,.,,,. o 
$12.50,on a five-day guaranty 

ne r,r-h el,.n if t rmmnl.tely catia£i.cl. in- www.americanradiohistory.com
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Accurate Tuning Condensers and Accessories 
EQUALIZER SINGLE .00035 THREE -GANG SCOVILL .0005 MFD. 

o 

o 
ded 

CAT. EQ-I00 AT 35o 

The most precise and rugged 
equalizing condenser made, with 
20 mmfd. minimum and 100 
mmfd. maximum, for equalizing 
the capacity where gang con- 
densers are used that are not 
provided with built-in trimmers. 
Turning the screw alters the po- 
sition of the moving plate, hence the capacity. Cross-section reveals 
special threaded brass bushing into which screw turns, hence you can 
not strip the thread. Useful in all circuits where trimming capacity 
of 100 mmfd. or less is specified. 

CAT. KH-3 AT 85c 

A single .00035 mfd. condenser 
with nonremovable shaft, having 
shaft extension front and back, 
hence useful for gauging with 
drum dial or any other dial. 
Shaft is i/4 inch diameter, and 
Its length may be extended % 
inch by use of Cat. XS -4. Brack- 
ets built in enable direct sub - 
panel mounting, or may be plied 
off easily. Front panel mount- 
ing is practical by removing two 
small screws and replacing with 
two 3/34 screws % inch long. 
Condenser made by Scovill Mfg. 

Co. 

RIGID AND FLEXIBLE 
LINKS 

For coupling two 
I/a inch diameter 
shafts, either coil shaft and con- 
denser shaft, or 
two condenser 
shafts, a coupling 
link is used. This 
may be of the rigid 
type, all metal, 
where the link - 

CAT. RL -3 AT 12o ed units are not 
to be insulated. 

The rigid link, Cat. 11L-3, has two set -screws, 
one to engage each shaft, and is particularly 
serviceable where a grounded metal chassis is 
used, as the returns then need no insulation. 

CAT. FL -4 at 30e 

Flexible insulated 
coupler for uniting 
coil or condenser 
shafts of Va inch 
diameter. Provides 
option of insulated 
circuits 

EXTENSION SHAFTS, TWO SIZES 
Here is a handy aid to salvaging condensers and 
colis that have i/a, diameter shafts not long enough for your purpose. Fits on %," shaft and provides %" extension, still at t/a". Hence both the extension shaft and the bore or opening are 14" diameter. 

For condensers with %" diameter shaft, to accommodate to dials that take i/4" shaft, order CAT. XS -4 AT 10c Cat. ES -8 at 15c. 

Four -gang .00035 
aluminum plates. 
@ $3.95. 

One of the finest, strongest and best gang condensers ever made is this three -gang 
unit, each section of full .0005 mf d. capacity, with a modified straight frequency line 
characteristic. Cat. SC -3G-5 at $4.80. 

HERE is a three -gang condenser of most superior design and workmanship, with an accuracy 
of at least 99% per cent. at any setting - rugged beyond anything you've ever seen. 
Solid brass plates perfectly aligned and protected to the fullest extent against any dis- 

placement except the rotation for tuning. It has both side and bottom mounting facilities. Shaft 
is % inch diameter and extends at front and back, so two of these three -gangs may be used with 
a single drum dial for single tuning control. For use of this condenser with any dial of 'a" diameter bore, use Cat. XS -8, one for each three -gang. Lug screws. 

SALIENT FEATURES OF THE CONDENSER 
(1)-Three equal sections of .0005 mfd. capacity each. (2)-Modified straight line frequency shape of plates, so-called midline. 
13)-Sturdy steel frame with rigid steel shields between adjacent sections. These shields 

minimize electric coupling between sections. (4)-The frame and the rotor are electrically connected at the two bearings and again with two 
sturdy springs, thus insuring positive, low resistance contact at all times. 

(5)-Both the rotor and the stator plates are accurately spaced and the rotor plates are accurately 
centered between stator plates. 

(6)- -Two spring stoppers prevent Jarring when the plates are brought into full mesh. (7)-The rotor turns as desired, the tension being adjustable by set -screw at end, (8)-The shaft is of steel and is % inch in diameter. 
(9)-Each set of stator plates is mounted with two screws at each side of Insulators, which in turn are mounted with two screws to the frame. Thus the stator plates cannot turn side- 

wise with respect to the rotor plates. This insures permanence of capacity and prevents 
any possible short circuit. 

(10)-Each stator section Is provided with two soldering lugs so that connection can be made to 
either side. 

(11)-The thick brass plates and the generous proportions of the trame insure low resistance. (12)-Provision made for independent attachment of a trimmer to each section. 
(131-The steel frame is sprayed to match the brass plates. 
(14)-The condenser, made by America's largest condenser manufacturer, is one of the best and sturdiest ever made, assuredly a precise instrument. 

.00035 TWO -GANG 
A two -gang condenser, like the single 

type, KHS-3, but consisting of two 
sections on one frame, is Cat. KHD-3, 
also made by Scovill. The same mount- 
ing facilities are provided. There is a 
shield between the respective sections. 
The tuning characteristic is modified 
straight frequency line. Order Cat. 
KHD-3 at $1.70. 

DRUM DIAL 
CAT 00-0-100 @ $1.50 

A suitable drum dial of direct 
drive type is obtainable for r/a" 
shafts or %" shafts, and with 0-100 
scales. An escutcheon, is furnished 
with each dial. 

FOUR -GANG .00035 MFD. WITH TRIMMERS BUILT IN 

mfd. with trimmers built in. Shaft and rotor (blades removable. Steel frame Adjustable tension at rear. Overall length, I I inches. Weight. 31a lbs. Cat. SPL-4G f3 
and shat. 

SHORT WAVES 
Tuning condensers for short waves, especially suitable for mixer circuits 
and short-wave adapters. These con- 
i'ensera are .00015 mfd (150 micro- 
microfarada) in capacity. They are 
suitable for use with any plug-in 
coils. Order Cat. 8W -S-150 @ $1.50. 
To provide regeneration from plate 
to grid return, for circuits calling 
for this, use .00025 mfd. Order 
Cat. SW -S-250 @ $1.50. 

/ / 
A tour -gang condenser of street Address Bood, sturdy construction and reliable per- formance fits into the most popular tuning requirement of the day. f City State It serves its purpose well with the most popular screen grid designs, which call for tour tuned stages, including the detector input. 

CAT. 00.0 -loo @ $1.50 Trimming condensers are built into this model. The condenser may be mounted on bottom or on side. The shaft Is removable, also the plates are removable, so you can take out one section and operate as a three -gang. 

/ / / GUARANTY de/ RADIO GOODS CO., 
143 West 45th St., / N. Y. City 

(lust East of Broadway.) 

I'lease .shin C. (L Il. to 

the following merchandise as advertised: 
Ordinarily a good condenser of this type costs, at the best dls- Cat' XS -4 @ 10e Cat. EQ-100 @ 3Se count you can contrive to get, about twice as much as is charged D Cat. KH-3 @ 85c @ $4 80 g Cat. SC -3 G-5 for the one illustrated and even then the trimming condensers / D Cat. ES -8 @ 15c are not Included. The question arises. has Cat. BPL -4 G-3 @ $3.95 quhe o Cat. KHD-3 @ $1.70 Cat. FL -4 @ 30c 
been sacrificed lu to meet a price? 

then 
a reply, read the twenty-six points of advantage. The first consideration 73 Cat. BL -3 @ 12c El Cat. SW -S-150 was to build quality into the condenser. The Cat. DD -0-100 @ $1.50 Cat. SW -S-250 accuracy is 99%,%. / ALL PRICES ARE NE7 
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NEW J -245-X TROUBLE -SHOOTING JIFFY TESTER 
Illumination Continuity and Polarity Tester FREE with Each Outfit! 

The three -meter assembly, la the graskle- 
brews Ankh enrrylse ease with dip -n 

es 
loather. The buckled h strap Ieel&i~t e 

a. 

Illustration above 
la 2/3 Scala. 

Makes All Necessary Tests in 
T11E new Jiffy Tester. J -245-X, is a complete servicing outfit. It 
consists of a three -meter assembly to a metal ease, with slip-oo 
cover and cable plug. There are ten adapters. It L vital to 

nave the complete outfit so you can meet any emergency 
With this outfit you plug the reble into a vacated socket of a reeetver. 

puCorr{ing the 
making thesed 

tube In 
plateha 

tester 
current, upd to 

using lo the Power 
milliamperes; plate 

voltage up to 300 volts: filament or heater voltage (AC or DC), up 

to 10 volts. 
Each meter may be used independently. One of the adapters-a pair 

of test leads, one red, the other black, with tip lack terminals-!srvea 
this purpose. Multiplier J-106 extends the range of the DC voltmeter 

to 600 volts, but this reading must be obtained independently, as must 

readings on the 0-60 scale of the DC voltmeter. Independent reading 
of the AC voltmeter for line of voltage is necessary: also to use 0-140 

stele while Multiplier J-111 extends the AC scale to 580 volts for reading 
Dower transformer secondaries. 

The other adapters permit the testing of special receiver tubes, so that 
tests may be made. In ell, of 22 different tubes: 201A, 200A. 
1'X199. VV199, 120, 240. 171, t71A, 112, 112A, 245, 224. 222. 228. 
280. 281, 227, 226. 210, 250, Kellogg tubes and old style Arcturus tubes. 

GUARANTY RADIO GOODS CO. 

143 West 45th Street, Just East of Breadway, 
N. Y. City. 
E Please send me on 5 -day money -back guaranty your 3-245-X Jiffy 

Tester, complete, with au 10 adapters, and with illuminated Tester 
FREE with each order. Alen send instruction sheet, tube data sheet 
and rectifier tube testing information. 

D Please ship C. O. D. IS 315.82 

NAME 

ADDRESS 

CITY STATE 

S -DAY MONEY -BACK GUARANTY 

plus cartage and P.O. fee. 

Your Price 

$15.82 
Complete 

Ills.laatlea Teeter, Veal 
f !stet size, Chars Skeet. 
and Opena Visually, ales 
polarity of DO Ilas. A 

Nee. imp le built la. 

J -III Multiplier, upper left, with tl ; below It, 1-iSP Multiplier with tip: pities, loft to 
right, J-19, uniforms UV socket t. UX plus; J-29, aenferea UX tester aeeket to 

UVI99 tube: 1.24, to teat Kellogg end eta style Arcturus tubes. 

a Jiffy and Simplifies Service Work! 
WHEN servicing a radio set, power amplifier, speech amplifier or sound 

reproduction or recording equipment, the circuits and voltages are almost 
inaccessible, unless a plug-in tester is used. 

The Jiffy 245-X plugs in and does everything you want done. It consists of: 
(1)-The encased three -meter assembly, with 4 -prong (UX) and 5 -prong 

(UY) sockets built in; changeover switch built in, from 0-20 to 0-100 ma.; 
ten vari -colored jacks, five of them to receive the vari -colored tipped ends of 
the plug cable; grid push_button, that when pushed in connects grid direct 
to the cathode for 224 and 227 tubes, to note change in plate current, and thus 
shorts the signal input. 

(2) -4 -prong adapter for 5 -prong plug of cable. 
(3)-Screen grid cable for testing screen grid tubes. 
(4)-Pair of Test Leads for individual use of meters. 
(5)-J-106 Multiplier, to make 0-300 DC read 0-600. 
(61-J-111 Multiplier, to make 0-140 AC read 0-560. 
(7)-Two jack tips to facilitate connection of multipliers to jacks in teeter. 
(8), (9). (101-Three adapters so UV199 and Kellogg tubes may be tested. 
(11)-Illumination Tester. 
The illumination tester will disclose continuities and opens and also the 

polarity of DC house mains. It is as handy as a pencil and fits in your vest 
pocket. It works on voltages from 100 to 400. There are two electrodes in a 

Neon lamp in the top of the instrument. On AC both electrodes light. On 
DC only one lights. and that one is negative of the line, the light being on 
the same side as the lead. Hence the illuminator shows whether tested source 
is AC or DC, and if DC, which side is negative. 

Even the output of the speaker cord will show a light. 
Also. the device will test which fuses are blown in fused house lines, AC or 

DC. Besides it tests ignition of spark plugs of automobiles, boats and airplanes, 
also faulty or weak spark plugs. 

Just flash on the illumination tester momentarily. It will last about 4,000 
flashes. 
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